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We investigated the presence of Chlamydia pneumoniae in 81 normal and pathological specimens obtained
from postmortem brain tissues of patients with multiple sclerosis and with other neurological or nonneuro-
logical diseases. The assays used included PCR amplification of all DNA samples in the initial study. Culture
and a second PCR amplification of the organism in a subset of 19 brain specimens were also performed in two
separate laboratories. All results were negative. Thus, this study on a large number of brain tissues suggests
that C. pneumoniae is not involved in inflammatory demyelination.

Multiple sclerosis (MS) is an inflammatory demyelinating
disease of the central nervous system. The immune attack
primarily affects myelin, the insulation that protects nerve fi-
bers and promotes impulse transmission, and/or oligodendro-
cytes that produce myelin. The clinical manifestations of the
disease are highly variable and include impaired vision;
abnormalities in the motor, sensory, and coordination systems;
autonomous disturbances; and, occasionally, cognitive dysfunc-
tions. About 85% of patients initially present with a relapsing-
remitting course, which transforms into a secondary progres-
sive course in most of these patients in a matter of years. A
smaller subgroup of patients presents with a primary progres-
sive form, which usually results in a more rapid accumulation
of disability than the other forms of the disease. The etiology
of MS is unknown, but numerous infectious agents have been
considered as potential causes, including measles virus; her-
pesviruses, such as Epstein-Barr virus and human herpesvirus
6; human retroviruses (especially human T-cell leukemia virus
type 1); JC polyoma virus; and Borrelia burgdorferi. Recently,
Chlamydia pneumoniae has been reported as identified in the
cerebrospinal fluid (CSF) of patients with MS by culture and
PCR (16, 17). However, subsequent studies have yielded con-
flicting results (3, 7, 8, 12, 19). Sriram et al. (17) demonstrated
the existence of C. pneumoniae in the CSF of over 90% of their
patients by culture and PCR and by detection of specific im-
munoglobulins. Treib et al. (19) and Layh-Schmitt et al. (7)
identified this organism, also by PCR, in the CSF of approxi-
mately 50% of their patients with MS. In contrast, Boman et al.
(3) and Poland and Rice (12), also using culture and PCR, did
not identify C. pneumoniae in the CSF or in the CSF, periph-
eral blood mononuclear cells, or autopsied brain tissues of
their MS patients. To further complicate the issue, Li et al. (8)
reported finding C. pneumoniae DNA in a high percentage of
CSFs from both patients with MS and controls. To obtain
further evidence for or against the involvement of C. pneu-
moniae in inflammatory demyelination, we tested the brain
tissues of MS patients, nonneurological-disease controls
(NNC), and other-neurological-disease controls (ONDC) for
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the presence of the organism. This report presents a detailed
account of our findings in order to underline the importance of
methodological issues.

(A part of our observations has been summarized previously
[Z.Ke, F. Lu, P. Roblin, M. R. Hammerschlag, and B. Kalman,
Letter, Ann. Neurol. 48:400, 2000].)

Brain tissues of MS patients and controls were obtained
from the Rocky Mountain MS Center Tissue Bank, Denver,
Colo., and from the National Neurological Research Specimen
Bank, Los Angeles, Calif. Altogether, 55 brain specimens from
25 patients with relapsing-remitting, secondary progressive, or
primary progressive MS were studied. These samples included
9 triplets of corresponding normal-appearing white matter
(NAWM) and chronic active plaque and cortical tissues, 11
pairs of NAWM and chronic active plaque tissues, 1 pair of
chronic active plaque and cortex, and 4 solitary cortical tissues.
Normal-appearing and pathological tissues were selected by
gross examination. Small plaques, microglial proliferation, and
perivascular or parenchymal infiltration by mononuclear cells
within NAWM specimens were excluded after microscopic ex-
amination of cryosections using Luxol Fast blue, oil red O, and
EBM11 staining. Plaques were similarly identified by micro-
scopic examination. A chronic active plaque was defined by the
presence of inflammatory activity and hypercellularity around
regions showing demyelination, oligodendrocyte loss, and
some degree of astrogliosis. We obtained 21 specimens from
11 NNC patients whose brains were pathology free (most of
them died from traffic accidents, two of them suffered from
lung cancer, and one patient was positive for a-1 antitrypsin).
Both WM and cortical specimens were available from 10 of
these patients, while only WM was received from 1 NNC pa-
tient. We obtained solitary cortical or WM tissues from five
ONDC patients (one with herpes simplex encephalitis, one
with dementia with nephrotic syndrome, one with vascular
dementia, and two with acute disseminated encephalomyeli-
tis). Patients ranged between 17 and 58 years of age (with the
exception of one younger NNC patient), and brain tissues were
frozen within 15 h (2 to 5 h in the case of most MS patients) of
clinical death. All tissues were kept at —70°C until used. Cells
collected from the synovial fluids of eight patients with rheu-
matoid arthritis were also included in the study. C. pneu-
moniae-infected HEp-2 cells (CDC/CWL-029; American Type
Culture Collection) and C. pneumoniae organisms isolated
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from the supernatant of infected cells were used as positive
controls.

Total DNA was extracted from the 81 brain samples by using
the QIAamp tissue and blood kit (Qiagen, Valencia, Calif.).
These samples had been used in previous studies which dem-
onstrated a high quality of both mitochondrial and nuclear
DNA and a lack of inhibitors of Tag DNA polymerase in
PCRs. In this study, two sets of PCR amplifications were per-
formed using nested primers. In the first PCR we used the
same conditions and primers (specific for the major outer
membrane protein [MOMP] gene of C. pneumoniae; sense,
nucleotides [nt] 1 to 38; antisense, nt 1170 to 1131) as de-
scribed by Sriram et al. (17). Nine fivefold serial dilutions of
DNA from the infected HEp-2 cells (ranging from 0.76 g to
0.19 pg) and from the purified bacteria (ranging from 5 X 10°
to 1.3 organisms) were prepared and amplified in 36 cycles.
Similarly, 0.2 g of DNA from MS patients and controls was
amplified in 36 cycles (17). In a second set of experiments, all
the PCR products derived from brain tissues were reamplified
with nested primers of the MOMP gene (sense, nt 135 to 154;
antisense, 1053 to 1072), in 20 cycles of 95, 56, and 72°C.

Samples of brain tissue were selected from 12 MS, 5 NNC,
and 2 ONDC patients of the above cohort and were shipped on
dry ice to the Chlamydia Research Laboratory, Department of
Pediatrics, Division of Infectious Diseases, SUNY Health Sci-
ence Center at Brooklyn, Brooklyn, N.Y., for culture of C.
pneumoniae. The tissue samples were thawed and minced in
sterile petri dishes and divided into two equal portions. One
portion of each brain tissue sample was further homogenized
with tissue grinders in Iscove’s Dulbecco modified Eagle me-
dium and sonication. The brain homogenates were then cen-
trifuged at 500 X g for 10 min at 4°C to remove coarse cellular
debris. Supernatants were then diluted serially 10-fold to 102,
and 200 pl of each dilution was inoculated onto 4 wells of
HEp-2 cells grown in 96-well microtiter plates (14). Each sam-
ple was passaged four times. Culture confirmation was per-
formed by staining with a C. pneumoniae-specific, fluorescein-
conjugated monoclonal antibody (14).

The second portion was sent to the laboratory of Jens Bo-
man, Department of Virology, Umed University, Umed, Swe-
den, for testing with a second nested PCR using C. pneu-
moniae-specific primers as described by Tong and Sillis (18)
(for MOMP gene external PCR, the sense primer was nt 61 to
80 and the antisense primer was nt 373 to 393; for internal
PCR, the sense primer was nt 100 to 120 and the antisense
primer was nt 286 to 306). These primers target a different part
of the MOMP gene than those used in the Philadelphia labo-
ratory. DNA extraction was performed using the QlAamp
DNA minikit in accordance with the manufacturer’s instruc-
tions (Qiagen GmbH, Hilden, Germany). The investigators in
Brooklyn and Sweden were blinded as to the identity of the
samples.

In the first PCR, we detected the expected 1.2-kb fragment
of the MOMP gene by agarose gel electrophoresis in as few as
800 copies of the purified bacteria, corresponding to 120 pg of
total DNA of the C. pneumoniae-infected cells. All of the
specimens, including 81 brain tissue samples of MS, NNC, and
ONDC patients as well as synovial cells from eight arthritis
patients, were found to be negative. In the second amplifica-
tion with the nested primers, we were able to detect as few as
six bacterial organisms in the positive control, corresponding to
0.96 pg of total DNA extracted from C. pneumoniae-infected
cells. Nevertheless, all the brain tissue samples were negative.

All of the 19 brain specimens submitted for culture of C.
pneumoniae were negative after four passages in HEp-2 cells.
The second nested PCR assay of the homogenates of these 19
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specimens performed at Umed University showed them all to
be negative.

Although C. pneumoniae is an accepted cause of respiratory
disease, studies have also implicated the organism as a cause of
a number of chronic diseases. The presence of this organism
has been identified in foam cells, macrophages and extracellu-
lar matrix in arteriosclerotic plaques (2), and synovial cells of
some patients with arthritis (15), predominantly by nonculture
methods including PCR and immunohistochemical staining.
Since the original report by Sriram et al. (16), there has been
interest in the possible role of C. pneumoniae in neurological
diseases. Although one study reported identifying the organ-
ism in pericytes, microglia, and astrocytes in brains of patients
with Alzheimer’s disease (AD) by culture and PCR (1), three
subsequent studies from the United States and Europe, using
the same or similar methods, did not find C. pneumoniae in
brains of AD patients (5, 11, 13). The experience with AD is
strikingly similar to that discussed here for MS (3, 7, 8, 12, 16,
17, 19; Ke et al., Letter.)

The most obvious explanation for this lack of consistency lies
in the methodological approach. It is important to emphasize
that there are no standardized PCR assays for the detection of
C. pneumoniae in respiratory specimens or tissue. Analytical
sensitivity does not predict the ability of an assay to detect C.
pneumoniae in clinical specimens, as was demonstrated re-
cently in a study of peripheral blood mononuclear cells (10).
However, our negative PCR results did not appear to be re-
lated to technical issues. The quality of both nuclear and cy-
toplasmic DNA in the samples was excellent. Previous ampli-
fications of mitochondrial DNA in most of the specimens
demonstrated that there were no inhibitors of 7aq polymerase.
In order to determine if PCR inhibition was the explanation
for the negative PCR results for CSF samples of patients with
MS (3), we performed spiking experiments, i.e., we added low
concentrations of C. pneumoniae bacteria in parallel to pure
water and to CSF collected from patients with MS and then
performed DNA extraction. These experiments showed that
potential PCR inhibitors in the CSF are efficiently removed
using the QIAamp DNA extraction procedure, since the levels
of sensitivity were identical when C. pneumoniae organisms
were diluted in water and in CSF. The DNA extraction method
used in this and a previous study on MS (3) seems to be useful
for the isolation of DNA from microorganisms in body fluids in
order to inactivate nucleases, remove nonspecific inhibitors,
and concentrate nucleic acids (4, 9). Further, only weakly pos-
itive PCR controls were used in the study in order to minimize
the risk of contamination and to ensure that the sensitivity of
the PCR always was high. In addition, the cultures for this
study were performed in the laboratory that has developed the
most commonly used technique worldwide for culturing C.
pneumoniae. This culture technique has been rigorously vali-
dated and has been proven to be of high sensitivity and spec-
ificity (14).

If C. pneumoniae is involved in the pathogenesis of MS, it is
very likely that serological analyses should demonstrate re-
duced serum/CSF ratios of C. pneumoniae-specific antibodies
(6) due to local intrathecal production of immunoglobulins as
a result of the central nervous system infection supposedly
caused by C. pneumoniae. Such analyses were not performed in
the present study. However, using a validated C. pneumoniae-
specific microimmunofluorescence antibody test in an earlier
study, it was not possible to demonstrate local intrathecal pro-
duction of antibodies to C. pneumoniae in patients with MS or
with ONDs (3).

In conclusion, our studies on brain tissues do not confirm the
recent identification of C. pneumoniae in the CSF of MS pa-
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tients (7, 16, 17, 19). Nevertheless, these contrasting findings in
the brain and CSF are not exclusive of other possibilities. C.
pneumoniae may get through the blood-CSF barrier or can be
carried by infected mononuclear cells into the CSF without the
infection of central nervous system cells per se. However, at
least one published study also failed to identify C. pneumoniae
in the CSF of patients with MS using validated, sensitive PCR
and culture techniques (3). Based on our studies, we suggest
that either the infection level of C. pneumoniae in MS brains is
below the sensitivity of applied techniques or the organism is
not present in the tissues studied. To our knowledge, no his-
tological or molecular study has demonstrated C. pneumoniae-
like organisms in the brains of patients with MS. These con-
flicting observations, appearing in increasing numbers not only
in the MS literature but also in the literature of AD, rheuma-
toid arthritis, and atherosclerosis, reflect the existence of meth-
odological difficulties which urgently require a solution.

We greatly appreciate the invaluable assistance and tissue supply
from the Rocky Mountain MS Center Tissue Bank and the National
Neurological Research Specimen Bank. Laura McClosky, Laboratory
of Microbiology, Thomas Jefferson University, kindly provided the
synovial fluid specimens of eight patients with rheumatological dis-
cases. We thank Iréne Ericsson, Department of Virology, Ume& Uni-
versity, for laboratory assistance.

REFERENCES

1. Balin, B. J., H. C. Gerard, E. J. Arking, D. M. Appelt, P. J. Branigan, J. T.
Abrams, J. A. Whittum-Hudson, and A. P. Hudson. 1998. Identification and
localization of Chlamydia pneumoniae in the Alzheimer’s brain. Med. Mi-
crobiol. Immunol. 187:23-42.

2. Bauriedel, G., U. Welsch, J. A. Likungu, A. Welz, and B. Luderitz. 1999.
Chlamydia pneumoniae in coronary plaques: increased detection with acute
coronary syndrome. Dtsch. Med. Wochenschr. 124:375-380.

3. Boman, J., P. M. Roblin, P. Sundstrom, M. Sandstrom, and M. R. Ham-
merschlag. 2000. Failure to detect Chlamydia pneumoniae in the central
nervous system of patients with MS. Neurology 54:265.

4. Daugharty, H., S. K. Skelton, and T. Messmer. 1988. Chlamydia DNA

wn

j=a)

~

oo

10.

11.

12.

13.

16.

17.

18.

19.

J. CLIN. MICROBIOL.

extraction for use in PCR: stability and sensitivity in detection. J. Clin. Lab.
Anal. 12:47-53.

. Gieffers, J., E. Reusche, W. Solbach, and M. Maass. 2000. Failure to detect

Chlamydia pneumoniae in brain sections of Alzheimer’s disease patients.
J. Clin. Microbiol. 38:881-882.

. Gilden, D. H. 1999. Chlamydia: a role for multiple sclerosis or more confu-

sion? Ann. Neurol. 46:4-5.

. Layh-Schmitt, G., C. Bendl, U. Hildt, T. Dong-Si, E. Juttler, P. Schnitzler, C.

Grond-Ginsbach, and A. J. Grau. 2000. Evidence for infection with Chla-
mydia pneumoniae in a subgroup of patients with multiple sclerosis. Ann.
Neurol. 47:652-655.

. Li, W. P., X. Ming, S. Cook, B. Blumberg, and P. Dowling. 2000. Chlamydia

pneumoniae sequence frequently present in both MS and control spinal fluid.
Neurology 54(Suppl. 3):A165.

. Loffler, J., H. Hebart, U. Schumacher, H. Reitze, and H. Einsele. 1997.

Comparison of different methods for extraction of DNA of fungal pathogens
from cultures and blood. J. Clin. Microbiol. 35:3311-3312.

Mahony, J. B., S. Chong, B. K. Coombes, M. Smieja, and A. Petrich. 2000.
Analytical sensitivity, reproducibility of results, and clinical performance of
five PCR assays for detecting Chlamydia pneumoniae DNA in peripheral
blood mononuclear cells. J. Clin. Microbiol. 38:2622-2627.

Nochlin, D., C. M. Shaw, L. A. Campbell, and C.-C. Kuo. 1999. Failure to
detect Chlamydia pneumoniae in brain tissues of Alzheimer’s disease. Neu-
rology 53:1888.

Poland, S. D., and G. P. A. Rice. 2000. Chlamydia pneumoniae and multiple
sclerosis. Neurology 54(Suppl. 3):A165.

Ring, R. H., and J. M. Lyons. 2000. Failure to detect Chlamydia pneumoniae
in the late-onset Alzheimer’s brain. J. Clin. Microbiol. 38:2591-2594.

. Roblin, P. M., W. Dumornay, and M. R. Hammerschlag. 1992. Use of HEp-2

cells for improved isolation and passage of Chlamydia pneumoniae. J. Clin.
Microbiol. 30:1968-1971.

. Schumacher, H. R., H. C. Gerard, T. K. Arayassi, J. A. Pando, P. J. Brani-

gan, D. L. Saaibi, and A. P. Hudson. 1999. Lower prevalence of Chlamydia
pneumoniae DNA compared to Chlamydia trachomatis DNA in synovial
tissue of arthritis patients. Arthritis Rheum. 42:1889-1893.

Sriram, S., W. Mitchell, and C. Stratton. 1998. Multiple sclerosis associated
with Chlamydia pneumoniae infection of the CNS. Neurology 50:571-572.
Sriram, S., C. W. Stratton, S.-Y. Yao, A. Tharp, L. Ding, J. D. Bannan, and
W. M. Mitchell. 1999. Chlamydia pneumoniae infection of the central ner-
vous system in multiple sclerosis. Ann. Neurol. 46:6-14.

Tong, C. Y. W., and M. Sillis. 1993. Detection of Chlamydia pneumoniae and
Chlamydia psittaci in sputum samples by PCR. J. Clin. Pathol. 46:313-317.
Treib, J., A. Haass, W. Stille, M. Maass, C. Stephan, G. Holzer, M. Mor-
genthaler, R. Woessner, and M. T. Grauer. 2000. Multiple sclerosis and
Chlamydia pneumoniae. Ann. Neurol. 47:408.

6002 ‘v’T 1@quianoN uo Aq 610 wse wal woly papeojumoq


http://jcm.asm.org

