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Purpose: The Italian Island of Sardinia (population, 1,578,146) is recognized for the
high risk of multiple sclerosis (MS) but the epidemiological burden of other less
common demyelinating diseases of the central nervous system (CNS), such as
aquaporin-4-lgG-positive neuromyelitis optica spectrum disorder (AQP4-IgG+NMOSD),
is unknown. In this study, we determined the incidence and prevalence of AQP4-
IgG+NMOSD in Sardinia over a ten-year study period (2013-2022).

Methods: Patients with a diagnosis of AQP4-IgG+NMOSD (per 2015 diagnostic
criteria) were retrospectively identified using two sources: 1) Archives of the reference
and only laboratory for AQP4-IgG testing in Sardinia; and 2) medical records of the four
MS units in the island. Incidence (2013-2022) and prevalence (December 31, 2022)
were calculated.

Results: A total of 45 cases were included: incident, 31; prevalent, 41. The median age
(range) at disease presentation was 51 (6-78) years; female/male ratio was 9:1. The
crude (95% CIl) incidence and prevalence were 1.9 (1.3-2.7) per million and 2.6 (1.9-
3.5) per 100,000, respectively. Prevalence increased from 2013 (1.1 per 100,000) to
2022 (2.6 per 100,000); p=0.002. After age-standardization to the world, incidence and
prevalence (95% Cl) decreased to 1.3 (0.7-2) per million and 1.8 (1.3-2.3) per 100,000,
respectively. Coexisting immune-mediated disorders were reported in 50% of patients,
mostly autoimmune thyroiditis.

Conclusions: The epidemiology of AQP4-IgG+NMOSD in Sardinia is overall in line with
other Caucasian populations. The high MS risk in the island seems disease-specific
and not associated with an increased risk of other CNS demyelinating disorders,
confirming different pathophysiology.
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Epidemiology of Aquaporin-4-IgG-positive NMOSD in Sardinia

Highlights

e The Italian Island of Sardinia is recognized for the high risk of MS, but the epidemiology of
other demyelinating diseases of the central nervous system is unknown.

e We determined the incidence and prevalence of aquaporin-4-IgG-positive (AQP4-1gG+)
NMOSD in Sardinia.

e The crude incidence (January 2013 — December 2022) and prevalence (December 31, 2022)
of AQP4-IgG+NMOSD in Sardinia were 1.9 (95% CI, 1.3-2.7)/million and 2.6 (95% ClI,
1.9-3.5)/100,000, respectively.

e Disease prevalence increased from 2013 (1.1/100,000) to 2022 (2.6/100,000); p=0.002.

e Age-standardized incidence and prevalence (95% CI) to the European population were 1.7
(1.1-2.4)/million and 2.3 (1.6-3.0)/100,000; while age-standardized estimates to the World

population were 1.3 (0.8-1.9)/million and 1.8 (1.2-2.5)/100,000.
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Abstract

Purpose: The Italian Island of Sardinia (population, 1,578,146) is recognized for the high risk of multiple
sclerosis (MS) but the epidemiological burden of other less common demyelinating diseases of the central
nervous system (CNS), such as aquaporin-4-IgG-positive neuromyelitis optica spectrum disorder (AQP4-
I[gG+NMOSD), is unknown. In this study, we determined the incidence and prevalence of AQP4-

IgG+NMOSD in Sardinia over a ten-year study period (2013-2022).

Methods: Patients with a diagnosis of AQP4-IgG+NMOSD (per 2015 diagnostic criteria) were
retrospectively identified using two sources: 1) Archives of the reference and only laboratory for AQP4-IgG
testing in Sardinia; and 2) medical records of the four MS units in the island. Incidence (2013-2022) and

prevalence (December 31, 2022) were calculated.

Results: A total of 45 cases were included: incident, 31; prevalent, 41. The median age (range) at disease
presentation was 51 (6-78) years; female/male ratio was 9:1. The crude (95% CI) incidence and prevalence
were 1.9 (1.3-2.7) per million and 2.6 (1.9-3.5) per 100,000, respectively. Prevalence increased from 2013
(1.1 per 100,000) to 2022 (2.6 per 100,000); p=0.002. After age-standardization to the world, incidence and
prevalence (95% CI) decreased to 1.3 (0.7-2) per million and 1.8 (1.3-2.3) per 100,000, respectively.

Coexisting immune-mediated disorders, mostly autoimmune thyroiditis, were reported in 50% of patients.

Conclusions: The epidemiology of AQP4-IgG+NMOSD in Sardinia is overall in line with other Caucasian
populations. The high MS risk in the island seems disease-specific and not associated with an increased risk

of other CNS demyelinating disorders, confirming different pathophysiology.



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Introduction

Aquaporin-4 antibody positive neuromyelitis optica spectrum disorder (AQP4-IgG+NMOSD) is a rare
antibody-mediated demyelinating disease of the central nervous system (CNS), distinct from multiple sclerosis
(MS).(Lennon et al., 2004) The disease is clinically characterized by recurrent attacks of myelitis (typically
longitudinally extensive over >3 contiguous vertebral body segments), optic neuritis (typically recurrent and/or
bilateral) and, less commonly, brain/brainstem dysfunction (e.g., area postrema syndrome).(Wingerchuk et al.,
2015) Similar clinical-MRI manifestations can be seen in patients with antibodies against the myelin
oligodendrocyte glycoprotein (MOG-IgG),(Sechi et al., 2022) or rare patients without detectable antibodies
(seronegative NMOSD) of yet unclear etiology.(Carta et al., 2024; Hyun et al., 2022) From an epidemiological
standpoint, AQP4-IgG+NMOSD has a strong predilection for the female sex and people of Asian or African
ancestry, while Countries with a predominantly White population seem less affected.(Hor et al., 2020; Papp et
al., 2021) Other proposed risk factors for the disease include infections, dietary habits, smoking, levels of
physical activity, low serum vitamin D, and the presence of certain HLA-DRBI alleles and single nucleotide

polymorphisms.(Arru et al., 2020; Eskandarieh et al., 2018; Estrada et al., 2018; Matsushita et al., 2020)

The Italian island of Sardinia has extensively been studied for its unique epidemiological characteristics and
increased prevalence of certain immune-mediated disorders.(Rosati et al., 1987; Songini et al., 2017) In
particular, Sardinia is well recognized as a high-risk area for MS, with among the highest incidence and
prevalence reported worldwide.(Cocco et al., 2011; Dell'Avvento et al., 2016; Pugliatti et al., 2005; Rosati et
al., 1987; Urru et al., 2020) However, the epidemiology of other less common demyelinating CNS disorders,
such as AQP4-IgG+NMOSD, remains unclear. The aim of this study was to determine the incidence and

prevalence of AQP4-IgG+NMOSD in Sardinia over a ten-year study period (2013-2022).

Methods

In this retrospective observational study, incidence of AQP4-IgG+NMOSD was calculated between January
1, 2013 and December 31, 2022; while the prevalence day was December 31, 2022. The study was conducted

in accordance with the STROND guidelines for the reporting of incidence and prevalence studies in
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neuroepidemiology.(Bennett et al., 2015) All involved patients consented to the use of their medical records

for research.

Study population

Sardinia is an Italian island in the Mediterranean Sea with a surface of 24,100 Km?. The population on
December 31, 2022 was of 1.578.146 residents; 50.9% of whom were female, and >95% White. Patients with
MS and other demyelinating CNS disorders are treated and followed by four specialized neurology units across
the Sardinian territory. Autoantibody testing for AQP4-IgG is generally performed at the Laboratory of the
MS Center in Cagliari (reference and only laboratory for AQP4-IgG testing in Sardinia) by fixed cell-based

assay (CBA), although serum samples may occasionally be sent to other laboratories outside the island.

Identification of cases

A flow-chart summarizing the process of identification and inclusion of cases is shown in Figure 1. Patients
were identified through two main sources. We first searched the archives of the Laboratory of the MS Center
in Cagliari to identify patients with AQP4-IgG positivity among 2017 unique patients tested between
December 2009 (first availability of AQP4-IgG testing in Sardinia) and December 2022. Additional patients
with a diagnosis of AQP4-IgG+NMOSD and antibody positivity determined in laboratories outside the island
were identified by reviewing medical records of the four hospitals with neurology units specialized in the
treatment of MS and other CNS demyelinating disorders: 1) MS Center - Binaghi Hospital of Cagliari; 2)
Neurology Unit - Brotzu Hospital of Cagliari; 3) Neurology Unit - San Francesco Hospital of Nuoro; and 4)
Adult and Pediatric Neurology Units - University-Hospital of Sassari (the Child Neurology Unit of the
University Hospital of Sassari is the reference Sardinian unit for treatment of pediatric MS). For each identified
patient, the demographics, residency status and clinical information were abstracted from medical records, and
the clinical-MRI characteristics reviewed to confirm the diagnosis of AQP4-IgG+NMOSD based on the 2015
diagnostic criteria by the International Panel for NMO Diagnosis.(Wingerchuk et al., 2015) Cases meeting the
criteria for seronegative NMOSD, with or without known positivity for MOG-IgG, were not included in the

study. Duplicates were identified by using the Italian tax codes.

Inclusion and exclusion criteria
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Identified cases with a diagnosis of AQP4-IgG+NMOSD were included in the study if they met the following
inclusion criteria: 1) Disease onset between January 1, 2013 — December 31, 2022 while resident in Sardinia
(incident case); and/or 2) residency in Sardinia on December 31, 2022 (prevalent case). Patients with disease
onset before 2013 who moved outside Sardinia or died by December 31, 2022 were excluded. Two patients

were previously reported in form of case report.(Frau et al., 2014; Sechi et al., 2018)

Antibody testing

Serum positivity for AQP4-IgG was assessed by commercial (Euroimmun®) fixed CBA in all patients except
one, for which positivity was initially detected by tissue immunohistochemistry and later confirmed by live

CBA (Dalmau’s Laboratory, Barcellona).(Sechi et al., 2018)

Statistical analysis

Prevalence was calculated on December 31, 2022, as the number of AQP4-IgG+NMOSD cases per 100,000.
Incidence rate was defined as the ratio of new patients with AQP4-IgG+NMOSD to the number of person-
years at risk during the study period (2013-2022), reported per 1 million person-years. Epidemiological
measures were reported with 95% Confidence Intervals (CI). Incidence Rate Ratio (IRR) was calculated to
compare incidence rates of events between two study periods (2013-2017 VS. 2018-2022). Differences in
prevalence and incidence rates were assessed using Fisher exact and Chi-squared tests; Poisson distribution

and test-based methods were used to construct the confidence intervals.

Age standardization to the European and World populations was performed. Data from Census performed by
Statistic National Italian Institute (ISTAT) were used for age and sex strata calculation for the Sardinian
population. Statistical significance was set at p<0.05; OpenEpi version 3.0, MedCALC and STATA17

software’s were used for statistical computation.

Results

A total of 45 cases were included in the study (incident, 31; prevalent, 41); their demographics and clinical

characteristics are summarized in Table 1.
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Incidence and prevalence estimates

The crude incidence (95% CI) of AQP4-IgG+NMOSD in Sardinia over ten years (2013-2022) was 1.9 (1.3-
2.7) per million person-years, while the prevalence on December 31, 2022 was 2.6 (1.9-3.5) per 100,000. The
disease prevalence increased significantly from January 1, 2013 (1.1 per 100,000 = 18 cases over 1,640,379
inhabitants) to December 31, 2022 (2.6 per 100,000 = 41 cases over 1,578,146 inhabitants), p=0.002. The IRR
was 0.88 (95% CI: 0.40-1.90); comparison of incidence rates between 2013-2017 (2.0; 95% CI: 1.1-3.4) and

2018-2022 (2.2; 95% CI: 1.3-3.6) did not reveal statistically significant differences, p=0.73.

The detailed distribution of identified cases over the population at risk with relative crude incidence and
prevalence estimates, stratified by age and sex, is shown in Table 2. The occurrence of new (incident) cases
during the study period is schematically represented in Figure 2; while Figure 3 shows the variation in annual
incidence and prevalence during the study period. The exact number of incident and prevalent cases identified
each year during the study period over the number of patients tested for AQP4-IgG at the Laboratory of the

MS Center in Cagliari and the Sardinian population at risk are provided in the Supplementary Table.

The age-standardized incidence and prevalence (95% CI) to the European population were 1.7 (1.1-2.4) per
million and 2.3 (1.6-3.0) per 100,000; while the age-standardized incidence and prevalence to the World
population were 1.3 (0.7-2) per million person-years and 1.8 (1.3-2.3) per 100,000, respectively. Table 3
compares the crude and age-standardized estimates, and the demographic distribution of the Sardinian,

European and World populations.

Clinical characteristics of incident cases

Among incident cases with detailed clinical information available, the median age at disease onset was 54
(range, 17-78) years, with only 1 (3%) patient presenting before the age of 18 years; 29 (96%) were female

(Table 1).

The presenting clinical attack were longitudinally extensive transverse myelitis in 21 (68%), optic neuritis in
5 (16%; bilateral in one case), brainstem dysfunction in 2 (6%; area postrema syndrome in one case),
encephalitis in one (3%), or combinations thereof in 2 (6%; one case had myelitis with area postrema

syndrome, while the other had unilateral optic neuritis with area postrema syndrome). Concomitant
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autoimmune disorders were reported in 16 (52%) cases, including autoimmune thyroiditis (n=10), Sjogren’s
syndrome (n=3), celiac disease (n=3), rheumatoid arthritis (n=2), psoriasis (n=1), systemic lupus
erythematosus (n=1), vitiligo (n=1), type I diabetes (n=1), autoimmune thrombocytopenia (n=1), and
myasthenia gravis (n=1). One patient had a concomitant positivity for myelin oligodendrocyte (MOG)-IgG in
serum, assessed by both fixed (Euroimmun®) and live CBA (serum titer, 1:160; CSF titer, 1:2; test performed

at the Neuropathology Laboratory of Verona, Italy).

This patient with dual positivity for AQP4-IgG and MOG-IgG was a 72-year-old woman who developed a
severe, longitudinally extensive transverse myelitis requiring wheelchair at nadir. On MRI, the spinal cord T2-
lesion extended from C2 to T9 and showed intralesional spots of higher T2-hyperintensity, typically seen with
AQP4-IgG. Irregular enhancement of the lesion was observed after gadolinium. The patient was treated acutely
with intravenous methylprednisolone (1 g/day for 5 days) and plasma exchange (6 total exchanges, every other
day) with good clinical recovery; and long-term with rituximab without further relapses after 3 years. The
spinal cord T2-abnormalities did not resolve at MRI follow-up. Ten additional patients were tested for MOG-

IgG as part of their diagnostic workup, with negative result.

Discussion

The incidence and prevalence of AQP4-IgG+NMOSD in Sardinia are overall in line with those of other
Countries with a predominantly White population. This is in contrast with the exceedingly high risk of MS
historically documented in the island,(Cocco et al., 2011; Pugliatti et al., 2005; Urru et al., 2020) and may
suggest different genetic and/or environmental risk factors for these two demyelinating CNS disorders.(Arru

et al., 2020; Eskandarieh et al., 2018; Frau et al., 2023; Nourbakhsh et al., 2021)

The incidence and prevalence of AQP4-IgG+NMOSD worldwide range between 0.5-6.5 per million person-
years and 0.5-7.9 per 100,000, respectively, with the highest values observed among East-Asians and African-
Caribbeans.(Flanagan et al., 2016; Hor et al., 2018; Houzen et al., 2017; Kim et al., 2020; Miyamoto et al.,
2018) Studies on predominantly White populations, including other European Countries, consistently reported

a disease incidence around 1/million person-years, which is overall in line with what observed in our study.
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The reported disease prevalence among Whites is also comparable to our findings, ranging from 0.8-1.6 per
100,000 in Europe to 3.3 per 100,000 in Olmsted County (USA).(Cossburn et al., 2012; Flanagan et al., 2016;
Papp et al., 2020; Viktoria et al., 2021) Notably, in the Olmsted County study 84% of cases with demyelinating
CNS disorders in the study population were tested for AQP4-IgG, which might have allowed identification of
patients with longstanding disease who potentially were not recognized before the test was available.(Flanagan

etal., 2016)

The global incidence and prevalence of AQP4-IgG+NMOSD vary widely, and an inverse relationship between
the frequency of AQP4-IgG+NMOSD and MS seems to exist. In Countries with high incidence and prevalence
of AQP4-IgG+NMOSD, the relative frequency of MS among demyelinating CNS disorders is usually lower
with a AQP4-IgG+NMOSD to MS ratio of up to 4:1;(Tisavipat et al., 2023) while the ratio decreases to
approximately 1:50 among Whites.(Flanagan et al., 2016) The high MS prevalence reported in Sardinia (330
per 100,000 on March 31, 2016) is in line with these findings,(Urru et al., 2020) and would correspond to a
AQP4-IgG+NMOSD to MS ratio of 1:79, accepting temporal differences. Taken together, these data suggest
an increased disease-specific risk for MS rather than a generic predisposition for immune-mediated CNS
disorders in the Sardinian population. Notably, some of the proposed environmental risk factors for AQP4-
IgG+NMOSD are similar to those proposed for MS (e.g., infections, smoking, vitamin D deficiency),
suggesting the difference in frequency between the two diseases in Sardinia may mostly reflect differences in

the genetic background.

The characteristics of Sardinian patients with AQP4-IgG+NMOSD are overall in line with prior studies,
including the high female:male ratio of 9:1,(Flanagan et al., 2016) and low frequency of pediatric involvement
around <5% of total patients.(Quek et al., 2012) However, t some peculiarities in our cohort deserve to be
highlighted. The expected median age at disease onset in patients with AQP4-IgG+NMOSD is approximately
40 years, while in this study we found a median of 51 years, with only 27% of patients (17% if only incident
cases are considered) presenting before the age of 40. This difference might be explained by the longevity of
the Sardinian population with higher representation of older age strata compared to the World population
(Table 3).(Pes et al., 2022) The older age in our cohort might also account for the high frequency of incident

cases presenting with isolated myelitis (70%), which is known to occur more commonly among late-onset
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cases.(Seok et al., 2017) Coexisting autoimmune disorders are common in AQP4-IgG+NMOSD, accounting
for 20-30% of cases.(Pittock et al., 2008) In our cohort, however, 50% of cases had coexisting autoimmune
disorders (mostly autoimmune thyroiditis), which is in line with the known higher prevalence of other immune-
mediated systemic diseases in the Sardinian population (e.g., type 1 diabetes, autoimmune thyroiditis).(Delitala
etal., 2014; Sardu et al., 2012; Songini et al., 2017) One patient had a dual positivity for AQP4-IgG and MOG-
IgG, which is reported to occur in <1% of patients with AQP4-IgG positivity.(Kunchok et al., 2020) In these
rare patients, the clinical phenotype is generally more compatible with AQP4-IgG+NMOSD rather than
MOGAD, as observed in our case (e.g., isolated myelitis lesion extending over the cervical-thoracic region but

sparing the conus; presence of “bright spotty lesions” on MRI spine; lack of T2 lesion resolution over time).

Our study is limited by the retrospective design and selective inclusion of patients with an already established
diagnosis of AQP4-IgG+NMOSD (i.e., we might have lost prevalent cases with a longstanding disease
predating availability of AQP4-IgG testing). However, an extensive screening for AQP4-IgG antibodies on all
patients with CNS demyelinating disease in the entire Sardinian population is prohibitive and it would be
unlikely to significantly alter the number of incident cases identified since 2013 (diagnostic attention for the
disease has increased during the last two decades). Patients’ identification was based on local founts and we
might have overlooked patients diagnosed outside of Sardinia, although this seems unlikely given the severity
of AQP4-IgG+NMOSD attacks that often require prompt admission to local hospitals, where awareness of the
disease is generally high. Our findings might not be generalizable to other Italian regions given the different
genetic background of the Sardinian population. Different from some prior epidemiology studies, we did not
include patients with a diagnosis of seronegative NMOSD as these forms are increasingly recognized to have
different pathophysiology than AQP4-IgG+NMOSD, including MOG-IgG-associated disease (MOGAD) or
other yet unidentified etiologies (either immune-mediated or not).(Carta et al., 2024; Hyun et al., 2022; Zara
et al., 2023) Furthermore, commercial testing for MOG-IgG only recently became available in Sardinia and
retrospective testing of patients with suspected phenotype would not be reliable as patients may serorevert to
MOG-IgG negative after disease attacks, which is rarely seen with AQP4-IgG.(Majed et al., 2023; Sechi et al.,
2022) Future prospective studies will better investigate the epidemiology of MOGAD and seronegative

NMOSD in Sardinia. Lastly, most patients in our study were not tested for AQP4-IgG by live CBA, which
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have a higher sensitivity compared to the commercial fixed CBA,(Waters et al., 2012) and a minority of

patients might have been unrecognized.

In conclusion, we found the epidemiological burden of AQP4-IgG+NMOSD in Sardinia does not significantly
exceed that of other predominantly White populations. The increased MS risk in the island seems disease-
specific and may be sustained by specific genetic/environmental risk factors. Future studies comparing
epidemiological data on different demyelinating CNS disorders, including AQP4-IgG+NMOSD, MOGAD

and MS, will help clarify the exact determinants of disease-specific risk.
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Figure 1 — Flow-chart for identification and inclusion of patients with AQP4-IgG+NMOSD

Most patients were initially identified by searching the archives of the Laboratory of the MS Center in
Cagliari (reference and only laboratory for AQP4-IgG testing in the entire island since December 2009).
Four additional patients with a diagnosis of AQP4-IgG+NMOSD and positivity detected in other laboratories
outside Sardinia were identified by searching medical records of the four reference hospitals with dedicated
MS units in the island (including the reference Sardinian unit for pediatric MS at the University Hospital of
Sassari). Out of 49 patients initially identified, four were excluded as neither incident nor prevalent for the

2013-2022 study period. A total of 45 cases were eventually included (incident, 31; prevalent, 41).

Figure 2 — Temporal distribution of incident AQP4-IgG+NMOSD cases over time

The horizontal lines in the graph represent incident cases occurring over the study period (2013-2022).
Female patients are represented by blue lines, while brown lines represent males. Certain lines are
interrupted due to death of the patient (double vertical bars) or change of residency outside Sardinia (single

vertical bar).

Figure 3 — Variation in annual incidence and prevalence of AQP4-IgG+NMOSD over ten years

The bar graph shows the variations in annual incidence (blue bars) and prevalence (golden bars) of AQP4-
IgG+NMOSD in Sardinia between 2013 and 2022. Note that while incidence varies substantially over the

study period, the annual prevalence steadily increases from 2013 to 2022.
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Table 1

Table 1 — Demographics and clinical characteristics for the full cohort of included cases with AQP4-
IgG+NMOSD and for incident cases only; quantitative and qualitative variables are reported as

median (range) and frequencies (%)

Click here to access/download;Table(Editable version);Table 1

Rev.docx

Full cohort Incident cases
(N=45) (N=31D)
Age at disease onset 51 (6-78) 54 (17-78)
Onset age <18 years 3 (7%) 1 (3%)
Onset age 18-39 years 9 (20%) 4 (13%)
Onset age 40-64 years 21 (46%) 14 (45%)
Onset age 65+ years 12 (27%) 12 (49%)
Female sex 40 (89%) 29 (96%)
Ethnicity
White 43 (96%) 30 (97%)
Black 1 (2%) 0 (0%)
Asian 1 (2%) 1 (3%)
Coexisting autoimmunity 23 (51%) 16 (52%)
Number of relapses 2 (1-15) 2 (1-10)
Presenting attack
LETM 26 (57%) 21 (68%)
ON 13 (29%) 5(16%)
Brain/brainstem attack 3 (7%) 3 (10%)
Combinations of the above 3 (7%) 2 (6%)
CSF-restricted OCB (>2) 4/27 (15%) 3/20 (15%)
EDSS at last follow-up 4 (0-8.5) 3 (0-8.5)
Follow-up duration, years 6 (1-27) 3 (1-9)

Abbreviations — CSF = cerebrospinal fluid; EDSS n= expanded disability status scale-score; LETM =
longitudinally extensive transverse myelitis; OCB = oligoclonal bands; ON = optic neuritis.

+*



Table 2

Table 2 — Incidence and prevalence estimates for Sardinia stratified by age and sex

Click here to access/download;Table(Editable version);Table 2

Rev.docx

Incident AQP4-IgG+NMOSD cases (person-years at risk) for 2013—-2023

Age strata Female Male tot

<18 1 (1,080,705) 0(1,163,215) 1(2,243,920)
18-39 3 (1,908,395) 1 (2,009,330) 4 (3,917,725)
40 — 64 13 (3,140,870) 1 (3,018,875) 14 (6,227,150)
> 65 12 (2,112,805) 0 (1,729,450) 12 (3,774,850)
tot 28 (8,242,775) 2 (7,920,870) 31 (16,163,645)

AQP4-IgG+NMOSD incidence in Sardinia (95% CI) per 1 mill

ion person-years for 2013-2023

Age strata Female Male tot
<18 0.9 (0.5-4.6) 0 (0.0-0.0) 0.5 (0.0-2.2)
18-39 1.6 (0.4-4.3) 0.5 (0.0-2.5) 1.0 (0.3-2.5)
40 — 64 4.1 (2.3-6.9) 0.3 (0.0-0.6) 2.3 (1.3-3.7)
> 65 5.7(3.1-9.7) 0 (0.0-0.0) 3.2(1.7-54)
tot 3.4(2.34.8) 0.3 (0.0-0.8) 1.9 (1.3-2.7)
Prevalent AQP4-IgG+NMOSD cases (population) on December 31, 2022

Age strata Female Male tot
<18 0(98,713) 0(105,849) 0(204,562)
18-39 4 (162,888) 3 (174,048) 7 (336,936)
40 — 64 18 (312,523) 2(310,002) 20 (622,525)
> 65 14 (229,777) 0 (184,346) 14 (414,123)
Total 36 (803,901) 5(774,245) 41 (1,578,146)

AQP4-IgG+NMOSD prevalence in Sardinia (95% CI) per 100,000 on December 31, 2022

Age strata Female Male tot

<18 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0)
18-39 2.5 (0.8-5.9) 1.7 (0.4-4.7) 2.1(0.91-4.11)
40 — 64 5.8 (3.5-8.9) 0.7 (0.1-2.1) 3.2(2.0-4.9)
> 65 6.1 (3.5-10.0) 0 (0.0-0.0) 3.4 (1.9-5.5)
Total 4.5 (3.2-6.1) 0.7 (0.2-1.4) 2.6 (1.9-3.5)

Abbreviations: CI = confidence interval; AQP4-IgG+NMOSD = aquaporin-4-IgG positive neuromyelitis
optica spectrum disorder; WHO = World Health Organization

The table shows the characteristics of the Sardinian population during the study period (2013—2022) and at
prevalence day (December 31, 2022), stratified by age and sex with relative incidence and prevalence
estimates for AQP4-IgG+NMOSD. Incidence was calculated assuming that incident cases occurred as

+*



observations of a Poisson random variable. The ISTAT Sardinia population estimates were used for age and
sex strata calculation (website). Person-years are computed by averaging the Sardinian population on
January 1, 2013 and on December 31, 2022, and multiply by 10.
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Table 3 — Incidence and prevalence AQP4-IgG+NMOSD estimates for Sardinia and after age-
standardization to the European and World population, and comparison of the three populations

Incidence/million and prevalence/100,000 (95% CI) estimates for Sardinia and after age-standardization to the
World and European population

Sardinia

Age-standardized values to
the European Region

Age-standardized values to
the World

Incidence

1.9 (1.3-2.7)/million

1.8 (1.1-2.4)/million

1.3 (0.7-2.0)/million

Prevalence

2.6 (1.9-3.5)/100,000

2.3 (1.6-3.0)/100,000

1.8 (1.3-2.3)/100,000

Age strata in the Sardinian, European and World populations

Sardinia (Dec 31, 2022),

Europe standard population

World standard population

Age strata n (%) (ESP 2011-2030), n (%)* | (WHO 2000-2025), n (%)*
<18 204,562 (13) 215,000 (21) § 312,448 (31)
1839 336,936 (21) 255,000 (25) § 342,622 (35)

40 - 64 622,525 (39) 335,000 (35) 262,608 (26)
> 65 414,123 (26) 195.000 (19) 82,322 (8)
Total 1,578,146 1,000,000 1,000,000

Abbreviations: CI = confidence interval; AQP4-IgG+NMOSD = aquaporin-4-1gG positive neuromyelitis
optica spectrum disorder; WHO = World Health Organization

*Data sources for European and World standard population available at:
https://www.opendata.nhs.scot/es/dataset/standard-populations; and

seer.cancer.gov/stdpopulations/world.who.html.

§ For European data the two classes were defined as follow: < 19- and 20-39 years.
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Abstract

Purpose: The Italian Island of Sardinia (population, 1,578,146) is recognized for the high risk of multiple
sclerosis (MS) but the epidemiological burden of other less common demyelinating diseases of the central
nervous system (CNS), such as aquaporin-4-IgG-positive neuromyelitis optica spectrum disorder (AQP4-
IgG+NMOSD), is unknown. In this study, we determined the incidence and prevalence of AQP4-

IgG+NMOSD in Sardinia over a ten-year study period (2013-2022).

Methods: Patients with a diagnosis of AQP4-IgG+NMOSD (per 2015 diagnostic criteria) were
retrospectively identified using two sources: 1) Archives of the reference and only laboratory for AQP4-IgG
testing in Sardinia; and 2) medical records of the four MS units in the island. Incidence (2013-2022) and

prevalence (December 31, 2022) were calculated.

Results: A total of 45 cases were included: incident, 31; prevalent, 41. The median age (range) at disease
presentation was 51 (6-78) years; female/male ratio was 9:1. The crude (95% CI) incidence and prevalence
were 1.9 (1.3-2.7) per million and 2.6 (1.9-3.5) per 100,000, respectively. Prevalence increased from 2013
(1.1 per 100,000) to 2022 (2.6 per 100,000); p=0.002. After age-standardization to the world, incidence and
prevalence (95% CI) decreased to 1.3 (0.7-2) per million and 1.8 (1.3-2.3) per 100,000, respectively.

Coexisting immune-mediated disorders, mostly autoimmune thyroiditis, were reported in 50% of patients.

Conclusions: The epidemiology of AQP4-IgG+NMOSD in Sardinia is overall in line with other Caucasian
populations. The high MS risk in the island seems disease-specific and not associated with an increased risk

of other CNS demyelinating disorders, confirming different pathophysiology.



Introduction

Aquaporin-4 antibody positive neuromyelitis optica spectrum disorder (AQP4-IgG+NMOSD) is a rare
antibody-mediated demyelinating disease of the central nervous system (CNS), distinct from multiple sclerosis
(MS).(Lennon et al., 2004) The disease is clinically characterized by recurrent attacks of myelitis (typically
longitudinally extensive over >3 contiguous vertebral body segments), optic neuritis (typically recurrent and/or
bilateral) and, less commonly, brain/brainstem dysfunction (e.g., area postrema syndrome).(Wingerchuk et al.,
2015) Similar clinical-MRI manifestations can be seen in patients with antibodies against the myelin
oligodendrocyte glycoprotein (MOG-IgG),(Sechi et al., 2022) or rare patients without detectable antibodies
(seronegative NMOSD) of yet unclear etiology.(Carta et al., 2024; Hyun et al., 2022) From an epidemiological
standpoint, AQP4-IgG+NMOSD has a strong predilection for the female sex and people of Asian or African
ancestry, while Countries with a predominantly White population seem less affected.(Hor et al., 2020; Papp et
al., 2021) Other proposed risk factors for the disease include infections, dietary habits, smoking, levels of
physical activity, low serum vitamin D, and the presence of certain HLA-DRBI alleles and single nucleotide

polymorphisms.(Arru et al., 2020; Eskandarieh et al., 2018; Estrada et al., 2018; Matsushita et al., 2020)

The Italian island of Sardinia has extensively been studied for its unique epidemiological characteristics and
increased prevalence of certain immune-mediated disorders.(Rosati et al., 1987; Songini et al., 2017) In
particular, Sardinia is well recognized as a high-risk area for MS, with among the highest incidence and
prevalence reported worldwide.(Cocco et al., 2011; Dell'Avvento et al., 2016; Pugliatti et al., 2005; Rosati et
al., 1987; Urru et al., 2020) However, the epidemiology of other less common demyelinating CNS disorders,
such as AQP4-IgG+NMOSD, remains unclear. The aim of this study was to determine the incidence and

prevalence of AQP4-IgG+NMOSD in Sardinia over a ten-year study period (2013-2022).

Methods

In this retrospective observational study, incidence of AQP4-IgG+NMOSD was calculated between January
1, 2013 and December 31, 2022; while the prevalence day was December 31, 2022. The study was conducted

in accordance with the STROND guidelines for the reporting of incidence and prevalence studies in



neuroepidemiology.(Bennett et al., 2015) All involved patients consented to the use of their medical records

for research.

Study population

Sardinia is an Italian island in the Mediterranean Sea with a surface of 24,100 Km?. The population on
December 31, 2022 was of 1.578.146 residents; 50.9% of whom were female, and >95% White. Patients with
MS and other demyelinating CNS disorders are treated and followed by four specialized neurology units across
the Sardinian territory. Autoantibody testing for AQP4-IgG is generally performed at the Laboratory of the
MS Center in Cagliari (reference and only laboratory for AQP4-IgG testing in Sardinia) by fixed cell-based

assay (CBA), although serum samples may occasionally be sent to other laboratories outside the island.

Identification of cases

A flow-chart summarizing the process of identification and inclusion of cases is shown in Figure 1. Patients
were identified through two main sources. We first searched the archives of the Laboratory of the MS Center
in Cagliari to identify patients with AQP4-IgG positivity among 2017 unique patients tested between
December 2009 (first availability of AQP4-IgG testing in Sardinia) and December 2022. Additional patients
with a diagnosis of AQP4-IgG+NMOSD and antibody positivity determined in laboratories outside the island
were identified by reviewing medical records of the four hospitals with neurology units specialized in the
treatment of MS and other CNS demyelinating disorders: 1) MS Center - Binaghi Hospital of Cagliari; 2)
Neurology Unit - Brotzu Hospital of Cagliari; 3) Neurology Unit - San Francesco Hospital of Nuoro; and 4)
Adult and Pediatric Neurology Units - University-Hospital of Sassari (the Child Neurology Unit of the
University Hospital of Sassari is the reference Sardinian unit for treatment of pediatric MS). For each identified
patient, the demographics, residency status and clinical information were abstracted from medical records, and
the clinical-MRI characteristics reviewed to confirm the diagnosis of AQP4-IgG+NMOSD based on the 2015
diagnostic criteria by the International Panel for NMO Diagnosis.(Wingerchuk et al., 2015) Cases meeting the
criteria for seronegative NMOSD, with or without known positivity for MOG-IgG, were not included in the

study. Duplicates were identified by using the Italian tax codes.

Inclusion and exclusion criteria



Identified cases with a diagnosis of AQP4-IgG+NMOSD were included in the study if they met the following
inclusion criteria: 1) Disease onset between January 1, 2013 — December 31, 2022 while resident in Sardinia
(incident case); and/or 2) residency in Sardinia on December 31, 2022 (prevalent case). Patients with disease
onset before 2013 who moved outside Sardinia or died by December 31, 2022 were excluded. Two patients

were previously reported in form of case report.(Frau et al., 2014; Sechi et al., 2018)

Antibody testing

Serum positivity for AQP4-IgG was assessed by commercial (Euroimmun®) fixed CBA in all patients except
one, for which positivity was initially detected by tissue immunohistochemistry and later confirmed by live

CBA (Dalmau’s Laboratory, Barcellona).(Sechi et al., 2018)

Statistical analysis

Prevalence was calculated on December 31, 2022, as the number of AQP4-IgG+NMOSD cases per 100,000.
Incidence rate was defined as the ratio of new patients with AQP4-IgG+NMOSD to the number of person-
years at risk during the study period (2013-2022), reported per 1 million person-years. Epidemiological
measures were reported with 95% Confidence Intervals (CI). Incidence Rate Ratio (IRR) was calculated to
compare incidence rates of events between two study periods (2013-2017 VS. 2018-2022). Differences in
prevalence and incidence rates were assessed using Fisher exact and Chi-squared tests; Poisson distribution

and test-based methods were used to construct the confidence intervals.

Age standardization to the European and World populations was performed. Data from Census performed by
Statistic National Italian Institute (ISTAT) were used for age and sex strata calculation for the Sardinian
population. Statistical significance was set at p<0.05; OpenEpi version 3.0, MedCALC and STATA17

software’s were used for statistical computation.

Results

A total of 45 cases were included in the study (incident, 31; prevalent, 41); their demographics and clinical

characteristics are summarized in Table 1.



Incidence and prevalence estimates

The crude incidence (95% CI) of AQP4-IgG+NMOSD in Sardinia over ten years (2013-2022) was 1.9 (1.3-
2.7) per million person-years, while the prevalence on December 31, 2022 was 2.6 (1.9-3.5) per 100,000. The
disease prevalence increased significantly from January 1, 2013 (1.1 per 100,000 = 18 cases over 1,640,379
inhabitants) to December 31, 2022 (2.6 per 100,000 = 41 cases over 1,578,146 inhabitants), p=0.002. The IRR
was 0.88 (95% CI: 0.40-1.90); comparison of incidence rates between 2013-2017 (2.0; 95% CI: 1.1-3.4) and

2018-2022 (2.2; 95% CI: 1.3-3.6) did not reveal statistically significant differences, p=0.73.

The detailed distribution of identified cases over the population at risk with relative crude incidence and
prevalence estimates, stratified by age and sex, is shown in Table 2. The occurrence of new (incident) cases
during the study period is schematically represented in Figure 2; while Figure 3 shows the variation in annual
incidence and prevalence during the study period. The exact number of incident and prevalent cases identified
each year during the study period over the number of patients tested for AQP4-IgG at the Laboratory of the

MS Center in Cagliari and the Sardinian population at risk are provided in the Supplementary Table.

The age-standardized incidence and prevalence (95% CI) to the European population were 1.7 (1.1-2.4) per
million and 2.3 (1.6-3.0) per 100,000; while the age-standardized incidence and prevalence to the World
population were 1.3 (0.7-2) per million person-years and 1.8 (1.3-2.3) per 100,000, respectively. Table 3
compares the crude and age-standardized estimates, and the demographic distribution of the Sardinian,

European and World populations.

Clinical characteristics of incident cases

Among incident cases with detailed clinical information available, the median age at disease onset was 54
(range, 17-78) years, with only 1 (3%) patient presenting before the age of 18 years; 29 (96%) were female

(Table 1).

The presenting clinical attack were longitudinally extensive transverse myelitis in 21 (68%), optic neuritis in
5 (16%; bilateral in one case), brainstem dysfunction in 2 (6%; area postrema syndrome in one case),
encephalitis in one (3%), or combinations thereof in 2 (6%; one case had myelitis with area postrema

syndrome, while the other had unilateral optic neuritis with area postrema syndrome). Concomitant



autoimmune disorders were reported in 16 (52%) cases, including autoimmune thyroiditis (n=10), Sjogren’s
syndrome (n=3), celiac disease (n=3), rheumatoid arthritis (n=2), psoriasis (n=1), systemic lupus
erythematosus (n=1), vitiligo (n=1), type I diabetes (n=1), autoimmune thrombocytopenia (n=1), and
myasthenia gravis (n=1). One patient had a concomitant positivity for myelin oligodendrocyte (MOG)-IgG in
serum, assessed by both fixed (Euroimmun®) and live CBA (serum titer, 1:160; CSF titer, 1:2; test performed

at the Neuropathology Laboratory of Verona, Italy).

This patient with dual positivity for AQP4-IgG and MOG-IgG was a 72-year-old woman who developed a
severe, longitudinally extensive transverse myelitis requiring wheelchair at nadir. On MRI, the spinal cord T2-
lesion extended from C2 to T9 and showed intralesional spots of higher T2-hyperintensity, typically seen with
AQP4-IgG. Irregular enhancement of the lesion was observed after gadolinium. The patient was treated acutely
with intravenous methylprednisolone (1 g/day for 5 days) and plasma exchange (6 total exchanges, every other
day) with good clinical recovery; and long-term with rituximab without further relapses after 3 years. The
spinal cord T2-abnormalities did not resolve at MRI follow-up. Ten additional patients were tested for MOG-

IgG as part of their diagnostic workup, with negative result.

Discussion

The incidence and prevalence of AQP4-IgG+NMOSD in Sardinia are overall in line with those of other
Countries with a predominantly White population. This is in contrast with the exceedingly high risk of MS
historically documented in the island,(Cocco et al., 2011; Pugliatti et al., 2005; Urru et al., 2020) and may
suggest different genetic and/or environmental risk factors for these two demyelinating CNS disorders.(Arru

et al., 2020; Eskandarieh et al., 2018; Frau et al., 2023; Nourbakhsh et al., 2021)

The incidence and prevalence of AQP4-IgG+NMOSD worldwide range between 0.5-6.5 per million person-
years and 0.5-7.9 per 100,000, respectively, with the highest values observed among East-Asians and African-
Caribbeans.(Flanagan et al., 2016; Hor et al., 2018; Houzen et al., 2017; Kim et al., 2020; Miyamoto et al.,
2018) Studies on predominantly White populations, including other European Countries, consistently reported

a disease incidence around 1/million person-years, which is overall in line with what observed in our study.



The reported disease prevalence among Whites is also comparable to our findings, ranging from 0.8-1.6 per
100,000 in Europe to 3.3 per 100,000 in Olmsted County (USA).(Cossburn et al., 2012; Flanagan et al., 2016;
Papp et al., 2020; Viktoria et al., 2021) Notably, in the Olmsted County study 84% of cases with demyelinating
CNS disorders in the study population were tested for AQP4-IgG, which might have allowed identification of
patients with longstanding disease who potentially were not recognized before the test was available.(Flanagan

etal., 2016)

The global incidence and prevalence of AQP4-IgG+NMOSD vary widely, and an inverse relationship between
the frequency of AQP4-IgG+NMOSD and MS seems to exist. In Countries with high incidence and prevalence
of AQP4-IgG+NMOSD, the relative frequency of MS among demyelinating CNS disorders is usually lower
with a AQP4-IgG+NMOSD to MS ratio of up to 4:1;(Tisavipat et al., 2023) while the ratio decreases to
approximately 1:50 among Whites.(Flanagan et al., 2016) The high MS prevalence reported in Sardinia (330
per 100,000 on March 31, 2016) is in line with these findings,(Urru et al., 2020) and would correspond to a
AQP4-IgG+NMOSD to MS ratio of 1:79, accepting temporal differences. Taken together, these data suggest
an increased disease-specific risk for MS rather than a generic predisposition for immune-mediated CNS
disorders in the Sardinian population. Notably, some of the proposed environmental risk factors for AQP4-
IgG+NMOSD are similar to those proposed for MS (e.g., infections, smoking, vitamin D deficiency),
suggesting the difference in frequency between the two diseases in Sardinia may mostly reflect differences in

the genetic background.

The characteristics of Sardinian patients with AQP4-IgG+NMOSD are overall in line with prior studies,
including the high female:male ratio of 9:1,(Flanagan et al., 2016) and low frequency of pediatric involvement
around <5% of total patients.(Quek et al., 2012) However, t some peculiarities in our cohort deserve to be
highlighted. The expected median age at disease onset in patients with AQP4-IgG+NMOSD is approximately
40 years, while in this study we found a median of 51 years, with only 27% of patients (17% if only incident
cases are considered) presenting before the age of 40. This difference might be explained by the longevity of
the Sardinian population with higher representation of older age strata compared to the World population
(Table 3).(Pes et al., 2022) The older age in our cohort might also account for the high frequency of incident

cases presenting with isolated myelitis (70%), which is known to occur more commonly among late-onset



cases.(Seok et al., 2017) Coexisting autoimmune disorders are common in AQP4-IgG+NMOSD, accounting
for 20-30% of cases.(Pittock et al., 2008) In our cohort, however, 50% of cases had coexisting autoimmune
disorders (mostly autoimmune thyroiditis), which is in line with the known higher prevalence of other immune-
mediated systemic diseases in the Sardinian population (e.g., type 1 diabetes, autoimmune thyroiditis).(Delitala
etal., 2014; Sardu et al., 2012; Songini et al., 2017) One patient had a dual positivity for AQP4-IgG and MOG-
IgG, which is reported to occur in <1% of patients with AQP4-IgG positivity.(Kunchok et al., 2020) In these
rare patients, the clinical phenotype is generally more compatible with AQP4-IgG+NMOSD rather than
MOGAD, as observed in our case (e.g., isolated myelitis lesion extending over the cervical-thoracic region but

sparing the conus; presence of “bright spotty lesions” on MRI spine; lack of T2 lesion resolution over time).

Our study is limited by the retrospective design and selective inclusion of patients with an already established
diagnosis of AQP4-IgG+NMOSD (i.e., we might have lost prevalent cases with a longstanding disease
predating availability of AQP4-IgG testing). However, an extensive screening for AQP4-IgG antibodies on all
patients with CNS demyelinating disease in the entire Sardinian population is prohibitive and it would be
unlikely to significantly alter the number of incident cases identified since 2013 (diagnostic attention for the
disease has increased during the last two decades). Patients’ identification was based on local founts and we
might have overlooked patients diagnosed outside of Sardinia, although this seems unlikely given the severity
of AQP4-IgG+NMOSD attacks that often require prompt admission to local hospitals, where awareness of the
disease is generally high. Our findings might not be generalizable to other Italian regions given the different
genetic background of the Sardinian population. Different from some prior epidemiology studies, we did not
include patients with a diagnosis of seronegative NMOSD as these forms are increasingly recognized to have
different pathophysiology than AQP4-IgG+NMOSD, including MOG-IgG-associated disease (MOGAD) or
other yet unidentified etiologies (either immune-mediated or not).(Carta et al., 2024; Hyun et al., 2022; Zara
et al., 2023) Furthermore, commercial testing for MOG-IgG only recently became available in Sardinia and
retrospective testing of patients with suspected phenotype would not be reliable as patients may serorevert to
MOG-IgG negative after disease attacks, which is rarely seen with AQP4-IgG.(Majed et al., 2023; Sechi et al.,
2022) Future prospective studies will better investigate the epidemiology of MOGAD and seronegative

NMOSD in Sardinia. Lastly, most patients in our study were not tested for AQP4-IgG by live CBA, which



have a higher sensitivity compared to the commercial fixed CBA,(Waters et al., 2012) and a minority of

patients might have been unrecognized.

In conclusion, we found the epidemiological burden of AQP4-IgG+NMOSD in Sardinia does not significantly
exceed that of other predominantly White populations. The increased MS risk in the island seems disease-
specific and may be sustained by specific genetic/environmental risk factors. Future studies comparing
epidemiological data on different demyelinating CNS disorders, including AQP4-IgG+NMOSD, MOGAD

and MS, will help clarify the exact determinants of disease-specific risk.
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Figure 1 — Flow-chart for identification and inclusion of patients with AQP4-IgG+NMOSD

Most patients were initially identified by searching the archives of the Laboratory of the MS Center in
Cagliari (reference and only laboratory for AQP4-IgG testing in the entire island since December 2009).
Four additional patients with a diagnosis of AQP4-IgG+NMOSD and positivity detected in other laboratories
outside Sardinia were identified by searching medical records of the four reference hospitals with dedicated
MS units in the island (including the reference Sardinian unit for pediatric MS at the University Hospital of
Sassari). Out of 49 patients initially identified, four were excluded as neither incident nor prevalent for the

2013-2022 study period. A total of 45 cases were eventually included (incident, 31; prevalent, 41).

Figure 2 — Temporal distribution of incident AQP4-IgG+NMOSD cases over time

The horizontal lines in the graph represent incident cases occurring over the study period (2013-2022).
Female patients are represented by blue lines, while brown lines represent males. Certain lines are
interrupted due to death of the patient (double vertical bars) or change of residency outside Sardinia (single

vertical bar).

Figure 3 — Variation in annual incidence and prevalence of AQP4-IgG+NMOSD over ten years

The bar graph shows the variations in annual incidence (blue bars) and prevalence (golden bars) of AQP4-
IgG+NMOSD in Sardinia between 2013 and 2022. Note that while incidence varies substantially over the

study period, the annual prevalence steadily increases from 2013 to 2022.
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