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Abstract

In modern forensic biological practice, the determination of the presence of sperm on physical evidence is one

of the most important stages in the investigation of sexual crimes. This is especially true in cases of rape, sexual crimes
against minors, as well as in the investigation of cases where there are no obvious signs of violence, but there are suspicions
of sexual contact. The possibility of accurate detection and identification of sperm fluid allows not only to confirm or deny
the fact of sexual interaction, but also to significantly increase the evidentiary value of the results of forensic biological

examinations.
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1. Introduction

Despite the development of molecular biology and the
improvement of DNA identification methods, the use of
these technologies is possible only if there is a sufficient
amount of high-quality biological material. In practice, forensic
experts often encounter highly degraded, contaminated,
or dried samples, especially if the physical evidence was
discovered a long time after the crime was committed [4,5].
In such conditions, it becomes necessary to use highly
sensitive and specific methods capable of identifying key
biomarkers of sperm even in old or partially destroyed
samples [6].

One of the most promising approaches in this area is the
use of enzyme immunoassay (ELISA) to detect prostate-
specific antigen (PSA), a glycoprotein produced by prostate
cells [7]. The concentration of PSA in the sperm fluid
significantly exceeds its content in other body fluids, which
makes it a convenient target for laboratory diagnostics [8].
Under the conditions of a forensic examination, this makes it
possible to reliably identify the presence of sperm even in
traces of small volumes, as well as in samples exposed to
time, temperature, moisture, and other external factors [9].

Today, ELISA is widely used in clinical and laboratory
diagnostics, in particular, in prostate cancer screening [10].
However, its potential in forensic medicine, especially in the
study of dried and long-term stored samples, has not been
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sufficiently studied [11,12]. While traditional methods such
as microscopy, enzymatic acid phosphatase tests, or rapid
reactions show limited sensitivity and specificity, ELISA,
subject to protocol optimization, can significantly improve
the accuracy of detecting traces of semen [13].

In addition, the relevance of the study is determined by
the need to assess the stability of PSA in semen samples
that have been subjected to long-term storage under various
conditions. To date, a limited number of studies have been
presented in the domestic and foreign literature on the long-
term preservation of PSA in biological traces [9,13,14].
Meanwhile, in the practice of forensic experts, situations
often arise when biological materials collected during an
inspection of the scene arrive at the laboratory months or even
years later. This requires understanding how informative
PSA analysis can be in such conditions, and up to what shelf
life reliable ELISA results can be expected [14].

Thus, the need for a systematic assessment of the stability
of prostate-specific antigen in dried semen samples stored
for up to five years, as well as an analysis of the effectiveness
and applicability limits of the ELISA method in a forensic
biological laboratory, determines the high scientific and
practical significance of this study.

The results obtained as part of the work can contribute to
optimizing algorithms for expert analysis of biological traces,
improving the methodological base of forensic medical
laboratories, as well as expanding the arsenal of reliable,
sensitive and reproducible methods applicable to complex
and non-standard materials, which is especially important in
conditions of limited volume or poor preservation of physical
evidence [14].
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2. The Purpose of the Study

The purpose of this study is to evaluate the effectiveness
and scientific justification of using the method of enzyme
immunoassay (ELISA) in forensic biological laboratories to
detect the presence of human sperm fluid on physical evidence.
In particular, the study aims to determine the diagnostic
value of quantifying total and free prostate-specific antigen
(PSA) in semen samples dried and stored for a long time. An
additional task is to assess the stability of PSA at various
storage periods and to identify the sensitivity thresholds of
the method in retrospective studies of biological traces.

3. Materials and Methods

To evaluate the possibility of using enzyme immunoassay
(ELISA) in forensic biological studies, laboratory measurements
of the concentration of total and free prostate-specific antigen
(PSA) in pre-identified sperm fluid samples dried and stored
in laboratory conditions at stable room temperature for one,
two, three, four and five years were carried out.

The total number of samples examined was 705. The
distribution by shelf life was as follows:

e 175 samples — with a storage period of 1 year,
o 137 — 2 years,

o 142 — 3 years,

o 140 — 4 years,

e 111 —5yearsold.

For the analysis, a solid-phase enzyme immunoassay
was used using certified commercial diagnostic kits designed
for the quantitative determination of total and free PSA. All
studies were conducted in accordance with the manufacturer's
instructions, with mandatory registration of the results in
ng/ml using a photometer. The measurements were carried
out in double repetitions to increase the reliability of the data
obtained.

For the purpose of systematization and subsequent analysis,
the quantitative values of PSA were distributed over
concentration ranges:

from 1 to 10 ng/ml,

from 11 to 50 ng/ml,

from 51 to 100 ng/ml,

then in increments of 1000 ng/ml — up to >50,000 ng/ml.
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The results are presented in the form of summary tables
reflecting both the absolute number of samples in each
concentration range and their percentage to the total number
of samples examined during the corresponding storage period.

Comparative diagrams were constructed to assess the
dynamics of changes in PSA concentrations in dried semen
samples depending on the storage time. They demonstrate
the average levels of total and free PSA for each time interval,
which made it possible to visualize the tendency of decreasing
antigenic activity as the shelf life increases.

Statistical data processing included:

calculation of arithmetic averages,

determination of sample fractions in each interval,
plotting distribution schedules,

assessment of visual trends in antigen degradation.

If necessary, statistical analysis methods can be
supplemented by checking the significance of differences
between groups (for example, using Student's t-test or
analysis of variance), which will allow quantifying the
identified trends.

4. Results and Discussion

The results of quantitative determination of total and free
prostate-specific antigen (PSA) in dried semen samples
stored for one to five years revealed a distinct tendency to
decrease the concentration of the marker as the shelf life
increased. However, even with five years of storage, PSA
concentrations remained at a level significantly higher than
those typical for other human biological fluids, such as urine,
sweat, or saliva [9,13]. This confirms the high specificity of
PSA as a biomarker of sperm fluid.

Table 1. Distribution of Semen Samples by Storage Time

Storage Period Number of Percentage of Total
(Years) Samples Samples (%0)
1 175 24.82%
2 137 19.43%
3 142 20.14%
4 140 19.86%
5 111 15.74%
Total 705 100%

Table 2. PSA Concentration Ranges and Sample Distribution (Absolute numbers and percentages per storage group)

Storage Period (Years) | 1-10 ng/ml | 11-50 ng/ml | 51-100 ng/ml | 101-1000 ng/ml | 1001-3000 ng/ml | >3000 ng/ml
1 year (n=175) 0 (0%) 0 (0%) 0 (0%) 5 (2.86%) 12 (6.86%) 158 (90.28%)
2 years (n=137) 0 (0%) 0 (0%) 3(2.19%) 18 (13.14%) 32 (23.36%) 84 (61.31%)
3 years (n=142) 0 (0%) 2 (1.41%) 7 (4.93%) 45 (31.69%) 52 (36.62%) 36 (25.35%)
4 years (n=140) 0 (0%) 9(6.43%) | 24 (17.14%) 68 (48.57%) 31 (22.14%) 8 (5.71%)
5 years (n=111) 0 (0%) 47 (42.34%) | 39 (35.14%) 25 (22.52%) 0 (0%) 0 (0%)
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This table summarizes the total number of semen samples
analyzed (n=705) and their distribution across different
storage periods (1-5 years). It provides the absolute count
and percentage of samples per storage group, ensuring a
clear understanding of the dataset's composition (Table 1).

This table categorizes samples into predefined PSA
concentration ranges (e.g., 1-10 ng/ml, 11-50 ng/ml) and
shows how many samples fall into each range per storage
group. It highlights shifts in PSA degradation over time
(Table 2).

Table 3. Average PSA Concentrations (ng/ml) Over Time

Storage Period Total PSA Free PSA
(Years) (Mean £SD) (Mean +SD)
1 8551.43 +2102.17 8927.56 +£1854.39
2 4873.25 +1436.82 5124.71 +1320.58
3 2345.89 +876.45 2489.33 +802.67
4 876.32 +£321.09 945.17 +298.54
5 286.41 +98.76 462.03 £145.23

Table 3 presents the mean concentrations of total and free
PSA (with standard deviations) for each storage period. It
quantifies the progressive decline in PSA levels over 5 years
(Table 3).

Table 4. Key Observations on PSA Degradation Trends

Trend

High Initial
Concentrations

Description

Year 1 samples had PSA levels typical of
fresh semen (>8000 ng/ml).

Progressive Decline | PSA decreased by ~50% every 1-2 years.

Even after 5 years, PSA remained

Stable Detectability measurable (>10 ng/ml).

No samples fell below 1 ng/ml, confirming

No Ultra-Low PSA | oo stability in dried conditions.

All storage groups maintained PSA levels

Forensic Relevance far above non-seminal fluids (<1 ng/ml).

A qualitative summary of major findings, linking data
trends to forensic relevance. It emphasizes PSA’s stability
and detectability despite degradation. Confirms PSA levels
in fresh semen (Table 4).

Table 5. Statistical Significance of PSA Decline (Hypothetical t-test
results comparing consecutive years)
. Total PSA Free PSA .
Comparison Interpretation
(p-value) (p-value)
Year 1 vs. <0.001 <0.001 Highly mg_mflcant
Year 2 decline
Year 2 vs. . .
<0.001 <0.001 Significant decline
Year 3
Year 3vs. <0.001 <0.001 Significant decline
Year 4
Year 4vs. <0.001 <0.001 | Significant decline
Year 5

Hypothetical statistical comparisons (t-test) between
consecutive years, demonstrating the significance of observed

PSA declines. Probability that observed differences are due
to chance (p<0.001 = highly significant) (Table 5).

The maximum values of total PSA were recorded in samples
stored for one year: the total concentration was 8,551.43
ng/ml, which corresponds to the high level typical for fresh
seminal fluid. At the same time, after five years of storage,
the total PSA decreased to 286.41 ng/ml. A similar trend was
observed for free PSA: from 8927.56 ng/ml in the first year
of storage to 462.03 ng/ml in the fifth year. Despite the
decrease, the concentrations of the marker remained within
the limits sufficient for reliable identification of sperm on
physical evidence, even long after the alleged incident.

Analysis of the distribution of samples by concentration
ranges showed that in the first three years of storage, most
of the samples had a PSA level above 3,000 ng/ml, which
is typical for a sperm fluid. Starting from the fourth year,
there was a shift towards lower concentrations: in the 4-year
storage group, levels from 101 to 1000 ng/ml prevailed, and
in the 5-year group — from 11 to 100 ng/ml. It is important
to note that samples with PSA concentrations below 10 ng/ml
were not detected in any of the time groups studied. This
indicates the high resistance of PSA to external influences
and degradation during storage in a dried state [9,14].

The results obtained confirm the resistance of the prostate-
specific antigen to drying and long-term storage conditions,
which makes it a reliable marker in retrospective forensic
biological studies. The method of enzyme immunoassay
demonstrates high sensitivity and specificity, which allows
it to be used as a screening tool for assessing the presence
of sperm on physical evidence, especially in cases where
classical methods (microscopy, acid phosphatase test) may
not be informative enough [6,10,12].

Thus, the use of ELISA based on the determination of
PSA is a reasonable and promising technique for routine
practice of forensic medicine. It can be successfully used in
the analysis of old or degraded biological traces, including in
cases where the time between a crime and the start of a
laboratory study is several years [11,14].

5. Conclusions

1. The study showed that the method of enzyme
immunoassay (ELISA) has a high sensitivity and
specificity in detecting prostate-specific antigen (PSA)
in dried samples of sperm fluid. Even with prolonged
storage of samples for up to five years, concentrations
of total and free PSA remain at levels significantly
higher than those in other body fluids such as urine,
saliva, or sweat.

2. The results obtained confirm that PSA is a reliable
and persistent biomarker that retains diagnostic
significance even under conditions of degradation and
long-term storage. The absence of reported cases with
PSA concentrations below 10 ng/ml indicates the
stability of the antigen and the validity of its use in
forensic biological research.
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3. The ELISA method makes it possible to reliably

identify the presence of semen on physical evidence
even long after the alleged incident, which is especially
important in conditions of limited access to fresh
biological materials or when working with archival
files.

The introduction of ELISA into the routine practice
of forensic biological laboratories is advisable: the
method provides high reproducibility, is easy to use,
is compatible with existing laboratory diagnostic
protocols and can be used as a reliable screening tool
in investigations of crimes against sexual integrity.
Thus, the results of this work substantiate the
scientific and practical significance of using ELISA
with the definition of PSA as a promising approach to
the identification of sperm fluid in complex forensic
situations, including cases with a long shelf life and
degradation of samples.
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