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We assessed the utility of culture for Mycoplasma pneumoniae and Chlamydophila pneumoniae to diagnose
respiratory tract infections. Compared to PCR and IgM serology, culture was less sensitive and had extremely
low yield. Culture is not recommended for these pathogens, and this method should be eliminated from routine
practice.

The etiology of respiratory tract infections can be difficult to
diagnose by health care practitioners because clinical history
and symptoms are usually nonspecific for most community-
acquired pathogens. Mycoplasma pneumoniae and Chlamy-
dophila pneumoniae cause up to 22% of community-acquired
pneumonias and 5 to 10% of cases of tracheobronchitis, phar-
yngitis, laryngitis, and sinusitis (3–4, 7, 10, 12). Historically,
culture has been the gold standard for diagnosis. However,
cultivation of these microorganisms can prove challenging be-
cause they are fastidious and may require weeks for growth.
Serology is more convenient and sensitive than culture, but
results are often delayed, and false-negative test results often
occur early in the course of illness. Although not standardized,
nucleic acid-based tests, such as PCR, provide fast and sensi-
tive results. While such tests are not always available on site in
many medical centers, the 24- to 48-h delay in transit time may
still be acceptable given the higher diagnostic yield of PCR.

Despite the obvious limitations of culture, physicians con-
tinue to order this test frequently. In recent years, ARUP
Laboratories has received large numbers of requests, including
more than 3,000/year for M. pneumoniae and more than 1,500/
year for C. pneumoniae culture. Studies focusing on the value
of culture either have been small in scale or have used type
strains or patient isolates rather than direct patient specimens
(8, 13). An accurate and reliable diagnosis of M. pneumoniae
and C. pneumoniae is important to differentiate them from
other common respiratory pathogens because their treatments
differ (1). Being aware of the poor sensitivity of culture for
these pathogens, we found the high numbers of test requests
for M. pneumoniae and C. pneumoniae culture from respiratory
tract specimens to be concerning and to require further inves-
tigation. To examine more closely the utility of culture for
diagnosing respiratory syndromes, we compared its perfor-

mance to those of nucleic acid testing and serology for detec-
tion of M. pneumoniae and C. pneumoniae.

From 2003 to 2008, microbiology results of culture, PCR,
and serology performed at ARUP Laboratories for M. pneu-
moniae and C. pneumoniae were retrospectively reviewed with
a specific focus on respiratory specimens (e.g., nasal wash,
nasopharyngeal swab, bronchoalveolar lavage, tracheal aspi-
rate, sputum, and pleural fluid) for PCR and culture. Respi-
ratory specimens were transported either refrigerated or fro-
zen, except for C. pneumoniae culture, for which only
refrigerated specimens were transported. Additional data were
collected for M. pneumoniae culture (1995 to 2003). C. pneu-
moniae enzyme-linked immunosorbent assay (ELISA) was
performed only in 2005 to 2008, while microimmunofluores-
cence (MIF) was performed from 2003 to 2008. For serologic
tests, data from IgM testing were collected since paired serol-
ogy for IgG was rarely ordered. Subset analyses were per-
formed for those specimens that were tested by both culture
and another method. In 2008, culture-negative specimens for
M. pneumoniae and C. pneumoniae were prospectively col-
lected for PCR testing. The study protocol was approved by the
University of Utah Institutional Review Board.

For M. pneumoniae culture, respiratory specimens were di-
luted if viscous, vortexed, supplemented with amphotericin
B and penicillin, and inoculated into SP-4 medium. The
medium was observed daily for 21 days for a decrease in pH
(a red to yellow color change). Positive cultures were con-
firmed by fluorescent antibody testing (Chemicon MA88285,
Temecula, CA) or PCR. For C. pneumoniae, specimens were
vortexed and inoculated into HEp-2 cells in McCoy medium
with cycloheximide. Culture cells were passaged at 72 h into
new HEp-2 vials. At day 6, cells were blind stained (Bartels
Chlamydia culture confirmation reagent; Trinity Biotech,
Bray, Ireland). Positive results were confirmed by a Chla-
mydia pneumoniae-specific reagent (Argene Inc., North
Massapequa, NY) or by PCR.

M. pneumoniae and C. pneumoniae PCRs were carried out
using a laboratory-developed real-time assay which used man-
ual nucleic acid extraction (Qiagen, Valencia, CA), primers
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and minor groove-binding hybridization probes from Epoch
Biosciences (Bothell, WA), LightCycler Fast Start hybridiza-
tion probe master mix (Roche, Indianapolis, IN), and the ABI
HT7900 sequence detection system (Applied Biosystems, Fos-
ter City, CA). The M. pneumoniae assay targets a region of the
P1 surface protein gene and has a limit of detection of �200
copies/ml. The C. pneumoniae assay targets a region of the
major outer membrane protein gene and has a limit of detec-
tion of �320 copies/ml.

The IgM serologic testing for M. pneumoniae was performed
by ELISA (values of �0.96 U/liter were interpreted as positive
results), and for C. pneumoniae, it was performed by either
MIF or ELISA (titers of �1:20 and index values of �1.51 were
interpreted as positive results, respectively).

For M. pneumoniae, culture was less frequently positive than
PCR or serology (P � 0.001), yielding only 10 positive results
out of 24,677 specimens (Table 1). Of 122 paired PCR and
culture results, 3 were positive by PCR and none by culture. Of
285 patients for whom both IgM serology and culture per-
formed, 19 were positive by serology and none by culture. Of
the 280 prospectively collected, culture-negative specimens,
none were positive when tested by PCR.

For C. pneumoniae, culture was less frequently positive than
PCR or serology (P � 0.001), with no positive results in the
6,981 specimens submitted during the study period (Table 1).
For 60 cases, both culture and IgM serology by ELISA were
performed, 2 of which were positive by ELISA and none by
culture. Of 154 cases for which both IgM serology by MIF and
culture were performed, 4 were positive by serology and none
by culture. There were an insufficient number of cases with
both culture and PCR results for retrospective analysis. Of the
225 prospectively collected, culture-negative specimens, 2 were
positive when tested by real-time PCR with crossing thresholds
of 26.6 cycles (5.74 � 105 copies/ml) and 25.4 cycles (1.36 �
106 copies/ml), respectively.

For diagnosis of acute M. pneumoniae and C. pneumoniae
infections, few studies have focused on the utility of culture
compared to other methods. The strengths of this study lie in
its extremely comprehensive data set, reviewing large numbers
of patient results over a decade from specimens collected

across the United States. Our findings confirm that culture is
unacceptably insensitive and hence should not be ordered by
physicians. Incorrect or delayed diagnosis of the causative or-
ganism in community-acquired pneumonia can lead to admin-
istration of ineffective antimicrobial agents, adversely impact-
ing patient care (5). M. pneumoniae is cell wall deficient and
thus cannot be treated with beta-lactam agents. C. pneumoniae
is an obligate intracellular organism best treated with a mac-
rolide or tetracycline and is not susceptible to beta-lactam
drugs. Additionally, physicians’ reliance on culture results may
cause a delay in exploring alternative etiologies for respiratory
tract infections. The prolonged turnaround time of culture
makes its result clinically irrelevant, particularly when PCR
and serology are widely available options. Although PCR or
serology testing may be performed at off-site centralized lab-
oratories, these methods offer more accurate and reliable re-
sults and should be considered for cases in which a diagnosis
will affect patient management. For M. pneumoniae diagnosis,
PCR tends to be more sensitive earlier in the disease course,
whereas serology becomes more sensitive as the disease per-
sists (6). The diagnosis of C. pneumoniae remains difficult,
since the positive predictive value of PCR may be low in areas
with high asymptomatic carriage, and serology is known to be
relatively insensitive (11).

In this study, the positivity rates for culture and PCR were
lower than the reported incidence of M. pneumoniae and C.
pneumoniae in respiratory tract infection. The culture-negative
specimens that underwent PCR testing also had an unexpect-
edly low yield. We cannot definitively explain these findings
and only hypothesize that a number of variables may be in-
volved. First, we do not fully understand the optimal specimen
type (e.g., throat, nasal swab, or sputum) for diagnosing respi-
ratory-associated syndromes and how best to assess the quality
of specimen collection. Also, we did not have access to patient
records to define the clinical syndrome (e.g., laryngitis, pneu-
monia, and bronchitis) or timing of specimen collection in
relation to symptom onset. Inappropriate testing by culture,
serology, or PCR for patients with a low likelihood of disease,
e.g., screening of transplant recipients, is also a possibility.

It is acknowledged that this study was limited by the low
number of positive cases for a comparison of culture to serol-
ogy and PCR. However, this is in part due to the extremely low
positivity rate of culture. Because this was a retrospective study
conducted at a reference laboratory, patient histories were not
available for review. Paired IgG serology results would have
offered a more reliable diagnosis of recent infection, but the
prevailing clinical practice is to request single-point serology
due to convenience and the need for a timely diagnosis. When
elevated, IgM antibodies for C. pneumoniae and M. pneu-
moniae are considered indicative of acute infection, although
they may not be elevated early in the disease course or with
reinfection. We cannot verify that the two specimens that were
culture negative and PCR positive for C. pneumoniae repre-
sented true disease or colonization given that C. pneumoniae is
known to asymptomatically colonize the respiratory tract (2, 9).
Considering the high quantity of DNA target present, it is
likely to represent true disease, but data correlating organism
load and disease are lacking.

Given the extremely low yield of culture and the wide avail-
ability of molecular testing and serology, we recommend that

TABLE 1. Total numbers of samples tested and percentages
positive by the various methods used for Mycoplasma
pneumoniae and Chlamydophila pneumoniae diagnosis

Bacterium and
method

No. of samples
tested No. positive % positive P valuea

M. pneumoniae
Culture 24,677 10 0.04 NA
PCR 8,509 167 1.9 �0.001
Serology (IgM by

ELISA)
92,507 6,049 6.6 �0.001

C. pneumoniae
Culture 6,981 0 0 NA
PCR 994 6 0.6 �0.001
Serology (IgM by

MIF)
58,211 960 1.6 �0.001

Serology (IgM by
ELISA)

3,689 143 3.9 �0.001

a Compared to culture; determined using Fisher’s exact test (one tail). NA, not
applicable.
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culture for M. pneumoniae and C. pneumoniae no longer be
ordered by physicians and be discontinued by clinical microbi-
ology laboratories. The rational use of antibacterial therapy is
important, and proper test utilization should be encouraged to
improve physicians’ ability to accurately define the etiology of
infections. When respiratory infections from M. pneumoniae
and C. pneumoniae are being considered in the differential
diagnosis, PCR and serology offer better performance and a
more rapid means of diagnosis.

This work was supported by the ARUP Institute for Clinical and
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