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Introduction

Prostatic specific antigen (PSA) or p30, was discovered in the 1970’s
independently by three groups ', After antisera to the protein was developed,
detection of p30 in forensic samples quickly became the method of choice in
determining the presence of semen in the absence of sperm.

Initially believed to be a prostate specific protein, it is now known to be found in
many different fluids and tissues including breast tissue and tumors ),
periurethral glands “*, breast milk ©, amniotic fluid ', and female urine "".
Membrane based detection methods have been utilized and commercial kits
have been validated for forensic use ">'®. The sensitivity of these commercial
kits has been listed as low as 2 ng PSA/mL. Issues regarding sensitivity versus
specificity and PSA detection have been raised '”. The question arises that if
PSA is detected, e.g., in a stain in a pair of panties, in extremely small amounts,
can one state with certainty that semen is present?

This paper examines the detection of PSA using membrane based tests and the
potential for detecting PSA from fluids other than semen.

Methods

Filtered water was added to sterile cotton-tipped swabs in varying amounts to saturation.
Two brands of swabs were tested; both were cotton-tipped with wooden shafts. The
brands were Puritan, Ref 806-WC and Pur-Wraps, 25-806 1WC, both manufactured by
Hardwood Products Company, Guilford, Maine.

A green dye was added in varying amounts to a pair of cotton underwear and Whatman
#3 filter paper and allowed to dry. Photographs of the stains were taken and the diameter
of each stain was measured and recorded.

Neat breast milk and urine samples were collected from five nursing mothers (post-
partum from 1 week to 8 months). Neat urine and whole blood samples were collected
from three females. Breast milk samples were centrifuged and the resulting extracts
added directly to Seratec PSA Semiquant Kits. Neat blood samples were centrifuged and
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100 pL of serum was mixed with 100 uL of HEPES (0.24 %, pH 7.2) to facilitate
absorption, and added to the membrane. Blood samples from four nursing mothers were
collected and dried on DNA cards. The bloodstains were extracted in 1 mL HEPES for
two hours. The stains were centrifuged in Spin-Ease and 200 pL of extract was added to
Seratec PSA Semiquant Kits.

Results of the Seratec PSA Semiquant Kits were read after ten minutes

Results and Discussion

It is now quite clear that the term prostatic specific antigen (PSA) is a misnomer.
Although present in great amounts in seminal plasma, its presence has been detected in a
variety of other body fluids (Table 1). The greatest concentrations of PSA outside of
semen have been in breast milk and amniotic fluid. Generally, the forensic biologist does
not encounter these fluids, however, one unusual case of the detection of PSA in a diaper

originating from the colostrum in breast milk from a nursing child has been reported .
Fluid Concentration PSA (ng/mL) Reference
Semen 200,000 to 5.5 million Sensabaugh ©
Semen 820,000 (mean) Lovgren, et.al “"

Amniotic fluid

0.60 (avg.) 8.98 in one case

Lovgren, et.al “"

Breast milk

1 (avg.) 2100 in one case

Lovgren, et.al ©"

Breast milk

Majority < 1.0; > 100 in one case

Filella, et.al.*®

Breast milk 0.47 (median) Yu and Diamandis ©’
Saliva None Lovgren, et.al @V
Female urine 3.72 (mean) Breul, et.al.")
Female urine 1.73 (mean) Breul, et.al."?
Female urine 0.12 — 1.06; 0.29 mean Schmidt, et.al."”
Female serum 0.53 (mean) Breul, et.al.'"
Female serum Majority < 0.01 Yu and Diamandis "*

Female serum

Majority <0.1

Diamandis and Yu @

Table 1. Concentration of PSA in various body fluids (liquid).

Substantial levels of PSA have been found in amniotic fluid and breast milk. Cases
involving lactating or pregnant women should be treated with due caution.

Of particular concern to this analyst is the detection of PSA in female urine and female
serum. The finding of urine on a pair of underwear from a rape survivor would not be

uncommon. In addition, if trauma is present or the survivor is menstruating, blood may
be present on vaginal swabs or on stains in underwear. When an extract is prepared from
a stain on the underwear and PSA is detected, how sure can the analyst be that the result
is from semen? In other words, what is the likelihood that the stain is from female urine
or serum?

The Abacus Diagnostics OneStep ABAcard p30 Test is used quite extensively throughout
forensic laboratories in the United States. It has a listed sensitivity of 4 ng PSA/mL.



The Seratec PSA Semiquant Kit was developed as a screening test for the detection of
human prostate cancer. It was designed as a semiquantitative test and contains a 4ng
PSA/mL internal standard. Company literature states the sensitivity of the kit as 2 ng/mL
of PSA.

This author has found the Seratec kit to be the more sensitive of the two PSA kits with
positive reactions obtained at 0.78 ng/mL PSA ®%. At this level of detection the test is
certainly in the range of known concentrations of PSA in female urine and near the limit
detected in female serum.

Swabs

Filtered water was added to 10 swabs of each brand until saturation (at the point water
began to pool at the swab-stick interface). The Puritan swabs could hold 150 pL of water
and the Pur-Wraps 120 pL.

Stains

Results of the stain experiment are shown in Table 2 and Figure 1.

Diameter, mm

Stain volume, pL. | Cotton fabric | 3M Whatman

100 40 32
50 30 23
10 15 12

Table 2. Size of stains made from corresponding volumes of stain.

The size of the stains generated on cloth and filter paper can be seen in Table 2. The
amount of material cut out from a stain depends on, among other things, the size of the
stain present and it’s intensity. If the clothing item is examined by an alternate light
source, the areas giving off fluorescence are generally circled or marked in some manner.

Figure 1. Green dye applied to cotton fabric and Whatman #3 filter paper at the
listed volumes. Volumes from top to bottom: 100pL, 50 pL and 10 pL.



Generally, the smallest amount of material is cut out for extraction. Routinely, this
analyst takes 0.25 cm” cuttings. I could not imagine one cutting out and extracting a stain
larger than 1.0 cm®,

Urine Serum Semen
Sample | Volume | Concentration Extract Concentration Extract Concentration Extract
in fluid, Concentration in fluid, Concentration in fluid, Concentration
pL ng/mL"" ng/mL ng/mL"" ng/mL ng/mL®" ng/mL

1 swab 150 3.72 0.558 0.53 0.08 820,000 123,000
Yiswab | 75 3.72 0.279 0.53 0.04 820,000 61,500
Viswab | 38 3.72 0.141 0.53 0.02 820,000 30,750

tem’ | 10 3.72 0.037 0.53 0.005 820,000 8,200

stain

0.25 5 3.72 0.019 0.53 0.003 820,000 4,100

cm

stain

Table 3. Concentration of PSA in urine, serum and semen

The amount of PSA expected to be found in female urine, female serum and semen,
based on published findings, is found in Table 3. The amounts of PSA expected vary
according to the source of the material and the amount extracted. The table shows the
amounts of PSA expected from the extraction of an entire swab, one-half of a swab, one-
quarter of a swab, a Icm by lcm stain and a 0.5 cm by 0.5 cm stain. The values used for
the concentration of PSA were the maximum amounts observed in urine and serum and
the mean value of PSA in semen.

Even extracting an entire vaginal swab in 1 mL of HEPES, one would not expect to find
PSA from urine or serum. Female urine and serum collected on a cotton-tipped swab, air
dried, and extracted in 1 mL HEPES would not yield enough PSA to be detected by the
Seratec kit. A 1 cm” stain from a pair of panties with female urine and blood extracted in
1 mL of HEPES will not be expected to yield enough PSA to be detected by the Seratec
test chamber.

The dilution factor for a cotton-tipped swab (150 pL volume) is 0.15 and for a 1 cm” stain
is 0.01. This means that the minimum concentration to obtain a positive reaction for a
fluid dried on a cotton-tipped swab is 6.7 ng/mL, assuming extraction of the entire swab
in 1 mL HEPES. For a 1-cm2 stain, a concentration of 100 ng PSA/mL would be
required to obtain a positive reaction.




Recently, a study was conducted by Gartside, et.al. @ in which they attempted to
determine the efficiency of extracting psa from forensic samples. In their study, they
obtained an extraction efficiency of 0.11% for swabs and 0.34% efficiency from stains
using water and 1.03% efficiency from stains using HEPES.

I added known amounts of psa (Stanford) to cotton-tipped swabs and let them air dry.
The entire swab was extracted in | mL HEPES using Sin-Ease baskets and 200 pL of
extract was added to the Seratec membranes. Results were read at ten minutes.

Figure 2. Results of the extraction of 10 and S ng PSA/mL samples from cotton-
tipped swabs. A weak band is visible in the 10 ng PSA/mL sample.

Figure 3. Results of the extraction of 15, 25 and 100 ng PSA/mL samples from
cotton-tipped swabs. A band equal in intensity to the 4 ng/mL internal standard is
visible in the 25 ng/mL sample.



As seen in Figure 2, a weak band can be seen in the 10 ng/mL sample. In Figure 3, bands
are visible in the 15, 25 and 100 ng/mL samples. The band in the 25 ng/mL sample
equals the 4 ng internal standard on the Seratec card. This equates to a 16% recovery
rate. This corresponds well with the 100 ng sample that has a band significantly darker
than the 4 ng standard (~16 ng/mL).

When considering such a low extraction efficiency, one does not have to be concerned
with obtaining a positive result using the Seratec PS4 Semiquant Kit on any sample other
than semen.

A word of caution in analysis of a liquid urine sample from a sexual assault survivor.
Addition of 200 pL of urine directly to a Seratec test chamber may result in a positive
result from the urine, without the presence of any semen. Such analysis is not
recommended. In fact, the addition of neat liquid samples from any source is not
recommended. However, no psa was detected in neat breast milk, urine, or serum
samples in this study.

It is also apparent that the instructions supplied with the test must be followed precisely.
The swab or stain must be extracted in a minimum volume of 1 mL HEPES (or suitable
buffer), only 200 pL of the extract must be added to the test and the results must be read
within 10 minutes. Failure to follow these instructions may lead one to an inaccurate
conclusion.

Conclusion

The Seratec PSA Semiquant Kit has been validated for use in the forensic identification of
semen stains '>*?. PSA is now known not to be specific to the prostate and can be

found in small amounts in fluids and tissues from women. The results of this study
indicate that the forensic biologist can extract material from vaginal swabs and stains on
clothing and be confident that a positive result is due to the presence of semen.
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