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Abstract

Background Neuromyelitis optica spectrum disorders (NMOSD) are autoantibody-mediated inflammatory diseases of the
central nervous system predominantly targeting optic nerves and the spinal cord. Two distinct phenotypes are recognized
based on the presence of serum aquaporin-4 (AQP4-IgG) antibodies. However, contrasting clinical course patterns have
been identified between AQP4-IgG-positive and AQP4-IgG-negative patients.

Aims This study aimed to present demographic and clinical characteristics of patients with NMOSD in Slovakia and to
evaluate the significance of differences between AQP4-IgG-seropositive and AQP4-IgG-seronegative patients.

Methods We performed a longitudinal multi-centric retrospective study and analysed the clinical and demographic charac-
teristics of a cohort of 63 Slovak NMOSD patients.

Results Eighty-six percent of patients were women, and ninety-four patients were Caucasian. The median age at diagno-
sis was 37 years. The most frequent initial manifestations were optic neuritis (47.6% of patients) and transverse myelitis
(39.7% of patients). The median EDSS score deteriorated from the initial 3.0 to 4.0 at the last follow-up. Sixty-eight percent
of patients were AQP4-IgG positive; 10% of patients were MOG-IgG positive; 27% of patients had no NMOSD-specific
antibodies detected. There was a higher prevalence of autoimmune thyroiditis among AQP4-IgG-positive patients (25.6%)
compared to AQP4-IgG-negative patients (0%) (p=0.01).

Conclusion This study provides a detailed overview of the clinical and demographic characteristics of NMOSD based on
a retrospective analysis of a Slovak cohort of 63 NMOSD patients and extends information provided by similar recently
published studies. The most important finding is that there is a high prevalence of autoimmune thyroiditis among AQP4-
IgG-negative patients (25%).
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Introduction

Neuromyelitis optica spectrum disorders (NMOSD) are
female-predominant chronic autoantibody-mediated inflam-
matory diseases of the central nervous system mainly tar-
geting optic nerves and the spinal cord [1, 2]. Reported
prevalence rates only rarely exceed five cases per 100,000
inhabitants and are particularly high in Caucasian popula-
tions (Mori et al., 2018). In Slovakia, the prevalence is 1.42
cases per 100,000 inhabitants [3]. A diagnosis of NMOSD is
based on the 2015 International Panel for NMOSD diagnosis
(IPND) criteria (derived from the earlier 2006 NMO Crite-
ria) [4], and the algorithm recognizes two distinct phenotypes
based on the presence of serum antibodies that target the water
channel aquaporin-4 (AQP4-IgQG) [2, 5, 6]. The pathogen-
esis of NMOSD is believed to be mediated by the humoral
immune system, and AQP4-IgG antibodies demonstrate a
direct pathogenic role [7]. Furthermore, a small subset of
NMOSD patients has recently been identified as having anti-
myelin oligodendrocyte glycoprotein antibodies (MOG-IgG)
[8, 9], which also demonstrate a direct pathogenic role [9].
Hallmark features of NMOSD are acute attacks of optic neu-
ritis or transverse myelitis with a typically relapsing course,
but clinical presentation is not limited to these only and may
also include symptomatology of the central nervous system
involvement outside the optic nerves and spinal cord (area
postrema, brainstem, diencephalon or cerebrum) [2]. How-
ever, contrasting clinical course patterns have been identified
between AQP4-IgG-positive and AQP4-IgG-negative patients
[10, 11]. This study aimed to present the demographic and
clinical characteristics of patients with NMOSD in Slovakia
and to evaluate the significance of differences between AQP4-
IgG-seropositive and AQP4-IgG-seronegative patients.

Methods

We performed a longitudinal multi-centric retrospective
study of a cohort of patients treated for NMOSD from 1
January 2006 through 20 June 2022 in all 13 Slovak cen-
tres for multiple sclerosis and related disorders.

Local investigators completed case report forms (CRF)
with on-call assistance from the study coordinator and col-
lected detailed demographic and clinical information as
follows: (1) gender, (2) race (self-reported by patients), (3)
age at disease onset, (4) clinical manifestation at onset, (5)
antibody status (both AQP4-IgG and MOG-IgG), (6) brain
and spinal cord MRI findings, (7) results of cerebrospinal
fluid workup, (8) disease course (monophasic or relaps-
ing + the total number of relapses), (9) disability profile
(score on the Expanded Disability Status Scale, EDSS)
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[12] both at the beginning of the disease and at the last
follow-up, (10) history of comorbidities, (11) and treat-
ment history. Diagnosis of comorbidities was based on the
sole discretion of the respective specialist.

The exclusion criteria were as follows: (1) the 2015
IPND diagnostic criteria were not met; (2) missing data
required for verifying the diagnosis of NMOSD; (3) dupli-
cate records, or (4) the refusal to provide informed consent.

All serum samples were tested uniformly in two labo-
ratories (Bratislava and Kosice, Slovakia) for the presence
of antibodies by the CBS (cell-based assay) method using
the NMOSD Screen. Both laboratories use the same tests.
Anti-AQP4-IIFT was used for AQP4-IgG detection (antibody
detection in living cells using HEK-293 cells stably trans-
fected with the M23 isoform of AQP4). Anti-MOG-IIFT
was used for MOG-IgG detection (CBA with live HEK-293
cells transfected with a plasmid containing full-length human
MOG). Both antibody types were evaluated by indirect immu-
nofluorescence assay (anti-AQP4-IIFT). This assay has a sen-
sitivity of 80% for AQP4-1gG and 95% for MOG-IgG and a
specificity of 100% for AQP4-IgG and 84.1% for MOG-IgG
(Euroimmun, Germany). In Slovakia, this method of AQP4-
IgG and MOG-IgG detection became available in late 2013.

The study protocol is in accordance with the 1964 Dec-
laration of Helsinki, its later amendments, and with the
principles of good clinical practice. The study protocol was
approved by the Ethics Committee of BLINDED FOR THE
PURPOSE OF THE REVIEW, on May 21, 2020 (approval
code 2020/EK/05035). All authors had access to the study
data and have reviewed and approved the final manuscript.

Statistical analyses were carried out using RStudio (version
1.2.1335). Continuous variables are presented as medians and
interquartile ranges (IQR). Categorical variables are presented
as absolute counts and percentages (%). The pair-wise dele-
tion was used when values were “missing-at-random”. The
significance of differences was tested using Mann—Whitney
tests, Chi-square tests or Fisher’s exact tests (as appropriate).
All tests were performed at a significance level of p <0.05.

Results

Initially, 71 cases were reported from neurological centres. Eight
patients met the exclusion criteria; thus, 63 NMOSD patients
were included in the final analysis, 33 of whom (52.4%) also met
the diagnostic criteria for NMO. Sixty-one patients (93.8%) were
Caucasian, 2 patients were Roma (3.2%), 54 (85.7%) patients
were women, and the female-to-male ratio was 6:1.

The median age at diagnosis was 37 years (IQR 22), and the
median disease duration was 6 years (IQR 8). Optic neuritis was
the initial manifestation in 30 patients (47.6%) and transverse
myelitis in 25 patients (39.7%). In this cohort, patients usually
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suffered from the relapsing form of the disease (n=51, 81%)
with an annual attack rate of one. Fifty-two patients (82.5%)
experienced optic neuritis during the course of the disease at
least once, and 49 patients (77.8%) experienced at least one
attack of transverse myelitis. Median EDSS score deteriorated
from the initial 3.0 (IQR 1.75) to 4.0 at the last follow-up (IQR
2.5). One patient (1.6%) died during the follow-up period. Fur-
ther characteristics are presented in Table 1.

Fifty-three patients underwent a CSF examination, and
oligoclonal IgG bands were found in 15 of them (28.3%).
Magnetic resonance imaging (MRI) was repeatedly per-
formed during acute attacks and revealed T2-hyperintense
lesions in the following regions: optic nerve/optic chiasm
(34.1% of patients), brain stem (17.1% of patients), dien-
cephalon (4.9% of patients) and non-MS/atypical cerebral
lesions (46.3% of patients). Normal brain MRI findings were

Table 1 Demographic and clinical characteristics of the 63 Slovak NMOSD patients

Variable Total (n=63) AQP4-IgG+(n=43) AQP4-IgG - (n=20) p
Gender n (%) 0.20

- Women 54 (85.7%) 39 (90.7%) 15 (75%)

- Men 9 (14.3%) 4(9.3%) 5 (25%)
Age at disease onset years (median, IQR) 37 (22) 38 (19) 33 (16.5) 0.25
Age at disease onset years (median, IQR)

- Women 37 (13.6) 36 (20) 39 (22.5) 1

- Men 33 (13.6) 45 (8) 27 (12) 0.02
Early disease onset n (%) 5(7.9%) 2 (4.7%) 3(15%) 0.36
Late disease onset n (%) 15 (2.4%) 11 (25.6%) 4 (20%) 0.87
Disease duration Years (median, IQR) 6 (8) 6(8) 24) 0.04
Age at last follow-up years 44 (21.5) 46 (17.5) 37.5 (19.75) 0.04
Initial manifestation n (%) -

- Optic neuritis 30 (47.6%) 21 (48.8%) 9 (45%)

- Myelitis 25 (39.7%) 18 (41.9%) 7 (35%)

- Area postrema syndrome 2 (3.2%) 1(2.3%) 1 (5%)

- Acute brainstem syndrome 2 (3.2%) 0 2 (10%)

- Acute diencephalon syndrome 0 0 0

- Cerebral syndrome 0 0 0

- Simultaneous optic neuritis and myelitis 3 (4.8%) 3 (7.0%) 0

- Simultaneous optic neuritis and brainstem 1(1.6%) 0 1 (5%) -

syndrome

Clinical course n (%) 1

- Monophasic 12 (19%) 8 (18.6%) 4 (20%)

- Relapsing 51 (81%) 35 (81.4%) 16 (80%)
Number of attacks 3124 324 2(24) 0.27

- Annual attack rate 1(1.4) 1(1.6) 1(0.9) 0.85
Clinical manifestations during follow-up n (%)

- Optic neuritis at least once 52 (82.5%) 36 (83.7%) 16 (80%) ns

- Myelitis at least once 49 (77.8%) 35 (81.4%) 14 (65%) ns

- Area postrema syndrome at least once 8 (12.7%) 4.(9.3%) 4 (20%) ns

- Acute brainstem syndrome at least once 11 (17.5%)  7(16.3%) 4 (20%) ns

- Acute diencephalic syndrome at least once 8 (12.7%) 7 (16.3%) 1 (10%) ns

- Symptomatic cerebral syndrome at least once 15 (23.8%) 10 (23.3%) 5(25%) ns
EDSS score at disease onset median (IQR) 3.0 (1.75) 3.5(2.5) 3.0(1.5) 0.86
EDSS score at last follow-up visit median (IQR) 4(2.5) 4(1.75) 4 (2.63) 0.86
Deaths n (%) 1 (1.6%) 1(2.3%) 0 -
History of infection preceding NMOSD n (%) 6 (9.5%) 2 (4.7%) 4 (20%) 0.12

Continuous variables are presented as medians and interquartile ranges (IQR); categorical variables are presented as counts and percentages

AQP4-IgG: antibodies that target the water channel aquaporin-4, EDSS: Expanded Disability Status Scale, NMOSD: Neuromyelitis optica spec-

trum disorders, ns: non-significant difference
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reported in 4.9% of patients. Similarly, spinal cord MRI
revealed longitudinal extensive transverse myelitis (LETM;
63.4% of patients), non-LETM lesions (9.8% of patients),
and normal findings were present in 26.8% of patients.

Twenty-four patients (38.1%) had a history of comorbidi-
ties, and 24 patients suffered from a concomitant autoim-
mune disease (38.1% of all NMOSD patients) (Table 2).

During an acute attack, 35 patients (60.3%) were treated
with intravenous methylprednisolone (IVMP), 20 patients
(34.5%) with a combination of IVMP and plasma exchange
(PE), and 2 patients (3.4%) with a combination of IVMP
and intravenous immunoglobulins (IVIG). We were unable
to retrospectively identify the way that 5 patients (7.9%) had
been managed during acute attacks. All patients received
long-term maintenance treatment (most commonly pred-
nisone and other immunosuppressive treatment alone or in
combination, including rituximab).

In the Slovak cohort of NMOSD patients, 43 patients
(68.3%) were AQP4-IgG positive, and 20 (31.7%) were
AQP4-1gG negative. Six patients (9.5%) were MOG-IgG
positive and 3 of them showed “double seropositivity”

(both AQP4 and MOG antibodies were present). In 17
patients (27%), no “NMOSD-specific” autoantibod-
ies were detected. There were several differences in the
demographic and clinical characteristics between the two
AQP4-1gG subgroups: (1, 2) The disease duration was
longer and the age at the last follow-up was higher in sero-
positive patients (p =0.04; Table 1). (3) Male seronega-
tive patients were younger than male seropositive patients
(p=0.02; Table 1), and while there was no difference in
the frequency of comorbidities in general, (4) autoim-
mune comorbidities alone were more frequent among male
AQP4-IgG-negative patients compared to male AQP4-IgG-
positive patients (p =0.05; Table 2). Most importantly, (5)
there was a higher prevalence of autoimmune thyroiditis
among AQP4-IgG-positive patients (25.6%) compared to
AQP4-IgG-negative patients (0%) (p=0.01, Table 2).

There was no difference between the two AQP4-IgG sub-
groups in other disease characteristics, such as the initial
manifestation, clinical course and number of attacks, or in
the EDSS scores at the onset of the disease or at the last
follow-up examination.

Table 2 Summary of comorbidities in the Slovak cohort of NMOSD patients

Overall number AQP4-seropositive AQP4-seronegative p value
n=63 (100%) n=43 (100%) n=20 (100%)
Comorbidities (except from 24 (38.1%) 17 (39.5%) 7 (35%) 0.79
autoimmune comorbidities)
Female patients 21 (38.9% of female patients) 15 (38.4% of female patients) 6 (40% of female patients) 1
Male patients 3 (33.3% of male patients) 2 (50% of male patients) 1 (20% of male patients) 0.5
- Cardiovascular diseases 10 (15.9%) 7 (16.3%) 3 (15%) 1
- Type 2 Diabetes 1(1.6%) 12.3%) 0 1
- Dyslipidemia 3 (4.8%) 2 (4.7%) 1(5%) 1
- Thrombophilia 3 (4.8%) 2 (4.7%) 1(5%) 1
- Epilepsy 1(1.6%) 1(2.3%) 0 1
- Psychiatric diseases 5 (7.9%) 3 (7.0%) 2 (10%) 0.65
- Neoplasms 1(1.6%) 12.3%) 0 (%) 1
Autoimmune diseases 24 (38.1%) 16 (37.2%) 8 (40%) 1
Female patients 20 (37%) 16 (41% of female patients) 4 (26.7% of female patients) 0.37
Male patients 4 (44.4%) 0 (0% of male patients) 4 (80% of male patients) 0.05
- Atopic eczema 1(1.6%) 0 1(5%) 0.32
- Autoimmune thyroiditis 11 (17.5%) 11 (25.6%) 0 0.01
(Hashimoto’s Disease)
- Systemic lupus 1(1.6%) 0 1 (5%) 0.32
- Rheumatoid arthritis 4(6.3%) 1(2.3%) 3 (15%) 0.09
- Type 1 Diabetes 2 (3.2%) 0 2 (10%) 0.1
- Psoriasis 1(1.6%) 1(2.3%) 0 1
- Bronchial Asthma 2 (3.2%) 1(2.3%) 1 (5%) 0.54
- Coeliac disease 1(1.6%) 1(2.3%) 0 1
- Autoimmune hepatitis 1(1.6%) 1(2.3%) 0 1

AQP4: aquaporin 4, NMOSD: neuromyelitis optica spectrum disorders
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Discussion

In this study, we present the demographic and clinical charac-
teristics of patients with NMOSD in Slovakia and evaluate the
significance of differences between AQP4-IgG-seropositive
and AQP4-IgG-seronegative patients. We analysed a cohort
of 63 patients with a median age of 37 years (IQR 22) at dis-
ease onset. Eighty-six percent of patients were women, and
the median duration of the disease was six years (IQR 8).
Except for the Brazilian patients being younger, all of these
demographic characteristics are similar to those reported for
Brazilian, Chinese and Spanish studies [10, 13, 14].

Optic neuritis was the initial manifestation in 47.6% and
transverse myelitis in 39.7% of all patients. These numbers
are similar to those reported from a Chinese cohort [14],
although the proportion of patients with the initial brain
stem involvement was lower in our cohort (27.6% vs 3.2%).
Eighty-one percent of patients suffered from a relapsing
course of the disease, which is higher than the proportion
reported from the Brazilian cohort (72%) [10] and similar
to the Algerian (85%) [15], Chinese (87.6%) [14] and Span-
ish cohorts (89%) [13]. Considering these comparisons, we
believe that our cohort’s characteristics did not substantially
deviate from those mentioned above.

We also analysed the differences between AQP4-IgG-pos-
itive (68.3%) and AQP4-IgG-negative patients (31.7%). We
found that the disease duration in AQP4-IgG-positive patients
was longer and that they were older at the last follow-up exami-
nation compared to AQP4-IgG-negative patients. This differ-
ence probably results from the fact that IPND criteria (which
recognize the existence of AQP4-IgG-negative NMOSD
patients) has been around since 2015 only, and this study retro-
spectively examines a time frame that extends beyond that year.

The most important finding of this study is the high
prevalence of autoimmune thyroiditis (AIT) in AQP4-
IgG-positive patients (25% compared to 0% in AQP4-
IgG-negative patients) and in patients with NMOSD in
general (17.5%). Despite the fact that Wang et al. observed
a significantly higher prevalence of anti-thyroid antibodies
(ATAbs) among NMOSD patients compared to a healthy
control population [16], a higher prevalence of actual
autoimmune thyroiditis has thus far gone unnoticed [10,
14]. This finding may be of importance, because thyroid
disease/thyroid dysfunction may have some bearing on the
clinical course and disease activity of NMOSD itself [17],
although similar hypotheses were not confirmed in other
autoimmune diseases, such as primary biliary cholangitis
or inflammatory bowel diseases [18, 19].

Jarius et al. followed patients up for a similar time as in
our study (58 months vs 72 months) and came out during
the last follow-up with a median EDSS score of five, which
is slightly higher than that from our cohort (the median

was four). Similar to our results, seropositive and seron-
egative patients did not differ significantly with regard to
EDSS score at the last follow-up or with regard to the
annual attack rate [11]. However, seropositive patients
were more likely to suffer from the relapsing course and
less likely to have simultaneous optic neuritis and myelitis;
we were unable to confirm the differences [11].

We acknowledge the limitations of this study. First, despite
a relatively large cohort, there are small numbers of cases in
certain groups of patients. However, because NMOSD is a rare
disease, this could not be avoided, and it does not preclude the
results from being used later in systematic reviews and meta-
analyses. Second, we could not provide a more detailed descrip-
tion of MRI findings, because only a description rather than
the original images was provided in certain cases (typically the
original MR images from earlier years were missing). Thirdly,
it is important to note that obtaining detailed treatment histories
was not feasible due to the extended timeframe and the absence
of electronic health records in Slovakia during that period. Con-
sequently, any conclusions drawn regarding the effects of indi-
vidual treatments would lack validity.

Conclusion

This study provides a detailed overview of the clinical
and demographic characteristics of NMOSD based on a
retrospective analysis of a Slovak cohort of 63 NMOSD
patients and extends information provided by similar
recently published studies. The most important finding is
that there is a high prevalence of autoimmune thyroiditis
among AQP4-IgG-negative patients.
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