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ABSTRACT

Previous research indicated the association between hepatitis B virus (HBV) infection/vaccination and the onset of demyelinating diseases.
However, most of these studies were single case reports, and comprehensive data are still scarce. Here we present a comprehensive analysis of
10 patients with neuromyelitis optica spectrum disorder (NMOSD) combined with chronic hepatitis B (CHB) infection and seropositive for
anti-aquaporin-4 antibody (AQP4-Ab). Demographic, clinical, laboratory, neuroimaging, outcome, and follow-up data of the 10 patients were
retrospectively analyzed. The median age at the onset of NMOSD was 35 years (range 25-43). Nine patients were female (9o%). All patients
were positive for HBsAg and had been diagnosed with CHB earlier than with NMOSD. One patient had an autoimmune disease. All patients
had normal thyroid function. Paresthesia and visual impairment were the most common clinical symptoms. The cerebrospinal fluid (CSF)
parameters (protein and glucose) were normal in 10 cases, whereas slightly higher CSF white blood cell count was detected in 3 patients. The
brain and spinal cord magnetic resonance imaging findings were abnormal in 8 patients. All patients were treated with hormone and immu-
nosuppressive therapy, and anti-HBV agents. Patients with detectable serum HBV DNA were more prone to liver damage after receiving high
doses of corticosteroids. In 8 patients, the symptoms improved before they were discharged. Two patients with optic neuritis (ON) maintained
the symptoms. A month later, 1/8 patient had recurrence of symptoms, and one ON patient progressed to NMO. Overall, the characteristics of
NMOSD patients with CHB and seropositive for AQP4-Ab are usually nonspecific. Abnormal liver function test results in NMOSD patients

should be a warning of possible CHB infection, and the treatment should be modified accordingly.
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INTRODUCTION About 20% of HBV patients develop extrahepatic man-

ifestations [4]. Different studies or case reports showed that

Patients with hepatic disorders can develop neurological ~ HBV infection and vaccination are associated with the onset of
complications, involving both the central nervous system (CNS) ~ CNS demyelinating diseases, such as multiple sclerosis (MS),
and peripheral nervous system (PNS) [1]. Chronic hepatitis B acute disseminated encephalomyelitis (ADEM), optic neuritis
(CHB) infection is a global health problem with more than 2 bil- ~ (ON), and transverse myelitis (TM) [5-9]. For example, Zhao et
lion people infected worldwide, and among these people, 360 al. [6] showed that CHB infection may lead to ON worsening

million are estimated to have chronic liver disease [2]. In China, ~ [6]. Heekin et al. [10] described a patient who developed sero-
with a high hepatitis B virus (HBV) prevalence, approximately ~ negative neuromyelitis optica spectrum disorder (NMOSD)
120 million people are chronically infected with HBV [3]. after the exposure to recombinant hepatitis B vaccine [10].

However, little attention has been given to the clinical features
These authors equally contributed of anti-aquaporin-4 antibody seropositive (AQP4-Ab[+])
et s P i o9 e patents with NMOSD and CH and the et e
Guangzhou, 510630, China. Phone: +86 20 8525 2238; has been limited to case reports. In this study, we present a

Fax: +86 20 8525 2536. E-mail: piho3@163.com comprehensive analysis of clinical and laboratory data, mag-
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clinical outcomes of 10 Chinese patients with NMOSD com-
bined with CHB infection, and seropositive for AQP4-Ab. To
the best of our knowledge, this is the first clinical study ana-
lyzing the features of NMOSD combined with CHB infection.

MATERIALS AND METHODS

Clinical data collection and definitions

We retrospectively reviewed the clinical data of 275 patients
with NMOSD hospitalized at the Third Affiliated Hospital of
Sun Yat-sen University, from June 2006 to January 2016. A total
of 10 patients with NMOSD combined with CHB infection
were recruited in our study. The diagnosis of CHB was con-
firmed [11] if a patient was serologically positive for hepatitis
B surface antigen (HBsAg) for more than 6 months, with or
without positivity for hepatitis B e antigen (HBeAg). NMOSD
was diagnosed according to the 2006 [12] and 2015 diagnos-
tic criteria [13]. Physical disability in patients was measured
by the Expanded Disability Status Scale (EDSS). Patients with
human immunodeficiency virus (HIV), syphilis, hepatitis C, or
other infectious condition that could affect the outcome were
excluded from the study. The details of the enrollment process
are presented in Figure 1. Demographic data, clinical and lab-
oratory results, MRI findings, treatment method, and clinical
outcome were recorded for the 10 patients (Tables 1-4).

Laboratory measurements

Venous blood samples were obtained from the patients
after overnight fast. The following parameters were mea-
(AQP4) antibody (NMO-IgG),

sured: anti-aquaporin-4

antinuclear antibody (ANA) titer, anti-double stranded DNA
(anti-dsDNA), anti-Sm antibody, anti-Ro/Sjogren’s-syndrome-
related(SS) A and anti-La/SSB antibodies, anti-neutrophil cyto-
plasmic antibodies (ANCAs), rheumatoid factor (RF), thyroid
markers, markers of HBV infection (HBsAg, HBeAg, HBeAb,
HBcAb, and HBV DNA), and a marker of liver function alanine
transaminase (ALT). Cerebrospinal fluid (CSF) differential cell
count, glucose, protein, and chloride levels were also evaluated.
All CSF samples were negative for oligoclonal bands (OCB).

NMO-IgG was detected with an anti-AQP4 antibody test
using AQP4-transfected cell line from a commercial Biochip
kit (Euroimmun, Lubeck, Germany).

MRI scans of the brain and spinal cord were performed
using a GE 1.5 T MRI scanner (General Electric, Milwaukee,
Wisconsin, USA). The slice thickness of the axial scans was 5 mm.
Allimages were analyzed by experienced neuroradiologists.

Treatment

Intravenous high-dose methylprednisolone (IVMP, 1.0 g)
was administered for 5 days to treat NMOSD, then gradu-
ally tapered by an oral steroid therapy for 2-8 weeks [14-16].
Azathioprine (AZA) or other immunosuppressive medica-
tions were used in combination [17]. Anti-HBV drugs, such
as Entecavir Tablets or Heptodin, and other liver protective
drugs (i.e. glutathione [GSH] or polyunsaturated phosphati-
dylcholine [Essentiale]) were included in HBV therapy.

Statistical analysis

Statistical analysis were performed using SPSS for
Windows, Version 16.0. (SPSS Inc., Chicago, USA). Numerical

2006-6 to 2016-1
275 NMOSD patients

17 NMOSD patients
with CHB infection

3 patients without AQP-4 Ab

serologic testing result

3 patients with AQP-4 Ab (-)

Final study 10 patients

1 patient with HCV(+)

FIGURE 1. Inclusion and exclusion criteria for patient selection. From June 2006 to January 2016, 275 patients with neuromyelitis optica
spectrum disorder (NMOSD) were identified at our hospital. There were 17/275 patients with NMOSD combined with chronic hepatitis B
(CHB) infection. Out of the 17 patients, 3 patients had not undergone AQP4-Ab serologic testing, 3 patients were negative for AQP4-Ab,
and 1 patient was positive for hepatitis ¢ virus (HCV). The remaining 10/17 patients with NMOSD combined with CHB and seropositive

for AQP4-Ab were enrolled in this study.
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TABLE 1. Demographic and clinical characteristics of patients with NMOSD and HBV infection

Patients 1 2 3 4

5

6 7 8 10

Age/Gender
Age at HBV diagnosis
Age at the onset of NMOSD
Disease duration (months)
Onset

ON only

TM only

ON+TM
EDSS

Admission

26/F
10
26

8

34/F
Preexisting
32
24

25/F
22

25

37/F
27
37

Discharge

Clinical features
Dizziness
Nystagmus
IHN
Bulbar paralysis
Bowel or bladder dysfunction
Visual impairment
Motor deficit
Sensory disturbances
Neuropathic pain
Pruritus

Vision
OD
(O

0.6
0.6

0.6
0.8

0.2
0.8

0.8
1

Diagnosis NMO NMO NMO NMO

35/F
Preexisting

35

N
N

NMO

48/F
Preexisting
43
60

+

40/F 35/F
38 Preexisting
40 35
24

43/F
40
43

28/M
27
28

w

-
/

35

SN
v

0.6
0.6

ON
AQP4-Ab(+)

0.03
0.09

ON
AQP4-Ab(+)

NA
NA

1
0.02

Light perception
1

NMO NMO NMO

NMOSD: Neuromyelitis optica spectrum disorder; HBV: Hepatitis B virus; EDSS: Expanded Disability Status Scale; F: Female; M: Male; ON: Optic neuritis;
IHN: Intractable hiccup and nausea; NA: Not available; N: Normal; AQP4-Ab(+): Seropositive for anti-aquaporin-4 antibody; TM: Transverse myelitis;

OD: Oculus dexter; OS: Oculus sinister

variables were presented as mean + standard deviation (SD)
or median (range), and categorical variables were expressed

as percentages.

RESULTS

Clinical features of patients

From June 2006 to January 2016, 275 patients with NMOSD
were identified at the Third Affiliated Hospital of Sun Yat-sen
University, Guangzhou, China. Of these 275 patients, a cohort
of 10 NMOSD patients with CHB (1 male and 9 females) were
enrolled in this study (Figure 1 and Table 2). The mean age
Was 34.40 + 6.60 years (range: 25-43) at the onset of NMOSD.
CHB was diagnosed earlier than NMOSD in all patients.
The duration of NMOSD ranged from 1-60 months, median
was 7.5. The EDSS was 4.50 + 1.18 at the time of admission,
and declined to 3.90 + 1.10 after the patient’s discharge. The
onset of vision loss was reported in 3 patients (i.e., in patient
2, 6, and 10), and 6 patients showed the onset of spinal cord
symptoms. Only patient 4 had combined the onset of vision
loss and myelitis. Paresthesia and visual impairment were the
most common clinical symptoms. Almost all of the patients

had visual impairment, except patient 5 who had normal
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binocular vision and patient 7 in which eye examination was
not performed. Motor deficit and neuropathic pain were also
relatively common symptoms among the 10 patients. Two
patients (6 and 10) were diagnosed with ON and were sero-
positive for AQP4-Ab at the time of admission.

Serological and CSF findings

A mild inflammatory response was observed in the CSF
of 3 patients (5, 8, and 9), in other cases, CSF and biochemis-
try values were normal. Only patient 5 had an autoimmune
disease (SS). ANCAs and abnormal thyroid function were
not detected in the 10 patients. Two patients (5 and 10) were
HBeAg positive. Moreover, 5 patients (3, 4, 5, 7, and 10) who
had detectable serum HBV DNA, showed different degrees of
liver damage after receiving therapy with corticosteroids.

MRI findings

MRI was performed in all 10 patients. The brain and
spinal cord MRI findings were normal in 2 patients with
ON (6 and 10). Abnormal brain MRI results were found in
3 patients (1, 3, and 5). Lesions in the medulla oblongata were
observed in 2 patients (1 and 5). Cervical or thoracic spi-
nal cord lesions were detected in 3 patients (4, 5, and 8) and
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TABLE 3. MRI features of patients with NMOSD and HBV infection

Patients 1 2 3 4 5 6 7 8 9 10
Brain lesions
Brain lobes +

Basal ganglia — +

Pons
Medulla + - - - Thoracic MR(+)
oblongata
. Brain Brain
MRI activity MR(+),CervicothoracicMR(-) MR(-),CervicothoracicMR(+)
Spinal cord
lesions
C - - C5-6 C2-6  C4-Co - C2-5
T - T2-5 T2-L1 - - T7-8
Cand T + - C7TI12

NMOSD: Neuromyelitis optica spectrum disorder; HBV: Hepatitis B virus; MRI: Magnetic resonance imaging; C: Cervical cord; T: Thoracic cord; C and
T: Cervical and thoracic cord

TABLE 4. Treatment and outcomes of patients with NMOSD and HBV infection

Patients 1 2 3 4 5 6 7 8 9 10

Early standard

corticosteroid therapy NO Yes Yes NO Yes Yes Yes NO NO NO

(<7 days of the onset)

Azathioprine 75mgqd 50mgqd 50mgqd 50 mg 50mgqd  75mgqd 100mgqd 50mgqd 50mgqd 50 mgqd

Anti-HBV drugs IEN Entecavir Entecavir Entecavir ~ Entecavir Entecavir Entecavir — Entecavir Entecavir Entecavir
Tablets ~ Tablets  Tablets Tablets ~ Tablets ~ Tablets Tablets ~ Tablets  Tablets

Discharge Improved Improved Improved Improved Improved Same Improved Improved Improved Same

Follow-up 1 month  Stable NA Stable Stable Stable Stable NA Relapse  Stable i’;(ﬁ;;ged

NMOSD: Neuromyelitis optica spectrum disorder; HBV: Hepatitis B virus; qd: one a day; IFN: Interferon; NA: Not available

2 patients (2 and 9), respectively, while both types of lesions  been associated with immunological and neurological disor-
were detected in patient 3 and 7. Enhancement on MRI was  ders, such as MS, encephalomyelitis and ON [18]. Although
observed in 3 patients (3, 5, and 9). Representative MRI scans  the exact pathophysiological mechanisms remain unknown,
of patients with NMOSD and CHB, and positive for AQP4-Ab it was proposed that molecular mimicry and immunological

are shown in Figure 2. cross-reactivity between HBsAg and myelin antigens lead to

the development of demyelinating diseases in the CNS and
Response to corticosteroid therapy and clinical PN [19]. HBsAg share high sequence homology with myelin
outcomes basic protein (MBP) and myelin oligodendrocyte glycopro-

Five patients received high-dose corticosteroids, in the first tein (MOG), where the viral/protein mimicking sequences

week following theadmission. The remaining s patientsdelayed ~ May become targets of antibody response, and consequently

the therapy for various reasons. All the patients received an induce the degradation of the myelin sheath as well as lead to

immunosuppressive therapy (AZA s0-100mg/day) and anti- further neurodegeneration [20-26].
HBV agents such as interferons (IFNs), Entecavir Tablets, or Other studies showed that T-cells that recognize spe-
Heptodin. cific epitopes of AQP4 protein could be detected in NMO

In 8 patients, the symptoms improved before they were ~ Patients, and indicated that the AQP4-specific T cells might
discharged. Two patients with ON maintained the symptoms. ~ be involved in the pathogenesis of NMO by enhancing/
After 1 month, patients 2 and 7 lost to follow-up, patient § had ~ maintaining the autoimmune process or by initiating the

recurrence of symptoms, and patient 10 progressed to NMO. ~ inflammation and subsequent production of anti-AQP4

Other patients maintained a stable condition. antibodies [27-31]. Molecular mimicry of infectious agents
that involves T cells has also been suggested as a mechanism
DISCUSSION underlying the demyelination of the CNS following HBV vac-

cination. However, additional studies are required to confirm
CHB infection is still a significant medical problem in  and explain the association between HBV vaccination and
developing countries. HBV vaccination and infection have  onset of demyelination [32,33].
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FIGURE 2. Representative magnetic resonance imaging (MRI) scans showing abnormalities in the brain (A and B) and spinal cord (C
and D) of patients with neuromyelitis optica spectrum disorder (NMOSD) with chronic hepatitis B (CHB) infection, and seropositive for
anti-aquaporin-4 antibody (AQP4-Ab). (A) Pons lesion; (B) bilateral optic nerve lesions; (C) transverse myelitis lesions in the cervical cord;

(D) myelitis lesions in the thoracic cord.

In this study, 10 patients with NMOSD and CHB and
seropositive for AQP4-Ab were evaluated. Two patients were
diagnosed with ON. Female sex was predominant among the
10 patients. CHB was diagnosed earlier than NMOSD in all
patients. The onset of vision loss was reported in 3 patients,
6 patients showed the onset of spinal cord symptoms, while
only 1 patient had both, myelitis and the onset of vision loss.
Paresthesia and visual impairment were the most com-
mon clinical symptoms among the 10 patients, followed by
motor deficit and neuropathic pain. The CSF cell counts in
10 patients ranged from o/mm? to 31/mm?. Other CSF param-
eters were within the normal range. One patient was positive
for anti-Ro/SSA and anti-La/SSB. All patients had normal thy-
roid function. The brain and spinal cord MRI findings were
normal in 2 patients with ON. MRI of other patients showed
abnormalities in the head or spinal cord, in line with the diag-

nostic criteria for NMOSD. The above-presented data suggest

40

that the characteristics of NMOSD patients with CHB, sero-
positive for AQP4-Ab, are usually nonspecific.

Several points emerged in this study in terms of the treat-
ment. IVMP are commonly used in the treatment of acute
attacks in NMOSD. AZA, as a first-line steroid-sparing immu-
nosuppressive drug, is generally introduced along with pred-
nisolone [34-36]. In the course of treatment, all 10 patients
in this study received a hormone therapy with high doses of
corticosteroids. Some patients required multiple courses of
pulse therapy. Previously, acute and severe liver damage were
reported after [IVMP pulse therapy [37]. In addition, the pre-
existing infection with viral hepatitis, such as HBV, was sig-
nificantly associated with liver dysfunction [38]. In our study,
patients who had detectable serum HBV DNA showed dif-
ferent degrees of liver damage after receiving therapy with
high doses of corticosteroids. Although, it is not clear whether

IVMP was a direct cause of the liver damage, it may be a
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risk factor. Thus, the protection of liver function before and
during pulse therapy in patients with HBV is very important.
Similarly, AZA alone or in combination with prednisone has
been effective in reducing relapse rates and improving EDSS
in NMOSD patients [39]. However, the side effects of AZA,
including bone marrow toxicity, gastric intolerance (GI), and
hepatotoxicity, should be carefully monitored. In addition, a
meta-analysis showed that thiopurine S-methyltransferase
gene (TPMT) polymorphisms were associated with AZA-
induced overall adverse drug reactions (ADRs) and bone
marrow toxicity as well as with Gl in one study, but not with
hepatotoxicity. Nevertheless, they suggested that the presence
of the normal 7PMT genotype cannot preclude the develop-
ment of ADRs during AZA treatment, and that 7PMT geno-
typing cannot replace the regular monitoring of white blood
cells and liver function [40].

CONCLUSION

The clinical, CSE and neuroimaging characteristics of
patients with NMOSD combined with CHB, and seropositive
for AQP4-Ab, might easily be overlooked due to their non-
specificity. The use of pulse therapy and immunosuppressive
agents may lead to abnormal liver function or reactivation of
HBV infection [41]. Therefore, we suggest regular monitoring
of liver function in NMOSD patients with CHB infection,
during their routine treatment.

ACKNOWLEDGMENTS

The study was supported by the National Science
Foundation (No. 81271327), Guangdong Science Foundation
of Guangdong Province (NO.2015A03013167), Science &
Technology Project of Guangzhou (NO.201510010251).

We thank all the physicians, patients, and relatives who
helped to collect the clinical data.

DECLARATION OF INTERESTS

The authors declare no conflict of interests.

REFERENCES

[1]  Ferro JM, Oliveira S. Neurologic manifestations of gastrointestinal
and liver diseases. Curr Neurol Neurosci Rep 2014;14(10):487.
https://doi.org/10.1007/511910-014-0487-z.

[2] Hepatitis B vaccines. WHO position paper. Weekly epidemiologi-
cal record. 2009;84(40): 405-20.

[3] Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, et al. Epidemiological
serosurvey of hepatitis B in China--declining HBV prevalence due
to hepatitis B vaccination. Vaccine 2009;27(47):6550-7.
https://doi.org/10.1016/j.vaccine.2009.08.048.

[4]  Cacoub D, Terrier B. Hepatitis B-related autoimmune manifesta-
tions. Rheum Dis Clin North Am 2009;35(1):125-37.

[s]

[9]

[10]

(11]

(12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

(21]

https://doi.org/10.1016/j.rdc.2009.03.006.

Lazibat I, Brinar V. Acute disseminated encephalomyelitis asso-
ciated with hepatitis B virus reinfection--consequence or coinci-
dence? Clin Neurol Neurosurg 2013;115(Suppl 1):S35-7.
https://doi.org/10.1016/j.clineuro.2013.09.018.

Zhao S, Chen T, Peng C, Zhou H, Li H, Huang D, et al. The putative
acceleration of optic neuritis when combined with chronic hepati-
tis B. ] Neurol Sci 2015;358(1-2):207-12.
https://doi.org/10.1016/j.jns.2015.08.1538.

Immunization Safety Review: Hepatitis B Vaccine and
Demyelinating Neurological Disorders. Institute of Medicine (US)
Immunization Safety Review Committee, Stratton K, Almario D,
McCormick MC, editors. Washington (DC): National Academies
Press (US); 2002.

Trevisani F, Gattinara GC, Caraceni P, Bernardi M, Albertoni F,
DAlessandro R, et al. Transverse myelitis following hepatitis B vac-
cination. ] Hepatol 1993;19(2):317-8.
https://doi.org/10.1016/S0168-8278(05)80589-6.

Jiang ZC, Liu ZH, Li HY, Wei SH. Optic neuritis combined with
hepatitis Band neurosyphilis. Chin Med ] (Engl) 2013;126(18):3580-1.
Heekin R, Gandhy C, Robertson D. Seronegative neuromyelitis
optica spectrum disorder following exposure to hepatitis B vacci-
nation. Case Rep Neurol 2015;7(1):78-83.
https://doi.org/10.1159/000381826.

Sarri G, Westby M, Bermingham S, Hill-Cawthorne G, Thomas H,
Guideline Development Group. Diagnosis and management of
chronic hepatitis B in children, young people, and adults: Summary
of NICE guidance. BMJ 2013;346:(3893.
https://doi.org/10.1136/bmj.f3893.

Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF,
Weinshenker BG. Revised diagnostic criteria for neuromyelitis
optica. Neurology 2006;66(10):1485-9.
https://doi.org/10.1212/01.wnl.0000216139.44259.74.

Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W,
Chitnis T, et al. International consensus diagnostic criteria for neu-
romyelitis optica spectrum disorders. Neurology 2015;85(2):177-89.
https://doi.org/10.1212/WNL.0000000000001729.

Kessler RA, Mealy MA, Levy M. Treatment of neuromyelitis optica
spectrum disorder: Acute, preventive, and symptomatic. Curr Treat
Options Neurol 2016;18(1):2.
https://doi.org/10.1007/511940-015-0387-9.

Kimbrough DJ, Fujihara K, Jacob A, Lana-Peixoto MA, Leite MI,
Levy M, et al. Treatment of neuromyelitis optica: Review and rec-
ommendations. Mult Scler Relat Disord 2012;1(4):180-7.
https://doi.org/10.1016/j.msard.2012.06.002.

Trebst C, Jarius S, Berthele A, Paul F, Schippling S, Wildemann B, et
al. Update on the diagnosis and treatment of neuromyelitis optica:
Recommendations of the Neuromyelitis Optica Study Group
(NEMOS). ] Neurol 2014;261(1):1-16.
https://doi.org/10.1007/500415-013-7169-7.

QiuW, Kermode AG, LiR, Dai Y, Wang Y, Wang], etal. Azathioprine
plus corticosteroid treatment in Chinese patients with neuromyeli-
tis optica. ] Clin Neurosci 2015;22(7):1178-82.
https://doi.org/10.1016/j,jocn.2015.01.028.

DeStefano F, Verstracten T, Jackson LA, Okoro CA, Benson P,
Black SB, et al. Vaccinations and risk of central nervous system
demyelinating diseases in adults. Arch Neurol 2003;60(4):504-9.
https://doi.org/10.1001/archneur.60.4.504.

Bogdanos DP, Smith H, Ma Y, Baum H, Mieli-Vergani G, Vergani D.
A study of molecular mimicry and immunological cross-reactivity
between hepatitis B surface antigen and myelin mimics. Clin Dev
Immunol 2005;12(3):217-24.
https://doi.org/10.1080/17402520500285247.

Mastronardi FG, Moscarello MA. Molecules affecting myelin sta-
bility: A novel hypothesis regarding the pathogenesis of multiple
sclerosis. ] Neurosci Res 2005;80(3):301-8.
https://doi.org/10.1002/jnr.20420.

Yang L, Tan D, Piao H. Myelin basic protein citrullination in mul-
tiple sclerosis: A potential therapeutic target for the pathology.
Neurochem Res 2016;41(8):1845-56.



[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30

(31]

Jia Liu, et al.: Analysis of AQP4-Ab(+) patients with NMOSD combined with CHB

https://doi.org/10.1007/511064-016-1920-2.

Spadaro M, Gerdes LA, Krumbholz M, Ertl-Wagner B, Thaler FS,
Schuh E, et al. Autoantibodies to MOG in a distinct subgroup of
adult multiple sclerosis. Neurol Neuroimmunol Neuroinflamm
2016;3(5):€257.
http://dx.doi.org/10.1212/NXL.0000000000000257.

Thulasirajah S, Pohl D, Davila-Acosta ], Venkateswaran S. Myelin
oligodendrocyte glycoprotein-associated pediatric central nervous
system demyelination: Clinical course, neuroimaging findings, and
response to therapy. Neuropediatrics 2016;47(4):245-52.
https://doi.org/10.1055/5-0036-1583184.

Kim SM, Woodhall MR, Kim ]S, Kim SJ, Park KS, Vincent A, et al.
Antibodies to MOG in adults with inflammatory demyelinat-
ing disease of the CNS. Neurol Neuroimmunol Neuroinflamm
2015;2(6):€163.
http://dx.doi.org/10.1212/NXL0000000000000163.

Jarius S, Ruprecht K, Kleiter I, Borisow N, Asgari N, Pitarokoili K,
et al. MOG-IgG in NMO and related disorders: A multicenter
study of 50 patients. Part 2: Epidemiology, clinical presentation,
radiological and laboratory features, treatment responses, and long-
term outcome. ] Neuroinflammation 2016;13(1):280.
https://doi.org/10.186/512974-016-0718-0.

Jarius S, Ruprecht K, Kleiter I, Borisow N, AsgariN, Pitarokoili K, etal.
MOG-IgG in NMO and related disorders: A multicenter study of
50 patients. Part 1: Frequency, syndrome specificity, influence of
disease activity, long-term course, association with AQP4-IgG, and
origin. ] Neuroinflammation 2016;13(1):279.
https://doi.org/10.1186/512974-016-0717-1.

Pohl M, Fischer MT, Mader S, Schanda K, Kitic M, Sharma R,
et al. Pathogenic T cell responses against aquaporin 4. Acta
Neuropathol 2011;122(1):21-34. DOI: 10.1007/500401-011-0824-0.
Mitsdoerfter M, Kuchroo V, Korn T. Immunology of neuromyelitis
optica: A T cell-B cell collaboration. Ann N'Y Acad Sci 2013;1283:57-
66. DOI: 10.1111/nyas.12118.

Vaknin-Dembinsky A, Brill L, Kassis I, Petrou P, Ovadia H,
Ben-Hur T, et al. T-cell reactivity against AQP4 in neuromyelitis
optica. Neurology 2012;79(9):945-6.
https://doi.org/10.1212/WNL.obo13e318266fc2b.
Vaknin-Dembinsky A, Brill L, Kassis I, Petrou P, Ovadia H,
Ben-Hur T, et al. T-cell responses to distinct AQP4 peptides in
patients with neuromyelitis optica (NMO). Mult Scler Relat Disord
2016;6:28-36.

https://doi.org/10.1016/j.msard.2015.12.004.

Melamed E, Levy M, Waters PJ, Sato DK, Bennett JL, John GR,
et al. Update on biomarkers in neuromyelitis optica. Neurol

42

[32]

[33]

[34]

[35]

[36

[37]

[38]

[39]

[40]

[41]

Neuroimmunol Neuroinflamm 2015;2(4):¢134.
http://dx.doi.org/10.1212/NXL0000000000000134.

Wraith DC, Goldman M, Lambert PH. Vaccination and autoim-
munedisease: Whatisthe evidence? Lancet 2003;362(9396):1659-66.
https://doi.org/10.1016/S0140-6736(03)14802-7.

Piaggio E, Ben Younes A, Desbois S, Gout O, Tourbah A, Lyon-Caen O,
et al. Hepatitis B vaccination and central nervous system demyelin-
ation: An immunological approach. ] Autoimmun 2005;24/(1):33-7.
https://doi.org/10.1016/jjaut.2004.11.007.

Biswas A, Mukherjee A. Therapy of NMO spectrum disorders.
Ann Indian Acad Neurol 2015;18(Suppl 1):516-23.
https://doi.org/10.4103/0972-2327.164818.

Sato DK, Lana-Peixoto MA, Fujihara K, de Seze ]. Clinical spec-
trum and treatment of neuromyelitis optica spectrum disorders:
Evolution and current status. Brain Pathol 2013;23(6):647-60.
https://doi.org/10.1111/bpa.12087.

Stellmann JP, Krumbholz M, Friede T, Gahlen A, Borisow N,
Fischer K, et al. Immunotherapies in neuromyelitis optica spectrum
disorder: Efficacy and predictors of response. ] Neurol Neurosurg
Psychiatry 2017;88(8):639-47.
https://doi.org/10.1136/jnnp-2017-315603.

Marino M, Morabito E, Brunetto MR, Bartalena L, Pinchera A,
Marocci C. Acute and severe liver damage associated with intrave-
nous glucocorticoid pulse therapy in patients with Graves  ophthal-
mopathy. Thyroid 2004;14(5):403-6.
https://doi.org/10.1089/105072504774193276.

Eguchi H, Tani ], Hirao S, Tsuruta M, Tokubuchi I, Yamada K, et al.
Liver dysfunction associated with intravenous methylprednisolone
pulse therapy in patients with Graves orbitopathy. Int ] Endocrinol
2015;2015:835979.

http://dx.doi.org/10.1155/2015/835979.

Costanzi C, Matiello M, Lucchinetti CF Weinshenker BG,
Pittock SJ, Mandrekar J, et al. Azathioprine: Tolerability, efficacy,
and predictors of benefit in neuromyelitis optica. Neurology
2011;77(7):659-66.
https://doi.org/10.1212/WNL.obo13e31822a2780.

Liu YP Xu HQ, Li M, Yang X, Yu S, Fu WL, et al. Association
between thiopurine s-methyltransferase polymorphisms and aza-
thioprine-induced adverse drug reactions in patients with autoim-
mune diseases: A meta-analysis. PloS One 2015;10(12):€0144234.
https://doi.org/10.1371/journal.pone.o144234.

Mok MY, Ng WL, Yuen MF, Wong RW, Lau CS. Safety of disease
modifying anti-rtheumatic agents in rheumatoid arthritis patients
with chronic viral hepatitis. Clin Exp Rheumatol 2000;18(3):363-8.



