33.

34.

35.

36.

37.

Engberg J, Nachamkin I, Fussing V, et al. Absence of clonality of
Campylobacter jejuni in serotypes other than HS:19 associated with
Guillain-Barré syndrome and gastroenteritis. J Infect Dis 2001;184:
215-220.

Nachamkin I, Engberg J, Gutacker M, et al. Molecular population ge-
netic analysis of Campylobacter jejuni HS:19 associated with Guillain-
Barré syndrome and gastroenteritis. J Infect Dis 2001;184:221-226.
Leonard II EE, Tompkins LS, Falkow S, Nachamkin I. Comparison of
Campylobacter jejuni isolates implicated in Guillain-Barré syndrome
and strains that cause enteritis by a DNA microarray. Infect Immun
2004;72:1199-1203.

Godschalk PCR, Heikema AP, Gilbert M, et al. The crucial role of
Campylobacter jejuni genes in autoimmune antibody induction. J Clin
Invest 2004;114:1659-1665.

Mori M, Kuwabara 8, Miyake M, et al. Haemophilus influenzae infec-
tion and Guillain-Barré syndrome. Brain 2000;123:2171-2178.

—139—

38.

39.

40,

41.

42,

Mandrell RE, McLaughlin R, Abu Kwaik Y, et al. Lipooligosaccharides
(LOS) of some Haemophilus species mimic human glycosphingolipids,
and some LOS are sialylated. Infect Immun 1992;60:1322-1328,.

Hood DW, Cox AD, Gilbert M, et al. Identification of a lipopolysaccha-
ride «-2,3-sialyltransferase from Haemophilus influenzae. Mol Micro-
biol 2001;39:341--350.

Jones PA, Samuels NM, Phillips NJ, et al. Haemophilus influenzae type
b strain A2 has multiple sialyltransferases involved in lipooligosaccha-
ride sialylation. J Biol Chem 2002;277:14598-14611.

Ang CW, Laman JD, Willison HJ, et al. Structure of Campylobacter
Jejuni lipopolysaccharides determines antiganglioside specificity and
clinical features of Guillain-Barré and Miller Fisher patients. Infect
Immun 2002;70:1202-1208,

Ang CW, Noordzij PG, de Klerk MA, et al. Ganglioside mimicry of
Cempylobacter jejuni lipopolysaccharides determines antiganglioside
specificity in rabbits. Infect Immun 2002;70:5081-5085.

November (1 of 2) 2006 NEUROLOGY 65 1381




Downloaded from jnnp.bmijjournals.com on 12 February 2006

Ambiguous value of Haemophilus influenzae isolation in
Guillain-Barré and Fisher syndromes
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disorder in which various infections may occur before

and after neurological onset. Such preceding infec-
tions as Campylobacter jejuni, cytomegalovirus, Epstein-Barr
virus, and Mycoplasma pneumoniae are generally accepted as
causes of GBS.' The antecedent infectious agent is usually
determined by a serological test or isolation of the agent after
GBS onset, sometimes making it difficult to distinguish the
antecedent infection from complications of GBS itself. This is
a problem, particularly in the isolation of respiratory
infectious agents, because nosocomial respiratory tract
infections resulting from aspiration pneumonia and intra-
tracheal intubation are common in GBS.

Haemophilus influenzae, a major pathogen of community
acquired respiratory infection, is considered a causative agent
of GBS and Fisher syndrome, but the frequency of this
infection in GBS is controversial.! > It is hypothesised that
ganglioside epitopes on H influenzae lipo-oligosaccharide
(LOS) induce autoantibodies against GM1 and GQ1b, thereby
resulting in neuropathy.’® Identification of antecedent
H influenzae infection is important in clinical terms because
it is an indicator of rapid recovery from GBS.” H influenzae
isolation is the standard diagnostic procedure for this
infection, but it is not clear whether isolation of the organism
in cases of GBS or Fisher syndrome necessarily means that it
is the cause of those disorders. We investigated other possible
antecedent infections in patients with H influenzae isolations
and examined whether the isolation indicates that it is a
causative agent in GBS and Fisher syndrome.

Guillain-Barré syndrome (GBS) is a heterogeneous

METHODS

We examined recent infections (H influenzae, C jejuni, cyto-
megalovirus, and M preumoniae) serologically, as described
clsewhere,* in 27 patients with GBS (n=11), Fisher

www.jnnp.com

syndrome (n = 14), and overlapping Fisher syndrome/GBS
(n=2), from whom H influenzae had been isolated in spurum
or swab cultures. All the strains were isolated shortly after
neurological onsct, and artificial ventilation was needed for
five patients after culture sampling. Serotypes of the isolates
were all non-typable, the biotypes predominantly 1T and I1I,
like the isolates of uncomplicated respiratory infections.
There was a history of antecedent respiratory infection
symptoms in 21 patients (78%).

Seruma IgG antibodies to GMI, GMIlb, GM2, GDla,
GalNAc-GDla, GD1b, GTla, GT1b, and GQIlb were assayed
by enzyme linked immunosorbent assay (ELISA), as reported
elsewhere.* An absorption study then was done to examine
whether these antiganglioside antibodies cross reacted with
the LOS on the isolates. Crude LOS was prepared as described
previously.® A 100 ul portion of diluted serum, which gave an
optical density of between 1.0 and 2.0 for antiganglioside
antibodies, was incubated in LOS precoated wells (LOS lysate
1 ul per well) of microtitre plates at 4°C for 48 hours. The
supernatant was used as the primary antibody in the
standard ELISA. Absorption rates arc expressed as percen-
tages of the optical densities obtained with and without
absorption treatment.

RESULTS

Antiganglioside IgG antibodies were detected in 10 of 11 GBS
patients (91%) and in all 16 Fishcr syndrome patients.
Frequent antibodies were anti-GM1 (73%) and anti-GM1b
(55%) in the GBS patients, and anti-GQlb and anti-GTla
(both 100%) in the Fisher syndrome patients.

Four patients (15%: thiee GBS; one Fisher syndrome) had
positive serology for C jejuni and seven (26%: five Fisher
syndrome; one GBS; one Fisher syndrome/GBS) had positive
serology for H influenzae, but none for both. All the patients
were negative for cytomegalovirus and M preurmoniae. Of the
four C jejuni seropositive patients, one had a previous history
of soft faeces, but the others had no preceding gastrointest-
inal symptoms (table 1). Follow up secrum was available for
one C jejuni seropositive patient (patient 3, table 1) who had a
significant anti-C jejuni IgA titre decrease during the recovery
phase of illness. IgG antibodies to GM1, GMIlb, GTla, or
GQ1b were detected in all four patients. In contrast, all scven
patients with positive serology for H influenzae infection had a
previous history of respiratory infection symptoms. Anti-
GQIlb and anti-GTla IgG antibodies were detected in six of
these and anti-GMI IgG antibody in the seventh.

Cross recactivity of antiganglioside 1gG antibodics to the
LOSs of their H influenzae isolates was examined in eight
patients, four with positive serology for C jejuni and four for
H influenzae. Cross reactivity was absent in the four who had
positive C jejuni serology, whereas it clearly was present in at

Abbreviations: GBS, Guillain-Barré syndrome; LOS, lipo-
oligosaccharide
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least three of the four H influenzae scropositive paticnts
examined (fig 1). The target ganglioside of the antibodies
was not related to cross reactivity (data not shown).

DISCUSSION

We found that 15% of our patients from whom H influenzae
was isolated had positive serology for recent C jejuni infec-
tion. The specificity of the C jejuni serological assay system
used is 97%°; moreover, a significant titre decrease during the
recovery phase was confirmed in one patient, indicating that
there were no false positive results. In GBS and Fisher
syndrome after H influenzae and C jejuni infections it is
hypothesised that the ganglioside mimics present on the
bacterial LOSs produce antiganglioside antibody.” The anti-
bodies in our H influenzae seropositive patients did cross react
with their isolate LOSs, whereas those in the C jejuni
seropositive patients did not. This suggests that production
of antiganglioside antibodies in the latter patients was not
triggered by H influenzae, although H influenzae infection had
certainly occurred, ecither before or after the neurological
onset. It also is noteworthy that only one of four C jgjuni
seropositive patients had a history of preceding gastrointest-
inal symptoms, but this does not necessarily indicate false
positive results in our C jejuni serology assay because C jejuni
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Figure 1 Cross reactivity of anfiganglioside IgG antibodies in

H influenzae-isolate patients to their isolate lipo-oligosaccharide {LOS).
Absorption rates are given as percentages on:ptical densities obtained
with and without absorption. Circles represent the mean absorption rates
of five wells, error bars the standard errors. Antiganglioside IgG
antibodies did not cross react with H influenzae LOS in patients with
serological evidence of recent C jejuni infection, whereas the antibodies
did react with the isolate LOS in those with serological evidence of recent
H influenzae infection. Ab, antibody.

has been isolated from some GBS/Fisher syndrome paticnts
who experienced only upper respiratory infectious symptoms
or fever."® Our findings suggest that H influenzae isolation
docs not always indicate that this is the causative agent in
GBS and Fisher syndrome. Even when H influenzae is
isolated, we should also test for other infections—in
particular C jejuni—irrespective of the antecedent symptoms.
This also may hold true for cases in which other agents are
isolated and serological evidence obtained. We believe that
morce careful judgment of the causal agent in GBS and Fisher
syndrome will lead to a decrease in the numerous case
reports of sham causal infection in these syndromes.

Positive H influenzae serology was found in 26% of the
tested cascs in whom H influenzae had been isolated. This low
frequency may partly reflect the assay’s low sensitivity, or it
may indicate that H influenzae infection was merely a
complication of GBS or Fisher syndrome in some of the
patients, because most of the serum samples assayed were
obtained soon after neurological onset, at a time when
neither antibody response nor H influenzae infection may
have occurred. However, anti-GQ1b and anti-GTla antibodies
were detected in most of the H influenzae seropositive
patients, all of whom had Fisher syndrome. This supports
our previous results showing that H influenzae infection is
associated more closely with Fisher syndrome than with GBS
and that production of antiganglioside antibody is mediated
by a GQ1b/GTla epitope on the bacterial LOS.* ¢ A serological
H influenzae test and examination of the cross reactivity of
antiganglioside antibodies with the isolate LOS would help in
determining the causal role of the bacterium when
H influenzae is isolated in such cases.
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Abstract—The authors found serum immunoglobulin M (IgM) autoantibody in
a patient with typical acute cerebellar ataxia (ACA) and identified the antigen
molecule as triosephosphate isomerase (TPI). TPI antigenicity to the patient’s
antibody was the highest in the cerebellar tissue. Eight of 23 patients with
ACA had increased IgM anti-TPI antibody titers vs those of healthy controls.
Preceding Epstein-Barr virus infection was confirmed serologically in all 8
patients. Anti-TPI antibody decreased with clinical improvement.

NEUROLOGY 2005;65:1114-1116

Ayumi Uchibori, MD; Manabu Sakuta, MD; Susumu Kusunoki, MD; and Atsuro Chiba, MD

Autoimmunity related to a preceding infection has
been posited in the pathogenesis of acute cerebellar
ataxia (ACA),! and autoantibodies have been re-
ported: anticentrosome antibodies in postvaricella
ataxia,?® anticentriole antibodies after Mycoplasma
pneumoniae infection,* and antineuronal antibodies
after Epstein-Barr virus (EBV) infection.® In the
current study, we found serum immunoglobulin M
(IgM) antibody against triosephosphate isomerase
(TPI) in ACA after acute EBV infection.

Methods. We obtained sera from 23 patients with ACA. Pa-
tients with ataxia of other known causes or serum immunoglobu-
lin G (IgG) anti-GQ1b antibody were excluded. Control sera were
obtained as indicated in figure 1. Recent EBV infection was con-
firmed serologically by in inecreasing level of IgM antibodies
against EBV-viral capsid antigen (VCA).

Total protein extraction. Human tissue obtained at autopsy
from patients without neurologic disorders was homogenized in
62.5 mM Tris-HCI, pH 6.8, and 2% sodium dodecyl sulfate (SDS).
After boiling the homogenate for 3 minutes at 100°C, insoluble
precipitates were removed by centrifugation for 15 minutes at
21,880g at 4°C. Protein concentrations were determined by the
use of BCA reagents (Pierce, Rockford, IL).

Western blot analysis and N-terminal amino acid sequencing.
SDS-PAGE, 2D-electrophoresis, and electrophoretical protein
transfer to membranes were performed by the common procedures
with Laemmli’s sample buffer system and immeobilized pH gradi-
ent gel strips according to the manufacturer’s instructions at-
tached to the strips (Bio-Rad, Hercules, CA). After incubation with
10% normal goat serum (NGS) in 20 mM Tris-HCI (pH 7.4) con-
taining 150 mM NaCl and 0.05% Tween-20 (TBST) (blocking solu-
tion) for 4 hours at room temperature, membranes were incubated
overnight at 4°C with serum samples diluted with the blocking
solution. After being washed, the membranes were incubated for 1
hour at room temperature with peroxidase-conjugated goat anti-
human IgG or IgM antibody (ICN, Aurora, OH) diluted 1:10,000,
Immunoreactions were detected with enhanced chemilumines-

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the October 11 issue to find the title link for this article.
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cence (ECL) reagents (Amersham, Piscataway, NJ). N-terminal
amino acid sequences were determined by means of a HP-G1005A
Protein Sequencing System (Hewlett-Packard, Palo Alto, CA).

ELISA. Each well of the microtitration plates (ICN) was
coated with 200 ng TPI purified from rabbit skeletal muscle
(Sigma, St. Louis, MO) in 50 L of 0.1 M carbonate buffer, pH 9.6,
overnight at 4°C. The following procedures were performed as
previously reported® with modifications: NGS was used instead of
bovine serum albumin, and TBST was used instead of phosphate-
buffered saline. Antibody titer was assayed at the 1:50 dilution.
Antibody titer was expressed as the absorbance ratio of the sam-
ple to standard serum. The cutoff level was the mean + 3 SD of
the healthy controls. Differences in mean values were compared
statistically by Welch's or Student’s ¢ test. Antibody-positive ratios
were compared by the x? test. A difference was considered signifi-
cant when the p value was less than 0.05.

Adsorption study.. Each well of the microtitration plates was
coated with 1,600 ng of the purified TPI. After nonspecific protein-
binding sites had been saturated with the blocking solution, 50 pL
of the serum sample diluted 1:200 was added to antigen-coated
and noncoated wells, and the plates were incubated overnight at
4°C. Antibodies adsorbed to the wells were eluted by 1.0 M
glycine-HCI, pH 2.7. After neutralization with 1.0 M Tris-HCl, pH
9.0, the solution was dialyzed against 20 mM Tris-buffered saline,
pH 7.4. Residual antibodies after adsorption and eluted ones were
assayed by Western blot (WB).

Results. In WB screening of a typical ACA patient’s se-
rum with the protein extract from human cerebellar cor-
tex, two bands appeared at approximately 23 and 26 kd for
IgM (see figure E-1A on the Neurology Web site at www.
neurology.org), but no significant bands were detected for
IgG. Bands with the same mobility also were detected in
other nerve and nonnerve tissues, but based on the same
amounts of protein, the cerebellar cortex showed the stron-
gest antigenicity of the 26-kd band in the tissues examined
(figure E-1B). Of the subcellular fractions, the cytoplasmic
fraction had the strongest reaction (data not shown).

In the 2D electrophoretic separation of cerebellar cyto-
plasmic proteins, five spots were detected between pl 7
and 8 at 26 kd (figure E-1C). The sequence of the 11
N-terminal amino acid residues of the highest pl spot,
which showed the strongest reaction, was APSRK-
FFVGGN, identical to the N-terminal sequence of TPI.

Serum from the ACA patient reacted strongly with the
purified TPI from rabbit skeletal muscle for IgM (figure
E-2A). Mobility of the upper band in the WB screening was
the same as that of the purified TPI in SDS-PAGE. In the
adsorption study, the antibodies that reacted with the 23-
and 26-kd bands were adsorbed by TPI-coated wells (figure
E-2B).

In the ELISA, 8 of 23 patients with ACA had positive
antibody titers above the cutoff level. A preceding EBV
infection was proven serologically in those eight patients,
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PN = polyarteritis nodosa. (B) In one patient, antibody
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days after ataxia onset, after which it decreased gradually.
In another patient, antibody titer was increased 5 days
before ataxia occurred and was increased in the second
serum sample obtained 8 days after ataxia onset, after
which it decreased during the recovery phase.
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but the other ACA patients had negative results. Antibody
also was positive in 1 of 45 healthy controls, 3 of 4 patients
who had EBV infection without ataxia, and 9 of the other
67 disease controls (1 with meningitis, 1 with spinocerebel-
lar degeneration, and 7 with systemic lupus erythemato-
sus) (figure, A). Differences in the positive ratios of the
groups with positive subjects did not reach the significance
level, but the mean titer was significantly higher in the

ACA group than in the others, except for the group with
EBV infection without ataxia.

In chronological studies of antibody titer in two ACA
patients (figure, B), one had the highest antibody titer in
the first serum sample, obtained 3 days after ataxia onset,
and it gradually decreased with clinical improvement. In
the other patient, the first serum sample, obtained 5 days
before the appearance of ataxia, already showed increased
antibody titer, which was further increased 8 days after
neurologic onset.

Discussion. This is the first study to identify a
target antigen for autoantibody commonly increased
in patients who have development of ACA after EBV
infection. EBV is an important pathogen of preceding
infection found in one-third of adult ACA patients.”
Anti-TPI antibody has been detected in patients with
EBYV infection and is reported to be related to hemo-
Iysis,® but its relationship to ACA has not been un-
covered. Recently, IgG anti-TPI antibody was
reported to be related to neuropsychiatric lupus, in-
dicative of a possible effect of anti-TPI antibody on
the nervous system in autoimmune diseases.® Our
findings on chronological profiles of antibody titers
and the distribution of TPI-antigenicity suggest that
anti-TPI antibody is involved in the pathologic pro-
cess in ACA.

Anti-TPI antibody has been shown to bind to
erythrocytes and induce hemolysis in vitro.” Qur ob-
servations showed that antibody titer was increased
before the appearance of cerebellar ataxia, and its
level ran almost parallel to the clinical course of
ataxia. This suggests that the antibody is not pro-
duced secondarily as a result of nerve tissue damage.
The chronological change in anti-TPI antibody titer
seems to be consistent with the possibility that anti-
body production is stimulated by preceding infection
and it has a pathogenetic role in cerebellar dysfunc-
tion, especially in the early phase.

Triosephosphate isomerase is a ubiquitous pro-
tein, which raises the question of how this antibody
is related to focal damage, such as hemolysis and
ataxia. The immune response against the glycolytic
pathway enzyme glucose-6-phosphate isomerase
(GPI) is reported to develop arthritis alone. An im-
munohistochemical study showed GPI located densely
along the cartilage surface on the lining of normal ar-
ticular cavities, which would explain the joint specific-
ity of the anti-GPI antibody.!® This example shows that
ubiquitous proteins can become target antigens in focal
diseases by taking a unique localization of antigenicity
in certain tissues. As for TPI, the cerebellar tissue
specimen had the strongest antigenicity to the ACA
patient’s serum. Further studies are necessary to clar-
ify its localization pattern in the tissue.
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ENTWzA, EEZDOIEIIC, WEREERS
BRET D54 TOFEEFERENDE LIk
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REE A MERE BN 2 LTHY, #

Susumu Kusunoki: Department of Neurclogy, Kinki University School of Medicine EEKHEZEE A& IRl

0047-1852/05/¥50/8/JCLS

—146—



428 HAERM 632 HFIE 5 (2005)

GM1  Galp1-3GalNAcg1-4Galg1-4Glcp1-1'Cer
3
|
a2
NeuAc
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Ah0LEZ bhA. GBS TOIMEREIAD
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T 50 BRI O GQLb B AT N~
DANFRIEZ 5D THNE, PLGQlb
IgG P02 h b OfEIRA~OVER A LR %
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MR & MM RIRIIHEICE S L b
GBS OB TBIESL L E 2 b bY. SHMlE
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BWIFTD BN TV, 2V AFEE L VIg %M ERO XS ICHMEMORES & ZEATHY,
HREDETHVS L IVIgHMI VAR E OE % OEFNIIERT 525 #20%RETIEML
bH DN, LVSBHAORFNTRAEERENAL DPOBEBELZERL, BCHLHNIBERETLE
MW E DRRTH o 72", WEShTWA.
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