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Background. Glioblastoma (GBM) is the most common malignant brain tumor in adults and is nearly always fatal.
Emerging evidence suggests that human Cytomegalovirus (HCMV) is present in 90–100% of GBMs and that add-on
antiviral treatment for HCMV show promise to improve survival.

Methods. In a randomized, placebo-controlled trial of valganciclovir in 42 GBM patients, blood samples were
collected for analyses of HCMV DNA, RNA, reactivity against HCMV peptides, IgG, and IgM at baseline and at 3, 12, and
24 weeks of treatment.

Results. All 42 tumors were positive for HCMV protein. All patients examined had at least one blood sample positive
for HCMV DNA, 63% were HCMV RNA positive, and 21% were IgM positive. However, 29% of GBM patients were IgG
negative for HCMV. Five of these samples were positive in an enzyme-linked immunosorbent assay (ELISA) that used
antigens derived from a clinical isolate. Blood T cells from 11 of 13 (85%) HCMV IgG-negative GBM patients reacted
against HCMV peptides. Valganciclovir did not affect IgG titers, DNA, or RNA levels of the HCMV immediate early (HCMV
IE) gene in blood.

Conclusion. In GBM patients, HCMV activity is higher than in healthy controls and serology is a poor test to define
previous or active HCMV infection in these patients.

Introduction

GBM is the most aggressive malignant primary brain tumor
in adults and is nearly always fatal. Despite advances in diagnostic
imaging, surgery, and radiation therapy and the development of
new antineoplastic agents, the survival rate for patients with
GBM remains dismal. With current standard therapy, median
overall survival (OS) for GBM patients is less than 15 mo after
diagnosis.1,2

An active HCMV infection, as determined by HCMV protein
expression, can be detected in tumor cells in 90–100% of GBM
patients;3-8 however, the infection is absent in healthy surround-
ing tissues, indicating a potential oncomodulatory or oncogenic

role of HCMV. We found that the median OS of GBM patients
correlates with the grade of HCMV infection in tumor tissue.7,9

Patients with a low-grade infection (<25% infected cells) at diag-
nosis survived significantly longer than those with a high-grade
infection and had a higher 2 y survival rate (63.6% vs. 17.2%,
p D 0.003).7 These findings imply that HCMV affects tumor
progression, consistent with substantial evidence that HCMV
has an oncomodulatory or even a direct oncogenic role in tumor
development.10-14

To determine whether treatment for HCMV improves the
prognosis for GBM patients, we performed an exploratory clini-
cal study, Valcyte Treatment of Glioblastoma Patients in Sweden
(VIGAS), to assess the safety and potential efficacy of
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valganciclovir as an add-on therapy.15 Forty-two patients with
GBM were enrolled and received valganciclovir or placebo for 24
weeks in combination with temozolomide and/or radiation ther-
apy.15 We observed trends but no statistically significant differen-
ces in tumor growth at 12 and 24 weeks between the placebo and
valganciclovir groups; however, survival was significantly higher
among patients who received long-term Valcyte treatment.
Therefore, several patients were prescribed valganciclovir for
compassionate use at our hospital. In 50 GBM patients who
received valganciclovir in addition to standard therapy, survival
was remarkably improved, especially in those receiving continu-
ous valganciclovir treatment.16

In this study, plasma samples collected from 42 VIGAS
patients at baseline and after 3, 12, and 24 weeks of treatment
were analyzed for IgG and IgM antibodies against HCMV and
for HCMV IE DNA and RNA; T-cell reactivity against HCMV
peptides (IE and pp65) were examined at baseline. Plasma sam-
ples from 130 healthy blood donors (controls) were tested for
HCMV IgG and IgM. We found evidence of a higher activity of
HCMV IgM in GBM patients and a substantial proportion of
HCMV-seronegative patients with evidence of HCMV infection
in their tumor and blood cells. These observations have impor-
tant implications for the currently ongoing immunotherapy trials
for GBM patients.

Results

Serology is a poor test to define HCMV infection status in
GBM patients

The VIGAS patients provided blood samples at the indicated
time points as long as they were in the study; however, patients
whose tumors recurred and exited the study did not provide
blood samples, and one patient was lost to follow up at 4.5 mo.
Therefore, the numbers of total blood samples tested at the indi-
cated time points change. The number of available samples ana-
lyzed is indicated in each analysis. All 42 GBMs were positive for
HCMV proteins by immunohistochemistry, as required for entry
into the study, and blood cells from all patients were positive for
HCMV IE DNA at least once during the 24-week study phase
(Table 1). Sequencing of polymerase chain reaction (PCR) prod-
ucts confirmed the presence of the HCMV IE gene in blood cells.
Nevertheless, only 30 of the 42 patients (71%) were HCMV IgG
positive by a commercial ELISA test utilizing HCMV AD169
antigens (Dade Behring) (Fig. 1). One patient who was negative
at base line seroconverted at week 12. A similar rate (70%) of
CMV IgG positivity was observed among the 50 healthy age-
matched controls. Thus, even though HCMV proteins in the
tumor specimens were detected with two different antibodies
(one to IE and one to a late HCMV protein) and HCMV IE
DNA was present in blood cells of all these patients, 13 of 42
patients (31%) were IgG negative at baseline, as shown with this
serology test. One of these patients was positive for HCMV IgG
(and HCMV DNA) at 12 weeks.

To further determine whether this result was due to the use
of one specific kit or whether the patients lacked detectable IgG

antibodies against HCMV, we examined the 12 HCMV-nega-
tive sera with three additional tests: a commercial kit utilizing
HCMV AD169 antigens (BioSite), an in-house test also utiliz-
ing HCMV AD169 antigens (used for routine clinical diagnos-
tics for many years at the clinical virology laboratory at the
Karolinska University hospital), and an in-house test that utilize
antigens of a clinical HCMV isolate in the ELISA assay. All
three ELISA tests using HCMV AD169 antigens gave the same
results; all 12 HCMV IgG-negative patients remained negative
(Fig. 2). However, five serum samples (42%) were HCMV IgG
positive (Fig. 2), when we used an ELISA test with antigens
from a clinical HCMV isolate.17 Furthermore, of the 12
patients who were HCMV seronegative by ELISA utilizing
AD169 antigen, 10 (83%) had T cells in the blood that reacted
against HCMV IE and/or pp65 peptides (Fig. 3), while 96.6%
of the HCMV-seropositive GBM patients responded to HCMV

Table 1. HCMV IgG, IgM, DNA, and RNA in serum and tumor samples from
glioblastoma patients treated with valganciclovir or placebo.

No. (%) of patients with positive result

Baseline Week 3 Week 12 Week 24

Placebo group (n D 20)
HCMV serology

IgG 11/20 (55) 9/18 (50) 12/18 (66.7)* 7/14 (50)y

IgM 4/20 (20) 1/17 (5.6) 4/18 (22)* 0/14 (0)y

Tissue samples (IHC)
IE antigen

Grade 1 2/20 (10)
Grade 2 1/20 (5)
Grade 3 9/20 (45)
Grade 4 8/20 (40)

Late antigen
Grade 1 6/20 (30)
Grade 2 9/20 (45)
Grade 3 5/20 (25)
Grade 4 0

Blood samples
HCMV DNA 14/17/(82) 17/19 (89) 15/16 (94)* 11/12 (92)y

HCMV RNA 4/19 (21) 6/18 (33) 3/17 (18)* 0y

Valganciclovir group (n D 22)
HCMV serology

IgG 18/22 (82) 16/20 (80) 15/19 (79) 1/19 (5.3)*
IgM 3/22 (14) 0/20 (0) 0/19 (0) 1/18 (5.5)*

Tissue samples (IHC)
IE antigen

Grade 1 1/22 (4.5)
Grade 2 0/22 (0)
Grade 3 8/22 (36)
Grade 4 13/22 (59)

Late antigen
Grade 1 5/22 (23)
Grade 2 6/22 (27)
Grade 3 7/22 (32)
Grade 4 4/22 (18)

Blood samples
HCMV DNA 11/19 (58) 12/18 (67) 11/12 (92) 9/12 (75)
HCMV RNA 7/19 (37) 7/19 (37) 3/17/ (18) 5/17 (29)

*One patient was dead.
yTwo patients were dead.
IHC, immunohistochemistry.
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peptides. Among the healthy blood donors, CD3C T cells in
peripheral blood from 75% of HCMV-seronegative donors and
81% of HCMV-seropositive donors responded to HCMV pep-
tides in vitro (Fig. 3). These observations confirm a discrepancy
of the results of ELISA tests vs. other methods to detect a previ-
ous or active HCMV infection in GBM patients and healthy
controls. CD3-positive blood cells obtained from five patients
in the VIGAS cohort (two HCMV-IgG positive and three
HCMV-IgG negative) and five healthy donors (three HCMV-
IgG-positive and two HCMV-IgG negative) were not activated
by SEB peptides (Fig. 3).

HCMV DNA or RNA levels did not change during the treat-
ment phase (Table 1 and Fig. 1). However, HCMV IgG titers
were significantly lower at 3 weeks than at baseline (p D 0.023)
and was thereafter stable (Fig. 1D).

Higher HCMV activity in GBM patients than in healthy
controls

Since HCMV remains in a latent state in most HCMV car-
riers, IgM and HCMV RNA are rarely detected in healthy sub-
jects. At baseline, 7 (17%) of 42 patients were positive for
HCMV IgM, compared with none of 50 healthy blood donors
(p < 0.0001) (Table 1 and Fig. 1). Two patients became IgM
positive later, one at 12 and one at 24 weeks. Thus, 9 (21%) of
42 GBM patients were positive for HCMV IgM during the 24-
week study phase. All IgM-positive patients were, as expected
during a natural course of infection, negative at 24 weeks (Table 1
and Fig. 1), except for the patient who became HCMV IgM-pos-
itive at 24 weeks. This patient was IgG and HCMV DNA and
RNA positive at base line, and IgG positive at 3, 12, and 24
weeks and was in the valganciclovir treatment group.

Figure 1. Levels of HCMV IgG and IgM antibodies at baseline (T0W) and after treatment for 3 weeks (T3W) and 24 weeks (T24W) in VIGAS patients and
healthy controls (HC). (A) IgM levels and HC (n D 130). T0 vs. HC, p < 0.0001; T3W vs. HC, p <0 .0001; T12W vs. HC, p D 0.0008; T24W vs. HC, p < 0.0001;
H0 vs. T12W, p D 0.009. (B) IgG levels in VIGAS patients (n D 42) and HC (n D 50). (C) IgG levels in placebo-treated VIGAS patients (n D 20) and in HC
(n D 50). (D) IgG levels in valganciclovir-treated VIGAS patients (n D 22) and in HC (n D 50). T0 vs. HC, p D 0.005; T0 vs. T3W, pD 0.023.
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Seven (37%) of 19 patients in the valganciclovir group and 4
(21%) of 19 placebo patients were positive for HCMV RNA in
monocyte-enriched blood cell samples at baseline (one sample
was missing for one patient; Table 1). Twenty-six (63%) of 41
available RNA samples from VIGAS patients were positive for
HCMV RNA in blood monocytes at least once during the 24-
week study period: 16 of 22 (73%) in the valganciclovir group
and 11 of 19 (58%) in the placebo group (one patient was lost to
follow-up; Table 1). HCMV IE RNA levels did not significantly
decrease during valganciclovir treatment; 5 (29%) of 17 valganci-
clovir-treated patients were still positive for HCMV IE RNA in
peripheral blood cells at 24 weeks (three patients had exited the
study and did not provide blood samples;Table 1). Twenty-three
(85%) of the RNA-positive patients were IgG positive; thus 15%
of HCMV RNA-positive patients were HCMV IgG negative.

Furthermore, T cells from one HCMV
IgG-negative patient who had a positive
HCMV RNA tests responded to HCMV
peptides (IE and/or pp65).

Discussion

The results of this study suggest that the
activity of HCMV is higher in GBM
patients than in healthy blood donors and
that serologic tests may be insufficient to
define previous or active HCMV infection
in these patients as well as in other
HCMV-positive tumor patients. In several
patients, serum samples were negative for
IgG by three serological tests used for clini-
cal diagnosis, even though HCMV pro-
teins were detected in the patients’ tumor
samples, their blood cells were positive for
HCMV DNA, most of them were also
positive for HCMV RNA; the majority of
them though had T cells that responded
against HCMV peptides. Evidently, a
serology test does not appear to be an opti-
mal method to define previous or present
HCMV infection in GBM patients. Thus,
an alternative to available serology tests
may be needed to determine whether or
not a GBM patient or a patient with
another HCMV-related disease is HCMV
positive. This may be true also for patients
with other HCMV-positive tumors and
needs further investigations, as it would
have important clinical implications.

The fact that some HCMV-positive
individuals do not have detectable IgG
antibodies to HCMV has been noted
before, and it has been questioned whether
serologic status is always accurate for
HCMV. We and others previously showed

that commercial ELISA kits yield negative results for HCMV
IgG in some patients who are positive for HCMV DNA.17,18,19

We have also demonstrated that infectious virus could be reacti-
vated from an HCMV DNA-positive but HCMV IgG-negative
healthy blood donor18, and we recently also observed that a
HCMV-seronegative mother whose breast milk was HCMV
DNA positive transferred HCMV to her infant, who developed a
HCMV infection (unpublished observation). Bianchi et al.
recently presented evidence that HCMV-DNA and proteins are
present in brain tumors in the absence of detectable HCMV-spe-
cific antibodies against HCMV in the patients serum.20 Sester
et al. determined the concordance of serological status and
HCMV-specific CD4C T cells in 388 individuals and found that
2.1% of HCMV IgG-negative individuals had detectable levels
of virus-specific CD4 T cells.21 Loeth et. al. further reported that

Figure 2. Results of serology tests with 4 ELISAs utilizing AD169 as antigen (AD169-ag in-house
ELISA, CMV-IgG serology kit from Dade Behring and BioSite) and one ELISA using antigen from a
clinical isolate (CI-ag).
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11% (5 of 44) of seroneagtive blood bank donors had a CMV
pp65-specific T cell response ex vivo.22 Furthermore, Zhu et. al.
also found a discordant cellular and humoral immune response
to HCMV in healthy individuals; 24% of HCMV sronegative
blood donors had CMV-specific T cells.23 For herpes simplex
virus (HSV) similar observations have been made; Posavad
described that 6 of 24 HSV-1- and HSV-2-seronegative immu-
nocompetent individuals without previous history of oral/labial
or genital herpes who were HSV negative in oral and genital
mucosa secretions, had HSV-specific T cell immunity.24 They
discussed whether this was due to an undetected infection or
acquired immunity in the absence to infection. They later
reported that 17 of 22 (77%) HSV-seronegative individuals who
had a sexual relationship with HSV-2 positive partners had an
HSV-specific T cell response that was primarily detected to IE
proteins and less frequently to peptides of viral components.25

More recently Long et. al. confirmed the presence of CD8C T
cell reactivity to nine peptides of HSV proteins in more than
15% of seronegative individuals.26 The same phenomena is well
known in HIV-exposed individuals; T cells reactive to HIV pres-
ent in some individuals exist in the absence of HIV-specific anti-
bodies.27–34 Similar observations are also made in Hepatitis C-
and B-exposed individuals.35–38

It is not known why serology tests for some viruses including
HCMV are negative in some virus-exposed individuals. One pos-
sibility is that HCMV-positive GBM patients have a high preva-
lence of a distinct HCMV strain whose antigen profile differs

from those of HCMV strains used in commercial kits to detect
HCMV-specific IgG and IgM. Indeed, we previously showed
that 36% of HCMV IgG-negative blood donors with HCMV
DNA-positive blood cells were IgG positive in an ELISA that
uses a clinical isolate as antigen.19 Similarly, in the present study,
serum from 5 (42%) of 12 patients that were HCMV IgG nega-
tive according to three serology tests utilizing AD169-derived
antigens, were IgG positive in an ELISA assay using antigens
from a clinical isolate. Nevertheless, 9 (58%) of 12 patients were
still HCMV IgG negative, although their tumors were positive
for HCMV by immunohistochemistry with two different
HCMV-specific antibodies, HCMV DNA were detected in their
blood cells, and a majority of them had T cells that responded to
HCMV peptides.

We speculate that the failure to detect HCMV IgG and IgM
in GBM patients may reflect a B-cell tolerance to HCMV, rather
than protective immunity and viral clearance or very low levels of
virus replication. For example, little is known about the immune
response in individuals infected in utero. The prevalence of con-
genital HCMV infection in newborn babies is 0.5–2.2%.39–40

Some of these individuals may develop HCMV tolerance. Toler-
ance may also in theory develop during early transmission of the
virus to nursing infants. Infections transferred by breast milk are
indeed common; over 90% of HCMV-seropositive mothers have
reactivated HCMV in their breast milk,41and by 1 y of age, 40%
of all children are HCMV positive.42 However, it cannot be
excluded that GBM patients may have produced CMV-specific

Figure 3. Peripheral blood T cells from glioblastoma patients and healthy controls (HC) were stimulated with HCMV IE or pp65 antigens. Figure B is an
enlarged scale of figure A.
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antibodies earlier in life, and that these patients have lost their
CMV-specific B cell response during the development of their
aggressive tumor, which is associated with immunosuppression
of unknown causes. It is also possible that they have an immune
defect. Certainly, viral exposure may trigger an immune response
controlling further infection in some individuals, but an infection
may also persist at a local site in the exposed individuals, in the
absence of a proper B cell response to the infection. We provide
evidence for the latter hypothesis.

To our knowledge, our report is the first attempt to compre-
hensively analyze CMV RNA, DNA and/or proteins status in tis-
sue specimens and blood cells and the immune response to the
infection in the same individuals. Such analyses have for obvious
reasons not been done on tissues samples from healthy individu-
als, but a discrepancy between HCMV serology data and
HCMV DNA detection in blood has been reported as discussed
above.17,18,19 Thus, several lines of evidence suggest that HCMV
carriers are not always defined by serology, and our findings
imply that this is frequently the case in GBM patients. We
observed that 29% of GBM patients positive for HCMV DNA
in blood cells and HCMV proteins in the tumor, were negative
for HCMV IgG by serology, but 85% of them had T-cells that
were reactive against HCMV IE and/or pp65 peptides. Thus, we
detected a T-cell response to HCMV in HCMV-seronegative
GBM patients with positive tests for DNA, RNA, and proteins.
We therefore conclude that serology is an insufficient clinical test
to identify a previous or active HCMV infection in GBM
patients, and that an infection may be present in virus exposed
individuals with T cell reactivity in the absence of virus specific
antibodies. In HIV it is proposed that the seronegative individu-
als who have T cells reactive against HIV have either eliminated
the virus or carry it in extremely low amounts; these individuals
rarely develop AIDS.43 Apparently, this is not the case for
HCMV, especially not in GBM patients. These observations are
still met with skepticism among many virologists and call for fur-
ther studies to understand the mechanisms behind these phe-
nomena, and whether HCMV-seronegative but HCMV-positive
individuals are more susceptible or resistant to HCMV disease or
HCMV-related pathologies, such as cardiovascular diseases or
cancer.

In this study, we also observe that HCMV was clearly more
active in GBM patients than in controls. Healthy carriers of
latent HCMV rarely show signs of reactivation, active HCMV
replication, or clinical signs of disease. Their serum is usually pos-
itive for IgG and negative for IgM, and although HCMV DNA is
present in some of their cells, some latency associated proteins are
produced,44 while the majority of IE, early and late RNAs and
proteins are not detectable. If the virus is reactivated from
latency, RNA can be detected in blood, which would imply that
the virus is active (as a result of reactivation or a new infection).
Thus, it is very rare that healthy individuals are HCMV IgM pos-
itive or have detectable levels of RNA in their blood cells. In the
present study, 50 healthy blood donors were negative for HCMV
IgM. In contrast, 21% of GBM patients in the VIGAS cohort
were IgM positive for HCMV, and 63% had HCMV RNA in
blood monocytes. These observations imply that HCMV is more

active in GBM patients than in healthy controls. However, val-
ganciclovir did not significantly change the levels of IE DNA and
RNA in blood samples. Since valganciclovir is a DNA polymer-
ase inhibitor that targets late but not IE gene expression, it is not
surprising that valganciclovir treatment did not lower the IE
RNA levels in blood. Therefore, valganciclovir treatment might
not affect the pool of HCMV DNA-positive cells in the blood or
the bone marrow, and may have an additional unknown antiviral
activity in GBM. However, we observed that IgG titers were sig-
nificantly lower after surgical debulking at 3 weeks follow up.
We also observed highly improved survival in GBM patients
receiving continuous valganciclovir treatment as an add-on to
their standard therapy.16 Thus, antiviral treatment may benefit
GBM patients through a mechanism other than inhibition of
HCMV DNA polymerase.

We conclude that several currently used ELISA tests that
detect HCMV-specific IgG and IgM in sera from GBM patients
do not reliably determine whether a GBM patient is infected
with HCMV. More reliable methods were detection of HCMV
proteins in the tumor or detection of HCMV DNA in blood cells
by PCR. Our observations provide important information about
the complex virological and immune status for HCMV in GBM
patients that are highly relevant for the current development of
immunotherapy protocols for HCMV in cancer patients and
encourage further investigations to develop a reliable clinical
diagnostic test for HCMV in GBM patients.

Materials and Methods

Study design
VIGAS was a randomized, double-blind, placebo-controlled

phase I/II study to assess the efficacy and safety of valganciclovir
for 24 weeks in combination with temozolomide and/or radia-
tion therapy in GBM patients. HCMV positivity in the tumor
by immunohistochemistry was an inclusion criterion (Table 1).
Forty-two patients were enrolled between 20 December 2006
and 3 June 2008; 22 were randomized to valganciclovir and 20
to placebo treatment.15 The study was registered at the Swedish
Medical Agency (Eudra number 2006–002022–29) and at Clin-
calTrials.gov and was approved by the Karolinska ethics commit-
tee (2006/755–31).

Immunohistochemistry, serology, and PCR
HCMV proteins in paraffin-embedded brain tumors were

identified by immunohistochemistry for HCMV IE and late anti-
gens as described.7,9,15 The results were graded from 1–4C
according to the estimated percentage of HCMV-positive tumor
cells. Blood samples were collected before and 3, 12, and 24
weeks after surgery and examined for HCMV IgM (Dade Behr-
ing, CA# OWBK15) and HCMV-IgG was detected with two
commercially available ELISAs utilizing AD169 antigens (Dade
Behring, CA# OWBA15 and BioSite, CA# DEIA1437 ) and two
in-house ELISA, one utilizing HCMV nuclear antigens of
AD169-infected cells (as described before45) and one utilizing
whole-cell antigens from cells infected with an HCMV clinical
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isolate.46,47 Internal HCMV-positive and -negative controls were
included in both commercial HCMV-ELISA kits (Dade Behring,
and BioSite). In the in-house tests, HCMV IgG-negative and
-positive samples obtained from healthy blood donors as deter-
mined with a commercial HCMV-kit (Dade Behring) served as
negative and positive controls, respectively. Plasma samples from
50 aged-matched healthy donors were included as controls.
Peripheral blood mononuclear cells were separated with Lym-
phoprep (Medinor, CA# 1114547 ) and seeded on Primaria
dishes (Primaria Falcon, Becton Dickenson, CA# 353801) in
RPMI medium including 10% heat inactivated AB serum for at
least 4 h in 5% CO2 at 37�C. DNA and RNA were isolated
according to the manufacture´s protocol with DNA or RNeasy
mini kits (both from Qiagen Sciences, for RNA, CA# 74106 and
for DNA CA# 51304). HCMV DNA and RNA in blood mono-
cytes were identified by PCR in triplicate as described before
using primer probes targeting HCMV-IE gene.7,47 DNA and
RNA from uninfected and HCMV-infected fibroblasts were used
as negative and positive controls, respectively.

Flow cytometry analyses
PBMC were isolated from blood samples, and CD3C T-cell

reactivity against HCMV peptides (IE-1, ID: P13202 and pp65,
ID: P06725; Pep Mix; JPT Peptide Technologies) was analyzed
with a flow cytometry assay. Briefly, blood mononuclear cells (2 £
106) were isolated with Lymphoprep (Medinor), stimulated for 2 h
with HCMV-pp65 or 1 mg of HCMV-IE-1 peptide mix, and incu-
bated over night with 0.02 mg/ul of brefeldin A (Sigma B 6542 ) at
37�C in 5% CO2. Cells were washed with PBS, stained with a
CD3-CY antibody (Dako, CA# AC69601), permeabilized with
Perm II solution (Becton Dickinson, CA# 340973) according to the
manufacturer’s instructions, stained with FITC-conjugated anti-
body against interferon-y (Becton Dickinson, CA# 554551), and
analyzed by fluorescence-activated cell sorting. Unstimulated cells
and cells stimulated with SEB (Sigma, S 4881) served as negative
and positive controls, respectively. Cells were analyzed on a CyAn
flow cytometer (Beckman Coulter). The percentage of IFN-inter-
feron gamma positive cells in the negative control stimulation was
subtracted from the specific stimulation. Values above zero were
counted as positive signals.

Statistical analysis
Categorical variables were analyzed by using frequency tables

with numbers and percentages of patients. Unpaired and paired t
tests were used to compare antibody levels at different times and
in different patient cohorts vs. healthy controls. Statistical analy-
ses were performed with 2-tailed t tests; significance was set at the
5% level. Events with a reasonably high frequency were analyzed
with a chi-square test without continuity correction.

One way ANOVA test was used for statistical analysis of pep-
tide stimulation of peripheral blood T-cells. All values above zero
were considered as positive signals.
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