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The laboratory’s role
in investigating rape

Biochemical and genetic testing
can be pivotal in the investigation

and prosecution of rape.

GEORGE F. SENSABAUGH. DCrim. JAN BASHINSKI. MCrim. and

EDWARD T. BLAKE, DCrim

he incidence of sexual assaull

has increased dramatically over
the last decade. At the same time,
laboratory techniques for analyzing
and interpreting evidence have be-
come increasingly sophisticated.
As a result, the laboratory now
plays a significant role in investi-
galing rape and identifying or elimi-
nating suspects. This article dis-
cusses some of the methods we
use lo do so, including enzyvme
marker determination and genclic
typing.

Evidencein
sexual assault cases
Investigations usually try to deter-
mine three main points: 1) sexual
contact; 2) the victim's lack of con-
sent; and 3) the assailant’s identity.
Laboratory analvsis usually focuses
on the first and third. although it
may help in the second as well,
Rape is a violent physical crime
duning which many kinds of physi-
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cal evidence may be transferred (o
the viclim or suspect or left at the
scene. Physical evidence from the
victim is collected during the physi-
cal examination; it includes blood.
saliva, swabs of vaginal and cervi-
cal secretions. and pubic hair
combings. Table 1 lists evidence
and reference samples required by
the state of California in its guide-
line protoco! for examining rape
victims.

Clothing, bedding, and other
items may be gathered by the po-
lice and examined for semen, sali-
va, feces, or blood stains. These are
often more valuable for testing than
the binlogic samples collected dur-
ing the viclim's physical examina-
tion. For example, semen stains on
the viclim's panlies may contain
more semen or be less contaminat:
ed by vaginal fluids than vaginal
swabs are. Analvzing foregn mat-
ter—hatrs. fibers. soil, or plant ma:
terial—may also be helpful in re-
constructing the assault and in
identifving the assailant.

Scheme for analyzing semen
as evidence

In mos! cases the laboratory focus-
es on analvzing stains and vaginal

swabs. Detecting semen provides
evidence of sexual contact. and g
netic  markers  give inforiation
about the assailant.

Because (he swabs and stains
usually contain a limited amount of
material, it is important to use an
analvtic approach thal extiacts
maximum information from  the
material in hand. Figure 1 outlines
a basic scheme used in many crime
laboratories. The first scries of
tests, which use only half the swab
or a portion of the stain. indicates
the presence and quantity of se-
men. If there is enough semen, we
then use the other hall for further
genetic testing. Simce our protocal
requires collecting twu swabs from
the victim. one is available for du-
plicate tests.

Key to this approadh is using
quantitative information to evaluate
and interprel test results: The pivol
al point is estimation ol the amount
of semen in the swab or stain miate-
rial, based on a quantitative acid
phosphatase (ACP! assay. This 1e-
sult should be compatible with oth
er measures of senien content such
as sperm density. If @ marked dis-
crepancy exists, we use another
quantitative pmcudun-——lhe seren

p3u lest—as a means of confirming
the content.

The estimated minimum semen
content also helps in two ather
wavs: o interpret the results of
qualifative assavs lor ABO blood
group substances and 10 assess
whether the swab has enough se-
men for electrophoretic enzyme
marker typing. Qualitative observa-
tions enter into the picture as well.
Ifwe find a high microbial or white
cell countin the swab, for example,
we have o interpret other resulls
with caution,

Analytic techniques

Seminal fluid is usually detected by
finding sperm in the supporting evi-
dence. When the victim is being ex-
amined, the physician can obtain a
vaginal sample for a wel slide prep-
aration and immedialely examine il
by microscope for sperm motility.
These smears should be dried and
included in the evidence kit sent Lo
the laboratory. There, the slides are
stained for microscopic examina-
tion. Staining may demaonstrate
sperni and sperm parts that cannot
be seen in lresh preparations. The
nuclear-fast. red-picroindigucar-
mine stain is superior for <perm.!
dveing the heads red and the tals
green. The Papanicolaou stan is
also useful.

Swab and stain samples are also
examined for sperm. Alter the sam-
ples are extracted, the cellular de-
bris is collected by centrifugation,
then smeared on a slide, dried. and
stained. Sperm density should then
be assessed semiquantitatively,
from 0 for no visible sperm. 1o 4 -
for many in each field .-

, Other cellular material, such as
vaginal epithehum, white  blood
cells. and microorganisms should
also be noted because they may in-
dicate the degree of sample con-
tamination. Il no sperm are pre-
sent, the laboratons may test for
other seminal constituents such as

TABLE

Evidence to be collected
from rape victims

Physical evidence

Clothing (optional. depends on
circumsiances of the case)

Foreign materiat: soil, plant
matler, extravagina: blood and
semen stains, and saliva

fraces

Pubic hair combings

Specimen for motile sperm

Vaginal swabs and smears

Swabs and smears from other
areas, such as the recium and

mouth, if indicated

Reference standards
Pubic hair

Head hair

Blood

Saliva

Medical specimens
Blood sample for VDRL

Sample for GC culfure
(Neisseria gonorrhoeas)

Pap smear (optional)

Blood sample for alcohol level

{optional)

o o e 2 o e e

FIGURE 1

Scheme for analyzing
semen evidence

Vaginal swab

Bisecl

Semen stain

Excise cm? piece

|

Extract, centrifuge

Supernatant

ACP assay

p30 assay
(if indicated)

|

ABO testing
by agglutination
inhibition

Cellular debris

Prepare
smear, stain

Look for sperm,
white cells,
microorganisms

Remaining piece

If there is enough semen,
type PGM and
PepA electrophoretically
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FGURE 2
Postcoital decline

of ACP activity in the vagina
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ACP units are expressed as micromoles of p-nitrophenyiphosphate
hydrolyzed per minute at 25 C in pH 5.5 acelale buffer (0.1M). The solid
line indicates a decline in mean enzyme level after coitus. The other two
lines encompass the two standard deviation range of values; 95% fall
between them. The S bar shows the distribution of undiluted semen on a
swab; the V bar noncoital vaginal ACP distribution (mean=2SD). The
horizonta! line represents the 99% threshoid for noncoital vaginal ACP
levels (0.165 units/swab). ACP levels in semen, vaginal fluids, and
postcoital vaginal fiuids are log normally distributed. This represents the
analysis of more than 400 postcoital dala points.
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ACP2 choline.® spermine.” and
semen protein p30." ®

ACP assay is the best-estab-
lished technique for delecling se-
men. This enzvme, secreted by the
prostate, is found in much higher
concentrations in seminal fluid
than elsewhere in the body. Al-
though improved methods for ACP
determination have been devel-

oped, it is still difficult to distin-
guish prostalic acid phosphatase
from the ACP found in vaginal se-
cretions. The ACPs in semen, vagi-
nal Muids. and in some tissues
comprise the family of related en-
zymes that are essenlially identical
in substrate and inhibitor specific-
ities as well as in immunologic
Cross-reactivity.

The only significant differencr
hetween vagingl and seminal fluid
AUCH isnelectrophoretic mohihny
There is evidence that this s
caused by differences 1 bound
carbohydrate rather than m eltered
protein sequence,” ' so electro-
phoretic analysis doesnt necessar-
ilv vield useful results. We thus rely
primarily on quanlilative enzyme
differences.

Noncoital and postcoital ACP ac-
tivity levels in vaginal fluids have
been statistically characterired,
which has made it possible to de-
fine thresholds that distinguish en-
dogenous from elevated levels (Fig-
ure 2).'"! Using an assay with a p-
nitrophenyiphosphate substrate
(pH 5.5 at 25 C), the mean level of
activity in semen-free vaginal
swabs is about 0.025 unils per
swab. Activity levels in other fluids
are Yypically lower. Statistical anal-
vsis of vaginal swab levels indi-
cates a 99" threshold value of
about 0.165 units per swab. and a
99.9% value of about 0.355 units
per swab. Case samples with en-
zyvme activity higher than these
thresholds are considered semen-
positive. Postcoital swab values be-
gin to fall below these values as
early as 3 to 6 hows after inter-
course; and by 12 to 15 hours. fully
50% of the swab values are below
the threshold. Thus a pgsitive ACP
test is meaningful, but a negative
test is not. .

p30 testing is relatively new.’*
A major semina! plasma glyvcopro-
tein in the prostate—weighing
about 30,000 daltons—1t is identi-
cal to the prostate-specific antigen
currently being studied as a pros-
tatic cancer marker.'* p30 has not
been found in any female secretion
or tissue and is possibly a male-
specific protein.’” It is detected by
double diffusion immunoassay' or
crossover immunoelectrophore-
sis.'"! It can be assaved quantita-
tively by rocket electrophoresis™ or
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by enzyme-linked immunosorbent
assay. '

It is important to remember that
the absence of detectable semen
cannot be interpreted as evidence
of no assaull. Semen may not be
found if more than 24 hours elapse
between the assault and collecting
the evidence or if the assailant did
not ejaculate. The latter is fairly
common among sex offenders.'
Our experience~ indicales that se-
men may not be found in some
25% to 30% of othenwise weli-dac-
umented sexual assaults. This un-
derscores the need for the physi-
cian to observe other evidence,
such as torn clothing, bruises, and
bite marks, while examining the
victim.

Assescing postcoltal interval

Precisely determining when inter-
course occurred is precluded by
the widely varying rates of semen
clearance from the vagina: the best
that can be done in most cases is
estimate a broad postcoital interval
range,

Finding motile sperm indicates
recent intercourse, but the absence
of motility means nothing. Sperm
can normally cease moving in the
vagina within 30 minutes; and in
one controlled study, only 50% of
the vaginal samples collected with-
in three hours of intercourse
showed motile sperm.* Estimating
sperm density on smears is also of
limited value. Very high densities
are more compatible with short
than fong intervals, but moderate
densities are found in most cases,
and they can be interpreted either
way. Sperm can survive in the vagi-
na for aboul three days and even
longer in the cervix. Because of
this, it is important to find oul
aboul consensual inlercourse uj Lo
72 hours before the assaullt.

ACP levels are only marginally
more infurmative in  eshimating
posteoital interval. Figure 2 shows

that high ACP levels (=10 units} on
a vaginal swab are unhikely to last
more than 10 hours. Levels from ]
to 3 units per swab are more typi-
cal, and are compatible with a
broad span of postcoital intenals.

Genetic marker typing
Genetic typing 1o determine the as-
sailant’s blood group and tyvpe can
be done if there is enough semenin
the evidence samples. Although
such lyping cannol uniquely speci-
fi-an individual, it significantly re-
stricts the suspect population; ifs
value is thus exclusionarny. The
more definitive the genetic profile,
the greater the chance of excluding
false suspects, and the smaller the
population of possible suspects.

Semen conlains three genetic
markers al high enough levels to
permil routine typing for evi
dence.'" They are the ABO blood
group antigens, and the enzvime
markers peplidase A (PepA) and
phosphoglucomutase (PGN). The
three also appear al lower levels in
vaginal secretions; as a result, test-
ing samples that contain both sem-
inal and vaginal fluid includes the
excrcise of deciding which genetic
marker types can ariginate from the
victim and which cannot. Those
that are nol the viclims's are pre-
sumed to be the assailant’s. These
three markers are also expressed in
blood. The genelic types of viclims
and suspects can be eslablished by
typing reference blood samples.

A high percentage (80% 10 85%)
of the population secretes blood
group antigens into other body (-
ids; these people are known as se-
cretors. Secretor status is eslab
lished by testing saliva for soluble
antigens or by tvping RBCs for Lew-
is antigens.' Suluble ABO antigen
testing is done on cell-free extracts
using a semiquantilative agglutina:
tion inhibitivn assay; the resulls are
read microscopically. Cell-lree ex
tracts are used to preclude interler

ence from cell-bound antigens
such as those on vaginal epithelial
cells o microorganisms thal mes
be in the sample.

Interpreting ABO typing resulls
depends on antigens found. their t-
ters. and estimated semen content
of the extract. If antigens foreign to
the victim are found and if their titer
is compatible with the estimaled
semen conlent, they are presumed
to be of seminal origin.

More commonly, no foreign anti-
gens are found, making inlerpreta-
tion more difficult. If antigens
matching the viclim's are found al
tilers greatly exceeding normal vag-
inal fluid levels and if the semen
conlent is high, then it may be in-
ferred that the semen donor is the
same ABO type as the victim. If we
find no antigens and if the semen
conlent is high, then a nonsecretor
semen source is possible. Finally.
il the content is low, we can draw
no conclusion aboul the semern
type, and make no genetic ¢xclu-
sion. Interpreting these resulls ob-
viously requires experience in as-
sessing normal ABO substance lev-
els in vaginal fluids and semen.

The enzyme markers PGM and
PepA occur in semen regardless of
ABO type and secrelor stalus: both
are typed by electrophoresis, and
conventional typing shows thal
both have three phenotypes, 1, 2-1,
and 2. Extended elecltrophoretic
analysis further subdivides PGM
into 10 phenotypes, several of
which are shown in Figure 3. PGM
is genetically variable in all popula-
tions; but PepA  electruphoretic
variants are common  only in
blacks. so its typing is usually done
only when the assailant mayv have
been black.

PCGM and PepA aclivities de-
crease quite rapidly in the vagina
alter coitus; meaningful PGM re-
sults are rarely obtained from vagr
nal swabs collected maore that six
hows alter intercomse. and FepA
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FIGURE 3 4
Electrophoretic separation
of PGM subtypes

PGM subtyping
242+ 2+2-2-1- 2-14 241— 2+1+ 1+1- 1+1+ STD

This shows eight of the 10 common PGM subtypes with the four type-
indicating bands designated from cathode to anode: 1—, 1+, 2—, and
2+.There's a 75% chance that two individuals selected at random will
differ in PGM subtype.

FIGURE 4
Genetic typing from vaginal stains

PGM subtyping

Genetic typing of stains from vaginal drainage is often more informative
than typing vaginal swabs. In this case, the victim was a PGM subtype
1. The vaginal swab shows a prominent 1 — band with weak 1+
stalning. The stains from the victim's panties and pants show prominent
1+ banding. The stains contained more semen than the swab. By
deduction, the semen donor is a PGM subtype 1+,
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does nol appear {o sunpve longer
than three hours.®"* Even if the
samples are collected within the i
tervals. they may not contun,
enough semen for enzvme Ivpn:
assessing the sample’s senen cone
tent can determine whether there 1s
enough for tvping. Both markers
are relatively labile in improperly
preserved specimens containing
mixtures of semen and vaginal fiy-
ids. These considerations again
point out how critical it 1s tu collcel
and presenve evidence as soon as
possible after the assaull,

Since seminal matkers remairn in
the vagina for only a shorl time. the
most uselul evidence for genetic
typing is often stained niaterial
from the victim's body. clolling. or
bedding. Because semen drains
readily from the vagina, drainage
stains on panties have a higher se-
men conlent than do vaginal
swabs. Figure 4 illustrates this
point. The victim's pants had the
highest semen concentration and
showed a foreign PGM subbvpe.
The panties had less semen and
demonstrated the foreign tvpe as
well as traces of her own. The vagi-
nal swab contained little semen,
and the PGM type was predomi-
nantly hers. The ABO antigen titers
were also higher on the pants and
panty samples than on the swab.

The value of genetic profiling in
investigating sexual assault is con-
siderable. Each of the four ABD
groups is subdivided by the three
independenth inherited PGAI types
to yield 12 ABO-PGM combina-
tions; PGM subltyping extends this
to 40 combinalions. Combined
ABO typing and POM subtvping
thus allow the genetic differentia-
tion of a random pair of individuals
about 90% of the time.

The following case nicely illus-
trales the way genetic typing can be
used inarape investigation. Semen
evidence was analvzed from vie-
tims of a series rapisl, and a genelic

INVESTIGATING RAPE

ofile was developed. The assail-
+'s combination of types oc-
rred in only about 24 of the gen-
ab population. Several prowlers
10 were picked up in the neigh-
rhood where the assaults had
-curred did not fit the genetic pro-
¢ and so were rejected as sus-
¢ts. Finally, someone was arrest-
“who did it the profile. and fur-
erinvestigation turned up the evi-
nce that imphicated him. The ge-
tc evidence was thus pivotal in
;aring several innocent persons,
well as pointing to the correct
spect.

oordinating medical and
nergency room personnel

e laboratory has a priman re-
:onsibility to work with the appro-
jale medical and emergency
am (ER) personnel 1o develop

protocols regarding collection of
evidence. These should describe
what evidence is to be collected,
how it is to be collected. and how it
should be presenved for transport
to the faboratory for analysis. The
labaoratony should also be involved
in training medical and ER person-
nel to treat rape victims and collect
evidence.

Prepackaged Kits are often used
to facilitate collection. This is ex-
cellent if they are sealed to keep
them from being disturbed until
they are used.

All specimens should be dated.
timed. and initialed by the doctor,
as well as labeled with the patient’s
name. Ideally, specimens are sent
to as few people as possible, pref-
erably carried bv hand and with ex-
tensive use of receipls to maintain
a chain of evidence. Custody must

be accounted for from the time evi-
dence s collected to the time of tri-
al. oritis useless in courl. The criti-
cal nature of this chain of custody
cannot be overemphasized.

Elforts should be made to pre-
serve the evidence collected. Deg-
radation can be halted by drving or
freezing the specimen. Stability
studies in our laboratories indicate
that the specimen’s wetness is a
critical factor in marker deteriora-
tion. Figure 5 illustrates the loss of
PGM activity under various condi-
tions of swab slorage; the rapid
foss of enzyme activily in swabs
held at room temperature is evi-
dent. The markers are stable when
dry. and frozen dried swabs retain
their marker activity for many
months. Because drving swabs and
stains does not interfere with se-
men detection or ABO typing, we
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FIGURE 5

How storage affects PGM activity

PGM
2-1 A B C D 21
i )] I 1 1 1 +
& ki

ff

B: Frozen while wet

Sample age at analysis: 4 months

A: Dried In a cool air flow and frozen

C: Refrigerated wet for three days and then frozen
D: Left wet al room temperature for three days and then frozen

PGM survival on vaginal swabs depends on preservation conditions.
Replicate postcoital swabs were collected and treated as shown in the
key. The swab samples were frozen for four months before
electrophoresis. The samples flanking the swab samples are PGM type
2-1 standards. This electrophoretic analysis distinguishes the three
conventional types, but not the subtypes.

recommend it for preserving swabs
and stains.

Freezing may be convenient; but
if samples have to be transporled
any distance, they may thaw. Drv-
ing takes longer but yields a more
resilient product. To encourage
swab drying in our ER, we have pro-
vided boxes that contain a small
stand to hold the swabs upright in
front of a small fan. It takes about
an hour for them to dry that way. In
California, failure to preserve rape
evidence adequalely can result in
its being excluded from the trial %

Reports and court testimony

The laboratory communicates its
resulls to the police and altorneys

through reports and to the courts by
testimony. Since we arc addressing
a lay audience, the report must be
as complete and informative as
possible. Inadequate statements
tend lo leave interpretation 1o the
audience, and could thus be easily
misunderstood.

A good report inlerprets what the
findings mean in the context of the
case. For example, in reporting the
absence of detectable semen on a
vaginal swab, it would be appropri-
ate to add that this is compatible
with 1) lack of sexual contact: 2)
sexual contact without ejaculation
into the vagina; or 3) sexual contacl
with loss of semen between the
time of contact and collection of

evidence. The third possibility can
be further evaluated in terms of the
alleged postcoital  intenval  and
knowledge of the rates at which
seminal components are lost from
the vagina.

Similarly, i7 the types on a swal
are compatible only with a suspedt,
the report should eslablish that the
types are attributable only to semen
and not to the victim's own secre-
tions. The report should also note
the frequency with which that tvpe
occurs in the general population. A
simple statement of compatibility
without qualification could possi-
bly lead to a mistaken inference of
identity,

Should the laboratory analyst be
calied to lestify, he or she should
know what the evidence says and
what it does not. Incomplete an-
swers can give a misleading im-
pression of the evidence, so com-
plete responses with appropriate
qualifications are necessary.

The laboratory should not only
establish a good working relation-
ship with police investigative units
but also make regular presenta-
tions to legal associations, to pro-
vide informaltion about the
strengths and limitations of sexual
assault evidence.

Summary

Crime laboratories have made sig-
nificant advances in their abilty to
analyze and interpret evidence in
rape cases. Particularly noteworthy
is the contribution of genetic typing
to identify assailants. To make the
most of this potential, however,
laboratory personnel must get in-
volved in various facets of manag-
ing sexual assault cases thal relate
to the collection and use of its evi-
dence. This includes the develop-
ment of specimen collection proto-
cols, the training of police and hos-
pital personnel, and even public
educalion. Taking this broad view,
the laboratory can make significant

INVESTIGATING RAPE
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contributions to investigaling and
prosecuting sexual assault. m
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Instrument 1o compuater deedt telephene hnis I brings haadsoff ontne
noubicshaohing to your ichorarory

Automoted 5-PLlS cna S senes sysrems Companible giagraostcs
Toilorod troning On ine on time sorvice Flesio'e tingnang Al from
Coutter the leaoctinhe mateteay for over 25 yean Colliol' free
Gt 526 OG3Y e Tionda 8O0 32 0D18 Fx 2720;

.
‘G Coulter Llectronics Inc
“- PO Bex 2145 Hiolear Fu33012:-0145

Coulter...
Quality Counts!

S

b

For more information, circle 128 on the R.S.C
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