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Abstract

associated with peripheral nerve damage.

from our hospital.

Undifferentiated connective tissue disease

Background Neuromyelitis optica spectrum disorders (NMOSD) is a group of autoimmune-mediated disorders of
the central nervous system primarily involving the optic nerve and spinal cord. There are limited reports of NMOSD

Case presentation We report a 57-year-old female patient who met the diagnostic criteria for aquaporin 4 (AQP4)-
IgG positive NMOSD with undifferentiated connective tissue disease and multiple peripheral neuropathy. In addition,
the patient was positive for multiple anti-ganglioside antibodies (anti-GD1a IgG antibodies and anti-GD3 IgM anti-
bodies) and anti-sulfatide IgG antibodies in serum and cerebrospinal fluid. After treatment with methylprednisolone,
gamma globulin, plasma exchange, and rituximab, the patient’s status improved and was subsequently discharged

Conclusions The neurologist should be aware of the unusual association between NMOSD and immune-mediated
peripheral neuropathy undifferentiated connective tissue disease and nerve damage mediated by multiple antibod-
ies may have combined to cause peripheral nerve damage in this patient.
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Introduction

Neuromyelitis optica spectrum disorders (NMOSD) is a
group of autoimmune-mediated disorders of the central
nervous system (CNS) characterized by recurrent attacks
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of the optic nerve and spinal cord. NMOSD is more com-
mon in middle-aged females with mean first age of onset
at approximately 40 years of age [1]. The prevalence of
NMOSD in East Asia is about 3.5/100000 [2]. Currently,
most studies believe that the pathogenesis of NMOSD
is related to the Aquaporin 4 (AQP4) antibody, which is
expressed in the foot process of astrocytes distributed
along the blood—brain barrier and the fovea of the retina
[3, 4]. The autoimmune reaction caused by the interaction
between AQP4 and its antibodies leads to astrocytic dam-
age, eventually causing clinical symptoms. Approximately
4% of NMOSD patients have a monophasic course, yet
the majority of NMOSD patients experience recurrent
episodes of optic nerve and spinal cord damage(up to
60%-98% recurrence rate).NMOSD causes severe visual
impairment (about 60%) and disability (about 34%) in
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young adults [4, 5], making it a focus of attention of neu-
rologists. Herein, we report one case of AQP4-positive
NMOSD coexisting with undifferentiated connective tis-
sue disease and peripheral neuropathy. In addition, the
patient was positive for multiple anti-ganglioside anti-
bodies and anti-sulfatide IgG antibodies.

Case presentation

A 57-year-old female patient was admitted to our hospi-
tal due to “nausea and vomiting for more than 4 months,
numbness of limbs for more than 3 days, and blurred
vision for 1 day” Four months before admission, the
patient developed nausea, hiccups, and vomiting with-
out obvious inducement, and experienced unintentional
weight loss. Her gastrointestinal endoscopy results were
unremarkable, and her symptoms healed spontaneously
without treatment. One month before admission, the
patient began to experience numbness, itching, and tin-
gling on the top of the head, as well as walking instabil-
ity. She gradually developed numbness in her left upper
limb and the inferior surface of the left anterior superior
iliac spine, which continued without relief. Twenty days
before admission, the patient developed bilateral facial
numbness, and she was treated with drugs, such as pre-
gabalin and mecobalamin, yet her symptoms did not
improve. Three days before admission, the patient devel-
oped numbness and weakness in all four extremities.
Two days later, her weakness worsened, accompanied by
an unsteady gait, blurred vision, and occasional diplopia.
During the course of the disease, the patient had no other
presentations, such as dizziness, dysphagia, dyspnea, or
dysphoria, and she denied history of chronic diseases,
such as diabetes and rheumatic immune diseases.

On admission, physical examination of the nerv-
ous system revealed the following abnormalities: slight
decrease in calculation ability and recent memory loss;
reduced binocular visual acuity, diplopia, and horizontal
coarse nystagmus in both eyes; spasmodic hypertonia of
lower limbs; reduced (grade 4) muscle strength of lower
limbs and distal end of upper limbs; segmental attenua-
tion-disappearance of bilateral acupuncture sensation
(from left thyroid cartilage to subclavian fossa, left upper
limb, left anterior superior iliac spine below; from right
mandibular angle to sternum); abdominal reflexes disap-
peared, limb tendon reflexes were hyperactive (+++),
and clonus was present in bilateral ankles; bilateral fin-
ger-nose test and heel-knee-tibia test were inaccurate,
and Romberg test was positive; Rossolimo sign was posi-
tive on the right side (+), Babinski sign and Chaddock
sign were positive on both sides (+), and skin scratch
sign was positive.

Auxiliary examinations showed positive antinuclear
antibodies (ANAs): karyotype 1 (nucleolar type) with
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titer of 1:1000, karyotype 2 (cytoplasmic granular type)
with titer of 1:100, anti-mitochondrial M2 antibodies
were weakly positive, and anti-Ro-52 antibodies were
positive. Lumbar puncture showed lower intracranial
pressure (70mmH,0O) and abnormal cerebrospinal fluid
(CSF) results (nuclear cells: 92x10%L, mononuclear
cells: 89x10%L, multinucleated cells: 3x10%L; pro-
tein: 0.60 g/L, immunoglobulins G (IgG): 51.110 mg/L,
IgM: 2.170 mg/L and IgA: 7.680 mg/L; positive for anti-
sulfatide IgG antibodies and anti-AQP4 antibodies). In
addition, she tested positive for anti-sulfatide IgG anti-
bodies, anti-GD1a IgG antibodies, anti-GD3 IgM anti-
bodies, and anti-AQP4 antibodies in her serum samples.
More type III oligoclonal bands were seen in the CSF
sample compared with the serum sample. Anti-myelin
oligodendrocyte glycoprotein (anti-MOG) antibodies in
serum and CSF samples were negative. Other examina-
tions were almost normal. Three days after admission,
neuroelectrophysiological examination demonstrated
longer latency of the compound muscle action poten-
tial (CMAP), reduced occurrence rate of the F wave
with prolonged latency, decreased sensory conduc-
tion velocity (SCV), and reduced sensory nerve action
potential (SNAP) amplitude in the right wrist distribu-
tion of the median nerve; reduced CMAP and SNAP
amplitudes, reduced occurrence rate of F wave with
prolonged latency, decreased SCV and motor nerve
conduction velocity (MCV) in the right ulnar nerve,
presence of conduction block in the right common per-
oneal nerve and the tibial nerve, and decreased SCV in
the right superficial peroneal nerve and the sural nerve
(Table 1). One day later, spinal magnetic resonance imag-
ing (MRI) revealed slight swelling with abnormal signals
from medulla oblongata to spinal cord C3 (Fig. 1A and
B), which were worsened at reexamination 33 days later
(Fig. 1C and D). Results of other tests such as orbital
MRI, parotid gland ultrasound, Schirmer test, and
tear film breaking time were all normal or negative.
Based on all examination results, the patient was diag-
nosed as NMOSD coexisting with undifferentiated con-
nective tissue disease and peripheral neuropathy. Her
limb numbness and blurred vision were slightly improved
after treatment with intravenous methylprednisolone
(first dose of 1000 mg/d and then gradually reduced)
and gamma globulin shock therapy (for 5 consecutive
days). During treatment, the patient presented with type
II respiratory failure, and invasive ventilation was used
to assist ventilation. Sixteen days after admission, reex-
amination showed that AQP4 titers of serum and CSF
were unchanged as compared with admission (titer of
1:32). Hormonotherapy was continued and a high dose
of plasma exchange(2000 ml) was performed every
other day for 5 times. The patient’s respiratory condition
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Table 1 Neuroelectrophysiological examination of right extremities before treatment
Nerve Stimulation Recording Amplitude Latency (ms) Conduction Fwave
site site velocity(m/s) (ms)
Motor
Median Wrist APB 835 4.45 - 324
Elbow APB 771 8.70 54.10 -
Axilla APB 551 1.1 60.40 -
Ulnar Wrist ADQ 2.92 3.30 - 37.3
Below elbow ADQ 1.80 7.25 48.1 -
Above elbow ADQ 1.96 10.10 34.5 -
Axilla ADQ 1.38 12.00 52.6 -
Peroneal Ankle EDB 7.39 345 - 46.6
Below fibular EDB 6.37 10.30 44.90 -
Above fibular EDB 3.38 12.40 51.50 -
Tibial Ankle AHB 843 3.60 - 54
Popliteal fossa AHB 3.35 11.9 494 -
Sensory
Median Wrist Second 2.84 367 43.60 -
finger
Ulnar Wrist Fifth finger 1.74 347 43.30 -
Sural Calf Lateral malleolus 5.70 337 37.10 -
Peroneal Lateral leg Foot 3.55 357 36.40 -

Amplitudes are measured in millivolt (mV, motor) and in microvolt (uV, sensory). APB Abductor pollicis brevis, ADQ Abductor digitiquinti, EDB Extensor digitorum
brevis, AHB Adductor halluces brevis

Fig. 1 MRIfindings of cervical cord. A and B Prior to treatment, MRI showed myelopathyfrom medulla oblongata to spinal cord C3; C and D MRI
reexamination showed that the range of myelopathy was enlarged to spinal cord C5. White arrow indicates the lesion. A and C are T2-weighted
images, while B and D are T1-weighted images

was gradually improved and invasive ventilator assisted
ventilation was no longer required. Oxygen inhalation in
the tracheal intubation tube could maintain normal oxy-
gen saturation, and the tracheal intubation was discontin-
ued 3 days later. After two doses of intravenous rituximab
(first dose: 100 mg and second dose: 500 mg), the patient
discharged from our hospital with a better health condi-
tion. His neuroelectrophysiological examination results
before discharge indicated that the damaged peripheral
nerve had basically recovered (Table 2). At discharge, her
limb numbness and blurred vision were improved, and
she could walk with assistance (muscle strength of limbs

was grade 5). She complained of spastic pain in her limbs,
and slight horizontal nystagmus was still visible in both
eyes during physical examination.-

Discussion

In this case, the patient was positive for antinuclear
antibodies, anti-mitochondrial M2 antibodies, and anti-
Ro-52 antibodies, indicating the existence of autoim-
mune disease; however, her results of other tests such
as parotid gland ultrasound and Schirmer test were
all negative, and there were no signs of multi-tissue
and organ damages. Therefore, she was diagnosed as
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Table 2 Re-examined neuroelectrophysiological examination of right extremities after treatment
Nerve Stimulation Recording Amplitude Latency (ms) Conduction Fwave
site site velocity (m/s) (ms)
Motor
Median Wrist APB 20.82 346 - 27.25
Elbow APB 14.97 6.20 56.42 -
Axilla APB 10.95 848 62.44 -
Ulnar Wrist ADQ 18.61 2.24 - 27.51
Below elbow ADQ 14.87 4.34 64.18 -
Above elbow ADQ 14.68 6.24 55.26 -
Axilla ADQ 13.22 8.00 52.84 -
Peroneal Ankle EDB 17.68 3.62 - 44.75
Below fibular EDB 16.45 8.58 50.40
Above fibular EDB 17.39 10.34 46.59 -
Tibial Ankle AHB 15.84 3.04 - 47.14
Popliteal fossa AHB 14.70 10.70 4933 -
Sensory
Median Wrist Second 2.16 15.84 64.44
finger
Ulnar Wrist Fifth finger 1.86 10.09 65.89 -
Sural Calf Lateral malleolus 2.70 14.96 50.21 -
Peroneal Lateral leg Foot 2.71 11.63 5292 -

Amplitudes are measured in millivolt (mV, motor) and in microvolt (uV, sensory). APB Abductor pollicis brevis, ADQ Abductor digiti quinti, EDB Extensor digitorum

brevis, AHB Adductor halluces brevis

undifferentiated connective tissue disease [4]. Histori-
cally, the complications of connective tissue disease were
generally considered to be a direct cause of optic nerve
and spinal cord transverse damage. It was reported that
25-44% of NMOSD patients had positive antinuclear
antibodies [3], and NMOSD may coexisted with a variety
of connective tissue diseases, such as systemic lupus ery-
thematosus and Sjogren’s Syndrome [6]. Combining the
core clinical characteristics and coexisting diseases such
assystemic lupus erythematosus and Sjogren’s Syndrome
will strengthen the diagnosis of NMOSD [7]. Recent
studies found that AQP4-IgG can present alone or in
conjunction with other autoimmune disease antibod-
ies in the patient’s body, indicating the coexistence rela-
tionship between NMSOD and autoimmune diseases. In
addition, AQP4-IgG positive NMOSD patients have an
increased susceptibility to multiple autoimmune diseases
[8]. The manifestations of this case may be connected
with her undifferentiated connective tissue disease. We
deduced that her immunologic derangementcondition
caused by undifferentiated connective tissue disease may
aggravate the adverse impacts of NMOSD on both CNS
and peripheral nervous system (PNS).

NMOSD with peripheral neuropathy, although rare,
has been reported as early as 1991 [9]. Currently, the
pathogenesis of peripheral neuropathy in NMOSD
remains unclear. Seungyeon Kim et al. have proposed

two different viewpoints [10]: First, AQP4 exists in the
nerve root, atransitional zone of CNS and PNS [11],
which may be used to explain the nerve root damage
found in NMOSD patients. Second, there may be some
other unknown antibodies to axoglial antigen that also
play a role in PNS damage. Kato ] et al. speculated that,
in serum AQP4-IgG- positive NMOSD patient, PNS
damage may be induced by AQP4-antibody-mediated
astrocyte dysfunction or by peripheral AQP4-antigen-
associated complement activation [12]. Feyiss et al.
believed that blood—brain barrier disruption caused by
locally reduced blood flow, hypoxia, and serious inflam-
mation could be contributing to PNS damage in NMOSD
cases [13]. It has also been reported that peripheral neu-
ropathy was mediated by immune mechanisms caused
by other antibodies, humoral factors or infected viruses
[14, 15]. This viewpoint was in line with the findings of
a case report of Charcot-Marie-Tooth Disease Type
1Acomplicated by NMOSD [16]. In that case, authors
speculated that the patient’s PNS damage may be caused
by an immune cross-reaction induced by over-expression
of peripheral myelin protein 22 in the peripheral nerve.
Gangliosides are a large family of sialic acid-containing
glycosphingolipids that act as receptors for axon-glia
interactions required for cytoskeletal structure stabiliza-
tion and axonal regeneration. Therefore, binding of anti-
ganglioside antibodies may lead to delay of nerve repair
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[17]. Previous evidence has suggested thatanti-GDla
antibodies and anti-GD3antibodies are closely associated
with the occurrence and development of peripheral nerve
myelin sheath injury in Guillain—-Barre syndrome.Anti-
GD1a antibodies also participate in the development of
Miller-Fisher syndrome [18]. Sulfatide is the main com-
ponent of myelin in CNS and PNS [19]. Axonal demyeli-
nation caused by anti-sulfatide antibodies often involves
sensory neuropathy and is more common in autoimmune
peripheral neuropathy, which often manifests as symmet-
rical distal limb numbness, weakness, and sensory ataxia
[20]. Currently, only one case of NMOSD with peripheral
neuropathy has reported an elevated GD1b level [10].
From this perspective, our case is very unique because
she was positive for anti-GD3 antibodies, anti-GD1a IgG,
antibodies and anti-sulfatide antibodies.

Intravenous methylprednisolone (IVMP) is used as
first-line treatment of acute attacks of NMOSD, Plasma
exchange (PLEX) or immunoadsorption are recom-
mended within 5 days from NMOSD relapse onset, when
response to IVMP is poor or absent. PLEX can also be
administered as first-line therapy or simultaneously with
IVMP in severe cases [21, 22]. Intravenous immunoglob-
ulins (IVIg) is generally not the preferred treatment for
NMOSD unless patients with contraindications to IVMP
and apheresis therapies [22]. Immunosuppressive treat-
ments to prevent relapse in NMOSD is especially impor-
tant, which is recommended to start treatment as early as
possible after diagnosis and to adhere to long-term treat-
ment [21, 22]. In this case, the patient’s clinical symp-
toms improved after treatment with methylprednisolone,
gamma globulin, plasma exchange, and rituximab. There-
fore, we suggest that, For the NMOSD patients with
peripheral neuropathy, IVMP combined with IVIg or
PLEX may be a better treatment option.

Conclusions

This is the first case report of NMOSD with peripheral
neuropathy coexisting with undifferentiated connective
tissue disease, which had also tested positive for multiple
anti-ganglioside antibodies and anti-sulfatide IgG anti-
bodies. An immunologic derangement condition caused
by undifferentiated connective tissue disease and mul-
tiple antibody-mediated neurological insults may have
jointly contributed to her peripheral damage.

Acknowledgements
The authors would like to thank the patient, his family members, and all treat-
ing doctors. We are also grateful to the imaging and electrophysiology team.

Authors’ contributions

Yangchun Li and Man Tang contributed to the conception and design of the
study and wrote the first draft of the manuscript. Lu Yu, Ying He and Lisong
Liang played major roles in the acquisition and interpretation of data. Hao Qu,
Wei Si and Xiao Hu provided supervision and final check. All authors have read
and approved the final version of this paper.

Page 5 of 6

Funding

This study was supported by grants from QiankeheZhicheng [2021] normal
077 of Guizhou Science and Technology Department, 82060228 of National
Natural Science Foundation of China, (2021) No.05 of Innovation and Entre-
preneurship Funding Program for High-level Talents, 2020017 of Chinese
Stroke Society Cerebrovascular Disease Whole Course Management Project
Sailing Fund, and gzwkj2023-006 of Science and Technology Fund of Guizhou
Provincial Health Commission to Dr. Xiao Hu.

Availability of data and materials
Data are available from the Yangchun Li upon reasonable request and with
permission of Guizhou Provincial People’s Hospital.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the amended Declaration of
Helsinki and it was approved by the Ethics committee of Guizhou Provincial
People’s Hospital (No. 2023016). This case report obtained written informed
consent from patient.

Consent for publication
This case report obtained written informed patient consent.

Competing interests
The authors declare no competing interests.

Received: 17 January 2023 Accepted: 17 April 2023
Published online: 12 May 2023

References

1. Costello F. Neuromyelitis Optica Spectrum Disorders. Continuum (Min-
neap Minn). 2022;28(4):1131-70.

2. Hor JY, Asgari N, Nakashima |, Broadley SA, Leite MI, Kissani N, et al.
Epidemiology of Nezuromyelitis Optica Spectrum Disorder and Its
Prevalence and Incidence Worldwide. Front Neurol. 2020;26(11):501.

3. Oh J, Levy M. Neuromyelitis optica: an antibody-mediated disorder of
the central nervous system. Neurol Res Int. 2012;2012: 460825.

4. Antunes M, Scire CA, Talarico R, Alexander T, Avcin T, Belocchi C, et al.
Undifferentiated connective tissue disease: state of the art on clinical
practice guidelines. RMD Open. 2019;4(Suppl 1): e000786.

5. Ma X, Kermode AG, Hu X, Qiu W. Risk of relapse in patients with
neuromyelitis optica spectrum disorder: Recognition and preventive
strategy. Mult Scler Relat Disord. 2020;46: 102522,

6. Cruz RA, Chaudhary S, Guevara M, Meltzer E. Neuromyelitis Optica
Spectrum Disorders (NMOSD) and Connective Tissue Disease (CTD): an
Update for the Rheumatologist. Curr Rheumatol Rep. 2021;23(6):33.

7. Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T,
et al. International consensus diagnostic criteria for neuromyelitis
optica spectrum disorders. Neurology. 2015;85(2):177-89.

8. Pittock SJ, Lennon VA, de Seze J, Vermersch P, Homburger HA, Winger-
chuk DM, et al. Neuromyelitis optica and non organ-specific autoim-
munity. Arch Neurol. 2008;65(1):78-83.

9. AimotoY, Ito K, Moriwaka F, Tashiro K, Abe K. Demyelinating peripheral
neuropathy in Devic disease. Jpn J Psychiatry Neurol. 1991;45(4):861-4.

10. Kim'S, Park J, Kwon BS, Park JW, Lee HJ, Choi JH, et al. Radiculopathy in
neuromyelitis optica. How does anti-AQP4 Ab involve PNS? Mult Scler
Relat Disord. 2017;18:77-81.

11. TakaiY, MisuT, Nakashima |, Takahashi T, Itoyama Y, Fujihara K, et al. Two
cases of lumbosacral myeloradiculitis with anti-aguaporin-4 antibody.
Neurology. 2012;79(17):1826-8.

12. Kato J, Takai Y, Hayashi MK, Kato Y, Tanaka M, Sohma Y, et al. Expression
and localization of aquaporin-4 in sensory ganglia. Biochem Biophys
Res Commun. 2014;451(4):562-7.

13. Feyissa AM, Shanina E, Shah R, Smith RG. Neuromyelitis optica phenotype
associated with therapy-responsive acute peripheral neuropathy. Neurol
Neuroimmunol Neuroinflamm. 2015;2(3): €83.



Li et al. BMC Neurology =~ (2023) 23:189 Page 6 of 6

14. Kitada M, Suzuki H, Ichihashi J, Inada R, Miyamoto K, Takahashi T, et al.
Acute combined central and peripheral demyelination showing anti-
aquaporin 4 antibody positivity. Intern Med. 2012;51(17):2443-7.

15. Vigani AG, Macedo-de-Oliveira A, Pavan MH, Pedro MN, Gongales FL Jr.
Hepatitis C et al, cryoglobulinemia, and peripheral neuropathy: a case
report. Braz J Med Biol Res. 2005;38(12):1729-34.

16. Hamada Y, Takahashi K, Kanbayashi T, Hatanaka Y, Kobayashi S, Sonoo M.
Aquaporin-4-antibody-positive Neuromyelitis Optica Spectrum Disorder
in a Patient with Charcot-Marie-Tooth Disease Type TA. Intern Med.
2021,60(10):1611-4.

17. Wanleenuwat P, lwanowski P, Kozubski W. Antiganglioside antibodies in
neurologicaldiseases. J Neurol Sci. 2020;15(408): 116576.

18. Emilien D, Hugh W. Diagnostic Utility of Auto Antibodies in Inflammatory
Nerve Disorders. J Neuromuscul Dis. 2015:2(2):107-12.

19. Eckhardt M.The role and metabolism of sulfatide in the nervous system.
Mol Neurobiol. 2008;37(2-3):93-103.

20. Roggenbuck D, Delmont E, Reinhold D, Schierack P, Conrad K, Boucraut
J. Autoimmune Peripheral Neuropathies and Contribution of Anti-
ganglioside/Sulphatide Autoantibody Testing. Mediterr J Rheumatol.
2020;31(1):10-8.

21. Carnero Contentti E, Correale J. Neuromyelitis optica spectrum disorders:
from pathophysiology to therapeutic strategies. J Neuroinflammation.
2021;18(1):208.

22. Chan KH, Lee CY. Treatment of Neuromyelitis Optica Spectrum Disorders.
Int J Mol Sci. 2021,22(16):8638.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




