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Detection of Chlamydia
pneumoniae in Clinical Specimens
by Polymerase Chain Reaction
Using Nested Primers

C.M. Black!*, PI Fields!, T.O. Messmer!,
B.P. Berdal?

A nested primers strategy was used to develop a
two-step PCR test for the direct species-specific
detection of the 16s rRNA gene of Chlamydia
pneumoniae. This test was applied to 58 naso-
pharyngeal or oropharyngeal swab specimens
coliected from patients in studies of community-
acquired pneumonia and in a local outbreak of
respiratory disease. Twelve patients (21 %)
showed evidence of Chlamydia pneumoniae in-
fection in serological tests (7/56; 13 %), culture
(8/58; 14 %) or PCR (10/58; 17 %). Nested PCR
but not single-step PCR was found to be as sensi-
tive as culture or serology for detection of infec-
tion with this organism. In summary, nested PCR
can be useful in direct testing of clinical specimens
for Chlamydia pneumoniae, making additional
DNA purification steps unnecessary.

Chlamydia pneumonige is a frequently en-
countered pathogen responsible for 10 % to 20 %
of community-acquired upper and lower respira-
tory tract infections seen in common practice (1).
At present, definitive diagnosis is made by isola-
tion of the organism in cell culture followed by
identification with a Chlamydia pneumoniae
specific monoclonal antibody, or serologically by
the microimmunofluorescence test. Recently, the
PCR was used for species-specific identification
of Chlamydia pneumoniae (2, 3). The sensitivity
of a single-step PCR applied directly to clinical
specimens is often much less than the sensitivity
observed with purified DNA samples, due to the
presence of thermostable inhibitors of the poly-
merase reaction in the specimens (4, 5). The addi-
tion of DNA purification steps to the sample pre-
paration protocol can overcome this limitation to
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some extent, but this procedure is unsuitable for
routine diagnostic application because of the
technical difficulty and time required for DNA
extraction. Use of nested primers has been shown
to increase both the specificity and sensitivity of
PCR tests (6). We present the results of a study
using a species-specific PCR with nested primers
for detection of Chlamydia pneumoniae in clini-
cal specimens.

Materials and Methods. Throat swabs and acute
and convalescent sera were collected from
patients with community-acquired pneumonia at
a hospital in Atlanta, GA, USA (7). Nasal swabs
and acute and convalescent sera were collected
from patients during an outbreak of respiratory
infection in a Norwegian military camp (8). Swab
specimens were kept in Scott’s transport medium
(Chlamydiaport; Adams Scientific, USA) or 2-
sucrose phosphate transport medium (9). The
culture of specimens for Chlamydia pneumoniae
was performed as previously described (7, 8).
Serum specimens were assayed by the microim-
munofluorescent test (10) for specific IgG and
IgM antibodies using strain TW-183 as antigen (7,
8). Chlamydia psittaci strains Guinea Pig Inclu-
sion Conjunctivitis and 6BC; two clinical isolates
of Chlamydia psittaci; Chlamydia trachomatis
serovars A-K, Li.3 and Mouse pneumonitis; and
Chlamydia pneumoniae strains TW-183, CWL-
011, CWL-029, CWL-050, CM-1, FML-16, 2023
and 2043 were used to test the specificity of the
nested PCR. Chlamydia pneumoniae strains were
grown and purified as described (11, 12).

Chlamydia! elementary bodies (EBs) were quan-
titated by flow cytometry (13). Five hundred pl
aliquots of purified EBs at varying dilutions in
0.15 M phosphate buffered saline, pH 7.2, were
mixed with 10 ul DNA intercalating fluorescent
dye (100 pg/ml in dimethyl sulfoxide) (Hoechst
33248; Molecular Probes, USA). Five pl of a blue
fluorescent microsphere suspension .(1.5 x 10°
beads/ul) (0.7 um diameter; Duke Scientific,
USA) was added to each sample for alignment
and quality control of the cytometer. Accuracy of
counts was verified by visual counts under dark-
field microscopy with a linear correlation of
0.991. The samples were immediately analyzed
on a mercury arc lamp-based, computer-control-
led flow cytometer (ACR 1000; Bruker Instru-
ments, USA) using a 360-nm band pass excitation
filter, a 440-nm long pass emission filter and a
flow rate of 300-500 cells/sec. Acquisition and
analysis of data were done with the computer
software package FLOWER (Bruker Instru-
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ments). Data processed included delivery and
volume analyzed, total number of particles
counted, peak fluorescence value, average
fluorescence value and percent coefficient of vari-
ation.

Specimens and quantitated EBs were sonicated,
and 500 pl aliquots removed and processed for
PCR as previously described (14). The end-pro-
duct represented a 4- to 8-fold concentration over
the starting volume, and 5 pl were used in the
PCR. DNA was prepared from bacterial strains
other than chlamydiae as previously described
(15). Nested sets of primers were designed to de-
tect a fragment of the 16s rRNA gene of Chlamy-
dia pneumoniae (16) by computer analysis using
the EMBL/GenBank library for minimal homo-
logy to nucleotide sequences of this gene from
other Chlamydia spp. (17). Primers were synthe-
sized on a DNA synthesizer (Model 381A, Ap-
plied Biosystems, USA) using fB-cyanoethyl
phosphoramidite. For single-step PCR, only the
outer set of primers was used. DNA was
amplified in 50-pl volumes containing 200 uM of
each deoxynucleoside triphosphate, 2 uM of each
primer, 1.0 unit AmpliTaq polymerase (Perkin-
Elmer Cetus, USA), 10 mM Tris-HCI, pH 8.3,
2.0 mM MgCly, 50 mM KCl and 0.01 % gelatin.
Amplifications were performed in an automated
thermocycler (Perkin-Elmer) for 35 cycles at
94°C for 1 min (3 min for the first cycle), 45°C for
1 min, and 72°C for 1 min (7 min for the last

Table I: Results of single-step and nested PCR ampilifica-
tion of quantitated elementary bodies (EBs) of Chlamydia
pneumoniae suspended in buffer, transport media and clini-
cal specimens.

Sample diluent No.of EBs Singlestep  Nested

added PCR PCR

Tris buffer 100 + +
10 + +

1 + +

Transport media® 100 + +
10 - +

1 - +

Clinical specimen® 160 + +
10 - +

1 - +

28cott’s transport medium (Adams Scientific, USA) or
2-sucrose phosphate medium (18).

bChlamydial EBs added to a specimen from a patient with
no evidence of infection with Chlamydia pneumoniae on
serological testing, culture or PCR test.

12345678910 12 14 16 18 20 22

PMeoomsdwe— =

2000 bp~
- -

600bp =

o
o

L
Flininnme

100 bp =

Figure I: Amplification products with the single-step PCR
(1397 bp in size; lanes 2-11) and nested PCR (858 bp in
size; lanes 13-23) using DNA from strains of Chlamydia
prneumoniae as template. Lanes 1, 22: 100 bp ladder (BRL,
USA). Lanes 10, 20: no template controls,

cycle). Single step PCR was performed with ex-
ternal primers (sense 71-91: 5 ATAATGACT-
TCGGTTG TTAT 3’; antisense 1448-1468: 5’
TATAAATAGGTTGAGTCAAC 3’), and the
nested PCR was performed with nested primers
(sense 177-199: 5 AGTGTAATTAG GCATC-
TAATAT 3’; antisense 1018-1035: 5 GCTGTAT-
TTCTACAGTTG 3’). The nested PCR was per-
formed using 1:1000 dilutions of the first PCR
product. Amplification products were made vis-
ible in 1.5 % NuSieve GTG agarose — 1.0 %
agarose gels with ethidium bromide. Samples for
PCR were prepared in a class II laminar flow
hood, and amplification and analysis of PCR pro-
ducts were each performed in physically separate
locations. PCR was performed at least twice on all
samples to ensure reproducibility. To verify that
amplified DNA represented the target sequence,
the PCR products were hybridized with a
Chlamydia pneumoniae-specific 16s rRNA
chemiluminescent probe (Gen-Probe, USA) with
an analytical sensitivity of 10-20 pg of IRNA (E.
Mather et al,, 92nd Annual Meeting of the Amer-
ican Society for Microbiology, 1992, Abstract
C425). Hybridizations were performed according
to the manufacturer’s instructions (PACE-2) (18).

Results of serological tests, culture and PCR were
compared using McNemar’s test (19).

Results and Discussion. Sensitivity of the single-
step PCR compared to the nested PCR was tested
using dilutions of quantitated chlamydial EBs
suspended in Tris buffer. Limits of detection were
determined for EBs added to transport medium
alone without specimen and to nasopharyngeal
swab specimens in transport medium obtained
from patients previously found to be negative for
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Chlamydia pneumoniae infection in serological
tests, PCR and cell culture (Table 1). The sensitiv-
ity of the single-step PCR was 1 EB in Tris buffer
and 10 EBs in swab specimens or transport me-
dium. The sensitivity of the nested PCR was 1 EB
in Tris buffer, transport medium or swab speci-
mens. Thus, the nested PCR was found to be
about ten-fold more sensitive than single-step
PCR for direct amplification of target DNA in
clinical specimens. Transport media commonly
used for chlamydial swab specimens were found
to be inhibitory in the PCR. This inhibition could
be overcome by use of nested PCR (Table 1).

Templates from all 18 strains of Chlamydia pneu-
moniae resulted in amplification products that
were visible in agarose gels at similar limits of de-
tection (Figure 1). When template DNA pre-
pared from 20 other bacterial species commonly
encountered in the respiratory tract including
strains of Chlamydia trachomatis and Chlamydia
psittaci was tested, no visible DNA products were
amplified with either single-step or nested PCR.
To verify that amplified products represented the
target sequence, PCR products were hybridized
to a Chlamydia pneumonige-specific chemi-
luminescent probe. Based on a positive cut-off

value defined as 300 relative light units by use of
reference standards, hybridization of the probe
with the products amplified from strains TW-183
and CWL-029 produced strongly positive results
of 17,447 and 17,699 relative light units, respec-
tively. Negative control values of 120-135 relative
light units were observed following hybridization
of the probe with unrelated PCR products ob-
tained by amplification of templates from the
same strains with primers targeting a sequence
from the omp1 gene (14).

Twelve patients showed evidence of infection
with Chlamydia pneumoniae in two clinical studies.
In the Norwegian study, 8 of 30 patients (27 %)
showed evidence of infection in serological tests,
culture or PCR (Table 2). All patients (8/8) were
positive in the nested PCR, 5 of 8 (62 %) were cul-
ture positive, and 3 of 8 (37 %) were serologically
positive. Two of the 8 patients (25 %) had ele-
vated titers of IgM antibodies specific for
Chlamydia pneumoniae. The serologic status of
two patients could not be determined because
convalescent serum specimens were not available.
In the Atlanta study, 4 of 28 patients (14 %)
showed evidence of infection with Chlamydia
pneumoniae in serological tests, culture or PCR.

Table 2: Test results in clinical specimens from patients with evidence of Chlamydia pneumoniae infec-
tion.

MIF antibody titer®
Patientno.* Culture results PCR results®
Acute Convalescent

Norwegian study
N1 64 64 - +
N2 64 256 + +
N3 164 16 + +
N4 <8 <8 + +
N5 <8 <8 - +
N& <8 ND - +
N7 16 16 + +
N8 <8 ND + +

Atlanta study
Al 128 2564 + +
A2 1024 1024 - -
A3 16 10244 + -
A4 644 ND + +

3Specimens were collected from a Norwegian study of an outbreak of respiratory infection in a
military camp (8) and from an Atlanta study of community-acquired pneumoma (7). Positive patients
had serological, culture or PCR test evidence of acute Chlamydia pneumoniae infection.

b Acute and convalescent serum anti-Chlamydia pneumoniae 1gG titers in the microimmunofluoresent
test (MIF). Serological evidence of acute infection was defined as a fourfold increase in IgG or
IgM titer, IgG titer 2 512, or IgM titer 2 16. ND, no convalescent serum collected.

€ Positive PCR was defined as visible bands after electrophoresis of nested PCR products in agarose
gels and staining by ethidium bromide fluorescence.

dSerum specimens with an IgM titer of 2 16 in the MIF test.
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Of these, 2 of 4 patients (50 %) were positive in
the nested PCR, 3 of 4 (75 %) were culture posi-
tive, and all (4/4) were serologically positive.
Three of 4 patients (75 %) had elevated titers of
IgM antibodies specific for Chlamydia pneu-
moniae.

All but one clinical specimen from both studies
that were culture positive were also positive in the
nested PCR (Table 2). In addition, specimens
from three Norwegian patients that were culture
negative were positive in the nested PCR. With
single-step PCR, only 2 (A1, A4) of 12 (17 %)
specimens produced visible products compared
to 10 of 12 (83 %) that were positive with nested
PCR.

Overall for both clinical studies, 12 of 58 patients
(21%) showed evidence of infection with
Chlamydia pneumoniae in one or more test (sero-
logical test, culture and PCR). Taking the tests in-
dividually, nested PCR appeared to be the most
sensitive, and serology the least sensitive, 10 of 58
specimens {17 %) being PCR positive, 8 of 58
(14 %) culture positive, and 7 of 56 (13 %) sero-
logically positive, However, these values were not
statistically different (p > 0.05).

While exquisitely sensitive and reproducible in
the research laboratory under carefully control-
led conditions applied to purified template DNA
preparations, the PCR test often lacks sensitivity
and reproducibility, and is prone to both false-
positive and false-negative results when applied
to direct testing of clinical specimens. Such un-
satisfactory performance of the PCR has mainly
been due to contamination with previously
amplified DNA (false-positive) or to the pre-
sence of potent inhibitors of the polymerase
enzyme in various types of clinical material (false-
negative) (4, 5). The nested primer PCR strategy,
originally developed to increase the specificity of
target detection (6), also increases the sensitivity
of detection in crude samples (20).

We have not attempted to make direct compari-
sons between our nested PCR and the single-step
PCR tests described by Campbell et al. (2) and
Gaydos et al. (3) for Chlamydia pneumoniae.
Campbell et al. (2) reported positive PCR tests in
all culture-positive specimens (8/8) and 50 % of
seropositive/culture-negative specimens (4/8).
Gaydos et al. (3) reported positive PCR tests in 8
of 9 culture-positive specimens and 2 of 3 culture-
negative specimens from experimentally inocu-
lated monkeys (serologic status not defined). In
these studies, sensitivity of target detection was in
the same range as the nested PCR reported here,

but tests were confined to purified EBs or
purified DNA. In neither study was the sensitivity
of the PCR test determined with artificially in-
oculated clinical specimens, as was done in the
present study. In addition, both of these studies
used laborious DNA purification methods in
their clinical specimens that were not used in our
study. In the 58 clinical specimens tested, we
found positive PCR test results in all culture posi-
tive specimens but one, and in three seronega-
tive/culture negative specimens. One seroposi-
tive/culture negative specimen was PCR nega-
tive. Although this could represent a false-nega-
tive PCR result, it is unlikely since the patient
probably did not have a recent or acute infection
with Chlamydia pneumoniae, as indicated by anti-
body titers that were already high at the time of
the first collection of serum (Table 2).

In summary, we have reported data demonstrat-
ing that a nested PCR was as sensitive as serology
or culture in detecting Chlamydia pneumoniae in-
fection in two different studies of patients with
respiratory illness. Further, we have found that
single step PCR may be unreliable for direct test-
ing of clinical specimens regardless of the size of
the product amplified unless a nested PCR is per-
formed, sensitive PCR product detection
methods are used, or steps are taken to eliminate
inhibitors in the transport media or in the speci-
men itself. The nested PCR test reported here
overcame the inhibition present in crude speci-
men preparations and is a faster alternative to
time- and labor-intensive DNA purification and
extraction techniques. Thus, nested PCR may be
more practical for early detection of Chlamydia
pneumoniae infections in clinical laboratories.
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Value of Antigen and Antibody
Detection in the Serological
Diagnosis of Invasive Aspergillosis
in Patients with Hematological
Malignancies

E. Mansol*, M. Montilloz, G. De Siol,
S. D’ Amico?, G. Discepoliz, P. Leoni?

In a study to determine the value of antigen and
antibody detection in the serological diagnosis of
invasive aspergillosis in patients with hematologi-
cal malignancies, 436 sequential serum samples
from 79 neutropenic patients were tested. Cir-
culating galactomannan antigen was detected
with a latex agglutination method (Pastorex
Aspergillus) and antibody to Aspergillus fumi-
gatus with an immunodiffusion test on agar gel.
Among the 79 patients 18 cases of invasive asper-
gillosis were detected (4 proven, 6 highly prob-
able, 3 probable, 5 suspected). Antigen was de-
tected in 7 of these 18 patients. The sensitivity of
the antigen test was 38.8 % and the specificity
95 %. The antibody test showed 55.5 % sensitiv-
ity and 100 % specificity. In this study the antigen
test was less sensitive than previously reported
but highly specific and might serve as a sup-
plementary diagnostic test.

Invasive aspergillosis is one of the major causes of
morbidity and mortality in patients with acute
leukemia, lymphoma or organ transplants. The
mortality due to invasive aspergillosis is very high
and can be substantially reduced if an early diag-
nosis is made and the proper therapy given. This
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