
Detection of poliovirus-infected
macrophages in thymus of patients with
myasthenia gravis

P. Cavalcante, PhD
M. Barberis, MD
M. Cannone, PhD
F. Baggi, PhD
C. Antozzi, MD
L. Maggi, MD
F. Cornelio, MD
M. Barbi, ScD
P. Didò, ScD
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ABSTRACT

Background: Genetic and environmental factors are thought to contribute to the etiology of the
autoimmune disease myasthenia gravis (MG). Viral involvement has long been suspected, but
direct evidence of involvement has not been found. We recently reported that Toll-like receptor 4
(TLR4)—a key activator of innate immunity—was overexpressed in the thymus of some patients
with MG, suggesting that thymic infection by pathogens might be involved in MG pathogenesis.
We searched for evidence of intrathymic infection in patients with MG.

Methods: Twenty-seven MG thymuses (6 involuted, 7 hyperplastic, 5 thymitis, and 9 thymoma)
previously tested for TLR4 expression, 18 nonpathologic control thymuses, and 10 pathologic
control thymuses from patients without MG (8 thymoma and 2 hyperplastic) were analyzed for
cytomegalovirus, varicella-zoster virus, herpes simplex virus types 1 and 2, eubacteria, respira-
tory syncytial virus, and enteroviruses using PCR techniques. Immunohistochemistry and double
immunofluorescence were used to detect enterovirus capsid protein VP1 in thymic specimens
and analyze TLR4 expression in VP1-positive cells.

Results: Poliovirus was detected in 4 MG thymuses (14.8%; 2 thymitis and 2 thymoma). No virus
was detected in any control thymus. A linear correlation between plus and minus strand poliovirus
RNA levels was observed in all 4 thymuses, suggesting persistent thymic infection. VP1 protein
was detected in the cytoplasm of CD68-positive macrophages scattered through thymic medulla
in all PV-positive thymuses. VP1 and TLR4 colocalized in infected cells.

Conclusions: Poliovirus-infected macrophages are present in thymus of some patients with myas-
thenia gravis, suggesting a viral contribution to the intrathymic alterations leading to the disease.
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GLOSSARY
AChR � acetylcholine receptor; cDNA � complementary DNA; CMV � cytomegalovirus; EV � enterovirus; HC � Hassall
corpuscles; IgG � immunoglobulin G; MG � myasthenia gravis; mRNA � messenger RNA; PV � poliovirus; RSV � respiratory
syncytial virus; RT-PCR � reverse-transcription PCR; TLR4 � Toll-like receptor 4; VP1 � viral protein 1.

Myasthenia gravis (MG) is an autoimmune disorder characterized by impaired neuromuscular
transmission resulting in fatigability and muscle weakness.1 In 85% of cases, autoantibodies
against nicotinic acetylcholine receptor at neuromuscular junction are found.1 Thymic abnor-
malities—hyperplasia with germinal centers or diffuse B-cell proliferation (thymitis), or thy-
moma—are found in approximately 80% of patients,2 and thymectomy improves the clinical
course of the disease.3 The thymus is thought to be involved in MG pathogenesis,1 but the
intrathymic molecular mechanisms triggering loss of self-tolerance are unknown.

As with many autoimmune diseases, genetic and environmental factors probably influ-
ence MG development.4,5 Among environmental factors, pathogens, particularly viruses,
are prime suspects,6-9 but have not previously been unequivocally demonstrated in patients
with MG.10,11
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We recently demonstrated that Toll-like
receptor 4 (TLR4) expression is increased in
MG thymitis and involuted thymus, sug-
gesting activation of TLR4-mediated path-
ways.12 TLR4 is a key component of innate
immunity—the first line of defense against
pathogens13—whose activation has been as-
sociated with autoimmunity.14 TLR4 recog-
nizes bacterial lipopolysaccharide and viral
components15 as in immune response to the
respiratory syncytial virus (RSV) fusion
protein.16 Moreover, TLR4 transcript levels
correlate with enteroviral replication in pa-
tients with cardiomyopathy,17 whereas cox-
sackievirus infection up-regulates TLR4 on
mast cells and macrophages, resulting in
progression to chronic autoimmune heart
disease in susceptible mice.18

We wondered whether TLR4 overexpres-
sion in MG thymus12 was indicative of intra-
thymic virus infection and, in the present
study, report results of our search for evidence
of viral infection in thymuses previously stud-
ied for TLR4 expression.

METHODS Patients and thymuses. We studied 27 MG
thymuses (6 involuted, 7 follicular hyperplastic, 5 thymitis, and
9 thymoma), all but 1 previously analyzed for TLR4 expression
and followed at our institute since 2004.12 Patients’ clinical char-
acteristics are shown in table 1. We also examined 18 nonpatho-
logic thymuses obtained during heart surgery in patients with
cardiopathy (mean age 23.6 years, SD 15, range 4–56) and 10
pathologic thymuses (8 thymoma and 2 hyperplastic thymuses)

from patients without MG (mean age 50.4 years, SD 15, range

24–76).

For immunohistochemistry, fresh thymic fragments were fro-

zen in isopentane at �55°C with OCT and stored at �80°C; for

DNA and RNA extraction, fragments were snap frozen without

OCT and stored in RNAlater (Ambion, Foster City, CA) at

�80°C.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Ethics Committee of

the Carlo Besta Neurological Institute, and each patient pro-

vided written informed consent for thymectomy and use of the

thymus for research.

Detection of DNA viruses. DNA was extracted using the

standard phenol-chloroform method. Primers for cytomegalovi-

rus (CMV), varicella-zoster virus, herpes simplex types 1 and 2,

and eubacteria were selected from published sequences, and PCR

reactions were performed as described.19-21 For details, see appen-

dix e-1 on the Neurology® Web site at www.neurology.org.

Detection of human respiratory syncytial virus RNA.
The NucliSens miniMAG extraction system with NucliSens

magnetic extraction reagents (bioMerieux, Marcy l’Etoile,

France) were used for RNA extraction. For RSV A � B RNA

amplification and detection, the NucliSens EasyQ RSV A�B

Real-Time NASBA assay was used in conjunction with the Nu-

cliSens EasyQ Basic Kit Amplification Reagents, NucliSens

EasyQ Analyzer, and NucliSens EasyQ Director software (for

details, see appendix e-1).

Detection of enterovirus RNA. Total RNA was extracted

from 20 to 100 mg of frozen thymus using TRIzol (Invitrogen

Life Technologies, Carlsbad, CA) and treated with DNase I

(Ambion). Random-primed complementary DNA (cDNA) was

prepared using Superscript II reverse transcriptase (Invitrogen)

following the manufacturer’s instructions.

cDNA corresponding to 500 ng total RNA was subjected to

nested PCR using primers, designed by Primer Express software

(Applied Biosystems), specific for the 5� untranslated conserved

region (5�-UTR; GenBank accession number DQ133458): EV-

out forward 5�-CGGTACCTTTGTACGCCTGTT-3� and

EV-out reverse 5�-GGACACCCAAAGTAGTCGGTT-3�; EV-

inn forward 5�-TCAAGCACTTCTGTTTCCC-3� and EV-inn

reverse 5�-AGACTCTTCGCACCATGTC-3�.

PCR reactions were performed in 50 �L containing 1� PCR

buffer, 1.5 mM MgCl2, 0.2 mM deoxyribonucleotide triphos-

phates, 1 U of DNAZyme (Finnzyme, Espoo, Finland), and 0.1

�M of each EV-out primer (first PCR) or 0.3 �M of each EV-inn

primer (second PCR). First and second PCRs consisted of 25 (first)

or 35 (second) cycles, at 94°C for 30 s, 56°C (first) or 52°C (second)

for 30 s, and 72°C for 30 s, followed by extension for 7 minutes at

72°C. As a positive control, we used a plasmid containing the 5�-

UTR region of the EV genome (Nanogen, San Diego, CA). Car-

ryover contamination by the amplified product was avoided by

physical separation of first and second amplifications and frequent

surface decontamination with ultraviolet light. As a control of RNA

integrity and retrotranscription efficiency, the �-actin gene was am-

plified (appendix e-1).

EV PCR products were cloned using the TOPO TA Cloning

system (Invitrogen), and at least 5 bacterial colonies from each EV-

positive patient were sequenced using ABI 3100 Genetic Analyzer

(Applied Biosystems). Sequences were analyzed with SeqScape soft-

ware version 2.1.1 (Applied Biosystems) and aligned with

Table 1 Clinical features of patients with myasthenia gravis

Thymus histology
Involuted
(n � 6)

Hyperplasia
(n � 7)

Thymitis
(n � 5)

Thymoma
(n � 9)

Sex, F/M 3/3 6/1 3/2 6/3

Age at disease onset, mean � SD, y 27.9 � 8.3 22.2 � 3.8 32.6 � 3.6 46.8 � 20.1

Disease onset, <40 y/>40 y 6/0 7/0 5/0 4/5

Age at surgery, mean � SD, y 31.6 � 8.6 24.2 � 4.8 34.4 � 4.3 47.8 � 20.1

Ab AChR positive 5 5 3 9

Ab AChR/MuSK negative 1 2 2 0

Maximum disease severity (nadir)a

I n � 0 n � 1 n � 0 n � 0

IIA n � 1 n � 3 n � 2 n � 0

IIB n � 3 n � 3 n � 4 n � 7

III n � 2 n � 0 n � 0 n � 2

Immunosuppressive therapy 6/6 3/7 3/5 7/9

Abbreviations: Ab � antibody; AChR � acetylcholine receptor; MuSK � muscle-specific
kinase.
aDisease severity was graded according to Osserman classification.39
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GenBank, DDBJ, and EMBL database sequences using the Blastn

2.2.21 algorithm (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Analysis of poliovirus RNA polarity. Sequencing showed

the EV PCR products to be poliovirus (PV). To determine PV

RNA polarity, total RNA from thymuses was retrotranscribed

using EV-out reverse and forward primers, separately, as de-

scribed17 with modifications (appendix e-1). cDNA of plus and

minus strand PV RNA was PCR amplified with EV-inn primers

using the above-described conditions. To assess plus and minus

strand RNA levels, we tested 29, 32, 35, 38, and 41 amplifi-

cation cycles and chose 35 cycles at which both strands were

amplified exponentially. For each patient, PCR product band

densities were calculated using Quantity One software (Bio-

Rad Laboratories, Hercules, CA) and normalized to that of

�-actin. cDNA was synthesized and PCR amplified in 4 inde-

pendent experiments.

Immunohistochemistry. EV viral protein 1 (VP1) was de-

tected in thymuses using mouse monoclonal EV-specific anti-

body (1:1,000; clone 5-D8/1; Dako, Glostrup, Denmark)22,23

and the EnVision� polymer technique (Dako). For antigen re-

trieval, rehydrated sections underwent least two 7-minute cycles

in a microwave oven in ethylenediaminetetraacetic acid buffer

(pH 9.0). Immunostaining was conducted in a Dako Au-

tostainer Plus. Diaminobenzidine was used as a chromogen, and

Mayer hematoxylin was used as a nuclear stain.

To identify VP1-positive cell phenotypes, anti-VP1 stain-

ing was performed in combination with mouse monoclonal

pan anticytokeratin (1:50, clone AE1/AE3; Zymed Laborato-

ries, South San Francisco, CA) or mouse monoclonal anti-

CD68 (1:100, clone KP-1; Dako). VP1 was visualized with

fast red; cytokeratin or CD68 positivity was visualized with

diaminobenzidine. Immunohistochemistry specificity was

checked by omitting primary antibodies or replacing them

with irrelevant antiserum.

VP1/CD68 double-positive cells were counted on 10 adja-

cent areas per section (total area 3.12 mm2 as viewed in a wide-

angle Leitz Diaplan microscope [Leica, Milan, Italy] with �10

eyepiece and �40 objective).

Double immunofluorescence. Double immunofluores-

cence stainings were performed with rabbit polyclonal anti-

TLR4 antibody (1:20; Santa Cruz Biotechnology, Santa Cruz,

CA) in combination with either mouse monoclonal anti-VP1

(Dako) or mouse monoclonal anti-CD68 (Dako) antibodies. Fro-

zen 6-�m sections were fixed in 4% paraformaldehyde for 10 min-

utes and treated with 20 �g/mL proteinase K for 10 minutes.

Aspecific binding was blocked with phosphate-buffered saline plus

10% animal serum (Dako) for 1 hour (all at room temperature).

Sections were incubated overnight at 4°C with primary antibodies

followed by 1-hour incubation at room temperature with Cy2-

conjugated goat anti-mouse immunoglobulin G (IgG) and Cy3-

conjugated goat anti-rabbit IgG (Jackson Immunoresearch

Laboratories, West Grove, PA). Images were viewed in a confocal

laser-scanning microscope (EclipseE600; Nikon, Sesto Fiorentino,

Italy) and analyzed using LaserSharp 2000 software (Bio-Rad).

Single- and double-positive cells were counted on 4 adjacent field

areas per section at �40 magnification.

Detection of poliovirus antibody. Neutralizing serum an-

tibodies in the 27 patients with MG were titrated on Vero cells

in microtiter plates. The antibody titer was the highest serum

dilution that protected 50% of cultures against 100 tissue culture

infective doses (TCID50) of the 3 Sabin strains. Titers (dilu-
tions) of 1:8 were considered protective.24

Statistical analysis. The relationship between plus and minus
PV RNA levels was examined by using the Pearson product-
moment correlation coefficient (R2). Analysis was performed by
using Origin 6.0 software (OriginLab Corporation, Northamp-
ton, MA). The �2 test was used to test the hypothesis that MG
and non-MG groups differed in relation to viral presence.

RESULTS Poliovirus RNA detection. Most thymuses
were negative for all viruses tested. However, by
nested reverse-transcription PCR (RT-PCR), 4 of 27
MG thymuses (14.8%; 2 thymitis and 2 thymoma)
were positive for EV RNA (figure 1A). EV RNA was
not detected in any of the 28 control thymuses (fig-
ure 1A). Absence of PV in nonpathologic and patho-
logic non-MG thymuses suggests a relationship
between PV and MG (p � 0.042, �2 test).

Sequence analysis of the PCR products from the
positive thymus samples showed 98% identity with
the sequence of PV type 1 (GenBank Accession No.
AY928387.1)25 (figure e-1). Using the same PCR-
based procedures, PV RNA was not detected in the
serum of any patient with MG.

PV is a positive-sensed single-stranded RNA vi-
rus. During replication, the plus strand is transcribed
to the minus strand, which is the template for plus
strand genomes forming new virions.26 By RT-PCR,
plus and minus strand PV RNAs were present in all 4
PV-positive samples (figure 1B) at levels that corre-
lated directly with each other (R2 � 0.96, p � 0.02;
figure 1C), suggesting persistent PV infection.

Localization of enterovirus capsid protein. By immu-
nohistochemistry, the VP1 capsid protein was
present in all 4 PV RNA-positive thymuses and was
located in the cytoplasm of CD68-positive cells hav-
ing macrophage morphology (figure 2). In the 2 thy-
mitis specimens, VP1-positive CD68-positive cells
(2 to 8 positive cells per high power field) were con-
centrated in the medulla, frequently around the Has-
sall corpuscles (HC) (figure 2, A and B). VP1
positivity was also present in some cells of epithelial
morphology in the external HC layer (figure 2A).
Epithelial cells outside the HC were never VP1 posi-
tive. In the 2 thymoma cases, VP1-positive CD68-
positive cells (1 to 3 positive cells per high power
field) were scattered within neoplastic tissue (figure
2, C and D). In none of the thymuses negative for
PV RNA (MG and control) was VP1 positivity ever
found.

CD68, VP1, and TLR4 colocalization. TLR4 expres-
sion on macrophages in PV-positive and PV-negative
thymuses was explored. In all PV-positive specimens,
some CD68-positive macrophages expressed TLR4
(figure 3). Percentages of TLR4-positive macro-
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phages were similar in the PV-positive thymoma and
thymitis thymuses (figure 3, C and F; and table e-1)
and higher in the PV-negative MG and control thy-
muses (figure 3 and table e-1). The expression of
TLR4 on PV-infected macrophages was explored
next. Double immunofluorescence for VP1 and
TLR4 showed that, in all 4 VP1-positive thymuses,
cells positive for VP1 were often positive for TLR4
(figure 4). In the thymomas, only rare scattered cells

expressed TLR4 (mean 15 cells per high power field),
and 30.6% of these expressed VP1 (figure 4, A–C).
In thymitis specimens, TLR4-positive cells were
common (mean 67.5 cells per high power field), and
although only a few of these expressed VP1, VP1-
positive cells always expressed TLR4 (figure 4,
D–H); VP1-TLR4 double-positive cells were dis-
seminated throughout the medulla (figure 4, F–H)
and were often present around HC (figure 4F) (mean
2.5 double-positive cells per high power field, 3.7%
of TLR4-positive cells).

In MG and control thymuses negative for PV
RNA, VP1 positivity was never found (figure 4, I–
K), although the thymitis cases expressed TLR4
abundantly (figure 4J).

Neutralizing antibody. Most patients (25 of 27) had
neutralizing antibodies to all the 3 types of PV in
serum (titers �1:8). Serologic results are summarized
in table e-2. Previously collected serologic data from
a control group of 103 healthy subjects known to be
unvaccinated27 and from a control group of 1,007
healthy subjects known to be vaccinated (personal
data) are also shown in table e-2. All 4 PV-positive
(thymus) patients were seropositive (range 1:8 to
1:64 against type 1, 1:32 to 1:128 against type 2, and
1:8 to �1:2,048 against type 3). These positivities
were similar to those observed in the other patients
except for the uniquely high titer of �1:2,048
against type 3 poliovirus in a PV-positive patient
with thymoma.

DISCUSSION We previously showed that
TLR4—a key molecule in innate immunity—was
up-regulated in the thymuses of some patients with
MG,12 suggesting that intrathymic infection might
switch the immune system from a protective re-
sponse to a harmful autoimmune response. We
looked for signs of TLR4-associated infection in the
thymuses of the patients with MG and, in the
present study, report that 4 of 27 MG thymuses (2
thymitis and 2 thymoma) were positive for PV RNA
and VP1 capsid protein. The 2 thymitis thymuses
expressed high levels of TLR4 messenger RNA
(mRNA), whereas the 2 thymoma thymuses ex-
pressed TLR4 mRNA at a level comparable to that of
normal thymuses.12 The absence of viral RNA in the
serum of all 27 patients with MG suggested the ab-
sence of acute PV infection. Unfortunately, periph-
eral blood mononuclear cells from the 4 PV-positive
patients were unavailable, and the possibility that
PV-infected thymus cells could be due to migration
of circulating infected macrophages could not be
assessed.

PV is a positive-stranded RNA EV of the Picorna-
viridae family, causing acute infections in humans28;

Figure 1 Poliovirus RNA detected in myasthenia gravis thymus specimens

(A) Total RNA extracted from thymus fragments of patients with myasthenia gravis (MG)
(lanes 1 through 5) and controls (lane 6), analyzed by nested reverse-transcription PCR for
the presence of enterovirus (EV) RNA. Lanes 1 through 4 show EV-positive MG thymuses,
lane 5 is EV-negative MG, lane 6 is normal thymus, and lane 7 shows PCR of plasmid con-
taining cloned conserved region of the 5�-UTR of the EV genome (positive control). �-Actin
(lanes 1� through 6�) served as internal control for complementary DNA integrity. (B) Gel
electrophoresis of 265-bp amplification products of minus (M) and plus (P) strand poliovirus
(PV) RNAs from MG (paired lanes 1 through 5) and normal (paired lane 6) thymuses. The
figure shows the result of 1 experiment; the 3 other replications produced similar results.
Lane 7 shows PCR of positive control. Mk � DNA molecular weight marker (size range 19 –
1,114 bp), mixture of pUCBM21 DNA, cleaved with HpaII, and pUCBM21 DNA, cleaved
with DraI and HindIII. (C) Correlation plot between minus and plus strand PV RNA levels,
normalized to �-actin, quantified in the thymus of patients with MG. Minus and plus strand
PV RNA levels correlated directly with each other in each of the 4 PV-positive thymuses
(R2 � 0.96, p � 0.02).
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if the virus enters the CNS, it causes poliomyelitis,
although this occurs in �1% of natural infections
with wild-type PV.28 PV is usually cleared from the
body, but some picornaviruses can persist in host tis-
sues, sometimes for years after the initial infection.29

Persistent EV RNA has been found in patients with
neuropathic and muscular diseases, including post-
polio syndrome30 and dilated cardiomyopathy.17 Vi-
ral persistence is characterized by synthesis of similar
quantities of plus and minus RNA strands, which
form relatively stable double-stranded RNA neces-
sary for viral latency.26 Plus and minus PV RNA
strands were present at comparable levels in our PV-
positive cases (figure 1, B and C), suggesting persis-
tent PV infection in their thymus.

Positive strand EV RNA is translated into non-
structural and structural proteins, including VP1.28

VP1 was found in all PV RNA-positive thymus spec-
imens (figures 2 and 4), indicating that viral protein
was synthesized, and colocalized with macrophages.
This finding is not unusual because differentiated
macrophages and dendritic cells express the PV re-
ceptor (CD155), can be productively infected with
PV, and may also retain PV receptor expression.31

Immunocompetent SWR/J mice inoculated intra-
peritoneally with the EV coxsackievirus B3 develop
chronic heart muscle infection, characterized by per-

sistent infection mainly localized in B cells and mac-
rophages.32 Viral replication in a small fraction of
brain macrophages was reported after infection with
Theiler virus, a picornavirus responsible for persis-
tent demyelinating CNS infection in mice.32 Simi-
larly, in PV-positive patients, thymic macrophages
could be a supplementary reservoir of viral genome,
which might contribute to the creation or mainte-
nance of a chronically inflamed thymic microenvi-
ronment, and thus act as an adjuvant in priming the
autoimmune process.

We found that in all 4 PV-positive thymuses,
VP1-positive cells expressed TLR4 (figure 4). In thy-
moma, 30.6% of the TLR4-positive cells were VP1
positive, whereas in thymitis, VP1-positive cells al-
ways expressed TLR4. TLR4 expression was low (fig-
ures 3 and 4) in thymoma and present mainly on
macrophages (figure 3C). TLR4 expression was
greater in the thymitis due to expression of TLR4
also by a high number of epithelial cells (reference 12
and figures 3 and 4). Although the relationship be-
tween intrathymic VP1 presence and TLR4 expres-
sion in thymus remains to be clarified, our findings
suggest that a persistent viral infection would gener-
ate a “danger signal” leading to the creation of an
inflamed thymic microenvironment favoring initia-
tion or perpetuation of the autoimmune response.

Figure 2 Viral capsid protein VP1 detected in thymitis and thymoma specimens

(A and B) Double immunostaining for capsid protein VP1 (red) and CD68 (brown) in both thymitis specimens positive for
poliovirus RNA, reveals the presence, in thymic medulla, of CD68-positive cells (macrophages) with VP1 in the cytoplasm
(arrows and inset in A). Double-positive cells were preferentially localized around the Hassall corpuscles (HC). (C and D)
VP1-positive/CD68-positive macrophages in each of the thymoma cases positive for poliovirus RNA. Tissue sections coun-
terstained with hematoxylin. Bars: 100 �m in A; 20 �m in B–D; 15 �m in inset in A.
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To our knowledge, PV has not previously been
documented in human pathologic thymus, although
CMV, HIV-1, coxsackievirus, and other viruses can
infect human thymic epithelium.33,34 MG cases with
human T-lymphotropic virus type I infection of the
thymus have also been reported,7 and MG has been
documented immediately after viral infection.8 Al-
though only 14.8% of our MG thymuses were PV
positive, and none of the other investigated viruses
were detected, our finding suggests that local infec-
tion may participate in the chronic inflammation
characteristic of MG. In such cases, thymectomy
might be effective because it removes virus-infected
cells. Another possibility is that the virus has “hit and
run,”5 the autoimmune process becoming apparent
after the virus has been cleared from the body.

The 2 PV-positive patients with thymoma were
positive for acetylcholine receptor (AChR)–specific
antibodies, whereas the patients with thymitis were
seronegative (table e-3). Some seronegative patients
have recently been shown to have low-affinity anti-
AChR antibodies,35 and we cannot exclude this pos-
sibility for our seronegative patients.

One of the 4 PV-positive patients (a patient with
thymoma) received only acetylcholinesterase inhibitors
before thymectomy (table e-3), and we can exclude, for
this patient, an effect of immunosuppression on the PV
infection. The other 3 patients received immunosup-
pression, which could have amplified previously estab-
lished thymic infection and inflammation.

Twenty-five of our 27 patients had protective im-
munity against all 3 PV types (table e-2), but infor-

Figure 3 CD68-positive macrophages express TLR4 in poliovirus-positive thymoma and thymitis
myasthenia gravis thymuses

(A–C) In poliovirus (PV)–positive thymoma, some macrophages (green) (arrows) express Toll-like receptor 4 (TLR4) (red) on
their surfaces (see also the 2 insets in C). (D–F) In PV-positive thymitis, most cells are TLR4 positive; some are macrophages
(arrow in D–F) present near the Hassall corpuscles (HC) or diffuse in thymic medulla (insets in F). In PV-negative thymoma (G)
and thymitis thymuses (H), and also in normal thymus (I), CD68-positive macrophages expressing TLR4 were rare or absent.
Bars: 50 �m in A–I; 15 �m in insets in C; 10 �m in insets in F.
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mation about polio vaccination was not available.
Because PV vaccination has been available in Italy
since 1958 and became compulsory in 1966, PV se-
ropositivity was likely due to vaccination in patients
born after 1960 (MG2 group in table e-2) and to
vaccination as adults or direct contact with the virus
in the patients with MG who were born before 1960
(MG1 group in table e-2). A control group (control
group in table e-2) of healthy subjects born before
1960 and known to be unvaccinated27 had protective
immunity against at least 1 of the 3 PV types (table
e-2). The 2 PV-positive thymoma cases were born

before 1960; the 2 PV-positive thymitis cases were
born after 1960. Whether these patients were vacci-
nated or not, it is unclear how virus could persist in
the thymus in the presence of neutralizing antibod-
ies. PV persistence is not unusual in individuals with
humoral immunodeficiency,36 but whether this oc-
curs also in patients with MG is not known. It is
noteworthy that vaccine strains of PV persist in some
vaccinated individuals and that polio outbreaks may
be due to vaccine-derived PV.37,38 However, irrespec-
tive of whether the PV infection observed in MG
thymuses occurred as a consequence of direct contact

Figure 4 VP1/TLR4 double-positive cells detected in poliovirus-positive myasthenia gravis thymuses

In thymoma thymuses (A–C), few cells are positive. (A) Viral protein 1 (VP1)–positive cell (green) that is also Toll-like receptor
4 (TLR4) positive: red in B and yellow in C. In thymitis thymuses (D–H), many TLR4-expressing cells are present in the
medulla, especially around the Hassall corpuscles (HC) (E). VP1-positive cells (D; green, arrow) are positive for TLR4 (E; red,
arrow and F; yellow, arrow). The higher magnifications in G and H show double positivity (yellow) for VP1 and TLR4. In RNA
poliovirus-negative thymoma (I), thymitis (J), and control thymuses (K), no VP1-positive cells were observed, although TLR4-
positive cells were present (less in thymoma [I] and normal thymus [K] than thymitis [J]). The insets in A, D, and G show
VP1-positive cells detected by single staining in sections adjacent to those shown in the respective main panels. The insets
in C and F are enlargements of the VP1/TLR4 double-positive cells shown in the main panels. The inset in H shows the same
cell as in the main panel (arrow, VP1 and TLR4 positive) selected to reveal only VP1 positivity (cell in medulla). Bars: 50 �m
in A–F and I–K; 20 �m in G and H; 15 �m in insets in A, C, D, and F–H.
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of the patients with wild-type virus or was derived
from vaccine, our findings provide new evidence for
a possible viral contribution to MG.
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