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Abstract

Objective—To determine the epidemiology and characteristics of transverse myelitis (TM) and
neuromyelitis optica spectrum disorders (NMOSD) in Abu Dhabi, United Arab Emirates.

Methods—Retrospective chart review at four large government-run hospitals in Abu Dhabi
between 2010 and 2016. Data collected included year of onset, presentation, laboratory results
including aguaporin-4 immunoglobulin G (IgG)/myelin oligodendrocyte glycoprotein 1gG
antibodies and the occurrence of any relapses.

Results—A total of 46 individuals were identified. Of these, 23 (50%) were Emirati citizens.

Within the overall group including pediatrics, the crude prevalence rate for monophasic TM was
1.0 per 100 000, and for NMOSD was 0.34 per 100 000. Incidence rates within the overall group
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for TM and NMOSD were 0.18 per 100 000 and 0.05 per 100 000, respectively. For Emirati
citizens aged =20 years, the prevalence rate for monophasic TM was 2.46 per 100 000 and 1.76
per 100 000 for NMOSD, and the incidence was 0.57 per 100 000 and 0.17 per 100 000,
respectively. The incidence of monophasic TM and NMOSD within the Emirati pediatric
population (aged <19 years) was 0.18 per 100 000 and 0.06 per 100 000, respectively. The mean
age of onset for monophasic TM was 36 years, and for NMOSD was 43 years. Nine patients had a
positive aquaporin-4 IgG or anti-myelin oligodendrocyte glycoprotein 1gG antibody result. Of the
30 participants with available laboratory cerebrospinal fluid analysis, 36.6% had elevated white
blood counts (>5.0 x 10%/L), and 43% had elevated protein levels. A total of 19 participants had
documentation of oligoclonal bands or 1gG index, and just four (21%) had either oligoclonal bands
or elevated IgG index.

Conclusion—The present study describes the epidemiology and characteristics of TM and
NMOSD among populations in Abu Dhabi. The adult prevalence rate for Emirati citizens was 2.46
per 100 000 for monophasic TM, and 1.76 per 100 000 for NMOSD. The overall incidence was
0.18 per 100 000 and 0.05 per 100 000, respectively.

Keywords

incidence; neuromyelitis optica spectrum disorders; prevalence; transverse myelitis; United Arab
Emirates

Introduction

Transverse myelitis (TM) is an acute, inflammatory attack of the spinal cord that typically
presents with symptoms developing over hours to days and worsening throughout a time
period that can last up to several weeks. These symptoms can include, but are not limited to,
ascending paresthesias, pyramidal weakness, bowel or bladder dysfunction, or other
autonomic dysfunction.! Diagnostic criteria from the TM Consortium Working Group
include sensory, motor or autonomic dysfunction attributable to the spinal cord, a sensory
level, peak symptoms within 4 h to 21 days and evidence of inflammation of the spinal cord
on cerebrospinal fluid (CSF) testing or imaging.?

Transverse myelitis is a heterogeneous syndrome, with the main causes of acute TM
including relapsing immune-mediated disease, such as multiple sclerosis (MS) or
neuromyelitis optica spectrum disorders (NMOSD), and systemic inflammatory conditions,
such as systemic lupus erythematosus, toxins or infections.3 If no cause is identified after a
thorough work-up, TM can also be categorized as an idiopathic monophasic event, which
occurs in approximately 15-30% of cases.24>

There have been few studies characterizing the epidemiology of TM specifically that did not
include ischemic myelopathy or documented MS.8 An early study in Israel with 62 Jewish
(though ethnically diverse) patients estimated the incidence of acute TM as at 1.34 per 1 000
000, with no evidence of sex, familial or ethnic predisposition.” Two more recent articles,
one from the Kaiser Permanente patient database with a diverse patient population in the
USA and one in New Zealand, estimated the incidence at 3.0 of 100 000 per year and 24.6
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of 1 000 000, respectively.8:2 However, these studies did not necessarily distinguish among
the different etiologies of TM.

Epidemiological data about TM and NMOSD in the Middle East is limited. Abu Dhabi is
the largest Emirate in the United Arab Emirates (UAE), and contains 28% of the country’s
population.1® Furthermore, it contains a resource rich, comprehensive hospital infrastructure
that lends itself well to epidemiological studies. The current study sought to elucidate the
prevalence, incidence, and characteristics of TM and NMOSD in this unique Arab
population.

The present study was an extension of a previously published epidemiological study on
demyelinating disorders in Abu Dhabi that found that the characteristics of MS in Abu
Dhabi were similar to those of the West.11 A retrospective chart review was carried out on
all inpatient and outpatient visits for demyelinating disorders, TM, and NMOSD at four
large government hospitals in the Emirate of Abu Dhabi: Tawam Hospital, Sheikh Khalifa
Medical Center (SKMC), Mafraq Hospital, and Al Ain Hospital between 2010 and 2016.
These hospitals are all managed by the government and use the same electronic medical
record system. Records were searched for ICD9 codes from 341.0 (neuromyelitis optica) to
341.9 (demyelinating diseases of the central nervous system unspecified), 323.82
(encephalitis, myelitis, encephalomyelitis), 340 (MS), 323.9 (myelitis, encephalomyelitis)
and 377.30 (optic neuritis). Each patient was cross-checked by medical record number,
name, cell phone number and birth date to avoid duplication of patient records. Institutional
review board approval was obtained from each hospital.

All patient records were reviewed by a neurologist trained in autoimmune and inflammatory
neurological diseases (author N.S.). Transverse myelitis was defined using the 2002
diagnostic criteria from the TM Consortium Working Group.? Data collected included sex,
nationality, family history, year of symptom onset, symptom presentation, CSF (including
oligoclonal/immunoglobulin G [IgG] positivity) and laboratory data inflammatory markers
including ANA, vitamin D levels, serum aquaporin-4 (AQP4) and myelin oligodendrocyte
glycoprotein (MOG) IgG autoantibodies (laboratory: Eurofins Biomnis, Biologie Medicale
Specialisee), imaging results, treatment, working diagnosis at the end of the work-up, and
relapse events. Patients with a clear alternate diagnosis, such as malignancy, were excluded
from analysis. If there was any discrepancy with the diagnosis, the case was reviewed by one
of the other neurologists (authors M.S., T.A., M.L.). If there was disagreement regarding the
diagnosis, the patient was excluded from the study.

Each patient was classified into one of three categories: (i) monophasic TM; (ii) relapsing
TM seronegative or untested for AQP4 IgG or MOG IgG antibody; and (iii) NMOSD. The
diagnoses were obtained using the 2015 international consensus diagnostic criteria for
NMOSD, which allow for diagnosis of seronegative NMOSD or unknown serological status.
12 This includes at least two core clinical characteristics (i.e. optic neuritis, acute myelitis or
area postrema syndrome), and negative or unavailable testing for AQP4 1gG with exclusion
of all other diagnoses.
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A total of 46 participants were identified with either: (i) monophasic TM (29 patients); (ii)
relapsing TM seronegative or untested (seven patients); or (iii) AQP4 1gG/MOG IgG
positivity or satisfying NMOSD criteria (10 patients; Fig. 1; Table 1). In 44% of cases, no
AQP4 IgG antibodies were sent as part of the medical work-up (Fig. 2). Half (23) of the
patients identified were national Emirati citizens. Demographics and characteristics are
outlined in Table 2.

The total mid-year population of Abu Dhabi in 2016 was 2 908 173, of which 551 535 were
Emirati citizens, giving a crude total population prevalence rate for monophasic TM of 1.00
per 100 000 and NMOSD of 0.34 per 100 000 (Table 3). However, because approximately
50% of Emirati citizens in Abu Dhabi are aged <19 years, and the vast majority of
participants in the present study were adults, the adjusted prevalence rate for Emirati adults
aged =20 was 2.46 per 100 000 for monophasic TM, and 1.76 per 100 000 for NMOSD. Of
the 10 total patients with a positive AQP4 IgG/MOG IgG result or who fulfilled criteria for
NMOSD, six (60%) were Emirati citizens.

The incidence of monophasic and relapsing TM (excluding NMOSD) between 2010 and
2016 within the overall group was 0.18 per 100 000, and for NMOSD specifically was 0.05
per 100 000 (Table S1). Within the Emirati nationals pediatric (aged <19 years) population,
the incidence of monophasic TM was 1.76 per 1 000 000, and NMOSD was 0.59 per 1 000
000. Only one pediatric patient fit the NMOSD criteria, and this patient tested positive for
MOG IgG (Tables 1,2; Table S1).

Within the total group, the mean age was 42 + 17.6 years, with a mean age of onset of 37
+ 18 years (Table 2). Within the Emirati group only, the mean age was 42 + 20 years, and
mean age of onset was 36 + 20 years (Fig. 3).

A total of 25 patients (54%) were female and 21 (46%) were male, giving a female-to-male
ratio of 1.2:1. Within the local Emirati population 19 of 23 (82%) were female and just four
of 23 (17%) were male, giving a female-to-male ratio of 4.75:1. Of the 23 Emirati patients
whose family history was known, only one had a family history of autoimmune disease
(systemic lupus erythematosus in a brother). While 50% (23/46) of participants were UAE
citizens, 17% (8/46) came from another Arabic-speaking country (Fig. 4). Asia was the
region of origin for 13 (28%), and two (4%) were from North America.

Of the 30 participants with available laboratory CSF analysis, 11 of 30 (36.6%) had elevated
white blood counts (>5.0 x 106/L) and 13 of 30 (43%) had elevated protein levels. A total of
19 participants had documentation of oligoclonal bands (OCB) or IgG index being carried
out and, of these, just four of 19 (21%) had either OCB or elevated IgG index. Of these four
patients, two were classified as monophasic TM and two as relapsing TM untested or
seronegative. We were unable to determine the timing of the CSF analysis with the clinical
presentations due to the limitations of the chart review.
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Discussion

Because TM and NMOSD are rare disorders with heterogeneous pathophysiology, there
remains a paucity of clear epidemiological data on these diseases. Furthermore, some of
these studies did not separate cases of documented multiple sclerosis, confounding accurate
epidemiological measurements.

A recent epidemiology paper described a prevalence of NMOSD in Olmstead County,
Minnesota, of 3.9 per 100 000 compared with 10 per 100 000 in Martinique, an island in the
Caribbean.13 Another study from Australia and New Zealand identified a prevalence of 0.70
per 100 000 and an incidence of 0.37 per 1 000 000.14 The overall crude prevalence of NMO
in Isfahan, Iran, was found to be 1.9 per 100 000.1> Our prevalence results within the local
adult Emirati citizen population were found to be within that range at 1.76 per 100 000, with
a lower total population prevalence of 0.34 per 100 000.

A frequently cited prior study between 1955 and 1975 in Israel found an incidence of TM of
1.34 per 1 000 000,7:16 whereas another study carried out between 1998 and 2004 in
California estimated an incidence of TM of 3.1 per 100 000.8 A more recent single-center
study examined 60 acute TM patients between 2001 and 2005 in New Zealand, finding an
incidence rate for idiopathic acute TM of 6.3 per 1 000 000.° None of these studies
calculated prevalence rates within their population.

Within the pediatric population, incidence rates of TM in Canadian children aged <18 years
was estimated to be 0.2 per 100 000.17 The present study found a similar incidence rate of
0.24 per 100 000 of TM in the Emirati pediatric population (age <19 years; Table S1).

The present study showed a mean age of onset for monophasic TM of 36.0 years and 43
years for the NMOSD population (Table 2; Fig. 3). This is similar to an age of onset of 41.4
years found in a large multicenter study on NMOSD in the USA,8 but higher than that
found in a cohort of NMO patients in Iran whose age of onset mean was 30 years.1®

Although several older studies!®20 and one 2007 study of 20 TM patients at Aga Khan
University Hospital in Pakistan show no large sex difference in the incidence of TM,2L in
other more recent studies a female predominance has been shown.*9:2223 For example, in
the Kaiser Permanente study, females represented 71% of the cases with TM.8 However,
these studies do not control for patients who were ultimately diagnosed with MS, which has
a strong female predominance.24 Of four class 11 retrospective cohort surveys examined in a
recent evidence-based guideline,25 two reported that more women than men are diagnosed
with inflammatory myelopathies in association with MS,*26 but none showed a sex
association in idiopathic TM.416.26.27 |n this total study population, 54% were female, but
within the local Emirati population, 82% of participants were female.

In prior studies, idiopathic TM has accounted for between 15% and 30% of cases, 24>
although in one series of 354 patients, 64% were described as idiopathic.28 In one large
retrospective study that applied TM Consortium Working Group criteria to a cohort of 288
patients, 15.6% were idiopathic, 10.8% developed MS, 19% had spinal cord infarcts, 17.3%
were infectious or parainfectious, 17% had NMO and 20.5% had systemic autoimmune
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disease.22 In our cohort, 28 of 46 (61%) cases were idiopathic, six of 46 (13%) were
parainfectious, three of 46 (7%) were systemic lupus erythematosus associated and nine of
46 (19%) were AQP4 IgG/MOG lgG-positive (Fig. 1). It is possible that these discrepancies
in the number of idiopathic TM cases might reflect variation in disease criteria definition,
possible undiagnosed underlying causes (e.g. frequency of infectious diseases across the
world) and available diagnostic technology. They could also represent geographic variability
in the proportion of idiopathic TM, though small sample size makes this difficult to
ascertain.

The present study had several limitations. The first is the small sample size. However, TM
and NMOSD are rare diseases and, as previously discussed, we feel confident that within the
Emirati population of Abu Dhabi, we captured almost all of the reported cases of TM
between 2010 and 2016. However, it is possible that some patients were evaluated solely at
outside hospitals either in the UAE or abroad, or did not present to the hospital when they
fell ill. Additionally, the method of retrospective chart review limits data gathering ability,
with the level of note detail and tests and imaging ordered varying greatly between
providers. Considering that 44% of patients in the database were not tested for AQP4 1gG or
MOG IgG antibodies (Fig. 1), we feel that the estimated prevalence of NMOSD is likely an
underestimation of the true prevalence in this population. In addition, many of the
monophasic TM and seronegative TM patients did not have a complete work-up for possible
seronegative NMOSD (such as brain magnetic resonance imaging for brainstem, area
postrema syndromes or MOG IgG antibodies), and therefore it is possible that these patients
would also fall into the NMOSD category despite being anti-NMO seronegative. Finally,
because of the transient nature of the expatriate community in the UAE, many patients return
home for care after their diagnosis. Thus, for some patients, we had limited follow-up data.
Also, some Emirati nationals also receive their care internationally — often in the USA or
Germany, therefore some of their medical records might not be complete.

In conclusion, the present study examines the prevalence and incidence of monophasic TM
and NMOSD in adult and pediatric populations in the UAE, and describes the TM/NMOSD
epidemiology in Abu Dhabi, UAE. Because healthcare in Abu Dhabi is free and Emiratis are
required to be seen once at a government hospital, we believe this study to be an accurate
representation of disease prevalence in the Abu Dhabi Emirate within the local citizen
population. However, further study on the epidemiology of these disorders with age- and
sex-adjusted incidence is required both in the Middle East and elsewhere.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MOG IgG
2%

SLE associated
7%

Figure 1.
Characteristics of transverse myelitis and neuromyelitis optica spectrum disorders in Abu

Dhabi, United Arab Emirates, between 2010 and 2016 (7= 46). AQP4 1gG, aquaporin-4
immunoglobulin G autoantibodies; MOG 1gG, myelin oligodendrocyte glycoprotein
immunoglobulin G autoantibodies; SLE, systemic lupus erythematosus.
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17%

Figure 2.
Neuromyelitis optica antibody testing in transverse myelitis/optic neuritis cases in Abu

Dhabi, United Arab Emirates, between 2010 and 2016 (7= 46). AQP4 1gG, aquaporin-4
immunoglobulin G autoantibodies; MOG 1gG, myelin oligodendrocyte glycoprotein
immunoglobulin G autoantibodies.
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Figure 3.
Age of onset distribution of transverse myelitis (TM) and neuromyelitis optica spectrum

disorders (NMOSD) in Abu Dhabi, United Arab Emirates.
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Figure 4.
Country of origin for people admitted with transverse myelitis or neuromyelitis optica

spectrum disorders (7= 46) in Abu Dhabi, United Arab Emirates (UAE) between 2010 and
2016.
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Demographics and characteristics of transverse myelitis and neuromyelitis optica spectrum disorders patients
in Abu Dhabi, United Arab Emirates, from 2010 to 2016

Monophasic Relapsing TM seronegative
Characteristic, n (%) T™ (n=29) NMOSD (n = 10) or untested (n=7)
Age at presentation (years)
0-19 5(17) 1(10) 1(14)
20-24 4(14) 0 1(14)
25-34 6 (21) 2(20) 1(14)
35-44 6 (21) 3(30) 2(28)
45-54 3(10) 1 (10) 2(28)
55-64 1(3) 2 (20) 0
65-89 3(10) 1(10) 0
Unknown 1(3) 0 0
34.0 (12.0-89.0) 43.0(8.0-74.0) 38.0 (15.0-49.0)
Age at presentation — median (range), mean (SD)
36.1 (18.4) 43 (18.7) 34.4(12)
1.76/1 000 000 0.59/1 000 000 0
Pediatric incidence, <19 years (Emirati nationals only) (3 patients total) ,()tgi?it\ig;t only — AQP4 IgG
Sex
Female 12 (41) 7(70) 6 (86)
Male 17 (59) 3(30) 1(14)
Nationality
UAE 12 (41) 6 (60) 5 (71)
Non-UAE 17 (59) 4 (40) 2(29)

Total 7= 46. AQP4, aquaporin-4; 1gG, immunoglobulin G; NMOSD, neuromyelitis optica spectrum disorders; TM, transverse myelitis; UAE,

United Arab Emirates.
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Table 3

Prevalence and incidence of monophasic transverse myelitis and neuromyelitis optica spectrum disorders
among the general population and Emirati citizen population in Abu Dhabi, United Arab Emirates (per 100
000)

MonophasicTM NMOSD

Total population prevalence 1.00 0.34
Adult prevalence in total population (aged =20 years) 1.00 0.39
Adult prevalence in Emirati population (aged =20 years)  2.46 1.76
Adult incidence in Emirati population (aged =20 years)  0.57 0.17

NMOSD, neuromyelitis optica spectrum disorders; TM, transverse myelitis.
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