Species Identification of Minute Bloodstains by
Simultaneous Precipitin Reactions in an Agarose
Gel after Electrophoresis
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Tablel. Simultaneous precipitin reactions of human
bloodstains heated at different conditions

Reactivity to human bloodstains heated at

120C for 140C for
Antiserum 30sec 30sec 60sec
Anti-Alb + * + +
Anti-WS + + +
Anti-AT -+ - -
Anti-Tf -+ - -
Anti-Hb + + +
Anti-lg + — -

Two pieces of about 5mm thread specimens were
examined after heating by an electric iron. Anti-Alb,

anti-human albumin;

Anti-WS, anti-human whole

serum ; Anti-AT, anti-human a1 antitrypsin; Anti-Tf,
anti-human transferrin; Anti-Hb, anti-human hemoglo-
bin; Anti-Ig, anti-human immunoglobulins.

*4 ., positive precipitin

reaction.

reaction; — , negative
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penihol. U, 7¥, A X, 2a2OMEKET
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B, BILRT IO MBIV F v Y—DME
BV TOAEHIEICN L THEREHRD dh i
B, SRV FVIEL EZOMOEO IEICRL T
BUMRIGAED s ahol. RERTHERALLE
HIIEZ>WTIE, vy P 2EBIRDONR
Moz,

M. 754> FFX}

B - mEEERA L, & FEARSRA 304
B, FonvP—, =RV, V¥, TF, AR,
23, UYF, =7 MY, R (P M) D2 EEOME

Table 2.
unabsorbed antisera
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Frr—2RBYOMEL, TRTOFAMBF
MUBMET, e MIEEBATE . 28, Fo/5v
Y-MERTANCOAMBECE MK & 1IZIZRBED
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ZhEhi Alb M, Hi WS ML Tik2566,
i Hb M TR64(F, i lg M Tid166E, i Tf 1
BT 8, i AT MIETR4ETH o7,
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378, 678, 1%, 2%, 4F, 65, 84,
0@ L7 e IMEABRKA (8 5mm, 24) T
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Bhol (#6) 1EFBAMETHIZEZRKORET
Hotht, HUAT I, # Tf M, H Hb miE, i
Ig MBERT BB BLLMBIceol. 258
B CHE AT My, 1 Tf Mm%, 7 Hb Mm%, i
Ig MFBICNL TOEBEBRITAD oL B 0T,
i Alb MIEE L OH WS ML TRRED >
n, 4ERBMETL ML EERIEHTED SN
7o, 6EMEZBLLRIAME TRV SR OHFME
HLTHHBERGRED A R» 7.

Simultaneous precipitin reactions of various kinds of bloodstains to

Kind of

Reactivity to antiserum

bloodstains

Anti-Alb  Anti-WS

Anti-AT

Anti-Tf Anti-Hb Anti-Ig

*

Human
Chimpanzee
Japanese monkey
Bovine

Pig

Dog

Cat

Rabbit

Chicken

Sea bream -

L +++++++
I+ 4+ ++++ +

l

I+ + +
I+ 4+ o+
[+ + +

I
|
|

|
|
!

Two pieces of about 5Smm thread specimen were examined after heating at 120T

for 30sec.
*+, positive precipitin reaction; —,
For abbreviations, see Table 1.

negative reaction.
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Slit

Slit

Fig. 3 Wooden piece (matchstick) c b a
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Table 3. Simultaneous precipitin reactions of various kinds of bloodstains to
antisera absorbed with the serum and hemolysate of Japanese monkey

Kind of Reactivity to antiserum

bloodstains  Apti-Alb  Anti-WS  Anti-AT  Anti-Tf  Anti-Hb  Antilg

Human + * +
Chimpanzee + +
Japanese monkey — - - — - -
Bovine - - - - - —
Pig - - - - - -
Dog - - - - - -
Cat — - - - - -
Rabbit - - - - - -
Chicken - — - - — -
Sea bream — - - — - —

Two pieces of about 5mm thread specimens were examined.
* | positive precipitin reaction; —, negative reaction.
For abbreviations, see Table 1.

Table 4. Blind study for species identification by simultaneous precipitin reactions

) Number Number of precipitin reaction-positive
Kind of of samples to antiserum
bloodstains samples

examined Anti-Alb Anti-WS Anti-AT Anti-Tf Anti-Hb Anti-Ig

Human 3
Chimpanzee

Japanese monkey

Bovine

Pig

Dog

Cat

Rabbit

Chicken

Sea bream

W
o

3 3 3 3 30

Do

DD N NN NN O
[ 2 e BN oo B «- I «e N oo BN oo B @ 3 2V ]
O OO 000 O OO
OO OO0 O0O0OOoONO
OO0 00000 OoONO
OO0 OO0 0O o oo
O OO OO0 O oo

Two pieces of about 5mm thread specimens were examined.
For abbreviations, see Table 1.

Fig.1. Simultaneous precipitin reactions of bloodstains of human and some animals
with unabsorbed various sera (CBB staining). la, human; 1b, chimpanzee; lc,
Japanese monkey; 1d, dog. a, anti-human albumin serum; b, anti-human a 1
antitrypsin serum; ¢, anti-human transferrin serum; d, anti-human immunoglobulins
serum ; e, antiserum against human whole serum ; f, anti-human hemoglobin serum.,

Fig. 2. Simultaneous precipitin reactions of bloodstains of human and some animals
with the antisera absorbed with the serum and hemolysate of Japanese monkey. 2a,
human ; 2b, chimpanzee; 2c, Japanese monkey ; 2d, dog. a to f, refer to the footnotes
of Fig. 1.

Fig.3. Species identification by simultaneous precipitin reactions on the blood-stained
cloth and wood. 3a, a cotton cloth material (bed sheets); 3b, a small thread piece of
the sample tested ; 3c, the sample after electrophoresis; 3d, precipitin lines of the
blood-stained cloth (CBB staining); 3e, a wooden material (matchstick); 3f, a small
piece of the sample teated; 3g, the sample after electrophoresis; 3h, precipitin lines
of the blood-stained wooden material (CBB staining). a to f, refer to the footnotes of
Fig. 1.

535
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FeRkHE, R, KB L UCEPHBORMELE
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V. MEFHEEEOHE

fE% 3 H, 28M, 178, 37BBLXUG6VH
BoOE FEARR R (2NCFEO L O dmm, 2
)L, Vi —LBEE S DEEEL EIIC
OWT, ARCERLE-EZS, 1EEETIE, AR
Bz MESREOEIEED s, T Tf miF, il
Ig MBBCHLTREBDCHZSH & RN

RERIE0EED iz ss, JLAT MFe L T+~
wERIGRED e Eo:. 2EMLEOEER
JEFT TE M, #1 Ig MBS T 2 B RIGHSED 5
hixdkn, 3EMEFERTH Alb IIFE, 5l WS mi
XY BREHEELED, 5 ERBERTITRTOS
ETRAMBECNLIE LAY TEERIGEED shn
Mols. —H, a4 avIh4 b7 —VEEIIHL
T, BERFRACERTZ L E LI, DA
L, 1EHh2ni3 2 @EERTREAN Alb EF, #
WS Mt LbToic e MERMIEERICSNTED 5
N30AT, #OMOFMBCH L CRERRIEHT
donhrol. JELMUEOEERTIXE Alb M,
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TIEREEAERBRERED ML o7,
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Table 5. Simultaneous precipitin reactions of diluted human
bloodstains
Reactivity to human bloodstains diluted by
Antiserum
X2 X4 X8 X16 X32 X64 X128 X256 X512

Anti-Alb +*  + + + + + + + -
Anti-WS —+ + + + + + -+ + —
AntitAT + + - - = = = - -
Anti-Tf + -+ + — - - - - -
Anti-Hb + + + + + + - - -
Anti-Ig T - -

Two pieces of about 5mm thread specimens were examined.
*4 positive precipitin reaction; —, negative precipitin reaction.

For abbreviations, see Table 1.

Table 6. Simultaneous precipitin reactions of aged human
bloodstains
Reactivity of bloodstains aged for
Month Year
Antiserum 3 6 1 2 4 6 8 10
Anti-Alb +* + + + + - - -
AntiWS  +  + + + o+ - = -
Anti-AT + + + - - — - -
Anti-Tf + + + - - - - -
Anti-Hb =+ + + - - - - -~
Anti-Ig + + + - - - - -

Two pieces of about 5mm thread specimen were exami-

ned.

*4, positive precipitin reaction; —, negative precipitin

reaction.

For abbreviations, see Table 1.
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Table 7. Simultaneous precipitin reactions of bloodstains on
gauze transferred from the actual criminal evidence

Sample Color of Preservation Contamination Precipitin

number  stain period reaction

1 Red brown 19m* + 4 **
2 Red brown 18m Oil, mud ++
3 Brown 1Tm +
4 Dark red 16m Mud, sand +++
5 Dark red 15m Mud, sand +++
6 Dark red 14m Mud, sand +++
7 Brown 13m +
8 Dark red 12m Mud, sand +++
9 Dark red 11lm Oil, mud +++
10 Brown 10m +
11 Dark red 9m +++
12 Red brown 8m ++
13 Dark red Tm Mud, sand + -+
14 Dark red Bm 44+
15 Dark red 5m 4+
16 Dark red 4m -+
17 Red brown 3m ++
18 Dark red 1m RS
19 Dark red 2w R
20 Dark red 2w Mud, sand +++

* m, month; w, week.

** 1 positive reaction to anti-Alb, anti-WS and anti-Hb sera (for
abbreviations, see Tablel ); -+, positive reaction to all
antisera ; -+ + -+, strong positive reaction to all antisera.
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Table 8. Simultaneous precipitin reactions of various materials collected on the

scene of crime

Kind of Sample Color of Preservation Contamination Precipitin
materials number stain period reaction
a. Blood-stained 1 Brown 1Tm* Saliva i
paper 2 Dark red 12m +++
3 Dark red 1lm +++
4 Dark red Tm + 4+
5 Dark red 6m +++
6 Dark red 5m +++
7 Dark red 3m +++
8 Dark red 3m +++
9 Dark red 2m NI
10 Dark red 2w 4o
b. Blood-stained 11 Dark red 20m + 4+
textile 12 Dark red 19m 44+
13 Dark red 1Tm +++
14 Dark red 16m +++
15 Dark red 15m +++
16 Dark red 14m +++
17 Dark red 1lm +++
18 Dark red 10m +++
19 Dark red 9m +++
20 Dark red Tm +++
21 Dark red 4m AR
22 Dark red 3m e+
23 Dark red 2m T
24 Dark red im I
25 Dark red 2w +++
26 Dark red 1w 4+
c. Blood-stained 27 Dark red 1m +++
wooden wares 28 Dark red 2w Saliva +++
d. Tissue 29 Dark red 10m ++
specimens 30 Dark red 6m ++

* m, month; w, week.

**+  positive reaction to anti-Alb, anti-WS and anti-Hb sera (for abbreviations, see
Tablel ); 4+, positive reaction to all antisera; + -+ -+, strong positive reaction

to all antisera.
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Abstract

In the forensic examination of bloodstains, it has been impossible to obtain reliable
results on the species identification of very minute stains, since conventional methods can
identify only one human marker by one test. Nagano et al. (1986) described a technique
for simultaneous identification of various human blood components by immunoprecipitation
in a gel, after electrophoretic separation, from a very minute thread specimen. On the
basis of their report, the present study was carried out in order to establish a method for
the species identification of bloodstains on various materials, The procedure was as
follows : The specimens were heated to 120C for 30 seconds and directly introduced into
an agarose gel. After electrophoresis at 5V/cm for 2 hours, the specimens were removed
and the antisera against human Albumin(Alb), whole serum(WS), hemoglobin(Hb),
transferrin(Tf), @ l-antitrypsin(AT), and immunoglobulins(Ig) were pipetted into the
corresponding wells punched out in the gel. The precipitin lines were observed after a
6-hour incubation. When examined with the antisera without absorption, human
bloodstains were distinguished from the animals, except for non-human primates, through
the positive reactions with anti-human AT and Tf. Furthermore, the bloodstains of
Japanese monkeys were discriminated from human by the antisera absorbed with the serum
and hemolysate of the monkey. The results on the stains of diluted blood depended.on
the titers of the antisera. Aged bloodstains within about one year showed positive
reactions with all of the antisera. The reactivities of stains with anti-human WS and Alb
still remained even after 4-year storage. Six-year-old bloodstains gave negative reactions
with those antisera. Bloodstains which were contaminated with several seasonings, fruit
juices, drinks and mineral oils also showed specific reactions. Screening tests for blood by
the luminol and leuco-malachite green reagents showed a harmful influence on the
precipitin reactions. Very minute bloodstains on sixty common items of various materials
such as textiles, paper and wooden-wares, even those which could not be tested by
conventional methods, gave clear positive and specific reactions. In cases of bloodstains on
fresh vegetables, a better result was obtained when they were tested without heating.
Finally, this method was successfully applied to various kinds of material collected on the
criminal scene, such as stains transferred to gauze, stained cloth, paper and wooden-wares.
Additionally, using the specimens after electrophoresis, the ABO blood groups could be
determined by the absorption-elution method.




