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Co-existence of autoimmune polyglandular
syndrome type 3b and undifferentiated
connective tissue disease with subacute
combined degeneration of spinal cord

in children: a case report and literature review

Changhui Lang'?, Pei Huang'?, Jianmei Gao®, Yan Chen'?" and Zhixu He'*"

Abstract

Background The clinical manifestations of subacute combined degeneration of spinal cord (SCD) in children are
complex and vary greatly. Notably, some SCD patients may be complicated with autoimmune diseases, leading to
high early misdiagnosis and missed diagnosis rates.

Case presentation In this study, a case involving an adolescent female with repetitive severe anemia, multiple
joint swelling and pain in the left limbs, and paralysis of the bilateral lower limbs with serum vitamin B12 deficiency,
polyglandular involvement, and various positive auto-antibodies (anti-intrinsic factor antibody, anti-parietal cell
antibody, thyroid peroxidase antibody, thyroid globulin antibody and perinuclear anti-neutrophil cytoplasmic
antibody) is reported. The patient was diagnosed with SCD co-existing with autoimmune polyglandular syndrome
type 3b (APS 3b) and undifferentiated connective tissue disease (UCTD) based on the symptoms and laboratory
tests. However, treatment with high-dose intravenous methylprednisolone pulses, intravenous immunoglobulin,
oral naproxen (changed to hydroxychloroquine after 2 weeks), vitamin B12, levothyroxine sodium tablets
supplementation, blood transfusion, and rehabilitation significantly improved the patient’s condition.

Conclusion Co-existence of APS 3b, UCTD, and SCD is rare in children with significantly different clinical
manifestations. Nonetheless, early diagnosis and timely treatment of SCD are crucial for improving patient outcomes.

Keywords Subacute combined degeneration, Vitamin B;,, Anemia, ANCA antibody, Undifferentiated connective
tissue disease, Autoimmune polyglandular syndrome
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Background

Subacute combined degeneration of spinal cord (SCD) is
a neurodegenerative disease associated with myelopathy
and affects the posterior and lateral columns of the spinal
cord. SCD is primarily associated with vitamin B,, (Vit
B,,) deficiency, possibly due to reduced VitB,, intake or
metabolic disorders [1-3]. SCD has diverse clinical pre-
sentations, which can vary greatly. Besides, SCD may
be complicated by autoimmune diseases [4-9], lead-
ing to a high rate of misdiagnosis and missed diagnosis.
Autoimmune polyglandular syndromes (APS) is a rare
group of conditions characterized by the immune-medi-
ated destruction of both endocrine and non-endocrine
organs. APS Type 3b is the most prevalent and is char-
acterized by autoimmune thyroid disease, often accom-
panied by autoimmune gastritis (AIG), and commonly
affects middle-aged women [6, 8]. SCD co-existence with
APS 3b is rare in children, and only sporadic cases have
been reported in China and abroad. In this study, a girl
with SCD who was admitted to the Affiliated Hospital of
Zunyi Medical University was retrospectively analyzed.
The clinical features of SCD with APS 3b in children were
also summarized based on the literature.

Case presentation

Clinical data

A 13-year-old female was admitted to Affiliated Hospital
of Zunyi Medical University with persistent pain in her
left ankle, elbow, and knee joints for over six months.
The patient had been experiencing progressive difficulty
in walking, multiple episodes of electric shock-like pain
in both lower limbs, as well as urinary and fecal inconti-
nence for the past two weeks. The patient had no history
of fever, trauma, vomiting, diarrhea, or gastric surgery.
There were no identifiable illnesses, vaccinations, or
physiological stressors before the onset of symptoms. The
patient denied any use of recreational drugs, including
nitrous oxide, and there was no family history of consan-
guinity or neurological disorders. Weakness and numb-
ness in both lower limbs had been reported for about a
year. The patient had experienced repetitive megaloblas-
tic anemia in the past two years and was treated with oral
VitB;, which was stopped after the symptoms improved.
Additionally, the patient had a history of intermittent
abdominal pain, and gastroscopy revealed non-atrophic
gastritis. The patient appeared anemic after a physical
examination. Notably, the patient was a vegan. Neuro-
logical assessment indicated normal muscle tension and
strength in the upper limbs, while strength in the lower
limbs was decreased (power grade 2/5). Furthermore,
kinesthesia, tactile sense, position senses were absent
in the distal ends of the lower limbs. Swelling and pain
were noted in the left ankle, knee, and elbow joints. The
patient had lower extremity tremors and increased pain
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sensitivity. Bilateral knee reflexes were active, with posi-
tive findings for bilateral ankle clonus and Babinski’s sign.
The patient could not complete the heel-knee-tibia test.
Besides, the examination of cranial nerves yielded nor-
mal results.

Laboratory tests

Blood routine tests: The patient had reduced red blood
cells (2.53x10'%/L, reference range; 4-12x10'%/L) and
hemoglobin (7.4 g/dL, reference range 11.0-15.0 g/dL)
with normal Mean Corpuscular Volume and Mean Cor-
puscular Hemoglobin Concentration, elevated lactic
dehydrogenase (LDH) (1450 U/L, reference range 140—
271 U/L) and indirect bilirubin (22.4 pmol/L), decreased
serum iron (5.2 umol/L, reference value 10-30 umol/L).
Further results revealed VitB,, deficiency (13 pg/mL, ref-
erence range 189-914 pg/mL), normal folate, and homo-
cysteine. Bone marrow examination suggested that the
patient had megaloblastic anemia.

Gastroscopy showed atrophy of gastric corpus mucosa
(Fig. 1), while biopsy showed intestinal metaplasia of gas-
tric corpus mucosa. C'* urea breath test showed nega-
tive results for Helicobacter pylori infection. Moreover,
anti-intrinsic factor antibody (IFA) and anti-parietal cell
antibody (PCA) were positive. Thyroid tests showed that
the patients had elevated thyroid stimulating hormone
levels (TSH) (9.738 pg/mL, reference value 0.5-4.9 plU/
mL) with normal free T4, free T3, T3 and T4, elevated
anti-thyroid peroxidase antibody antibodies (TPOADb)
(294.4 TU/ml, reference value 0-34 IU/mL) and anti-thy-
roid globulin antibody (TGAb) (1184 IU/mL, reference
value 0-115 IU/mL). Thyroid ultrasound showed thy-
roid enlargement. Positive anti-nuclear antibody (1: 320)
and perinuclear anti-neutrophil cytoplasmic antibody
(pPANCA) with negative rheumatoid factor and lupus
cells were also detected in the patient.

The cerebrospinal fluid routine examination showed
normal results. Antibodies targeting aquaporin 4 (AQP4)
and myelin oligodendrocyte glycoprotein (MOG) in the
cerebrospinal fluid and serum were negative, ruling out
neuromyelitis optica spectrum disease (NMOSD) and
AQP4-negative NMOSD. The cranial magnetic reso-
nance image (MRI) showed mild cerebral atrophy. Spi-
nal cord MRI revealed irregular hyperintensity signals
in the posterior column of the cervical, thoracolum-
bar, and lumbar cord on T2 weighted images, as well as
an inverted ‘V’ sign in the axial segment of the cervical
cord (Fig. 2). Somatosensory-evoked potentials indicated
prolonged latency of N20 in both upper extremities and
absence of the P40 wave in both lower limbs. Bilateral
sural nerve sensory conduction was absent, while elec-
tromyography and visual-evoked potentials showed nor-
mal results. Echocardiography and abdominal computed
tomography scans did not show any abnormalities. Blood
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Fig. 1 The results of gastroscopy of our patients with SCD with autoimmune disease A-B Gastroscopy showed the gastric mucosa at the atrophic site
was red and white (arrow)

tests showed negative results for amino acids, acylcarni-
tine, and metabolic disease. Urine tests for organic acids
also showed negative results. Whole exon sequencing did
not reveal any pathogenic variations.

Diagnosis and treatment after admission
The patient was diagnosed with SCD based on clinical
symptoms, VitB,, deficiency, inverted “V’ signs of spinal
cord MRI, and abnormal somatosensory-evoked poten-
tials [2, 3, 10-12]. Additionally, atrophy of the gastric
corpus mucosa, positive gastric autoimmune antibod-
ies (IFA and PCA), serum VitB,, deficiency, macrocytic
and iron-deficiency anemia, elevated LDH, and indirect
bilirubin levels indicated AIG [8]. Hashimoto’s thyroiditis
was diagnosed based on diffuse thyroid enlargement and
elevated levels of TSH, TPOAD, and TGAD. As a result,
the patient met the criteria for autoimmune polyglandu-
lar syndrome type 3b (Hashimoto’s thyroiditis with AIG).
The patient received blood transfusions, daily intra-
muscular injections of VitB,, (500 pg) and VitB, (100 pg)
as well as oral Vit C and iron, levothyroxine sodium tab-
lets, and intravenous immunoglobulin (400 mg/kg/d
for 5 days). Notably, symptoms of SCD did not improve
after treatment for 9 days. Further MRI examinations of
the left ankle and left knee showed slight thickening of
the synovium in the left knee joint and small amount of
effusion in the joint capsule. Since the patient had a his-
tory of joint swelling and pain in multiple joints (elbow,
knee, ankle) tested positive for pANCA and antinuclear
antibodies, these symptoms were inconsistent with rheu-
matoid arthritis, juvenile idiopathic arthritis, or sys-
temic lupus erythematosus. Therefore, the patient was

diagnosed with undifferentiated connective tissue dis-
ease (UCTD) [13]. The patient was treated with high-
dose intravenous methylprednisolone pulses and initially
received oral naproxen for inflammation. Due to subopti-
mal results, the treatment was switched to hydroxychlo-
roquine after 2 weeks. Anemia improved after 2 weeks,
hemoglobin levels returned to normal (12.6 g/dL), and
serum VitB12 levels increased. Furthermore, joint swell-
ing and pain in the left limb disappeared, while numbness
and weakness in the lower limbs slightly improved. The
patient experienced a sensation of walking on cotton with
assistance and was discharged. Rehabilitation continued
for 2 months after discharge. Neurological symptoms
significantly improved after a 9-month follow-up, and
the patient could walk 3 km unassisted. Besides, elevated
LDH, indirect bilirubin, and thyroid tests were normal
after the 9-month follow-up. IFA and PCA tests were also
negative, and T2-weighted hyperintensity in spinal cord
MRI nearly disappeared (Fig. 3). The patient regained
normal ambulatory function after a 2-year follow-up,
with occasional joint pain.

Literature review

A systematic search for literature published between Jan-
uary 1, 2001 and July 31, 2024 was conducted in five data-
bases, including Pubmed, ScienceDirect and Ovid, using
the keywords ‘subacute combined degeneration of spinal
cord’ and ‘children’ in English. A total of 55 articles were
found, of which only 6 met the criteria. Articles lack-
ing detailed information or over 14 years old and review
articles were excluded. The six articles had 7 SCD cases
in children [1-3, 14-16] with symptoms, such as limb
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Fig. 2 The results of MRI of spinal cord in the patient with SCD with autoimmune disease. A-B Axial T,-weighted images of cervical cord showed ‘three
point’sign(A arrow) and inverted ‘V'sign (B arrow) with symmetrical bilateral high-signal intensity lesions in posterior columns. C Sagittal view showed
the diffuse high-signal intensity lesions of posterior column in cervical and thoracic vertebral cord (arrow)

weakness, walking difficulty, gait instability, reduced limb
activity, deep sensory disorders, and positive Babinski
sign. Abnormal spinal cord MRI findings were observed
in five of the seven cases, including the inverted ‘V’ sign
in 3/7 cases. Additionally, five of seven patients had ane-
mia, and three of seven had reduced Vit B12. Further-
more, the etiology of SCD varied, including factors such
as reduced VitB,, intake [16], impaired Vit B,, digestion
or absorption [1, 14, 15], and inherited diseases affect-
ing transport and metabolism [2, 3]. Treatment for SCD
mainly involves Vit B12 supplementation, with the addi-
tion of methylprednisolone in cases where autoimmune
diseases co-exist (Table 1).

Discussion and conclusion

SCD is a neurodegenerative disease primarily affect-
ing the posterior and lateral columns of the spinal cord.
SCD is mainly associated with Vit B;, deficiency or meta-
bolic disorders [1-3, 10]. SCD symptoms include sensory
disorders, paresthesia, limb weakness, ataxia, and gait
disturbances, often accompanied by positive pathologi-
cal reflexes and active tendon reflexes. MRI shows high-
intensity signals in T2-weighted images and inverted ‘V’
or ‘three point’ sign in the cervical cord on axial sections
of SCD patients [2, 3, 10-12, 15, 17]. SCD is common
among the elderly and very rare in children.

Vit By, is a crucial cofactor in various biological pro-
cesses, such as erythrocyte DNA synthesis, myelination,
and fatty acid synthesis, playing a vital role in maintain-
ing the integrity of the neuronal myelin sheath. Vit B;,
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Fig. 3 Recovered MRl image on cervical spinal after treatment. A. The diffuse high-signal intensity lesions of posterior column in cervical and thoracic
vertebral cord in sagittal view were disappeared. B. Inverted 'V’ sign were almost disappeared in posterior columns in cervical cord after 6 months

deficiency can lead to anemia or neuropathy, reduced
methionine synthase activity, myelin synthesis disorders
(SCD) [15]. Notably, Vit B,, deficiency can be caused by
dietary factors (long-term vegetarian diet), non-dietary
factors (gastric or ileal surgery, long-term diarrhea,
immune (AIG)), and metabolic disorders (methylma-
lonic acidemia and Imerslund-Gréasbeck syndrome). In
this study, Vit B, deficiency was associated with dietary
factors and immune factors, specifically positive IFA and
PCA.

AlG-induced Vit B,, deficiency is often undiagnosed
due to its asymptomatic nature. Besides, anemia treat-
ment usually overlooks the underlying etiology of Vit
B,, deficiency [5, 17-19]. Vit B,, is absorbed in the dis-
tal ileum along with intrinsic factors secreted by gastric
parietal cells. PCA primarily targets H+/K+ATPase,
leading to parietal cell destruction, reduced gastric acid
secretion, intrinsic factor deficiency, and subsequent
malabsorption of iron and Vit B,,. This can result in
iron deficiency anemia, megaloblastic anemia, and other
related complications, such as hemolytic anemia, con-
sistent with the study results. Hemolytic anemia may be
associated with megaloblastic anemia in patients with
unbalanced nuclear and cytoplasmic development (cyto-
plasmic is more mature than the nucleus, “nucleoplas-
mic aging “), which is prone to in situ hemolysis. The red
blood cell membrane becomes more rigid during Vit B;,
deficiency, increasing red blood cell splenic lysis [20]. Vit
B,, Deficiency leads to ineffective erythropoiesis, result-
ing in intramedullary hemolysis and the release of LDH,

thus causing extramedullary fragmentation and hemoly-
sis [21].

AIG is associated with other autoimmune diseases,
particularly Hashimoto’s thyroiditis. Notably, AIG and
Hashimoto’s thyroiditis can co-exist in APS [6, 8]. Studies
have shown that SCD is a comorbidity of APS, affecting
the pancreas and thyroid gland, leading to clinical symp-
toms of AIG and Hashimoto’s thyroiditis [6-8, 18]. In
this study, the patient was diagnosed with APS type 3b.
The relationship between APS and SCD pathogenesis is
illustrated in Fig. 4.

Studies have also shown that Vit B, plays an important
role in the proper functioning of the immune system. Vit
B,, level is negatively associated with autoimmune thy-
roid diseases (AITD), including autoimmune hypothy-
roidism. Furthermore, Vit B,, level is significantly lower
in patients with AITD than in controls [22]. Furthermore,
AITD is often accompanied by autoimmune-related thy-
roid antibodies, such as anti-thyroid peroxidase antibody
(TPOAB), anti-thyroglobulin antibody (TGAB). TPOAb
and TgAb may co-exist in some autoimmune connective
tissue disease, including UTCD, RA or SLE [23]. Some
studies have reported that the frequencies of Vit B,, defi-
ciency among patients with hypothyroidism and AITD
are 27%, and 18%, respectively.[23—25]. Rheumatic mani-
festations are more common in AITD patients (HT) than
in controls [26]. Recent studies have suggested that AITD
may worsen the cumulative damage of RA through higher
disease activity and also worsen secondary osteoarthritis
changes [27]. Nonetheless, further studies should assess
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gastritis
Autoimmune
Polyglandular
Syndrome
Type 3b (APS
type 3b)
Hashimoto’ s

disease

/ disease such as rheumatoid arthritis

Insufficiency
of gastric
"| intrinsic factor

gastric fundus atrophy

Anti-intrinsic factor

Subacute combined degeneration of
spinal cord (SCD)

antibody and/or anti secretion
parietal cell antibody
megaloblastic
anemia
v
Vitamin B12
< deficiency

Fig.4 Underlying mechanisms between the subacute combined degeneration of the spinal cord and autoimmune polyglandular syndrome 3b includ-
ing autoimmune gastritis and Hashimoto's thyroiditis, former led to the absence of intrinic factors or antiparietal cell antibody, followed by deficiency of
Vit B, resulting in subacute combined degeneration of the spinal cord. Furthermore, autoimmune gastritis may be accompanied by connective tissue

disease

whether severe Vit B, deficiency aggravates joint symp-
toms of connective tissue disease. The limitation of this
study is only a case report, and the concrete mechanism
has not been further investigated. In this case, the patient
had APS, co-existing with SCD and UTCD, making it
unclear whether the aggravation of the joint symptoms
was related to AITD or Vit B;, deficiency.

Although early treatment with Vit B;, can significantly
alleviate symptoms in most SCD patients, only a few can
achieve full recovery [10, 28]. Herein, the patient’s con-
dition remained unchanged after treatment with Vit B,
alone. However, the condition gradually improved after
treatment with corticosteroid pulses and Vit By, due to
concomitant autoimmune disease. To our knowledge,
there are as yet no guidelines regarding a therapeutic reg-
imen for patients with SCD. The recommended course
of Vit B,, treatment included intramuscular injections of
0.5-1 mg daily for 2 weeks, followed by 1 mg once a week
for 1 month, then 0.5-1 mg intramuscular injection once
a month. Notably, lifelong treatment is recommended
for AIG patients [1, 2, 4, 6, 17, 28]. Furthermore, ane-
mia, serum Vit B, levels, and abnormal spinal cord MRI
imaging are not significantly correlated with prognosis.
Age of onset and disease course are crucial for evaluating
SCD outcomes [10]. Also, an increased FT4-to-FT3 ratio
at admission is independently associated with a higher
risk of poor outcomes [29]. Herein, the patient had nor-
mal free T4 and free T3 levels, indicating a good progno-
sis. Furthermore, the patient had almost fully recovered
at the last follow-up after 2 years.

In conclusion, Vit B;, deficiency can lead to severe
hematologic and neurological diseases. Megaloblastic
anemia, progressive limb weakness, sensory disorders,
and characteristic spinal cord MRI findings may indicate

SCD. Furthermore, future studies should investigate the
etiology of Vit B;, deficiency in megaloblastic anemia.
SCD is also related to autoimmune thyroid disease and
autoimmune gastritis, indicating that analyses of thyroid
function, thyroid antibodies, internal factor antibodies,
parietal cell antibodies, and gastroscope are crucial in
SCD patients.

Abbreviations
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SCD Subacute combined degeneration of spinal cord
APS Autoimmune polyglandular syndromes

LDH Lactic dehydrogenase
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