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Methods and Materials 

In this study, liquid semen sample dilutions were identified as being near the 4ng PSA/ml internal 
standard value. Forensic semen stains and swabs were then prepared with known quantities of 
these semiquantified semen samples. Semen from both a vasectomized individual and a 
nonvasectomized individual were serially diluted to 1:1,000,000 with sterile water. Swabs were 
prepared from the dilutions using approximately 150µl of solution per swab by allowing the swab 
to saturate and then to air-dry. Stains (approximately 44.5mm diameter, approximately 1555mm2 
total area) were also prepared on clean cotton cloth using 500µl of the semen dilutions and then 
allowed to air-dry. 

Duplicate extractions of approximately 1/3 of each swab (vasectomized semen only) were 
performed in 250µl of sterile water for two hours at room temperature. After centrifugation for one 
minute at 13,000g, 200µl of the supernatant was removed and tested with the DTC0220 cartridge 
and the OneStep ABA card® p30. 

Duplicate extractions of approximately 5mm square cuttings (25mm2) from the center of the 
prepared semen stains (nonvasectomized semen only) on cotton fabric were performed in 250µl 
of sterile water for two hours at room temperature. After centrifugation for one minute at 13,000g, 
200µl of the supernatant was removed and tested with the DTC0220 cartridge and the OneStep 
ABA card® p30 (x1). 

Duplicate extractions of approximately 5mm square cuttings (25mm2) from the center of the 
prepared semen stains (nonvasectomized semen only) on cotton fabric were performed in 250µl 
of 1X HEPES buffer (137.0mM NaCl, 5.0mM K Cl, 0.8mM Na2HPO4-2H2O, 5.5mM dextrose, 
21.0mM HEPES) for two hours at room temperature. After centrifugation for one minute at 
13,000g, 200µl of the supernatant was removed and tested with the DTC0220 cartridge 

Two hundred microliters of the prepared liquid semen dilutions were tested with the DTC0220 
cartridge and the OneStep ABA card® p30. 

Results 

Estimation of Semen PSA Concentration 

The evaluation of both the vasectomized and the nonvasectomized liquid semen dilutions using 
the DTC0220 cartridge indicated that the concentration at 1:400,000 was greater than the 4ng 
PSA/ml internal standard marker and that the concentration at 1:500,000 was less than the 4ng 
PSA/ml internal standard marker. The 4ng PSA/ml internal standard equivalency point was 
estimated at 1:450,000.  

This estimation was corroborated by the OneStep ABA card® p30 results. The OneStep ABA 
card® p30 has a published sensitivity of 4ng PSA/ml. The largest dilution that gave a positive 
result with the nonvasectomized semen was 1:400,000. The largest dilution that gave a positive 
result with the vasectomized semen using the OneStep ABA card® p30 membrane test was 
1:500,000. The estimated dilution that is roughly equivalent to 4ng PSA/ml (1:450,000) implies 
that the whole semen samples contain approximately 1,800,000ng PSA/ml, well within the 
published normal range. 
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Estimation of Extraction Efficiencies 

Results using the DTC0220 cartridge and the OneStep ABA card® p30 were noted after ten 
minutes as either positive ([+] with control and test lines present) or negative ([-] with control line 
present and test line absent) using the individual manufacturer's instructions. 

Positive test lines that were identified with the DTC0220 cartridge were further evaluated for their 
intensity in comparison to the 4ng/ml semiquant line. The test line was noted as being more 
intense (T > q), equally as intense (T = Q), or less intense (t < Q) than the 4ng PSA/ml semiquant 
line.  

Results of the liquid semen dilutions are shown in Table 1. 

Results of the semen-stained swabs are shown in Table 2. 

The PSA concentration of the undiluted semen was estimated at approximately 1,800,000ng 
PSA/ml; therefore, the total available PSA per prepared swab can be estimated at 0.15ml x 
1,800,000ng/ml = 270,000ng/swab. Using 1/3 of a swab and a 0.250ml extraction volume, the 
total available PSA concentration becomes approximately 360,000ng/ml. At 100 percent 
extraction efficiency, a 1:90,000 dilution could be expected to have a PSA concentration of 
approximately 4ng/ml.  

The evaluation of the extractions from the swabs indicated that the 4ng PSA/ml internal standard 
was roughly equivalent to the results obtained with the swab prepared with a 1:100 semen 
dilution. This indicates that approximately 4ng/ml of the available 360,000ng/ml PSA was 
extracted, implying a 1/900, or approximately 0.11 percent, PSA extraction efficiency from these 
swabs. 

Results of the semen stains on cotton cloth are shown in Table 3. 

At the approximately 1,800,000ngPSA/ml undiluted semen concentration estimated above, the 
total available PSA per prepared ~ 44.5mm diameter stain can be estimated at 0.5ml x 
1,800,000ng/ml = 900,000ng/stain. Using approximately 1/62 of the stains (25 mm2 / ~1555 mm2), 
and a 0.250ml extraction volume, the total available PSA concentration becomes approximately 
58,000ng/ml. At a 100 percent extraction efficiency, a 1:14,500 dilution could be expected to have 
a PSA concentration of approximately 4ng/ml.  

The evaluation of the extractions from the stains extracted in sterile water indicated that the 4ng 
PSA/ml internal standard was roughly equivalent to the results obtained with the stain prepared 
with a 1:50 semen dilution. This implies an approximately 1/290, or 0.34 percent, PSA extraction 
efficiency from these prepared stains. 

The evaluation of the extractions from the stains extracted in 1X HEPES buffer indicated that the 
dilution that was closest to the 4ng PSA/ml internal standard was the stain prepared with a 1:100 
semen dilution. At this dilution the 4ng/ml standard line was slightly less intense that the test line, 
hence an estimate of a 1:150 semen dilution for equivalence to the semiquant line was used. This 
estimation would imply an approximately 1/97, or 1.03 percent, PSA extraction efficiency from 
these prepared stains. 

It was noted that positive results were not obtained at lower concentrations when using the 
HEPES buffer despite the three-fold higher estimate of PSA extraction efficiency over extractions 
using sterile water at the 4ng PSA/ml equivalence level. 
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Conclusions 

Comparison of the stain and swab extracts with the liquid semen sensitivity results shows that it 
can be estimated that one percent or less of the PSA applied to the swabs and stains was able to 
be extracted. This estimation of PSA extraction efficiency indicates that the yield from common 
forensic substrates is one percent or less of the estimated total available PSA. Whereas the 
sensitivity of immunochromatographic cassettes using diluted liquid semen samples is quite high, 
the PSA extraction efficiency when analyzing liquid extracts from dried semen dilutions is low 
enough to limit their usefulness. This study shows that a more efficient extraction process would 
be beneficial when applying these types of membrane tests to forensic science applications. 

If these extraction efficiency estimations are also valid for prostate-specific antigen found in adult 
male postejaculate urine and blood serum, then concerns regarding positive test results from 
these sources may be undeserved. Liquid postejaculate urine samples are reported to have a 
mean value of 260ng PSA/ml, and this must be considered when analyzing liquid samples. 
However, if dried samples are submitted and extraction efficiencies are one percent or less, these 
same samples would yield less than 2.6ng PSA/ml. This PSA concentration is much less of a 
concern as a possible confounding factor during evidence examination because it is less than the 
stated sensitivity of the OneStep ABA card® p30 and less than the semiquant line of the 
DTC0220 cartridge.  

Table 1. Results of the Liquid Semen Dilutions 

 

 

 

Vasectomized Liquid Semen    Nonvasectomized Liquid Semen 
OneStep ABA 

Card® p30 DTC0220 cartridge Dilution OneStep ABA 
Card® p30 DTC0220 cartridge 

+ +      T > q 1:100 + +      T > q 
+ +      T > q 1:1,000 + +      T > q 
+ +      T > q 1:10,000 + +      T > q 
+ +      T > q 1:50,000 + +      T > q 
+ +      T > q 1:100,000 + +      T > q 
+ +      T > q 1:200,000 + +      T > q 
+ +      T > q 1:400,000 + +      T > q 
+ +      t < Q 1:500,000 - +      t < Q 
- +      t < Q 1:600,000 - +      t < Q 
- +      t < Q 1:800,000 - +      t < Q 
- +      t < Q 1:1,000,000 - +      t < Q 
- - Negative Control 

(sterile water only) - - 
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Table 2. Results of the Semen Stains on Swabs 

Dilution OneStep ABA 
Card® p30 DTC0220 cartridge DTC0220 cartridge 

Straight Semen - * +      T > q +      T > q 
1:10 + +      T > q +      T > q 
1:50 + +      T > q +      T > q 

1:100 + +      t < Q +      t < Q 
1:250 - +      t < Q +      t < Q 
1:500 - +      t < Q +      t < Q 

1:1,000 - +      t < Q +      t < Q 
1:2,500 - +       t < Q +      t < Q 
1:5,000 - - - 

1:10,000 - - - 
Negative Control  

(sterile water only) - - - 

* This negative result was attributed to the high-dose hook effect, a false-negative indication 
which occurs when the PSA concentration is very high. 

 

Table 3. Results of the Semen Stains on Cotton Cloth 

Dilution 

OneStep 
ABA Card® 

p30 

w/water 

DTC0220 
cartridge 

w/water 

DTC0220 
cartridge 

w/water 

DTC0220 
cartridge 

w/HEPES 

DTC0220 
cartridge 

W/HEPES 
Straight 
Semen + +   T > q +   T > q +   T > q +   T > q 

1:10 + +   T > q +   T > q +   T > q +   T > q 
1:50 + +   T = Q +   T = Q +   T > q +   T > q 

1:100 - +   t < Q +   t < Q +   T > q +   T > q 
1:250 - +   t < Q +   t < Q +   t < Q +   t < Q 
1:500 - +   t < Q +   t < Q +   t < Q +   t < Q 

1:1,000 - +   t < Q +   t < Q +   t < Q - 
1:2,500 - - +   t < Q - - 
1:5,000 - - - - - 

1:10,000 - - - - - 
Negative 

Control (sterile 
water or 

HEPES only) 

- - - - - 

 


