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ABSTRACT: The persistence of sperm using confirmatory microscopic analysis, the persistence of sperm with tails, time since intercourse
(TSI) analysis, and results from the acid phosphatase (AP) reaction from approximately 5581 swabs taken from circa 1450 sexual assault cases
are presented. The observed proportions of sperm in the vagina and anus declines significantly after 48 h TSI, and sperm on oral swabs were
observed up to 15 h TSI. The AP reaction as a predictor of sperm on intimate swabs is questioned. All AP reaction times gave a low true posi-
tive rate; 23% of sperm-positive swabs gave a negative AP reaction time. We show the AP reaction is an unsafe and an unreliable predictor of
sperm on intimate swabs. We propose that TSI not AP informs precase assessment and the evaluative approach for sexual assault cases. To
help inform an evaluative approach, TSI guidelines are presented.
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The forensic investigation into sexual assault cases primarily
focuses on the presence or absence of sperm. As the primary
body fluid of interest, a knowledge of the persistence of sperm
in the mouth, anus, and vagina of victims can assist in the
assessment and interpretation of these case types and can assist
the forensic scientist when explaining the significance of the
sperm results in a court of law. This knowledge is invaluable
especially in cases that require an evaluative approach. Sperm
are the most unequivocal and the longest surviving seminal con-
stituent (1). As such, the presence of sperm is the confirmatory
tool of choice for the presence of sperm. The most pertinent
publications (2–10) detailing the persistence of sperm on inti-
mate swabs have predominantly been based on small numbers of
case studies or from volunteer donors rather than the large popu-
lation data set of actual cases as presented in this study. There is
a particular shortage of published information on the persistence
of sperm following anal and oral intercourse, the persistence of
sperm with intact tails, acid phosphatase (AP) as an indicator of
sperm, and the development of evidence-based time since inter-
course (TSI) opinions. Allard (3) in 1997 stated “analysis of the
data for the most likely time (since intercourse) awaits statistical
analysis.” We present here statistical analysis of the persistence
of sperm, associated acid phosphatase reaction times, and an

interpretation of TSI data. Our analysis supports an evidence-
based TSI approach to the investigation and evaluation of sexual
assault cases.
To inform an evidence-based TSI approach to sexual assaults,

we set out to address a number of frequently asked questions
raised by the forensic scientist when investigating sexual assault
cases:
• Is there a time interval that you would have an expectation of

finding sperm on vaginal swabs?
• Is there a time interval that you would have an expectation of

finding sperm with tails on vaginal swabs?
• Is there a time interval that you would have an expectation of

finding sperm on internal anal swabs?
• Is there a time interval that you would have an expectation of

finding sperm on internal oral swabs?
• Is AP time a good indicator for the presence of sperm on

vaginal swabs?
• What, if any, is the best cutoff time for the AP reaction on

swabs?
• Is there a relationship between AP reaction time and the TSI

in our data set?
• Is there a relationship between AP reaction time and TSI

when vaginal swabs are positive or negative?

In total 1450 cases were examined between 2000 and 2007 at
Forensic Science Ireland (FSI) which contained approximately
5581 swabs* —3508 vaginal swabs, 1224 anal swabs, of which1Department of Justice and Equality, Forensic Science Ireland, Garda

Headquarters, Phoenix Park, Dublin 8, Ireland.
2Department of Mathematics and Statistics, Maynooth University, Co. Kil-
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*Some of these swabs were without TSI information and AP information
and were not included in some analyses
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538 were internal anal swabs, and 849 oral swabs of which 464
were internal oral swabs. External mouth and anal swabs and
swabs from other external bodily areas were not examined in
this study. Data from deceased victims is not included in the
sexual assault database (SAD).

Methods

Sperm presence/absence was confirmed by microscopic exami-
nation. Briefly intimate swabs were sampled by cutting away a
small piece of the swab tip, macerating in ddH20 on a slide. The
cut piece is removed for AP testing using the Brentamine test
(Brentamine Fast Blue B), and the remaining slide debris is heat-
dried and fixed followed by standard H&E staining as described
by Clarke (1) and Kind (2). Microscopic confirmation and abun-
dance of sperm was classified as described by Allard (3), 4+
(many in every field), 3+ (many or some in most fields), 2+ (some
in some fields easy to find, 1+ (hard to find), and trace (1 unequiv-
ocal sperm head/3 or more sperm heads following independent
agreement) (T) indicates the presence of tails on spermatozoa.
Swabs are categorized in the sexual assault database (SAD)

into the following groups:
• Vaginal swabs,

(a) Endocervical or cervical
(b) HVS (swabs labeled “high or upper vaginal”)
(c) LVS (swabs labeled “low or mid vaginal”)
(d) EVS (swabs labeled “external vaginal swabs; vulva, for-

chette, labial major, labial minor, mons pubis” and
including any external vaginal locations).

• Anal swabs,
(a) IAS (swabs labeled “internal or rectal”)

• Oral swabs,
(a) IMS (swabs labeled “internal mouth, cheek, teeth,

gums”)

Data Collection and Analysis

The information used in this study is based on the case file
information provided to Forensic Science Ireland (FSI) by the
forensic medical examiners forms, the submission forms from
the Irish Police (An Garda S�ıoch�ana) and the laboratories’ scien-
tific results as described by Lee-Gorman et al. (4). The case
information is recorded in the case file, and the scientific find-
ings are recorded in the SAD. The SAD captures all the infor-
mation related to body fluid testing and the findings included
are swab label, sperm grading, AP time, presence of tails and
results from the RSID semen, and saliva kits for the detection of
seminal fluid and human salivary amylase (5,6). The information
in the SAD and its statistical analysis were not subjected to any
preselection in relation to the case circumstances, including the
age or recollection of the complainant or any previous sexual
activity. Sperm results for each type of swab (endocervical,
HVS, LVS, EVS, IMS, and IAS) and the AP reaction times
from each swab group were categorized into what the authors
consider forensically informative TSI intervals and AP reaction
times. In the presented tables and figures, a 120-sec time (a neg-
ative AP finding) is denoted as AP time ≥120 sec. Statistical
analysis (chi-square goodness-of-fit tests) was performed in
Minitab� 17.1.0. Information taken from casework can run the
risk of having incorrect details supplied at the time of submis-
sion and transcription errors when being entered into the SAD.
Therefore, information in the SAD was validated by randomly
choosing 100 case files and a manual conformation of the

provided information and scientific findings carried out against
the case file information.

Discussion

Question 1

Is there a time interval that you would have an expectation
of finding sperm on vaginal swabs?

The compiled results for all sperm-positive vaginal swabs up
to a TSI of 72 h are presented in Table 1. The difference
between the proportions of sperm-positive vaginal swabs at dif-
ferent time intervals is statistically significant (p-value < 0.001).
The expected proportion of sperm-positive vaginal swabs at TSI
intervals with a 95% confidence interval (CI) is shown in Fig. 1.
This analysis shows that as a guideline, the expectation of
observing sperm in the vagina decreases significantly after 18 h
(0.35) and again after 48 h (0.2), and beyond 96 h, the expecta-
tion of observing sperm in the vagina can be considered extre-
mely low (0.02) (Fig. 1, Table 2).
The persistence times for each individual vaginal swab type

are presented in Figs 2–5. Included for reference are data tables
for each swab type (Tables 3–6). In terms of sperm distribution,
trace and 1+ were the most common grade recorded beyond
48 h (Figs 2–5). The longest recorded persistence time for sperm
in the SAD was a 1+ on a HVS sampled at a TSI of approxi-
mately 96 h after alleged intercourse (Fig. 3). No sperm was
recorded on any vaginal swab type beyond 96 h.

Question 2

Is there a time interval that you would have an expectation
of finding sperm with tails on vaginal swabs?

TABLE 1––The percentage of all sperm-positive vaginal swabs up to 72 h.

TSI (h) 0–24 24–48 48–72 Total swabs

Positive 889 113 13 1015
Negative 1734 294 195 2223
Total 2623 407 208 3238
% Positive 34 28 6 31
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FIG. 1––Proportion of sperm-positive vaginal swabs with 95% C.I. within
each time interval [Color figure can be viewed at wileyonlinelibrary.com]
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The morphological characteristics (shape, coloration, and defi-
nition) of sperm degrade over time in the vagina. Qualitative
changes due to TSI usually result in the loss of tails, the loss of
quality, and a reduction in sperm abundance. The presence of
tails can be useful for TSI estimations, but the time lapse associ-
ated with the loss of tails is unclear (7). Silvermann (8) found
no significant difference in the proportion of sperm with or

TABLE 2––The proportion of sperm-positive vaginal swabs at different
intervals with 95% CI.

TSI (h)
No. of positive

swabs
Total no.
of swabs

Proportion of
positive swabs

95% confidence
interval

0–6 367 943 0.39 (0.36, 0.42)
06–12 265 746 0.36 (0.32, 0.39)
12–18 162 464 0.35 (0.31, 0.40)
18–24 127 493 0.26 (0.22, 0.30)
24–48 116 410 0.28 (0.24, 0.33)
48–72 13 208 0.06 (0.03, 0.11)
72–96 5 79 0.06 (0.02, 0.14)
96+ 1 52 0.02 (0.002, 0.15)
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FIG. 2––Persistence and grading of sperm on endocervical swabs at each
TSI. Total number of swabs: 103
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FIG. 3––Persistence and grading of sperm on high vaginal swabs (HVS)
at each TSI. Total number of swabs: 1061
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FIG. 4––Persistence and grading of sperm on low vaginal swabs (LVS) at
each TSI. Total number of swabs: 1092
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FIG. 5––Persistence and grading of sperm on external vaginal swabs
(EVS) at each TSI. Total number of swabs: 1111

TABLE 3––The percentage of sperm-positive endocervical swabs at each
TSI.

TSI
(h)

0–
6

6–
12

12–
24

24–
36

36–
48

48–
72

72–
96

96–
120

Total
swabs

Positive 7 8 7 3 3 2 1 0 31
Negative 11 15 18 3 4 15 4 2 72
Total 18 23 25 6 7 17 5 2 103
% Positive 39 35 28 50 43 12 20 0 30

TABLE 4––The percentage of sperm-positive high vaginal swabs at each
TSI.

TSI (h)
0–
6

6–
12

12–
24

24–
36

36–
48

48–
72

72–
96

96–
120 >120

Total
swabs

Positive 106 83 90 16 19 4 1 1 0 320
Negative 190 152 206 44 44 58 20 19 8 741
Total 296 235 296 60 63 62 21 20 8 1061
% Positive 36 35 30 27 30 6 5 5 0 30

TABLE 5––The percentage of sperm-positive low vaginal swabs at each TSI.

TSI (h)
0–
6

6–
12

12–
24

24–
36

36–
48

48–
72

72–
96

96–
120

>
120

Total
swabs

Positive 117 79 85 17 18 3 1 0 0 321
Negative 192 166 219 45 51 61 23 9 5 771
Total 309 245 304 62 69 64 24 9 5 1092
% Positive 38 32 28 27 26 5 4 0 0 29

TABLE 6––The percentage of sperm-positive external vaginal swabs at each
TSI.

TSI (h)
0–
6

6–
12

12–
24

24–
36

36–
48

48–
72

72–
96

96–
120

Total
swabs

Positive 128 90 89 18 19 4 1 0 349
Negative 181 154 230 51 52 61 24 9 762
Total 309 244 319 69 71 65 25 9 1111
% Positive 41 37 78 29 28 6 4 0 31
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without tails at any time after sexual intercourse and has sug-
gested that the loss of tails is not a useful indicator of time since
intercourse. Our findings show that this is not the case; within
the first 12 h, the expectation of observing sperm-positive vagi-
nal swabs tails was 0.15, and this expectation declines at a TSI
greater than 24 h (0.09) (Fig. 6). This would be in agreement
with the study by ADavies (9), where tails were most frequently
found on sperm swabs taken up to 12 h. However, sperm with
tails have been reported as late as 72 h (10). No oral or anal
sperm-positive swabs with tails were recorded in the database.
Our findings show that the expectation of finding sperm with
tails after 24 h is very low (Table 7) and that sperm with tails
on vaginal swabs are more likely to be detected within 12 h
TSI.

Question 3

Is there a time interval that you would have an expectation
of finding sperm on internal anal swabs?

There is little published information on the persistence of
sperm in the anus. In general, sperm can be detected in the anus
up to 24 h TSI. Sperm can persist for over 2 days after anal

intercourse (9). A total of 510 internal anal swabs were exam-
ined in this study. The persistence and distribution of sperm-
positive anal swabs at each TSI shown are Fig. 7 and Table 8.
The expectation of observing a sperm-positive anal swab at a
TSI of less than 6 h is 0.24, and this expectation drops as the
TSI increases. The expectation of finding anal swabs positive for
sperm at a TSI of less than 48 h (0.16) can be considered low,
and the expectation of finding sperm at TSI greater than 48 h
can be considered extremely low, 0.023 (Table 9), as it was
observed only once of 42 swabs at a TSI greater than 48 h. Our
experience at FSI is that it is unlikely that sperm will be detected
on internal swabs beyond a TSI of 24 h. Generally, the examina-
tion for the presence of sperm in internal anal swabs is not car-
ried out beyond a TSI of 72 h, which is in agreement with the
published materials. The longest recorded persistence time for a
sperm-positive internal anal swab (1+) was at a TSI of 85 h
(Fig. 7).

Question 4

Is there a time interval that you would have an expectation
of finding sperm on internal mouth swabs?
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FIG. 6––Persistence and grading of sperm with tails on internal vaginal
swabs at each TSI. Total number of swabs: 932

TABLE 7––The percentage of sperm with tails at each time TSI (vaginal
swabs only).

TSI (h) 0–6 6–12 12–24 24–36 36–48 48–72 72-96

Positive 358 260 271 54 59 13 4
With tails 50 42 24 0 2 1 0
Total 932 747 944 197 210 208 75
% Positive with tails 14 16 9 0.0 4 0.08 0.0
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FIG. 7––Persistence and grading of sperm on internal anal swabs (IAS) at
each TSI. Total number of swabs: 510

TABLE 8––The percentage of sperm-positive internal anal swabs at each
TSI.

TSI (hrs) 0–24 24–48 48–72 72–96 96–120 Total swabs

Positive 65 8 0 1 0 74
Negative 335 61 27 8 5 436
Total 400 69 27 9 5 510
% Positive 16 12 0 11 0 15

An additional 27 IAS were taken, four of which were positive, but no TSI
was provided for these.

TABLE 9––The observed proportion of sperm-positive internal anal swabs
with associated 95% CI at each TSI.

Time
interval (hrs)

No. of positive
swabs

Total
swabs Proportion 95% CI

0–6 27 112 0.241 (0.165, 0.331)
6–12 21 119 0.176 (0.113, 0.257)
12–18 8 75 0.107 (0.047, 0.199)
18–24 8 86 0.093 (0.041, 0.175)
24–48 8 68 0.118 (0.052, 0.219)
>48 1 42 0.024 (0.001, 0.126)
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FIG. 8––Persistence and grading of sperm on internal mouth swabs (IMS)
at each TSI. Total number of swabs: 405.
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Sperm can remain in the oral cavity for up to 6 h (10). A total
of 405 internal mouth swabs were examined; this number
includes those samples taken within 6 h of alleged oral rape
using an early evidence sampling kit. Our findings show that the
expectation of observing a sperm-positive oral swab is very low
(0.02) up to 15 h TSI. This expectation remains very low for all
time intervals (Fig. 8, Table 10). At a TSI greater than 48 h,
none of the 13 swabs processed were positive for sperm (data
not shown). Our findings suggest that the persistence of sperm
in the mouth sampled within 6 h of the alleged offense is very
low but that this very low expectation remains valid up to 15 h.
The primary goal of the sexual assault early evidence kits is to
rapidly sample sperm in cases of alleged oral rape. A TSI of 6 h
is currently considered an appropriate cutoff time for the use of
this kit type. Our findings would suggest that extending the cut-
off time up to 15 h might be more appropriate for the taking of
samples of this type. The longest recorded persistence of sperm-
positive oral swabs was at a TSI of 27 h (Table 11).
An evaluation of the acid phosphatase reaction as an indicator

of sperm on vaginal swabs.
Case assessment and interpretation is an integral part of case-

work at FSI. The scientist’s expectation of whether or not sperm
will be present is captured during precase assessment. The foren-
sic scientist may initially consider the TSI between the alleged
offense and the medical examination followed by AP reaction
time of the swabs. Allard (3) suggests an AP time of less than
65 sec is a fair indication of the presence of sperm (although
this must be confirmed by other methods), an AP time of less
than 30 sec is a very good indication, and an AP time of 10 sec
provides a strong indication for the presence of sperm. The cut-
off time of 120 sec is generally accepted as a forensically valid
cutoff time for an AP reaction. It should be noted that this AP
time point is not a true record of the actual AP reaction time,
which may or may not appear at some time after 120 sec in
some instances. To investigate whether AP was a reliable mea-
sure for the presence or absence of sperm, we examined our

findings for all vaginal swabs in the database and asked the fol-
lowing questions.

Question 5

Is AP time a robust indicator for the presence of sperm on
vaginal swabs?

Our findings suggest that an AP time of less than 30 sec is a
very good indicator of the presence of sperm; for an AP time of
less than 30 sec, our expectation of observing sperm is very high
(between 88% and 95% with a confidence interval of 95%).
There was no significant difference in this expectation for AP
times of less than 30 sec and less than 10 sec; in our data, both
have positive swabs 92% of the time. Estimates of the propor-
tions of sperm-positive swabs and AP reaction times are given
in Table 12.
For AP reaction times of less than 60 sec, our expectation of

observing sperm is high (0.66), whereas for AP reaction times of
greater than 60 sec, our expectation of observing sperm is low
0.2. This would suggest that the forensic scientist should not rely
on the predictive value of an AP reaction time greater than
60 sec as an indication of the absence of sperm on vaginal
swabs.
To examine this point further, when we examined the 2407

sperm-negative vaginal swabs, a very small proportion, 164
(7%), had an AP reaction time less than 60 sec. Less than 1% of
sperm-negative swabs (19 of 2407) had AP reaction times less
than 30 sec.
However, of the 1061 sperm-positive vaginal swabs, 560

(53%) had AP reaction time greater than 60 sec (Table 13).
Worryingly, 23% of sperm-positive swabs (238 of 1061) had a
negative AP reaction time (data not shown). At this AP time, we
observed the following sperm distributions 40% at trace level,
34%, at 1+, 16% at 2+, 5% at 3+, and 1.5% at 4+.
Our findings suggest that the AP reaction underestimates the

expectation of sperm-positive vaginal swabs and supports our
previous suggestion that we should not rely on AP reaction
times as an indicator of sperm-negative vaginal swabs.

TABLE 10––The percentage of sperm-positive internal mouth swabs at each
TSI.

TSI (h)
0–
3

3–
6

6–
9

9–
12

12–
15

15–
18

18–
21

21–
24

Total
swabs

Positive 2 2 1 1 1 0 0 0 7
Negative 45 94 48 60 26 42 34 49 398
Total 47 96 49 61 27 42 34 49 405
% Positive 4 2 2 2 4 0 0 0 2

An additional 24 internal mouth swabs were taken without TSI informa-
tion supplied; one IMS was positive at trace level. Thirty-five further internal
mouth swabs were processed after the 24-h time frame.

TABLE 11––The observed proportion of sperm-positive internal mouth
swabs and associated 95% CI at each TSI.

TSI (h) No. of positive swabs Total swabs Proportion 95% CI

0–6 4 141 0.028 (0.008, 0.071)
6–12 2 110 0.018 (0.002, 0.064)
12–18 1 63 0.016 (0.0004, 0.085)
18–48 1 104 0.010 (0.0002, 0.052)

Eighty-three swabs were taken at a TSI of 18 to 24 h, and none were
sperm positive, so this time interval was pooled with a TSI of 18 to 48 h.

TABLE 12––Proportion of sperm-positive vaginal swabs for each AP reac-
tion time.

AP time
(sec)

No. of sperm-
positive
swabs

Total no.
of swabs

Proportion of
sperm-positive

swabs

95%
confidence
interval

0 < AP < 10 36 39 0.92 (0.79, 0.98)
0 < AP < 30 218 237 0.92 (0.88, 0.95)
0 < AP < 60 499 665 0.66 (0.61, 0.71)
30 < AP < 60 283 428 0.75 (0.72, 0.78)
60 < AP < 120 560 2803 0.2 (0.19, 0.22)

TABLE 13––The AP reaction times for sperm-positive and sperm-negative
swabs.

AP < 60 sec AP > 60 sec Total

Positive swabs 501 560 1061
Negative swabs 164 2243 2407
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Question 6

What if any is the best cutoff time for the AP reaction on
swabs?

To answer this question, we examined the true positive (TP)
and false positive (FP) rate of AP reaction times for both sperm-
negative and sperm-positive vaginal swabs. In this setting, a FP
result is a sperm-negative swab with a fast AP reaction time
(thus indicating a high probability of finding sperm). A TP is a
swab that tested positive for sperm and had a fast AP reaction
time. The TP rate is a proportion of sperm-positive swabs that
had a fast AP reaction and is a measure of sensitivity of the AP
test. A good test would have a high TP rate while keeping the
FP rate low. We calculated the FP rate and the TP rate for a
range of potential cutoff times (Table 14). An informative AP
reaction cutoff point would yield a test with a low FP rate and
high TP rate.
However, all the AP reaction cutoff times examined from

circa 3508 vaginal swabs had a low TP rate showing that as a
sensitivity test for the presence of sperm, the AP reaction per-
forms poorly. The TP rate for AP times less than 30 sec (0.26)
is equivalent to the FP rate at an AP time of less than 90 sec
(0.24).

Question 7

Is there a relationship between AP reaction time and the
TSI?

At a TSI of greater than 48 h, no vaginal swabs with an AP
time less than 30 sec were observed irrespective of whether or
not sperm was present on vaginal swabs (Table 15). The propor-
tion of swabs with an AP time greater than 60 sec steadily
increases with the TSI (this increase is statistically significant at
the alpha = 0.01 level). At any given TSI, we observe a range
of AP times (figure not presented). If we further examine

sperm-positive vaginal swabs with an AP of less than 60 sec,
we can see that the proportion of these swabs remains similar
throughout the TSI intervals (Table 15 and Fig. 9). As can be
seen, our findings show that one cannot predict accurately the
AP time of swabs given time since intercourse information.

Question 8

Is there a relationship between time interval and AP reac-
tion time when vaginal swabs are positive or negative for
sperm?

We separated our findings into sperm-positive or sperm-nega-
tive vaginal swabs and asked this question again. Our analysis
showed that there was no obvious clear pattern of relationship
other than approximately 90% of sperm-negative swabs, regard-
less of the time since intercourse had AP times of 60 sec or
greater. We also noted that approximately 50% of the sperm-
positive swabs, regardless of time since intercourse, had AP
times of 60 sec or greater (Table 16). One would logically

TABLE 14––The false positive (FP) rate and the true positive (TP) rate for
potential cutoff times for the acid phosphatase reaction.

AP reaction time (sec) False positive rate True positive rate

<10 0.00 0.05
<30 0.01 0.26
<50 0.06 0.44
<70 0.13 0.59
<90 0.24 0.70
<120 0.32 0.78

TABLE 15––Percentage of vaginal swabs in each AP grouping (1–3).

Time interval

AP time (sec) 0–6 6–12 12–18 18–24 24–48 48–72 72–96 96+ Total
0 < AP < 30 10% 11% 3% 4% 4% 0% 0% 0% 7%
30 < AP < 60 13% 15% 13% 11% 8% 13% 9% 6% 12%
60 < AP < 120 77% 74% 83% 85% 88% 87% 91% 94% 81%

Note. Assuming we do not know whether the vaginal swabs are positive or negative for sperm.

0-
6

6-
12

12
-1

8
18

-2
4
24

-4
8

>4
8

0-
6

6-
12

0-
6

6-
12

12
-1

8
18

-2
4
24

-4
8
>4

8
0-

6
6-

12

100

P
er

 c
en

t

Swab = 0 Swab = 1 AP Time
AP > = 60
30 <=AP< 60
AP < 30

80

60

40

Time interval

20

0

FIG. 9––Proportion of AP reaction times for sperm-positive swabs (posi-
tive = 1) and sperm-negative swabs (negative = 0) grouped by AP reaction
times (Gp.1 > = 60 sec, Gp.2 = 30-60 secs, Gp. < = 30) at each TSI.

TABLE 16––The proportion of sperm-positive swabs with an AP < 60 and
their 95% CI.

TSI (h)
Proportion

of AP < 60 (positive swabs only)
95% confidence

interval

0–6 0.5 (0.45, 0.55)
0–12 0.57 (0.51, 0.63)
6–12 0.41 (0.34, 0.49)
18–24 0.41 (0.33, 0.50)
24–48 0.31 (0.23, 0.40)
48+ 0.45 (0.23, 0.68)
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expect that as TSI decreases, the expectation of obtaining a fast
AP reaction time increases and the expectation of obtaining a
swab positive for sperm also increases. Our findings would sug-
gest that this is not the case. An AP reaction time of less than
30 sec is only seen in time intervals that are less than 48 h for
both positive and negative sperm swabs (Fig. 9).

Conclusions

The expectation of finding sperm in sexual assault cases is
often a critical question asked by the courts not only in Ireland
but also in other jurisdictions. Analysis of casework samples in
FSI is governed by the case assessment and interpretation model
as described by Evett (11) and Gringras (12) and more recently
described as “evaluative expert opinion.” This study provides
guidelines that can assist forensic scientists and medical examin-
ers when considering the expectation of the presence or absence
of sperm in sexual assault cases. The findings presented here
allow the forensic scientist to formulate robust precase expecta-
tions and allow the formulation of probabilistic opinions when
asked to provide an expert evaluation in court. The presentation
of such opinion evidence has historically been informed by
small-published data sets, in house data sets or casework experi-
ences. At FSI, results from the examination of over 5000 inti-
mate swabs, consisting of over 3000 vaginal swabs collected
over 7 years, have allowed for the commonly posed questions in
sexual assault investigations to be addressed.
The examination for the presence of sperm at FSI on inter-

nal vaginal swabs is not carried out beyond a TSI of 7 days.
Gingras (12) has shown that the likelihood of obtaining DNA
evidence from vaginal swabs remains good for up to a TSI of
3 days. Some States/Jurisdictions do not examine vaginal
swabs beyond 72 h. Our data would suggest that this is not
best practice; of the 131 vaginal swabs in the SAD at a TSI
of greater than 72 h, 6 or 5% were sperm positive. At a TSI
cutoff time for examination of 72 h, valuable forensic evi-
dence may be missed. Moreover, the recent developments of
Y-STR profiling chemistries have greatly improved the expec-
tation of obtaining a DNA profile from sperm at TSI greater
than 72 h (13–17).
Our analysis and findings are based on the tip method of

sperm extraction from swabs; however, FSI now uses a modified
whole swab extraction method (WSE) for the extraction of
sperm from intimate swabs. Analysis of the vaginal swabs from
1000 cases processed through our WSE method has shown no
significant difference in the observed proportions of sperm-posi-
tive or sperm-negative swabs between the two swab processing
techniques (data not shown). Our findings show that the expecta-
tion of finding sperm beyond 72 h is extremely low (0.06) and
no sperm were detected beyond 120 h for both the tip or WSE
techniques at Forensics Science Ireland.
The forensic science community has historically relied on the

AP reaction as the best indicator for the presence of sperm. Fol-
lowing a literature search, Lewis (18) reported no scientific basis
for the two-minute AP cutoff time, and additionally, both Lewis
(18) and Redhead (19) demonstrated that increasing this cutoff
time up to 16 min may be required in certain scenarios. Hofft
(20) states that the AP test does not provide reliable information
as to the presence of seminal fluid and it is very tenuously
related to the number of sperm heads.
Our findings suggests that an AP greater than 30 sec is not a

reliable test for the absence of sperm on swabs, although an AP
of less than 30 gives a high expectation of finding sperm. These

findings call into question the scientific requirement for the pro-
cessing of vaginal swabs or their supernatants for the purposes
of measuring the AP reaction time. Sensabaugh (21) demon-
strated very nicely the considerable variation in AP levels
through TSI intervals to the extent that there was not enough sta-
tistical difference between endogenous AP and postcoital AP
levels to allow an assignment of AP values to a particular TSI
interval. In the context of DNA profiling, Gringras et al.
described the predicative value of AP as poor and showed that
15% of vaginal swabs and 8% of anal swabs were negative for
the AP reaction provided good-quality DNA profiles. Our find-
ings also question the use of AP reaction times as part of a pre-
case assessment strategy in casework. The use of AP reaction
time to inform one’s expectations of the presence or absence of
sperm on swabs, to estimate the time since intercourse or as a
prescreening requirement prior to use of human seminal fluid
detection kits such as the “RSID semen kit” or kits for the detec-
tion of PSA (P30) on intimate swabs, is unsafe and unreliable.
Indeed the use of these kits is a safer approach as they are com-
patible with DNA profiling chemistries. Allard (22) has sug-
gested that the expert expresses an opinion about the
significance of an AP result. Our analysis has very clearly
demonstrated the dangers of relying on the AP reaction time on
vaginal swabs and that such an approach could be misleading to
the courts. We would further suggest that AP testing be left pri-
marily for the testing of textiles, etc. and not intimate swabs.
Our results on the persistence and the distribution of sperm from
casework samples are in line with most of the previously pub-
lished works (7–10,23–27). It supports our experiences at FSI in
that it is unlikely that sperm will be detected beyond a TSI of
72 h on vaginal swabs. Our analysis supports the suggestions of
Dziak (28) that more emphasis be put on the case TSI data in
conjunction with the case background information in formulating
one’s expectations and forensic approaches to the investigation
into sexual assaults.
Our findings and analysis of TSI and the presence of sperm

on vaginal swabs suggest the following guidelines; at a TSI of
up to 48 h, the expectation of obtaining sperm on vaginal swabs
can be considered high (22–42% at a 95% confidence interval),
and as such, microscopic examination with autosomal DNA pro-
filing may help address the case issue(s); at a TSI of 48–72 h,
the expectation of obtaining sperm on vaginal swabs would be
lower (2–14% at a 95% confidence interval); serological testing
for seminal fluid components followed by either autosomal or
Y-STR DNA profiling may be a more prudent approach. For the
vaginal swabs with a TSI greater than 72 h, the expectation of
finding sperm should be considered extremely low (0.2–15% at
a 95% confidence interval) and preserving samples for serologi-
cal testing for seminal fluid components and Y-STR profiling
rather than microscopic examination should be considered.
In cases of alleged oral or anal rape, the expectation of

observing sperm-positive swabs was very low even at TSI less
than 48 h. After 24 h TSI in cases of alleged oral rape and 72 h
TSI in cases of alleged anal rape, our findings would suggest
that preserving the samples for serological testing for seminal
fluid components and Y-STR profiling rather than microscopic
examination and autosomal DNA profiling should be considered.
In the absence of sperm, penetration without ejaculation should
always be considered a possibility. As such, the absence of
sperm on intimate swabs does not help address the activity of
whether penetration occurred.
The large data set presented here provides greater precision in

assigning probabilistic expectations during precase assessment,
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deciding prudent forensic approaches to sexual assault examina-
tions and consequently greater confidence for the presentation of
evaluative expert opinion to the courts.
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