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Summary. Fifty-nine hair specimens obtained from human autopsies and
volunteers were used for the determination of ABO blood group substances
using the ABC (Avidin-Biotin Complex) technique. Positive staining for A,
B and H blood group substances was detected only in the medulla of the
hairs. Blood group antigens could not be detected in seven hair specimens
because they possessed no medulla. Forty-seven specimens obtained from
fresh cadavers and volunteers gave the correct results corresponding to the
blood group of the donor, but some specimens from individuals of blood
group A,, Le(a+b—) showed weak reaction with anti-A and strong reaction
with anti-H. The staining intensity with anti-B and -H in some individuals of
blood group AB was stronger than with anti-A serum. Five hair specimens
obtained from decomposed bodies were also examined. The blood group
antigens could be specifically detected in hairs obtained from two exhumed
and one putrid body, but no positive reactions were obtained from two cases
of drowning where the bodies had been in the sea for about 6 months. In a
blind trial, hair specimens from 28 individuals were also examined. Twenty-
two specimens which possessed a medulla gave the correct result. Six speci-
mens gave no result because they possessed no medulla.

Key words: ABO grouping on hairs, immunohistochemistry — Avidin-Biotin
Complex, ABO grouping on hairs

Zusammenfassung. An 59 menschlichen Haarproben von Leichen und le-
benden Personen wurden die ABO-Blutgruppen mittels der Avidin-Biotin-
Technik untersucht.

Eine positive Reaktion fiir A-, B- und H-Blutgruppen-Antigene konnte
nur im Markstrang beobachtet werden. Wegen eines fehlenden Markstran-
ges gelang der Nachweis in einigen Proben nicht.

Bei 47 Haarproben von frischen Leichen und Lebenden stimmte das Un-
tersuchungsergebnis mit der festgesteliten Blutgruppe iiberein, aber einige
Proben von Personen der Blutgruppe A,, Le(a+b—) zeigten eine schwache
Reaktion mit Anti-A und eine starke mit Anti-H. Die Reaktion mit Anti-B
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und Anti-H bei einigen Fillen der Blutgruppe AB war stirker als mit Anti-
A-Serum. Auch fiinf Haarproben von fiulnisverdnderten Leichen wurden
untersucht. Bei zwei exhumierten und einer hochgradig fiulnisverdnderten
Leiche gelang der Blutgruppennachweis sicher, bei zwei Wasserleichen mit
einer Liegezeit von 6 Monaten nicht.

Von 28 Haarproben einer Blindstudie konnte in 22 Fillen ein positives
Ergebnis erzielt werden, in sechs Fillen wegen des Fehlens eines Markstran-
ges kein Ergebnis.

Schliisselworter: ABO-Blutgruppenbestimmung an Haaren, Immunhisto-
chemie — Avidin-Biotin-Komplex, ABO-Blutgruppenbestimmung an Haa-
ren

Introduction

The first successful demonstration of the presence of ABH antigens in human
hair was reported by Sakai (1951). Since then, many attempts to identify the
ABO blood groups from hairs have been made and many different approaches
have been used including absorption-elution, direct agglutination, mixed agglu-
tination, radioimmunoassay and immunofluorescence methods (Kriiger and
Hummel 1981).

In 1966 Yada et al. introduced an absorption-elution method and since then
ABO grouping from hairs has been extensively investigated using this method
albeit with some controversies over its reliability, especially in hairs from Euro-
peans (Brinkmann and Lemke 1979; Oepen and Noever 1980).

Recently, indirect immunoperoxidase methods have been used to locate
ABH blood group antigens in tissue sections and in 1984 the Japanese groups
of Miyasaka et al. and Yoshida and Ono investigated this method and suggested
its possible application for the detection of ABH antigens in hair. These investi-
gations were followed by several reports which confirmed the usefulness of this
method (Potsch-Schneider et al. 1986; Miyasaka et al. 1987). The present in-
vestigation was carried out to test the reliability and reproducibility of ABH
antigen detection in hairs obtained from Europeans using the Avidin-Biotin
Complex (ABC).

Materials and methods

Head hair samples were obtained from 52 human autopsy cases and from seven volunteer
donors (42 males, 17 females; age range: 2-93 years). Pubic hair, chest hair, eyelashes,
moustache and beard hairs were also taken from seven selected donors. Hair samples were
also obtained from 28 volunteers (10 males, 18 females; age range: 3—60 years) and tested in
the form of a blind trial. All samples were washed successively with a detergent and ethanol,
air-dried and then examined microscopically to select the hairs which possessed a medulla.
Antisera and reagents used in this study were purchased from Dakopatts, Denmark
(mouse monoclonal anti-A, -B, and -H serum, biotinylated rabbit anti-mouse immunoglobu-
lin, Avidin-Biotin Complex) and Biotest, FRG (mouse monoclonal anti-A and -B serum).
The hairs were sliced longitudinally by hand and cut into small pieces (each approx. 3 mm)
before being subjected to the immunohistochemical staining procedure. This was carried out
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in glass test-tubes (0.5 X 2.0 cm), three for each sample and each contained two or three
pieces of the cut hair. The hair specimens were washed with Tris buffer (0.05 M Tris-HCl-buf-
fered saline, pH 7.5) under reduced pressure and treated as follows:

1) Immersion in Tris buffer containing 1% bovine serum albumin at room temperature for
60 min.

2) Addition of mouse monoclonal antiserum (anti-A, -B and -H, 1:20, Dakopatts, or anti-A
1:200, anti-B 1:400, Biotest) overnight at 4°C.

3) Rinsing with Tris buffer 3 times (each 5 min}).

4) Addition of biotinylated rabbit anti-mouse immunoglobulin (1:250 Dakopatts) for 60 min
at room temperature.

5) Rinsing in Tris buffer 3 times (each 5 min).

6) Addition of AB complex (Dakopatts) for 60 min at room temperature.

7) Rinsing in Tris buffer 3 times (each 5 min).

8) Immersion in 0.1 M acetate buffer (pH 5.2) containing 0.03% 3-amino-9-ethylcarbazole
(AEC) and 0.003% H,0, solution for 30 min.

9) Rinsing in water and mounting in Gurr (BDH Chemicals, England). The samples were ex-
amined microscopically for positive (red) coloration.

Results

The results obtained in this study are listed in Tables 1 and 2a—c and examples
of the reactions obtained are shown in Fig.1 (a,b).

As can be seen, no false positive reactions were obtained thus substantiating
the work of previous investigators (Potsch-Schneider et al. 1986). The 59 speci-
mens included most ABO and Lewis combinations and a variety of hair colours.
The positive staining of ABH antigens was recognized microscopically only in
the medulla of the hair. Prior to testing, the fragments of hair were examined
microscopically and only those which possessed a medulla were used. The fre-
quency of hairs which possessed a medulla varied with individuals and with sam-
ple source and seemed to be higher in thick head hair than thin hairs and much
higher in pubic hair or moustache hairs.

Endogenous peroxidase in the hairs was not recognized (i.e., no background
staining). This finding corresponds to that observed by Miyasaka et al. (1984).

Anti-sera used in this study were purchased from two different sources.
When anti-sera designated as diagnostic reagents were used, a dilution of up to
1:50 could be used, but nonspecific reactions were often found. Anti-sera de-
signated for immunohistochemical use showed specific reaction in dilutions of
up to 1:20.

Since seven hair specimens possessed no medulla, it was not possible to
determine the blood group. Forty-seven specimens from fresh cadavers and vol-
unteers gave the correct results corresponding to the blood group of the donors
but those hairs from individuals of blood group A, showed weaker reactions
with anti-A than those from blood group A;. The hairs from two individuals of
blood group A, Le(a+b—) and A,B, Le(a+b—) gave only a weak reaction
with anti-A. However, these specimens possessed strong reactivity with anti-H
and/or anti-B anti-serum. Staining intensity by anti-B and -H-serum in some
individuals of blood group AB was stronger than that by anti-A serum.

Hair specimens from five decomposed bodies (i.e., two exhumed, two
drowned and one putrified body) were also included in this study. Although
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Table 1. Results of ABO grouping from hairs obtained
from fresh cadavers and volunteers using the ABC-

technique

Blood group N =47 Strong Weak
reaction reaction

A1 n=15

Le(a—b+) 8 8 0

Le(a+b—) 1 1 0

Le(a—b—) 2 2 0

Unknown 4 4 0

Ay n= 5

Le(a~b+) 2 2 0

Le(a+b—) 3 1 28

B n= 6

Le(a—b+) 4 4 0

Le(a—b-) 1 1 0

Unknown 1 0

O n=15

Le(a—b+) 11 11 0

Le(a+b—) 2 2 0

Le(a—b—) 1 1 0

Unknown 1 1 0

AlB n= 5

Le(a—b+) 3 1%

Le(a—b—) 1 1 0

Unknown 1 1 0

AzB n=1

Le(a+b—) 1 0 1#

# These specimens showed weak reactivity with anti-A
serum and strong reactivity with anti-H and/or -B serum

detection of blood group antigens was possible in two exhumation cases and one
putrid one in which the postmortem intervals were 3 months, 4 months and
6 months, respectively, no positive reactions were recognized in the two cases of
drowning where the bodies had been in the sea for about 6 months.

In the blind trial hair specimens from six individuals had a fragmented
medulla, ten had a broken-line medulla, six had a continuous medulla and six
had no medulla. Although the correct results could be obtained from all the 22
specimens which possessed a medulla, the six specimens which possessed no
medulla gave no result. Several samples from differing blood groups were found
which showed a less than 100% reaction in the medulla, some areas being com-
pletely negative (Table 3).
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Table 2a. Distribution of blood groups

Blood Number Correct  False Weak
a—b+ 28 27 0 1
a+b— 7 4 0 3
a—b— 5 5 0 0
Unknown 7 7 0 0
Total 47 43 0 4

Table 2b. ABO grouping of hairs: avidin-biotin

Blood Number Correct  False Weak
Ay 15 15 0 0
A, 5 3 0 2
B 6 6 0 0
(0] 15 15 Q 0
AB 5 4 0 1
AyB 1 0 0 1
Total 47 43 0 4

Table 2¢c. ABO grouping of hairs: blind trial

Blood Number Correct  False
Ay 10 9 0
Ay 2 1 0
B 1 1 0
(0} 15 11 0
Total 28 22 0

Six samples possessed no medulla

Discussion

It seems that there is an obvious difference between Asians and Europeans in
the frequency of head hairs which possess a medulla and those which do not.
Also, the hair of Asian people is generally thicker than that of Europeans. In
this study, it was observed that thicker hairs from Europeans possessed a
medulla with relatively higher frequency than thinner hairs, but with a lower
frequency than that found in Asians. Pubic hair and moustache hairs, even in
European people, show a much higher medulla frequency. It seems from the re-
sults obtained in this study that the ABH blood group antigens in hairs are
chiefly localized in the medulla. Lincoln and Dodd (1968) reported that 17
examples of hair shavings were grouped correctly, but only 19 of 45 samples of
head hair corresponded to the blood group of the donor. It seems likely that
their results were dependent on the presence or absence of a medulla in the
hairs rather than blood group antigens.
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Fig.1. Results of ABO grouping of hair using ABC staining: a positive staining — blood group
Ay against anti-A, b negative staining ~ blood group A; against anti-B

Table 3. Results of ABO grouping in a blind trial

Blood group N=128 Medulla in the hair Correctresult  No result
present absent

Ay n=10 9 1 9 1

A, n= 1 1 1 1

B n= 1 0 1 0

0] n=15 11 4 11 4

Total N=28 22 6 22 6

In this study, blood group-positive reactions were microscopically recognized
only in the medulla. This result shows a gross shortcoming for the forensic prac-
tice because blood group determination of hair without medulla would be im-
possible using the immunohistochemical method. However, in 1986 the Japanese
workers, Miyasaka et al. examined the presence of blood group substances in
the cortical part of hair using an immuno-electron-microscopical method and
have suggested that blood group antigenicity is also located on the inner wall of
the vacuole of medulla cells and in the interfibrillar matrix of cortical cells.
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Fig.2. Example of mosaic staining of the medulla of the hair: blood group A, against anti-A

It is well known that ABH blood group substances are extremely stable on
storage. Yada et al. (1968) detected blood group antigens from an 88-year-old
hair rope. On the other hand, it is also known that blood group antigenicity is
destroyed and/or disturbed by many organisms and physicochemical treatments
(Pereira and Martin 1976; Mukoyama and Miyasaka 1983; Nagano et al. 1976).
In this study, the blood groups of two corpses which had been in the sea for
about 6 months could not be determined from the hair samples. The bodies
were identified by autopsy and their blood groups were known to be group 0.
Although there were no noticeable microscopic changes in the structure of these
hairs, the medulla of the hairs showed no reactivity with anti-H serum. This re-
sult reveals the necessity to use not only anti-A and -B serum but also anti-H
serum for the blood group determination. Ohora et al. (1983) also demon-
strated that blood group determination from hairs stored in water or sea water
becomes more difficult with time.

The hairs examined in this study included a variety of colours and most ABO
and Lewis blood groups. AEC (3-amino-9-ethylcarbazole) allowed easy iden-
tification of positive reaction when compared to DAB (diaminobenzidine) even
in a sample of black hair. Miyasaka et al. (1984) reported that the bleaching of
black hair samples by H,O, was necessary for the detection of the reaction by
DAB (dark brown coloration), but can affect blood group antigenicity.

Although all the specimens tested in this study, even in the blind trial,
showed the result corresponding to the donor, the hairs from some individuals
of blood group A, gave a weaker reaction with anti-A serum than those from
blood group A;. This tendency was particularly noticeable in the hairs from two
samples of an individual of blood group A,, Le(a+b—) and from an individual
of A;B, Le(a+b—). These three specimens, however, showed strong reactivity
with anti-H and/or anti-B serum. No reasonable explanation for this weak reac-
tion could be found. According to Kishi and Iseki (1977, 1978) ABH blood
group substances in hair are carried by glycolipids which are produced indepen-
dent of the secretor gene in the same way as erythrocyte antigens.

Boettcher and Kay (1973) reported that the presence of group specific sub-
stances in hairs was independent of the secretor status. It seems likely that the
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weak reactions observed in this study depend on the different amounts of anti-
genic substances in the hair specimen from the individual of blood group A,
type, but not on the secretor status.

The mosaic pattern of distribution of staining (Fig.2) could indicate that the
antigens are unevenly distributed throughout the medulla or this phenomenon
could be an artifact due to the blocking of the sites by trapped air or to incom-
plete exposure of the antigen sites during sectioning.
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