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Our identification of Chlamydia pneumoniae in the cerebrospinal fluid (CSF) of a patient with multiple sclerosis (MS)
led us to examine the incidence of this organism in the CSF from 17 patients with relapsing–remitting MS, 20 patients
with progressive MS, and 27 patients with other neurological diseases (OND). CSF samples were examined for C pneu-
moniae by culture, polymerase chain reaction assays, and CSF immunoglobulin (Ig) reactivity with C pneumoniae ele-
mentary body antigens. C pneumoniae was isolated from CSF in 64% of MS patients versus 11% of OND controls.
Polymerase chain reaction assays demonstrated the presence of C pneumoniae MOMP gene in the CSF of 97% of MS
patients versus 18% of OND controls. Finally, 86% of MS patients had increased CSF antibodies to C pneumoniae
elementary body antigens as shown by enzyme-linked immunosorbent assay absorbance values that were 3 SD greater
than those seen in OND controls. The specificity of this antibody response was confirmed by western blot assays of the
CSF, using elementary body antigens. Moreover, CSF isoelectric focusing followed by western blot assays revealed cat-
ionic antibodies against C pneumoniae. Infection of the central nervous system with C pneumoniae is a frequent oc-
currence in MS patients. Although the organism could represent the pathogenetic agent of MS, it may simply represent
a secondary infection of damaged central nervous system tissue. A therapeutic trial directed at eliminating C pneumoniae
from the central nervous system may provide additional information on its role in MS.
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Chlamydia pneumoniae belongs to a genus of intracel-
lular pathogens that are infectious to humans and other
vertebrates.1–4 The four species currently recognized
are C psittacci, C trachomatis, C pneumoniae, and C pe-
corum. In animals C psittacci are known to infect mi-
croglial cells, and C pecorum in cattle causes a syn-
drome known as sporadic bovine encephalomyelitis for
which detailed neuropathological data are lacking.5,6 C
trachomatis and C pneumoniae are pathogenic primarily
to humans and are recognized as causing latent disease.
Meningoencephalitis and other neurological complica-
tions have been described in patients with infections
caused by C psittaci and C trachomatis.7 C pneumoniae
was first described 10 years ago as a cause of pneumo-
nia and is now implicated in several chronic diseases,
including some such as Reiter’s syndrome that are con-
sidered to be autoimmune.7–14 Moreover, several re-
cent reports have suggested the possibility of C pneu-
moniae infection in patients with undiagnosed
encephalitis.7,15 In 2 patients, magnetic resonance im-
aging abnormalities in the white matter were seen.15

We chose to examine a possible link between
chronic persistent central nervous system (CNS) infec-
tion with C pneumoniae and multiple sclerosis (MS)

because of our initial observation of CNS infection
with C pneumoniae in a patient with rapidly progres-
sive MS.16 In this patient, C pneumoniae was isolated
from the cerebrospinal fluid (CSF), and therapy with
antimicrobial agents directed against this pathogen par-
alleled marked neurological improvement.

Subjects and Methods
Patients and Patient Selection
Patients who satisfied the Poser criteria for the diagnosis of
clinically definite MS were recruited for the study. Age- and
sex-matched controls were recruited from control patients
with other neurological diseases (OND) in whom CSF was
being obtained for diagnostic studies.

Culture of C pneumoniae from CSF
CSF cultures for C pneumoniae were performed as follows:
To at least 300 ml of a recently collected CSF sample, 200
ml of trypsin (0.25%)/EDTA (1 mM) (GibcoBRL, Gaithers-
burg, MD) in Hanks’ balanced salt solution (HBSS; Gibco-
BRL) at pH 7.2 was added to achieve a final concentration
of 0.1% trypsin; the sample was Vortex mixed and then in-
cubated at 37°C for 30 minutes. After incubation, the sam-
ple was again Vortex mixed, centrifuged for 45 minutes at
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12,000g in a microcentrifuge, and the pellet resuspended in
1 ml of Iscove’s medium (GibcoBRL); 0.5 ml of this diluted
CSF sample was added to HL indicator cells (human lung
carcinoma cells, Washington Research Foundation, Seattle,
WA) in each of two shell vials. Before adding the CSF sam-
ple, these HL cells had been established as confluent mono-
layers on 12-mm coverslips, washed with HBSS four times,
treated with DEAE-dextran (30 mg/ml) (GibcoBRL) in
HBSS for 15 minutes, and washed again four times with
HBSS. After the CSF sample was added, the shell vials were
centrifuged at 4°C at 1,800g for 1 hour. To the spun shell
vials was added 1 ml of Iscove’s medium (GibcoBRL) con-
taining 4 mg/ml cyclohexamide, 20% fetal calf serum (FCS;
Hyclone, Logan, UT), 4 mM L-glutamine (Sigma, St Louis,
MO), and 100 mg/ml gentamicin (Sigma); the vials were
then incubated at 35°C for 7 days with additional centrifu-
gation (4°C at 1,800g for 1 hour) on days 4, 5, and 6. Con-
tinuous propagation for 14 days was achieved by a single
culture passage after 7 days followed by a second incubation
period of 7 days. One coverslip of the duplicate shell vials
was examined for C pneumoniae inclusions after each incu-
bation period. After fixation, the cell monolayer was stained
with a C pneumoniae-specific fluorescene-conjugated mouse
monoclonal antibody (1:50 dilution; Washington Research
Foundation) and Evan’s Blue (3 ml/ml) in 1% bovine serum
albumin/0.15% Tween 20/HBSS. The stained coverslips
were examined in a blinded fashion by a single reader
(W.M.M.). Enumeration of HL cells containing C pneu-
moniae inclusions was performed under epifluorescence by
using a Nikon Diaphot-TMD microscope (Nippon, Kogaku,
Tokyo) with a B filter cassette. In the presence of Evans Blue
counterstain, the emission spectrum is shifted toward the in-
frared for this particular monoclonal antibody.

For passage, the remaining vial was sonicated to remove
the cells from the coverslip after which EDTA to 1 mM final
concentration was added. This vial was incubated at 37°C
for 30 minutes, centrifuged at low speed (600g for 5 min-
utes) to remove cell debris, and the supernatant was centri-
fuged at 12,000g for 45 minutes at ambient temperature.
The pellet was resuspended in 1 ml of Iscove’s and 0.5 ml
used to inoculate each of duplicate fresh DEAE-dextran–
treated monolayers. This subculture was centrifuged at 4°C
at 1,800g for 1 hour at the time of subculture as well as
again on days 4, 5, and 6. As a quality control measure for
this and all other laboratory methods, cell lines, FCS, media,
or reagents of any type were determined to be C pneumoniae-
free by polymerase chain reaction (PCR)/Southern hybridiza-
tion (PCR/S) assay. All manipulations of CSF samples or shell
vials in which contamination might occur were performed in
laminar-flow hoods (BL3) under continuous ultraviolet light.

PCR Amplification of MOMP
Gene of C pneumoniae
PCR DNA amplification of the C pneumoniae MOMP gene
from CSF specimens was performed as follows: To at least
300 ml of CSF sample, 200 ml of trypsin (0.25%)/EDTA (1
mM) (GibcoBRL) in HBSS (GibcoBRL) at pH 7.2 was
added to achieve a final concentration of 0.1% trypsin, and
the sample Vortex mixed and then incubated at 37°C for 30
minutes. After incubation, the sample was again Vortex

mixed, centrifuged for 45 minutes at 12,000g in a microcen-
trifuge, and the pellet resuspended in 20 ml of lysis buffer
(0.5% sodium dodecyl sulfate [SDS], 1% Nonidet P-40, 0.2
M NaCl, 10 mM dithiothreitol [DTT], 10 mM EDTA, 20
mM Tris-HCl at pH 7.5). To this was added 8 ml of pro-
teinase K (20 mg/ml; Boehringer-Mannheim, Indianapolis,
IN) after which the specimen was mixed and incubated over-
night at 37°C. From this specimen, purified DNA was ex-
tracted from the aqueous fraction with sodium acetate (1:10
dilution by volume of a 3 M solution; Fisher Scientific,
Pittsburgh, PA) and mixing/precipitation with 2:2.5 dilution
by volume of cold absolute ethanol after performing initial
extraction with a mixture of phenol/chloroform/isoamyl al-
cohol (25:24:1; Sigma) followed by two extractions with
chloroform. The DNA was washed with 70% ethanol in wa-
ter, spun (600g for 5 minutes at ambient temperature), and
resuspended in 20 ml of water. PCR was performed by using
the entire MOMP gene (1.2 kb) using Deep Vent polymer-
ase in the manufacturer’s buffer (New England Biolabs, Bos-
ton, MA) with no additional MgCl2. The MOMP primers
used were: as MOMP forward: ATG AAA AAA CTC TTA
AAG TCG GCG TTA TTA TCC GCC GC; MOMP re-
verse: TTA GAA TCT GAA CTG ACC AGA TAC GTG
AGC AGC TCT CTC G. Reaction mixtures contained 20
ml of target DNA, 200 pM of each primer, 200 mM of each
dNTP, and 1 U of Deep Vent polymerase. The PCR reac-
tion was performed for 35 cycles at 94°C for 1 minute, 58°C
for 2 minutes, and 74°C for 3 minutes. PCR reactions were
analyzed by electrophoresis in 1% agarose gel for 45 minutes
at 95 V. For confirmation and enhanced sensitivity, the gels
were further analyzed by Southern hybridization, using a
digoxigenin-labeled (DIG; Boehringer-Mannheim) MOMP
gene probe from the TWAR strain of C pneumoniae (Amer-
ican Type Culture Collection [ATCC] VR-1310). In brief,
agarose gels were treated with 0.4 M NaOH for 15 minutes,
and the DNA transferred by capillary blotting to positively
charged nylon membranes (Boehringer-Mannheim). The
TWAR MOMP gene was labeled with DIG (Boehringer-
Mannheim). Membranes were prehybridized in hybridization
buffer (10% dextran sulfate, 1 M NaCl, 1% SDS) for at least
1 hour at 65°C. DIG-labeled probe (100 ng) was added in
fresh hybridization buffer and incubated at 65°C overnight.
Blots were washed three times in 23 saline–sodium citrate,
1% SDS at ambient temperature, and an additional three
times at 65°C. Final high stringency washes were performed
in 0.13 saline–sodium citrate, 0.1% SDS at ambient tem-
perature. Membranes were blocked in 5% wt/vol dehydrated
nonfat milk in phosphate-buffered saline (PBS), 0.2%
Tween 20 for 1 hour at ambient temperature, then incu-
bated in anti-DIG-alkaline phosphatase–conjugated Fab frag-
ments (Boehringer-Mannheim) diluted 1:5,000 in PBS, 0.2%
Tween 20, and developed with nitro blue tetrazolium (NBT)/
5-bromo-4-chloro-3-indoyl phosphate (BCIP) substrate.

Measurement of Antibody Levels in CSF to Whole
Elementary Body Antigens of C pneumoniae by
Enzyme-Linked Immunosorbent Assay
CSF antibodies to C pneumoniae were measured by an
enzyme-linked immunosorbent assay (ELISA) technique as
follows: Plates (96-well) were coated with 100 ml of C pneu-
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moniae elementary body (EB) antigens (250 ng/well). EB an-
tigens were prepared from concentrated C pneumoniae EBs
by treating them with 25 mM DTT, 2% 2-mercaptoethanol,
and 2% SDS for 5 minutes at 100°C. Treated EBs were
sonicated, centrifuged (500g for 30 minutes at room temper-
ature), and resuspended (2 mg/ml protein) in PBS, pH 7.4.
Concentrated C pneumoniae EBs were obtained by growing
C pneumoniae (ATTC VR-1310) in 25-ml flasks containing
a confluent growth of HL cells (Washington University
Foundation) in Dulbecco’s minimal essential medium (Gib-
coBRL) and 10% FCS. Infection was facilitated by two
washes with HBSS followed by a 20-minute preincubation
with DEAE-dextran (30 mg/ml) in HBSS. The infectious in-
oculum was added in 2-ml volumes of serum-free media and
the flasks centrifuged at 1,200g for 1 hour at 4°C. To each
spun flask was added 2 ml of Iscove’s medium containing 4
mg/ml cyclohexamide, 20% FCS, 4 mM L-glutamine, and
100 mg/ml gentamicin. The flasks were then incubated at
35°C for 3 days at which time the infected cells begin to lyse
and release EBs. On day 4, the culture flasks were sonicated
for 20 seconds, and the cell debris removed by centrifugation
at 600g for 5 minutes at room temperature. The supernatant
containing the infectious EBs was centrifuged at 18,000g for
30 minutes and the pellet resolubilized in water containing
25 mM DTT, 2% 2-mercaptoethanol, and 2% SDS. After
the EB antigens were added to the 96-well plate, the plates
were incubated overnight and then unoccupied sites in the
wells blocked with 1% bovine serum albumin/PBS/Tween
20 for 1 hour. The CSF samples were added to each well in
a final concentration of 1 mg of immunoglobulin diluted in
100 ml of PBS as determined by rate laser nephelometric
methods (Behring Nephelometer Analyzer II, Behring Diag-
nostics Inc, San Jose, CA) and incubated overnight at 4°C.
After this step, the plates were washed with PBS/Tween 20, and
then peroxidase-conjugated goat anti-human IgG (1:10,000)
(Sigma) was added. After 2 hours of incubation, the plates were
washed with PBS/Tween 20 and the substrate added. The ab-
sorbance units at 405 nm were read by using an ELISA reader
(Bio-Tech Instruments, Burlington, VT) at 1 hour.

Western Blot Assays of Elementary Body Antigens
Reactive against CSF Immunoglobulins
Western blot assays against CSF immunoglobulins were per-
formed as follows: EB antigens were prepared from concen-
trated C pneumoniae EBs by treating them with 25 mM
DTT, 2% 2-mercaptoethanol, and 2% SDS for 5 minutes at
100°C as done for the ELISA procedure. Treated EBs were
sonicated, and then 2.5 mg of the sonicated protein was
loaded in each well and run on an 8% SDS–polyacrylamide
gel electrophoresis gel at 100 V for 2 hours at ambient tem-
perature. The gel was transferred to nitrocellulose membrane
at 100 V for 1 hour at ambient temperature. Individual
strips were cut and incubated in 3% bovine serum albumin
with Tris-buffered saline with Tween 20 (TBST) for 2 hours
at ambient temperature to block unoccupied sites. The strips
were then washed three times with TBST, and finally incu-
bated with CSF (containing 5 mg of immunoglobulin)
for 2 days at 4°C. After incubation with CSF, the strips
were washed three times with TBST and incubated with
peroxidase-conjugated goat anti-human IgG (1:500) (Sigma)

for 1.5 hours at ambient temperature and examined by using
a chemiluminescent detection assay (Pierce, Rockford, IL).
Control experiments, with cell lysates of uninfected HL cells,
were used instead of C pneumoniae EBs in western blot assays.

Results
This study evaluated 17 patients with relapsing–remit-
ting MS (4 males and 13 females; mean age, 31 years)
at the time of diagnosis of clinically definite disease
(Table 1) and 20 patients with progressive MS (10
males and 10 females; mean age, 40 years) (Table 2).
Among the 17 relapsing–remitting MS patients, 2 pa-
tients were on interferon-b that was instituted 4 weeks
and 16 weeks, respectively, before the enlistment of
these patients for the lumbar puncture. Both patients
(Patients 5 and 14) were also recovering from a recent
clinical worsening. The remaining 15 patients were not
taking any immunosuppressive or immunomodulatory
drugs. All except 3 of these 17 MS patients had oligo-
clonal bands in the CSF (see Table 1). Among the pa-
tients with progressive disease, 2 had primary progres-
sive disease, 4 had relapses with sequelae (relapsing
progressive disease), and the remaining 14 had second-
ary progressive disease. Four of these 20 MS patients
were on interferon-b, and 3 were taking methotrexate
at the time the lumbar puncture was performed. All
except 2 of these 20 MS patients had oligoclonal bands
in the CSF (see Table 2). Twenty-seven patients (12
males and 15 females; mean age, 39 years) with OND
were selected as controls (Table 3). Of these, 19 had
CSF abnormalities (ie, increase in CSF protein or CSF
lymphocytes) consistent with either a break in the
blood–CSF or blood–brain barrier. One patient (Pa-
tient 6) with chronic meningitis of unknown cause had
oligoclonal bands in the CSF. Of the remaining 7
OND control patients with normal CSF profiles, 2
were diagnosed with cerebrovascular disease and 1 case
each was seen with brain abscess, Hashimoto’s enceph-
alopathy, polyneuropathy, Wernicke-Korsakoff’s en-
cephalopathy, and a syndrome consistent with vasculi-
tis and stroke.

Direct evidence for the presence of C pneumoniae in
the CNS was determined by CSF cultures. Most cul-
tures were read as such after the second passage. Cul-
tivation and isolation of C pneumoniae was performed
according to a rigorous protocol derived from pub-
lished methods.16–23 Among patients with newly diag-
nosed relapsing–remitting MS, 47% of patients (8 of
17) had C pneumoniae isolated from CSF cultures (Fig
1; see Table 1). Among patients with progressive MS,
80% of patients (16 of 20) were culture positive. (see
Fig 1 and Table 2). One culture-negative MS patient
(Patient 3) was taking ofloxacin for a urinary tract in-
fection at the time of CSF culture. C pneumoniae was
isolated from CSF in 3 OND control patients (see Fig
1 and Table 3). One of these 3 patients (Patient 8) was
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diagnosed as having postinfectious encephalomyelitis,
which may in fact represent a variant of MS. The re-
maining 2 patients presented with inflammatory my-
elopathy, 1 case of unknown cause and the other case
thought to be caused by herpes simplex virus type 2

(HSV-2). In the latter 2 patients, changes consistent
with inflammatory myelopathy were seen on magnetic
resonance imaging scans of the spinal cords.

The presence of C pneumoniae in the CNS was also
evaluated by PCR methods, which assayed CSF for the

Table 1. Clinical and CSF Profiles of 17 Patients with Relapsing–Remitting MS

Patient
No.

Age
(yr)/Sex

Time of Onset
of First Symptom
to Time of
Diagnosis EDSS

CSF Protein
Concentration;
CSF Cell Count

CSF IgG
Indexa

Oligoclonal
Bands CSF Culture CSF PCR/S

1 26/F 1 yr 1.5 32 mg/dl; 4 cells/ml 1.28 Present Negative Positive
2 47/F 2 mo 3.0 47 mg/dl; 7 cells/ml 1.09 Present Positive Positive
3 22/F 2 yr 1.5 40 mg/dl; 11 cells/ml 0.60 Present Negative Positive
4 51/F 3 yr 1.5 32 mg/dl; 0 cells/ml 0.61 Present Positive Positive
5b 22/F 6 mo 6.0 34 mg/dl; 10 cells/ml 0.90 Present Positive Positive
6 20/F 3 mo 1.0 24 mg/dl; 9 cells/ml 1.42 Present Negative Positive
7 49/M 1 yr 3.5 57 mg/dl; 4 cells/ml 1.44 Present Positive Positive
8 50/M 6 mo 3.5 86 mg/dl; 2 cells/ml 1.22 Present Positive Positive
9 39/F 6 mo 2.0 53 mg/dl; 0 cells/ml 0.55 Absent Negative Positive

10 29/F 12 yr 3.5 22 mg/dl; 0 cells/ml 0.48 Absent Negative Positive
11 28/F 4 mo 1.5 68 mg/dl; 1 cell/ml 0.5 Absent Positive Positive
12 27/F 4 yr 2.5 45 mg/dl; 2 cells/ml 1.97 Present Negative Positive
13 49/F 1.5 yr 2.5 55 mg/dl; 2 cells/ml 1.60 Present Negative Positive
14b 47/M 2 yr 5.5 82 mg/dl; 14 cells/ml 0.67 Present Negative Positive
15 26/F 6 mo 3.0 20 mg/dl; 6 cells/ml 1.19 Present Positive Positive
16 40/F 22 yr 2.0 33 mg/dl; 1 cell/ml 0.88 Present Negative Positive
17 44/M 6 mo 3.0 24 mg/dl; 3 cells/ml 0.46 Absent Positive Positive

aThe Ig index is the ratio of CSF/serum immunoglobulin to CSF/serum albumin and is an indication of intrathecal immunoglobulin production.
bPatients were taking interferon-b at the time the spinal taps were performed.

CSF 5 cerebrospinal fluid; MS 5 multiple sclerosis; EDSS 5 Expanded Disability Status score; PCR/S 5 polymerase chain reaction/Southern
hybridization.

Table 2. Clinical and CSF Profiles of 20 Patients with Progressive MS

Patient
No.

Age
(yr)/Sex

Age at
Onset (yr) EDSS

Immuno-
modulatory
Drugs

CSF Protein
Concentration;
CSF Cell Count

CSF Ig
Indexa

Oligoclonal
Bands

CSF
Culture CSF PCR/S

CSF Ig vs EBs
by Western
Blot

1 35/M 30 4.0 None 53 mg/dl; 2 cells/ml 1.07 Present Positive Positive Positive
2 51/M 31 7.5 None 69 mg/dl; 0 cells/ml 0.5 Present Positive Positive Positive
3 40/M 38 6.5 None 85 mg/dl; 4 cells/ml 0.64 Present Negative Positive Positive
4 42/F 38 6.0 IFN-a1 18 mg/dl; 3 cells/ml 1.73 Present Negative Positive Weakly positive
5 42/F 33 7.0 None 37 mg/dl; 2 cells/ml 2.69 Present Positive Positive Positive
6 47/M 33 7.0 None 112 mg/dl; 2 cells/ml 0.58 Present Positive Positive Positive
7 35/F 29 7.0 None 48 mg/dl; 2 cells/ml 3.69 Present Positive Positive Positive
8 31/M 25 5.0 None 41 mg/dl; 1 cell/ml 0.5 Absent Positive Positive Weakly positive
9 50/M 40 6.5 MTX 24 mg/dl; 3 cells/ml 0.6 Present Positive Negative Weakly positive

10 37/F 34 3.5 None 34 mg/dl; 15 cells/ml 0.77 Present Positive Positive Weakly positive
11 54/M 44 8.5 MTX 82 mg/dl; 15 cells/ml 1.39 Present Positive Positive Positive
12 29/F 21 8.0 IFN-b1 14 mg/dl; 1 cell/ml 0.8 Present Positive Positive Weakly positive
13 44/F 23 7.5 None 59 mg/dl; 1 cell/ml 0.7 Present Positive Positive Positive
14 36/M 32 4.5 MTX 31 mg/dl; 0 cells/ml 0.52 Absent Negative Positive Negative
15 42/F 38 3.5 None 32 mg/dl; 0 cells/ml 0.6 Present Positive Positive Weakly positive
16 54/F 40 6.5 None 54 mg/dl; 4 cells/ml 1.4 Present Negative Positive Positive
17 43/M 21 6.0 IFN-b1 54 mg/dl; 4 cells/ml Not done Present Positive Positive Positive
18 28/M 18 4.5 IFN-b1 33 mg/dl; 2 cells/ml 1.2 Present Positive Positive Negative
19 48/F 24 8.5 None 48 mg/dl; 5 cells/ml 0.7 Present Positive Positive Positive
20 34/M 32 6.0 None 115 mg/dl; 30 cells/ml 0.5 Present Positive Positive Positive

aThe CSF Ig index is the ratio of CSF/serum immunoglobulin (Ig) to CSF/serum albumin and is an indication of intrathecal immunoglobulin pro-
duction.

CSF 5 cerebrospinal fluid; MS 5 multiple sclerosis; EDSS 5 Expanded Disability Status score; PCR/S 5 polymerase chain reaction/Southern hy-
bridization; EB 5 elementary body; IFN 5 interferon; MTX 5 methotrexate.
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Fig 1. HL cells (human lung carcinoma cells) stained for chlamydial inclusions with C pneumoniae-specific fluorescene-conjugated
mouse monoclonal antibody and Evan’s Blue counterstain. (a) HL cells inoculated with cerebrospinal fluid (CSF) from a patient
with multiple sclerosis clearly showing fluorescent inclusions (arrows) after 7 days of incubation. (b) HL cells inoculated with CSF
from a patient with other neurological diseases showing no fluorescent inclusions. These cultures were reported as culture positive (a)
and culture negative (b) for C pneumoniae.

Table 3. Clinical and CSF Profiles of 27 Patients with Other Neurological Diseases

Patient
No. Age (yr)/Sex Neurological Diagnosis

CSF Protein Concentration;
CSF Cell Count

CSF Ig
Indexa

Oligoclonal
Bands CSF Culture CSF PCR/S

CSF Ig vs EBs
by Western Blot

1 44/F AIDP 121 mg/dl; 0 cells/ml 0.2 Absent Negative Positive Weakly positive
2 65/M CNS Wegener’s 35 mg/dl; 2 cells/ml 0.5 Absent Negative Negative Negative
3 19/F Encephalitis 18 mg/dl; 15 cells/ml Not done Absent Negative Negative Negative
4 32/M CNS vasculitis 121 mg/dl; 0 cells/ml 2.6 Absent Negative Negative Negative
5 36/F Paraneoplastic encephalitis 104 mg/dl; 13 cells/ml 0.5 Absent Negative Negative Weakly positive
6 25/M Chronic meningitis 155 mg/dl; 227 cells/ml 0.5 Present Negative Negative Negative
7 41/F Granulomatous angiitis 88 mg/dl; 10 cells/ml 0.5 Absent Negative Negative Negative
8 32/F PIE 95 mg/dl; 103 cells/ml 0.47 Absent Positive Negative Weakly positive
9 39/F Polyneuropathy 54 mg/dl; 0 cells/ml 0.5 Absent Negative Negative Negative

10 59/F CNS venous thrombosis 72 mg/dl; 7 cells/ml 0.55 Absent Negative Negative Negative
11 66/F Brain abscess 31 mg/dl; 2 cells/ml 0.37 Absent Negative Negative Negative
12 28/M CNS vasculitis 30 mg/dl; 8 cells/ml 0.4 Absent Negative Negative Negative
13 24/F CNS vasculitis 53 mg/dl; 0 cells/ml 0.4 Absent Negative Negative Negative
14 80/F CNS Wegener’s 63 mg/dl; 11 cells/ml Not done Not done Negative Negative Negative
15 44/M Hydrocephalus 146 mg/dl; 14 cells/ml 0.38 Absent Negative Negative Negative
16 38/F HSV-2 myelitis 74 mg/dl; 4 cells/ml 0.2 Not done Negative Negative Negative
17 50/F Encephalopathy 25 mg/dl; 2 cells/ml Not done Absent Negative Negative Weakly positive
18 34/M Thoracic myelitis 59 mg/dl; 21 cells/ml 0.48 Absent Negative Positive Negative
19 36/F Brain tumor 137 mg/dl; 6 cells/ml 0.48 Absent Negative Negative Negative
20 54/M Stroke 44 mg/dl; 0 cells/ml Not done Not done Negative Positive Negative
21 52/F Myelitis 51 mg/dl; 2 cells/ml 0.50 Absent Positive Positive Negative
22 36/F Aseptic meningitis 39 mg/dl; 13 cells/ml 0.38 Absent Negative Negative Negative
23 41/F HSV-2 myelitis 58 mg/dl; 0 cells/ml 0.54 Absent Positive Positive Negative
24 36/F CNS lupus 57 mg/dl; 0 cells/ml 0.46 Absent Negative Negative Negative
25 28/F Vasculitis 58 mg/dl; 1 cell/ml 0.49 Absent Negative Negative Negative
26 38/M Lumbrosacral plexopathy 62 mg/dl; 0 cells/ml 0.47 Absent Negative Negative Negative
27 62/M W-K encephalopathy 50 mg/dl; 0 cells/ml Not done Absent Negative Negative Not done

aThe CSF Ig index is the ratio of CSF/serum immunoglobulin (Ig) to CSF/serum albumin and is an indication of intrathecal immunoglobulin production.

CSF 5 cerebrospinal fluid; PCR/S 5 polymerase chain reaction/Southern hybridization; EB 5 elementary body; AIDP 5 acute inflammatory demyelinating polyneuropathy;
CNS 5 central nervous system; PIE 5 postinfectious encephalomyelitis; HSV-2 5 herpes simplex virus type 2; W-K 5 Wernicke-Korsakoff.
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major outer membrane protein (MOMP) gene of C
pneumoniae.24,25 The specific 1.2-kb band for the
MOMP gene seen after ethidium bromide staining of
agarose gels was confirmed by Southern hybridization,
using labeled MOMP gene probes.25 The MOMP
gene for C pneumoniae was amplified and confirmed in
all 17 (100%) relapsing–remitting MS patients (Fig 2;
see Table 1) and 19 of 20 (95%) of progressive MS
patients (Fig 3; see Table 2) versus 5 of 27 (18%)
OND controls (see Figs 2 and 3 and Table 3). One
progressive MS patient (Patient 9) and 1 OND control
(Patient 8) were negative for the MOMP gene, but
were positive by culture. Of the 5 OND control pa-
tients who were positive for the MOMP gene, 3 had
thoracic myelitis (Patients 18, 21, and 23), the fourth
(Patient 1) had acute inflammatory demyelinating
polyneuropathy (AIDP), and the fifth (Patient 20) had
a stroke. In both groups of relapsing–remitting and
progressive MS patients, all culture-negative MS pa-
tients were positive by PCR/S assays.

Indirect evidence of C pneumoniae infection in the
CNS was determined by the detection of CSF antibod-
ies against preparations of reduced/solubilized/soni-
cated C pneumoniae elementary bodies (EB antigens),
using an ELISA method.26 To ensure that differences

in the ELISA absorbance signal were not caused by dif-
ferences in the concentration of antibodies in the CSF,
the amount of immunoglobulins in CSF was deter-
mined by nephelometric methods, to add equal
amounts to the ELISA plates. As shown in Figure 4A,
mean absorbance optical density (OD) values for anti-
IgG antibody response to EB antigens, using CSF from
17 relapsing–remitting MS patients, was 0.185 6
0.042 and the mean OD in the control OND group
was 0.078 6 0.025 (p , 0.01, Fisher’s test). Of 17
patients with relapsing–remitting MS, 15 patients
(88%) had OD values that were 3 SD from the OND
group. The anti-IgM response to EB antigens of C
pneumoniae expressed as OD units was 0.115 6 0.02
in the RRMS group and 0.086 6 0.011 in the OND
group (p , 0.05). When the antibody titers in patients
with progressive MS were examined (see Fig 4B), the
mean OD of 20 progressive MS patients was 0.237 6
0.11, and in the OND control group it was 0.093 6
0.022 (p , 0.001, Fisher’s test). Seventeen of 20 (85
percent) MS patients tested had absorbance values in
CSF that were 3 SD greater than those seen in con-
trols. These observations suggest that increased CSF
antibodies against C pneumoniae are present in most
patients with relapsing–remitting and progressive MS.

The specificity of the CSF antibodies was evaluated
by western blot assays, using EB antigens.27 Equal
amounts of CSF immunoglobulins were incubated
with EB antigens, to control for differences in immu-
noglobulin concentrations in the CSF. All relapsing–
remitting MS patients (17 of 17) showed prominent

Fig 2. Polymerase chain reaction (PCR) amplification with
Southern hybridization for the presence of MOMP (major
outer membrane protein) gene in the cerebrospinal fluid of 17
patients with relapsing–remitting multiple sclerosis (MS) (see
Table 1) and 13 control patients with other neurological dis-
eases (OND) (see Table 3; Patients 4, 6, 7, 14, 16, 19, and
21–27). Lane C represents PCR products from elementary
bodies of the ATCC VR-1310 strain of C pneumoniae that
served as our positive internal control. The bands represent the
1.2-kb MOMP gene. DNA was amplified with MOMP
primers and then probed with digoxigenin-labeled MOMP
probe. The positive signals in the OND group were from Pa-
tients 21 and 23.

Fig 3. Polymerase chain reaction (PCR) amplification for the
presence of MOMP (major outer membrane protein) gene in
the cerebrospinal fluid (CSF) of 19 patients with progressive
multiple sclerosis (MS) (see Table 2) and 20 controls with
other neurological diseases (OND) (see Table 3; Patients
1–20). An additional PCR amplification that was positive in
an MS patient (Patient 20) is not shown. The positive signal
in the OND group were Patients 1 and 8 (top) and Patient
18 (bottom).
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reactivity to a 75-kd protein of C pneumoniae (data not
shown). In addition, 17 of 20 CSF samples from MS
patients demonstrated prominent reactivity to a 75-kd
protein of C pneumoniae with weaker reactivity to 65,
60, and 55-kd proteins observed in 13 of these 20 MS
patients. In 19 of these 20 MS patients, the strength of
the bands seen on western blot correlated with the
ELISA OD units. In contrast, reactivity to this 75-kd
protein was seen in only 4 of 20 OND controls. In all
4, the reactivity was weak, compared with MS patients.
One of these, the OND control patient with postin-
fectious encephalomyelitis (Patient 8) was culture pos-
itive for C pneumoniae. Another patient (Patient 1)
with AIDP was positive to C pneumoniae by PCR/S
but culture negative. The other 2 OND controls (Pa-
tients 5 and 17) with positive western blots were neg-

ative for C pneumoniae by culture and PCR/S (Fig 5;
see Tables 2 and 3).

The pattern of antibody reactivity on western blots
was similar in all MS patients. The nature of the 75-kd
protein band seen in most MS patients as well as in the
3 OND controls is not known. Silver-stained gels of C
pneumoniae EB antigens failed to show a dominant
band at that molecular mass. However, others have re-
ported antibody reactivity to a 75-kd heat shock pro-
tein in the serum of patients after C pneumoniae infec-
tion.28 When western blots were performed by using
cytosolic lysates from uninfected HL cells, no binding of
antibody was seen in either the MS patient or the OND
group, suggesting that the antibody binding was specific
for EB antigens of C pneumoniae (data not shown).

Discussion
Our studies show that infection of CNS with C pneu-
moniae is present in patients with newly diagnosed re-
lapsing–remitting MS as well as in patients with pro-
gressive MS, but not in OND controls. The most
striking evidence for CNS infection with C pneumoniae
is the isolation of this pathogen from CSF in 64% of
all MS patients (24 of 37). Every patient with relaps-
ing–remitting MS was positive by PCR to MOMP of
C pneumoniae and every patient with progressive MS
demonstrated either PCR/S products to the C pneu-
moniae MOMP gene (19 of 20) or an immune re-
sponse to this pathogen (18 of 20). The reason for the
increased detection of C pneumoniae by culture in pro-
gressive MS patients over that with relapsing–remitting
MS is not certain but may relate to an increased bur-
den of disease or an increased involvement of the spi-
nal cord and therefore easier detection in the spinal
fluid. The evidence of C pneumoniae in both progres-
sive MS and relapsing–remitting patients suggests that
infection of the CNS with C pneumoniae occurs early
and persists perhaps throughout the course of the dis-
ease and does not differentiate between different clini-
cal subtypes of the disease. Evaluation of patients with
clinical isolated syndromes of CNS demyelination for
the presence of C pneumoniae infection may serve as a
marker for the disease.

At least 19 of 27 patients in the OND control group
had inflammatory disease that was restricted to the
CNS (as evidenced by the abnormalities in the CSF),
which, we believe, served as appropriate controls for
the study. In this control group, 1 patient with AIDP
had a positive PCR/S assay for the MOMP gene as
well as CSF antibodies against C pneumoniae. How-
ever, C pneumoniae has been reported as one of the
causes of AIDP.29 Another OND control patient (Pa-
tient 20) with a stroke had a positive PCR/S assay for
the MOMP gene; C pneumoniae has been isolated
from CNS vessels and has been associated with cere-
brovascular disease.30,31 One patient with postinfec-

Fig 4. Antibody values from cerebrospinal fluid expressed as
optical density (OD) units of absorbance to elementary body
antigens of C pneumoniae by using enzyme-linked immu-
nosorbent assay methodology. (A) Seventeen patients with re-
lapsing–remitting multiple sclerosis (MS) (see Table 1) and 13
patients with other neurological diseases (OND). The OND
controls were the same as those in Figure 2. (B) Twenty pa-
tients with progressive MS and 20 OND controls. The OND
controls were the same as those in Figure 3.
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tious encephalomyelitis (Patient 8) had inflammatory
disease of the white matter and was included in the
OND control group, because she did not satisfy the
clinical criteria for MS (see Table 3). When CSF stud-
ies were repeated 6 months later (and after significant
clinical improvement), C pneumoniae was not isolated
from the CSF and the PCR to the MOMP gene re-
mained negative. Adequate CSF was not available to
repeat the culture studies from the initial lumbar punc-
ture. However, given the difficulties encountered in
culturing C pneumoniae, we believe that it is unlikely
to be a contaminant. In the 3 patients with inflamma-
tory myelopathies, 2 were PCR and culture positive
(Patients 21 and 23) and Patient 18 was only weakly
PCR positive (see Table 3). It is not clear whether the
neurological syndromes in these patients represent the
initial attack of MS. If that were the case, it would
further substantiate our hypothesis that infection of
CNS with C pneumoniae occurs early and persists
throughout the course of the disease.

Evidence for C pneumoniae infection of the CNS in
our study was found in all patients with MS. These
results do not establish a causal relation between C
pneumoniae infection of the CNS and the development
of MS. There is no current evidence for C pneumoniae
causing CNS demyelinating disease and axon loss.
However, it is noteworthy that two agents currently in
use for the therapy of MS, interferon-b and methotrex-
ate, inhibit the replication of chlamydia in vitro.32,33

C pneumoniae is a common respiratory pathogen and
serological evidence of infection is present in a signifi-
cant portion of the population.34 Seroconversion gen-
erally begins in the first decade of life with most indi-
viduals showing immunological evidence of exposure
by the fourth decade. Because a large number of indi-
viduals are infected with the organism, it is possible
that C pneumoniae is the inciting agent of MS in ge-
netically susceptible individuals. The organism may
provide an initial inflammatory insult as well as a
chronic stimulus, thereby establishing a chronic state of
immune activation. Conversely, CNS infection by C
pneumoniae in MS patients may simply represent a sec-
ondary infection of damaged CNS tissue. C pneu-
moniae is known to infect macrophages and monocytes
as well as endothelial and smooth muscle cells of blood
vessels.35 This pathogen thus could be transported to
inflamed CNS tissues by infected monocytes/macro-
phages36,37 that were responding to an initial triggering
event. This triggering event could be an acute viral in-
fection or autoimmune reaction.

To our knowledge, C pneumoniae infection of the
CNS in MS patients has not been examined previ-
ously. Regardless of the exact role of C pneumoniae in
patients with MS, our study demonstrates a strong as-
sociation between these two entities. A well-designed
therapeutic trial directed at eliminating C pneumoniae
from the CNS may provide additional answers regard-

Fig 5. Specificity of cerebrospinal fluid
immunoglobulins demonstrated by
western blot studies to elementary body
antigens of C pneumoniae. The blots
are from a representative group of 20
multiple sclerosis (MS) patients and
20 control patients with other neuro-
logical diseases (OND).
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ing the relation between C pneumoniae infection of the
CNS and the development and progression of MS.38

This study was supported in part by grants from the National MS
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