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Abstract
Background: Studies	 have	 demonstrated	 that	 antinuclear	 antibodies	 (ANAs)	 may	
be	correlated	with	neuromyelitis	optica	spectrum	disorder	(NMOSD).	However,	the	
conflicting	 results	 of	 studies	 about	 the	 value	 of	ANAs	 in	AQP4	 antibody-positive	
NMOSD	patients	need	to	be	further	investigated.
Material: Case	data	were	collected	from	143	patients	with	AQP4	antibody-positive	
NMOSD.	Patients	were	divided	into	two	groups	based	on	the	ANA	test	results.	The	
analysis	of	clinical	characteristics,	laboratory	tests,	and	MRI	examination	results	were	
compared	between	two	groups:	the	NMOSD	patients	with	ANA	(+)	and	with	ANA	(−).
Results: Disease	duration	of	NMOSD	is	shorter	in	the	ANA	(+)	patients	with	EDSS	<	4	
than	in	the	ANA	(−)	patients	(12.05	±	16.73	versus	29.43	±	41.03,	p-value	=	.013).	The	
median	time	from	disease	onset	to	an	EDSS	score	of	4.0	is	significantly	longer	in	the	
ANA	(−)	NMOSD	patients	than	in	the	ANA	(+)	patients	(48.2	months	versus	24	months,	
p =	.04).	In	addition,	ANA	(RR,	2.234;	95%	CI,	1.078–4.629;	p-value	=	.031)	can	pre-
dict	the	severity	of	NMOSD.
Conclusions: Antinuclear	antibodies	seem	to	be	associated	with	more	severe	disease	
activity	in	NMOSD	patients.
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1  | INTRODUC TION

Neuromyelitis	 optica	 spectrum	 disorder	 (NMOSD)	 is	 an	 autoim-
mune	 disease	 occurring	 in	 the	 central	 nervous	 system	 (CNS).	 The	
term	NMOSD	was	introduced	in	2007	(Wingerchuk	et	al.,	2007),	and	
NMOSD	 is	mainly	manifested	as	 recurrent	optic	neuritis	 (ON)	and	
transverse	myelitis	(TM),	with	the	clinical	diagnostic	specificity	posi-
tive	for	antibodies	to	aquaporin-4	(AQP4)	(Wingerchuk	et	al.,	2015).	
In	recent	years,	 increasing	evidence	has	demonstrated	that	AQP4-
IgG	 causes	 damage	 to	peripheral	 organs	beyond	 the	CNS	 such	 as	
skeletal	 muscle,	 vestibulocochlear	 nerves,	 gastrointestinal	 tract,	
blood	system,	kidney,	lung,	and	placenta	(He	et	al.,	2017).

Clinically,	a	considerable	number	of	NMOSD	patients	are	posi-
tive for other autoimmune antibodies including antinuclear antibod-
ies	(ANAs),	which	are	produced	against	DNA,	RNA,	proteins,	or	their	
molecular	complexes	in	the	cell	nucleus.	ANAs	can	be	characterized	
in many autoimmune diseases such as systemic lupus erythematosus 
(SLE)	and	determine	the	activity	and	prognosis	of	SLE	(Egner,	2000;	
Pisetsky,	2017).	It	has	been	reported	that	AQP4-Ab	was	detectable	
in	84.6%	patients	with	SLE	and	NMO	or	LETM/rON	and	 in	62.5%	
patients	 with	 other	 CTD	 and	 NMO	 or	 LETM,	 which	 showed	 the	
coexisting	 relationship	 between	 other	 autoimmune	 diseases	 and	
AQP4-Ab-positive	NMOSD	patients	(Jarius	et	al.,	2011).	ANAs	were	
reported	to	be	more	frequently	exist	in	NMO-IgG-seropositive	pa-
tients	(Pittock	et	al.,	2008),	while	another	report	also	showed	that	
patients	with	AQP4(+)	were	more	likely	to	have	coexisting	autoan-
tibodies	(45/97,	46,4%)	and	autoimmune	disorders	(31/130,	23.8%)	
(Jarius	et	al.,	2012).	However,	it	is	still	unknown	whether	ANAs	have	
any	clinical	significance	or	represent	an	epiphenomenon	in	NMOSD.	
A	study	showed	that	ANAs	may	be	a	protective	marker	in	NMOSD.	
In	 contrast,	 another	 study	 found	 that	 ANAs	 are	 not	 sufficient	 to	
indicate	the	severity	of	NMOSD	disease	 (Lee	et	al.,	2019;	Masuda	
et	al.,	2016).	The	contradictory	results	of	these	studies	motivate	us	
to	further	investigate	the	role	of	ANA	in	NMOSD.

In	this	paper,	we	hypothesized	that	more	severe	disease	activity	
may	have	the	potential	to	be	occurred	in	ANA	(+)	NMOSD	patients,	
and	we	conducted	to	evaluate	the	value	of	ANAs	in	measuring	dis-
ease	 severity	 and	 prognosis	 of	 patients	with	APQ4	 antibody-pos-
itive	NMOSD	by	 comparing	 the	 clinical	 characteristics,	 laboratory	
tests,	 and	MRI	 examination	 results	 of	 AQP4	 (+)	NMOSD	patients	
with	ANA	(+)	or	ANA	(−).

2  | METHODS

2.1 | Samples and study design

This	 study	 is	 approved	 by	 the	 Medical	 Ethics	 Committee	 of	 the	
Third	Affiliated	Hospital	of	Sun	Yat-sen	University	(No.2017-33).	All	
study participants have written informed consent for research and 
publication.

We	recruited	143	AQP4	antibody-positive	NMOSD	Chinese	Han	
patients.	 All	 the	 patients	were	 tested	 for	ANAs	 in	 the	Department	

of	 Neurology	 and	 Multiple	 Sclerosis	 Research	 Center,	 the	 Third	
Affiliated	Hospital	of	Sun	Yat-sen	University,	during	November	2012	
and	November	2017.	According	to	the	presence	of	ANAs,	the	patients	
were	categorized	 into	52	ANA	(+)	patients	and	91	ANA	(−)	patients.	
The	diagnosis	of	NMOSD	was	based	on	the	2015	international	con-
sensus	 diagnostic	 criteria	 (Wingerchuk	 et	 al.,	 2015).	 The	 disability	
status	 of	 NMOSD	 patients	 after	 admission	was	 determined	 by	 the	
use	of	the	Expanded	Disability	Status	Scale	(EDSS)	before	any	treat-
ments	 (Kurtzke,	 1983)	 and	 classified	 as	 mild	 disability	 (EDSS	 score	
0–3.5)	or	moderate/severe	disability	(EDSS	score	4-9.5)	(Conradsson	
et	al.,	2018;	Sicras-Mainar	et	al.,	2017).	EDSS	with	score	4.0	(hereafter	
referred	as	to	EDSS	4.0)	is	considered	to	be	a	key	disability	milestone	
(Harding	et	 al.,	 2019).	Thus,	EDSS	4.0	was	used	as	 the	cutoff	point	
in this study. Other systemic autoimmune diseases were diagnosed 
by	 rheumatologists	 according	 to	 the	 established	 criteria	 (Aringer	
et	al.,	2019;	Garber	et	al.,	2012;	Ross	et	al.,	2016;	Shiboski	et	al.,	2017).	
The	MRI	examination	time	of	patients	was	within	5–7	days	after	ad-
mission at the disease onset period. Clinical characteristics and MRI 
findings during attacks also were compared between the groups. 
About	63.5%	(33/52)	of	patients	with	ANA	(+)	and	68.1%	(62/91)	of	
patients	with	ANA	 (−)	were	 first	diagnosed	by	our	department,	 and	
no immunosuppressive drugs were used before the diagnosis and the 
ANA	tests.	The	others	had	received	immunosuppressive	treatment	in	
other hospitals during the stable period previously. Patients were re-
cruited	and	tested	at	the	acute	phase,	and	ANA	test	was	performed	in	
the	first	day	morning	after	admission.	After	blood	samples	of	ANA	test	
were	collected,	all	NMOSD	patients	received	at	least	one	therapy	such	
as	methylprednisolone	pulse	therapy,	intravenous	immunoglobulin.

2.2 | Serological and CSF examination

ANAs	were	 detected	with	 indirect	 immunofluorescence	 assay	 (IIF;	
EUROIMMUN	Medizinische	Labordiagnostika	AG)	 in	dilution	ratios	
of	 1:100,	 1:320,	 1:1,000,	 and	 1:3,200.	Other	 autoantibodies	 (anti-
SSA/Ro,	 anti-SSB/La,	 and	 anti-TPO)	 were	 identified	 with	 an	 ANA	
profile	 line	 immunoblot	 assay,	 according	 to	 the	manufacturer's	 in-
structions	(HOB	Biotech	Group)	(Chen	et	al.,	2016;	Wei	et	al.,	2020).	
Patients	 were	 tested	 for	 AQP4	 antibody	 using	 a	 cell-based	 assay	
from	 a	 commercial	 BIOCHIP	 kit	 (Euroimmun)	 (Long	 et	 al.,	 2012).	
Serum	samples	were	diluted	to	1:9,	and	each	sample	was	assayed	at	
least	twice,	by	two	examiners	blind	to	the	origin	of	the	specimens.	
Samples	with	positive	results	twice	were	deemed	to	be	positive.	We	
also	 examined	CSF	 parameters,	 including	white	 blood	 cells	 (WBC)	
and	total	protein	(TP).

2.3 | Statistical analyses

All	 the	data	 in	 this	 study	were	presented	as	mean	± standard de-
viation	 (SD)	 or	median	±	 interquartile	 range	 (IQR).	 Characteristics	
were	 compared	 using	 Pearson's	 chi-square	 test	 (or	 Fisher's	 exact)	
for	 categorical	 variables	 and	 two-sample	 t	 test	 (or	 nonparametric	



     |  3 of 8FAN et Al.

Mann–Whitney	U	test)	for	continuous	variables.	The	survival	time	to	
an	EDSS	4.0	was	displayed	using	the	Kaplan–Meier	curves;	log-rank	
test	was	used	to	compare	the	survival	experience	between	the	ANA	
(+)	and	ANA	(−)	groups.	The	prognosis	value	was	analyzed	by	the	Cox	
multivariate	model.	Due	to	the	exploratory	nature	of	the	study,	no	
adjustment for multiple comparisons was made.

All	statistical	analyses	were	performed	by	the	Statistical	Program	
for	the	Social	Sciences	 (SPSS)	statistical	software	(version	22.0).	A	
two-sided	p-value	< .05 was considered statistically significant.

3  | RESULTS

3.1 | Demographic and clinical characteristics, 
laboratory findings in ANA (+) and ANA (−) NMOSD 
patients

Table	 1	 shows	 86.01%	 (123/143)	 of	 the	 participants	 are	 females,	
accounting	 for	 88.46%	 (46/52)	 in	 the	 ANA	 (+)	 group	 and	 84.61%	
(77/91)	in	the	ANA	(−)	group.	The	median	age	is	38.58	± 11.96 years 
in	the	ANA	(+)	group	and	41.08	±	14.48	years	in	the	ANA	(−)	group.	

There	are	no	significant	differences	in	age	and	sex	distribution	be-
tween	ANA	(+)	patients	and	ANA	(−)	patients	(p >	.05).	The	disease	
duration	in	the	ANA	(+)	patients	is	shorter	compared	with	the	ANA	
(−)	 patients	 (18.94	±	 24.48	months	 versus	30.14	±	 40.20	months,	
p =	.044).	Autoimmune	diseases	including	Sjogren's	syndrome	(SS),	
rheumatoid	arthritis	(RA),	SLE,	and	hyperthyroidism	are	confirmed	in	
all	of	the	NMOSD	patients,	and	28.85%	ANA	(+)	patients	are	diag-
nosed	with	SS,	which	have	a	significantly	higher	incidence	than	ANA	
(−)	patients	(28.85%	versus	4.40%,	p =	.001).	The	main	symptoms	at	
onset	attack,	EDSS,	ARR,	CSF	WBC	counts,	and	CSF	TP	level	are	not	
statistically	significant	with	p-value	larger	than	0.05.

3.2 | Comparison between ANA (+) and ANA (−) 
NMOSD patients with EDSS score < 4 or EDSS 
score ≥ 4

The	disease	duration	of	NMOSD	in	the	ANA	(+)	patients	is	shorter	
compared	 with	 the	 ANA	 (−)	 patients	 when	 EDSS	 score	 is	 <4	
(12.05	 ±	 16.73	 months	 versus	 29.43	 ±	 41.03	 months,	 p =	 .013)	
(Table	2).	Statistically	significant	differences	are	not	found	in	gender,	

ANA (+) NMOSD 
n = 52

ANA (−) NMOSD 
n = 91 p-value

Demographic and clinical features

Gender,	male/female 6/46 14/77 .524b 

Age,	years	(mean	± SD) 38.58 ± 11.96 41.08	±	14.48 .293

Disease	duration,	months	
(mean	± SD)

18.94	±	24.48 30.14	±	40.20 .044

EDSS,	median	(IQR) 4.0	(3.0,	5.5) 3.5	(3.0,	5.5) .221a 

ARR,	median	(IQR) 1.48	(0.63,	2.00) 1.00	(0.74,	1.67) .598a 

Onset	attack,	n	(%)

ON 24	(24/52,	46.15%) 38	(38/91,	41.76%) .610b 

TM 17	(17/52,	32.69%) 35	(35/91,	38.46%) .490b 

Both ON and TM 2	(2/52,	3.85%) 7	(7/91,	7.69%) .362b 

Others 9	(9/52,	17.31%) 11	(11/91,	12.09%) .387b 

Anti-AQP4-IgG 52	(52/52,	100.00%) 91	(91/91,	100.00%) –

Overlapping	disorders,	n(%)

Sjogren's	syndrome 15	(15/52,	28.85%) 1	(1/91,	1.10%) .001b 

Rheumatoid arthritis 0	(0/52,	0%) 1	(1/91,	1.10%) –

Systemic	lupus	erythematosus 1	(1/52,	1.92%) 0	(0/91,	0%) –

Hyperthyroidism 4	(4/52,	7.69%) 2	(2/91,	2.20%) –

CSF	findings

White	blood	cells,	n/μl	(IQR) 4.0	(0.5,	15.0) 2.0	(0,	10.0) .118a 

Total	protein,	g/L	(mean	± SD) 0.36 ± 0.27 0.32 ± 0.22 .118a 

Note: p =	refers	to	the	comparison	between	ANA	(+)	and	ANA	(−)	NMOSD	patients.
Abbreviations:	ANA,	antinuclear	antibody;	ARR,	annualized	relapsing	rate;	CSF,	cerebrospinal	fluid;	
EDSS,	Kurtzke's	Expanded	Disability	Status	Scale;	IQR,	interquartile	range;	NMOSD,	neuromyelitis	
optica	spectrum	disorder;	ON,	optic	neuritis;	TM,	transverse	myelitis.
aMann–Whitney	U test. 
bChi-square	test.	

TA B L E  1   Demographic and clinical 
characteristics,	and	laboratory	findings	in	
ANA	(+)	and	ANA	(−)	NMOSD	patients
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age,	EDSS	score,	and	ARR	between	ANA	(+)	and	ANA	(−)	NMOSD	
patients	with	EDSS	score	<	4	or	with	EDSS	score	≥	4.

The	number	of	patients	with	 longitudinal	extensive	TM	in	MRI	
(≥3	segments	or	more)	is	much	higher,	especially	in	the	ANA	(−)	group	
(Figure	1).	17	 (17/39,	43.59%)	ANA	 (−)	patients	have	 the	 length	of	
TM	lesion	from	3	to	6	segments	when	EDSS	<	4,	which	is	more	than	
ANA	(+)	patients,	but	without	statistical	significance	(17/39,	43.59%	
versus	4/19,	21.05%,	p =	.094)	(Table	3).

3.3 | Comparison of time to an EDSS score of 4.0 
between ANA (+) and ANA (−) NMOSD patients

The	median	time	from	disease	onset	to	an	EDSS	score	of	4.0	is	sig-
nificantly	 longer	 in	 the	 ANA	 (−)	 NMOSD	 patients	 compared	 with	
the	ANA	(+)	patients	(48.2	months	versus	24	months,	p =	.04).	The	
results	with	the	Kaplan–Meier	analysis	reveal	the	significant	differ-
ence	between	the	ANA	groups	 in	 the	EDSS	4.0	achievement	 rate,	
but	reveal	no	significant	difference	between	the	ANA	groups	in	the	

EDSS	6.0	achievement	 rate	 (p =	 .602)	 (Figure	2).	Multivariate	Cox	
proportional hazards regression analysis is used to evaluate the clini-
cal	 value	 for	ANAs	as	 significant	predictors	 for	 the	disease	 sever-
ity,	 which	 indicates	 that	 ANAs	 (RR,	 2.234;	 95%	 CI,	 1.078–4.629;	
p =	.031)	and	ARR	(RR,	3.845;	95%	CI,	2.1573–6.852;	p <	.001)	could	
predict	the	severity	of	NMOSD.

4  | DISCUSSION

With	the	deepening	research	on	NMOSD	and	its	related	AQP4	au-
toantibody,	more	attention	has	been	attracted	on	 the	 relation	be-
tween	NMOSD	and	other	autoimmune	antibodies	such	as	ANAs.	A	
few	studies	have	been	conducted	to	investigate	the	value	of	ANAs	
in	 evaluating	 disease	 severity	 and	 prognosis	 of	 NMOSD	 patients.	
However,	 the	 conflicting	 results	of	 the	 studies	 about	 the	value	of	
ANAs	 in	NMOSD	patients	need	 to	be	 further	 investigated.	 In	 this	
paper,	we	 conducted	 clinical	 characteristics,	 laboratory	 tests,	 and	
MRI	findings	between	the	AQP4	antibody-positive	NMOSD	patients	
with	and	without	ANA	autoantibodies.	With	statistical	tests	and	Cox	
proportional	hazards	model,	we	found	that	the	disease	duration	of	
NMOSD	is	shorter	 in	the	ANA	(+)	patients	with	EDSS	<	4.0	when	
compared	 to	 the	ANA	 (−)	 patients.	 The	median	 time	 from	disease	
onset	to	an	EDSS	score	of	4.0	is	significantly	longer	in	the	ANA	(−)	
NMOSD	patients	when	compared	to	the	ANA	(+)	patients.	In	addi-
tion,	ANA	can	be	used	to	predict	the	severity	of	NMOSD.

NMOSD	can	coexist	with	other	autoimmune	diseases,	including	
SLE,	SS,	and	autoimmune	thyroiditis	(Lana-Peixoto,	2008;	Zekeridou	
&	Lennon,	2015).	Serum	ANAs	also	remain	the	most	used	diagnos-
tic	 biomarkers	 of	 these	 autoimmune	 diseases,	which	 are	 targeted	
with	 the	 nuclear	 membrane,	 chromatin,	 nonhistone	 proteins,	 ri-
bonucleic	acid,	and	RNA-associated	proteins	as	 the	most	common	
(Goulvestre,	 2006).	 The	 NMOSD	 patients	 can	 be	 ANA-positive	
with	a	frequency	range	between	31%	and	82.6%	(Long	et	al.,	2013;	
Wu	et	al.,	2014;	Pereira	et	al.,	2017;	Gkaniatsou	et	al.,	2020),	gen-
erally	with	 lower	 titers.	The	most	 common	 range	of	ANA-positive	

TA B L E  2  Demographic	and	clinical	characteristics	of	ANA	(+)	and	ANA	(−)	NMOSD	patients	when	EDSS	<	4	or	≥	4	score

EDSS < 4 EDSS ≥ 4

ANA (+) NMOSD ANA (−) NMOSD p-value ANA (+) NMOSD ANA (−) NMOSD p-value

Patient number 24 49 – 28 42 .376a 

Gender,	male/female 2/22 8/41 .568a  4/24 6/36 1.00a 

Age,	years	(mean	± SD) 39.71 ± 8.61 39.04	± 12.83 .819 37.61 ±	14.32 43.40	± 16.00 .119

Disease	duration,	months	
(mean	± SD)

12.05 ± 16.73 29.43	±	41.03 .013 24.84	± 30.15 30.96 ± 39.68 .467

EDSS,	median	(IQR) 3.0	(2.5,	3.5) 3.0	(2.5,	3.5) .435b  5.5	(5.0,	5.5) 5.5	(5.0,	5.5) .594b 

ARR,	median	(IQR) 1.50	(0.92,	2.00) 1.00	(0.74,	2.00) .533b  1.00	(0.71,	1.46) 1.00	(0.60,	1.81) .738b 

Note: p	refers	to	the	comparison	between	ANA	(+)	and	ANA	(−)	NMOSD	patients.
Abbreviations:	ANA,	antinuclear	antibody;	EDSS,	Kurtzke's	Expanded	Disability	Status	Scale;	NMOSD,	neuromyelitis	optica	spectrum	disorder.
aChi-square	test.	
bMann–Whitney	U test. 

F I G U R E  1  TM	lesion	length	of	EDSS	score	<	4	and	EDSS	
score	≥	4	in	ANA	(+)	and	ANA	(−)	NMOSD	patients
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frequency	 is	 around	 40%,	 which	 is	 similar	 to	 the	 results	 of	 the	
study	 we	 conducted	 (36.4%,	 52/143).	 The	 frequency	 of	 ANAs	 in	
NMOSD	and	 the	significance	 remains	a	matter	of	debate.	 In	most	
patients	 (42/52,	 80.77%)	with	 an	ANA	 titer	 of	 1:100,	 this	 level	 of	
ANA	is	not	known	to	have	pathogenic	significance	in	NMOSD,	but	
the	 occurrence	 of	 ANA	may	 reflect	 the	 systemic	 immune	 dysreg-
ulation	that	may	be	ongoing	 in	NMOSD.	Sex	 is	one	of	the	top	risk	
factors	 in	 NMOSD,	 with	 women	 being	 more	 often	 affected	 than	
men.	 Sex	 ratio	 heavily	 depends	 on	 the	 antibody	 status,	while	 the	
female-to-male	ratio	was	reported	to	be	9–10:1	in	seropositive	pa-
tients	(Gold	et	al.,	2019).	Similar	result	was	found	in	this	study	that	
86.01%	 (123/143)	 of	 the	 participants	 are	 females,	 accounting	 for	
88.46%	(46/52)	in	the	ANA	(+)	group	and	84.61%	(77/91)	in	the	ANA	
(−)	 group.	 Age	was	 considered	 to	 be	 associated	with	 autoreactive	
antibodies	(Ruffati	et	al.,	1990).	However,	the	mean	age	did	not	dif-
fer	between	ANA-positive	and	ANA-negative	NMOSD	patients,	or	
between	NMOSD	patients	with	and	without	high	levels	of	ANA.	In	
some	 patients	with	 symptoms	 of	NMOSD,	 no	AQP4-Abs	 but	Abs	
against	myelin-oligodendrocyte-glycoprotein	(MOG)	are	detectable.	
These	clinical	syndromes	are	now	frequently	referred	to	as	“MOG-
encephalomyelitis”	 (MOG-EM).	 Although	 the	 frequency	 of	 coexis-
tent	autoimmune	diseases	seems	to	be	lower	than	AQP4-Ab-positive	

patients,	comorbidity	with	other	autoimmune	disorders	has	been	re-
ported	in	MOG-EM	patients	(Borisow	et	al.,	2018).	Since	all	patients	
in	 this	 study	 were	 recruited	 as	 AQP4	 antibody-positive	 NMOSD	
Chinese	Han	patients,	the	relationship	between	ANAs	and	MOG-EM	
is	worth	to	follow	 in	the	future.	Steroid-treated	patients	appeared	
to	have	a	much	 lower	 frequency	of	ANA	than	non-steroid-treated	
patients	 (Pozzilli	et	al.,	1998).	The	ANA	test	 in	 this	study	was	per-
formed at the time of the patient's first visit and before the use of 
steroid treatment. This time point suggests that steroids may have 
little	effect	on	ANA	status	in	this	study.

In	this	study,	the	clinical	characteristics	including	the	main	symp-
toms	of	 the	onset	attack,	EDSS	score,	ARR,	and	CSF	examinations	
do	not	differ	between	 the	ANA	groups,	which	are	 consistent	with	
previous	study	 (Lee	et	al.,	2019).	Besides,	we	 found	 the	 time	 from	
the	onset	of	NMOSD	to	moderate	disability	level	with	EDSS	4.0	was	
shorter	in	the	ANA	(+)	patients	than	in	the	ANA	(−)	patients,	indicat-
ing	the	associative	relation	between	ANAs	and	worse	NMOSD	prog-
nosis.	A	latest	study	found	that	there	were	no	significant	differences	
between	32	ANA	(+)	NMOSD	patients	and	42	ANA	(−)	NMOSD	pa-
tients	 in	 the	EDSS	6.0	achievement	 rate	 (Lee	et	al.,	2019).	 In	addi-
tion,	another	study	among	19	ANA	(+)	NMO	patients	and	44	ANA	(−)	
NMO	patients	found	that	ANA	(+)	NMO	patients	had	a	lower	ARR,	

TA B L E  3  Comparisons	about	TM	lesion	lengths	between	ANA	(+)	and	ANA	(−)	NMOSD	patients	when	EDSS	<	4	or	≥	4	score

EDSS < 4 n = 58 EDSS ≥ 4 n = 50

ANA (+) NMOSD ANA (−) NMOSD p-value ANA (+) NMOSD ANA (−) NMOSD p-value

TM lesion lengthc  .345b  .950b 

Without TM 2	(2/19,	10.53%) 5	(5/39,	12.82%) .803a  3	(3/22,	13.64%) 4	(4/28,	14.29%) .948a 

TM,	<3 4	(4/19,	21.05%) 5	(5/39,	12.82%) .420a  3	(3/22,	13.64%) 5	(5/28,	17.86%) .689a 

TM,	3≤	~ <6 4	(4/19,	21.05%) 17	(17/39,	43.59%) .094a  7	(7/22,	31.82%) 7	(7/28,	25.00%) .594a 

TM,	≥6 9	(9/19,	47.37%) 12	(12/39,	30.77%) .217a  9	(9/22,	40.91%) 12	(12/28,	42.86%) .890a 

Note: p	refers	to	the	comparison	between	ANA	(+)	and	ANA	(−)	NMOSD	patients.
Abbreviations:	ANA,	antinuclear	antibody;	EDSS,	Kurtzke's	Expanded	Disability	Status	Scale;	NMOSD,	neuromyelitis	optica	spectrum	disorder;	TM,	
transverse myelitis.
aChi-square	test	
bKruskal–Wallis	test	was	used	for	the	comparison	among	4	groups	of	TM	lesion	length.	
cA	total	of	108	patients	underwent	MRI	examination,	including	41	patients	with	ANA	(+)	NMOSD	and	67	patients	with	ANA	(−)	NMOSD.	

F I G U R E  2  Kaplan–Meier	survival	
curves	of	time	from	the	onset	of	NMOSD	
to	an	EDSS	score	of	4.0	or	EDSS	score	of	
6.0	in	ANA	(+)	NMOSD	patients	(solid	line)	
and	ANA	(−)	NMOSD	patients	(dashed	
line).	ANA,	antinuclear	antibody;	EDSS,	
Kurtzke's	Expanded	Disability	Status	
Scale;	NMOSD,	neuromyelitis	optica	
spectrum disorder
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and	the	time	to	reach	EDSS	score	of	6.0	was	shorter	than	that	with	
negative	ANAs	(Masuda	et	al.,	2016).	With	the	EDSS	score	of	6.0	as	
the	cutoff,	we	conducted	the	sensitivity	analysis.	We	analyzed	the	
time	to	 the	EDSS	score	of	6.0	using	 the	Kaplan–Meier	curves,	but	
no significant difference was found. The number of patients in the 
above	studies	was	smaller	than	ours	and	relied	on	EDSS	score	of	6.0	
as	the	determination	of	disease	severity,	leading	to	the	differences	in	
results	from	what	we	got.	The	presence	of	ANA	reflects	ongoing	au-
toimmune	stimulation	by	the	exposition	of	self-antigens	during	oligo-
dendrocyte	apoptosis,	which	is	associated	with	certain	pathological	
patterns	of	MS.	Early	apoptotic	oligodendrocyte	lesion	has	been	pos-
tulated	as	an	early	event	(Barnett	&	Sutton,	2006),	and	ANAs	were	
detected	mainly	in	patients	with	early	diseases	(Szmyrka-Kaczmarek	
et	al.,	2012),	which	means	EDSS	score	of	4.0	is	more	commonly	used	
as the reference of early and middle stage of inflammatory demye-
linating	disease	of	the	human	central	nervous	system.	Therefore,	in	
order	to	study	the	clinical	predictive	value	of	ANAs	in	NMOSD	more	
accurately,	EDSS	4.0	is	reasonable	to	be	selected	as	the	cutoff	point	
to evaluate the severity and prognosis of the disease.

According	 to	 the	 results	we	 got,	ANAs	were	 observed	 to	 be	
associated	 with	 the	 poorer	 NMOSD	 prognosis.	 Another	 study	
showed the similar results that primary and secondary progressive 
disease	had	a	higher	antibody	frequency	than	relapsing–remitting	
(p <	.05)	or	benign	(p <	.001)	MS	(Spadaro	et	al.,	1999).	Potential	
mechanisms have been hypothesized that a generalized immune 
dysregulation	occurred,	 involving	activation	of	both	autoreactive	
Th1	cells	 (mainly	 linked	 to	CNS	 lesions)	 and	B	cells	via	Th2	cells	
(Cerutti	et	al.,	2005;	Desai	et	al.,	1993).	Besides,	ANAs	could	cause	
inflammation	and	tissue	damage	through	binding	to	exposed	chro-
matin	fragments	or	directly	to	intrinsic	antigens	by	cross-reactiv-
ity,	 or	 deposing	 in	 tissue	 lesions	 by	 forming	 immune	 complexes	
of	 antibodies	 with	 DNA	 or	 nucleosomes	 (Fenton	 et	 al.,	 2009;	
Rekvig,	2015;	Seredkina	et	al.,	2013).

4.1 | Limitations

With the advantages of large simple size and prognostic analysis of 
NMOSD	patients	with	ANA	(+),	there	still	exist	a	few	limitations	of	
our	study.	The	major	one	is	that	the	cross-sectional	studies	do	not	
allow inferences on causal relationships. To conduct a longitudinal 
study	on	 the	changes	of	ANAs	 in	NMOSD	patients	could	help	us	
better	 understand	 the	 causal	 relationship	 in	 the	 future.	 Besides,	
further	exploration	of	the	relationship	between	different	titers	of	
ANAs	and	NMOSD	disease	is	also	needed	for	figuring	out	the	effect	
of	ANA	antibody	titer	on	the	development	of	disease.	In	addition,	it	
is true that there are some patients who had received immunosup-
pressive treatment or IVIG treatment in other hospitals during the 
stable	period	previously,	and	the	results	of	ANA	test	were	very	hard	
to	be	collected	at	the	time	of	their	initial	onset.	Therefore,	we	did	
not	conduct	long-term	follow-up	on	ANA	status,	which	is	also	a	limi-
tation of this study. Further study is needed about the relationship 
among	different	treatments,	ANA	status	changes,	and	EDSS	scores.

5  | CONCLUSIONS

In	conclusion,	our	results	suggested	that	ANA	seems	to	be	more	as-
sociated	with	the	severe	disease	activity	changes	in	AQP4	antibody-
positive	NMOSD	patients,	which	 further	 implied	 that	ANA	can	be	
able	to	use	as	a	prognostic	marker	in	NMOSD.

CONFLIC T OF INTERE S T
All	authors	declare	that	there	are	no	conflicts	of	interest.

AUTHORS'  CONTRIBUTIONS
Y.	J.	and	F.	P.	contributed	to	the	conception	and	design	of	this	study.	
R.	F.,	Y.	Z.,	Y.	X.,	Z.	C.,	M.	G.,	and	W.	F.	collected	and	organized	the	
data.	R.	F.,	Y.	Z.,	Y.	X.,	J.	T.,	Y.	C.,	F.	P.,	and	Y.J.	analyzed	the	data.	R.	
F.,	Y.	Z.,	Y.	X.,	J.	T.,	Y.	C.,	F.	P.,	and	Y.J.	drafted	the	manuscript.	All	the	
authors read and approved the final manuscript.

E THIC AL APPROVAL
The	 study	 was	 conducted	 according	 to	 the	 principles	 expressed	
in	 the	Declaration	of	Helsinki	and	approved	by	the	Medical	Ethics	
Committee	of	the	Third	Affiliated	Hospital	of	Sun	Yat-sen	University	
(No.2017–33).	All	study	participants	gave	written	informed	consent	
for research and publication.

PEER RE VIE W
The peer review history for this article is available at https://publo 
ns.com/publo n/10.1002/brb3.1865.

DATA AVAIL ABILIT Y S TATEMENT
The datasets used and/or analyzed during the current study are 
available	from	the	corresponding	author	upon	reasonable	request.

ORCID
Ying Jiang  https://orcid.org/0000-0002-0040-4211 

R E FE R E N C E S
Aringer,	M.,	 Costenbader,	 K.,	 Daikh,	 D.,	 Brinks,	 R.,	Mosca,	M.,	 Ramsey-

Goldman,	R.,	Smolen,	 J.	S.,	Wofsy,	D.,	Boumpas,	D.	T.,	Kamen,	D.	L.,	
Jayne,	D.,	Cervera,	R.,	Costedoat-Chalumeau,	N.,	Diamond,	B.,	Gladman,	
D.	D.,	Hahn,	B.,	Hiepe,	F.,	 Jacobsen,	S.,	Khanna,	D.,	…	Johnson,	S.	R.	
(2019).	2019	European	League	against	Rheumatism/American	College	
of Rheumatology classification criteria for systemic lupus erythemato-
sus. Annals of the Rheumatic Diseases,	78(9),	1151–1159.

Barnett,	M.	H.,	&	Sutton,	I.	(2006).	The	pathology	of	multiple	sclerosis:	A	
paradigm shift. Current Opinion in Neurology,	19,	242–247.	https://doi.
org/10.1097/01.wco.00002	27032.47458.cb

Borisow,	 N.,	 Mori,	 M.,	 Kuwabara,	 S.,	 Scheel,	 M.,	 &	 Paul,	 F.	 (2018).	
Diagnosis	 and	 treatment	 of	 NMO	 spectrum	 disorder	 and	 MOG-
encephalomyelitis. Frontiers in Neurology,	23(9),	888.

Cerutti,	M.	L.,	Zarebski,	L.	M.,	de	Prat,	G.	G.,	&	Goldbaum,	F.	A.	(2005).	
A	viral	DNA–binding	domain	elicits	 anti–DNA	antibodies	of	differ-
ent specificities. Molecular Immunology,	 42,	 327–333.	 https://doi.
org/10.1016/j.molimm.2004.09.003

Chen,	C.,	Xiaobo,	S.,	Yuge,	W.,	Yaqing,	S.,	Ling,	F.,	Lisheng,	P.,	Zhengqi,	
L.,	&	Wei,	Q.	(2016).	Multiple	autoantibodies	and	neuromyelitis	op-
tica spectrum disorders. NeuroImmunoModulation,	 23(3),	 151–156.	
https://doi.org/10.1159/00044	8286

https://publons.com/publon/10.1002/brb3.1865
https://publons.com/publon/10.1002/brb3.1865
https://orcid.org/0000-0002-0040-4211
https://orcid.org/0000-0002-0040-4211
https://doi.org/10.1097/01.wco.0000227032.47458.cb
https://doi.org/10.1097/01.wco.0000227032.47458.cb
https://doi.org/10.1016/j.molimm.2004.09.003
https://doi.org/10.1016/j.molimm.2004.09.003
https://doi.org/10.1159/000448286


     |  7 of 8FAN et Al.

Conradsson,	 D.,	 Ytterberg,	 C.,	 von	 Koch,	 L.,	 &	 Johansson,	 S.	 (2018).	
Changes	 in	 disability	 in	 people	 with	 multiple	 sclerosis:	 A	 10-year	
prospective study. Journal of Neurology,	 265,	 119–126.	 https://doi.
org/10.1007/s0041	5-017-8676-8

Desai,	 D.	 D.,	 Krishnan,	 M.	 R.,	 Swindle,	 J.	 T.,	 &	 Marion,	 T.	 N.	 (1993).	
Antigen–specific	 induction	 of	 antibodies	 against	 native	 mamma-
lian	DNA	 in	nonautoimmune	mice.	The Journal of Immunology,	151,	
1614–1626.

Egner,	W.	 (2000).	 The	use	of	 laboratory	 tests	 in	 the	diagnosis	 of	 SLE.	
Journal of Clinical Pathology,	53(6),	424–432.	https://doi.org/10.1136/
jcp.53.6.424

Fenton,	K.	A.,	Tommeras,	B.,	Marion,	T.	N.,	&	Rekvig,	O.	P.	(2009).	Pure	
anti-dsDNA	mAbs	need	chromatin	structures	to	promote	glomeru-
lar	mesangial	deposits	 in	BALB/c	mice.	Autoimmunity,	43,	179–188.	
https://doi.org/10.3109/08916 93090 3305633

Garber,	J.	R.,	Cobin,	R.	H.,	Gharib,	H.,	Hennessey,	J.	V.,	Klein,	I.,	Mechanick,	
J.	 I.,	 Pessah-Pollack,	 R.,	 Singer,	 P.	 A.,	 Woeber,	 K.	 A.,	 American	
Association	 of	 Clinical	 Endocrinologists	 and	 American	 Thyroid	
Association	Taskforce	on	Hypothyroidism	 in	Adults	 (2012).	Clinical	
practice guidelines for hypothyroidism in adults: Cosponsored by the 
American	Association	of	Clinical	Endocrinologists	and	the	American	
Thyroid	Association.	Endocrine Practice,	18(6),	988–1028.	https://doi.
org/10.4158/EP122	80.GL

Gkaniatsou,	T.,	Papadopoulou,	A.,	Paul,	F.,	Brandt,	A.	U.,	&	Oertel,	F.	C.	
(2020).	 Frequency	of	 autoimmune	disorders	 and	 autoantibodies	 in	
European	 patients	 with	 neuromyelitis	 optica	 spectrum	 disorders.	
Acta Neurologica Belgica,	120(1),	223–225.

Gold,	S.	M.,	Willing,	A.,	Leypoldt,	F.,	Paul,	F.,	&	Friese,	M.	A.	(2019).	Sex	
differences in autoimmune disorders of the central nervous system. 
Seminars in Immunopathology,	41(2),	177–188.

Goulvestre,	C.	(2006).	Antinuclear	antibodies	(in	French).	Presse Medicale 
(Paris, France: 1983),	35,	287–295.

Harding,	K.	E.,	Wardle,	M.,	Carruthers,	R.,	Robertson,	N.,	Zhu,	F.,	Kingwell,	
E.,	&	Tremlett,	H.	(2019).	Socioeconomic	status	and	disability	progres-
sion	in	multiple	sclerosis.	A	multinational	study.	Neurology,	92,	1–10.

He,	D.,	Zhang,	A.,	Li,	Y.,	Cai,	G.,	Li,	Y.,	&	Guo,	S.	(2017).	Autoimmune	aqua-
porin-4	induced	damage	beyond	the	central	nervous	system.	Multiple 
Sclerosis and Related Disorders,	18,	41–46.

Jarius,	S.,	Jacobi,	C.,	de	Seze,	J.,	Zephir,	H.,	Paul,	F.,	Franciotta,	D.,	Rommer,	
P.,	Mader,	 S.,	Kleiter,	 I.,	Reindl,	M.,	Akman-Demir,	G.,	 Seifert-Held,	
T.,	Kristoferitsch,	W.,	Melms,	A.,	Wandinger,	K.	P.,	&	Wildemann,	B.	
(2011).	Frequency	and	syndrome	specificity	of	antibodies	 to	aqua-
porin-4	 in	 neurological	 patients	with	 rheumatic	 disorders.	Multiple 
Sclerosis,	17(9),	1067–1073.

Jarius,	 S.,	 Ruprecht,	 K.,	 Wildemann,	 B.,	 Kuempfel,	 T.,	 Ringelstein,	 M.,	
Geis,	 C.,	 Kleiter,	 I.,	 Kleinschnitz,	 C.,	 Berthele,	 A.,	 Brettschneider,	
J.,	 Hellwig,	 K.,	 Hemmer,	 B.,	 Linker,	 R.	 A.,	 Lauda,	 F.,	 Mayer,	 C.	 A.,	
Tumani,	 H.,	 Melms,	 A.,	 Trebst,	 C.,	 Stangel,	 M.,	 …	 Paul,	 F.	 (2012).	
Contrasting disease patterns in seropositive and seronegative neu-
romyelitis	 optica:	 A	 multicentre	 study	 of	 175	 patients.	 Journal of 
Neuroinflammation,	9,	14.

Kurtzke,	 J.	 F.	 (1983).	 Rating	 neurologic	 impairment	 in	 multiple	 scle-
rosis:	 An	 expanded	 disability	 status	 scale	 (EDSS).	 Neurology,	 33,	
1444–1452.

Lana-Peixoto,	M.	A.	 (2008).	Devic's	neuromyelitis	optica:	A	 critical	 re-
view. Arquivos de Neuro-Psiquiatria,	66,	120–138.

Lee,	E.	J.,	Lim,	Y.	M.,	Kim,	S.	Y.,	Lee,	J.,	Kim,	H.,	Jin,	J.	Y.,	Oh,	Y.	J.,	&	Kim,	
K.	K.	(2019).	The	clinical	and	prognostic	value	of	antinuclear	antibod-
ies	in	NMO-IgG	seropositive	neuromyelitis	optica	spectrum	disorder.	
Journal of Neuroimmunology,	328,	1–4.

Long,	Y.,	He,	Y.,	Zheng,	Y.,	Chen,	M.,	Zhang,	B.,	&	Gao,	C.	(2013).	Serum	
anticardiolipin antibodies in patients with neuromyelitis optica spec-
trum disorder. Journal of Neurology,	260(12),	3150–3157.

Long,	 Y.,	 Qiu,	W.,	 Lu,	 Z.,	 Bao,	 J.,	 Wu,	 A.,	Wang,	 Y.,	Wang,	 H.,	 &	 Hu,	
X.	 (2012).	 Aquaporin	 4	 antibodies	 in	 the	 cerebrospinal	 fluid	 are	

helpful in diagnosing Chinese patients with neuromyelitis optica. 
NeuroImmunoModulation,	19,	96–102.

Masuda,	 H.,	 Mori,	 M.,	 Uzawa,	 A.,	 Muto,	 M.,	 Uchida,	 T.,	 &	 Kuwabara,	
S.	 (2016).	 Serum	antinuclear	 antibody	may	be	 associated	with	 less	
severe disease activity in neuromyelitis optica. European Journal of 
Neurology,	23(2),	276–281.

Pereira,	W.	L.	C.	J.,	Reiche,	E.	M.	V.,	Kallaur,	A.	P.,	Oliveira,	S.	R.,	Simão,	
A.	N.	C.,	Lozovoy,	M.	A.	B.,	Schiavão,	L.	J.	V.,	Rodrigues,	P.	R.	D.	V.	P.,	
Alfieri,	D.	F.,	Flauzino,	T.,	&	Kaimen-Maciel,	D.	R.	(2017).	Frequency	
of autoimmune disorders and autoantibodies in patients with neuro-
myelitis optica. Acta Neuropsychiatrica,	29(3),	170–178.

Pisetsky,	 D.	 S.	 (2017).	 Antinuclear	 antibody	 testing-misunderstood	 or	
misbegotten? Nature Reviews Rheumatology,	13,	495.

Pittock,	 S.	 J.,	 Lennon,	V.	A.,	 de	Seze,	 J.,	Vermersch,	P.,	Homburger,	H.	
A.,	Wingerchuk,	D.	M.,	 Lucchinetti,	 C.	 F.,	 Zéphir,	 H.,	Moder,	 K.,	 &	
Weinshenker,	B.	G.	(2008).	Neuromyelitis	optica	and	non	organ-spe-
cific autoimmunity. Archives of Neurology,	65(1),	78–83.

Pozzilli,	C.,	Bastianello,	S.,	Gasperini,	C.,	&	Salvetti,	M.	(1998).	Antinuclear	
antibodies and MRI activity in multiple sclerosis. Neurology,	 51(2),	
650.

Rekvig,	O.	P.	(2015).	The	anti-DNA	antibody:	Origin	and	impact,	dogmas	
and controversies. Nature Reviews Rheumatology,	11(9),	530–540.

Ross,	D.	 S.,	 Burch,	H.	 B.,	 Cooper,	D.	 S.,	 Greenlee,	M.	C.,	 Laurberg,	 P.,	
Maia,	A.	 L.,	Rivkees,	 S.	A.,	 Samuels,	M.,	 Sosa,	 J.	A.,	 Stan,	M.	N.,	&	
Walter,	M.	A.	(2016).	2016	American	thyroid	association	guidelines	
for diagnosis and management of hyperthyroidism and other causes 
of	thyrotoxicosis.	Thyroid,	26(10),	1343–1421.

Ruffati,	A.,	Calligaro,	A.,	Del	Loss,	T.,	Bertoli,	M.	T.,	Doria,	A.,	Rossi,	L.,	
&	Todesco,	S.	 (1990).	Anti-double	 stranded	DNA	antibodies	 in	 the	
healthy elderly: Prevalence and characteristics. Journal of Clinical 
Immunology,	10,	300–303.

Seredkina,	N.,	van	der	Vlag,	J.,	Berden,	J.,	Mortensen,	E.,	&	Rekvig,	O.	P.	
(2013).	Lupus	nephritis:	Enigmas,	conflicting	models	and	an	emerging	
concept. Molecular Medicine,	19,	161–169.

Shiboski,	 C.	 H.,	 Shiboski,	 S.	 C.,	 Seror,	 R.,	 Criswell,	 L.	 A.,	 Labetoulle,	 M.,	
Lietman,	 T.	M.,	 Rasmussen,	 A.,	 Scofield,	H.,	 Vitali,	 C.,	 Bowman,	 S.	 J.,	
Mariette,	X.,	International	Sjögren's	Syndrome	Criteria	Working	Group	
(2017).	 2016	 American	 College	 of	 Rheumatology/European	 League	
Against	 Rheumatism	 Classification	 Criteria	 for	 Primary	 Sjögren's	
Syndrome:	A	Consensus	and	Data-Driven	Methodology	Involving	Three	
International Patient Cohorts. Arthritis & Rheumatology,	69(1),	35–45.

Sicras-Mainar,	 A.,	 Ruíz-Beato,	 E.,	 Navarro-Artieda,	 R.,	 &	 Maurino,	 J.	
(2017).	Impact	on	healthcare	resource	utilization	of	multiple	sclerosis	
in	Spain.	BMC Health Service Research,	17,	854.

Spadaro,	M.,	Amendolea,	M.	A.,	Mazzucconi,	M.	G.,	Fantozzi,	R.,	Di	Lello,	
R.,	Zangari,	P.,	&	Masala,	G.	 (1999).	Autoimmunity	 in	multiple	scle-
rosis:	Study	of	a	wide	spectrum	of	autoantibodies.	Multiple Sclerosis,	
5(2),	121–125.

Szmyrka-Kaczmarek,	 M.,	 Pokryszko-Dragan,	 A.,	 Pawlik,	 B.,	 Gruszka,	
E.,	 Korman,	 L.,	 Podemski,	 R.,	 Wiland,	 P.,	 &	 Szechinski,	 J.	 (2012).	
Antinuclear	and	antiphospholipid	antibodies	in	patients	with	multiple	
sclerosis. Lupus,	21(4),	412–420.

Wei,	Q.,	 Jiang,	 Y.,	 Xiao,	M.,	 Zhang,	X.,	Qi,	 J.,	 Xie,	 J.,	Wu,	 J.,	Wu,	 Z.,	&	
Gu,	 J.	 (2020).	Comparison	of	 chemiluminescence	microparticle	 im-
munoassay,	indirect	immunofluorescence	assay,	linear	immunoassay	
and multiple microbead immunoassay detecting autoantibodies in 
systemic lupus erythematosus. Scandinavian Journal of Immunology,	
91(3),	e12849.

Wingerchuk,	 D.	 M.,	 Lennon,	 V.	 A.,	 Lucchinetti,	 C.	 F.,	 Pittock,	 S.	 J.,	 &	
Weinshenker,	 B.	 G.	 (2007).	 The	 spectrum	 of	 neuromyelitis	 optica.	
The Lancet Neurology,	6(9),	805–815.

Wingerchuk,	 D.	 M.,	 Banwell,	 B.,	 Bennett,	 J.	 L.,	 Cabre,	 P.,	 Carroll,	W.,	
Chitnis,	T.,	de	Seze,	J.,	Fujihara,	K.,	Greenberg,	B.,	Jacob,	A.,	Jarius,	S.,	
Lana-Peixoto,	M.,	Levy,	M.,	Simon,	J.	H.,	Tenembaum,	S.,	Traboulsee,	
A.	 L.,	 Waters,	 P.,	 Wellik,	 K.	 E.,	 …	 International	 Panel	 for	 NMO	

https://doi.org/10.1007/s00415-017-8676-8
https://doi.org/10.1007/s00415-017-8676-8
https://doi.org/10.1136/jcp.53.6.424
https://doi.org/10.1136/jcp.53.6.424
https://doi.org/10.3109/08916930903305633
https://doi.org/10.4158/EP12280.GL
https://doi.org/10.4158/EP12280.GL


8 of 8  |     FAN et Al.

Diagnosis	(2015).	International	consensus	diagnostic	criteria	for	neu-
romyelitis optica spectrum disorders. Neurology,	85,	177–189.

Wu,	L.,	Huang,	D.,	Yang,	Y.,	&	Wu,	W.	 (2014).	Combined	screening	 for	
serum	anti-nuclear	and	anti-aquaporin-4	antibodies	 improves	diag-
nostic accuracy for distinguishing neuromyelitis optica from mul-
tiple sclerosis. European Neurology,	 72(1–2),	 103–108.	 https://doi.
org/10.1159/00035 8218

Zekeridou,	 A.,	 &	 Lennon,	 V.	 A.	 (2015).	 Aquaporin-4	 autoimmunity.	
Neurology - Neuroimmunology Neuroinflammation,	2(4),	e110.	https://
doi.org/10.1212/NXI.00000	00000	000110

How to cite this article:	Fan	R,	Zhang	Y,	Xu	Y,	et	al.	Serum	
antinuclear antibodies associate with worse prognosis in 
AQP4-positive	neuromyelitis	optica	spectrum	disorder.	Brain 
Behav. 2021;11:e01865. https://doi.org/10.1002/brb3.1865

https://doi.org/10.1159/000358218
https://doi.org/10.1159/000358218
https://doi.org/10.1212/NXI.0000000000000110
https://doi.org/10.1212/NXI.0000000000000110
https://doi.org/10.1002/brb3.1865

