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Figure 2. Proposed lipo-oligosaccharide outer core struc-
tures based on capillary-electrophoresis electrospray ion-
ization mass spectrometry analysis of O-deacylated
lipo-oligosaccharide samples from Campylobacter jejuni
isolates. (A) GCO33 (Fisher syndrome) and GCI124 (over-
lapping Bickerstaff brainstem encephalitis and Guillain—
Barré syndrome); (B) GC057 (acute ophthalmoparesis).
Gal = galactose; NeuAc = N-acetylneuraminic acid; Gal-
NAc = N-acetylgalactosamine; Hep = L-glycero-p-manno-
heptose; Glc = glucose; Kdo = 3-deoxy-p-manno-2-
octulosonic acid; PEA = phosphoethanolamine.

only the terminal galactose is substituted by sialic acid
because GC057 also has a Cj1135 allele that can transfer
glucose to heptose II in its inner core (see above and Gen-
Bank accession number DQ438950). Tandem mass spec-
trometry data also was consistent with the absence of
phosphoethanolamine or phosphate on heptose I (which is
linked to the 3-deoxy-D-manno-2-octulosonic acid) of the
GCO057 LOS. Heptose I is substituted by a phosphate or a
phosphoethanolamine in all C jejuni LOS structures so far
reported.”® Consequently, the absence of these substitu-
tions on the heptose I of the LOS of C jejuni GC057 is an
important observation.

Discussion. Serologic determinations may include
false-positive cases, and C jejuni isolation is the gold
standard for the diagnosis of bacterial infections.
Over a 9-year period, we found 139 patients from
whom C jejuni was isolated and whose medical histo-
ries were available for clinical analysis, although
the latent period between preceding intestinal in-
fection and the neuropathy onset often exceeds the
excretion period of viable C jejuni cells in stools.?
GBS, FS, MSR-preserved GBS, FS/GBS, BBE,
BBE/GBS, AO, ataxic GBS, acute oropharyngeal
palsy, and CIDP were diagnosed. Encephalopathy
after C jejuni enteritis has been reported,?* but no
C jejuni isolates were found in 290 patients who
had encephalopathy, encephalitis, or acute dissem-
inated encephalomyelitis.

By chance, C jejuni enteritis may be concurrent
with various diseases. When the bacterium is iso-
lated from patients who have neurologic disorders, it
is diffidult to'judge whether it had a causative role.
Epidemiologic studies, however, have shown that C
Jejuni infection is related to GBS and FS,%22 and
experimental studies suggest that antiganglioside

IgG antibodies induced by ganglioside-mimicking C
Jejuni LOS cause both GBS and FS.9% Qur study has
showed that each C jejuni LOS was recognized by
the IgGs from patients with MSR-preserved GBS or
FS-related conditions, indicative that as in GBS and
FS, IgG antibodies induced by a ganglioside-like
LOS are active in the development of those condi-
tions. In contrast, LOS was not recognized by the
1gG from a CIDP patient. Moreover, because only
one C jejuni strain was isolated from more than
1,000 patients with CIDP, isolation might have oc-
curred by chance. Our observations do not support
the speculation that C jejuni infection induces the
development of CIDP 242

Patients who experienced acute paralytic syn-
drome after gastrointestinal illness but had normal
to brisk MSR have been reported, but the nosologic
position of the syndrome is not clear.?® We earlier
reported four C jejuni-isolate patients who had acute
progressive motor weakness and preserved MSR.%7
They had AMAN and anti-GM1 IgG antibodies, as
did patients who had GBS subsequent to C jejuni
enteritis.? We therefore proposed that the diagnostic
criteria for GBS be extended to require hyporeflexia
or areflexia as a hallmark. This, our larger study,
showed that the clinical, serologic, and bacteriologic
features of GBS are similar to those of MSR-
preserved GBS, supportive evidence that both
conditions are part of a continuous spectrum. Pre-
dominantly the HS:19 and est-II (Thr51) strains
were isolated from the MSR-preserved GBS as well
as GBS patients,® and the GM1 or GD1a epitope was
expressed in both of these C jejuni isolates. More-
over, anti-GM1 and anti-GD1a IgG antibodies were
positive in both conditions. The hyperreflexia mecha-
nism in AMAN is not known, but dysfunction of the
inhibitory system via spinal interneurons may in-
crease motor neuron excitability.?® Inflammation of
the spinal anterior roots may lead to disruption of
the blood—~CNS barrier, allowing antiganglioside an-
tibodies access to antigens near anterior horn cells,
especially in intramedullary collateral branches to
the inhibitory interneurons. These findings suggest
that host factors such as antibody accessibility,
rather than bacterial ones, determine MSR.

Because the. clinical and serologic features of FS
are similar to those of FS/GBS, BBE, BBE/GBS, AO,
ataxic GBS, and acute oropharyngeal palsy, the lat-
ter conditions have been considered to be FS related.
Moreover, in each condition, antecedent C jejuni in-
fection has been suggested serologically. Several pa-
tients from whom C jejuni was isolated have been
reported. Our study provides evidence that these are
FS-related conditions from the bacterial as well as
the patients’ standpoint.

Because of areflexia and CSF albuminocytologic
dissociation, F'S is considered a GBS variant.?® This
is strongly indicated by clinical observations that
some patients who present with FS progress to
GBS.% Moreover, it is supported by our serologic ob-
servations that some FS/GBS patients carry IgG an-
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tibodies against GM1 and GDla, as well as against
GQ1b, which are reasonable findings. For example, a
GT1la-like LOS is synthesized by Cst-1I (Asn51) via
GM1-like and GDla-like LOSs, and an FS isolate
(CF93-6) carries GM1-like and GD1la-like LOSs as
well as a GTla-like LOS.31° The results shown in
tables 1 and 2 suggest that C jejuni strains bearing
cst-II (Asnb1) induce the synthesis of anti-GM1 or
anti-GDla IgG antibodies, as well as anti-GQ1b/
GT1la IgG antibodies, and that FS/GBS develops in
some patients, whereas the same strains may induce
only anti-GQ1b/GT1a IgG antibodies and the devel-
opment of FS in others. Host genetic factors may
determine which autoantibodies and clinical presen-
tation occur.

BBE is characterized by consciousness distur-
bance as well as ophthalmoplegia and ataxia. The
nosologic relationship of BBE to FS has long been
debated. Anti-GQ1b IgG antibodies are present in
BBE as in FS.43! This was confirmed in patients with
C jejuni-isolated BBE in our study. The immuno-
logic profile common to FS and BBE supports a com-
mon pathogenesis. BBE etiology is speculated to be
similar to that of GBS based on evidence of prodro-
mal upper respiratory infection, areflexia, and CSF
albuminocytologic dissociation.?? Some patients expe-
rience limb weakness, considered the result of over-
lapping AMAN.3 These clinical findings indicate
that BBE and GBS are closely related, as are BBE
and FS. Our study showed that the bacterial charac-
teristics of a BBE isolate and BBE/GBS isolates were
those of FS, not GBS isolates. The three BBE and
BBE/GBS isolates belonged to the HS:2 or HS:4-
complex and had the GQ1b epitope characteristic of
FS isolates.® This is evidence that BBE and FS com-
prise parts of a continuous spectrum. BBE can be
positioned as FS associated, having the apparent
CNS sign of consciousness disturbance. Rather than
bacterial factors, host factors such as antibody acces-
sibility may determine whether the clinical presenta-
tion is FS or BBE, as in GBS and MSR-preserved
GBS. As in FS that overlaps GBS, host genetic fac-
tors may determine the autoantibodies produced and
whether the clinical presentation is BBE or
BBE/GBS.

Acute onset of external ophthalmoplegia is a car-
dinal FS feature.?® Four-fifths of FS cases studied
started with diplopia, and the median period for the
disappearance of ataxia was 1 month, and that of
ophthalmoplegia was 3 months.? This temporal pro-
file suggests that AO without ataxia is a mild form of
FS, which is supported by serologic observations that
patients with AO as well as those with FS carry
anti-GQ1b IgG antibodies.*** Qur study confirmed
that C jejuni—isolate AQO patients had anti-GQ1b IgG
antibodies. One AQ isolate (GC057) belonged to HS:2
and had cst-I] (Asn51) and a GQ1b epitope, charac-
teristic of F'S isolates.> These AO bacterial features
are further evidence that AO and FS are parts of a
continuous spectrum. Host rather than bacterial fac-
tors, such as the amounts or affinities of autoanti-
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bodies produced, may determine whether the clinical
presentation is AO or FS.

Ataxic GBS, originally described by Richter,V is
characterized by severe ataxia of the cerebellar type
with no or minimal ophthalmoplegia. Clinical find-
ings of hyporeflexia or areflexia, distal paresthesias,
and CSF albuminocytologic dissociation indicate that
the condition is a GBS variant. Some patients with
ataxic GBS carry anti-GQ1b IgG antibodies.® The
fact that ataxic GBS and FS have an autoantibody in
common suggests that they form a continuous spec-
trum. Patient 23 with ataxic GBS also had anti-
GQ1b IgG antibodies, and the isolate (GC216) had
the cst-II (Asnb1) genotype and expressed a GQlb
epitope on the LOS. Bacterial findings also support
the speculation that ataxic GBS and FS are parts of
a continuous spectrum, and that host rather than
bacterial factors determine whether the clinical pre-
sentation is ataxic GBS or FS. Interestingly, the gan-
glioside composition of the neuromuscular junctions
differs among mouse strains.®® Some humans may
not express GQlb in their oculomotor nerves, al-
though most do, as well as in their primary sensory
neurons.*3” Immunohistochemical investigations of a
large number of autopsy case studies are needed to
clarify this.

One-fourth of patients with FS studied had
bulbar palsy,® but acute oropharyngeal palsy is
characterized by oropharyngeal weakness without
ophthalmoplegia and limb weakness.’® The acute
oropharyngeal palsy patients carried anti-GQ1b/
GT1a IgG antibodies. C jejuni was isolated from Pa-
tient 24, who had anti-GQ1b/GT1a IgG antibddies.
That isolate (GC183), which belonged to the HS:4-
complex, had the cs¢-II (Asn51) genotype and a GQ1b
epitope on the LOS. Another isolate (GC229) had the
est-II (Thr51) genotype and did not carry a GQlb
epitope, but Patient 25 had anti-GQ1b IgG antibod-
ies and serum IgG bound to its LOS. Whether the
GC229 isolate actually functions in the induction of
anti-GQ1b antibodies is unknown. Immunochemical
analyses have shown that patients’ lower cranial
nerves had both GQ1b and GT1a,*® but some humans
may not express GQ1b in their oculomotor nerves (as
discussed above). Host factors, such as antigen dis-
tribution, may determine whether the clinical pre-
sentation is AO, ataxic GBS, or acute oropharyngeal
palsy.

Mass spectrometry showed that three C jejuni iso-
lates from FS, BBE/GBS, and AO patients had
GD1lc-like LOS with terminal trisaccharides identi-
cal to those of GQ1b and GTla (figures 2 and E-1).
Another C jejuni strain (PG 836) isolated from a
patient with FS also had a GDlec-like L0OS.22 These
findings are further evidence that BBE/GBS and
AO are related to FS and that host rather than
bacterial factors determine the clinical presenta-
tion. In conclusion, the bacterial characteristics of
FS are similar to those of FS/GBS, BBE, BBE/
GBS, AO, ataxic GBS, and acute oropharyngeal
palsy—additional evidence that these are FS-
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related conditions. The bacterial genotype defines
whether GBS, FS, or the related conditions will
develop with a role for the patient in defining the
specific clinical presentation.
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* Peripheral neuropathy in graft-versus-host disease (GVHD) after bone marrow trasplantation.
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% 1 Review of the literature
Auther AI;an/eSnetX Ugggrrg’:;g latency  Type of neuropathy Treatment Course
Granena(1983)2 15/M | AML 1M subacute NI improved
polyneuropathy
Wiznitzer (1984)% NI NI NI Peroneal, meralgia NI improved
paresthesia
Maguire (1989)% 6/NI | malignant NI CIDP NI NI
osteopetrosis
Greenspan (1990)% 35/M | AML 16M Painful sensory AZP, CS, PSL Improved
with cramp
Openshaw(1991)9 36/M | CML 6Y before CIDP relapse PP, PSL, CS, IVIG Died
21/M | Hodgkin’s 1Y before CIDP relapse PP, PSL, CS, IVIG Died
. | lymphoma
Eliashiv(1991)7 34/F | ALL 1M GBS CP, PSL Improved
Amato(1993)® 31/M | CML 6M demyelinating PSL, AZP, CS, Improved
neuropathy IVIG
49/M | CML 8M demyelinating PP, PSL, CS Improved
neuropathy
29/M | aplastic anemia 14D demyelinating PSL, CS, IVIG Improved
neuropathy
43/M | non-Hodgkin’s 1M demyelinating PP, PSL, IVIG Improved
lymphoma neuropathy
Hagensee (1994)9 57/M | myelodysplasia 1Y GBS IVIG Improved
Perry (1994) @ 42/M | CML 4M GBS PP Improved
Liedtke (1994) 40/M | CML 3M GBS VIG Improved
Wen (1997) 12 34/M | CML 4M GBS PP Improved
59/F CML 11M GBS PP Died
Gabriel (1999) 43/F | CML 3Y vasculitic PSL Improved
Nagashima(2001)'¥ | 32/M | non-Hodgkin’s neuropathy
lymphoma 5Y demyelinating mPSL Improved
neuropathy
Al-Shekhlee (2001)'9| 49/F CML 3Y sensory mononeuro- PSL, IVIG Improved
pathy multiplex
Mulrooney (2003) 16) 23/F o-Mannosidosis  4M axonal polyneuro- PP Improved
pathy
Matsumoto (2005)'” | 47/M | ALL 1Y demyelinating IVIG Improved
neuropathy

NI : not indicated, AML : acute myelogenous leukemia, CML : chrofiic myelogenous leukemia, ALL : acute lym-
phocytic leukemia, CIDP : chronic inflammatory demyelinating polyneuropathy, GBS : Guillain-Barré syndrome,
PSL : predonisolne, AZP : azathioprin, CS : cyclosporin, IGIG : intravenous immunoglobulin, PP : plasmapheresis,

mPLS : methylprednisolone.
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