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Abstract
The idiopathic inflammatory demyelinating disease (IIDD) spectrum has been investigated
among different populations, and the results have indicated a low relative frequency of
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neuromyelitis optica (NMO) among multiple sclerosis (MS) cases in whites (1.2%-1.5%),
increasing in Mestizos (8%) and Africans (15.4%-27.5%) living in areas of low MS prevalence. South America (SA) was colonized by Europeans from the Iberian Peninsula, and
their miscegenation with natives and Africans slaves resulted in significant racial mixing.
The current study analyzed the IIDD spectrum in SA after accounting for the ethnic heterogeneity of its population. A cross-sectional multicenter study was performed. Only individuals followed in 2011 with a confirmed diagnosis of IIDD using new diagnostic criteria were
considered eligible. Patients’ demographic, clinical and laboratory data were collected. In
all, 1,917 individuals from 22 MS centers were included (73.7% female, 63.0% white, 28.0%
African, 7.0% Mestizo, and 0.2% Asian). The main disease categories and their associated
frequencies were MS (76.9%), NMO (11.8%), other NMO syndromes (6.5%), CIS (3.5%),
ADEM (1.0%), and acute encephalopathy (0.4%). Females predominated in all main categories. The white ethnicity also predominated, except in NMO. Except in ADEM, the disease onset occurred between 20 and 39 years old, early onset in 8.2% of all cases, and late
onset occurred in 8.9%. The long-term morbidity after a mean disease time of 9.28±7.7
years was characterized by mild disability in all categories except in NMO, which was
scored as moderate. Disease time among those with MS was positively correlated with the
expanded disability status scale (EDSS) score (r=0.374; p=<0.001). This correlation was
not observed in people with NMO or those with other NMO spectrum disorders (NMOSDs).
Among patients with NMO, 83.2% showed a relapsing-remitting course, and 16.8% showed
a monophasic course. The NMO-IgG antibody tested using indirect immunofluorescence
(IIF) with a composite substrate of mouse tissues in 200 NMOSD cases was positive in people with NMO (95/162; 58.6%), longitudinally extensive transverse myelitis (10/30; 33.3%)
and bilateral or recurrent optic neuritis (8/8; 100%). No association of NMO-IgG antibody
positivity was found with gender, age at onset, ethnicity, early or late onset forms, disease
course, or long-term severe disability. The relative frequency of NMO among relapsingremitting MS (RRMS) + NMO cases in SA was 14.0%. Despite the high degree of miscegenation found in SA, MS affects three quarters of all patients with IIDD, mainly white young
women who share similar clinical characteristics to those in Western populations in the
northern hemisphere, with the exception of ethnicity; approximately one-third of all cases
occur among non-white individuals. At the last assessment, the majority of RRMS patients
showed mild disability, and the risk for secondary progression was significantly superior
among those of African ethnicity. NMO comprises 11.8% of all IIDD cases in SA, affecting
mostly young African-Brazilian women, evolving with a recurrent course and causing moderate or severe disability in both ethnic groups. The South-North gradient with increasing
NMO and non-white individuals from Argentina, Paraguay, Brazil and Venezuela confirmed
previous studies showing a higher frequency of NMO among non-white populations.

Introduction
Multiple sclerosis (MS) has been considered a rare disease in South America (SA). The environmental and genetic factors of its extensive tropical territory and significant racial heterogeneity might protect SA against the disease. Moreover, the lack of scientific publications
regarding MS in SA prior to the 1990s led to the misconception that a low prevalence of MS
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(<5/100,000) existed throughout the region compared with the distribution of MS worldwide
[1] Thus, all of the information regarding the natural history of MS was based on studies of
white people in the northern hemisphere, where the prevalence of MS is high [2,3]. Over the
past 20 years, the knowledge regarding the prevalence, clinical course, and risk factors associated with the development of MS in SA has widely expanded [4]. The major factors that promoted this scientific growth were the incorporation of magnetic resonance imagining (MRI) as
a tool to diagnose idiopathic inflammatory demyelinating diseases (IIDDs), the availability of
the Internet (which has connected health science professionals and investigators across the
world), and the Food and Drug Administration (FDA) approval of immunomodulatory drugs
(expensive medications that began to be distributed free of charge by public health systems
through MS treatment reference centers organized across various SA countries) [5].
A major development over the past two decades was the recognition of neuromyelitis optica
(NMO; i.e., Devic’s syndrome) as a special form of neuro inflammatory disorder of the central
nervous system (CNS). NMO has unique clinical, imaging, laboratory, and pathologic characteristics as well as a pathogenic mechanism that distinguishes it from MS. Mandler et al. [6]
demonstrated normal cranial MRI scans, the absence of IgG oligoclonal bands (OCBs), and
(most importantly) a characteristic and distinct neuropathology in a seminal study of eight
women of different ethnicities (four whites, three Latinas, and one African) in New Mexico,
USA. These women presented with severe and selective involvement of the optic nerve and spinal cord with a poor prognosis. No lesions were observed in the brain MRI scans, whereas the
spinal cord MRI scans demonstrated long, cavitated, and enhanced lesions of more than three
segments. Characteristic thick blood vessels with perivascular necrosis were found in the CNS,
with long necrotic lesions in the spinal cord. These findings led to the hypothesis that this autoimmune disease was mediated by a soluble antibody. Those features were identified, confirmed,
and expanded; moreover, they were included in the NMO diagnostic criteria to distinguish it
from MS [7].
The identification of an autoantibody, NMO-IgG, with high specificity for NMO that was
also present in partial NMO syndromes represented a milestone in the study of IIDD. In the
original study applied indirect immunofluorescence (IIF) with a composite substrate of mouse
tissues and observed a high frequency of antibody positivity in patients with NMO; less antibody positivity was observed in patients with partial syndromes with a high risk of conversion
to NMO: longitudinally extensive transverse myelitis (LETM) and bilateral or recurrent optic
neuritis (BRON). The antibody was also found in patients with optic spinal multiple sclerosis
(OS-MS) Asian type and in rare cases of MS; it was not detected in other neurological diseases.
This antibody was the first biological marker found in patients with IIDD [8]. Later, NMO-IgG
was shown to bind selectively to the aquaporin 4 (AQP4) water channel, a transmembrane protein located in the astrocytic foot processes at the blood-brain barrier [9]. Brain MRI scans of
NMO-IgG-positive individuals with NMO demonstrated lesions in the brainstem periaqueductal area, diencephalon, and periventricular areas that are characterized by high AQP4
expression [10]. Thus, the presence of neurological signs outside of the optic nerve and spinal
cord, particularly those in the brainstem and brain, was verified. Positivity to the anti-AQP4
IgG antibody was included among the laboratory criteria for NMO in 2006 [11]. The term
"NMO spectrum disorders" (NMOSDs) was coined to encompass NMO and other CNS
inflammatory diseases in which the NMO-IgG antibody was identified. The clinical and laboratory features of NMOSD differ from those found in MS [12].
The distribution of IIDD according to the new NMO and MS criteria has been investigated
with regard to different populations. The results indicated the following relative frequencies of
NMO cases among patients with MS: 1.2% in Australia [13], 1.5% in Italy [14], 8% in Mexico
[15], 15.2% in southeastern Brazil [16], and 27% in Central America [17]. The highest
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frequency of cases featuring the selective involvement of the optic nerve and spinal cord s
found in Japan, where 33% of patients with MS have Asian-type OSMS [18]. The analysis of
these studies suggests that many people have NMO in non-white populations who live in geographic areas with low rates of MS.
SA was colonized by Europeans from the Iberian Peninsula (Spain and Portugal), and their
miscegenation with natives and African slaves resulted in significant racial heterogeneity. More
than 50% of Brazil is of African descent [19]. In the SA countries along the Pacific Coast, the
admixture of whites and natives gave rise to the so-called Mestizos. This study analyzed the
IIDD spectrum in SA after accounting for the ethnic heterogeneity of its population.

Material and Methods
This descriptive, multicenter, and cross-sectional study was approved by the Human Research
Ethics Committee of the Hospital Universitário Gaffrée e Guinle at the Universidade Federal
do Estado do Rio de Janeiro (number # 243.375, April 9, 2013)
We collected data from 21 SA MS centers, and all of the data were handled anonymously
(no individual could be identified). Individual information was stored and treated in accordance with ethical regulations (S1 File). This study design did not require informed patient
consent. We included data from individuals with IIDD who were followed regularly from January to December 2011. Coordinators (LCST, RMPA) invited neurologists from reference centers for the treatment of demyelinating diseases in SA to participate in the study in July 2012.

Inclusion of patients
Only individuals followed at the participating centers in 2011 (either old or new cases) with a
confirmed diagnosis of IIDD based on the current criteria were considered eligible. The
tests required for an IIDD diagnosis included the following: brain and spinal cord MRI, cerebrospinal fluid (CSF) analysis including measurement of the IgG index or OCB analysis and
NMO-IgG antibody testing [20].

IIDD phenotypes
Patients with IIDD were classified and analyzed with regard to the following six major categories and their subcategories.
[1] Acute IIDD with encephalopathy: [1.1] pseudotumoral-acute and monophasic forms of
IIDD with extensive focal lesions based on brain MRI (unrelated to MS or NMO); [1.2] Marburg-acute and monophasic forms of IIDD associated with extensive multifocal lesions based
on brain MRI; [1.3] Balo’s concentric sclerosis-acute monophasic or relapsing IIDD associated
with extensive concentric brain lesions based on MRI [20]
[2] ADEM: [2.1] monophasic-acute episode possibly preceded by infection or vaccination
characterized by multifocal cerebral manifestations accompanied by a change in consciousness
and or mental confusion associated with acute inflammatory lesions based on MRI, diffuse and
symmetrical; [2.2] recurrence of typical symptoms of ADEM after 3 months of the initial episode without new lesions based on MRI [20]
[3] Clinically isolated syndrome (CIS): suggestive of an MS diagnosis not meeting the following radiological criteria for MS: [3.1] monofocal (unilateral optic neuritis, internuclear
ophthalmoplegia, or other brainstem isolated syndromes, partial myelopathy) or [3.2] multifocal CIS [21]
[4] MS and its clinical course patterns: [4.1] relapsing remitting (RR) at onset and [4.2] primary progression (PP), fulfilling the McDonald criteria revision [22]
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[5] NMO: [5.1] monophasic or [5.2] recurrent, with selective (but not exclusive) focal
involvement of the optic nerve and spinal cord; diagnosis requires ON plus TM and two of the
following three laboratorial criteria: normal brain MRI or no suggestion of MS, extensive spinal
cord MRI lesion (3 vertebral segments), and positive NMO-IgG antibody [11]
[6] Other NMO syndromes: [6.1] limited NMO syndromes [12] including [6.1.1] monophasic transverse myelitis with LETM (3 vertebral segment spinal cord lesion observed on
MRI scan); [6.1.2] recurrent LETM [6.1.3]; LETM associated with brain lesions typical of
NMO (hypothalamic, corpus callosal, periventricular, or brainstem); [6.1.4] ON associated
with brain lesions typical of NMO (hypothalamic, corpus callosal, periventricular, or brainstem); [6.1.5] BRON; [6.2] Asian OS-MS [18], recurrent ON and TM not meeting NMO criteria (2006) [11]

Exclusion criteria
Patients still under investigation, those not meeting the criteria for diagnosis, those who
attended the neurology service solely to obtain a second opinion, and those who lived in cities
outside the location of the treatment center were excluded. Registries without a specific diagnosis were also excluded from the analysis.

Data collection
The information collected included the following: identification (name of participating
neurologists, type of unit, town, and country); patient demographic and clinical data (name,
initials, birth date, town/country of residence, year and age at onset of IIDD [early onset, i.e.,
pediatric MS: <18 years; late onset: 50 years], gender, ethnicity/skin color [white and nonwhite, i.e., Mestizo (mixed white and American Indian ancestry) African (including mixed
white and black ancestry) Asian (including mixed white and Asian ancestry)]), and score on
the Expanded Disability Status Scale (EDSS) [23]. The disability classification according to the
EDSS is 0–2.5 = mild, 3.0–5.5 = moderate, and 6 = severe. The multiple sclerosis severity
score (MSSS) recorded at the last assessment was only applied in patients with MS. The MSSS
is an index that adjusts the EDSS score based on the time of the disease (1–30 years). The MSSS
varies from 0.01 to 9.99. [24] The severity of disease according to the MSSS was classified into
four categories: benign<0.45, mild-moderate = 0.46–5.00, advanced-accelerated = 5.00–8.23),
and aggressive-malignant>8.24 [25]. Information was collected using the laboratory method
applied to detect the NMO-IgG antibody and seropositivity data for each IIDD subcategory.

Statistical analyses
The data were forwarded through the Internet and entered in an ad hoc Excel spreadsheet;
analyses were performed using the Statistical Package for Social Science (SPSS), version 14.
Characteristics were compared between categories and subcategories of IIDD using χ2 (or Fisher’s exact) tests for categorical data and two-sample t-tests for continuous data. When categorical variables were compared with continuous variables the Mann-Whitney U test was applied.
Regression logistic models were applied to analyze association and risk. Geoprocessing
resources were used to geographically visualize the information produced.

Results
After 35 registries from patients without specific diagnoses were excluded, the data from 1,917
individuals with IIDD followed during 2011 across 22 reference centers for MS treatment, distributed across 17 cities in SA were analyzed. The reference centers that provided these data
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Table 1. The IIDD spectrum in SA: The frequency of all categories and subcategories. IIDD = inflammatory idiopathic demyelinating disease;
ADEM = acute disseminated encephalomyelitis; CIS = clinical isolated syndrome; MS = multiple sclerosis; RRMS = relapsing remitting at onset;
PPMS = primary progressive; NMO = neuromyelitis optica; NMOSDs = NMO spectrum disorders; LETM = longitudinally extensive transverse myelitis.
Major diagnostic category

Diagnostic subcategory

N

% (95% CIs)

Acute IIDD with encephalopathy

Pseudotumor

4

0.21 (0.19–0.21)

N = 7 (0.37%; 95% CIs = 0.34–0.39)

Monophasic Balo’s concentric sclerosis

3

0.16 (0.14–0.17)

Acute Disseminated Encephalomyelitis (ADEM)

ADEM Monophasic

14

0.73 (0.71–0.75)

N = 19 (0.99%; 95% CIs = 0.99–0.99)

ADEM Polyphasic

5

0.26 (0.24–0.28)

CIS

CIS Optic Neuritis (ON)

33

1.7 (1.6–1.9)

N = 67 (3.5%; 95% CIs = 3.3–3.7)

CIS Brainstem (BS)

6

0.31 (0.29–0.33)

CIS Transverse Myelitis

18

0.94 (0.93–0.95)

CIS multifocal

10

0.52 (0.50–0.54)

Multiple sclerosis (MS)

RRMS

1,384

72.2 (70.2–74.2)

N = 1,474 (76.9%; 95% CIs = 75.0–78.7)

PPMS

90

4.7 (4.5–4.9)

Neuromyelitis optica (NMO)

NMO Monophasic

38

2.0 (1.8–2.2)

N = 226 (11.8%; 95% CIs = 10.4–13.3)

NMO Recurrent

188

9.8 (9.7–9.9)

Other NMOSDs

LETM monophasic

25

1.3 (1.2–1.5)

N = 226 (11.8%; 95% CIs = 10.4–13.3)

LETM recurrent

39

2.0 (1.9–2.2)

LETM + BS

6

0.31 (2.9–3.3)

Bilateral recurrent ON (BRON)

15

0.78 (0.76–0.80)

ON + BS

1

0.05 (0.04–0.06)

Optic spinal Asian type MS (OS-MS)

38

2.0 (1.8–2.2)

1,917

100

Total
doi:10.1371/journal.pone.0127757.t001

were located in four Spanish-speaking cities in SA and thirteen cities located across five Brazilian regions.

The IIDD spectrum in SA
Based on the current diagnostic criteria, the following major categories and their frequencies
were recorded with regard to the 1,917 patients with IIDD: MS (76.9%; 95% CIs = 75.0%78.7%), NMO (11.8%; 95% CIs = 10.4–13.3), other NMOSDs (6.5%; 95% CIs = 5.5–7.7), CIS
(3.5%; 95% CIs = 3.3–3.7), ADEM (0.99%; 95% CIs = 0.99–0.99), and acute IIDD with encephalopathy (0.37; 95% CIs = 0.34–0.39).
The frequency of all CNS IIDDs is described in Table 1.
The demographic data and the clinical evolution of the patients with IIDD are analyzed in
Table 2.
Females predominated all six major categories, ranging from 58.0% of the ADEM group to
84.5% of the NMO group. Whites also predominated the six categories, except for the NMO
group in which 53.1% of the affected individuals were non-white. Only four cases of IIDD (two
cases of MS, one case of NMO, and one case of other NMOSDs) were reported in Asians; these
patients lived in São Paulo (two cases), Brasília, or Buenos Aires (one case each). No native
Indians were affected. The mean age at disease onset was 32.7±11.8 years. The majority of the
patients in all of the major categories, except ADEM, started exhibiting symptoms between 20
and 39 years old (ranging from 51.1% of those with NMO to 86.0% of those with acute IIDD
with encephalopathy). Early onset occurred in 8.2% of all patients (0% of those with acute
IIDD with encephalopathy, 7.0% of those with MS, 7.3% of those with NMOSD, 10.4% of
those with CIS, 15.0% of those with NMO, and 21.1% of those with ADEM); late onset
occurred in 8.9% (0% of those with acute IIDD with encephalopathy, 7.5% of those with CIS,
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Table 2. Demographic and clinical features of patients according to the major IIDD categories. MS = multiple sclerosis; NMO = neuromyelitis optica;
NMOSD = NMO syndrome; CIS = clinical isolated syndrome; ADEM = acute disseminated encephalomyelitis; acute IIDD with encephalopathy;
IIDD = inflammatory idiopathic demyelinating disease; EDSS = expanded disability status scale; MSSS = MS severity score
Variables

Gender, N(%)

Skin color, N
(%)

Age of onset,
N(%)

Clinical
course

Time of
disease
EDSS

Female (F)

MS

NMO

Other NMO
syndromes

CIS

ADEM

Acute IIDD with
encephalopathy

All IIDD

n = 1,474

n = 226

n = 124

n = 67

n = 19

n=7

n = 1,917

1,068 (72.5)

191 (84.5)

84 (67.7)

55 (82.0)

11(58.0)

5 (71.4)

1,414
(73.8)

Male (M)

406 (27.5)

35 (15.5)

40 (32.3)

12 (18.0)

8 (42.9)

2 (28.6)

503 (26.2)

Ratio F/M

2.6:1

5.4:1

2.1:1

4.6:1

1.4:1

2.5:1

2.8:1

White (W)

983 (66.7)

103 (45.6)

68 (54.8)

34 (50.7)

13 (68.0)

4 (57.0)

1,205
(63.0)

Non-white
(NW)

473 (32.1)

120 (53.1)

51 (41.12)

29 (43.3)

6 (32.0)

3 (43.0)

682 (35.2)

Afro

387 (26.3)

89 (39.4)

42 (34.0)

21 (31.3)

3 (16)

2 (28.6)

544 (28.0)

Mestizo

84 (5.7)

30 (13.3)

8 (6.5)

8 (11.9)

3 (16)

1 (14.3)

134 (7.0)

Asian

2 (0.1)

1 (0.4)

1 (0.8)

0

0

0

4 (0.2)

Ratio W/NW

2.1:1

0.86:1

1.3:1

1.2:1

2.1:1

1.3:1

1.7:1

Missing

18 (1.2%)

3 (1.3%)

5 (4%)

4 (6%)

0

0

30 (1.6%)

0–9 years

11 (0.7)

10 (4.4)

0

1 (1.5)

0

0

22 (1.1)

10–19 years

155 (10.5)

36 (16.0)

17 (13.7)

12 (18.0)

5 (26.3)

1 (14.0)

226 (11.8)

20–29 years

445 (30.2)

69 (30.5)

33 (26.6)

16 (24.0)

6 (31.6)

3 (43.0)

572 (29.8)

30–39 years

441 (29.9)

48 (21.2)

33 (26.6)

20 (30.0)

2 (10.5)

3 (43.0)

547 (28.5)

40–49 years

279 (18.9)

38 (16.8)

24 (19.4)

13 (19.0)

2 (10.5)

0

356 (18.6)

50–59 years

111 (7.5)

22 (9.7)

13 (10.5)

0

1 (.3)

0

151 (7.9)

60–69 years

16 (1.1)

3 (1.3)

3 (2.4)

4(6.0)

3 (15.8)

0

26(1.4)

70–79 years

2 (0.1)

0

0

0

0

0

2 (0.1)

Missing

14 (0.9%)

0

1 (0.8%)

0

0

0

15(0.8%)

Mean±SD

32.9±11.3

31.2±13.56

34.1±12.7

31.4±12.1

32.5±0.81

27.4±7.0

32.7±11.8

RR: 1,384
(93.9)

M: 38 (16.8)

M:67

M: 14
(74.0)

M: 7

PP: 90 (6.1)

R: 188
(83.2)

Mean+SD

9.78 ± 7.86

8.91 ± 6.89

7.42 ± 7.60

3.54 ± 3.51

9.11
±11.92

4.43 ±6.02

9.28±7.76

Missing

5 (0.3%)

0

1 (0.8%)

0

0

0

6 (0.3%)

Median (minmax)

25 (0–0.5)

4 (0–9.5)

3 (0–8,5)

1 (0–7)

3 (0–9)

1 (1–3)

O:5 (26.0)

EDSS mild

814 (55.2%)

58 (25.7%)

47 (37.9%)

51 (77.3%)

9 (47.4%)

6 (85.7%)

EDSS
moderate

369 (25.0%)

93 (41.2%)

39 (31.5%)

12 (18.2%)

2 (10.5%)

1 (14.3%)

516
(26.9%)

EDSS severe

283 (19.2%)

73 (32.3%)

38 (30.6%)

3 (4.5%)

8 (42.1%)

0

404
(21.1%)

Missing

8 (0.5%)

2 (0.9%)

1 (1.5%)

1 (1.5%)

0

0

12 (0.6¨%)

doi:10.1371/journal.pone.0127757.t002

9.4% of those with MS, 11.5% of those with NMO, 12.9% of those with other NMOSDs, and
21.1% of those with ADEM). The long-term morbidity after a mean disease time of 9.28±7.7
years (as analyzed by the EDSS) was characterized by mild disability in the total population. All
categories except for NMO were scored as moderate. In the MS category, disease time was positively correlated with the EDSS score (r = 0.374; p = <0.001). This correlation was not observed
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among those with NMO (r = 0.129; p = 0.054) or NMOSDs (r = 0.22; p = 0.812). With respect
to the diagnostic tests, more than 98% of the individuals with IIDDs underwent brain and
spinal cord MRIs; CSF analyses were performed in more than 90%, and VEP was performed
in more than 80%. NMO-IgG antibody was tested for in 324 patients (acute IIDD with
encephalopathy [n = 2], ADEM [n = 2], CIS [n = 17], MS [n = 87], NMO [n = 162], and other
NMOSDs [n = 54]). All but one neurological center used the IIF to test the NMO-IgG antibody
(95%); the Elisa method was applied in the remaining center.

IIDD phenotypes
[1] Rare and acute forms—Acute forms of IIDD with encephalopathy were diagnosed using
brain MRI and confirmed by brain biopsy in seven patients. Unique pseudotumoral brain
lesions were identified in three white patients and one white Mestizo (two cases in Rio de
Janeiro, one case in Maracaibo, and another in Asuncion); the mean age of these patients at
onset was 29±6.9 years. The follow-up assessments of these patients, which lasted from 1 to
18 years (mean = 5.75±8.18 years), did not reveal other neurological manifestations, maintaining a mild disability score according to the EDSS. The diagnosis of Balo in vivo was established
in one white and two Africans individuals (mean age = 25.33±7.76 years; São Paulo) who
showed mild disability after 2.67±0.57 years of follow up.
[2] ADEM (monophasic and recurrent)—ADEM monophasic was recorded in 14 patients
among whom the only acute event occurred at a mean age of 36.64±19.87 years, ranging from
younger than 18 (21.4%) to older than 50 years old (28.7%). Most of these patients showed
mild disability according to the EDSS. Only five cases of recurrent ADEM were recorded; these
cases had earlier onsets and worse long-term disability.
[3] CIS—Acute forms of demyelinating inflammatory syndromes suggestive of MS were
recorded in 67 patients, mostly women, with an age of onset between 20 and 39 years old
(54.0%). Onset before 18 years old occurred in 10.4% of cases and after 50 years old occurred
in 7.5% of cases.
Four classes of CIS were defined. The most frequent was optic neuritis (49.3%), followed by
transverse myelitis (26.9%), multifocal CIS (14.9%), and brainstem syndrome (BS) (9.0%). At
the last follow up, after a mean disease time of 3.54±3.51 years (minimum 1 year, maximum
18 years), the disability was mild for all clinical presentations.
[4] MS—Data from 1,474 patients with MS, of whom 1,384 (93.9%) had RRMS and 90
(6.1%) had PPMS since onset, were analyzed. Approximately 73.0% of the patients with RRMS
were women, and 66.6% white. The disease onset occurred between 20 and 39 years old in
60.7% of patients; 7.2% included pediatric forms (0.8% up to 9 years old), and 8.5% included
cases of late onset. The majority of the patients had mild long-term disability (58.3%). The others showed moderate (24.9%) or severe disability (16.3%). Secondary progression was observed
in 14.6% (203/1,384) of cases. Approximately 63.0% of the patients with PPMS were women,
and 67.8% white. The disease onset occurred between 30 and 49 years old (57.7%), and 22.2%
of the cases were late onset. At the last follow up, the majority of patients with PPMS showed
severe disability (64.4%); the others showed moderate (26.7%) or mild disability (7.8%).
To test the possible factors associated with disease severity (i.e., EDSS scores 6), a multinomial model was applied that considered the following variables: clinical course at onset (PP vs.
RR), gender, age at onset (> or < the median), ethnicity (non-white vs. white), early onset
forms, late onset forms, latitude of the reference center in SA (> or < the median), and disease
time (> or < the mean). The PP clinical course and longer times of disease were associated
with greater disability. Applying the same model to the RRMS and PPMS groups separately,
disease duration remained significant in both subcategories. The risk for secondary progression
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was significantly higher in Africans (HR = 1.46, p = 0.021). Because the time of MS influences
the severity of the disability, we applied the MSSS score. Using this index with regard to the
RRMS group, long-term severity was classified as mild-moderate for the majority of patients
(56.4%), followed by advanced-accelerated (25.5%), benign (9.4%), and aggressive-malignant
(8.7%). Most of the patients with PPMS were included in the aggressive-malignant (48.0%) or
advanced-accelerated (34.8%) groups; the others had the mild-moderate form (16.9%).
[5] NMO—A total of 226 patients met the criteria for definite NMO (2006), of whom 188
(83.2%) had the relapsing-remitting course, and 38 (16.8%) had the monophasic course.
Women and Africans predominated the recurrent NMO group. The majority (55.8%) presented with their first acute event between 20 and 39 years old; pediatric forms of NMO (early
onset) occurred in 14.9%, late onset occurred in 8.0%, and the long-term disability was moderate (44.1%) or severe (34.0%). Women and whites predominated the monophasic NMO group;
pediatric forms (early onset) comprised 15.8% of this group; 31.6% of patients stated that the
disease began between 20 and 39 years old, 23.7% stated that the disease began between 40 and
49 years old, and 26.3% stated that the disease began after 50 years old. The long-term disability
was moderate (26.3%) or severe (23.7%). Comparing these variables with regard to clinical
course, recurring NMO differs from monophasic NMO by the greater frequency of Africans
(p = 0.022), earlier age of onset (p = 0.009), and higher disability (p = 0.014).
[6] NMOSDs—[6.1] Limited NMO syndromes (n = 86): LETM was documented in 70 of
86 cases (81.4%). The recurrent LETM (n = 39) was predominated by women and Africans.
The first TM acute event occurred between 30 and 49 years old (46.2%); 17.9% had late onset,
and 7.7% had early onset. Most patients developed moderate or severe disability (69.2%). The
monophasic LETM group (n = 25) was predominated by white men who had an episode of
myelitis between 30 and 49 years old (60.0%) and developed severe disability (64.0%). Comparing these variables with regard to the clinical course, more women had recurring LETM
(p = 0.004), and neurological disability was more likely in monophasic LETM (p = 0.011). Six
patients, most of them women and African, had LETM an associated BS event with mild
(42.9%) or severe (42.9%) disability at the last follow up. BRON occurred in 15 patients; most
were white women for whom the disease began at 10 to 19 years old (20.0%), 20 to 29 years old
(26.7%), or 30 to 39 years old (20.0%). The long-term disability assessed by the EDSS was mild
(66.7%). Only one patient had bilateral ON with a BS event.
The demographic, clinical, and laboratorial data of the patients with NMO and limited syndromes are shown in Table 3.
[6.2] OS-MS (Asian-type) in SA- A total of 38 patients were classified as OS-MS with acute
and recurrent events restricted to the optic nerve and spinal cord with a mean disease time of
10.84±8.10 years old. Whites (68.4%) and females (73.3%) predominated. The first event was
diagnosed at 20 to 39 years old (71.1%); 5.3% showed early onset, and the same frequency
showed late onset. Long-term disability assessed using the EDSS was mild (55.3%), moderate
(31.6%) or severe (13.2%).
NMO-IgG antibody positivity with regard to the subcategories
The NMO-IgG antibody was tested in 324 patients with IIDD. Seronegativity was found in
one patient with a large cerebral lesion, one case of Balo disease, two cases of ADEM, 17 cases
of CIS, 16 cases of OS-MS, and all but one case of RRMS (86/87). The antibody was positive in
patients with recurrent NMO (81/137; 59.1%), monophasic NMO (14/25; 56.0%), recurrent
LETM (6/17; 35.3%), monophasic LETM (3/9; 33.3%), LETM or ON with BS (1/4; 25%), and
in all cases of BRON (8/8; 100%).
We analyzed the influence of NMO-IgG antibody positivity on the 200 patients with
NMOSDs (NMO: n = 162; LETM: n = 30; BRON: n = 8). NMO-IgG was positive in 56.5% of
all cases. No associations were found with regard to gender, age at onset (< or > the median),
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Table 3. Demographic, clinical, and laboratory characteristics with regard to NMOSD subcategories. Differences in totals are due to missing values.
Legend. LETM, Longitudinally extensive transverse myelitis; BRON, bilateral recurrent optic neuritis; BS, brainstem syndrome; NMOSD, NMO syndrome;
MSRR, relapsing-remitting multiple sclerosis; MSSP, multiple sclerosis secondary progressive
Variables

Gender, N(%)

Skin color, N(%)

Age at onset, N
(%)

NMO

Limited NMOSD
syndromes

NOM M
(n = 38)

NMOR
n = 188

ONRB n = 15

LETMM
n = 25

LETMR
n = 39

LETM or ON +BS
n=7

Female (F)

30 (78.9%)

161 (85.6%)

12 (80%)

9(36%)

29 (74.4%)

5 (71.4%)

Male (M)

8 (21.1%)

27 (14.4%)

3 (20%)

16(64%)

10 (25.6%)

2 (28.6%)

White (W)

22 (57.9%)

81 (43.1%)

10 (66.7%)

15(60%)

14 (35.9%)

3 (42.9%)

Afro

8 (21.1%)

81 (43.1%)

2 (13%)

7 (28%)

17 (43.6%)

4 (57.1%)

Mestizo

8 (21.1%)

22 (11.7%)

3 (20%)

1 (4%)

4 (10.3%)

0

Asian

0

1 (0.5%)

0

1 (4%)

0

0

Missing

0

3 (1.6%)

0

1 (4%)

4 (10.3%)

0

0–9 years

1 (2.6%)

9 (4.8%)

0

0

0

0

10–19 years

6 (15.8%)

30 (16%)

3 (20%)

3 (12%)

5 (12.8%)

1 (14.3%)

20–29 years

5 (13.2%)

64 (34%)

4 (26.7%)

5 (20%)

8 (20.5%)

1 (14.3%)

30–39 years

7 (18.4%)

41 (21.8%)

3 (20%)

7 (28%)

9 (23.1%)

2 (28.6%)

40–49 years

9 (23.7%)

29 (15.4%)

3 (20%)

8 (32%)

9 (23.1%)

0

50–59 years

9 (23.7%)

13 (6.9%)

2 (13.3%)

1 (4%)

5 (12.8%)

3 (42.9%)

60–69 years

1 (2.6%)

2 (1.1%)

0

1 (4%)

2 (5.1%)

0

Missing

0

0

0

0

1 (2.6%)

0

Age 17

6 (15.8%)

28 (14.9%)

2 (13.3%)

2 (8%)

3 (7.7%)

0

Age 50

10 (26.3%)

15 (8%)

2 (13.3%)

2(8%)

7 (17.9%)

3 (42.9%)

Age of onset

Mean+SD

37.02±15.33

30.06±12.9

32.73±13.05

36.16±11.68

36.47 ±14.24

37.14 ±14.42

Time of disease

Mean+SD

8.47±6.97

9±6.89

4.53±6.25

4.88±6.88

6.89±7.42

7±5.16

Median (minmax)

3 (0–8)

4 (0–9.5)

2.5 (1–4)

6 (0–8.5)

4 (0–8)

4 (0–7)

EDSS mild

18 (47.4%)

40 (21.3%)

10 (66.7%)

2 (8.0%)

11 (28.2%)

3 (42.9%)

EDSS
moderate

10 (26.3%)

83 (44.1%)

5 (33.3%)

7 (28%)

14 (35.9%)

1 (14.3%)

EDSS severe

9 (23.7%)

64 (34%)

1 (6.7%)

16 (64%)

13 (33.3%)

3 (42.9%)

Missing

1 (2.6%)

1 (0.5%)

0

0

1 (2.6%)

0

14/25 (56.0%)

81/137
(59.1%)

0

1 (4%)

4 (10.3%)

0

AQP4+
doi:10.1371/journal.pone.0127757.t003

ethnicity, early or late onset, disease course (monophasic or recurrent), reference center
latitude (< or > the median [-22°S]), and long-term severe disability (i.e., EDSS = 6).
The frequencies of IIDDs in SA by ethnicity
Fig 1 shows the distribution of the six major categories of IIDD by ethnicity.
MS was the most common IIDD, followed by NMO among whites, Mestizos, and Africans.
However, a significant difference was observed when comparing the distribution of those six
categories among whites versus mestizos (p<0.001) and white versus Africans (p<0.001). A
difference was not found between Mestizos and Africans (p = 0.12).
NMO versus RRMS
Diagnoses of NMO differed from those of RRMS at onset by demographic, clinical, and laboratory characteristics (see Table 4).
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Fig 1. The IIDD spectrum in SA by ethnicity. IIDD = inflammatory idiopathic demyelinating disease, MS = multiple sclerosis; NMO = neuromyelitis optica;
NMOSD = NMO syndrome; CIS = clinical isolated syndrome; ADEM = acute disseminated encephalomyelitis; acute IIDD with encephalopathy;
doi:10.1371/journal.pone.0127757.g001

Approximately 1.0% of patients with NMO+RRMS in Argentina were non-white (Asian =
1); 30.4% of these patients in Paraguay were non-white (Mestizos = 42); 36.8% of these patients
in Brazil were non-white (Mestizos = 13 and Africans = 483), and 79.1% of these patients in

Table 4. NMO versus RRMS. MSRR = multiple sclerosis relapsing remitting; MSPS–multiple sclerosis secondary progressive; NMO = neuromyelitis optica.
Variables
Gender, N(%)
Skin color, N(%)

MSRR+PS, n = 1384

NMO, n = 226

p-value

Female (F)

1,011 (73,0%)

191 (84.5%)

<0.001

Male (M)

373 (27.0%)

35 (15.5%)

White (W)

922 (66.6%)

103 (45.6%)

<0.001

Afro

362 (26.2%)

89 (39.4%)

<0.001

Mestizo

82 (5.9%)

30 (13.3%)

<0.001

Asian

2 (0.1%)

1 (0.4%)

Missing

16 (1.2%)

3 (1.3%)

1st decade

11 (0.8%)

10 (4.4%)

<0.001

2nd decade

152 (11.0%)

36 (15.9%)

0.038

3rd decade

430 (31.1%)

69 (30.5%)

0.33

4th decade

410 (29.6%)

48 (21.2%)

0.010

5th decade

258 (18.6%)

38 (16.8%)

0.26

6th decade

99 (7.2%)

22 (9.7%)

0.10

7th decade

11 (0.8%)

3 (1.3%)

0.25

8th decade

0

10 (4.4%)

0.23

Missing

13 (0.9%)

0

Age at onset (years)

Mean ± SD

32 ± 11 (4.0–66.0)

31.2 ± 13.5 (2.0–68.0)

Disease time (years)

Mean ± SD

9.6 ± 7,7 (1–47)

8.9 ± 6.89 (1–38)

Disability

Median (min-max)

1.0 (1.0–4.0)

4.0 (0–9.5)

<0.001

EDSS mild

807 (58.3%)

58 (25.7%)

<0.001

EDSS moderate

345 (24.9%)

93 (41.2%)

<0.001

EDSS severe

225 (16.3%)

73 (32.3%)

<0.001

Missing

7 (0.5%)

2 (0.9%)

Age at onset, N (%)

0.14
0.19

doi:10.1371/journal.pone.0127757.t004
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Table 5. The relative frequencies of NMO among patients with NMO+RRMS at onset by latitude. RRMS = relapsing remitting multiple sclerosis at
onset; NMO = neuromyelitis optica.
MS location center

Latitude

Ethnicity

Frequency of NMO among
NMO + RRMS

Frequency of nonwhites

Brazilian
regions

Country

Caracas

10°N

79.1%

43.3%

__

Venezuela
(43.3%)

Belém (1)

1°S

41.6%

12.5%

North (15.2%)

Brazil (14.0%)

Belém (2)

1°S

66.7%

16.6%

Recife

8°S

96.8%

3.2%

Brasília

15°S

37.1.%

18.8%

Cuiabá (1)

15°S

50.0%

37.5%

Cuiabá (2)

15°S

30.4%

8.9%

Goiania

16°S

39.0%

1.3%

Belo Horizonte

19°S

56.0%

20.5%

Rio Janeiro (1)

22°S

38.3%

10.4%

Rio Janeiro (2)

22°S

11.9%

4.4%

Rio Janeiro (3)

22°S

27.9%

16.3%

Rio de Janeiro-Sul
Fluminense

22°S

30.6%

18.3%

Santos

23°S

16.1%

8.9%

São Paulo

23°S

41.7%

38.1%

Curitiba

25°S

4.2%

4.1%

Joinville

26°S

1.3%

7.7%

Florianópolis

27°S

17.9%

3.1%

Assuncion (1)

25°S

12.5%

25.0%

__

Assuncion (2)

25°S

32.8%

6.5%

__

Buenos Aires

34°S

1.0%

2.1%

__

Northeast (3.2%)
Midwest (11.6%)

Southeast
(17.9%)

South (5.1%)

Paraguay (8.7%)
Argentina (2.1%)

doi:10.1371/journal.pone.0127757.t005

Venezuela were non-white (Mestizos = 50 and Africans = 10). These frequencies were 9.6%,
37.5% 36.5%, 96.8%, and 60.9% in the southern, southeastern, midwestern, northeastern, and
northern regions of Brazil. The relative frequency of NMO among NMO+RRMS cases in SA
was 14.0%: 43.3% in Venezuela, 14.0% in Brazil, 8.7% in Paraguay, and 2.1% in Argentina.
Table 5 displays the relative frequency of NMO cases across the 22 MS centers located in 18
cities in SA. The most southern latitudes were generally associated with fewer NMO cases.

Discussion
Epidemiological studies have found low to medium rates of MS (1.48 a 17.1/100.000) in SA,
with values increasing along a north-south gradient below the equator. Conversely, these rates
vary from medium to high along a south-north gradient in North America (NA). These differences can be explained by the genetic composition of the population and by geographical position, which might favor environmental factors such as sun exposure [26–28]. Although the
prevalence of MS in SA is less than that in NA and Europe, the results presented in this multicenter study demonstrate that demographic and clinical characteristics have comparable patterns to those in high-prevalence areas. MS was the most frequent IIDD, primarily affecting
white women. The most common age at onset occurred between the second and fourth
decades. The clinical course was relapsing-remitting at onset in approximately 94% of all
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cases; this course was associated with less disability than the primary progressive course over
time [29–31]. Optic neuritis, transverse myelitis, and BS were the main CISs, as recently
described [21]. Early onset (i.e., pediatric) MS cases were slightly more frequent in SA (7.3%)
than Europe and the US (3%-5.5%) [32]; all of these cases showed an initial relapsing-remitting
presentation, and most patients were white females who had their first relapse after 10 years
old (90%). Disease onset before 10 years old was rare (0.8%).
Knowledge of the epidemiology and natural history of MS is crucial for physicians and
patients to make informed decisions regarding their care [2]. The mild disability according to
the EDSS among 58.3% of the patients with RRMS after an average of almost 10 years (and the
fact that only 14.6% of those cases showed secondary progression) suggests the presence of a
more benign course of MS in SA. However, this suggestion can only be confirmed via a prospective follow up of this cohort that accounts for confounds such as the use of disease-modifying therapy (DMT). Despite the social contrast in SA, DMT was available for patients with
MS at public healthcare centers in Brazil, Argentina, and Venezuela over the last 15 years.
Prognostic studies of MS in SA are rare; only three longitudinal studies [33–35] have investigated the prognostic factors associated with disability and progression in Brazil, concluding
that the number of relapses in the early years, the time interval between the first and the second
relapses, an older age at onset, and the male gender influenced disease progression. These findings are similar to those of studies conducted in NA and Europe [36–37]. Population studies
on the progression of MS disability are difficult to perform because the relationship between
the EDSS and disease duration is not linear because of the considerable individual variation in
the clinical course of this disease. In the present study, the severity of disability at last assessment was associated with disease time and a progressive clinical course. When we applied the
MSSS index [24] (a proposed epidemiological method featuring a single evaluation of EDSS
adjusted by disease time), we observed that the pattern of disease progression in MS was
broader than the disability measured using the EDSS. The long-term severe disability observed
in patients with RRMS was classified as mild-moderate (56.4%), whereas most patients with
PPMS were categorized as aggressive-malignant (48.0%) [25]. We found that Africans were at
major risk for secondary progression, a link previously described among African-Americans
[38] and African-Brazilians [34–35].
Unlike MS, NMO is a rare disease worldwide with estimated prevalence of 0.52/100,000 in
Cuba (according to a 2009 nationwide, non-laboratory survey that analyzed 11.2 million people, featuring a mixture of African-Cubans and Spanish; two specialists performed the clinical
testing at one center); 4.2/100,000 in the French Antilles (i.e., Martinique and Guadalupe,
according to a 2009 population study that examined 645,000 people, of whom 73% had African
ancestry; the serum AQP4 antibody was not tested); 4.4/100,000 in the southern region of Denmark (according to a 2011 study of 952,000 adults, of whom 94.1% were ethnic Danes; the
serum AQP4 antibody was tested); 1.9/100,000 in southeast Wales (according to a 2012 study
of 712,572 people, of whom 95.6% were white; the serum AQP4 antibody was tested); 0.72/
100,000 in Merseyside, United Kingdom (according to a 2013 study of 1.1 million adults; the
AQP4 antibody was tested in a central lab); and 0.71/100,000 in Austria (according to a 2013
nationwide survey of 8.4 million people, all white; the AQP4 antibody was tested in a central
lab) [39–43].
NMO comprised 11.8% of all cases of IIDD in SA, affecting mostly young African-Brazilian
women, evolving with a recurrent course after the index events (ON/TM) and causing
moderate or severe disability. Except for ethnicity, these data are similar to the NMO series
diagnosed among whites using the 2006 criteria. [44–45] Early onset (i.e., pediatric forms)
occurred in 15.0% of patients, and more than a quarter of these patients had their first acute
event when they were younger than 10 years old. No differences in gender, ethnicity/skin color,
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or morbidity were found between patients younger and older than 18 years old. NMO differs significantly from MS with respect to gender, ethnicity, and disability as previous studies in southeastern Brazil have demonstrated [15,46]. Ethnicity did not affect NMO-related long-term
disability. NMO-positive antibodies were associated with worse prognoses in African-Caribbean
[47]; however, the presence of this antibody was not associated with higher morbidity (EDSS
score 6), regardless of the ethnic background among patients with NMO from SA.
In SA, the NMO-IgG antibody positivity in patients with NMO tested using the IIF method
[8] was slightly higher among Africans (44/71; 62.0%) than whites (40/71; 56.3%) or Mestizos
(7/16; 40.3%). These results did not confirm those of a prior study that described a lower positivity rate (16/48; 33%) in the Caribbean where the population was predominantly of African
descent [47]. Approximately 73% (33/45) of American patients were positive in Lennon's [8]
original report; however, other NMO series that applying the IIF found frequencies of 61.1%
(22/36), 62.5% (18/28), 54% (14/26 and 60/111), and 39.4% (13/33) in Germany [48], Spain
[49], France [45, 50], and Italy [51], respectively. The NMO-IgG positivity observed in patients
with NMO from São Paulo was similar to that in those from Europe: 64.3% (18/28) [52] and
41% (7/17) [53].
Other methods of NMO-IgG detection were developed to increase test sensitivity. Takahashi and colleagues [54] identified human cell lines that expressed AQP4 after being transfected
and used them as a substrate of IIF to detect anti-AQP4 antibody. Paul et al. and Waters et al.
used tests with recombinant human AQP4 (RIPA/FIPA) [55, 56]. Hayakawa and colleagues
developed the method for detecting anti-AQP4 enzyme-linked immunosorbent assay (ELISA)
using AQP4 antigen extracted from mice [57]. An international, collaborative comparison of
the sensitivities of those assay methodologies confirmed that the IIF assay was less sensitive
than the second-generation recombinant antigen-based assays [58]. These studies opened the
discussion regarding NMO-IgG and AQP4-serum autoantibody detection methods and the
inclusion criteria of epidemiological studies. Assay insensitivity might overestimate the frequency of seronegativity. Jarius and colleagues [59] analyzed the influence of antibodies on the
clinical course of NMOSDs in whites (119 with NMO, 49 with isolated LETM, and 7 with
recurrent ON). The majority of the cases (78.3%) tested AQP4-antibody positive using a cellbased assay. Seropositive patients were predominantly female, and the disease course was more
often monophasic in seronegative patients; seropositive and seronegative patients did not significantly differ with regard to age at onset or annual EDSS increase. Jiao and colleagues [60]
tested the available stored sera of 49 NMO “seronegative” patients at the Mayo Clinic using
new recombinant antigen-based assays and reclassified 30 patients (61%) as seropositive. Seronegative patients differed from seropositive patients by sex ratio (> male) and onset attack
(simultaneous ON and TM). Relapse rate, disability outcomes, and other characteristics did
not differ between groups. Marignier and colleagues performed a similar study in France [61]
using the IIF method and cell-based assays. They demonstrated a direct relationship between
the increasing sensitivity of the antibody detection method and identified the characteristics
of the seronegative group, such as a lower female:male ratio, fewer whites, and an overrepresentation of simultaneous optic neuritis and transverse myelitis at onset. The current study
compared gender, ethnicity, age at disease onset, disease course, and disability according to
NMO-IgG status in 200 NMOSD patients, and no significant differences were found. The present study was limited by the use of IIF in 95% of the MS centers in SA. IIF is inferior to highly
sensitive and specific cell-based immunoassays.
Monophasic and recurrent acute transverse myelitis (ATM) [62] and chronic recurrent
idiopathic optic neuritis (CRION) [63] were recognized as IIDDs prior to the identification of
NMO IgG by Lennon et al. (2004) [8]. These conditions were included as NMOSDs, considering their clinical and neuroimaging similarities with NMO and their (albeit less frequent)
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positivity for anti-IgG NMO [22]. The presence of NMO-IgG in patients with limited NMO
syndromes such as LETM and BRON was associated with an increased risk of conversion to
NMO [8] and recurrence [64].
LETM represents the second most frequent phenotype of NMOSD in SA. In its monophasic
presentation, men most likely to be affected, and they developed severe and rapid disability
after a single myelitis, whereas women were more likely to be affected by recurrent LETM with
moderate disability (according to the EDSS) after multiple events of myelitis. NMO-IgG antibody was positive in approximately one-third of the cases tested. No association was found
between the presence of the antibody and disability severity. In the original study, the frequency of NMO-IgG antibody in patients with LETM was 52% (14/27) [8]; other series of
white participants with fewer of cases varied including rates of 80% (4/5) [48], 54% (7/13) [50],
50% (5/11) [49] and 15.4%-38.5% (12 LETM + 1 BRON) in a study that analyzed the positivity
of the antibody using five different assays [51]. One Brazilian study found an antibody positivity of 41.2% (7/17) in patients with recurrent MTA and extensive spinal cord lesions among
whom the presence of the antibody was not associated with greater disability [65]. The current
study recorded only 15 patients with BRON; NMO-IgG positivity was found in all of the tested
cases (100%; 8/8); conversely, a previous series found a much smaller antibody frequency in
patients with recurrent optic neuritis than those with LETM, ranging from 25% (2/8) [8] to
14.3% (1/7) [49].
Asian type OS-MS is a common phenotype among the Japanese, and similarities between
this syndrome and neuromyelitis had already been recognized by the early 2000s [17]. OS-MS
was included as an NMOSD [22] after the NMO-IgG antibody was identified in the serum of
Japanese patients (54%; 6/11) diagnosed with OS-MS [8]. Subsequent research conducted in
Japan showed that NMO-IgG antibody positivity was only confirmed in OS-MS patients with
LETM (61.5%; 16/26); patients with OS-MS without LETM and patients with Western-type
MS were negative for this antibody, suggesting that Japanese patients with OS-MS and extensive spinal cord lesions have an underlying pathogenesis common to NMO [66,67]. In SA, the
OS-MS phenotype differs from the other NMOSDs including NMO-IgG antibody negativity
for all of the cases tested; young white women were most affected and exhibited mild disability
after 11 years of disease. These clinical and laboratory features indicate that OS-MS is an
RRMS phenotype in our population. If the 38 OS-MS cases were included in the MS group,
then they would represent 2.6% of all RRMS cases (38/1,422). These results differ from one
American study that found that OS-MS comprised 8.8% of 1,290 MS cases (125/1290), with a
higher frequency among African-Americans; 8.8% (11/125) tested positive for the NMO-IgG
antibody. Certain limitations of this study include the recruitment of patients with MS after
excluding NMO cases that applied older NMO criteria (1999) and the arbitrary OS-MS definition based on the signs and symptoms restricted to the optic nerves and spinal cords of patients
with at least 5 years of living with the disease [38].
The results of this study, which was conducted across different regions of SA, confirmed
the influence of ethnicity on the frequency of NMO. The relative frequency of NMO among
patients with NMO+RRMS was 14.0%, rising in a south-north gradient, from 2.1% at 34°S to
43.3% at 10°N (just above the Equator; see Table 5). Similarly, we observed the same gradient
for the proportion of non-white patients. Argentina, which received significant European colonization and which has few African inhabitants, showed a relative NMO frequency of 2.1%
among patients with MS. This rate is close to the frequency reported in studies conducted
among whites living in Australia and Italy [12–13]. In Paraguay, where 30% of the patients
were Mestizos, the relative frequency of NMO was higher (8.7%), which is similar to Mexico
City (8%) where 60% of population is Mestizo [14].
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Starting in south Brazil (which has a strong history of German and Italian colonization)
with 5.1% of all NMO cases and moving north toward the equator, this territory corresponded
to a fairly large area inhabited by individuals of both European and African ancestry as well as
natives; furthermore, an increasing frequency of NMO was found. These results confirmed the
south-north gradient in which Caracas and Maracaibo exhibited the highest frequency of
NMO cases (43.3%). The exception to this pattern was found in the northeast, where only two
cases of NMO were diagnosed despite the higher frequency in non-white patients (96%). A
study will be required in Salvador (Bahia), São Luiz (Maranhão), and Fortaleza (Ceará) to
determine the real frequency of NMO in this region.
The ethnic and socioeconomic characteristics of individuals with NMO, most of whom
have African ancestry and low incomes, and the type of medical care provided at the investigated reference centers, might also be associated with differences in the frequency of NMO
found within a single geographical area. For instance, striking differences were found in Rio de
Janeiro between a public and a private MS reference center, even though both were operated by
the same neurological staff. As another example, the frequency of NMO cases was 41.0% at
Santa Marcelina Hospital, a large public hospital in São Paulo that admits underprivileged
patients, whereas the average frequency of NMO found by a previous study at three MS reference centers in São Paulo was 6%. [16]
This study is limited by the lack of a method regarding ethnicity/skin color classification.
Although the terms white, African, and Latino are used in epidemiological studies worldwide,
the large miscegenation that characterizes the SA population suggests that ethnic and skin
color groups are not homogeneous. A Brazilian study investigated the genetic contribution of
European, African, and Amerindian ancestry among patients with MS or NMO, most of
whom were from São Paulo, and it found that the contribution of European ancestry was
higher in patients with MS than those with NMO, whereas African ancestry was higher in
patients with NMO than those with MS. Moreover, a principal component analysis showed
that patients with NMO from the south Brazil were clustered close to the European ancestral
population [68].
Another relevant issue concerns the locations where the patients were selected (i.e., exclusively in treatment MS centers), which might underestimate the frequency of monophasic
cases in which, after a single initial acute event, remission occurs with mild disability or even
without disability and no indication for regular medical treatment. The monophasic ADEM
represented in this study comprised less than 1% of all IIDDs; it affected patients during different decades of life, none of whom were younger than 10 years old, even though this syndrome
is more frequent in childhood.
The identification of a high frequency of NMOSD cases has many implications for healthcare services in SA. NMO and LETM are severe conditions characterized by high morbidity in
the short term; thus, they demand early diagnosis and the immediate institution of specific
treatments for acute attacks (e.g., intravenous corticosteroids, plasmapheresis, or human
immunoglobulin IV). Individuals with NMOSD are frequently admitted to neurological or
intensive care units because of the risk of respiratory failure and the severity of their neurological abnormalities. The NMO-IgG testing applied to all suspected cases of IIDD will certainly
help the early diagnosis of NMOSD. Finally, the rights endowed to patients with MS should
also be extended to patients with NMO, including access to off-label drug use. Although the
FDA has not yet approved medication for this condition, certain drugs have been potentially
beneficial in case series [69]; however, healthcare services usually refuse to provide them.
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Conclusions
Despite the ethnic diversity of its population, all IIDD phenotypes in SA were found. Threequarters of these patients had MS, which primarily affects white women and young people,
showing similar clinical features to those in Western populations in the northern hemisphere.
NMO primarily affects Africans, 58.6% of whom tested positive for NMO-IgG antibody (95%
of whom were tested using IIF). NMO causes moderate/severe disability in both whites and
Africans. The antibody positivity shown with regard to NMO was slightly higher among African descendants than whites. The presence of this antibody was not associated with higher
long-term disability, regardless of ethnic background. Asian-type OS-MS presents demographic, clinical, and laboratory characteristics of MS in SA, including a predominance in
whites, a favorable long-term prognosis, and the absence of NMO-IgG antibody, which suggests that this condition is a phenotypic subcategory of MS and not an NMOSD. The southnorth gradient that shows increasing NMO among non-white individuals from Argentina,
Paraguay, Brazil, and Venezuela confirmed the results of previous studies showing a higher
frequency of NMO among non-white populations living in areas with a low prevalence of MS.

Supporting Information
S1 File. Demographic and clinical spreadsheet data from 1,917 IIDD patients.
(ZIP)

Author Contributions
Conceived and designed the experiments: RMPA CCFV LCST. Performed the experiments:
RMPA CCFV AC ISC SF FHDB LCS MLVP Marina Papais Alvarenga Marcos Papais Alvarenga AKG ABCGP APGN CV CS CVF DSD EA EB FH FFCCP HHS HC JS JBBB MVG
MCDNB MER MCC MLBF MSGR MKFP OM PBCM PPC RBS SPN SMGC SCM VCN YDF.
Analyzed the data: RMPA CCFV AC ISC SF FHDB LCS LZ MLVP Marina Papais Alvarenga
Marcos Papais Alvarenga AKG ABCGP APGN CV CS CVF DSD EA EB FH FFCCP HHS HC
JS JBBB MVG MCDNB MER MCC MLBF MSGR MKFP OM PBCM PPC RBS SPN SMGC
SCM VCN YDF. Contributed reagents/materials/analysis tools: RMPA CCFV AC ISC SF
FHDB MLVP Marina Papais Alvarenga Marcos Papais Alvarenga AKG ABCGP APGN CV CS
CVF DSD EA EB FH FFCCP HHS HC JS JBBB MVG MCDNB MER MCC MLBF MSGR
MKFP OM PBCM PPC RBS SPN SMGC SCM VCN YDF. Wrote the paper: RMPA CCFV AC
ISC SF MLVP RM LCS HA LCST. Revised the manuscript: RMPA CCFV AC ISC SF FHDB
LCS LZ MLVP Marina Papais Alvarenga Marcos Papais Alvarenga AKG ABCGP APGN CV
CS CVF DSD EA EB FH FFCCP HHS HC JS JBBB MVG MCDNB MER MCC MLBF MSGR
MKFP OM PBCM PPC RBS SPN SMGC SCM VCN YDF.

References
1.

Kurtzke JF. Epidemiologic contributions to multiple sclerosis: an overview. Neurology. 1980; 30: 61–79.
PMID: 6993993

2.

Confavreux C, Vukusic S. The clinical course of multiple sclerosis. Handb. Clin Neurol. 2014; 122:
343–369. doi: 10.1016/B978-0-444-52001-2.00014-5 PMID: 24507525

3.

Poser CM. An atlas of multiple sclerosis. New York: Parthenon Publishing Group; 1998.

4.

Corona T, Román GC. Multiple sclerosis in Latin America. Neuroepidemiology. 2006; 26: 1–3. PMID:
16254448

5.

Rivera VM, Medina MT, Duron RM, Macias MA. Multiple sclerosis care in Latin America. Neurology.
2014; 82: 1660–1661. doi: 10.1212/WNL.0000000000000376 PMID: 24799516

PLOS ONE | DOI:10.1371/journal.pone.0127757 July 29, 2015

17 / 20

Demyelinating Disorders in South Americans

6.

Mandler RN, Davis LE, Jeffery DR, Kornfeld M. Devic's neuromyelitis optica: a clinicopathological study
of 8 patients. Ann Neurol. 1993; 34: 162–168. PMID: 8338340

7.

Wingerchuk DM, Hogancamp WF, O'Brien PC, Weinshenker BG. The clinical course of neuromyelitis
optica (Devic's syndrome). Neurol. 1999; 53: 1107–1114.

8.

Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF, Fujihara K, et al. A serum autoantibody marker of neuromyelitis optica: distinction from multiple sclerosis. Lancet. 2004; 364: 2106–2112.
PMID: 15589308

9.

Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR. IgG marker of optic-spinal multiple sclerosis binds to the aquaporin-4 water channel. J Exp Med. 2005; 202: 473–477. PMID: 16087714

10.

Pittock SJ, Lennon VA, Krecke K, Wingerchuk DM, Lucchinetti CF, Weinshenker BG. Brain abnormalities in neuromyelitis optica. Arch Neurol. 2006; 63: 390–396. PMID: 16533966

11.

Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF, Weinshenker BG. Revised diagnostic criteria
for neuromyelitis optica. Neurology. 2006; 66: 1485–1489. PMID: 16717206

12.

Wingerchuk DM, Lennon VA, Lucchinetti CF, Pittock SJ, Weinshenker BG. The spectrum of neuromyelitis optica. Lancet Neurol. 2007; 6: 805–815. PMID: 17706564

13.

Wu JS, Zhang MN, Carroll WM, Kermode AG. Characterization of the spectrum of demyelinating disease in Western Australia. J Neurol Neurosurg Psychiatry. 2008; 79: 1022–1026. doi: 10.1136/jnnp.
2007.131177 PMID: 18356258

14.

Bizzoco E, Lolli F, Repice AM, Hakiki B, Falcini M, Barilaro A, et al. Prevalence of neuromyelitis optica
spectrum disorder and phenotype distribution. J Neurol. 2009; 256: 1891–1898. doi: 10.1007/s00415009-5171-x PMID: 19479168

15.

Rivera JF, Kurtzke JF, Booth VJ, Corona V. Characteristics of Devic's disease (neuromyelitis optica) in
Mexico. J Neurol. 2008; 255: 710–715. doi: 10.1007/s00415-008-0781-2 PMID: 18283393

16.

Papais-Alvarenga RM, Vasconcelos CC, Alves-Leon SV, Batista E, Santos CM, Camargo SM, et al.
The impact of diagnostic criteria for neuromyelitis optica in patients with MS: a 10-year follow-up of the
South Atlantic Project. Mult Scler. 2014; 20: 374–381. doi: 10.1177/1352458513495580 PMID:
23970504

17.

Cabre P, Heinzlef O, Merle H, Buisson GG, Bera O, Bellance R, et al. MS and neuromyelitis optica in
Martinique (French West Indies). Neurology. 2001; 56: 507–514. PMID: 11222796

18.

Kira J. Multiple sclerosis in the Japanese population. Lancet Neurol. 2003; 2: 117–127. PMID:
12849268

19.

IBGE. Title; 2010. Available: http://censo2010.ibge.gov.br/en/.

20.

Wingerchuk DW, Weinshenker BG. Unusual presentations and variants of idiopathic central nervous
system demyelinating diseases. In: Raine C, McFarland HF, Hohlfeld R, editors. Multiple sclerosis: A
comprehensive text New York. Saunders/Elsevier; 2008. pp. 24–42.

21.

Miller DH, Weinshenker BG, Filippi M, Banwell BL, Cohen JA, Freedman MS, et al. Differential diagnosis of suspected multiple sclerosis: a consensus approach. Mult Scler. 2008; 14: 1157–1174. doi: 10.
1177/1352458508096878 PMID: 18805839

22.

Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. 2011; 69: 292–302. doi: 10.1002/
ana.22366 PMID: 21387374

23.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale
(EDSS). Neurology. 1983; 33: 1444–1452. PMID: 6685237

24.

Roxburgh RH, Seaman SR, Masterman T, Hensiek AE, Sawcer SJ, Vukusic S, et al. Multiple sclerosis
severity score: using disability and disease duration to rate disease severity. Neurology. 2005; 64:
1144–1151. PMID: 15824338

25.

Herbert J. A new classification system for multiple sclerosis. Mult Scler. 2006; 12: S21.

26.

Risco J, Maldonado H, Luna L, Osada J, Ruiz P, Juarez A, et al. Latitudinal prevalence gradient of multiple sclerosis in Latin America. Mult Scler. 2011; 17: 1055–1059. doi: 10.1177/1352458511405562
PMID: 21551216

27.

Cristiano E, Patrucco L, Rojas JI. A systematic review of the epidemiology of multiple sclerosis in South
America. Eur J Neurol. 2008; 15: 1273–1278. doi: 10.1111/j.1468-1331.2008.02330.x PMID:
19049543

28.

Greer JM, McCombe PA. Role of gender in multiple sclerosis: clinical effects and potential molecular
mechanisms. J Neuroimmunol. 2011; 234: 7–18. doi: 10.1016/j.jneuroim.2011.03.003 PMID:
21474189

29.

Sadovnick AD. European Charcot Foundation lecture: the natural history of multiple sclerosis and gender. J Neurol Sci. 2009; 286: 1–5. doi: 10.1016/j.jns.2009.09.005 PMID: 19782378

PLOS ONE | DOI:10.1371/journal.pone.0127757 July 29, 2015

18 / 20

Demyelinating Disorders in South Americans

30.

Kantarci OH. Genetics and natural history of multiple sclerosis. Semin Neurol. 2008; 28: 7–16. doi: 10.
1055/s-2007-1019125 PMID: 18256983

31.

Kantarci O, Wingerchuk D. Epidemiology and natural history of multiple sclerosis: new insights. Curr
Opin Neurol. 2006; 19: 248–254. PMID: 16702830

32.

Bigi S, Banwell B. Pediatric multiple sclerosis. J Child Neurol. 2012; 27: 1378–1383. doi: 10.1177/
0883073812452784 PMID: 22914372

33.

Damasceno A, Von Glehn F, Brandão CO, Damasceno BP, Cendes F. Prognostic indicators for longterm disability in multiple sclerosis patients. J Neurol Sci. 2013; 324: 29–33. doi: 10.1016/j.jns.2012.09.
020 PMID: 23073568

34.

Ferreira Vasconcelos CC, Cruz Dos Santos GA, Thuler LC, Camargo SM, Papais Alvarenga RM. African ancestry is a predictor factor to secondary progression in clinical course of multiple sclerosis. ISRN
Neurol. 2012;410629. doi: 10.5402/2012/410629 PMID: 23227359

35.

Ferreira Vasconcelos CC, Santos Thuler LC, Cruz dos Santos GA, Papais Alvarenga M, Papais Alvarenga M, Gomes Camargo SM, et al. Differences in the progression of primary progressive multiple sclerosis in Brazilians of African descent versus white Brazilian patients. Mult Scler. 2010; 16: 597–603.
doi: 10.1177/1352458509360987 PMID: 20167593

36.

Scalfari A, Neuhaus A, Degenhardt A, Rice GP, Muraro PA, Daumer M, et al. The natural history of multiple sclerosis: a geographically based study 10: relapses and long-term disability. Brain. 2010; 133:
1914–1929. doi: 10.1093/brain/awq118 PMID: 20534650

37.

Leray E, Yaouanq J, Le Page E, Coustans M, Laplaud D, Oger J, et al. Evidence for a two-stage disability progression in multiple sclerosis. Brain. 2010; 133: 1900–1913. doi: 10.1093/brain/awq076 PMID:
20423930

38.

Cree BA, Reich DE, Khan O, De Jager PL, Nakashima I, Takahashi T, et al. Modification of multiple
sclerosis phenotypes by African ancestry at HLA. Arch Neurol. 2009; 66: 226–233. doi: 10.1001/
archneurol.2008.541 PMID: 19204159

39.

Cabre P, Gonzalez-Quevedo A, Lannuzel A, Bonnan M, Merle H, Olindo S, et al. Épidemiologie
descriptive de la neuromyélite optique dans le bassin caraibéen. Rev Neurol. 2009; 165: 676–683. doi:
10.1016/j.neurol.2009.02.012 PMID: 19406445

40.

Asgari N, Lillevang ST, Skejoe HP, Falah M, Stenager E, Kyvik KO. A population-based study of neuromyelitis optica in Caucasians. Neurology. 2011; 76: 1589–1595. doi: 10.1212/WNL.
0b013e3182190f74 PMID: 21536639

41.

Cossburn M, Tackley G, Baker K, Ingram G, Burtonwood M, Malik G, et al. The prevalence of neuromyelitis optica in south east Wales. Eur J Neurol. 2012; 19: 655–659. doi: 10.1111/j.1468-1331.2011.
03529.x PMID: 21967235

42.

Jacob A, Panicker J, Lythgoe D, Elsone L, Mutch K, Wilson M, et al. The epidemiology of neuromyelitis
optica amongst adults in the Merseyside county of United Kingdom. J Neurol. 2013; 260: 2134–2137.
doi: 10.1007/s00415-013-6926-y PMID: 23689970

43.

Aboul-Enein F, Seifert-Held T, Mader S, Kuenz B, Lutterotti A, Rauschka H, et al. Neuromyelitis Optica
in Austria in 2011: to bridge the gap between Neuroepidemiological Research and practice in a study
population of 8.4 million people. PLOS ONE. 2013; 8: e79649. doi: 10.1371/journal.pone.0079649
PMID: 24223985

44.

Mealy MA, Wingerchuk DM, Greenberg BM, Levy M. Epidemiology of neuromyelitis optica in the United
States: a multicenter analysis. Arch Neurol. 2012; 69: 1176–1180. doi: 10.1001/archneurol.2012.314
PMID: 22733096

45.

Collongues N, Marignier R, Zéphir H, Papeix C, Blanc F, Ritleng C, et al. Neuromyelitis optica in
France: a multicenter study of 125 patients. Neurology. 2010; 74: 736–742. doi: 10.1212/WNL.
0b013e3181d31e35 PMID: 20194912

46.

Bichuetti DB, Oliveira EM, Souza NA, Tintoré M, Gabbai AA. Patients with neuromyelitis optica have a
more severe disease than patients with relapsing-remitting multiple sclerosis, including higher risk of
dying of a demyelinating disease. Arq Neuropsiquiatr. 2013; 71: 275–279. PMID: 23689404

47.

Cabrera-Gómez JA, Bonnan M, González-Quevedo A, Saiz-Hinarejos A, Marignier R, Olindo S, et al.
Neuromyelitis optica positive antibodies confer a worse course in relapsing-neuromyelitis optica in
Cuba and French West Indies. Mult Scler. 2009; 15: 828–833. doi: 10.1177/1352458509104585 PMID:
19498017

48.

Jarius S, Franciotta D, Bergamaschi R, Wright H, Littleton E, Palace J, et al. NMO-IgG in the diagnosis
of neuromyelitis optica. Neurology. 2007; 68: 1076–1077. PMID: 17287449

49.

Saiz A, Zuliani L, Blanco Y, Tavolato B, Giometto B, Graus F, Spanish-Italian NMO Study Group.
Revised diagnostic criteria for neuromyelitis optica (NMO). Application in a series of suspected patients
J Neurol. 2007; 254: 1233–1237. PMID: 17401734

PLOS ONE | DOI:10.1371/journal.pone.0127757 July 29, 2015

19 / 20

Demyelinating Disorders in South Americans

50.

Marignier R, De Sèze J, Vukusic S, Durand-Dubief F, Zéphir H, Vermersch P, Cabre P, Cavillon G,
Honnorat J, Confavreux C. NMO-IgG and Devic's neuromyelitis optica: a French experience. Mult
Scler. 2008; 14: 440–445. doi: 10.1177/1352458507084595 PMID: 18208892

51.

Fazio R, Malosio ML, Lampasona V, De Feo D, Privitera D, Marnetto F, Centonze D, Ghezzi A, Comi
G, Furlan R, Martino G. Antiacquaporin 4 antibodies detection by different techniques in neuromyelitis
optica patients. Mult Scler. 2009; 15: 1153–1163. doi: 10.1177/1352458509106851 PMID: 19667009

52.

Bichuetti DB, Oliveira EM, Souza NA, Rivero RL, Gabbai AA. Neuromyelitis optica in Brazil: a study on
clinical and prognostic factors. Mult Scler. 2009; 15: 613–619. doi: 10.1177/1352458508101935 PMID:
19299436

53.

Adoni T, Lino AM, da Gama PD, Apóstolos-Pereira SL, Marchiori PE, Kok F, et al. Recurrent neuromyelitis optica in Brazilian patients: clinical, immunological, and neuroimaging characteristics. Mult Scler.
2010; 16: 81–86. doi: 10.1177/1352458509353651 PMID: 19995833

54.

Takahashi T, Fujihara K, Nakashima I, Misu T, Miyazawa I, Nakamura M, et al. Establishment of a new
sensitive assay for anti-human aquaporin-4 antibody in neuromyelitis optica. Tohoku J Exp Med. 2006;
210: 307–313. PMID: 17146196

55.

Paul F, Jarius S, Aktas O, Bluthner M, Bauer O, Appelhans H, et al. Antibody to Aquaporin 4 in the diagnosis of neuromyelitis Optica. PLOS Med. 2007; 4: e133. PMID: 17439296

56.

Waters P, Jarius S, Littleton E, Leite MI, Jacob S, Gray B, et al. Aquaporin-4 antibodies in neuromyelitis
optica and longitudinally extensive transverse myelitis. Arch Neurol. 2008; 65: 913–919. doi: 10.1001/
archneur.65.7.913 PMID: 18625857

57.

Hayakawa S, Mori M, Okuta A, Kamegawa A, Fujiyoshi Y, Yoshiyama Y, et al. Neuromyelitis optica and
anti-aquaporin-4 antibodies measured by an enzyme-linked immunosorbent assay. J Neuroimmunol.
2008; 196: 181–187. doi: 10.1016/j.jneuroim.2008.03.009 PMID: 18462810

58.

Waters PJ, McKeon A, Leite MI, Rajasekharan S, Lennon VA, Villalobos A, et al. Serologic diagnosis of
NMO: a multicenter comparison of aquaporin-4-IgG assays. Neurology. 2012; 78: 665–671. doi: 10.
1212/WNL.0b013e318248dec1 PMID: 22302543

59.

Jarius S, Ruprecht K, Wildemann B, Kuempfel T, Ringelstein M, Geis C, et al. Contrasting disease patterns in seropositive and seronegative neuromyelitis optica: A multicentre study of 175 patients. J Neuroinflammation. 2012; 9: 14. doi: 10.1186/1742-2094-9-14 PMID: 22260418

60.

Jiao Y, Fryer JP, Lennon VA, Jenkins SM, Quek AM, Smith CY, et al. Updated estimate of AQP4-IgG
serostatus and disability outcome in neuromyelitis optica. Neurology. 2013; 81: 1197–1204. doi: 10.
1212/WNL.0b013e3182a6cb5c PMID: 23997151

61.

Marignier R, Bernard-Valnet R, Giraudon P, Collongues N, Papeix C, Zéphir H, Cavillon G, Rogemond
V, Casey R, Frangoulis B, De Sèze J, Vukusic S, Honnorat J, Confavreux C, NOMADMUS Study
Group. Aquaporin-4 antibody-negative neuromyelitis optica: distinct assay sensitivity-dependent entity.
Neurology. 2013; 80: 2194–2200. doi: 10.1212/WNL.0b013e318296e917 PMID: 23658379

62.

Krishnan C, Kaplin AI, Deshpande DM, Pardo CA, Kerr DA. Transverse myelitis: pathogenesis, diagnosis and treatment. Front Biosci. 2004; 9: 1483–1499. PMID: 14977560

63.

Kidd D, Burton B, Plant GT, Graham EM. Chronic relapsing inflammatory optic neuropathy (CRION).
Brain. 2003; 126: 276–284. PMID: 12538397

64.

Weinshenker BG, Wingerchuk DM, Vukusic S, Linbo L, Pittock SJ, Lucchinetti CF, et al. Neuromyelitis
optica IgG predicts relapse after longitudinally extensive transverse myelitis. Ann Neurol. 2006; 59:
566–569. PMID: 16453327

65.

Alvarenga MP, Alvarenga RM, Alvarenga MP, Santos AM, Thuler LC. Anti-AQP(4) antibody in idiopathic acute transverse myelitis with recurrent clinical course: frequency of positivity and influence in
prognosis. J Spinal Cord Med. 2012; 35: 251–255. doi: 10.1179/2045772312Y.0000000019 PMID:
22925751

66.

Kira J. Neuromyelitis optica and opticospinal multiple sclerosis: mechanisms and pathogenesis. Pathophysiology. 2011; 18: 69–79. doi: 10.1016/j.pathophys.2010.04.008 PMID: 20494560

67.

Tanaka M, Tanaka K, Komori M, Saida T. Anti-aquaporin 4 antibody in Japanese multiple sclerosis: the
presence of optic spinal multiple sclerosis without long spinal cord lesions and anti-aquaporin 4 antibody. J Neurol Neurosurg Psychiatry. 2007; 78: 990–992. PMID: 17702782

68.

Brum DG, Luizon MR, Santos AC, Lana-Peixoto MA, Rocha CF, Brito ML, et al. European ancestry predominates in neuromyelitis optica and multiple sclerosis patients from Brazil. PLOS ONE. 2013; 8:
e58925. doi: 10.1371/journal.pone.0058925 PMID: 23527051

69.

Abad P, Nogales-Gaete J, Rivera V, Cristiano E, Hamuy F, Oehninger C, et al. [LACTRIMS consensus
document for the pharmacological treatment of the multiple sclerosis and its clinical variants]. Rev Neurol. 2012; 55: 737–748. PMID: 23233142

PLOS ONE | DOI:10.1371/journal.pone.0127757 July 29, 2015

20 / 20

