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Summary .  ABH typing by immunocytochemical method 
has been carried out on 163 selected vaginal swabs. 127 
cases (78%) were determined correctly, 11 cases (7%) 
incorrectly and 25 cases (15%) could not be classified. 
Often, not all of the vaginal cells showed the expected 
positive staining, which was not counted as a false result. 
The incorrect results were not dependant on the secretor 
status, but 37% of the non-secretor cases could not be 
classified immunocytochemically, as compared with 12% 
of the secretors. In a second series, 61 vaginal swabs, 
dried on microscope slides, have been covered with semen 
from an A~ B secretor. Absorption of heterologous anti- 
gens by the vaginal epithelia could be demonstrated only 
after extremely long incubation with semen and extremely 
long incubation with the anti-A or anti-B antibodies. 
From the 163 "native" swabs, 17 gave a positive reaction 
with the acid phosphatase test, but only one false ABH 
result. A possible influence of bacteria upon the results 
is discussed. We believe that in practice, no faults in im- 
munocytochemical ABH typing have to be expected, 
due to absorption of heterologous antigens. 
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Z u s a m m e n f a s s u n g .  An 163 ausgew~hlten Vaginalabstri- 
chen wurde eine AB0 Blutgruppenbestimmung immun- 
zytochemisch durchgefiihrt. In 127F~illen (78%) wurde 
zutreffend und in 11 F~illen (7%) falsch bestimmt, w~ih- 
rend in 25 F~llen (15%) keine Aussage m6glich war. H~iu- 
fig waren nicht alle Zellen eines Abstrichs antigenmar- 
kiert, was nicht als falsch gewertet wurde. Die Fehler- 
quote hing nicht vom Sekretorstatus ab, allerdings konn- 
ten 37% der Nonsekretorf~ille gegentiber lediglich 12% 
der Sekretorffille nicht klassifiziert werden. 61 weitere 
Ausstriche wurden mit Sperma eines AIB Sekretors be- 

* Some of the results were presented at the 12th Congress of the 
International Society for Forensic Haemogeneties in Vienna, 26.- 
29. August 1987 
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netzt. Die Absorption heterologer Antigene durch Vagi- 
nalepithel konnte nur nach extrem langer Inkubation 
mit Sperma und nur nach extrem langer Inkubation mit 
den anti-A bzw. anti-B Seren nachgewiesen werden. Bei 
den 163 ,,nativen" Abstrichen reagierte der Phosphata- 
setest 17mal positiv, aber nur in einem dieser Ffille kam 
es zu einer AB0 Fehlbestimmung. Die M6glichkeit bak- 
terieller St6reinfltisse wird diskutiert. In der Praxis diirf- 
ten Fehlbestimmungen infolge Absorption heterologer 
ABH Antigene kaum zu erwarten sein. 

Schliisselw6rter: AB0 Blutgruppe - I m m u n z y t o c h e m i e  - 
Vaginalabstriche - Sperma 

Introduct ion 

In mixed secretions, it is often difficult or impossible to 
assign the ABH characteristics found to the individuals 
involved, dependent on the constellation of the blood 
groups. The proof of the ABH type of a single cell could 
be advantageous when compared with conventional serol- 
ogy of the mixture. Also, the identification of the blood 
group of a vaginal epithelial cell found on the penis of a 
suspect after rape could be important evidence. Several 
potentially adequate techniques have been published: 
Mixed cell agglutination reaction (MCAR; Coombs and 
Bedford 1955; Coombs et al. 1956; Swinburne et al. 1961; 
Swinburne 1962; Ishiyama and Okada 1975; Fregin et al. 
1981), immunofluorescence technique (Coons et al. 1942; 
Coons and Kaplan 1950; Sulzman 1960 and 1962), im- 
munoenzyme techniques (Mason et al. 1969; Sternberger 
et al. 1970; Hsu et al. 1981). In this study the PAP tech- 
nique (Sternberger et al. 1970) and a modification have 
been used, as it is well established in forensic medicine 
to test ABH antigens in human tissues (Pedal 1987) and 
on single cells (Brinkmann et al. 1986). In the present 
paper, the practical meaning for the examination of sex- 
ual assaults has been investigated. 
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Table 1. Results of the 
of 163 vaginal swabs 
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immunocytochemical ABH determination 

Vaginal swab Positive staining Assessment 

ABH Se/ n A B H Cot- N.c? In- 
se rect correct 

A b Se 39 34 2 26 33 3 3 

A1 Se 9 8 0 6 8 1 0 

A2 Se 10 i0 0 7 10 1 0 

A b se 2 2 0 1 1 1 0 

Az se 16 12 1 4 12 3 1 

A2 se 2 0 0 0 0 2 0 

B Se 21 1 18 8 17 3 1 

B se 1 0 0 0 0 1 0 

AB b Se 2 2 2 1 2 0 0 

A 2 B Se 1 1 1 0 1 0 0 

Az B se 3 2 2 0 2 1 0 

A2 B se 1 1 1 0 1 0 0 

O Se 54 4 2 46 40 8 6 ° 

O se 2 0 0 0 0 2 0 

Z 163 77 29 99 127 25 11 

a Not classified 
b Subtype not known 
c Including the only incorrect result of the 17 swabs with positive 
acid phosphatase test 

Materials and methods 

Vaginal swabs from out-patients of a gynaecological clinic were 
prepared by applying 3 stains of 0.8 mm each in diameter on micro- 
scope slides. These were dried, stored at room temperature, and 
investigated within two months. ABO blood groups of the donors 
were partly known from blood donor passes, partly determined in 
blood samples and partly determined from the swabs using an ab- 
sorption-inhibition test. Secretor status was determined with the 
same method using anti-A, anti-B and anti-H sera, and group A, 
B, and O red blood cells. To test the swabs for a possible contami- 
nation with seminal fluid, the acid phosphatase test was performed 
on every swab. Swabs which were positive with the phosphatase 
test and non-secretor cases were only used if the donors' blood 
group could be typed directly from the blood sample or was known 
from a donor pass. If a swab gave positive reaction in the acid phos- 
phatase test and a blood group was known from a pass and no blood 
sample was present, the secretor status determined in the swab was 
finally attributed to the female donor; evaluation of the results 
under this premise showed no remarkable deviation from the over- 
all results. Thus, from the original 200 swabs, 163 were included in 
the investigation. The distribution of the ABO types and the sec- 
retor status is shown in Table 1. 

A total of 61 vaginal swabs with a selected distribution of ABO 
types and secretor status (see Table 2) were dried on microscope 
slides and covered with semen from an A1B secretor donor and in- 
cubated for 1, 12, 24 and 72h at +37°C in a humid chamber. The 
preparations were then rinsed and dried. Prior to the immunoen- 
zyme determination, the dried slides were incubated in a solution 
of 4parts methanol and 1 part 3% H202 for 20min. The determi- 
nation itself was performed in four steps. 1st step: Monoclonal 
anti-A serum (1:20; Biotest, FRG), anti-B serum (1:20; Biotest, 
FRG; later Dakopatts, FRG) and anti-H serum (Fresenius, FRG) 
was dropped onto the stains. 2nd step: rabbit anti-mouse serum 
(1:200; Bionetics, USA). 3rd step: swine anti-rabbit serum (Dako- 
patts, FRG). 4th step: PAP-complex from the rabbit (Dakopatts, 

FRG). Incubation times: 30min for the 1st step, 20min for the 
2nd-4th step. Development: ACE (3-amino-9-ethylcarbazolen) 
substrate solution (Bourne 1983). All incubations were performed 
on a glass plate chilled on ice and all steps were performed in a 
humid chamber. Between each step the slides were rinsed with Tris- 
HC1 buffer (1 part 50raM Tris pH 7.6 and 9parts 0.85% NaC1). 
All sera were diluted with 5% BSA. In a later stage of the investi- 
gation, steps 2-4 were replaced by incubation with a peroxidase- 
conjugated anti-mouse antibody from the rabbit (Dakopatts, FRG). 

Results 

I m m u n o c y t o c h e m i c a l  tests were  p e r f o r m e d  once  in 
every  case. W h e n  reading  the results,  the  invest igators  
knew the col lec t ive ' s  b lood  group compos i t ion ,  but  not  
the  markings  of  the individual  case. 

Native vaginal swabs 

Paramete r s  of  the i m m u n o e n z y m e  reac t ion  were  chosen 
to p reven t  backg round  staining and false posi t ive  results 
in the controls.  Staining was rated as posi t ive if the inten- 
sity of  the co lour  of  the epi thel ia l  cells was clearly visi- 
ble. The  assessment "cor rec t "  was given if a react ion with 
the ant isera  co r respond ing  to the donor ' s  b lood  group 
was p resen t  in at least  some of  the epi thel ia l  cells. " N o t  
classif ied" was given if the  staining could not  be  clearly 
dis t inguished f rom the background ,  or  if no staining was 
present .  " Inco r r ec t "  was given if no  colour  reac t ion  for  
the  cor respond ing  ant igen was found,  or  if a false posi- 
t ive reac t ion  was found.  In 127 of  the 163 vaginal  swabs 
invest igated,  the A B O  b lood  group was correct ly  deter-  
mined ,  in 11 cases incorrect ly ,  and in 25 cases no classifi- 
ca t ion was possible.  

Vaginal swabs contaminated with semen 

The  classification "pos i t ive"  was given if the vaginal  epi- 
thel ial  cells showed  a staining with an an t ibody not  cor- 
responding  to the f emale  donor ' s  A B O  group.  This was 
in t e rp re t ed  as absorp t ion  of  he t e ro logous  A B H  antigens 

Table 2. Results of the immunocytochemical ABH determination 
of 61 vaginal swabs incubated with sperm of an A1 B secretor for 
72h at +37°C 

Vaginal swabs Secretors Non-secretors 

ABH Total Tested Positive a Tested Positve a 

A1 21 10 0 11 2 (B) b 

A2 13 11 4 (B) b 2 0 
B 11 10 7 (A) b 1 1 (B) b 

A1 B 4 1 0 3 3 (A) b 

A2 B 2 1 0 1 0 
O 10 8 3 (AB, A) b 2 2 (AB) b 

E 61 41 14 20 8 

a "Positive" means absorption of heterologous ABH antigens by 
the vaginal epithelia in the A, B and O cases and a clearly enhanced 
colouring in the AB cases 
b Letter indicates additionally present antigens 
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(see Discussion). After incubation with semen for periods 
of 1, 12, and 24h no absorption of heterologous ABH 
antigens could be demonstrated. After a 72-hour incuba- 
tion with semen and a prolonged incubation over further 
72 h with the first (ABH) antibody, the results shown in 
Table 2 were obtained. 

Discussion 

ABO blood group typing of a single epithelial cell has 
been successfully performed with several methods. In 
this paper the usefulness of typing vaginal epithelial cells 
with an immunocytochemical technique was investigated 
for use in forensic case work. The overall result - from 
163 selected vaginal swabs, immunocytochemical ABH 
typing was correct in 127 cases (78%), incorrect in 11 cases 
(7%) and 25 cases (15%) could not be classified - di- 
verged significantly from several categories of donors 
and swabs, respectively. 

Hormonally stimulated cells of a highly proliferated 
epithelium could be determined more reliably than cells 
with a low grade of proliferation. In fact, the most reli- 
able results were obtained from swabs of donors in the 
group aged between 21 and 40 years, which included 
pregnant women. The most conspicuous group is the 
non-secretors. Only 59% of the swabs were typed cor- 
rectly (16 from 27), as compared with 82% of the sec- 
retors (111 out of 136). The rate of 41% is composed of 
non-classifiable and false results. The low rate of false 
results, which was about the same in non-secretors and 
secretors [4% (n = 1) as compared with 7%] was surpris- 
ing; the difference is caused by the high percentage of 
non-classifiable results (37% as compared with 11%). 
The reason for this phenomenon was detected by investi- 
gation of histological sections of the vagina: The vaginal 
epithelium of secretors contains A B H  antigens in all 
layers, except the stratum basale, whereas the superficial 
layers of the squamous epithelium of non-secretors are 
free of ABH antigens (Scheithauer 1988). Consequently, 
in several non-secretor cases investigated, only epithelial 
cells free of A B H  antigens may have been on the micro- 
scope slides and no blood groups could be detected. Our 
results do not conflict with Brinkmann et al. (1986), who 
determined the ABO blood group of 20 vaginal swabs 
correctly. Due to statistical considerations, 4 non-sec- 
retor cases have to be expected, as these occur in about 
20% of our population, so only 1 non-classifiable case 
(37%) had to be expected in their material. In the A2 
cases, a greater percentage of epithelial cells were stained 
after anti-H incubation as compared with the A1 cases. 
The intensity of the colour was also much higher on av- 
erage. However, this statement is not valid for all cases 
because opposing results have also been obtained, so for 
case work the discrimination of A1 and A2 does not seem 
to be sufficiently trustworthy. 

Eleven incorrect results were obtained: 2 A Se cases 
appeared as AB, 1 A Se case as O, 1 A1 se case as B, 1 B 
Se case as AB, 1 blood group O Se case as AB, 4 blood 
group O Se cases as A and i blood group O Se case as B 
(controls were correct in every series). No clear tendency 
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of the false results was recognized, namely, no accumu- 
lation of "acquired B" (Jenkins et al. 1972; Davies et al. 
1983, 1984) was present. All together, a false B appeared 
in five cases and a false A in 6 cases, whereas in 2 cases 
the A antigen could not be demonstrated. So, results are 
in accordance with the experiments of Pereira (1973), 
who found acquired A, B and H antigens and loss of anti- 
genic reactions in decomposing muscle tissue using two 
absorption-elution methods and polyclonal antibodies; 
monoclonal antibodies as used in our tests are not a guar- 
antee for higher specificy (L6tterle et al. 1986; Mollicone 
et al. 1986). The vaginal cells determined incorrectly 
showed a fairly homogenous (false) immunostaining, 
that could easily be delimited from clumps of bacteria 
sometimes present on the slides. Nevertheless, bacterial 
enzymes diffusing from the vicinity could have altered 
glycoproteins of the vaginal cells producing relevant anti- 
genic sites, as discussed by Pedal and Baedeker (1985). 
The tendency to a higher rate of errors in swabs with ad- 
vanced cytolysis could confirm this conjecture. The clear 
results received in histological sections of the vagina 
(Scheithauer 1988) do not oppose this thesis, as the mate- 
rial has been stored in formaldehyde prior to immunoen- 
zyme processing. However, neither systematic evalua- 
tion nor special investigations were performed to answer 
this question; finally, errors dependant on the methodol- 
ogy of the immunostaining procecdure are less probable. 

The erroneous determination of the ABO group of 
male epithelial detritus contaminating the vaginal swab, 
leading to a misinterpretation, is possible only in one of 
our cases, which had the only false result (female donor: 
blood group O, result: B) within the collective with posi- 
tive acid phosphatase test. The rate of i our of 17 cases, 
that is in a level corresponding to the overall result, was 
also a first indication that the absorption of heterologous 
antigens has no importance in forensic practice. Still, ab- 
sorption of A B H  antigens is conceivable, according to 
the literature (Rachkewich et al. 1978, Oriol et al. 1980, 
absorption of A B H  antigens by lymphocytes; Cartron et 
al. 1980, Dunstan et al. 1985, by platelets; Holborow et 
al. 1960, Swinburne et al. 1961, by epithelia; Levine and 
Celano 1961, Edwards et al. 1964, Boettcher 1968, Acker- 
man 1969, Ragnekar and Rao 1970, Uhlenbruck and 
Herrmann 1972, Takeda and Hiraiwa 1985, by sperma- 
tozoa), especially from seminal fluid rich in ABH anti- 
gens (L6tterle and Scheithauer 1984). The 61 selected 
vaginal swabs showed numerous epithelial cells, no cyto- 
lysis and low bacterial flora; they were examined after 
having covered the dried material on microscope slides 
with fresh semen of an A1B Se donor. Heterologous ABH 
antigens or a clearly enhanced antigen marking in the 
vaginal cells could be demonstrated only under extreme 
conditions of a 72-hour incubation with semen at +37°C 
in a humid chamber; an incubation over 24h showed no 
influence. The incubation times for the immunoenzyme 
determination also had to be lengthened to detect "foreign 
antigens". No loss of antigenic activity was found, where- 
as A antigens as well as B antigens were acquired. Here, 
as well as in the native swabs, an influence of bacteria on 
the additional antigenic properties has to be considered: 
The cytological shape of the previously normal shaped 
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cells f aded  dur ing  incuba t ion  and the  d iagnosis  "vagina l  
ep i the l ium"  could  no longer  be  m a d e .  In  10 ou t  of  the  
183 stains i ncuba ted  with an t i -A ,  ant i -B and  an t i -H  no 
eucaryo t i c  cell  ma te r i a l  could  be  ident i f ied .  In  prac t ice ,  
the  necessa ry  p e r i o d  of  contac t  wi th  the  semina l  f luid at  
b o d y  t e m p e r a t u r e  to cause false resul ts  will  ha rd ly  be  
r eached ,  as forens ic  inves t iga t ion  for  vag ina l  ep i the l ia l  
cells most ly is commiss ioned in dr ied stains or  peni le  swabs 
and  not  in vagina l  swabs;  un favou rab l e  condi t ions  are  at 
mos t  conce ivab le  in swabs f rom the  d rawn  back  p r e p u c e  
and the  inf luence  of  smegma .  

The  p r o o f  of  g lycogen in the  ep i the l ia ,  tha t  serves  as 
a m a r k e r  for  vagina l  or igin of  the  ep i the l i a ,  does  no t  dis- 
tu rb  the  fol lowing i m m u n o e n z y m e  inves t iga t ion .  F r o m  
the  l i t e ra tu re  it is poss ib le  to r e p e a t  the  i m m u n o e n z y m e  
inves t iga t ion  on  the  same  cell  wi th  o the r  an t ibod ie s  and  
o t h e r  s ta ining sys tems (Mason  et  al. 1969; M a s o n  and  
S a m m o n s  1978; Or io l  and  Manc i l l a - J imenez  1983). Pos-  
sibly,  the  e r ro r  ra te  can be  r e d u c e d  by  fur ther  improve -  
men t s  to the  t echn ique ,  a l though  m a n y  tests  were  per -  
f o r m e d  to op t imize  the  p a r a m e t e r s .  W h a t  will r e m a i n  for  
cer ta in  is an e n h a n c e d  ra te  of  non-c lass i f iab le  cases if the  
d o n o r  is a non - sec r e to r  and  the  poss ib le  inf luence  of  bac-  
teria,  that  can hardly  be  calculated under  d isadvantageous  
condi t ions .  A s  c o m p a r e d  with  the  po ten t i a l  mean ingfu l -  
ness of  P C R  t echn ique  (Saiki  et  al. 1985) c o m b i n e d  with  
recombinan t  D N A  techniques to individualize single cells, 
A B H  typing  is a re la t ive  p o o r  m e t h o d .  H o w e v e r ,  at  the  
m o m e n t  the  P C R  technique is not  general ly  r e c o m m e n d e d  
for case work  purposes  (Deutsche  Gesel lschaft  far  Rechts-  
med iz in  1989). 
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