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To assess the utility of PCR-enzyme immunoassay (EIA) for diagnosis of acute infection with Chlamydia
pneumoniae, we compared tissue culture, PCR-EIA, direct fluorescent-antibody (DFA) stain, and serology in
studies with 56 patients with respiratory symptoms and 80 asymptomatic persons. Thirty-five patients were
positive by either culture or PCR-EIA, and 101 were negative by both assays. Thirty specimens from
symptomatic patients and one from an asymptomatic patient were culture positive; 23 of these were also
PCR-EIA positive. Of the eight culture-positive, PCR-EIA-negative specimens, five were DFA negative and three
were DFA positive. Four additional specimens were culture negative and PCR-EIA positive; of these, three were
DFA positive and one was DFA negative. When we used culture- and/or DFA-positive results as a reference or
"gold standard," the sensitivity and specificity of PCR were 76.5 and 99.0%, respectively. When we used PCR-
and/or DFA-positive results as the reference, the sensitivity of culture was 87.5%. On the basis of single acute
serum specimens, only 8 of these 35 patients had diagnostic antibody titers. Of the asymptomatic patients, 75%
had immunoglobulin G or immunoglobulin M antibody to C. pneumoniae; 15 (18.8%) of these had antibody levels
considered to be diagnostic of acute infection. This multicenter study indicates that culture and/or PCR-EIA is
more reliable for prompt diagnosis of C. pneumoniae infection than single-point serology alone.

Chlamydia pneumoniae is an important respiratory pathogen
and has been implicated as a cause of up to 10% of cases of
community-acquired pneumonia (5, 7). It has also been asso-
ciated with asthma, bronchitis, pharyngitis, acute chest syn-
drome, and coronary heart disease (6, 8, 10). Serology for C.
pneumoniae antibodies has been used for diagnosis in most of
these studies (2, 7). Since serology based on paired sera is
useful only retrospectively and culture may take 3 to 7 days for
a result to be obtained, a rapid method such as PCR may be
advantageous because it offers more timely treatment options.
Previous studies have demonstrated that PCR can be used to
detect C. pneumoniae (4). However, those initial studies did
not determine the sensitivity or specificity of PCR by testing a
large number of clinical specimens in parallel with cultures
from symptomatic and asymptomatic individuals. We therefore
initiated a study to determine the usefulness of PCR compared
with culture for the rapid diagnosis of acute C. pneumoniae
infections (4). In addition, this PCR has been adapted for
detection of amplified DNA products by enzyme immunoassay
(EIA), thereby offering a diagnostic tool for screening large
numbers of clinical specimens (3).

MATERIALS AND METHODS

Nasopharyngeal specimens, collected with dacron-tipped
wire shaft swabs, from a group of 42 pediatric and 14 adult
patients with respiratory symptoms (n = 56) and a group of
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asymptomatic adult persons (n = 80) were cultured for C.
pneumoniae. The symptomatic patients were randomly se-
lected patients who were being evaluated for C. pneumoniae
infection or were part of ongoing studies from 1989 to 1993 of
the association of C. pneumoniae and asthma, pneumonia, or
cystic fibrosis in children and adults from New York, N.Y. The
asymptomatic persons were healthy adult health-care workers
in Brooklyn without respiratory symptoms during the prior 3
months and without a known history of C. pneumoniae infec-
tion. Serological studies were performed at a different institu-
tion (the University of California), without knowledge of the
culture results. Culture transport media (1.5 ml of 2-sucrose
phosphate media) were stored at - 70°C and were retrospec-
tively analyzed by PCR-EIA at a third institution (The Johns
Hopkins University), without culture or serology results being
known.

Cultures were performed by inoculating 200 [l of the
specimen in chlamydia transport media into HEp-2 cells in
96-well microtiter plates, and negative cultures were passed
once to fresh cells (9). Isolates were identified as chlamydiae
with genus-specific fluorescein-conjugated monoclonal anti-
sera (culture confirmation reagent; Sanofi Diagnostics Pasteur,
Chaska, Minn.), and their identities were confirmed by using
C. pneumoniae-specific monoclonal antibody (Washington Re-
search Foundation, Seattle, Wash.). Isolates were also stained
by anti-major outer membrane protein, Chlamydia trachoma-
tis-specific monoclonal antisera (Syva, Palo Alto, Calif.) to
identify C. trachomatis. Aliquots of the original culture trans-
port medium were shipped on dry ice for analysis by PCR-EIA
and direct fluorescent-antibody (DFA) staining. Two hundred
microliters of the specimen was lysed by proteinase K-deter-
gent treatment and dialyzed. Fifty microliters was then ampli-
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TABLE 1. IgG and IgM titers for specimens positive for C.
pneumoniae by culture and PCR-EIA

Titer" of:
Specimen b

IgGb IgmC

H-17 1:16
H-18 - -
H-19 - -
H-20 1:64 -

H-21 1:128 1:64
H-22 1:32 -

H-23 1:128 1:32
H-25 1:128 1:32
T2213 1:256 1:64
T2223 1:16 -

T2452 1:1024 -
CF 12 1:1024 >1:256
P 12 - -
CF 1 1:16 -

A 221 1:32 -

A 216 1:32 -

A 214 Noned
A 206 - -
T 2251 1:32 -

086 (asymptomatic) - -

T 2244 1:256 -

A 155 1:8 -

A 147 1:16 1:16
a Negative (-) result indicates a titer of < 1:16.
b Single IgG titers of .1:512 are considered to be diagnostic of acute infection.
IgM antibody levels of .1:16 are considered to be diagnostic of acute

infection with C. pneumoniae.
d No serum sample available.

fied in a microtiter format in a 9600 thermocycler (Perkin-
Elmer Cetus) (3). The C. pneumoniae-specific PCR was based
on primers from the 16S rRNA gene (4). PCR products were
detected by an EIA following hybridization with a 270-bp
biotinylated RNA probe to nested sequences within the am-
plicon (1, 3). The biotin-labeled DNA-RNA hybrid was cap-
tured in antibiotin-coated 96-well microtiter plates. Discrepant
results of culture and PCR-EIA were analyzed by spinning the
culture transport media and performing a DFA stain of the
sediment for elementary bodies with Sanofi Diagnostics cul-
ture confirmation reagent. Sera were assayed by microimmu-
nofluorescence for immunoglobulin G (IgG) and IgM antibod-
ies (11).

RESULTS

Of 136 patients (56 symptomatic and 80 asymptomatic)
tested, 35 were positive by either culture or PCR-EIA and 101
were negative. Thirty-one were tissue culture positive and 27
were PCR-EIA positive. Only one specimen positive by both
assays was from an asymptomatic patient. There were 23
specimens positive by both tests (Table 1). There were 12
specimens with discrepant culture and PCR-EIA results; 3
were culture positive, PCR-EIA negative, and DFA positive.
Five were culture positive, PCR-EIA negative, and DFA
negative. Four specimens were culture negative and PCR-EIA
positive, of which three were DFA positive (Table 2). Before
discrepant results were resolved, the sensitivity and specificity
of PCR-EIA were 74.2 and 96.2%, respectively. When we used
DFA to resolve discrepant results, the revised sensitivity and
specificity of culture were 87.5 and 97.1%, respectively, and
those of PCR-EIA were 76.5 and 99.0%, respectively. If either
culture or PCR-EIA positivity were accepted as true positivity,

TABLE 2. Comparison of culture, PCR-EIA, and DFA for
detection of C. pneumoniae in nasopharyngeal specimens

No. of samples with result by:

Culture and/or PCR-EIA and/or
Test and result Culture DFA DFA

Positive Negative Positive Negative Positive Negative

PCR-EIA
Positive 23 4 26 1
Negative 8 101 8 101

Culture
Positive 28 3
Negative 4 101

then tissue culture would have a sensitivity of 88.6% and a
specificity of 100%. PCR-EIA would be 77.1% sensitive and
100% specific. One specimen was positive for C. trachomatis by
culture and negative by the C. pneumoniae-specific PCR-EIA.
On the basis of a single serum specimen from each of these

35 patients, 8 (22.9%) had titers considered to be diagnostic of
acute infection (Tables 1 and 3). For one patient no serum
sample was available. Of the 23 individuals who were both
culture and PCR-EIA positive, 12 (52.2%) demonstrated levels
of IgG antibody to C. pneumoniae of -1:32, but only 6 of these
patients also had IgM antibody levels of .1:16 and one
additional patient had only a high IgG antibody level (Table 1).
Therefore, only 7 (30.4%) of these 23 patients met diagnostic
criteria for a serological diagnosis of active infection based on
a single serum sample. However, since paired specimens are
usually used to determine acute infection by serodiagnosis,
more of these individuals might have had diagnostic titers if
convalescent sera had been available.
Only one of the asymptomatic patients was both culture and

PCR-EIA positive. However, 60 (75%) of 80 were antibody
positive (IgG level of .1:32) by microimmunofluorescence.
Fifteen (18.8%) of these asymptomatic patients met diagnostic
criteria for acute infection, as indicated by Grayston et al. (5),
by demonstrating IgM antibody levels of .1:16 (n = 10) or
IgG levels of -1:512 (n = 5) in serology.

TABLE 3. Discrepant results of culture, PCR-EIA, and DFA

Test result by: Titer" of:

Specimen Culture (no. of PCR-EIA DFA IgGb IgMc
inclusions/well)

ASK 20 + (2, second passage) - + 1:8
ASK 29 + (10, second passage) - + - -
T2224 + (1, second passage) - - - -

T2229 + (>100) - - 1:128 1:16
ASK 18 + (35) - - 1:32 -
T2382 - + + 1:32 -
T2444 + (14) - + - -

CF3 - + + - _
087 - + - - -
A192 + (10) - - 1:32 -

T2259 + (5) - + 1:256 -
085 - + + 1:256 -

a Negative (-) result indicates a titer of <1:16.
b Single IgG titers of .1:512 are considered to be diagnostic of acute infection.
' IgM antibody levels of .1:16 are considered to be diagnostic of acute

infection with C. pneumoniae.
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DISCUSSION

These results indicate that PCR-EIA of respiratory speci-
mens can reliably detect the presence of C. pneumoniae with
relatively high sensitivity and specificity. In addition, this assay
had previously detected C. pneumoniae in respiratory speci-
mens from a nonhuman primate model of infection (4). In this
study of 35 patients positive by either PCR or culture, 23 were
positive by both tests. There were 12 specimens that gave
discrepant results for culture and PCR-EIA. Three specimens
were culture and DFA positive but PCR-EIA negative, and
they may have contained inhibitors to the polymerase enzyme.
One of these specimens, for which additional transport media
were available, became repeatedly PCR-EIA positive when
diluted 1:10, supporting the possibility of the presence of an
inhibitor. The specimens were also tested with C. trachomatis
primers and were negative (1). Five specimens were culture
positive but PCR-EIA and DFA negative. A possible explana-
tion for this discrepancy could be that there was too small an
aliquoted sample for adequate DFA testing. Conversely,
falsely negative PCR-EIA may be due to the presence of
inhibitory substances or to the loss of amplifiable DNA due to
nucleases in the sample. Three samples which were falsely
negative by PCR-EIA were continually PCR-EIA negative
after dilution to 1:10, and all became PCR-EIA positive when
a dilute positive control was added.
A false-positive PCR result may have been obtained for the

one specimen (087) which was culture and DFA negative but
PCR-EIA positive, especially since the specimen was PCR
negative four times upon repeat testing. The three PCR-EIA-
and DFA-positive specimens which were culture negative
probably were specimens with which PCR-EIA was more
sensitive than culture. The use of DFA testing of culture
transport media appeared to be a valuable way to resolve
discrepancies between culture and PCR-EIA results, but it is
difficult to define a perfect gold standard. However, when we
used the results of two tests as a gold standard, the sensitivity
of culture was better than that of PCR. Specificities were
similar.
The findings of this study, however, raise a concern about

the sensitivity and specificity of serology for diagnosing active
infection with C. pneumoniae. Although many (75%) of the
asymptomatic persons had antibody to C. pneumoniae, it is
surprising that 15 (18.8%) of the asymptomatic persons had
antibody levels considered to be diagnostic of acute infection
with C. pneumoniae (5). The finding of diagnostic antibody
titers among asymptomatic patients who were culture and PCR
negative suggests that the criteria developed by Grayston et al.
for adults may not be appropriate for this population. Con-
versely, of the 56 symptomatic patients, 30 (53.6%) had IgG
antibody levels of -1:32, 3 had IgG antibody levels of -1:512,
and 15 (26.8%) had IgM antibody levels of -1:16. Thus, 18
(32.1%) had antibody levels considered to be diagnostic of
acute infection with C. pneumoniae on the basis of a single
serum specimen, but only 7 of these patients had a positive
culture and/or a positive PCR-EIA result. The lack of diagnos-
tic antibody titers among 28 patients who were either PCR or
culture positive indicates a lack of sensitivity with a single
serologic specimen. If convalescent sera had been obtained,

these serologic results might have been improved. However,
treatment decisions are often based on a single specimen, and
convalescent serum is then only useful retrospectively. In
addition, the criteria for the serologic diagnosis of acute
infection as developed by Grayston et al. were based on adult
samples (5). The serologic responses may be different in
children.

In summary, these data indicate that culture positivity and/or
PCR-EIA positivity may be more reliable for the diagnosis of
acute C. pneumoniae infection than positivity by serology,
which may be nonspecific and insensitive for treatment con-
siderations. This retrospective study of a large number of
culture-positive specimens also indicates that PCR-EIA can
detect C. pneulmoniae in clinical respiratory specimens and that
the specificity of PCR-EIA is excellent, although its sensitivity
may be improved. However, additional prospective studies are
needed to resolve the diagnostic differences between serology,
culture, and PCR-EIA.
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