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Abstract
Objective-To evaluate the diagnostic
efficacy of chlamydia culture, direct
immunofluorescence (DFA), direct
enzyme immunoassay (EIA), polymerase
chain reaction (PCR) and serology by
defining positive culture or at least two
positive non-culture tests as true positive.
Setting-Three gynaecological depart-
ments located in separate areas of
Sweden.
Patients and Design-All pregnant
women requesting abortion during a six
month period were included. In cases
with unconfirmed non-culture tests,
reculture with multiple passage and PCR
on the culture transport medium was
performed for confirmation. Serum was
analysed for chlamydial antibodies type
IgG, IgM and IgA using microimmuno-
fluorescence.
Results-18 of 419 (4.3%) patients were
positive for chlamydia according to the
defined criteria. Twelve of 419 (2.9%)
were positive in standard culture (pri-
mary inoculation). The sensitivity of
standard culture, DFA, EIA and PCR
were 66.7%, 77.8%, 64.7% and 71-4%
respectively. The specificity 100% (by
definition), 99*5%, 100%, 100% respec-
tively. The positive predictive value 100%
(by definition), 87.5%, 100%, 100%
respectively. Negative predictive value
98-5%, 99.0%, 98.5%, 98.90/o respectively.
Serum IgG titre of .64 and .1024 gave
positive predictive values of 10% and 21%
respectively.
Conclusions-When an expanded gold
standard is used, the specificity and posi-
tive predictive value of the non-culture
tests used are comparable with that of
standard culture even in this low preva-
lence population. Standard culture
underestimated the chlamydia preva-
lence by 33%. The prevalence found rep-
resents a decrease from 10 to 2-9% of
culture verified chlamydia during four
years in comparable populations.
Chlamydial antibodies of certain
immunological classes are not necessar-
ily present in cases with chlamydia.
(Genitourin Med 1994;70:300-303)

Introduction
The sensitivity of chlamydia tissue culture
from single cervical swabs has been reported
to be from 33% to 86%.' Although the lowest
reported sensitivities probably can be ascribed
to suboptimal specimen sampling and hand-
ling a sensitivity of more than 70-80% is not
to be expected in routine culture using single
cervical swabs.2 The prevalence of chlamydia
infections is thereby underestimated leading
to suboptimal epidemiologic control. The use
of culture as a reference against which other
tests are evaluated may also distort the inter-
pretation of new tests.
A low positive predictive value and speci-

ficity of a new test using culture as a reference
can result from a low sensitivity of the culture
method. The validity of new tests can thereby
be underestimated.
Some studies indicate that recently

acquired infections shed more infectious units
than older infections and are therefore more
likely to have positive cultures.' 3
The proportion of chronic "old" infections

with low infection burdens might be higher in
low prevalence populations than in high risk/
high prevalence populations.4 This may
reduce the sensitivity of culture in low preva-
lence populations but should reduce even fur-
ther the sensitivity of other tests. The
evidence for a significant difference in sensi-
tivity of culture and antigen detection tests
between low and high prevalence populations
is however weak.5 6
The problem of "false positive tests" is

inherent to the non culture tests as the speci-
ficity is not 100%. They should therefore
preferably be confirmed by another test of a
different profile to safely establish the diagnosis
when positive cultures cannot be obtained.7
The tissue culture is still the most specific test
for Chlamydia trachomatis although false posi-
tive culture results can occur in routine labo-
ratory work.8
The purpose of this study was to

evaluate the diagnostic precision of routine
culture and three non-culture tests in a
population with expected low prevalence
using a defined expanded gold standard. We
also wanted to evaluate the diagnostic
significance of serological tests in this
population.

300



Expanded gold standard in the diagnosis ofChlamydia trachomatis in a low prevalence population

Material and methods
Four hundred and twenty three consecutive
pregnant women seeking abortion during a six
month period at three gynaecological depart-
ments were included in -a prospective study.
History of prior infection with Chlamydia tra-
chomatis was recorded.

Sample procedure
Blood samples for determination of humoral
antibodies to Chlamydia trachomatis were
obtained from all patients. The cervix was
cleansed with a large swab. The first cotton
swab in the test set for Direct Enzyme
Immunoassay (EIA) (MicroTrak, SYVA, Palo
Alto, CA) was used for endocervical sampling
and placed in a solution of Proteinase K to be
frozen and later tested with PCR technique.
The second swab from the test set was used
according to the manufacturer's instructions
for the EIA test. A cotton-tipped aluminum
swab was used for Direct Immunofluorescent
assay (DFA) test (MicroTrak, SYVA, Palo
Alto, CA); after drying, the slide was fixed
with 96% ethanol. The swab was then placed
in 2SP transport media and sent to the labora-
tory the same day for culture. If culture was
not immediately performed, the specimen was
either placed in the refrigerator at + 4°C
overnight or frozen at - 70C.

Cultures were performed by the local bac-
teriological laboratories of the three hospitals
involved in the study using their standard
method for clinical routine: in Gavle 300 jd of
the 2SP medium was inoculated on monolay-
ers of cycloheximide treated McCoy cells in
24-wells plates and centrifuged at 1800 g for
one hour at 35°C. Staining was done with flu-
orescein isothiocyanide conjugated mono-
clonal antibodies (SYVA, Palo Alto, CA) after
48 hours of incubation. In Skovde 500,l were
added to glass vials with monolayers of
McCoy cells on coverslips of 12 mm. The
vials were centrifuged at 3000 g for one hour.
After incubation for 2 hours, RPMI medium
was replaced by RPMI including cyclohex-
imide, incubated for 72 hours and stained
with iodine. In Goteborg 500lul were added
to 24-well plates containing monolayers of
irradiated McCoy cells, centrifuged and incu-
bated for 72 hours and then stained with
iodine.

All EIA and DFA tests from Goteborg and
Gavle were done at the Department of
Clinical Bacteriology, Gavle Central Hospital.
The DFA slides were read independently by
two observers. There were slight differences in
the exact number of EBs on the positive slides
between the two observers but full agreement
concerning positive and negative slides.
The third centre in Skovde was responsible

for running their own tests. All serological
tests from the three centres were done in
Gavle, using an indirect microimmunofluo-
rescence test (MIF) based on egg cultured
elementary bodies from Chlamydia trachoma-
tis, serovars D-K.9 All sera were tested for
IgG, IgM and IgA antibodies.

Samples for PCR were obtained with EIA
swabs as described above. The swab was

placed in a microtube with 0.5 ml transport
medium containing 200,ug of proteinase K
per ml, 10 mM Tris buffer and 1 mM EDTA.
The samples were stored at -20°C until
processed. The microtubes containing patient
samples were incubated at 37°C for 30 min
and subsequently incubated at 98°C for 10
min. The tubes were hereafter centrifuged at
10 000 g for 30 min at 4°C and 38.5 uI of
supernatant was used for PCR.
The primers used were 5'CGCATGCAA-

GATATCGAGTATGCGTTGTTAGG-3'
and 2: 5'GACCGGCCTCTAGCGCTGCG-
3' amplifying a 473 bp fragment of the
Chlamydia trachomatis plasmid. PCR was car-
ried out in a total volume of 50 jl consisting
of 38.5 jil supernatant of patient sample, 10 jl
buffer (250mM KCL, 50mM Tris pH 8-4,
12.5 mM MgCl2, 0.1 mg of gelatin per ml)
and 1.5 jm of each primer and 1 unit/50,ul
Ampl-Taq DNA Polymerase (Perkin Elmer).
A temperature of 94°C was kept for 1 minute,
followed by 40 cycles each including 1 min at
940,2 min at 550 and 3 min at 720. Finally the
specimens were incubated at 720C for ten
minutes and electrophorised on a 3% agarose
gel and visualised using UV light after ethid-
ium bromide staining.' 0

In cases of unconfirmed non-culture tests
the remainder of the original saved 2SP
media, frozen at - 70C, was recultured using
multiple passages and tested with a different
PCR method according to Wahlberg et all ' at
the Department of Clinical Microbiology,
Akademiska Sjukhuset, Uppsala University,
Uppsala. The primers used were RIT 23:
5'GCA ATG GTT TCT TAC TGT GGA
and RIT 24: 5'AGG AGT TTG TGC TCT
TAC TAG,'2 amplifying a 318 bp fragment
from the genom encoding for cysteine rich
outer membrane protein.
The criteria used in this study for accepting

a test as true positive (expanded gold stan-
dard) was: 1) Positive standard culture (pri-
mary inoculation). 2) One positive
non-culture test, confirmed by culture after
multiple passage. 3) One positive non-culture
test confirmed by at least one of the other
non-culture tests. 4) Positive PCR test con-
firmed by a different PCR method using dif-
ferent primers, applied on the 2SP transport
medium and performed by another labora-
tory.

Statistical methods
Using the above mentioned criteria for an
infected person the calculation of the sensitiv-
ity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) for each
diagnostic method was based on the number
of specimens with the test where at least two
other tests had been obtained.

Results
Samples for culture, at least two non-culture
tests and serology were obtained from 419 of
423 consecutive patients. PCR tests were
missing in 38 of 419 patients owing to
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Table 1 Age related prevalence ofchlamydia diagnosed
by positive culture or at least two positive non-culture tests.

Age (years) N Chlamydia Prevalence (%)

<20 61 2 3-27
20-24 114 4 3.50
25-29 115 6 5-21
30-34 64 3 4-68
.35 65 3 4-61
Total 419 18 4.30

Table 2 Results of culture, DFA * test, Direct ELAt-test
and PCRX in 18 patients evaluated as chlamydia positive
and two patients with unconfirmed non-culture tests

MIFF
DFA titre of

Patient Culture no EBsil EJA PCR IgGlIgMlIgA
9 + >250 + - 256/0/0

66 + >200 + + 32/0/16
74 + >250 + + 256/0/0
105 + 0 + nd** 1024/0/0
125 + 81 - nd 256/0/16
168 + 0 + + 256/0/0
181 + P4tt 7 - - 0/0/0
185 - 0 - +/+§§ 256/0/0
189 - 7 - -/ + 256/0/0
215 + 55 nd + 1024/0/16
221 +p4** 2 - nd 1024/0/16
252 + >100 + + 32/0/0
283 + >100 + nd 512/0/0
337 + 0 - - 0/0/0
344 + >100 + + 128/0/0
376 - >100 + + 128/32/0
395 - >100 + + 64/0/0
421 + >100 + + 32/32/16
191 - 2 - -/- 256/0/0
199 - 13 - -/- 0/0/0

*Direct Immunofluorescent assay. tEnzyme immunoassay.
*Polymerase Chain Reaction. §Microimmunofluorescence
Technique for detection of chlamydial serum antibodies.
liChlamydial elementary bodies. **Not done. #Culture posi-
tive only after four passages in tissue culture. §§PCR positive in
two different specimens analyzed at different laboratories
using different primers.

mishaps during transportation.
The age distribution of the patients and the

age stratified chlamydia prevalence using the
expanded gold standard is shown in table 1.
The prevalence for the three centres using the
gold standard was 8/140 (5.7%), 5/134
(3.7%) and 5/145 (3.4%) for Gavle, Skovde
and Goteborg respectively.

Eighteen patients met the criteria for con-
firmed chlamydia infection and two additional

Table 3 Sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of tissue culture (TC), direct immunofluorescence antibody test (DFA) with
cut-off >10 EBs, DFA without cut-off (one or more EBs), Direct enzyme immunoassay
(EM4) andpolymerase chain reaction (PCR) when compared with reference*

Sensitivity Specificity PPV NPV Number of
(o/%) (%) (%) (%) Specimenst

TC 66-7 100t 100k 98-5 419
DFA (210 EBs) 61-1 99-8 91-7 98.3 419
DFA(21EBs) 77-8 995 87-5 990 419
EIA 64-7 100 100 98-5 418
PCR 71-4 100 100 98-9 381

*Reference defined as positive culture in any passage number or at least two positive non-culture
tests. tNumber ofpatients where the test has been taken together with culture and at least one non
culture test. *Defined as 100%.

Table 4 Sensitivity, specificity, positive predictive value (PPV), a negative predictive
value (NPV) oftissue culture, direct immunofluorescence antibody test (DFA) (one or
more EBs), Direct enzyme immunoassay (EM4) and polymerase chain reaction (PCR)
when compared with routine culture

Sensitivity Specificity PPV NPV Number of
% % % % Specimens

DFA 75-0 98-3 56-3 99-3 419
EIA 81-8 99.5 81-8 99-5 418
PCR 77-8 99-2 70-0 99-5 381

patients had a single unconfirmed positive
non-culture test. The results of all tests and
serology for each patient are summarised in
table 2. It should be noted that the two cases
with >100 EBs, positive in EIA and PCR but
negative in culture came from one centre
using iodine as staining method known to be
less sensitive that immunofluorescence.

Previously diagnosed and treated chlamy-
dia infection was reported by four of
18 (22%) patients with current infection and
by 86 of 401 (21%) patients without current
chlamydia infection.
The sensitivity, specificity, predictive value

positive (PPV) and predictive value negative
(NPV) of each test is shown in table 3 using
the expanded gold standard as reference. The
corresponding values if routine culture had
been used as reference are shown in table 4
for comparison.

Serology
A titre of serum IgG of . 64 was found in 125
(29.8%) of 419 patients. Thirteen of the eigh-
teen chlamydia positive patients had titres of
>64 giving sensitivity, specificity, PPV and
NPV of 72, 72, 10 and 98 respectively. The
effect of higher cut-off values are illustrated in
table 5. Serum IgM >16 was found in 16
patients of which two were positive for
chlamydia and serum IgA . 16 were found in
68 patients of which five had chlamydia (table
2). Two patients with positive cultures were
negative in all serological tests.

Polymerase Chain Reaction (PCR):
PCR was performed primarily in 381 patients.
Ten patients were positive by PCR. Six of
these had a positive tissue culture, three had
>100 chlamydial elementary bodies (EBs) in
the DFA test and a positive EIA test, and one
was negative in all other tests but had a positive
IgG titre of 256 (table 2) and was confirmed
by a different PCR test run in Uppsala on the
2SP transport medium.

DFA
Twelve patients had 10 or more EBs per slide
and three patients had between two and nine
EBs. Two patients with EBs and negative cul-
ture had recently been treated with penicillin
V for respiratory tract infection. Three
patients with no EBs had positive cultures.

EUA
The direct EIA test was positive in 10
patients. All were confirmed by two or more
of the other tests giving a specificity and PPV

Table S The sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV)for
detecting chlamydia positive cases by serum IgG at
different titre levels among 419 patients

Sensitivity Specificity PPV NPV
Titre (%/0) () %/0) (%) N

. 64 72 72 10 98 125

. 128 67 82 13 98 83

.256 50 89 17 98 52

.512 22 95 17 96 24
>1024 17 97 21 96 14
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of 100%. Three patients with positive culture
were negative in the EIA test; two of these had
no EBs in the DFA test (table 2). In one
(patient 125) only one inclusion was found in
tissue culture. The DFA test was positive (81
EBs) and EBs were found even in the EIA
medium and in the 2 SP medium.

Discussion
The chlamydia prevalence in this study group
was unexpectedly low. Four years earlier a
comparable population from the same three
centres showed a prevalence of 10% diag-
nosed by tissue culture alone. 13 A similar
decline in prevalence have been reported in
pregnant women at prenatal clinics.'4 The
general decline of the number of positive
chlamydia cultures as reported by the Swedish
health authorities seems therefore to be a true
decline in prevalence and not a result of
retesting prior treated persons. The decline in
prevalence is probably a result of early screen-
ing programs and public health information
programme.

Although the few cases positive for chlamy-
dia in our study calls for caution in generalising
the results some important points can be
made.

In low prevalence populations the positive
predictive value decreases rapidly with speci-
ficity. This is a mathematical relationship
which presumes that sensitivity is an intrinsic
property of the test and therefore independent
of the population tested.'5 All EIA and PCR
tests were confirmed in this study giving a
PPV of 100% of both tests but the sensitivity
was only 64.7% and 71.4% respectively. Ifwe
had evaluated the test using standard culture
as reference the sensitivity of the EIA and
PCR test should have been 81.8% and 77-8%
respectively but the PPV only 81.8% and 70%
respectively (table 4). A corresponding effect
on the PPV of broadening the gold standard
has been demonstrated by Jang et al'6 in a high
prevalence male population testing a chemilu-
minometric immunoassay.
The interpretation of the DFA test using a

certain number of EBs as a cut-off has been
questioned by some authors.'7 Our results
show that regarding slides with any number of
EBs as positive, the DFA test is the most sen-
sitive single test in our study (78%) still hav-
ing a specificity of more than 99%.

Single serological tests are considered of lit-
tle value in the diagnosis of current infection.4
This is confirmed by our study (table 5). A
high titre of serum antibodies has no value in
predicting positive culture or antigen test
from the cervix having a PPV of only 21% for
titres .1024. Even more important is to

stress that negative serology does not exclude
the existence of chlamydia infection.

In conclusion the results of this study show
that the specificity and especially the PPV of
non culture tests are strongly underestimated
if culture is used as reference. We therefore
suggest that new tests should be evaluated by
an expanded gold standard based on multiple
tests, each with proven high specificity and
sensitivity.
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