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Abstract: Background: Chlamydia trachomatis (CT) was found to be involved as a cause of chronic

non-specific cystitis or cancer bladder. Objective: This study was designed to assess the role of CT in

the etiopathogenesis of recurrent cystitis and cancer bladder. The performance characteristics of different

assays were evaluated. Methods: Four groups were enrolled in the study, three patients groups, 20 each,

with cancer bladder (groupI), chronic cystitis (groupII), cancer bladder with chronic cystitis (groupIII)

and healthy control subjects (groupIV). First voided urine (FVU) samples were tested for CT antigen

using direct fluorescent antibody (DFA) and enzyme immunoassay (EIA), CT plasmid DNA using PCR.

Bladder tissue biopsies (BTB) and buffy coat cells (BCC) were investigated for CT genomic sequence

by PCR. Electron microscopic study (EMS) on BCC of 10 patients from each group were done. Species-

specific IgM antibodies by the micro-immunofluorescent (MIF) test and IgG by EIA. Results: Sequences

of CT genome were detected in BTB in 23.3% of patients, 57.14% out of them were bladder cancers

(groups I, III) and 42.86% of cystitis cases (group II). No significant difference in prevalence rates were

observed between the two clinical conditions. None of healthy controls were positive for CT. Considering

PCR on BTB as the gold standard, excellent agreement was found with DFA, PCR and EIA-Ag on urine

samples. However, sensitivity varied between the different assays being highest with DFA (92.85%),

followed by PCR on urine and EIA-IgG on serum that showed similar sensitivity of 85.7%, followed

by PCR on BCC and EIA-Ag on urine that showed also similar sensitivity of 71.4.%. The lowest

sensitivity of 42.85% with poor agreement was detected with EIA-IgM. EMS showed a sensitivity of

60% with fair agreement. Conclusion: Our study confirms significant association of CT with bladder

cancer and chronic cystitis in Egyptian patients as compared to healthy controls. Excellent agreement with

PCR on BTB was found with non-invasive DFA, PCR, EIA-Ag on urine samples and EIA-IgG on serum.

PCR and EMS on BCC confirms diagnosis. So, these tests could be used for screening and

epidemiological studies. Awareness of the extent of CT recurrent urogenital infection with its serious

squelae together with screening surveys for early diagnosis and prompt treatment would control the

spread of such serious preventable infection.
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INTRODUCTION

Chlamydia trachomatis is an obligate intracellular

human bacterial pathogen of mucosal tissues. It is the

leading cause of most common curable urogenital

infections which have their major effects on morbidity

worldwide.  Many urogenital CT infections run an[1]

asymptomatic course and therefore remain undetected

a n d  s u b s e q u e n t l y  u n t r e a t e d  w i t h  s e r i o u s

complications.  Sequelae of urogenital CT infections[2]
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are more strongly linked to repeat infections rather

than initial ones. Persistent or recurrent infections

foster continued transmission.  On the other hand,[3]

serological markers of chronic chlamydial infection are

associated with cancer.  [4]

Cancer bladder is the most frequent malignant

tumour of the urinary tract in Egypt. It is known for

its strong association with infections.  It is found to[5]

be a frequent sequel of combined chronic schistosomal

infection and chronic cystitis due to chronic irritation

and the associated immunosuppression . CT may play[6]

a role in the cause of chronic non-specific cystitis or

cancer bladder .  In Egypt, CT was detected in 52%[7]

of men with chronic dysuria . The incidence of CT[8,9]

urethritis , prostatitis , and cystitis  was found to[10] [11,12] [13]

be significantly increased.

Diagnostic tests presently available for CT have

widely varying performance characteristics . Besides,[14]

their sensitivities were also dependent on the tissue

sample tested.  The major problem in evaluating the[15]

diagnostic performance of emerging methods is that

there is no clinical or microbiological reference

standard for CT infection.[16]

In the last 5 years, there have been major

improvements detection of CT urogenital infections,

first with the advent of nucleic acid amplification

techniques and then with the introduction of testing

non-invasively obtained urine specimens . PCR using[1]

FVU specimens have been demonstrated to accurately

diagnose chlamydial infections.  Direct antigen[17]

detection methods based of DFA and EIA have

provided more rapid and less expensive alternatives to

culture.  DFA on FVU is a reliable non-invasive[18,19]

method which can replace urethral swabs . EIA has[20]

been used successfully with FVU specimens to detect

for CT urogenital infections.[18]

The value of serology in the diagnosis of CT have

been shown in many studies . A positive serology[21,22]

may be the only indication of CT involvement in

chronic infected cases when the bacterium is not any

more locally detectable or in complicated ascending

urogenital tract infections . The evidence of[23]

seropositivity only in IgM mostly signal the very

beginning of the acute phase of a primary infection or

the activation of a chronic persistent infection . [22]

Professional phagocytic cells, monocytes/

macrophages are responsible for the first host defense

mechanisms during microbial infections and for

regulation of other cells participating in immunological

defense processes. Although the chronic characteristics

of Chlamydia infections may be related to the capacity

of the bacterium to be internalized by nonprofessional

as well as professional phagocytes, the ability of the

organism to escape the bactericidal systems of

phagocytic cells enables them to remain inside these

cells for long periods. It has been suggested that the

residence of Chlamydia in circulating monocytes offers

a means of distribution from the primary colonization

region into other organs in order to initiate and

participate in the maintenance of local immunological

response and inflammation. However, the persistence

of Chlamydia in mononuclear cells is poorly

understood .[24]

This study was designed to assess the role of CT

in the etiopathogenesis of recurrent cystitis and cancer

bladder. Also, we aimed at comparing the performance

characteristics of different assays used to diagnose CT;

including CT-DNA in BTB, BCC, urine-based

detection using PCR, DFA and EIA techniques,

seroprevalence of IgM and IgG for diagnosis of active

and past infections respectively. EMS on BCC was

done for comparative confirmation.

MATERIALS AND METHODS

Materials: This study was conducted on sixty patients

admitted to Urosurgery Department of TBRI during

the period from January 2001 to December 2006, their

ages ranged from 20 to 60 years with a mean of

(40±10). They were 46 males and 14 females.  They

were divided into three groups, each of 20, and a

fourth group of 20 normal healthy subjects were set

up as controls. Patients groups were identified as

cancer bladder (group I), cystitis (group II ) and

cancer bladder with cystitis (group III).They were

diagnosed clinically by different urological symptoms

and/or signs, transurethral cystoscopic examination, by

histopathology of biopsies or resected bladder masses.

Schistosomal affection was diagnosed upon presence of

schistosomal eggs in urine sediment or demonstrated

in Haematoxylene and Eosin stained bladder tissue

sections or associated serological evidence. All the

tumors were graded pathologically from G1 to G3

according to the extent to which the tumour cells

resemble the normal cells and classified clinically from

T1 to T3 according to TNM classification.[25]

Sample Collection: 

Urine Samples: Patients and controls were instructed

to collect early morning FVU samples in a separate

container and a mid-stream urine for culture in another

container. FVU samples were stored at –70 C untilo

investigated for CT antigen using DFA and EIA and

CT DNA using PCR. 
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Blood Samples: 5 ml were collected from all subjects,

separated sera were frozen at –85 C until investigated0

for the presence of species-specific IgM by the MIF

test, another 5ml were collected on sodium citrate

from 10 patients of each group for separation of buffy

coat rich in leucocytes for electron microscopic

examination. 

Bladder Biopsies: were directly stored in liquid

nitrogen at -70 C till examined by PCR technique for0

the presence of CT DNA.

Laboratory Assessement:

Detection  of Chlamydia trachomatis Antigen: 

DFA (Bartels Inc. USA): For detection  of chlamydia

antigen in FVU specimens. The test utilizes fluorescein

isothiocyanate (FITC)-labeled mouse monoclonal

antibodies directed against genus specific (LPS)

antigen. 20 ml of FVU was centrifuged at 5000 rpm

for 20 min. The pellet was then resuspended in 0.5 ml

phosphate buffered saline (PBS) to achieve a turbid

suspension. Smears were then prepared by adding 25

ìl of suspended deposit to an 8mm well of a clean

glass slide, thoroughly air dried and then flooded with

0.5ml absolute methanol fixative for 5 minutes to

evaporate.The slides were then stored in their

containers at room temperature and the staining step

according to manufacturer’s instructions was performed

on the same or next day. The slides were then

examined using fluorescence microscopy at 400-600 X

magnification. Specimens with less than three columnar

epithelial cells per field of view with no fluorescence

present were considered inadequate specimens for

testing.  Specimens which contain three or more

fluorescent elementary bodies were considered positive.

Dual Amplified Enzyme Immunoassay (Murex

Chlamydia, UK): For detection of chlamydial antigen

in male urine. The assay utilizes a genus specific

monoclonal antibody, and a polymer conjugate with a

high enzyme to antibody ratio. This polymer conjugate

enhancement system consists of a dextran backbone to

which anti-chlamydial LPS monoclonal antibodies and

alkaline phosphatase are bound. For every immune

complex interaction, multiple molecules of alkaline

phosphatase are available to drive the signal generation

in an enzyme-amplified color development system. The

enzyme amplification reagents were developed by

DAKO Ltd, Ely, UK. The performance and

interpretation of results were done according to

manufacturer’s instructions. All samples with optical

densities above the cut off (positives) and 50% below

the cut off (negative grey zone [NGZ]) were evaluated

with PCR and DFA results.

PCR analysis of Chlamydia trachomatis DNA:

DNA Extraction: 

C From urinary bladder tissue biopsies according to

Ausubel et al.  using proteinase K in presence(26)

of 1% SDS, phenol-chloroform extraction and

ethanol precipitation. 

C From urine samples according to Takamiya et

al.   Briefly, ten ml of FVU were centrifuged at(27)

3000 rpm for 30 min at room temperature. The

precipitate was centrifuged at 14000 rpm for 30

min. The pellets were stored at –20 C until DNAo

extraction.Then DNA extraction was performed

using QIA amp Viral RNA Mini kit (Qiagen

GmbH, Germany) as the AVL buffer used in this

kit, inactivates the numerous unidentified PCR

inhibitors found in urine .[28]

The extraction was done following the QIA amp

using spin-column protocol with slight modification as

follows: The urine pellet was dissolved in 1ml PBS.

250ìl of urine solution were added to 560ìl of the

buffer AVL/carrier RNA followed by vortexing and

incubation for 15 min at room temperature. 750 ìl of

absolute ethanol were then added and mixed by pulse-

vortex for 20 seconds. The mixture was then applied

to the QIA amp spin column and centrifuged at 8000

rpm for  2  min  followed by washing with buffer

AW1 then AW2.

DNA adsorbed onto the QIA amp silica gel

membrane was eluted by adding 60ìl buffer AVE

followed by incubation for 5 min and centrifugation

for 5 min at 8000 rpm. The elution step was repeated

to increase the yield of DNA. The eluted solution was

stored as aliquots at –20 C untill performance ofo

amplification.

C From Buffy Coat according to Higuchi,  and cell(29)

count was adjusted to 3 x 106 per reaction tube

and DNA was extracted. 

PCR Amplification:

24 27Primers Used: The primer pair PC -PC  delineated

PCR amplification product of 207 bp within the

cryptic plasmid of C. trachomatis was used as

previously published .[30]

24C PC : (5`GGG ATT CTT  GTA ACA ACA AGT

CAGG 3`)

27C PC  :  (5`CCT  CTT CCC CAG AAC AAT

AAG AAC AC 3`)
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Reaction M ixture: The reaction volume was 100 ìl

2containing 1 x PCR buffer, 2.5 mM MgCl , 0.2 mM

each deoxynucleoside triphosphate, 2.5 U Taq DNA

polymerase (Promega, Madison WI, USA), 50 P mole

of each primer.Ten microliters of extracted DNA were

added to 100 ìl of the PCR mixture in the reaction

tube.

Amplification Conditions: Enzymatic amplification

was performed using a programmable Thermal Cycler

480 (Perkin Elmer, Norwalk, CT) with the following

protocol: An initial denaturation step for 5 min at

94 C followed by 1min of denaturation at 94 C for 35o o

cycles, annealing at 60 C for 1 min and primero

extension at 72 C for 1 min. The reaction was stoppedo

by cooling at 4 C.o

Electrophoretic Separation and Identification: Ten

microliters of each PCR product, was electrophoresed,

at constant current 100 volt for 45 min, through 2%

agarose gel, stained with ethidium bromide (0.5

mg/ml). Bands were visualized under ultraviolet

illumination and photographed. The test was performed

in parallel with a negative control in which PCR

reaction was performed without a template DNA. 

Serological Detection of Chlamydia trachomatis

Antibodies:

Micro-immunofluorescent (MIF) for Detection of

Chlamydia IgM (MRL Diagnostics California,

USA): The product utilizes purified elementary bodies

(EBs) which permits detection of species-specific IgM.

The kit  contains  10  slides  of 12 wells. Each well

contains 4 separate spots, the first for yolk sac control,

the second for C. psittaci EB, the third for CT

(serotypes D-K) and the fourth for C. pneumoniae.

Patients’ sera were treated with buffered isotonic

solution  containing  goat monospecific anti-human

IgG  to  remove  both free and complexed IgG from

the sample. The pretreated sera were added to the

wells and incubated for 90 min at 37 C. Followingo

incubation , the slides were washed with buffered

saline to remove unbound antibodies. The wells were

overlaid  with  fluorescein-labeled  goat antihuman

IgM which has been mixed with Evan’s blue for

counterstaining.  After  incubation  for  30 min at

37 C, the slides were washed, dried, mounted ando

examined using a fluorescence microscope at 400 X

total magnification. Positive reactions appear as bright

apple green fluorescent EBs with a red background

matrix of yolk sac.

Enzyme Immunoassay (EIA) for Detection of

Chlamydia IgG (DRG Diagnostics, Germany): The

test was performed and interpreted according to

manufacturer’s instruction. IgG titer more than 1:512

was a criterion for serodiagnosis of acute or current

infection.

Electron Microscopic Studies for Detection of

Chlamydia trachomatis in Buffy Coat According to

Grimaud et al. : The buffy coat cells were[31,32]

collected from 10 patients of each group and

processed for EMS as follows:

C They were fixed in 4% buffered glutaraldehyde

with sodium cacodylate, postfixed in 2% osmium

tetroxide and then rapidly dehydrated in ascending

grades of alcohol (30%, 70%, 95%, 100%).

C Then the samples were rinsed in propylene oxide,

impregnated with epoxy resins for 3 successive

baths followed by their embedding into capsules

which was then polymerized at 60 C for 2 days.o

C Ultra-thin sections, were cut by an ultra-

microtome, contrasted with uranyl acetate and lead

citrate and examined by transmission electron

microscope (Philips EM 208 S).

Statistical Analysis :It was done using the Epi-Info

(soft-ware) for data management and analysis. Chi

square and Fisher’s exact test were used for

significance testing of proportional data. Significant

level was established at P<0.05. Sensitivity, specificity

and predictive values of different assays were

calculated against the results of CT DNA in bladder

tissue by PCR. Kappa coefficient was used to measure

agreement between tests, values >0.75 indicates

excellent agreement, values of 0.40 to 0.74 indicate

fair to good agreement and below 0.40 indicates poor

agreement. The odds ratio is used for testing and

quantifying the association between two raters.

Histogram was used to illustrate results of different

diagnostic assays in patients’ groups. 

RESULTS AND DISCUSSIONS

Results:

Clinicopathological Characterization: Clinical and

pathological characterization of the patients groups

were illustrated in table (1). Among the 40 cancer

patients in groups I and II, 24 cases (60%) of

transi t iona l ce l l carc inoma  were  d iagnosed

hitopathologically and further classified into Grades:

G1,  6  cases  (25%), G2, 14 cases (58%), G3, 4

cases 
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Table 1: Clinical and Pathological Characterization of the Patients Groups

Patients (60) Pathological Classification Clinical Classification
------------------------------------------------------------------------------------------- ----------------------------------------------

Diagnosis Grades Schisto. Stages RecurrX X X

------------------------------------ ------------------------------ affection -------------------------------

1 2 3 1 2 3G G G T T T
Infection Cancer No (%) No (%) No (%) No (%) No (%) No (%) No (%) No(%) No(%)

Type

Group 
(20) _ TCC 18 2 14 2 0 10 8 0 10

(90) (11) (78)  (11) (0) (56) (44) (0) (56)
_ Dysplasia 2 0 2 0 0 _ _ _ _

(10) (0) (100) (0) (0)
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Group 
(20) CSC _ 2 _ _ _ 2 _ _ _ _

(10) (100)
CF _ 2 _ _ _ 2 _ _ _ _

(10) (100)
CNSC _ 16 _ _ _ 0 _ _ _ 16

(80) (0) (100)
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Group  

TCC(20) CSC 6 4 0 2 2 4 0 2 4+

CNSC (30) (67) (0) (33) (33) (67) (0) (33) (67) + +

DysplasiaCSC 14 5 5 4 8 _ _ _ _*

(70)CF (36) (36) (28) (57)**

CNSC***

X: Grades 1, 2 and 3 refer to microscopic classification of well, moderately, and poorly differentiated TCC, mild, moderate and severe

dysplasia, respectively
XX: Clinical stages: T1: invasion of lamina propria. T2: invasion of superficial muscle. T3: invasion of deep muscle.

CSC: Chronic Schistosomal Cystitis, CF: Cystitis Follicularis, CNSC: Chronic Non-specific Cystitis. 
+ No (%): 2 (10%), ++ : 4(20%), * : 6 (30%), **: 2 (10%), *** : 6 (30%).

(17%) and clinically classified into stages T1,14 cases

(58%),T2, 8 cases (33%) and T3, 2 cases (8%). Out

of them 14 (58%) were recurrurent cases after TUR or

resectomy. Dysplasia was diagnosed in 16/40 (40%)

which was further classified into mild G1, 5 cases

(31%), moderate G2, 7 cases (44%) and severe G3, 4

cases (25%). Among all patients’ groups, different

stages of urinary bladder schistosomal affection were

detected pathologically in 14 cases (23.3%).

Detection of Chlamydial Genomic Sequences by

PCR:

Representatives of PCR results for CT DNA in

bladder tissue biopsies are illustrated in Fig. (1).

Sequences of CT genome were detected in bladder

tissue biopsies in a total number of 14/60 patients

(23.3%), 10 males (71.4%) and 4 (28.6%) females.

Eight out of 14 (57.14%) were cases (4/14 28.6%,

group I; 4/14, 28.6%, group III) and 6 (42.86%)

cystitis cases (group II). 

No significant difference was found overall for

chlamydial infection in tumors of different staging and

grading or among males and females, being positive in

4 of 14 females examined (28.6%) and in 10 of 46

males (21.7%). Schistosomiasis was evident in 14

specimens (23.3%), 7 (50%) of them were CT

positive, in contrast to 7 out of 46 non-schistosomal

cases (15.2%) were positive for CT. Differences in

positivity between schistosomal and non-schistosomal

cases were statistically significant (Fisher exact

P<0.05). Odds ratio = 0.67 (95% confidence limit,

0.18- 2.69). Twelve out of 30 (40%) recurrent cases

and 2/30 (6.7%) non- recurrent cases were positive for

CT (Chi-square= 5.82, P<0.05). Twelve out of 14

(85.7%) CT positive patients had recurrence tendency.

Odds ratio = 6.00 (95% confidence limit, 1.16- 58.50).

Distribution of Different Chlamydia trachomatis

Markers among Patient and Control Groups: The

distribution of CT by different assays among patients'

groups  is  summarized  in Table (2) and Figure (2).

CT DNA was detected in 8 out of 40 (20%) bladder

cancers (groups I, III) and in 6 out of 20 (30%)

cystitis cases (group II). So, no significant difference

in prevalence rates were observed between two clinical

conditions (P>0.05). 
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Table 2: Distribution of Different Chlamydia trachomatis Markers among Patient and Control Groups 

Immunoflourescence ELISA

-------------------------------------------------------------------

Study Groups PCR (DNA) DFA (Ag) MIF (IgM)  (Ag)  (IgG)

----------------------------------- -------------------------------------------------------------------- EM of BCC

Tissue BC Urine Urine Serum Urine Serum n (%)

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Group I 4 3  3 4 3 3  5 2

(no=20) (20) (15) (15) (20) (15) (15) (25) (10)

---------------------------------------------------------------------------------------------------------------------------------------------------------------

Group II 6 5 5 5  6 4 3 4

(no=20) (30) (25) (25) (25) (30) (20) (15) (20)

---------------------------------------------------------------------------------------------------------------------------------------------------------------

Group III 4 5 4 5 4 3 6 4

(no=20) (20) (25) (20) (25) (20) (15) (30) (20)

---------------------------------------------------------------------------------------------------------------------------------------------------------------

Group IV - (0) - (0) - (0) - (0) - (0) - (0) - (0) - (0)

(no=20)

---------------------------------------------------------------------------------------------------------------------------------------------------------------

Total 14 13 12 14 13 10 14 10

(no=80) (17.5) (16.25) (15) (17.5) (16.25) (12.5) (17.5) (12.5)

Fig. 1: Electrophoretic analysis of Chlam ydia

trachomatis amplification products from

patients' Bladder biopsy specimens.

The 207 bp products were obtained. Lane 1:

high DNA ladder, Lane 2: positive control of

Chlamydia trachomatis. Lanes 3,4,6,7,8: 

None of healthy controls were positive for CT

antigen in urine (DFA, EIA-Ag) or its DNA by other

diagnostic tests; PCR on buffy coat or urine, EMS or

serological evidence (EIA-IgG, MIF-IgM). So,

prevalence rates were significantly higher in patients

than controls (P<0.01). No difference was observed

between different patients groups as regard the

presence of IgG antibodies.

Comparative analysis of diagnostic performance of

different assays on urine samples revealed that EIA-Ag

showed positivety in 10 (71.4%) and negativety in 4

(28.6%) out of 14 CT positive samples. All EIA

positive samples were DFA and PCR (tissue and

urine) positive. Two out of the 4 EIA negative

samples were in the NGZ and were DFA and PCR

positive. So, verification of EIA NGZ samples with

either DFA or PCR increased it’s sensitivity from

71.4% to 90%.  Out of 13 PCR-BC positive samples,

10 (76.9%) were PCR-tissue positive and 3 (23.1%)

were found to be negative.

Performance  Characteristics  of  Different  Assays

(Table 3):   Considering PCR on bladder tissue

biopsies  as the gold standard, excellent agreement

was  found  with  DFA,  PCR  and  EIA-Ag  on

urine  samples,  with Kappa coefficient of 0.90, 0.90

and 0.80 respectively. However, sensitivity varied

between  the  different assays being  highest with

DFA  (92.85%),  followed by PCR on urine and EIA-

IgG  on  serum that showed similar sensitivity of

85.7%,  followed  by  PCR on BC and EIA-Ag on

urine  that  showed  also  similar  sensitivity of

71.4.%. The lowest sensitivity of 42.85% with poor

agreement (kappa coefficient 0.3) was detected with

EIA-IgM but with a specificity of 84.78%. EMS

showed  a sensitivity of 60% with fair agreement

(kappa coefficient 0.4).
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Table 3: Performance Characteristics of Different Assays for Detection of Chlamydia trachomatis Infection in 60 Patients

State of C.trachomatis

Test (specimen) DNA tissue PCR detection

Result -------------------------------------------- Sensitivity Specificity PPV NPP Accuracy Kappaa b

Present (No. 14) Absent (No. 46) % % % % % coefficient

DFA- Ag (urine)

        Positive 13 1

        Negative 1 45 92.85 97.85 92.85 97.85 96.7 0.90*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

PCR-DNA (urine)

       Positive 12 0

       Negative 2 46 85.7 100 100 95.8 96.7 0.90*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

PCR-DNA (Buffy coat)

       Positive 10 3

       Negative 4 43 71.4 93.5 76.9 91.5 88.3 0.7**

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

EIA-Ag (urine)

       Positive 10 0

       Negative 4 46 71.45 100 100 92 39.3 0.7**

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

MIF-IgM (serum)

       Positive 6 7

       Negative 8 39 42.85 84.78 46.5 83 75 0.3***

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

EIA-IgG (serum)

       Positive 12 2

       Negative 2 44 85.7 95.7 85.7 95.7 93.3 0.80*

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

EMS (Buffy coat)

        Positive 6 4

       Negative 4 16 60 80 60 80 73.3 0.40**

       ND 4 26c

 PPV: Positive predictive value.  PV: Negative predictive value. ND: not donea b  c

* excellent,  fair to good ** *poor agreemen*t**.

Fig. 2: Results of Different Assay for Chiamydia trachomatis Among Patients` Groups. 

EMS of Buffy Coat Cells  (Fig. 3,4,5): EMS of

BCC from 10 patients of each patients groups (total

30), revealed the presence of Chlamydia elementary

bodies like particles in 10 specimens (33.3%).  Six

out of them (60%) were PCR-BC positive and 4

(40%) were found to be negative.

EM examination of buffy coat revealed an

aggregate of dense bodies within an endosome-like

vacuole in the area of golgi apparatus of peripheral

blood monocyte in its way to be engulfed by its

nuclear projections, these dense bodies are pear shaped

structure 0.3 microns in diameter similar to Chlamydia

bodies. The infected monocyte revealed an obvious

change in cell morphology,  represented by remarkable

distended golgi cisternae, vacuolated cytoplasm and

nuclear chromatin  condensation.

Human urinary bladder was found to be a

potential target organ for chlamydial infection. CT may

play a role in the cause of chronic non-specific cystitis

or cancer bladder . [7]
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Fig. 3: A- TEM of an aggregate of dense bodies in the area of Golgi apparatus of  peripheral blood monocyte.

Golgi cisternae are very swollen (SG)(X 8000). 

B- High magnification of the dense bodies, Pear-shaped structures . 0.3 µm in diameter and similar to

Chlamydia bodies (arrows)(X 30,000)

Fig. 4: A- Ultrastructure of an aggregate of dense bodies (arrow) within an endosome-like vacuole in peripheral

blood monocyte in its way to the nucleus (N). The nucleus extends two projections (P) to receive these

bodies (X 10, 000).

B- High magnification of the engulfed bodies, pear-shaped structures . 0.3 µm in diameter and similar

to Chlamydia  bodies (arrows)(X 30,000)

In the current study, 23.3% in a panel of bladder

biopsy specimens of 60 patients under study were

proved to be chlamydially infected by PCR. Of which

20% were from group I and III (patients with cancer)

and 30% were from group II (patients with cystitis).

No significant difference in prevalence rates were

observed between the two clinical conditions. None of

healthy controls were positive for Chlamydia

trachomatis. So, prevalence rates were significantly

higher in patients than  controls.  No  significant

difference was found 
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Fig. 5: A- Electon micrograph of peripheral blood monocyte infected with dense bodies (arrow). We can see

the effect of these bodies on the cell as nuclear chromatin condensation and fragmentation as well as

degenerated mitochondria (M) (X 6,500). 

B- Ultrastructure of an aggregate of these dense bodies(arrow) within an endosome-like vacuole  in its

way to the nucleus (N) to be received by two nuclear projections (P) (X 8,000). 

C- High magnification of the engulfed bodies that are pear-shaped structures . 0.3 µm in diameter and

similar to Chlamydia  bodies (arrows)(X 30,000)

overall for chlamydial infection in tumors of different

staging and grading or among males and females.

Similar results were recorded by Badawi et al.  who[33]

detected sequences of C. trachomatis genomes in BTB

by PCR.  However, higher detection rates were found

for Chlamydial antigen using immunohistochemistry in

33% of patients with histologically proven cystitis . [7]

In our study, schistosomal affection was detected

in 23.3% of all patients with statistically significant

relation to chlamydia infection. In Egypt, cancer

bladder is a frequent sequel of combined chronic

schistosomal affection and chronic cystitis due to

c h r o n i c  i r r i t a t i o n  a n d  t h e  a s s o c i a t e d

immunosuppression.  Also, it was reported that[34]

inflammatory response was found to be associated

frequently with the conversion of the transitional

epithelium to a squamous metatplastic epithelium with

a much greater proliferative rate.   [35]

It was reported that there is an important

association of CT and Human papilloma virus (HPV)

that should be taken into consideration in diagnosis

and treatment of intraepithelial  neoplasia.  So, it is[30]

the subject of recent studies aiming at early diagnosis

of this serious potentially preventable disease. Badawi

et al.  detected sequences of HPV16, 18 and CT[33]

genomes in 43.33% and 23.3% of bladder tissue

samples respectively, mixed infection was found in

74%, single infection was in only 26%. These results

were in accordance with those who reported that such

mixed infection raises the possibility of synergism

between HPV and CT in bladder carcinogenesis.  [36]

It was reported that in 40-80% of patients, bladder

tumors recur within 12 months after standard treatment

by transurethral resection.  Recent epidemiological[37]

studies suggest that the risk for urological malignancies

may be related to the exposure to infectious agents,

especially in those patients whose tumors show high

recurrence rate.  In our study, 40% recurrent cases[38]

and 6.7% non- recurrent cases were positive for CT.

On the other hand, no significant difference was found

overall for Chlamydia infection in tumors of different

types, staging or grading which is in accordance with

other researchers.[36,39]

Diagnostic tests presently available for CT have

widely varying performance characteristics. [14]

Considering PCR on bladder tissue biopsies as the

gold standard (as it is the proof of chlamydial bladder

involvement), excellent agreement was found with

DFA, PCR and EIA-Ag on urine samples. Urine was

found to be a valid specimen for use in any evaluation

study for new assays directed towards the detection of

CT.[20]
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DFA test has been widely evaluated with reported

sensitivities 97-99% and specificities 70-90%.  In our[40]

study, DFA was found to be the most sensitive

(92.85%) and accurate test. As regard specificity, one

specimen was found to be false positive. It might be

true positive but could not be detected by PCR on

BTB which might not be obtained from the site of

infection. So, this emphasized the importance of using

multiple biopsies from the same case.  Also, one[41]

specimen was found to be false negative. This might

be explained by the subjective reading of the test. The

superiority of the DFA over conventional culture has

been demonstrated in several studies.  In spite of[42,43]

being relatively rapid, taking less than one hour, DFA

laborious microscopic evaluation of slides and the

need for highly experienced personnel for DFA could

limit its use as a routine screening tool or in large

volume testing Laboratory.[43]

In our study, EIA for detection of CT antigen in

urine showed a sensitivity of 71.45 % and a

specificity of 100%. A result that was consistent with

that of other researchers  who reported[18,19,43,44]

sensitivities ranging from 42% to 88% and a

specificity ranging from 94% to 100%. The

performance of EIA has been reported by several

studies to  be greatly improved  with DFA

confirmation.  In our study reevaluation of EIA[42,45]

negative results with either DFA or PCR on urine, has

raised its sensitivity to 90%. Dean et al.,[45]

recommended urine sediment EIA systems more than

DFA and PCR assays being rapid, less costly,

requiring less technical expertise with objective end

point, thus eliminating variation in interpretation of

results.  Therefore, EIA is more suitable in low-[42]

prevalence population where a large number of

patients can be screened. 

Clinical trials for PCR on urogenital specimens

have demonstrated an overall sensitivity and specificity

of 94.6% and 99.8% respectively.  Our results were[46]

in close  proximity  with those figures, with sensitivity

and  specificity  of 85.7% and 100% respectively. In

our  study,  false  negative  PCR  results on urine

were  found in 14.3%. Several factors interact to

explain this discrepant result, mainly the presence of

amplification inhibitors in clinical specimens

particularly, urine . Mahoney et al. , detected such[1,28] [47]

inhibitors  in 9% and 18% of urine specimens from

men and women respectively. Another explanation is

the presence of plasmid free variant of chlamydia

strains . Also, sampling variation in specimens with[16]

small quantities of CT and appropriate sample

preparation may play a role.  Although PCR is a[48]

good  choice  for  laboratories  with  PCR facilities

and high test volume, yet the high cost of reagents

and labor  intensive  work  has  limited its

implementation for routine testing . [16]

Although MIF-IgM assay was the least sensitive

(42.85%) diagnostic test in our study, yet it

documented a considerable rate of active infection

reflecting the importance of screening, early diagnosis

and prompt treatment. Addtionally, 15.2% were false

positive by IgM assay. A result that mostly signal the

very beginning of the acute phase of a primary

infection or the activation of a chronic persistent

infection. During persistent infection, CT accumulate

copies of it's chromosomes without subsequent cell

division and so produce virtually no new EBs giving

false negative antigen detection tests.  In these cases,[49]

MIF-IgM false positivity can be considered to a

smaller extent.[22]

In our study, serological detection of CT-specific

serum IgG antibodies showed sensitivity and specificity

of 85.7% and 95.7% respectively. False positive results

were found in 4.3%. The possible explanation is CT

involvement of non-bladder cancer or infection.[41]

Karinen et al.,  reported that CT IgG antibodies were[50]

more often seen in both males and females reporting

a previous history of CT infection. Thus, serology was

suggested to be useful in screening for CT infections.

It was found that women who had serum antibodies to

CT were 2.2 times more likely to develop cervical

squamous cell carcinoma.[51]

In our study, EMS of BCC, revealed the presence

of Chlamydia bodies like particles in 33.3% of

specimens, 60% of them were PCR-BC positive. EMS

of BCC is in agreement with the chronic

characteristics of Chlamydia infections that may be

related to the capacity of the bacterium to be

internalized by nonprofessional as well as professional

phagocytes. The ability of the organism to escape the

bactericidal systems of phagocytic cells enables them

to remain in these cells for long periods.  [24]

The infected monocyte in the present study

revealed an obvious change in cell morphology,

represented by remarkable distended golgi cisternae

and vacuolated cytoplasm as Chamydia infection may

directly induce the differentiation of monocytes to

macrophages.[52,53]

Also, nuclear chromatin revealed some

condensation which may be an early sign of apoptosis
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as Chlamydiae may induce host cell apoptosis either

directly or via induction of the host inflammatory

response. Chlamydia induction of apoptosis generally

occurs late in the developmental cycle  and may be[54]

important for achieving host cell rupture and the

release of infectious chlamydial elementary bodies.

Stenner-Liewen et al.  described a CT   protein that[55]

interacted  with mammalian death receptors to induce

apoptosis following gene transfection. The protein had

homologues in other Chlamydiaceae and was termed

the CADD protein ["Chlamydia protein Associating

with Death Domains"]. The CADD was expressed late

in the CT developmental cycle. It was suggested that

CADD  might  modulate apoptosis pathways in

infected cells. 

In conclusion, our study confirms significant

association of CT with bladder cancer and chronic

cystitis in Egyptian patients as compared to healthy

controls. Excellent agreement with PCR on BTB was

found with non-invasive DFA, PCR, EIA-Ag on urine

samples and EIA-IgG on serum. PCR and EMS on

BCC confirms diagnosis. So, these tests could be used

for screening and epidemiological studies. Awareness

of the extent of CT recurrent urogenital infection with

its serious squelae together with screening surveys for

early diagnosis and prompt treatment would control the

spread of such serious preventable infection.
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