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Abstract: Objective: To compare sensitivity of pooled urine testing with single specimen testing using NAAT (nucleic acid 
amplification test). To determine Chlamydia prevalence among adolescents in Germany. Methods: Urine samples from 15-17 year old 
female and 16-17 year old male participants of a nationwide representative study in children and adolescents sampled between 2003 
and 2006 were tested individually and in pools of 4 using BDProbeTec ET System (strand displacement amplification). Specificity, 
sensitivity, positive and negative predictive values (PPV, NPV) for pooled testing with 95%-confidence-intervals (95% CI) was 
calculated. Chlamydia prevalence with 95% CI was calculated for individual testing. Results: Among individually tested 1925 
specimens, 27 were positive for chlamydia, resulting in a prevalence of 1.4%. Chlamydia prevalence ranged from 0.2% in 16-year old 
males to 3.2% in 17-year old females. Using individual testing as the standard, a specificity of 99.6% and a sensitivity of 56.0% was 
found for pooled testing. The PPV was 87.5% and the NPV 97.6%. Inhibition was higher in individual testing compared to pooled 
testing. Conclusion: In this setting of a national health survey the very low sensitivity of 56.0% for pooled testing is concerning and 
differs from previously reported results. Pooled chlamydia test results should be interpreted with caution, especially if urine samples 
were not collected or stored under optimal conditions. Possible causes such as dilution effects, lack of prior DNA purification, 
long-term-storage and the use of urines that may not be first-void should be ruled out. Recommendations for population screening to 
use pooled testing might need to be re-evaluated should larger studies on more recent samples confirm our findings. 
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1. Introduction  

Worldwide, infections with urogenital Chlamydia 

trachomatis (CT) are common [1-3].  

In Germany, chlamydia is not a notifiable sexually 

transmitted infection (STI), however data from the 

national STD-sentinel surveillance system suggested 

chlamydia to be the most frequent 

laboratory-confirmed STI, with a 6% positivity rate [4]. 

In an age-stratified random sample of 1815 urines from 
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a total of 5755 participants aged 12-17 years, infections 

with chlamydia were found only in girls aged 15-17 

and boys aged 17 years [5]. KiGGS (The German 

Health Interview and Examination Survey for Children 

and Adolescents) was a nationwide representative 

study conducted among 0-17 year olds between 2003 

and 2006.  

In 2008, an opportunistic national chlamydia 

screening programme using NAAT was introduced for 

all women under the age of 25 years in Germany. 

Pooling up to 5 urine samples is permitted in countries 

with estimated prevalences of up to 4% to be 
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cost-effective [6]. Depending on chlamydia prevalence, 

pooling has found to be cost-saving with only minor 

losses in sensitivity and specificity [6-11].  

In our study we compared pooling versus individual 

testing of urines from participants of the KiGGS-study 

to establish the impact of pooling on the sensitivity and 

specificity in the setting of a national health survey.  

2. Methods 

2.1 Sample  

All urines from females aged 15-17 years and males 

16-17 years who participated in the KiGGS-study and 

gave a urine sample were tested for chlamydia.  

2.2 Specimens and Assays  

Informed consent for AUT (anonymous unlinked 

testing) was given by each participant or their parents 

or legal guardians in the context of the KIGGS. 

Specimens were collected between 2003 and 2006, 

stored at -40°C and transported frozen to the analysing 

laboratory. Between February 2009 and February 2010 

urine samples were tested for chlamydia using 

BDProbeTec ET System, a strand displacement 

amplification (SDA) system that detects cryptic 

plasmid of CT. Assays were performed according to 

the manufacturer’s guidelines for individual testing, 

except using 2 ml urine instead of 4 ml. For pooled 

testing, 500 µl urine-portions of 4 patients were 

combined and tested like individual samples. If 

positive or inhibitory, all 4 specimens were tested 

individually.  

Each sample was analyzed in a second reaction 

which contained external CT DNA to control for 

amplification efficiency and inhibitors. Results were 

considered negative only when amplification control 

signals were positive. DNA amplification was 

performed under routine diagnostic PCR conditions 

with standard precautions to prevent contamination. 

No transport medium was used for urine samples.  

2.3 Statistics 

Statistical analyses were performed using SPSS 

17.0.3 and STATA 10. Specificity, sensitivity, positive 

and negative predictive values (PPV/NPV) with 95% 

confidence intervals (95% CI) were calculated for 

pooled testing using individual testing as the standard. 

Only pools of four were included in these analyses. 

Changes in sensitivity over time were calculated using 

logistic regression.  

2.4 Ethical Approval 

Ethical approval was obtained from the Ethics 

Commission of the Charité University Medicine, 

Berlin. 

3. Results 

In individual testing, 27/1925 specimens were 

positive for chlamydia (1.4%, 95% CI: 0.97-2.03%). 

Age- and gender-specific prevalences are shown in 

Table 1. 

29 incorrectly pooled specimens were excluded from 

analyses. 

Table 1  Results from individual specimen testing: 

Chlamydia prevalence by age and gender. 

Age in years Gender Negative Positive Total Prevalence

15 ♀ 375 6 381 1.6 % 

16 ♀ 372 6 378 1.6 % 

 ♂ 407 1 408 0.2 % 

17 ♀ 365 12 377 3.2 % 

 ♂ 379 2 381 0.5 % 

Total  1898 27 1925 1.4 % 
 

Table 2  Results from individual specimen testing 

compared to pooled testing in pools of 4 specimens 

  Individual testing  

  Positive Negative Total

Pooled 
testing 

Positive 14 2 16 

Negative 11 447 458

 Total 25* 449 474

*27 individual specimens tested positive; 2 pools contained 2 
positives each. 
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Sensitivity = 14/25 = 56.0%  

Specificity = 447/449 = 99.6% 

PPV = 14/16 = 87.5% 

NPV = 447/458 = 97.6% 

In total, 16 pools were positive, 14 of them correctly, 

accounting for a PPV of 87.5% (95% CI: 61.7-98.4%). 

458 pools were negative, compared to 449 by 

individual testing, constituting a NPV of 97.6% (95% 

CI: 95.7-98.8%).   

In total, 27 individual specimens tested positive; one 

negative and one positive tested pool contained two 

positive specimens each. The specificity for pooled 

testing was 99.6% (95% CI: 98.4-99.9%) and the 

sensitivity 56.0% (95% CI: 34.9-75.6%).  

No inhibition or invalid testing occurred in pooled 

testing whereas 21 individual tests showed inhibition 

(1.1%) and 132 were invalid (6.9%). These extracts 

were all negative. 

Sensitivity of pooled testing increased with time, 

although not significantly (2003: 57%, 2004: 43%, 

2005: 67%, 2006: 100%; p = 0.095).  

4. Discussion 

Our low sensitivity of pooled testing is worrying, 

particularly, as we tested pools of four compared to the 

national recommendation of testing in pools of five [6]. 

Potential reasons for low sensitivity include dilution and 

lack of prior DNA purification [12]. Additionally, 

KiGGS-participants were not explicitly requested to 

collect first-void urine, which could result in lower 

DNA-loads per sample. In first-void urine, defined as 20 

to 30 ml of the initial flush of urine, the highest 

concentrations of chlamydia can be found and collection 

of the first 4 to 5 ml of urine has even shown to contain 

up to a sixfold higher organism load [13, 14].  

As no specific transport medium was used, it cannot 

be attributed to 2-sucrose phosphate buffer which 

previously reduced sensitivity of pooled SDA-testing 

to 86.5% [15].  

Sensitivity did not significantly vary over time, 

however, numbers were small. Long-term storage 

could however have influenced CT prevalence by 

increasing false negative results in individual testing. 

Consistent with Low et al., the number of inhibitory 

tests in pooled testing was lower than in individual 

testing, namely 0 versus 21 in individual testing in our 

study [16].  

Pooling of specimens in low-prevalence countries is 

less costly due to reduction of test-kits but the 

labour-intense lab methods should be taken into 

consideration. 

As confidence intervals for sensitivity were 

relatively wide, larger studies are needed in 

low-prevalence communities to provide more precise 

estimates and to advocate changes in German 

screening strategy.  

Until these data are available, results of pooled urine 

samples should be interpreted cautiously.  

For research purposes specimens stored longer than 

recommended should be individually tested. 

5. Key Messages 

• Specificity of 4xpooled NAAT testing was 99.6% 

compared to individual NAAT testing 

• Sensitivity of 4xpooled NAAT testing was as low 

as 56.0% compared to individual NAAT testing  

• Although pooling of urine sample might be more 

cost-effective in low-chlamydia prevalence countries, 

reduction of sensitivity with NAAT should be kept in 

mind 
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