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ABSTRACT: A novel inhibition procedure, called two-dimensional absorption-inhibition, is de- 
scribed. The theory underlying this technique is developed based on a review of and comparison 
with existing inhibition methods. Two-dimensional inhibition takes advantage of the best fea- 
tures of inhibition-titration and titration-inhibition, and is shown to be more sensitive than either 
of them. Results obtained using all the inhibition methods on secretor saliva, semen, urine, urine 
stain, and perspiration stain specimens show that the new technique is especially powerful in 
correctly determining the ABH antigens in secretor body fluids having lower concentrations of 
soluble blood group antigens. A two-stage version of the two-dimensional procedure that makes 
it a practical casework method is described as well. 
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Absorpt ion- inhibi t ion  procedures have been used at least since the  1920s for de termining  
the ABH antigens of dried blood [l],  a l though the absorpt ion-elut ion technique originally 
devised by Siracusa [2] and  refined by Kind [3, 41 is now employed almost  exclusively for this  
purpose in most laboratories [5.6]. However, absorpt ion- inhibi t ion remains  the method of 
choice for de termining  the ABH antigens in body fluids and  body fluid stains, and  numerous  
variations of the technique  have been described [5, 6]. 

Three  categories of inhibi t ion procedures are in common use: one-step (or all or none);  
inhibi t ion-t i t ra t ion (I-T) [7]; and  t i t ra t ion- inhibi t ion (T-I) [8, 9]. In this paper,  we review the 
existing categories of inhibi t ion procedures  and  introduce a new, more sensitive technique 
called two-dimension (2-D) absorpt ion- inhibi t ion.  The  new procedure takes advantage of 
the best features of I-T and  T-I. Its underlying theory is described, along with results ob- 
tained on a representat ive specimen of body fluids and  body fluid stains using all four inhibi- 
tion techniques.  

Various aspects of this work were presented in part at the 38th Annual Meeting of the American 
Academy of Forensic Sciences. New Orleans, LA, 10-15 Feb. 1986; 39th Annual Meeting of the Ameri- 
can Academy of Forensic Sciences, San Diego, CA, 16-21 Feb. 1987; International Symposium on Fo- 
rensic hnmunology, FBI Academy, Quantico, VA, June 1986:12th Annual Meeting of the Northeastern 
Association of Forensic Scientists, Peabody, MA, October 1986; and the 12th International Congress of 
the Society for Forensic Haemogenetics, Vienna. Austria, Aug. 1987. Received for publication 14 Jan. 
1988; accepted for publication 19 Jan. 1988. 

Chief criminalist and director, supervisor), criminalist, and senior criminalist, respectively, Connect- 
icut State Police Forensic Science Laboratory, Meriden, CT. 

2Professor and director, Forensic Sciences Program. University of New Haven, West Haven, CT. 

1127 

Copyright © 1988 by ASTM International



1128 JOURNAL OF FORENSIC SCIENCES 

Existing Inhibition Procedures and the Theory of the Two-Dimensional 
Inhibition Procedure 

One-step inhibition is the oldest and simplest procedure; the one-step technique and its 
results are illustrated diagramatically in Fig. 1. The sensitivity of one-step inhibition is in- 
versely proportional to the titers of the antisera employed. This procedure tests a single anti- 
gen concentration against a single antiserum concentration. It is designed to give an "all-or- 
none" result, that is, the specimen either shows complete inhibition or no inhibition. The 
one-step technique is expected to detect the antigens present in a secretor body fluid speci- 
men or stain extract by showing complete inhibition in specimens containing significant con- 
centrations of the corresponding antigen or antigens. False negative results are possible, 
however, with test specimens containing low concentrations of antigen/antigens,  especially 
at higher antiserum titers. 

It has been clear for some time that the concentrations of soluble ABH blood group sub- 
stances in human body fluids and organ extracts varies significantly among different fluids 
and tissues as well as among different individuals [10-12]. More recent studies have focused 
on the distribution of group substance concentrations among different individuals and on 
the distribution of A : H, B : H, and A : B : H ratios in several body fluids and secretions [13- 
16].3 The results of these works indicate that there is significant variation in the levels of A, 
B, and H as well as in the A : H, B : H, and A : B : H ratios among different individuals and in 
different body fluids and secretions of the same individual. One-step inhibition testing is not 
designed to take these variations into account, and for this reason some workers prefer one of 
the two inhibition procedures involving titrations. 

The inhibition-titration technique was introduced by Holzer in 1937 [7]. A five-tube test is 
illustrated diagrammatically in Fig. 2. Here, equal volumes of test solution and antisera 
adjusted to a titer of 32 are combined, incubated to allow inhibition to occur, and then 
titrated by doubling dilutions before test cells are added. One way of looking at the expected 
results and the sensitivity of the titration-type inhibition tests is to compare agglutination 
results for the saline control row (no inhibition) and then for those cases in which a specimen 
contained sufficient antigen to remove (inhibit) a defined fraction (I/2, 1/4, t/s, and so forth) 

3M. J. Davie, M. J. Dorrill, and P. H. Whithead, "A Quantitative Survey of ABH Blood Group 
Substances in Semen," HOCRE Report 318, Home Office Central Research Establishment, Aldermas- 
ton, Reading, Berkshire, U.K., Aug. 1979. 

TEST ) �9 INCUBATE ) "~ AND READ 

ADD Appropriately . < ~  ADD Appropriate t / /~_ 
Diluted Antiserum Test Cells 

SALINE > �9 INCUBATE �9 �9 AND READ 
CONTROL 

RESULTS 

Control Test 

No Agglutination AQglutlnatlon 
Posi t ive  Resu l t  N e g a t i v e  Result 

FIG. 1--One-step mhibition test scheme and results. 
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FIG. 2--1nhibztion-titration five-tube test scheme. 

of the antibody present. Figure 3 shows this analysis for the I-T test as constructed according 
to Fig. 2. A number of workers do not regard a test result as conclusive unless the specimen 
gives at least a three-tube reduction relative to the saline control. Following this criterion, 
only the "complete inhibition" row in Fig. 3 would be regarded as conclusive, and specimens 
having antigen sufficient to remove one half or less the antibody present would be inter- 
preted as "inconclusive" or as "no antigens detected." 

A more sensitive titration type inhibition procedure, titration-inhibition, introduced by 
Hirszfeld and Amzel in 1932 [8], is shown diagrammatically in Fig. 4 for a five tube test. 
Here, an antiserum having a titer of 32 is titrated out five tubes in saline. A volume of speci- 
men equal to that of the antiserum is then added to each tube, and the tubes incubated to 
allow inhibition to occur before adding test cells. Figure 5 shows the results expected from a 
T-1 test using the same logic as was described above for the I-T test and in Fig. 3. The 
increased sensitivity of T-1 as against I-T is obvious in comparing Figs. 3 and 5. A specimen 
containing sufficient antigen to remove only one quarter of the antibody present yields a 
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FIG. 3--Results  o f  af ire-tube mhlbitlon-tttration test. 
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FIG.  4--Titration-mhtbit ion five-tube test scheme. 

conclusive (three tube reduction) result with T-I, whereas the same specimen would give a 
false negative result with I-T. 

Two-dimensional inhibition takes advantage of the features of both T-I and I-T. A com- 
plete 2-D protocol is illustrated in Fig. 6. First, an antiserum is titrated by doubling dilutions 
in saline. Next a volume of specimen equal to that of antiserum is added to each tube, and 
the test is incubated to allow inhibition to occur. This setup is identical to that for a T-I test. 
Then, after inhibition has reached the equilibrium stage, each tube in the row is titrated in 
the second dimension, treating each tube in effect as if it were the first tube in a I -T test. In 
Fig. 6, the procedure is illustrated with antiserum titers up to 1 : 128. In practice, titers this 
high are not used for inhibition tests. A complete 2-D test in practice would use six tubes in 
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FIG.  S--Resul ts  of-" a Jive-tube tKration-hlhibmon test. 
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FIG. 6--Complete two-dimensional inhibition test scheme. 

the first row, with antiserum titers adjusted to 64, 32, 16, 8, 4, and 2. After the addition of an 
equal volume of specimen, the titers of the antiserum become 32, 16, 8, 4, 2, and 1. The 
results of a 2-D test that was set up in this manner  are shown in Fig. 7, following the same 
logic that was used in illustrating the results of I-T (Fig. 3) and T-[ (Fig. $). It can be seen 
that the 2-D is some eightfold more sensitive than T-I. Even a specimen containing antigen 
sufficient to remove only '/32 of the antibody present is distinguishable from the saline con- 
trol, whereas specimens containing antigen sufficient to remove less than 1/4 of the antibody 
present would be regarded as inconclusive or negative in a T-I test (Fig. 5). 

Figure 8 illustrates the clear differences in sensitivity among the four inhibition proce- 
dures, one-step, I-T, T-I, and 2-D. The results that would be obtained with all four proce- 
dures are shown for a specimen that contained sufficient antigen to remove one eighth the 
antibody present in a test protocol where the initial antiserum titer was 32. Both the one-step 
and I-T tests give false negative results. T-I gives some inhibition, but  the result would be 
regarded as "inconclusive" if the "'three-tube reduction" criterion were followed. The 2-D 
procedure, however, allows a clear and unequivocal diagnosis of inhibition relative to the 
saline control. 

The 2-D test protocols represented in Figs. 7 and 8 are relatively complicated in compari- 
son with the other titration type procedures, and this procedural complexity might represent 
a drawback in busy casework laboratories in which a significant number  of specimens are 
routinely analyzed. The procedure can be simplified, however, without sacrificing the sensi- 
tivity afforded by the use of this method. Figure 9 shows a two-dimensional inhibition proto- 
col in which the first row (the T-I component of the test) is set up with three selected dilutions 
of antiserum, corresponding to antiserum titers of 32, 8, and 2. Figure 10 shows the aggluti- 
nation results that would be obtained in such a test scheme with sufficient antigen present in 
the specimen to remove selected fractions of the antibody present from 1/2 to 1/3~.. The speci- 
men containing only sufficient antigen to remove 1/32 of the antibody present is still clearly 
distinguishable from the saline control. 
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FIG. 7--Resuhs of  a s&-tube two-dimenstonal test. 

The increased sensitivity of the 2-D procedure is obviously desirable, especially for the 
analysis of specimens containing relatively small quantities of antigen. Many specimens sub- 
mitted for analysis contain comparatively large quantities of antigen and can be successfully 
analyzed using I-T or T-I. An additional slight modification of the 2-D procedure allows an 
examiner to take advantage of this situation and thus simplify the technique further for busy 
casework laboratories. Figure 11 illustrates this modification. 

Here, three selected dilutions of antiserum are set up in the first row (the T-I component of 
the test). In the illustration, antiserum titers of 32, 8, and 2 are selected, but other dilutions 
could be selected, and protocols involving four tubes, for example, could easily be con- 
structed. After addition of the specimen and incubation to allow inhibition to occur in the 
manner of a T-I test, one volume of the contents of each tube is removed and test cells are 
added. The results obtained from this one row, representing the results of a T-I test using 
selected dilutions of antisera, are then evaluated before proceeding to titration in the second 
dimension. If the results unequivocally demonstrate the presence of the antigen (that is, 
complete inhibition), the test need not be carried out in the second dimension. If, however, 
the results from evaluating the T-I component row of the test are negative or equivocal, the 
titration in the second dimension is carried out to completion. This two-stage approach 
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makes the test more practical for a busy casework laboratory, as it allows for maximum 
efficiency in processing specimens without sacrificing the sensitivity afforded by using the 
method. 

Materials and Methods 

Anti-A and anti-B were standard, polyclonal reagents of human origin and were obtained 
from Ortho (Raritan. NJ) or Dade (through American Scientific Products, Boston, MA). 
Some anti-H lectin was prepared from Ulex europaeus seeds (F. W. Schumacher Co., Sand- 
wich, MA) by the method of Kind [17]. Some anti-H lectin was obtained from Dade. Affin- 
ity-purified anti-H lectin (UEA-I from Miles Laboratories) was also employed in some exper- 
iments [18]. 

Red cells of groups A2, B, and O were obtained from healthy volunteers, and washed three 
times in saline before use as test cells. Test red cell suspensions were adjusted to 0.1% in 
saline. Tests requiring titration were typically carried out in small 6- by 50-ram glass tubes, 
or in Boerner well slides, using 50 #L as one volume. Tests were also carried out in microtiter 
plates, then transferred to Boerner slides for rotation and reading. The Boerner well slides 
containing the complete tests were placed in a moisture chamber and rotated for 20 to 30 
min before reading agglutination results microscopically. Inhibition tests were allowed to 
incubate 17 h at 4~ before the addition of test cells. 

Saliva, semen, urine, and perspiration stain samples were collected from healthy donors of 
known red cell type and secretor status (as determined by classical inhibition procedures and 
red cell Lewis grouping). Known control urine stains were prepared on clean cotton cloth 
from urine specimens of known origin. Liquid saliva and semen samples were diluted 1 : 1 
with saline, and the saliva samples subjected to a 100~ water bath for 5 rain and centrifuga- 
tion before use in inhibition tests. Some samples were frozen until they could be analyzed. 

In experiments used to compare the four inhibition procedures, the I-T and T-I tests were 
constructed like the protocols illustrated in Figs. 3 and 5, respectively. 2-D tests were con- 
structed like the protocol illustrated in Fig. 7. Results of I-T and T-I tests are reported as 
"inconclusive" if there was less than a three-tube reduction in antibody titer relative to the 
saline control. Results of any of the inhibition tests are reported as "incorrect"  if the test 
failed to detect an antigen or antigens corresponding to the blood group known to be pres- 
ent. Thus, detection of " A "  or " A "  and " H "  from a known A secretor specimen would be 
regarded as a correct result, but  detection of " H "  or no antigens would be regarded as incor- 
rect, for example. 

Results and Discussion 

The one-step, I-T, T-I, and 2-D inhibition procedures were used to test 187 different 
known control specimens from individuals of known ABO blood group and secretor status, 
and the results were compared. 

Table 1 shows these results for 36 secretor saliva, 9 secretor semen, 60 secretor urine, 43 
secretor urine stain, and 39 secretor perspiration stain specimens. No incorrect results were 
seen with either the T-I or 2-D methods. The majority of incorrect results with one-step and 
I-T procedures were observed in urine, urine stain, and perspiration stain rather than in 
saliva or semen specimens. These results are understandable in view of the fact that secretor 
saliva and semen typically contain significantly higher concentrations of soluble blood group 
substances than urine or perspiration. In the same way, the number of inconclusive results 
with the I-T procedure was higher in the urine and perspiration specimens. However, some 
inconclusive results were obtained on these specimens even with the T-I method, whereas the 
2-D technique enabled these specimens to be typed correctly. The results confirmed our 
expectation that the increased sensitivity afforded by the 2-D method would be most valu- 
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TABLE 1--Results with known control samples of  secretor saffva, semen, urine, urine stains, and 
perspiration stains using all four inhibition procedures. 

Number of Incorrect (X) or Inconclusive 
(INC) Results Obtained Using 

One-Step I-T T-I 2-D 
Type of ABO No. 
Sample Group Tested X INC X INC X INC X INC 

A 13 1 N/A" 0 2 0 0 0 0 
Saliva B 7 1 N/A 0 1 0 0 0 0 

O 9 2 N/A 0 1 0 0 0 0 
AB 7 3 N/A 1 3 0 0 0 0 

A 2 1 N/A 0 1 0 0 0 0 
Semen B 2 0 N/A 0 0 0 0 0 0 

O 3 0 N/A 0 0 0 0 0 0 
AB 2 1 N/A 0 l 0 0 0 0 

A 19 6 N/A S 7 0 1 0 0 
Urine B 1S 2 N/A 0 5 0 1 0 0 

O 15 7 N/A 1 5 0 1 0 0 
AB 11 4 N/A 1 2 0 1 0 0 

A 11 5 N/A 2 2 0 0 0 0 
Urine B 16 4 N/A 0 3 0 1 0 0 

stains O 10 4 N/A 2 2 0 0 0 0 
AB 6 5 N/A 4 1 0 1 0 0 

A 12 8 N/A 3 4 0 0 0 0 
Sweat B 10 5 N/A 0 3 0 1 0 0 

stains O 10 6 N/A 2 2 0 0 0 0 
AB 7 3 N/A 2 0 0 0 0 0 

"N/A --- Not applicable. 

able in the  analysis of specimens containing relatively low concentra t ions  of soluble blood 
group substances.  

It is noteworthy tha t  the 60 secretor urine specimens and 43 urine stains f rom secretor 
individuals were correctly grouped by the 2-D procedure without  any concentra t ion  of the 
liquid urine or urine stains extract  specimens. Our  own and other  previous investigations 
have indicated tha t  unconcen t ra ted  urine specimens cannot  always be grouped correctly us- 
ing classical inhibi t ion testing, a l though successful results were obta ined  with liquid urine 
specimens concent ra ted  20- to 25-fold [19.20]. Use of the 2-D procedure appears  to obviate 
the necessity of concent ra t ing  the specimens. With  the increased volume of drug screening 
tests being performed on urine specimens and  the  corresponding possibility of occasional 
sample mix-ups or quest ions being raised about  whether  the alleged donor  of the  sample was 
the true donor,  the results of our studies indicate tha t  urine grouping may be useful in the 
inclusion or exclusion of putat ive urine donors.  

Al though the majori ty of seeretor semen and  saliva specimens contain relatively large con- 
centrat ions of soluble ABH substances,  some specimens will not. As the data  indicate,  some 
incorrect  and  inconclusive results were seen in test ing this type of specimen with the  one-step 
of I-T procedures,  bu t  these specimens were correctly typed with I-T and  2-D techniques,  
suggesting tha t  the  incorrect  and  inconclusive results were obta ined because of low concen- 
t ra t ions  of blood group substances in the  specimens.  

Table  2 shows the results obta ined  using all four inhibi t ion techniques with several case- 
work specimens tha t  conta ined lower antigen concentrat ions.  The one-step and  I-T proce- 
dures did not yield accurate  results with these specimens, and  T-I resolved only three of them 
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TABLE 2--Results wtth problematic case specimens from secretors using all four inhibition procedures. 

Results Obtained Using 
Type of ABO 
Sample Group One-Step I-T T-I 2-D 

Saliva A H (A) (H) ~ A.H A,H 
AB B (B) (H) (B) (H) A,B,H 
AB A (A) (B) A,B,H A,B,H 

Semen AB A,H A, (B) (H) A,B,H A,B,H 
A H (A) (H) (A) (H) A,H 

"( ) = weak, inconclusive results for the antigen. 

conclusively. The  2-D procedure  enab led  all the specimens to be d iagnosed correctly, 
however. 

The two-dimensional  absorpt ion- inhibi t ion  technique  has been shown to be more sensitive 
than  any of the classical techniques,  and  to yield reliable results on known control as well as 
casework specimens that  could not be grouped conclusively or reliably by the  classical tech- 
niques. Fur ther ,  a two-stage protocol for use of the 2-D procedure tha t  renders it suitable for 
routine casework analysis has  been presented and  discussed. The technique has provided a 
sensitive and  reliable procedure for the grouping of urine, urine stains, perspirat ion stains, 
tissues, bone tissue, and  other  specimens with low concentrat ions of soluble blood group 
substances.  
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