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Abstract 

The aim of this study was to test the diagnostic feasibility of the polymerase chain reaction (PCR) for detection of 
infections with Chlamydia trachomatis in eye swabs from patients with conjunctivitis, and to establish the basic 
technique of the PCR for epidemiological survey. The results of the PCR were compared with the Mikro Trak 
immunofluorescence assay (IFA). From 49 specimens of patients with conjunctivitis, 31 were found positive by 
PCR (63%) and 23 by IFA (47%). On the other hand, in 10 normal eye specimens and 10 non-Chlamydia trachoma 
conjunctivitis specimens no Chlamydia,trachomatis was detected. 

Introduction 

Chlamydia trachomatis is an obligate intracellular bac- 
terium that infects mucosal epithelial cells of humans, 
causing blinding trachoma and sexually transmitted 
urogenital diseases. Trachoma is one of the leading 
causes of blindness in the world [1-3]. 

In China infections with Chlamydia trachomatis 
have been a major cause of ocular disorders and were 
the largest cause of blindness during the 1950s. Today 
Chlamydia trachomatis eye infections still are a major 
problem in China. The trachoma prevalence rate is 
about 7.74% to over 30% [4, 5]. Especially, Chlamydia 
trachomatis serotype Ba and C are the most important 
etiological agents in ocular diseases in Northern China 
[61. 

Cell culture is regarded the standard method of 
detection of Chlamydia. However, besides that it is 
time-consuming and expensive, culturing of ocular 
specimens for Chlamydia is often inferior to non- 
cultural methods. Although culture is the more sen- 
sitive technique for urogenital specimens [7, 8], direct 
fluorescence assays, enzyme immunoassays and DNA 
hybridization techniques achieve a higher sensitivity 

in diagnosing infections of C. trachomatis of the eye 
[9-11]. 

Recently the polymerase chain reaction (PCR), an 
enzymatic amplification in vitro of a nucleic acid tar- 
get, was used to detect C. trachomatis. The sensitivity 
of this technique in urogenital specimens was shown to 
be superior to cell culture [12-14]. In a previous study 
the sensitivity and specificity of PCR primers selected 
from sequences of the 16S rRNA gene and the endoge- 
nous plasmid of C. trachomatis was described [13]. 
Subsequently these primer sets were used for follow- 
up diagnosis of C. trachomatis infections in urogenital 
specimens [15]. In the present study, we have applied 
this PCR technique for detection of C. trachomatis in 
eye swabs and compared the results to the Mikro Trak 
immunofluorescence assay. 

Materials and methods 

Clinical specimens 

A total of 59 upper and lower tarsal conjunctival swabs 
were collected at the Beijing Institute of Ophthalmol- 
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ogy. This group consisted of 49 clinically suspected 
Chlamydia trachomatis conjunctival swabs and ten oth- 
er conjunctivitis cases. No laboratory diagnosis could 
be carried out to determine the etiology of the disease 
in the last group. Based on the clinical signs this group 
consisted of: two acute follicular conjunctival swabs 
probably with an adenoviral etiology; two acute haem- 
orrhagic conjunctival swabs, two epidemic keratocon- 
junctivitis swabs and two pharyngoconjunctivitis fever 
swabs with an unknown viral etiology; and two chron- 
ic conjunctivitis swabs which were probably bacterial 
infections. In addition, as a control group 10 normal 
eye swabs of children were collected. The swabs were 
suspended in 1 ml viral transport medium: 50% L15 
Medium, 7.46% Carbohydrate, 0.18% potassium salt, 
0.07% amino acids, and 1% albumin (Novo Biolabs 
Ltd, Cambridge, UK). For DNA extraction 0.4 ml of 
this sample solution was used. 

DNA extraction 

Sodium dodecyl sulfate (SDS) was added to 0.4 ml of 
the sample solution at a final concentration of 0.5%. 
The sample was treated with proteinase K (20 #g/ml) 
for 30 min at 37~ The DNA was isolated by extrac- 
tion with phenol, phenol-chloroform-isoamylalcohol 
(25 : 24 : 1) and chloroform-isoamylalcohol (24 : 1) 
respectively, and collected by ethanol precipitation 
[16]. The DNA was resuspended in 50 #1 of TE buffer 
(10 mM Tris-HC1, pH 7.4; 1 mM EDTA pH 8.0). For 
PCR analysis, 5-10 #1 of this solution (50-100 ng of 
DNA) was used. 

Amplification and detection of Chlamydial DNA 

Two sets of oligonucleotide primers were used. The 
first set (primer R1 = GTGGA TAGTC TCAAC 
CCTAT; primer R2 = TATCT GTCCT TGCGG 
AAAAC; probe = ACTCA AAAGA ATTGA CGGGG 
GCCCG CACAA) was derived from 16S rRNA gene 
sequences of Chlamydia psittaci [17] and generated 
amplified products of 208 bp with all three Chlamydia 
species, i.e., C. trachomatis, C. psittaci, and C. pneu- 
moniae. The second primer set (T1 = GGACA AATCG 
TATCT CGG, T2 = GAAAC CAACT CTACG CTG, 
probe = CGCAG CGCTA GAGGC CGGTC TATTT 
ATGAT) was derived from sequences of the common 
endogenous plasmid of C. trachomatis [ 18] and gener- 
ated specific 517 bp amplified products with all known 
C. trachomatis serovars. The DNA isolated from the 
specimens from children without ocular disorders were 

used as negative control and DNA isolated from the 
Chlamydia trachoma strain TE55 was used as positive 
control in the PCR experiments. 

The amplification reaction was essentially per- 
formed as described by Saiki [19]. A volume of 100 #1 
reaction solution containing 50-100 ng of sample 
DNA, 10 mM Tris HC1 (pH 8.0); 50 mM KC1; 2.5 mM 
MgC12; 0.01% gelatin; 200 #M of dATE dCTR dGTR 
and dTTP; 50 pmol of each primer; and 1 U of Taq 
DNA polymerase (SINO - AMERICAN Biotechnol- 
ogy company, China). Finally, 60 #1 of mineral oil 
was added to prevent evaporation. The amplification 
was performed in a PCR processor (SINO - AMERI- 
CAN Biotechnology company, China) and each cycle 
consisted of a denaturation step at 94~ for 40 sec, a 
primer annealing step at 420 C for 60 sec, and an elon- 
gation step at 74~ for 90 sec. After 40 cycles, 10 #1 of 
the reaction mixture was analysed by electrophoresis 
on a 1.5% agarose gel [15]. 

For dot spot analysis, 20 #1 of the reaction mixture 
was spotted on nitrocellulose filter. After the fluid had 
dried, the reaction products were denatured in 0.5 N 
NaOH; 1.5 M NaC1 for 10 min, and twice neutralized 
in 0.5 M Tris HC1 pH 7.0; 3 M NaC1 for 15 min. The 
filter was baked for 2 h under vacuum at 80~ The 
oligonucleotide probes were labelled by transfer of the 
gamma-32p from [gamma-32p]ATP using T4 polynu- 
cleotide kinase [16]. Prehybridization was performed 
at 65~ for 2 h in a solution containing 6 x SSC, 5 x 
Denhardts solution, 0.2% SDS, and 100 #g/ml dena- 
tured, fragmented salmon sperm DNA. Hybridization 
was carried out at 37~ overnight in a solution con- 
taining 6 x SSC, 10 x Denhardts solution, and the 
probe. Then the filter was washed in 2 x SSC; 0.5% 
SDS at respectively 37~ 420C, and 55~ for 15 min. 
Autoradiography was performed overnight on a X ray 
film at - 80~ 

Detection of Chlamydia antigen by the Micro Trak 
IFA (Syva, USA) diagnostic kit was performed accord- 
ing to the protocols enclosed in the kit. 

Results 

The results of Chlamydia trachomatis detection by 
PCR and IFA on the clinical specimens are summa- 
rized in Table 1. From the 49 specimens of clinical 
suspected C. trachomatis conjunctivitis, 31 were found 
to be positive in PCR with the rRNA primers and with 
the plasmid primers. In the other 10 non-C, trachomatis 
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Table l. Chlamydia trachomatis detection by PCR and 
IFA. 

PCR IFA 

Trachoma 31/49 23/49 
Other conjunctivitis 0/10 0/10 
Control group 0/10 0/I 0 

1 2 3 

Table 2. Comparison between the results of PCR and 
IFA for detection of Chlamydia trachomatis in trachoma 
specimens. 

IFA 
+ n j* 

PCR + 22 3 6 31 
PCR - 1 17 18 

23 3 23 49 

nj* These samples could not 
be judged in the IFA. 

conjunctivitis specimens and the 10 normal eye speci- 

mens no Chlamydial  DNA could be detected. 
Some of  the PCR results after amplification of  the 

Chlamydial  DNA on agarose gel and after dot spot 

hybridisat ion are shown in Figs 1 and 2 respectively. 
A comparison between the PCR and IFA results is 

presented in Table 2. 

Fig. 1. Detection of amplification products by electrophoresis on 
a 1.5% agarose gel. Lane l shows the 208 bp product of TE 55 
(rRNA primers), lane 2 of a positive specimen (rRNA primers), lane 
3 the 517 bp PCR product of the TE55 strain (plasmid primers), and 
lane 4-7 the products generated with DNA from 5 of the specimens 
(plasmid primers). Lane 8-9 are the negative controls, and M is the 
marker (pBR322 digested with HaeIII). 

Fig. 2. Hybridisation results after manual dot spot analysis of the 
PCR products. Positive hybridisation signals can be seen on spots 
B l, B2, B3. These samples are positive for Chlamydia trachomatis. 
AI is the negative control, A2 and A3 positive controls of TE 55. 

Discussion 

Using the PCR, one copy of  DNA can be amplified 

in  v i t ro  up to /nill ions of  copies within hours. This 
makes this technique theoretically the most sensitive 

diagnostic method available at the moment.  The speci- 
ficity is very high as well, and therefore the PCR could 
have great advantages in clinical diagnosis.  Recently, 

the PCR was shown to be very effective in diagnosing 

urogenital C. trachomatis infections [9-11].  
In the present study we used two sets of  primers to 

amplify two different targets o fC.  trachomatis DNA in 
specimens from patients with conjunctivitis of  the eye. 
The first primer set generated a 208 bp amplified prod- 
uct with on the DNA coding for the rRNA genes from 
C. trachomatis, C. psittaci, and C. pneumoniae.  The 
second set of  primers annealed to sequences from the 
endogenous plasmid of  C. trachomatis and generated a 
517 bp amplified product  with all known C. trachoma- 
tis serotypes. Previously, the sensitivity and specificity 
of  these two primer sets was shown [10, 15]. 

We used the two sets of  primers to subject 69 eye 
specimens to PCR analysis. Among the 49 trachoma 
specimens, 31 specimens were posit ive for C. tra- 
chomatis. The same samples also were tested in an 
IFA, and 23 were found positive. From the IFA pos- 
itive samples, 22 were confirmed by PCR. One was 
not detected by either primer set. Unfortunately no 
culturing or other assay could be carried out. Six IFA 
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negative and 3 specimens which could not be judged by 

IFA were detected positive by PCR. This demonstrated 

that PCR is more sensitive than the IFA. In the non-C. 

trachomatis conjunctivitis specimens and normal eye 

specimens no positive signals were detected by PCR 

or IFA. The PCR positive, IFA negative samples can 

be considered true positive, as the PCR was carried out 

on two essentially different targets of the Chlamydial 

genome, i.e. the chromosomal rRNA genes  and the 

endogenous plasmid. 
Not all samples contain the micro-organism, which 

is known from the trachoma pathology. In later stages, 

the etiological agent is not detected any longer, con- 

junctival scarring often occurs without detectable C. 

trachomatis [20, 21 ]. 

It can be concluded that the sensitivity of both 
primer sets for diagnosing trachoma caused by C, tra- 

chomatis was superior to the IFA. The specificity of the 

method was also known. Thus, besides its application 

to urogenital specimens, the PCR can also be used as 

a rapid and sensitive method for diagnosing infections 

of the eye with C. trachomatis. 

One of the major disadvantages of culturing C. 

trachomatis, is the sensitivity of the micro-organism. 

Extreme care has to be taken in collecting and stor- 

ing the clinical samples, because the viability of the 

Chlamydiae easily decreases. When using PCR it is 

not necessary to have viable Chlamydiae in the speci- 

mens, which makes it easier to handle. Of course, the 

same counts for IFA, but as shown the sensitivity of 

PCR is superior, and therefore could become a very 

useful tool in the diagnosis of C. trachomatis. 
Most positive results could simply be detected by 

the presence of the specific DNA band on the agarose 

gel. The hybridisation offers an extra confirmation of 

the results and therefore increases the specificity. 

PCR can be considered rapid, if compared to cell 
culture. However, many antigen detection and nucleic 

acid hybridisation assays are faster, but are less sen- 

sitive [7, 8]. We are now trying to directly amplify 

the sample solution after incubation with proteinase K, 
which would save lots of time. Then the whole proce- 
dure would be finished within half a day. 
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