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ABSTRACT: The detectability of selected blood genetic markers aged up to six months
deposited on six substrata, glass, wool, nylon, and three types of cotton (plain cotton, perma-
nent press, and denim), was investigated. The resulting dried blood specimens were aged at am-
bient temperature at 20 and 66% relative humidities; a few samples were aged at —20°C.
Analyses were performed on the samples kept blind for the investigators at 1-, 2., 4-, 13-, and
26-week aging periods. Red cell antigen systems selected for this study were ABO, MN, Rh,
Kidd, Duffy, and Kell. The most stable antigens were A, B, and 0 of ABO; M, N, and s of MN;
and D of the Rh system. These variants were identified in specimens aged for 26 weeks at both
low and high relative humidities. The least stable antigens, Jk° of Kidd, Fya of Duffy, and K of
the Kell systems, were detectable for only one week at either humidity level. Of these antigens,
only F? and K aged at 20% humidity were detected at the two-week test period. Other variants
(S of MN and C, c, E, and e of Rh) were detected for various lengths of time ranging from 2 to 26
weeks. In particular, Rh factors C, c, and E were affected adversely by high moisture environ-
ments. The four enzyme systems selected were adenylate kinase (AK), adenosine deaminase
(ADA), phosphoglucomutase (PGM), and erythrocyte acid phosphatase (EAP). AK and PGM
isoenzymes were still identifiable at 26 weeks, and ADA and EAP at 13 weeks for the low and
high humidity storage conditions. PGM isoenzymes appeared to be more stable at low humidity,
and ADA and EAP at high humidity. No obvious differences in detectability resulting from
phenotype or substrate were discerned, except possibly for permanent press and denim, which
appeared to shorten the detectability time of PGM. Storage of the specimens at —20° C gener-
ally preserved the antigens and the enzymes better than storage at room temperature. The dis-
crimination probability was calculated on the basis of the genetic markers still detectable at the
end of each aging interval. No test error was assumed, and frequency of occurrence data for each
genetic marker were taken from the literature.
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The purpose of this detectability study is to provide the practicing criminalist with ade-
quate data to permit the selection of those blood genetic marker systems for serological anal-
ysis that have a high probability of yielding significant results. This is one of the few corn-
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prehensive detectability studies that takes into account, for a large number of genetic
marker systems, the factors of bloodstain history, that is, the material on which the blood
was deposited and the humidity at which it was stored.

Detectability of variants of ABO, MN, Rh, Kidd, Duffy, and Kell red cell antigen systems,
and of adenylate kinase (AK), adenosine deaminase (ADA), phosphoglucomutase (PGM1),
and erythrocyte acid phosphatase (EAP) enzyme systems was studied over a six-month
period. Blood drawn from twelve volunteer donors was deposited on six materials: glass,
wool, nylon, and three types of cotton (plain cotton, permanent press, and denim). Em-
phasis was placed on the analyses of stains on fabrics because more than 90% of serological
clue materials are found on textiles [1].

Information in the literature regarding detectability of genetic markers in dried blood with
age for the systems included in this study is given in Table 1. Detectability of antigens and
enzymes in dried blood ranges from a few days to years, depending on the conditions of
specimen exposure and on the particular genetic marker system being tested. Even for a
single system there is little agreement among investigators on time limits for variant detect-
ability. These discrepancies are due in part to the extremely complex nature of bloodstain
analysis, to the development of more sensitive techniques for identifying genetic markers in
stains, and to a lack of standard analytical procedures. Dried blood analysis often yields less
definitive results than whole blood analysis and requires considerable expertise on the part of
the serologist. Moreover, the reliability of the test results diminishes with the age of the
stains.

The current investigation, therefore, was initiated because of the large discrepancies in
available data and because of the paucity of information on the effects of materials and
humidity on the survival of genetic markers in bloodstains.

Experimental Procedure

Whole Blood Analyses

Fresh blood drawn from twelve volunteer donors at The Aerospace Corporation was
analyzed by the Human Genetics Laboratory, University of California, Los Angeles. Blood
group typings were performed by direct agglutination in test tubes, and enzyme polymorphs
were phenotyped by electrophoresis on starch gel. The blood specimens provided 15 dif-
ferent red cell antigens and eight different isoenzymes for detectability studies.

Preparation of Aging Test Specimens

Blood drawn with 20-cm3 syringes from the same twelve donors was directly deposited
from the syringes onto six different substrata: glass, wool, nylon, and three types of cotton
(plain, permanent press, and denim). Before the deposition of blood, the cloth samples were
washed in a phosphate-type detergent (Tide), thoroughly rinsed, dried for 24 h, and cut into
25-mm (1-in.) squares. The nylon, wool, permanent press, and denim were purchased new,
whereas the plain cotton was a printed sheet that had been used for three years and had
undergone repeated washings.

Glass (in the form of microscope slides) served as a control surface. Unlike textiles, glass is
considered to be inert to blood constituents, being void of detergents, preservatives, dyes,
and other possible interferences. However, because of sample losses encountered during the
washing procedure of the analyses for antigens, testing of the glass specimens was limited to
determination of enzymes.

The 26 bloodstained specimens were air-dried for 24 h in a fume hood. They consisted of
duplicate sets of twelve specimens each, plus two (stained cotton specimens) reserved for
freezing. The duplicate sets were separated into two constant-humidity chambers for aging
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TABLE 1—Detectability, reported in the literature, of genetic markers in
dried blood.

System Variants Age of Dried Blood Reference

ABO A, B 2-34 years 2
MN M, N

5
29-39 weeks
26 weeks

2-4
3

Rh C, c, D
E
e

4-26 weeks
5-6 weeks
4-5 weeks

3, 5, 6
3, 5
3, 5

Duffy Fya 6 days 7
Kell K 3-19 days 5, 8
AK ... 4-48 weeks 9-13
ADA ... 2-22 weeks 9, 10
PGMi ... 4-22 weeks 9, 11, 14-16
EAP ... 0.5-9 weeks 17-19

at ambient laboratory temperature (23°C). One chamber was maintained at 20% relative
humidity by a saturated aqueous solution of potassium acetate, the other at 66% relative
humidity by a similar solution of sodium nitrite. The humidity chambers consisted of glass
desiccators and were exposed to fluorescent lighting throughout the aging period. The re-
maining two bloodstained specimens, prepared on plain cotton, were aged in a freezer at
—20°C, in the dark.

To reduce the total number of analyses, specimens aged for four weeks were evaluated
first. Antigens and enzyme polymorphisms detectable at four weeks were analyzed at 13
weeks and, if still detectable, at 26 weeks. For variants that could not be identified at four
weeks, the experiment was repeated, and tests to detect the genetic markers were performed
at two weeks. The experiment was again repeated for undetectable variants, and the tests
performed at one week.

Antigen Typing of Dried Blood

Of the several methods available for the determination of antigens in dried bloodstains,
absorption-elution is the most sensitive and the most widely employed. Described by Kind
[20,21], Nickolls and Pereira [22], Outteridge [23], and Fiori et al [2], absorption-elution
has proved to be markedly more sensitive than the absorption-inhibition method [2]; it has
also been reported to be more successful than mixed agglutination for certain antigens [4].

Because there are numerous variations of the absorption-elution method in use, the
specific technique employed for each antigen was adapted from those described in the
literature. The procedures followed for the typing of the 15 antigens are summarized in
Table 2. Although treatments such as the use of papain-, ficin-, or trypsin-treated indicator
cells were attempted, insufficient testing was done to draw conclusions as to consistent
enhancement of detectability with such treatments:

All antisera were obtained from commercial sources and because significant variability in
their titers was observed, they were tested, at times extensively, for their suitability for use by
the absorption-elution technique. Antiserum that is too concentrated may produce ag-
glutination in negative controls, and antiserum that is too dilute may result in insufficient
absorption and subsequent false negatives. Therefore, negative controls consisting of un-
stained samples of all five textiles, subjected to procedures identical to those of the blood-
stained substrates, were run under both humidity conditions as well as in the freezer. Some
of the antisera were diluted until they gave negative results with these controls. In doubtful
cases they were tested with specific fresh blood samples to prevent false negatives.
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Certain antigen systems present particular problems. MM cells are known to react with
many samples of anti-N sera, causing them to be misgrouped as MN. For this reason ex-
haustive screening of every anti-N serum was performed to ensure that the serum used in the
testing gave negative results with type MM cells. Additionally, in the Rh system, anti-C sera
are known to be often contaminated by anti-D serum. Therefore, the anti-C sera were tested
in the elution procedure with type Rh D positive, C negative cells, as negative controls.
Negative results ensured the absence of anti-D contamination.

ABO (A, B, H) and MN (M, N, s) Antigens—Fifteen 3- by 3-mm squares were cut from
each of the bloodstained specimens tested at every aging period and placed in 10- by 75-mm
glass test tubes. To each test tube containing a cloth specimen, two drops of cold
physiological saline solution (4°C, pH 7.4) were added, followed by one drop of the ap-
propriate antiserum (A, B, H, M, N, or s) (see Table 2). The mixture was stoppered and in-
cubated in a refrigerator (4°C) overnight. The saline solution and excess antiserum were
withdrawn from the tube and sucked from the cloth with a pipet attached to an aspirator.
The cloth specimens were then washed six times with cold saline, the tubes being filled with
saline and left standing at room temperature for 15 to 20 mm for each wash. Care was taken
to remove all of the saline solution, especially after the last wash.

For the elution, two drops of saline were added to each tube and the cloth specimens were
carefully submerged in the solution. The tubes were stoppered and placed in a circulating
water bath at 56°C for 15 mm. The tubes were then removed from the water bath, the cloth
specimens were quickly removed from the tubes, and a drop of 0.5% saline suspension of the
appropriate indicator cells was added to each tube without delay. After reabsorption for 1 h
in the refrigerator (4°C), one drop of antihuman serum was added (Coombs technique)
when necessary (see Table 2). The tubes were centrifuged for 3 mm at 1500 rpm, and their
contents examined for agglutination macroscopically with a concave mirror (producing
1.2 X magnification) and a light; microscopic examinations were made for confirmation
when necessary.

MN (S), Rh (C, c, D, E, e), Kidd (Jka), Duffy (Fya), and Kell (k) Antigens—The proce-
dure followed was basically as described in the foregoing, the modifications for each antigen
being clearly noted in Table 2. For Kidd, Duffy, and Kell systems, the method was adapted
from Ruffie and Ducos [8].

Enzyme Analysis of Dried Blood by Electrophoresis

Twenty-five--millimetre (1-in.) square cuttings of all bloodstain specimens tested at every
aging period were submitted to electrophoretic analysis of the four enzyme systems contain-
ing the eight isoenzymes under study. The experimental procedures are detailed in Table 3.

For ADA and EAP, preparation for analysis involved soaking samples of the dried blood
specimens for 1 h in two drops of a 1% /3-mercaptoethanol (HSCH2CH2OH) solution in the
gel buffer appropriate for each enzyme (see Table 3). Mercaptoethanol serves to cleave and
reduce the -S-S- groups in molecules, which are known to cause aging artifacts [17]. Each
specimen extract was then absorbed on a Whatman No. 3 filter paper (8 by 5 mm) that was
inserted directly into the starch gel for the electrophoretic runs.

The isoenzyme separations were routinely carried out with 10.05% Electrostarch® (Otto
Hiller) gel in a Grafar electrophoresis chamber (13 by 30 by 0.6 cm) equipped with a Buehler
power supply (Model 3-1014A), 0 to 1000 V, 0 to 250 mA. The biochemicals were obtained
from Sigma Chemical Co.

After development with a staining agent, the electroplioretic plate was read by qualita-
tively characterizing the resultant band pattern into five categories:

0—no detectable enzymatic activity,
1—faintly detectable but not identifiable,
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2—faintly detectable and identifiable,
3—identifiable, and
4—clearly identifiable.

Readings of 2 or more were interpreted as positive results. Although such readings, being
based on the judgment of the analyst, are subjective, the relative values can indicate the ef-
fects of storage conditions.

Blind Testing

For the purpose of simulating actual crime laboratory conditions where the identity of
bloodstain evidence samples is unknown, as well as to ensure investigator objectivity, all
samples were tested blind. That is, testing for a specific antigen or isoenzyme was not limited
to those samples known originally to contain that antigen or isoenzyme, but all samples were
tested according to the design stated earlier, their identity being unknown to the investi-
gators at the time of testing. Furthermore, the investigators did not know which particular
phenotypes were represented in the group of samples to be tested, thus precluding any bias
or anticipation of what specific phenotypes to look for.

Results and Discussion

The results of the fresh blood analyses are presented in Table 4 for the red cell antigens
and for the enzymes. From these results, 15 antigens and eight isoenzymes (composing four
enzyme systems) were selected for the detectability study of up to six months. Antigens
and A2 were not differentiated during the study, that is, typing was performed only for An-
tigen A in general, and the enzyme glutamate pyruvate transaininase (GPT) and protein
haptoglobin (Hp) were excluded from the aged stain testing.

The results of the survival studies are summarized in Figs. 1 to 8. Each bar represents the
detectable survival of the indicated marker preserved under the indicated conditions. For ex-
ample, Antigen A of the ABO system was tested on nylon and on permanent press cotton
and on each of these materials one sample of the antigen was stored under each humidity
condition. These results are discussed in greater detail in the following paragraphs.

Red Cell Antigen Detectability

ABO Antigens—The ABO antigens in dried blood were detected after 26 weeks of aging
(Fig. 1). The H antigen, in particular, was unaffected by the six types of substrata on which
it was deposited and by the two humidity conditions under which it was stored; moreover, on
plain cotton it was unaffected by freezing temperature. Antigens A and B, studied less com-
pletely, exhibit similar characteristics.

Hence, the evidence implies no significant substratum, humidity, or temperature effects
on the persistence of the ABO antigens, at least up to 26 weeks. Fiori et al [2] have reported
A and B antigens to be detectable on bloodstained fabric at ambient conditions after two
years. They also successfully typed a 34-year-old Type A stain. Their analyses were also con-
ducted with the absorption-elution method on stains prepared on different fabric substrata
that included cotton, wool, silk, and synthetic materials such as nylon and rayon.
Nonspecific absorption-elution was stated not to occur with any of these materials.

MNAntigens—The M, N, and s antigens behave similarly to the ABO antigens, being in-
sensitive to substratum, cold temperature, and humidity (Fig. 2). They were generally iden-
tifiable for up to 26 weeks of aging.

The S antigen, least stable of the MN system, was detectable for four weeks. No specific
effects of substrata or humidity conditions were noted; the short detectability time appears
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FIG. 1—Detectabilily of ABO antigens.

to result from deficiencies in the analytical technique because Lincoln and Dodd [31were
able to type S antigen in stains for 26 weeks.

M and N antigens in stained cloth have been reported by Fiori et a! [2] to be detectable
after 29 weeks of aging under ambient conditions. In a study conducted by Pereira [4], M
and N were detectable after 39 weeks. It appears that the ability to identify these antigens is
greatly dependent on the procedure and the quality of the antisera used. Even for the an-
tisera obtained from the same supplier, considerable batch-to-batch variations in titer were
found. (Screening had to be conducted on each batch of antisera purchased in order to ar-
rive at the appropriate dilution for use in testing; the appropriate dilution was the one that
would not yield positive results with clean unstained cloth controls.) These considerations
may explain some of the discrepancies in the reported detectabilities.

Rh Antigens—The D antigen was detectable after 26 weeks in every specimen tested (Fig.
3). Antigen e, on the other hand, was detectable for only about two weeks. Both D and e
detectabilities appear to be independent of substratum, humidity, and temperature.

Detectability of Antigens C, c, and E is affected by humidity but not by substratum or
temperature. Upon storage of the specimens at 20% relative humidity at ambient laboratory
temperature (23 3°C), C was generally detectable at 26 weeks, and c and E were at 13
weeks. Storage at 66% relative humidity, however, shortened detectability time to two weeks
for C and E, and to between two and four weeks for c. Moisture, therefore, has an adverse
effect on the persistence of these Rh antigens, which suggests that blood in general should be
preserved in a dry environment. This conclusion confirms the experience of criminalists,
although no study attempting to verify this has been reported.

Antigens C, c, and D have been successfully typed on 26-week-old stains by Lincoln and
Dodd [3], and they have been identified in specimens aged from four to eight weeks by other
investigators [4-6]. Antigens E and e have been reported to persist from four to six weeks
[3—5,8,24—28]; however, failure to detect e even in fresh stains because of poor quality anti-
serum has also been reported [7].

Kidd, Duffy, and KellAntigens—The antigens of the Kidd, Duffy, and Kell systems are
extremely difficult to type because of weak agglutination between the antigens and their an-
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to result from deficiencies in the analytical technique because Lincoln and Dodd [3[ were 
able to type S antigen in stains for 26 weeks. 

M and N antigens in stained cloth have been reported by Fiori et al [2] to be detectable 
after 29 weeks of aging under ambient conditions. In a study conducted by Pereira [4], M 
and N were detectable after 39 weeks. It appears that the ability to identify these antigens is 
greatly dependent on the procedure and the quality of the antisera used. Even for the an- 
tisera obtained from the same supplier, considerable batch-to-batch variations in titer were 
found. (Screening had to be conducted on each batch of antisera purchased in order to ar- 
rive at the appropriate dilution for use in testing; the appropriate dilution was the one that 
would not yield positive results with clean unstained cloth controls.) These considerations 
may explain some of the discrepancies in the reported detectabilities. 

R h  A n t i g e n s - - T h e  D antigen was detectable after 26 weeks in every specimen tested (Fig. 
3). Antigen e, on the other hand, was detectable for only about two weeks. Both D and e 
detectabilities appear to be independent of substratum, humidity, and temperature. 

Detectability of Antigens C, c, and E is affected by humidity but not by substratum or 
temperature. Upon storage of the specimens at 20% relative humidity at ambient laboratory 
temperature (23 _+ 3~ C was generally detectable at 26 weeks, and c and E were at 13 
weeks. Storage at 66% relative humidity, however, shortened detectability time to two weeks 
for C and E, and to between two and four weeks for c. Moisture, therefore, has an adverse 
effect on the persistence of these Rh antigens, which suggests that blood in general should be 
preserved in a dry environment. This conclusion confirms the experience of criminalists, 
although no study attempting to verify this has been reported. 

Antigens C, c, and D have been successfully typed on 26-week-old stains by Lincoln and 
Dodd [3], and they have been identified in specimens aged from four to eight weeks by other 
investigators [ 4 - 6 ] .  Antigens E and e have been reported to persist from four to six weeks 
[ 3 - 5 ,  8 , 2 4 - 2 8 ] ;  however, failure to detect e even in fresh stains because of poor quality anti- 
serum has also been reported [7]. 

K i d d ,  D u f f  y ,  a n d  K e l l A n t i g e n s - - T h e  antigens of the Kidd, Duffy, and Kell systems are 
extremely difficult to type because of weak agglutination between the antigens and their an- 
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FIG. 2—Detectability of M and N antigens

tibodies. The antibodies will not directly agglutinate cells containing the appropriate anti-
gens because the antigens, being univalent, lack a second binding site. The cells must there-
fore first be sensitized with the antibody, and then agglutination brought about by the addi-
tion of Coombs (antihuman globulin) serum. Often, no clear-cut results were obtained (Fig.
4). Jk of Kidd (on denim at both humidities), Fya of Duffy (on cotton, wool, and permanent
press, at both humidities), and K of Kell (on cotton, at 66% humidity) were identified after
repeated analyses of specimens aged one week. Fya and K were detected in specimens stored
two weeks at the 20% humidity level.

Stains on cotton, wool, permanent press, and nylon containing no Kidd Jk antigen were
tested for that antigen to determine whether false positives would develop. No false positives
were obtained, indicating that, in general, substratum-blood interactions produce no
materials that react with Jk antisera.
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FIG. 2--Detectability of M and N antigens 

tibodies. The antibodies will not directly agglutinate cells containing the appropriate anti- 
gens because the antigens, being univalent, lack a second binding site. The cells must there- 
fore first be sensitized with the antibody, and then agglutination brought about by the addi- 
tion of Coombs (antihuman globulin) serum. Often, no clear-cut results were obtained (Fig. 
4). Jk a of Kidd (on denim at both humidities), Fy a of Duffy (on cotton, wool, and permanent 
press, at both humidities), and K of Kell (on cotton, at 66% humidity) were identified after 
repeated analyses of specimens aged one week: Fy a and K were detected in specimens stored 
two weeks at the 20% humidity level. 

Stains on cotton, wool, permanent press, and nylon containing no Kidd Jk a antigen were 
tested for that antigen to determine whether false positives would develop. No false positives 
were obtained, indicating that, in general, substratum-blood interactions produce no 
materials that react with Jk a antisera. 
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• NO TEST

FIG. 4—Detectability of Kidd, Duffy, and Kell antigens.

FIG. 5—Detectability of AK isoenzyme.

According to the literature, the detectability of Kidd, Duffy, and Kell antigens has not
been studied in detail. It has been reported, however, that Fya can be detected after six days
and K after 19 days [5].

Erroneous Antigenic Test Results

This study shows that erroneous test results, either positive or negative, can be obtained
even when the most dependable techniques available are used. In some instances, negative
results were obtained for 12% of the antigens, which were detected at later times and shown
to persist for longer periods in subsequent tests (see Table 5). For example, K was detected
after two weeks of incubation at 20% humidity, but not after one week. At other times,
positive results were obtained for antigens known to be absent from the sample (see Table 6).
The false negatives are probably caused by overwashing of the samples, whereas the false
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According to the literature, the detectability of Kidd, Duffy, and Kell antigens has not 
been studied in detail. It has been reported, however, that Fy a can be detected after six days 
and K after 19 days [5]. 

Erroneous Antigenic Test Results 

This study shows that erroneous test results, either positive or negative, can be obtained 
even when the most dependable techniques available are used. In some instances, negative 
results were obtained for 12% of the antigens, which were detected at later times and shown 
to persist for longer periods in subsequent tests (see Table 5). For example, K was detected 
after two weeks of incubation at 20% humidity, but  not after one week. At other times, 
positive results were obtained for antigens known to be absent from the sample (see Table 6). 
The false negatives are probably caused by overwashing of the samples, whereas the false 
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positives may be caused by sample underwashing or by some substratum effect. Bloodstains
deposited on denim, nylon, and wool produced most of the false positives. Denim regularly
unraveled upon being washed, and the attempt to avoid this may have induced insufficient
washing. Nylon, being a polyamide, contains peptide-like linkages (-CONH-), and wool
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deposited on denim, nylon, and wool produced most of the false positives. Denim regularly 
unraveled upon being washed, and the attempt to avoid this may have induced insufficient 
washing. Nylon, being a polyamide, contains peptide-like linkages (-CONH-),  and wool 
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FIG. 8—Detectability of EAP isoenzymes.

TABLE 5—False negative test results.

Marker Antigen

Test Conditions

Time, Relative
System Missed weeks Humidity, % Substratum

MN M 2 66 denim
Rh E 2 20 denim
Rh E 4 20 denim
Rh e 1 66 denim
ABO H 4 66 cotton
MN N 2 66 cotton
MN s 2 66 cotton
Kell K 1 20 cotton
MN s 2 20 wool
MN s 13 20 wool
Rh e 1 20 wool
MN S 2 20 permanent press
MN s 2 20 permanent press
Rh e 1 20 permanent press
MN s 2 66 nylon

EAP No. OF

ISOENZYME SUBSTRATUM SPECIMENS

GLASS 2

COTTON 1

NYLON 1

B WOOL 1

PERMA-PRESS 1

DENIM 1

FROZEN COTTON I

COTTON

NYLON

WOOL I
BA

PERMA-PRESS I

DENIM 1

FROZEN COTTON I

RELATIVE HUMIDITY—
20% 66% -20°C

h
-. ——

wwIwswv,
Y//Y/,',Y////..W//.

..YJ/Y7'/.'/ ..i,.iZY/.A

[LL.
4

I I
13 26

DETECTABILITY TIME (weeks)

492 JOURNAL OF FORENSIC SCIENCES 

EAP 
ISOENZYME 

GLASS 

COTTON 

NYLON 

B WOOL 

PERMA -PRES S 

DENIM 

FROZEN COTTON 

COTTON 

NYLON 

WOOL 
B^ 

PERMA-PRESS 

DENIM 

FROZEN COl-rON 

RELATIVE HUMIDITY 

~0% 66% 

No. OF 
SUBSTRATUM SPECIMENS 

2 V I I I ' G + I I I ] I / I I I / I / / I I / / / / ] I I I ] I I / I I I ]  

[ 1 ~ / / / l ; / / / / / / / / / / / / / / / / / / / ' ~ ' 1 " / / / / ' 6 "  1 

I 
1 l l l / l / / / " / / l ' ' / / l l l l ] l l i l / l l l l l " "  "-, / ]  

I 

I 

I 

~i!~i~::!::!:):!:::i:?:ii~iii::~::~::~::i::~::!i!::~:.!i!::~!i~::Cii~i::i~::iii:):ii~i~::iiii~i~::~::~::iiii~i~i~i~i~::Ci~i!i~::~i!i~i~ iiii~i~!::~:?:!:~i!~i!::i ::!::i:?:iiii:.iii::~i ~::~ii~ii::::i:::~::ii:iiiiii:.ii :i~i : .i~ iiU:;:i=::ii:i~i~i~: ii::~i :,!::!::!ii!ii~ !:::~:?. ~i~:i::~:;!i!i!~iCi~!?:i::?~!i!::!~ 
I 

l ~.'/i"/.'/.~', " / I l i a  ~ ~ ~ I.'~ V/l/l/Z.': ~ : "/.~ "/J 

/ 

I 
1 v l / / . ' , ' / / I , ' / J , (  ~ / ~ , ~ / / i / . . / i , , 1 , / , - / / . , ~  ~ ~4 

I 

t I:-~-~, ..... ~l'i i i i I i i'l'l'i'l'l'l'l i i ]  Yi?il 
/ 

l ~ ~ .s,'/. s t;s c Y+ ; s s'~ "+ ~x///.l., Y/1. L , ' ,  ".'X 

I 

[11  I 1 
2 13 

1 4 
DETECTABILITY 

-~~ 

I 
26 

TIME (weeks) 

FIG. 8--Detectability of EAP isoenzymes. 

TABLE 5--False negative test results. 

Marker 
System 

Antigen 
Missed 

Test Conditions 

Time, Relative 
weeks Humidity, % Substra tum 

MN M 2 66 denim 
Rh E 2 20 denim 
Rh E 4 20 denim 
Rh e 1 66 denim 
ABO H 4 66 cotton 
MN N 2 66 cotton 
MN s 2 66 cotton 
Kell K 1 20 cotton 
MN s 2 20 wool 
MN s 13 20 wool 
Rh e 1 20 wool 
MN S 2 20 permanent  press 
MN s 2 20 permanent  press 
Rh e 1 20 permanent  press 
MN s 2 66 nylon 
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TABLE 6—False positive test results.

Marker
Antigen
Falsely

Test Conditions

Time, Relative
System Detected weeks Humidity, % Substratum

ABO A 26 66 denim
ABO B 26 20 denim
ABO B 26 66 denim
MN M 13 20 denim
MN N 2 66 denim
MN S 2 66 denim
ABO A 26 20 nylon
MN N 26 66 nylon
Rh C 2 66 nylon
MN N 2 20 wool
Rh c 26 20 wool
Rh E 2 20 wool
MN M 4 20 cotton
Rh E 2 20 permanent press

contains the proteinaceous substance keratin; both of these may conceivably resemble anti-
genic sites and thus interfere. Difficulties in typing on nylon have been reported by de Ren et
al [29].

The large number of analyses conducted at each aging test period precluded the repetition
of many tests. In the actual practice of serological evidence analysis, however, the impor-
tance of conducting tests at least in duplicate and sometimes in triplicate, and with proper
controls, cannot be overemphasized. Reproducibility is necessary if the results are to be used
in court testimony and if the validity of the ensuing conclusions is to go unchallenged.

Detectability of Isoenzymes

The electrophoretic separation and identification of isoenzymes of AK, ADA, PGM, and
EAP systems in dried blood aged under conditions of 20 and 66% relative humidity were con-
ducted. The analyses were performed on the same specimens used for the determination of
antigens. Although the interpretation of the electrophoretic band patterns is subjective, be-
ing based on the judgment of the analyst, the results may indicate some effects of storage
conditions.

AK Isoenzyme—For the AK systems all twelve donors participating in the study were of
Phenotype 1 (Fig. 5). The isoenzyme was faintly detectable and identifiable at 26 weeks for
both the 20 and 66% relative humidity conditions on all six substrata, as well as for the
frozen samples. At the 13-week period, the band patterns were clearly defined for all storage
conditions. No differences among aging conditions or substrata were discerned.

The activity of AK enzymes was reported by Welch [91 to decrease somewhat in stains
aged from 15 to 30 days, although at 30 days the pattern was still clear and readily discern-
ible. Brinkmann and Dirks [10] and Rothwell [11] were able to analyze the isoenzymes after
eleven months of storage at room temperature. Brinkmann and Dirks also reported that
although the band patterns were indiscernible, the activity could still be detected on six-
year-old stains. Rothwell was able to identify the AK isoenzymes after storing the samples at
—20°C for two years.

ADA Isoenzymes—At the 26-week analysis period, only 1 of the 14 samples of the ADA
isoenzymes tested (one of two samples of Phenotype 1 run on frozen cotton) was clearly iden-
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tifiable. All others exhibited only faintly detectable enzymatic activity. At 13 weeks, all ADA
isoenzymes were identifiable (Fig. 6); however, specimens stored at high humidity (66%)
produced ADA band patterns better defined than those stored at low humidity (20%). No
difference in persistence was found between Phenotypes 1 and 2-1, nor was there any effect
of the various fabric substrata. The specimens stored in the freezer fared best, confirming
that blood samples in general should be preserved at low temperature, where the humidity is
also low.

The results of this study, which indicate that ADA isoenzymes are detectable in dried
blood at 13 but not at 26 weeks, are consistent with a 22-week persistence reported by Brink-
mann and Dirks [10]. In contrast, Welch [9] found that the ADA isoenzymes in bloodstains
on cotton, exposed to air and ambient temperatures, could be identified after 15 but not
after 20 days.

PGM1 Isoenzymes—Permanent press and denim appear to hinder the detection of
PGM11 and PGM12-' at 26 weeks (Fig. 7). No enzyme activity was detectable on those blood-
stained substrata at high relative humidity for 26 weeks while those bloodstained substrata
stored at low relative humidity for 26 weeks exhibited only faintly detectable but identifiable
band patterns. All three PGM1 isoenzymes were detected after 13 weeks of aging, although
the band patterns were clearer for the specimens stored at the lower level of humidity (in
contrast to the ADA isoenzymes).

PGM1 isoenzymes have been reliably detected in dried blood after four to 13 weeks
[9,11,14—16], and occasionally after five months [11,14—161.

EAP Isoenzymes—Both B and BA isoenzymes of the EAP system were detected after 13
weeks of storage in all cases but one (B on cotton) (Fig. 8). Detection after 26 weeks occurred
twice (B on denim and BA on permanent press, the two substrata being those appearing to
have an adverse effect on PGM1) under high humidity (66%) storage, and once on frozen
cotton (B). At 13 weeks, greater enzymatic activity was consistently observed for the speci-
mens aged under the higher humidity level (66%) than for those stored at the low level
(20%). It should be noted that bias on the part of the analyst was avoided by his being kept
unaware of what phenotypes to expect.

In a study conducted by Brinkmann et al [17], B and BA phenotypes were identified in
stains up to nine and six weeks, respectively. In the present study no significant difference in
the detectability of these two phenotypes was observed, both phenotypes being generally
detectable at 13 weeks. In other literature, a large discrepancy exists in the detectability of
the EAP isoenzymes in stains. Reported time limits for their identification vary from a few
days [18], 22 days [9], 30 days [19], to eight or nine weeks. This study has shown that EAP
isoenzymes can be detected after 13 weeks of storage under a variety of conditions.

Discrimination Probability

It is clear that the longer a sample is stored, the more genetic information is lost. This is il-
lustrated in Fig. 9, which is a plot of the discrimination index as a function of the time of
storage. The discrimination index is defined as the probability that two randomly selected
individuals will have an identical combination of detectable genetic markers. The frequency
of occurrence data for each genetic marker were taken from the literature.

A discrimination of 1 out of approximately 2500 is possible after one week of storage
under both 20 and 66% relative humidity conditions; that is, of 2500 people, two are ex-
pected to have the same combination of the variants included in this study. Since most sero-
logical evidence reaches the local crime laboratories within one week, this value applies in
many cases [1]. At 26 weeks, however, the values are 1 in 65 and 1 in 28 for aging under low
and high moisture levels, respectively. Thus, the degree of individualization decreases
rapidly with increasing age of dried blood, especially when exposed to a humid environment.
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FIG. 9—Discrimination index with age of dried blood.

Many factors affect the detectability of genetic markers in dried blood. The loss of antigen
detection can be partially attributed to degradation and inaccessibility of the antigenic sites
with time, the latter caused by cell shrinkage through dehydration [30].Thus the number of
antigenic sites per cell surface for each antigen type becomes an important factor in the
blood group determination of old stains and may explain the erratic differences in detect-
ability found in the literature. The number of antigenic sites per cell has been determined for
some antigens, and the trend indicates that the more sites per cell the longer that specific an-
tigen is detectable. In the ABO system, which has been detectable for the longest period, the
A and B cells have approximately 1 000 000 and 700 000 sites, respectively [31].In the Rh
system, D (R1R2 type) cells have 30 000 [32], C cells 79 000, and e cells 21 000 [33]. Inaddi-
tion, other factors that have a significant effect on variant detectability include the specif I-
city of antisera and the strength and "hemagglutinability"; these requirements may also
change with the age of the stains.

Detectability is a function of the sensitivity of current analytical techniques, whereas per-
sistence is a function of the rate of the denaturation or chemical degradation of the genetic
markers.

Development of more sensitive analysis techniques may extend the detectability times of
the genetic markers and thereby enhance the degree of individualization of dried blood upon
aging. Moreover, to achieve still greater discrimination of bloodstains, analysis of additional
genetic markers can be performed. Among the systems greatly enhancing discrimination
probability (because of their favorable frequency distribution in the population) are the
gamma globulin (Gm) and human leukocyte antigens, loci A, B, and C (HLA A, B, or C)2
antigens, the GPT isoenzymes, and the group-specific component (Ge) and Hp polymorphic
serum proteins. Methods of grouping these systems in bloodstains, though available, have
not been routinely carried out in U.S. crime laboratories as of the time this study was con-
ducted.

2The Aerospace Corporation sponsored a persistence study at the Department of Surgery, University
of California, Los Angeles, which showed that HLA loci Al, A3, A9, and B7 persist at least one month.
The preliminary study also demonstrated the feasibility of the application of the HLA system to the in-
dividualization of blood evidence in the law enforcement field. The study, "Identification of Dried
Human Blood Samples by HLA Antigens," by M. Tagasugi, D. Akira, and P. I. Terasaki, was
presented at the 43rd Semiannual Seminar of The California Association of Criminalists in Long
Beach, Calif., 11 May 1974.
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Limitations

The information in this report will be useful to the forensic serologist, who must decide for
each bloodstain problem the genetic markers to test. However, emphasis must be placed on
the limitations of this study. It is intended as a starting point for future research. It covers a
limited number of genetic markers and marker systems, aging conditions, analytical tech-
niques, and investigative skills. Moreover, the tests were conducted on clean specimens free
of impurities. It is realized that in actual practice serological evidence preserved under
known and constant conditions is rare, and the specimens may be contaminated with im-
purities such as perspiration, urine, soil, and bacteria. These factors limit the application of
the results of the study.

Conclusions

This effort is the first comprehensive study in the United States of the detectability of
selected genetic markers (15 antigens and eight isoenzymes) that also takes into account the
history of serological evidence (including the factors of age, surface on which it is deposited,
humidity, light, and temperature). The results should be of direct, translatable benefit to all
crime laboratories that perform bloodstain analyses. With some knowledge of the history of
a bloodstain, the criminalist can now determine the reasonableness of performing certain
analyses. For example, on a bloodstain three months old, to perform an analysis for the e an-
tigen of the Rh system may be unreasonable; testing for the PGM1 Isoenzymes 1, 2-1, and 2,
however, could be done with confidence.

The study confirmed literature reports that there are large differences in the detectability
of different genetic markers in dried blood. For the variants investigated on various sub-
strata, the aging time at which detection was successful ranged from zero to 26 weeks.

Genetic markers tested in this study include many more than were routinely tested in U.S.
crime laboratories in June 1974, when the project was initiated [1]. Additionally, investiga-
tion of these markers yields discrimination probabilities considerably greater than those
commonly obtained by current routine bloodstain analysis.

With the development of more sensitive analysis techniques, it may be possible to extend
the time limits for genetic marker detectability in dried blood. Such techniques will be
especially beneficial to crime laboratories in cases where serological evidence is obtained
some time after the commission of the crime.

It is strongly recommended that similar persistence studies be undertaken for all other
genetic marker systems that offer good discrimination probabilities.
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