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Introduction

The interest in an infectious etiology of multiple scle-
rosis (MS) has waxed and waned during the last
decades. Clinical and epidemiological observations and
results from animal experiments suggest that infections
may contribute to the pathogenesis of MS [6, 11, 20].
However, so far, no microbial agent has been consis-
tently identified in MS patients. More recently, the
gram-negative intracellular pathogen Chlamydia pneu-

moniae was linked to MS but study results have been at
variance.

Initially, Sriram and coworkers detected C. pneumo-
niae by polymerase chain reaction (PCR) in cere-
brospinal fluid (CSF) of 36 out of 37 MS patients (97 %)
but only in 5 out of 27 controls with other neurological
diseases (OND; 18 %) [30]. Layh-Schmitt and coworkers
detected C. pneumoniae in 23 % of their MS patients
(n = 30) but in none of the OND controls (n = 56) [22].
Other research groups have also reported the identifica-
tion of C. pneumoniae in MS patients although theJO
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■ Abstract Microbial agents may
play a role in the pathogenesis of
multiple sclerosis (MS). C. pneumo-
niae has been recently associated
with MS; however, study results are
at variance. We tested the hypothe-
sis that Chlamydia pneumoniae-
specific DNA and RNA are more
often detected in cerebrospinal
fluid (CSF) of patients with multi-
ple sclerosis than patients with
other neurological diseases (OND).
We investigated CSF samples from
84 patients with definite MS and 89
OND patients (n = 62 with normal
CSF; n = 27 with pathological CSF)
using a nested polymerase chain
reaction (PCR) to detect ompA
gene sequences of C. pneumoniae.
In subjects with positive PCR, we
probed for chlamydial heat shock
protein 60-mRNA and 16S-rRNA
by reverse transcriptase (rt)-PCR.

C. pneumoniae-specific DNA
was more often detected in MS pa-
tients (50 %) than in all OND pa-

tients combined (28.1 %, p = 0.003)
and in OND patients with normal
CSF (24.2 %, p = 0.003) but not than
in OND patients with pathological
CSF (37 %, p = 0.24). In relapsing-
remitting MS (n = 55), the preva-
lence of C. pneumoniae DNA was
higher (66.7 %) than in both OND
subgroups (p ≤ 0.05). In MS pa-
tients (n = 20), chlamydial heat
shock protein 60-mRNA (75 %)
and 16S-rRNA (70 %) were more
often detected than in OND pa-
tients (n = 16; 18.8 %; p < 0.005).

Although more often detected in
remitting-relapsing MS, C. pneu-
moniae DNA in CSF is not specific
for MS owing to its high prevalence
in OND controls. However, the
higher rate of gene transcription
suggests a more active metabolism
of C. pneumoniae in MS patients.

■ Key words multiple sclerosis ·
cerebrospinal fluid · infection ·
Chlamydia pneumoniae
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prevalences of positive results varied widely [13, 17, 29].
Gieffers et al. identified C. pneumoniae in 21 % of MS pa-
tients (n = 58), in 43 % of OND controls (n = 47) but not
in neurologically healthy subjects (n = 67) and suggested
that the presence of C. pneumoniae in CSF is not specific
for MS [10]. In contrast, several research groups have de-
tected C. pneumoniae in none or in only a small minor-
ity of their MS patients [4, 7, 8, 25, 27, 28]. A multicenter
comparative study on split CSF samples confirmed con-
flicting results on C. pneumoniae-DNA detection by dif-
ferent laboratories [18]. Similarly, in serological studies
some [8, 21, 30] but not other research groups [4] re-
ported an intrathecal antibody production against C.
pneumoniae in MS patients, possibly as part of a poly-
specific immune response [8].

We compared DNA extraction techniques for detec-
tion of C. pneumoniae from CSF samples and investi-
gated the so far largest number of MS and OND patients
in order to test the hypothesis that C. pneumoniae is en-
countered more often in MS than in other neurological
diseases. For the first time in a study on MS, we further-
more used reverse transcriptase PCR (rt-PCR) to inves-
tigate whether there is specific gene transcription and
therefore active metabolism by C. pneumoniae.

Subjects and methods

We investigated 84 patients with definite multiple sclerosis according
to the Guidelines from the International Panel on the Diagnosis of
Multiple Sclerosis [24]. Patients had relapsing-remitting MS (n = 55),
secondary chronic progressive MS (n = 11) or primary chronic pro-
gressive MS (n = 18; Table 1). For secondary prevention, patients were
treated with beta-interferon (n = 11), mitoxantron (n = 11) and aza-
thioprin (n = 2). Exclusion criteria were inability to give informed
consent and other diseases of the central nervous system (CNS) in ad-
dition to MS. As control group, we investigated 89 patients with other
neurological diseases (OND) that were frequency matched to patients
for age and gender. Patients with possible MS or CNS disorders with
a possible autoimmunological pathogenesis (e. g. myelitis) were ex-
cluded. Twenty-seven of OND patients had pathological CSF exami-
nations with pleocytosis, intrathecal immunoglobulin production or
blood-brain barrier disruption. These patients suffered from menin-
goencephalitis of unknown origin (n = 10), peripheral or cranial neu-
ropathy (n = 7), neuroborreliosis (n = 2), CNS malignancies (n = 2),
zoster encephalitis, ischemic stroke, suspected neurosarcoidosis,
syphilis, headache of unknown origin and orofacial dyskinesia (n = 1,

respectively). Patients with normal CSF examination had neurode-
generative diseases (e. g. motoneuron disease, early onset Parkinson’s
syndrome or cerebellar atrophy; n = 16), headaches and other pain
disorders (n = 13), peripheral or cranial neuropathy (n = 11), psycho-
somatic and neuropsychiatric disorders (n = 6), epileptic seizures
(n = 5), cerebral or spinal ischemia (n = 5), Borellia burgdorferi infec-
tion (n = 3) or brain tumours (n = 3). The study protocol was ap-
proved by the local people’s subject committee and patients gave in-
formed consent.

■ Extraction of DNA and polymerase chain reaction

DNA was extracted from 0.5 ml of frozen (–86°C) CSF either using the
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions or by phenol/chloroform extrac-
tion that was performed as follows. CSF was mixed with
trypsin/EDTA (0.1 % and 0.4 mM, final concentrations), incubated at
37°C for 30 minutes and centrifuged for 45 minutes (18,000 g, 4 °C).
The pellet was resuspended in 200 µl of lysis buffer (0.5 % sodium do-
decyl sulfate, 0.5 % Nonidet P-40, 0.2 M NaCl, 40 mM dithiothreitol, 10
mM EDTA,20 mM Tris-HCl at pH 7.5) and left over night at 37 °C after
addition of 20 µl of proteinase K (10 µg/ml; Roche Diagnostics,
Mannheim, Germany). From this specimen, DNA was purified using
phenol/chloroform/isoamyl alcohol (25:24:1) followed by two extrac-
tion steps with chloroform (Sigma, Munich, Germany). To the aque-
ous DNA fraction, 3M sodium acetate (22.5 µl) was added and pre-
cipitated in 555 µl cold absolute ethanol. Finally, the DNA was washed
with 75 % ethanol, centrifuged for 10 minutes at 18,000 g and resus-
pended in 25 µl water. The ompA gene of C. pneumoniae was used as
target for a nested PCR applying external primers as described by
Tong and Sillis (sense: 5’ TTACAAGCCTTGCCTGTAGG 3’; antisense:
5’ GCGATCCCAAATGTTTAAGGC 3’; touchdown PCR with 32 cycles)
[31]. We used the following internal primers (sense: 5’ GAACC-
CTTCTGATCCAAGCT 3’; antisense: 5’ AATGAAGCCTGCATT
AGTGA 3’; 40 cycles, annealing temperature 60 °C, denaturation tem-
perature 94 °C, extension temperature 72 °C, holding time 1 min). The
reaction mixture consisted of 5 µl DNA,5µl 10xPCR buffer,1 µl of each
primer (0.4 µM final concentration), 0.5 µL Taq polymerase (2.5 U).
1µL dNTPs (100 µM), MgCl2 (1.5 mM in the first and 3 mM in the sec-
ond PCR) and water to a final volume of 50 µl.Amplification products
had a size of 292 bp and were visualized by agarose (3 %) gel elec-
trophoresis and ethidium bromide staining [22]. As compared with
the primers initially described by Tong and Sillis, this protocol re-
sulted in better visible PCR products without differences in sensitiv-
ity. A BLAST search showed the amplified sequence to be specific for
C. pneumoniae. Sequencing of 10 PCR-products confirmed the speci-
ficity of the PCR (310 ABI-Prism genetic analyser; Perkin Elmer,Weit-
erstadt, Germany). C. pneumoniae TW-183 was used as positive con-
trol. Water without DNA as negative control was included in each
PCR.Most PCRs were repeated twice yielding identical results and the
pyruvate dehydrogenase gene was amplified to detect an inhibition of
the PCR [16].

Table 1 Demographic data in patients with multiple sclerosis and patients with other neurological diseases and their respective subgroups

Disease No. Gender Age (years) Duration (years) EDSS CSF Cells/µL Oligoclonal bands
(female/male) (mean ± SD) (mean ± SD) (median, range) (mean ± SD) (positive/all tested)

Definite MS 84 54/30 39.2±12.5 4.7±7.0 3.0 [0–8.5] 6.6±9.5 70/78 (89.8%)
Relapsing remitting MS 55 37/18 34.1±9.8 2.8±3.8 2.0 [0–7] 8.6±11.0 47/52 (90.4%)
Secondary chronic progressive MS 11 8/3 47.0±10.1 9.7±10.1 6.0 [3.0–8.0] 3.3±3.2 6/8 (75.0%)
Primary chronic progressive MS 18 9/9 49.9±12.2 7.3±9.8 4.0 [2.5–8.5] 2.3±2.3 17/18 (94.4%)

OND patients 89 46/43 40.8±11.7 – – 42±315 10/62 (16.1%)
Pathological CSF 27 14/13 43.3±12.8 – – 140±576 10/19 (52.6%)
Normal CSF 62 32/30 39.8±11.1 – – 0.8±0.7 0/43
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■ RNA Extraction and Reverse transcriptase PCR (RT-PCR)

RNA was extracted with TRIzol LS® Reagent (Invitrogen Life Tech-
nologies, Karlsruhe, Germany) as recommended by the manufac-
turer. After CSF (1 mL) was spun down (5 min at 18,000 g), 800 µl
TRIzol LS® Reagent and 160 µl chloroform were added to the pellet
and centrifuged together (15 min, 10,000 rpm, 2 °C). After addition 
of 10 µg glycogen (AGS Hybaid, Ulm, Germany) to the aqueous phase,
RNA was precipitated with isopropanol for 10 min at 30 °C. The RNA
pellet was washed once in 75 % cold ethanol and dissolved in 20 µl
DEPC water. C. pneumoniae TW-183 served as positive control and
water as negative control. We applied a one-step rt-PCR system using
Superscript reverse transcriptase (Life technologies, Karlsruhe,
Germany) to detect C. pneumoniae-specific 16S-rRNA as described
recently [1] and heat shock protein 60 (HSP60)-mRNA. The primers
(5’-AGACAGAGTAGATGATGCACAACA-3’; 5’-TCCTGCGTCAATCA-
TATCTGTATAAG-3’) were specific for HSP60 from C. pneumoniae.

After DNA digestion (RNase-Free DNase Set, Qiagen) for 30 min
at room temperature, cDNA (48 °C for 30 min) was synthesized and
PCR was performed as follows: denaturation temperature 94 °C for 2
min, annealing temperature 55 °C for 16S-rRNA and 65 °C for HSP60
(30s, respectively), elongation temperature 72 °C for 6min, 40 cycles.
Each rt-PCR was also performed without the Superscript reverse
transcriptase and using only Taq-polymerase to control for complete
digestion of genomic DNA. Amplification products had a size of
463 bp (16S-rRNA) and 304 bp (HSP60) and were visualized on 2 %
agarose gels with ethidium bromide staining. Specificity of amplifi-
cations was confirmed by sequencing of PCR products (HSP60, n = 8;
16 s-rRNA, n = 6). RT-PCR amplification of the human β-actin gene
was used to confirm the presence of undegraded and amplifiable RNA
and only samples with detectability of human β-actin mRNA were
used for investigation of chlamydial RNA.

Separate rooms were used for preparing specimens, setting up
PCRs, and analysing products and all measures required were applied
to avoid carryover contamination of specimens by amplified prod-
ucts. Investigators were blinded to the patients’ status and to other
study results.We compared continuous variables by Student’s t-test or
Mann Whitney U test and categorical variables by Fisher’s exact test
or Chi2 test, as appropriate.

Results

In a pilot study, we examined CSF samples from 25 pa-
tients, 15 patients with MS and 10 OND patients, to com-
pare two standard methods for DNA extraction, the
QIAamp DNA Blood Mini Kit and the phenol/chloro-
form extraction. Both tests were performed at random
order. C. pneumoniae was not detected by nested PCR
from any sample using the QIAamp kit. In contrast, 10 of
the 25 samples were tested positive after DNA extraction
with the phenol/chloroform method. These results
prompted us to use only the phenol/chloroform extrac-
tion method in subsequent experiments.

Demographic data of the patient cohorts of the final
study are depicted in Table 1. The rate of C. pneumoniae
detection by PCR was higher in patients with definite
MS (50 %) than in all OND controls together (28.1 %;
p = 0.003; Fig. 1). This difference was significant as com-
pared with OND patients with normal CSF (24.2 %;
p = 0.002) but not with those with pathological CSF
(37 %; p = 0.24). In MS-patients with relapsing-remit-
ting disease, the rate of C. pneumoniae-positivity was

particularly high (66.7 %) and significantly increased
over the rate in OND patients with normal (p < 0.001)
and pathological CSF (p = 0.050) (Table 2). Among pa-
tients with relapsing-remitting MS, those with positive
and negative PCR were not different regarding age
(34.0 ± 10.1 vs. 34.2 ± 9.4 years; p = 0.78), disease dura-
tion (2.4 ± 3.2 vs. 3.4 ± 4.6 years, p = 0.98) or disease
severity (EDSS 2.0, 0–7 [median, range] versus 2.0,
0–4.5; p = 0.35). C. pneumoniae was not more often de-
tected in patients with primary (33.3 %) or secondary
chronic progressive MS (27.3 %) than in OND controls.
OND patients tested positive for C. pneumoniae suf-
fered from neurodegenerative diseases (n = 6),
headaches and other pain disorders (n = 4), peripheral
or cranial neuropathy (n = 4), meningoencephalitis of
unknown origin (n = 4), CNS malignancies (n = 3), neu-

Table 2 Detection of Chlamydia pneumoniae genomic DNA by nested PCR

Disease Positive nested PCR

Definite MS 42/84 (50.0%)a, b

Relapsing-remitting MS 33/55 (66.7%)a, b, c

Secondary chronic progressive MS 3/11 (27.3%)
Primary chronic progressive MS 6/18 (33.3%)

OND patients 25/89 (28.1%)

OND patients with pathological CSF 10/27 (37.0%)

OND patients with normal CSF 15/62 (24.2%)

PCR polymerase chain reaction; MS multiple sclerosis; OND other neurological dis-
eases
a significantly different compared to all OND patients combined
b significantly different compared to OND patients with normal CSF
c significantly different compared to OND patients with pathological CSF

Fig. 1 Ethidium bromide-stained agarose gel of nested polymerase chain reaction
products after amplification of the ompA gene of Chlamydia pneumoniae out of
cerebrospinal fluid samples (M marker, C control patient, MS multiple sclerosis pa-
tient, N negative control, P positive control)
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roborreliosis (n = 2), neuropsychiatric disorders (n = 1)
and epileptic seizures (n = 1).

We performed rt-PCR for detection of C. pneumo-
niae-specific mRNA in 20 MS patients (relapsing-remit-
ting course n = 15; primary chronic progressive course
n = 3, secondary chronic progressive course n = 2) and
16 OND patients with positive nested PCR, detection of
human β-actin mRNA and a sufficient sample of CSF
(Fig. 2). In 14 of the 20 MS patients (relapsing-remitting
course n = 10, primary and secondary chronic progres-
sive course n = 2, respectively), both HSP60-mRNA and
16S-rRNA could be detected and in one patient with re-
lapsing-remitting MS, only HSP60 rt-PCR turned posi-
tive. In the 4 other MS patients both rt-PCRs were nega-
tive. Among OND-patients, 3 tested positive and 13
negative for both HSP60-mRNA and 16 s-rRNA. There-
fore, detection of HSP60-mRNA (75 % vs. 18.8 %;
p = 0.002) and 16S-rRNA (70 % vs. 18.8 %; p = 0.003) was
more common in MS patients than OND controls. In ad-
dition, we performed rt-PCR in 7 MS patients and 10
OND controls with negative nested PCR. In one MS pa-
tient and one OND control both chlamydial 16S-rRNA
and HSP60-mRNA were detected.

Discussion

Results from studies on C. pneumoniae in MS patients
had yielded conflicting results.A main problem appears
to be the lack of a reliable and standardized PCR method
for detection of C. pneumoniae [9, 19]. In a recent com-
parative trial, one research group identified C. pneumo-
niae in the majority of MS patients but unfrequently in
controls whereas three other investigators did not detect
C. pneumoniae in any sample [18].This underscores that
technical details may play a dominant role in the de-

tectability of C. pneumoniae DNA. In our hands, isola-
tion of DNA by phenol-chloroform extraction yielded
more sensitive PCR results than isolation with commer-
cial DNA extraction kits used by other research groups
[4,10,18].Given the present discrepany in MS, it appears
desirable that different DNA extraction and amplifica-
tion protocols are compared with each other with strict
adherence to technical details. Similar to the present
controversy in MS, results from detection of C. pneumo-
niae in atherosclerotic plaques have varied widely [12]
including the results of a comparative multicenter trial
[2]. Despite such conflicting results, detectability of C.
pneumoniae in atherosclerotic plaques can hardly be
disputed today [12].

The high rate of positive PCR results in OND controls
and mainly in those with pathological CSF indicates that
the presence of C. pneumoniae in the central nervous
system is not specific for MS although detection rates
were higher in MS patients than in all OND controls
combined. C. pneumoniae has been identified in circu-
lating monocytes of healthy subjects [15] and by passing
the blood-brain barrier, these cells could be the source
of C. pneumoniae detected intrathecally, a hypothesis
that may also explain the trend to a higher prevalence in
subjects with pleocytosis or other CSF pathologies. C.
pneumoniae-positivity was increased only in relapsing-
remitting MS but not in chronic progressive subtypes, a
finding that is in contrast to recent results [30]. It is pos-
sible that C. pneumoniae contributes to different courses
of MS in a varying way. Alternatively, detectability of C.
pneumoniae may diminish in parallel to extended dis-
ease duration although we found no close correlation
between duration of relapsing-remitting MS and C.
pneumoniae-positivity. It is a limitation of our study that
only one sample in each patient was available and longi-
tudinal studies are desirable for the future.

Fig. 2 Ethidium bromide-stained agarose gel of re-
verse transcriptase polymerase chain reaction prod-
ucts after reverse transcription and amplification of
16S-rRNA (lanes a) and heat shock protein 60-mRNA
(lanes b) of Chlamydia pneumoniae from cere-
brospinal fluid samples (M marker, C control patient,
MS multiple sclerosis patient, N negative control, P
positive control)
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The lack of specificity argues against a pathogenetic
role of C. pneumoniae in MS. However, it is possible that
differences in the microbial burden, in the host response
to C. pneumoniae or in the metabolic activity of the mi-
crobial agent are important variables that codetermine
whether chronic inflammatory CNS disease develops
under infection.We analysed specific gene transcripts to
investigate whether C. pneumoniae is alive and metabol-
ically active. This is an appropriate method as the isola-
tion and propagation of C. pneumoniae from clinical
specimens by cell cultures is rather insensitive and re-
quires technical expertise [9, 22]. C. pneumoniae is an
unusual pathogen with a biphasic life cycle consisting of
an active, obligate intracellular form, the reticular body,
and a metabolically inactive, but infectious form, the el-
ementary body, that can persist in humans for long pe-
riods [12]. The more frequent detection of C. pneumo-
niae-specific RNA points towards a more active
metabolism in MS patients. We investigated HSP60
gene-transcription as increased HSP expression has
been demonstrated in MS lesions and an immune re-
sponse to HSPs has been suggested as contributing to
the pathogenesis of MS, e. g. by antigenic mimicry be-
tween closely related human and microbial HSPs [3, 5].

HSP60 was shown to be an important mediator in im-
mune responses during C. pneumoniae infection [26].
Our study is limited to the qualitative detection of
chlamydial HSP60-mRNA and further studies need to
quantify specific mRNA and respective proteins and as-
sess the immunologic response against chlamydial
HSP60 in MS.

Neither the mere presence nor the greater prevalence
of active gene transcription by C. pneumoniae prove that
the agent triggers MS. It is possible that detection of C.
pneumoniae just represents an opportunistic secondary
event. But even in this circumstance, the organism could
exacerbate pathogenic processes initiated by other
means. Future attempts to clarify the role of C. pneumo-
niae in MS pathogenesis may include further animal ex-
periments [23], may focus on the detection of C. pneu-
moniae in CNS specimens that has been unsuccessful so
far [14] and address the unresolved question whether
oligoclonal bands include antibodies against C. pneu-
moniae [8, 32].
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