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A STUDY Or THs PLaSTIC CARD mMETHOD FOR THz'
DAT &RMINATION OF HUmAr BLOOD GROUPo

As a result of the advances in knowledge of red cell antigens and anti-
codies in human blood, blood transfusion has assumed great importance in
the field of therapeutic medicine. Today there are constantly increasing
demands for transfusion therapy both for the civilian population and for
the armed forces, In addition, it has been anticipated in the current
preparation for civil defense that administration of vlood would be the
chief therapeutic measurzs to ve employed in the event of atomic bombing,

While the last decade has seen the development of highly organized
blood procurement systems and transfusion facilities in which little im-
provement is to be expected, the detection of blood groups discovered dur-
ing this period tas required the constant revision of blood typing and
cross matching methods and a need for their evaluation exists, The Rh
factor was discovered in 1940 by Landsteiner and Wiener (1), and this anti-
zen was soon recognized as a factor in vlood transfusion reactions. Con-
tinued investigation resulted not only in subdivision of the Rh blood
zroup but also in the identification of other new antigen-antibody systems
which have veen implicated as the cause of certain transfusion reactions.
The Rh blood groups and the other new blood groups were relatively difficult
to detect, Furthermore, when it was found that certain Rh antigens, such
as D! variants, were weak and that Rh antibodies usually could not be

demonstirated in saline diluent, it became necessary to devise new technigues




for their detection., With the fundamental changes in blood typing methods
has come a constant need for their evaluation in reference to particular
conditions,

The current preparation for civil defense has created an individual
problem in blood typing. The properly identified blood which must be
ready for immediate use in any bombed area cannot be procured and stock-
piled in advance, Each civilian is both potential donor and recipient, a
situation which necessitates the blood typing of large populations as a
civil defense measure, It has been estimated by the Civil Defense Com-
mission of Michigan (2) that it will require the typing for A50 and Rhg
blood groups of 3,000,000 people in this state alone to provide adequate
transfusion protection, The economic and temporal aspects of the blood
typing involved have made it expedient to determine if bLlood typing testis
performed in the field immediate to the individual oeing typed are as
accurate and generally satisfactory as the laboratory methods in use, Since
the safety of vlood transfusion is absolutely dependent on proper blood typ-
ing and cross matching, the reliability of a testing method is of paramount
importance., The danger from transfusion of incompatible ABO blood groups
is immediate and fatalities occur. In an emergency such as would arise in
tne case of atomic disaster it might be necessary to administer blood with-
out retyping either donor or recipient or resorting to the cross matching
of bloods which is the safeguard of every transfusion, Furthermore, with
potential transfusion of the general population greater emphasis must be
placed on the correctness of Rh typing than when all the recipients are to

be men, Although danger from immunization by incompatible Rh red cells




exists for each sex, it is recognized that the greatest harm comes from

the transfusion of females before, or during, the child-bearing age with
its attendent possibility of hemolytic disease for the next generation.
riany babies have died of hemolytic disease as a result of prior transfusion
of the mother with incompatible Rh red cells,

The slide tests which have been developed for antigen-antibody re-
actions are applicable to field use and are capable of a high degree of
accuracy when correctly used, However, the slide test for ASO blood group-
ing fell into considerable disrepute for mass blood typing as a result of
its use for the armed forces in World War II., Comparison of the blood
grouping records of men typed at that time and the results of subsequent
careful studies of their blood groups have shown discrepancies estimated to
be as large as 10 percent, It is recognized that such errors probably
arose not only from performance and interpretation of the test itself but
also from clerical errors involved in recording the results. There are
modifications of the slide test, carried out on paper, which provide
permanent records and permit re-examination of both the interpretation and
records of the results, ABO blood grouping has been found to be satisfactory
on various forms of paper, but no adequate survey of its reliability for
kii blood grouping exists. A plastic card technique has been advocated by
Levinson and Schlutz (3) for ABO and Rh blood grouping in the field.

These workers found it accurate and satisfactory in their own hands and in
a limited field study which they initiated. The typing of small groups of
individuals in the field was performed by persons skilled in the technique,

and the results were compared with those obtained in the laboratory by well




controlled methods, particularly slide methods. Before the method could
be considered for use in the civil defense program, an adequate study of
its reliability in field tests was necessary,

This field study was undertaken at the request of the Michigan Office
of Civil Defense, The ABO and Hh blood groups of a statistically signifi-
cant number of people were determined using the plastic card method in
actual field conditions. The results were compared with those obtained in
the laboratory by the most accurate methods available, and the accuracy of
the test was evaluated, An attempt was also made to examine possible
sources of error in the performance of the test in the field. In order to
determine limitations of the method, a brief laboratory investigation was
made of the effect of certain physical conditions and variables which
might alter the results obtained by the plastic card method in the field.

It did not appear that the plastic card had been employed for the
more refined Rh antigen-antibody tests. Although not the primary objective
of this study, it seemed that antibody titrations, Coombs anti-globulin
tests, and study of the DY antigens on the plastic card might more sharply
define the limitations and possibilities of the medium. Therefore, the
potentialities of the plastic card medium for tests of this type were

investigated in the laboratory,




HISTORICAL REVIEW

It was the discovery in 1900 by Landsteiner (L) of the ABO blood group
antigens in man that gave rise to the concept of the individuality of human
blood and provided a basis for the practice of blood transfusion, le found
that the red cells of certain individuals were agglutinated by the blood
serum of other individuals, Thirty years later he received the Nobel Prize
for this discovery. However, it was the finding of the Rh factor, or anti-
zen, in human blood in 1940 by Landsteiner and Wiener (1) and subsequent
developmenﬁs that clarified many of tie hitherto unexplained transfusion
reactions. These workers found that rabbits and guinea pigs immunized with

the red cells of the monkey riacacus rhesus developed anti-rhesus antibodies

which agiglutinated the red cells of ES percent of the white people of New
fork as well as the red cells of the monkey. The blood groups were desig-
nated as kh positive or negative. Wiener and Peters (5) established the
importance of the hh antigen in blood transfusion when they demonstrated
that Rhi antibody was present in the serum of certain people who suffered
hemolytic reactions following transfusion even though blood of the correctu
ABO group had been administered,

Levine and Stetson (6) had reported a case in 1939 in which a mother
lilad been immunized against a fetal antigen that was not of the ABO, Mw, or
P blood groups then known, and they called the antigen of the infant a "new"
antigen which the mother lacked. The antibody of the mother was later

shown to be anti-kh, and thus the fundamental role of the Rh antigen in




erythroblastosis fetalis or hemolytic disease of the newborn was estab-
lished,

Continued investigation resulted in the identification of several
antigens of the Rh system, designated by the American workers as Rhgy, rht,
and rh't', and the corresponding Hr antigens. As early as 1941 Wiener (7),
Landsteiner and Wiener (&), and Levine (9) recognized anti-Rhg and anti-rht
serums and Levine mentioned the anti-Hr serum, These workers realized that
antigenic individuality must be reflected. In 1943 Wiener and Sonn (10)
identified the additional antigen rh'*. The Rhy antigen of Wiener was
designated as D, the rh' as C, and the rh'' as E by the English workers.

At the end of 1943 Fisher (11) in England showed that there were six
Rh antigens which he theorized fell in three pairs which he called Cc, Dd,
and Ee, The theory has been confirmed by the finding of antiserum to each
of the antigens, Three genes, namely one of each pair, are carried on one
chromosome, The relationship between the members of each pair is one of
genetic allelemorphism, that is, one chromosome carries D or d but not
both, It follows, since all the nucleated cells in the body except sex
cells carry a double set of cliromosomes, that an individual may be either
homozygous or heterozygous for each of the three Rh antigens. These six
elementary antigens and C¥ can be definitively determined by typing with
separate specific antiserums. A third C antigen, C¥, allelomorphic to C
and ¢, was described by Callender and Race (12) in 1946 and its position

as such was clearly established by finding examples of specific anti-CW¥

serum,




A group of other antigens allelomorphic to C and D exist for which
specific antiserums have not been found. In 1946 Stratton (13) found D
antigens that were not detectable with the usual antiserums and methods
of testing. These he designated as DY antigens. They are undoubtedly
the same as were described by Wiener (1L) in 19LL as RKh "intermediates",
While their inheritance is definitely allelomorphic, specific antiserums
have not been found. There is no doubt that different grades of DYantigens
exist; some can be detected by one anti-D serum and not oy others (15,16),
and some can be distinguished only by use of the anti-human globulin test,
In the anti-globulin test, described by Coombs, Mourant, and Race (17,18),
red cells which have veen sensitized by anti-D serum, but not agglutinated
by it, are exposed to anti-human globulin with resultant agglutination of
D positive red cells, The validity of this procedure has not oveen ques-
tioned for the detection of DY variants; kosenfield, Vogel, Miller, and
Haber (19) were able to elute incomplete Rh antibody from the red cells
by a modification of the Landsteiner and liiller method (20) and thus show
that absorption of the antibody on the cells had occurred,

The D antigens are of clinical and serological importance, not merely
academic, since they are D positive and have oeen shown by van Loghem (21)
and others (19,22) to be definitely antigenic to D negative persons. They
must therefore pe excluded when selecting Rihh negative blood donors. Few
studies of thé incidence of D" bloods are available. The incidénce of
weakly reacting D positive (DY) blood was found by Rosenfield et al., (19)
to be approximately 1.6 percent of the white population in New York City
and about 0.4 percent of these failed to react directly with any anti-D

typing serum,




The antibodies, or agglutinins, normally present in human serum
that are specific against the A and B red cell antigens were shown by
Landsteiner to be capable of causing agglutination in saline diluent.
Likewise, the antibodies produced against the M, N, and P red cell antigens,
the only other blood groups known before the discovery of the Rh factor,
were active in a saline medium. For four years after the discovery of the
kh antigens, the recognition of the kh antibody was confined to that which
was active in saline. In contrast to the other blood groups, the Rh anti-
nody was more reactive at 37 C., than at lower temperatures, While it was
realized that antibody was not veing demonstrated in most Rh negative
mothers of erythroblastotic infants who were certainly affected by the
presence of anti-kh antibodies in their circulation, it was not until 19LL
that Diamond (23) reported that the concentrated globulin of an anti-Rh
serum inhibited the effect of the recognized saline anti-Rh agglutinin,

In the same year Race (2L) and Wiener (25) independently observed the same
phenomenon. KRace termed it an incomplete antibody, and Wiener called it
blocking antibody.

Many studies were initiated by these findings. In the meantime, al-
though blocking or inhibition of the saline Rh agglutinins showed the
presence of a different type of antibody, saline continued to be used as
a diluent., Diamond and Abelson (2¢) demonstrated that incomplete anti-Kh
serum agglutinated red cells on a slide if the cell suspensions were very
lleavy; the test was most successful when the red cells were suspended in
their own serum or in albumin. Wiener (27) and Wiener, Hurst, and Sonn-

Gordon (28) used plasma as a diluent in the "conglutination" test. In 19L5




Diamond and Denton (29) studied various media, particularly those of
protein nature, in which to demonstrate the incomplete antibody, and they
selected 20 percent bovine albumin as the most useful, Anti-human glubulin
was found (18) to be of great importance for the demonstration of certain
types of kh antitodies which do not agglutinate and do not block in saline
tut are usually demonstrable in albumin, Antibodies of this type have
been called cryptagglutinoids by dill, haberman, and Guy (30) and described
as "blocking in albumin® by Witebsky and Mohn (31). The latter authors
(22) described a fourth type of Eh antibody which can only be identified
by anti-human globulin btut which does not block the reaction of the other
types of hh antibodies in saline or albumin, On these findings hinge the
fundamental changes that have occurred in the methods of determination of
tle Rh antigen-antibody system, that is, use of Rh typing antiserums of
the incomplete variety, protein diluents, and especially anti-human globulin.
As a result, the methods of detection which were applicable to the Rh sys-
tems were instrumental in tl.e discovery of other blood group systems,
Although many studies of the incidence of ABO and kh blood groups
nave been'made since the discovery of these red cell antigens, few direct
comparisons have been published of results obtained by more than one
method using blood from the same individual. Chown, Peterson, Lewis and
Hall (33) compared the incidence of Hh groups which they found by the
capillary method using bloods from 792 persons with the findings of Race,
liourant, Lawler, and Sanger (3L} who used the tube method to determine the
Kh groups of 2,000 persons. Discombe and Meyer (35) tested 1,059 bloods

oy the method of Chown for a similar comparison, In a preliminary study
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of large scale blood typing for civil defense Allen, Diamond, and Madden
(26) determinec the ASO and Rh blood groups of 1,029 individuals using
both a warm slide technique and test tube methods; only 215 of the total
number were tested independently. They found an error of 0,0 percent

by the slide methiod as compared with an error of O.L1 percent by the tube

maethod.
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GEN£ZRAL PROCEDURES
Test Tube Methods

The methods of the Michigan Office of Civil Defense (2) for the
determination of AEO and kh blood groups were used throughout this study.
lietliods similar to these have been described as "modified" tube tests in
order to distinguish them from tube tests in which saline diluent is used.
Antiserums of the incomplete, or hyperimmune, variety are employed in
modified tube methiods. These serums have been designated as "slide test®
serums since anti-hh: serums containing saline-active agglutinins had
previously been designated as "tube test" serums.

The antiserums used were commercially availaole serums of the incom-
plete or "slide test" variety which conformed to the potency standards of
the National Institutes of Health (37,3%). Each lot of all the antiserums
used was tested in the laboratory for specificity and suitability for the
metiiods with tloods of predetermined blood groups. Antiserums of the same
manufacture ana lot numoers were used for tie tube procedures in the
laoratory as were used for the corresponding plastic card tests in the

field.

Determination of #BO antigens (direct typing). One drop each, 0,05

ml., of arti-A and anti-3 serum was placed in 3 x 3/& irch test tubes,
To each was added an egual volume of a 2 percent suspension of the red

cells to be tested in their own serum. The mixtures were thoroughly shaken
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allowed to stand at room temperature for 60 minutes, and examined grossly

for agglutination, The results were recorded by + or - signs,

Determination of ABO agglutinins (reverse typing). Two drops, 0.1l

ml,, of serum from the blood to be tested were placed in each of two
3 x 3/8 inch test tubes and heated for 1% minutes at 56 C., One drop, 0,05
ml,, of a 2 percent suspension of known group A, Knh negative red cells in
0.9 percent sodium chloride solution was added to one tube, and an equal
volume of a known group B, kh negative red cell suspension was added to
ttie second tube. The mixtures were shaken thoroughly and centrifuged for
2 minutes at 1,000 rpm. Each of the tubes was examined for agglutination,
ardd the results were recorced,

The results of the direct ABO typing and the confirmation test were
recorded without reference of one to tte other, The results oi the in-
dependent tests were correlated and summarized as the blood group A, B,

Ap, or O.

Determination of Rhig antigens, One drop, 0.05 ml of anti-Rhig

*

(anti-D) serum was placed in a 3 x 3/0 inch test tube, An equal volume
of the 2 percernt suspension of red cells in their own serum was added.
The red cell-antiserum mixture was thoroughly shaken, incubated at 37 C.
in a water bath for &0 minutes, and centrifuged for 1-2 minutes at 1,000
rpm, EBach tube was examined grossly for agelutination, and the result

was recorded by a + sign or the abbreviation neg,

Determination of rh!' (C) antigens, All specimens which were found

to be Rhy(D) nesative in the aforesaid test were retested in the same manner
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both with a second anti~Rhy (anti-D) serum of different manufacture and
with an anti-Rho'(CD) serum. If the second anti-D serum gave a positive
result when the first test was negative, it was necessary to justify the
existence of contrary results, S8ince opposite results may be a reflection
of inherent differences in the strength of the antiserums or may be due
to the presence of a weakly reacting Rh positive (o9 antigen, the re-
actions with additional antiserums were studied, and the anti-human globulin
test was applied to apparently negative bloods.

If the results with anti-CD serum were positive and if the Ooombs anti-
human globulin test with anti-D serum proved the cells to be D negative,

the results were recorded as rh'(C) positive,

Determination of weakly reacting xh(DY) antigens. Equal volumes,

0.1 ml,., of a 2 percent suspension of red cells in 0.9 percent sodium
chloride solution and of incomplete anti-Rhg(anti-D) serum were placed

in a test tube, mixed, and incubated for ¢O minutes at 37 C. Control tests
wers prepared in the same manner using 20 percent diacnostic aloumin in-
stead of anti-Rhy(anti-D) serum., The cells were washed three times with
approximately 5 ml, of physiological saline, Two drops of anti-human
globulin serum were added to the 2 percent suspension of washed cells and

mixed. After incubation at room temperature for 15 minutes, they were

centrifuged at 1,000 rpm. for 1 minute and examined for agglutination.
Plastic Card Method

The plastic card used was recommended by Dr. Sidney Levinson and his

co-workers. The cards were of cellulose acetate, §.5 x 6 cm. and 0,015 mm,
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thick, with properly labelled printed circles for each of the blood
grouping tests,

Commercially available anti-A, anti-B, and anti-Rhg(anti-D) "slide
test" serums were used which conformed to the potency and specificity
standards of the National Institutes of Health and which had been retested
in the laboratory for this procedure. One drop of each serum was placed
at one edge of its designated circle, One small drop of blood each for
the tests with anti-A and anti-B serums and two full drops for the Rh
test were placed within the circle near the antiserum, The blood and anti-
serums were immediately and thoroughly mixed by means of clean flat-sided
toothpicks, always mixing the blood and anti-kh serum first., The card was
allowed to remain flat on the table for 2 minutes with no intervening
stirring or motion, At the end of this time the card was lifted to a
vertical position, the mixtures allowed to drain to the bottom of their
respective circles, and the excess material was absorbed oy wiping around
the base of the circle with a cotton-tipped applicator., The results of
thie tests were read and recorded at once on the card, the International

blood group as A, B, AB, or O and Rh group as Positive or Negative.
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EXPEnLineNTAL STUDLILS

fiaequacy of the Plastic Card lethod Compared with Standard Tuve Methods

for the Determination of ABO and Hhgy Blood Groups

This fiela study was undertaken at tlie request and under the auspices
of tue richigan Office of Civil Defense which was currently engaged in a
olood typing program in Mhichigan, In oraer to obtain data concerning the
plastic card method it was determined that parallel tests using the plastic
card method and the standard Office of Civil Defense tube methods for the
determination of the ApO and hhg(D) blood groups were to pe performed on
vloods from a statistically significant number of individuals. The tests
by the plastic card method Were to be perform2d at the location of the
procurement of olood Ly a testing team which was to consist of a super-
visor, one technician, and two other individuals trained in the procedurs,
nhe numoer of donors whose blood was to pe testad by one card-iyping team
wAsS not to exceed 250 per day. 4+ blood-procurem=nt team was to operate in
conjunction witi: the plastic card-typing team to obtain blood specimens

by venipuncture for the standard tube tests.
Organization of the Field Study

hequired number of blood croup determinations. This study was designed

to oe sufficizntly comprehensive to be statistically significant in evalu-
atin: the worth of the plastic card method for_establishment of the Inter-

national 430 blood group and the rh blood group. Because the two methods
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of blood typing were to be performed with blood from the same donor and

the one method of typing was assumed to be correct, the problem was one

of checking a new procedure against an accepted correct procedure rather
than a statistical evaluation of two random samples or two undeterminea

methods,

In considering thie volume of tests required if the accuracy was to be
maintained within O.,3 percent error, the problem was approached from the
standpoint of group A3, Since this group has the lowest frequency, con-
stituting only L percent of all ABO groups, the volume of tests required
to prove accuracy for ithe AB croup would be more than adequate for all the
otner sroups. In order to owutain a measurable error of group As (one
incorractly determined LB olood) it would be necessary to have approximately
10,000 tests. From this numver there should oe approximately LOO cases
of sroup ~b, elilier nii positive or negative; a C,3 percent error among
tuese woulu allow 1.2 incorrect #3 tests, Thus, with 10,000 tests it
would be possicle to ohtain a measureable error of group AZ,

Jdowever, on ulils same uvasis with 10,00C tests anc a frequency distribu-
+“ion of Ll percent group £, 10 percent group 5, and 4L percent group O,

12.3 incorrsct group 4, 3.0 incorrect group 3, and 13.5 incorrect group O

v2sts would ve wituin the limits of C.3 percent degree of accuracy.

Source of vlood specimens, The initial study was conducted in the

Three iiivers area and tue final study, with which this report primarily
deals, was conducted in the Traverse City area since each was a community
in wuich approximately 10,000 persons could be expected to report for

vlood typing

N 4
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The location and hours for each blood typing clinic were scheduled
in advance, by the representative of the Office of Civil Defense, to
attract as many of the population as possible. Schools, factories, state
institutions, and public locations for those individuals who were not
members of special groups were selected as sites for bleeding clinics,
Thus it was possible to obtain a test population that was representative
of all age groups and which included infants, preschool children, elemen-

tary and high school children, and adults,

Organization of Donor Clinics, Blood typing clinics were so arranged

that a first clerk prepared the information blank, required by the Office
of Civil Defense, on which was recorded the name, address, and signature
of the donor. The information ovlanks were assigned consecutive, identify-
ing accession numbers, The donor carried the vlzank to a second clerk who
recorded the identical number and name on a plastic blood-typing card,
The plastic card and information blank were handed to a hostess who es-
corted the donor to the table where the blood types wWere determined oy
the plastic card method after the donor was properly identified with the
information on the blank and on the plsstic card.

The donor was then directed to the venous vleeding station where
the name on the information vlank and the donor were again identified,
ine consecutive, identifying numbers of the information planks had been
rarallelec on adhesive tape and firmly aftixed to the sterile 3 inch:
secton=Dickinson vacutainers which were used for the collection of venous

vlood specimens, Tne vacutainers had been placed in numerical order in
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50-place metal racks and were withdrawn from the racks only in numeri-
cal order to accompany the corresponding information blank carried by

the donor, After the venous vlood specimen was drawn into the identified
and correspondingly numvered vacutainer, it was returned to thec metal
rack in numerical oraer. Tue original metal rack and its numbered vacu-

tainers of olood were sent directly to the lacoratory,

Organization of plastic card tlood typing., After identification of

thie name of the individual presenting himself for typing with that on
tne plastic card, one memoer of the typinz team placed the antiserums in
Leir respectively lavellec circular areas on the plastic card. & sec-
ond member of the team preparsd the donor's finger ULy sponging it with

Y0 percent ethanol and punctured the finger tip with a sterile sard-
Parksr cvlade, Witlout nscessarily waiting for a free-falling arop, drops

-
~ L

pd

clood ware exressad and toucl.ed to the circular aress on the carc
witi:olt touzhins the artiserum, After ths verlormanc.:: of the test as

,]',

4]

3

S
Q.

ived unlder uencral Proceudrss anc thes recording of tine results on

.

Lue card, the card was placea vertically in & grovea ovoard wnich uneld
2> cards, saci, card was placed in nuanerical order, When the serum-

zloo< mixture was completely dry, each series of 25 cards was reviewed,

necxaved tozsthar witl an outer label vearini the series numoers, date

O
H,
ct
W

cxamination, ana the initials supervising vcacteriologist, 4All
tle card typings were sent sach day uvo thiz lacorator wierc they were re-
zxarined for clerical and tecinical errors cefore comparisons were made

Wit tie results of corresvonding tune tests Wwhich were performed and
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recorded independently in the local testing laboratory in the Three

sivers study and in the Laboratory of the Michigan Department of health,

Lansing, in the Traverse City study.
Results

The initial study of the plastic card method for vlood typing in
tie field was undertaken tc determine wiietiier or not the plastic card
method could be employed in a large scale typing program using locally
recruited and trained personnel of average ability ana training. The
Initial instruction in the use of tlie msihiod was demonstrated vy Dr,
Sidney Levinson, 1he supervisory personn=1l oi the card=-typing teams
were persons With a college vackground and some training and experience
in laboratory procedures, incluaing that of vlood typing in small hos-‘
pitals. A g¢group of ¢,tyl inaividuals was tested in the Threc nivers
arca during a G=week period, The parallel blood typing vy the standard
Office of Civil Defense metnods was performed in a local laboratory
witicli was establislied as were tie otlher lavoratories for ihe liichipan
Office of Civil befensc vlood t;vring program, 1Two venous vlooc specimens
were ootained from 10 percent of the first hundred donors and from < per-
cent of all subsequent ones; the duplicates were submitted to the
viiciiigzan Department of iiealth Lavoratories for checking of accuracy,

i summary of thie results obtained in the study conducted in the
Three Kivers area is presenied in lTaole 1, Tie results of c,bSS blood
typinvs periormea by the plastic card method wsre in avreement withh the

results oontained Ly vue standard tube nethods, It may ve noted in the
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table that 386 typings by the plastic card method were discarded,
Since these were classified with the errors, it constituted an imme-
diate error of L.L percent. Tnree hundred and twenty-five of these
results were discarded because incorrect technique was used on two
successive days when a technician experienced only in the slide method
of vlood typing was allowed to substitute on one team. The technician
adamantly followed a tecinique used in slide methods for blooa typing;
thie vlood and antiserums were mixed oy a rotary motion and allowed to
dry on the card instead of draining off the excess material, The re-
sulis were somewhat obscured, In most instances the results could be
rzad ana wWere recorued, A4 clerical error of 0,34 percent was found;
with these, the results ware evident an: satisflactory cut incorrectly
»ccoraed on the card, The error due to an actual aiscrepancy cetween
the results founa uy thie two methods was C.,21 percent,

When the results found oy the plastic card melhod wer:s analjyzed
ana the total verformance of the test in the Tielae was examined, it was
evicent oothh that tie plastic caru method possessed the potentialities
of a2 desirable metnod ana that tlhiere were iniierznt dansers in the metnod
anless the vlood typing was conuucted by adequately trained and experi-
cnecea personnel, It was also recognized tunat parallel tube testing of
thie nighest degree of accuracy would be more readily obtained in a
perricnent laboratory prepared to perform the more relfined hi. antigen-
aniicody studies,

+ study of this nature was uncertaken in the lraverse City area
waere tne olood specimens of 7,053 individuals wer: tested voth by tie

plistic card methoa and by the standard OfTice of Civil Defense
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procedures. Well gqualified bacteriologists had veen carefully trained

in vlood typins procedures and in the plastic card technigque oy the
author, The tests performea on the plastic cards were examined and

Ll results were recordec at the place of vlood procurement oy testing
weams under the direct supervision of the responsicle vacteriologists,

i.e standard Office of Civil Defense Llood typinz was performed in the
Lavoratories of the riiciiigan Department of iiealth undaer thie direct
suparvision of the author, In addition, all the plastic card test results
W:re re-examinsa oy the eauthor, upon suosnission of the cards each day,

for verification of tiwe interprztation of the results, and thwe results

L :

cro othen compared witn tius tuoe test results whiclh: had ceen indepenaently

-

Teztew and recordea,

m

Loswmary of t..¢ resudits ooteinew in tiie Traverse Cits arez is pre-

conted in Tavle 2, Thne results of 7,010 of th2 clcon typinsgs perfcrmed
t1.2 plasiic card wmethol were in agreement with this results ostained

< the standare tune retior, UL

w

recorded resalts of 1. vlood trpincs

-~ outalnad

(i)

reriorries .y the plastic card metnod all not agree Wil oo
Ly uhE tuoe nethiou. The rssults of 2¢ of the aun bests on the cards
no resulis werse recordes 1. ithe r'ield for

wire inconclusivey there

- ~La Lloods, Liwrce clerical errors Ware observ:id on the caras; thzse

{

w=r- incorr.ct rscords of the svident results.
In =very case where discrepant or inconclusive results existed, ine
cloos typings were immediately repeated from the venous specimens in

ti lasoratory., £t le2st three 4dirfSeroentl mit’ -0 carums sno ar.ti-CL serums

weps oo Tor tnese reveat tests. Thne vloods were also testec with
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anti-C and anti-E serums since the weak DY antigen is frequently associ~
ateu with C and B antigens. If indicated, the anti-human globulin test
was performed using several different incomplete LI antiserums.

Of thiz 20 inconclusive results in whicl the plastic card tests were
1wt considered definitely negative or definitely positive, 10 bloods were
i1.5(D) nezative in the tuve test and also nezative when tested with the
Coomos anti-human glovulin test. Eirshteen of the vloods were proved to
o nhy positive by the tuve test. Jdowever, three of these were p4
variants,

In the discrepant results, which are summarized in Table 2, there
was one ovlood grouping wiiich: was recoraed as group A3 on the card but
was founa to ve group o by the test tuve procedure, This single L0
.loos prouping uiscrepancy represented an error in Judement in the field,
Jue plastic card test was unsatisfactory in appearance, and it shoulc
.Lve veen repeated irceciately in the field,

The other 1l discrepancies between the results obtained in the
iield oy the plastic card method and in tie lavorator, vy the tlest tuve
rietliod were discrepancies in hn olood types, 1'ive of tlue results orn
tne plastic card were read as Riig(D) positive. Tle test tube procedures
s..owed tuat two of thiese vloods were dhO(D) ancd runt'(C) negative and
tiree of them werc hig(D) rnegative, rhit(C) positive. .ine of the 1i
~loocs with which discrepancies occurred in rl. typing were recorded as
a0 nepative on the plastic card, but they proved to Le . positive when
tested by laboratory tuve procedures. iowever, six of these nine bloods

were Mlow grade UY% variants whicl were detected in tl.e laboratory only




v, the use of more than one anti-D and anti~CD serunm. They were
definitely established as DY variants by the Coombs anti-rlobulin test,
It had been observed in the Three hivers stucy that many aggluti-
nitions on the plastic card were not optimum although the correct results
coulc usually be arrived at vy carcful obuservalion,., In estaoulishine
stanuards for the plastic cara testing which was to be performed at
iraverse City, it was determinea that every test must appear satisfactory,
tl.e criteria being eithier adequate, well-definea a:;zlutination or definite
lack of agglutination, Otherwise the test was to (e repeatzd vefore
rxleasing the donor, If Lhe test was still unsatisfactory, no resull was
.o w2 recorded, In an enueavor to ﬂeet this standard, the plastic card
testins teams repeated 1L7 i tests and ¢ As0 tests, As may be ooserved
in Tavle 3 only 1¢ examinations, 211 ol which Were un t:sts, were incon-
clusive after the second test., There were 10 auoitional i tests whdch

N

W ra considerea inconclusive on Lhie first test and si.ould lLave been re-

ct
n

e~ iea,  The numoer of wes repcated in the field corresponds to 22
specimens from the same series of bloods whicu wer re-cxamined in the
laporatory in orcder to verify resultis or Lo attain completely satisfactory
tests.

I. would have been desiraile to repeat the vlood typing of 2ll the
individuals in which inconclusive or discrerant rsesults were ootained,

owcver, a seconu card iypins and a secona venous vlood specimen for

laboratory testin,: could only wve onteinee from 10 of the 15 individuals

whose oloou tests b.a¢ resulted in discrepant resulls oy the two metloas.

=

It woy be nobed in tables 4 and 5 that when these oloods were typed on
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plastic cards, the results of five of the kh tests and the one 430 test,
widdchh was technically unsatisfactory on the first examination, did not
circe with the original results obtained oy the plastic card method,
Yz, dia agree voth with the orisinal ana the duplicated results obtained
oni . 1lood from the same individuals vy laboratory tube procedures. These
five results were classified as technical errors in the performance of
ti.e original card test, When the othier & of the 10 tloods were retyped
v, the plastic card methoa, the same results were obtained as haa peen
I'ounc with the orieinal plastic card test; all bloods appearcd to ve il
nzrative, 1These four results on the plastic card were in disagreemsnt
with ti.e RKhg(D) positive results ottained vy the lavorateory tuce procedures.
owever, tiie correct hiig(D) nositive t,pinsc were ascertained only after
aymlication of several antiserums and the use of the anti-human globulin
test, Taole 6, If thesc four results lLau vesn compared with the resuldts
from only one tube test or from one of lower sensitivity, tliey would
likely have been found to e in a;reement, .evertheless, tiese four
r:sulis were considers=d as errors inherent in the plastic card method,

£ review of all the parallel results showed that of the 15 blood typ-
ing results dotermined by the plestic card method whiclhi did not agree
witl: the tuse method results, 11 hed bLeen considered of guestionacle
value before comparison cf the parallel results, slood groups had ceen
recorded on five plastic cards which the field vacteriolc,ists annotatec
as tests of dubious value. £n adeitional six results were considered
ansstisfacteory oy tle author on review of the card tests prior to com-

rerison with the lavoratory results. Ziese 11 plastic card typinsgs
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should not have been recorded as conclusive on the basis of a single
sample. Among the plastic card tests of dubious value were two recorded
as Hhig(D) positive, vloods 5L97 and ic?, which were entirely necative ir
laioratory tests, When olood ! ,LY7 was retested vy the plastic card
method, it appeared negative, 7The results with blood 1&7 were not con-
sidered discrepent wlien tine original test was re-ecxamined so the test
was not repeated; it appeared to the reviewer to ve ith negative on the
original card, and the error was thus one of interpretation and record-
ing of the results,

Of the four discrepent results which appeared to be satisfactory
on the original plastic card, one olood (i.0. 7,:59) was designated as
niig(D) positive on the card but it was persistently Ki,(D) negative,
ri.?(C) positive on laboratory testing; repeated tests on three plastic
cartis were Rhig(D) nerative. The tiree remaining discrepancies in results
wepre from bloods that appeared to ue satisfactory hlg(D) negatives by
tl.e plastic card method and also gave neegative or weak reactions with
Lhie sare antiserums in the first tuve procedure. Tue correct results,
nLD(D) positive, Wwere only recogsmized vccause all vloods which appeared
to ve i negative were routinely subjected to additional tests in the
lavoratory procedure,

In this study the determination of AsC and hhig(D) blood groups by
tiie plastic card metlhod exhivited a technical error of 0.1¢ percent and
a total error of 0.49 percent, when inconclusive results and clerical
errors were included, as compared witl. results found oy the laborator;

test tuve metnods,
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Potentialities and Limitations of the Plastic Card Method

It is well known in the field of serological testing that such
faclors as temperature, time, diluent, ratios of reacting substances and
¢ven the method of combination of reagents frequently have a significant
influence on thz results. Therefore, in order to test more completely
the potentialities and define tie limitations of the plastic card as a
veldcle for the antipen-antibody reactions of blood grouping, laboratory
stuuies were made of certain of the variables whiclhi might influence the
resudts of the plastic card tests, 1In view of the fact that agslutination
in tne Rh system is more difficult to analyze, emphasis was placed on ex-

amiration of the nh: antigen-antivody reaction.
bBffect of hed Cell Concentration

Levinson and Schlutz (3), wio acvocated the plastic card for blood
sroupine, sugpested in a personal communication tnat two drops of fresh
,1ooc and one drop of anti=hki,, serum ce used routinely for the deter-
nination of mh types vy the vplastic card method and that three drops of
e vlood of anemic individuals night ve required for optimum aggluti-
nation., On the other hand, they recommenced less than a drop of vlood,
a small amount on a flat tootnpilck, as a suitavle volume to add to one
iron of anti-ft ana anti-3 serums, Allern, Diamona, and kadden (3¢) used
2 Myery small® anount of olood to determine A30 groups vy the slide
metlod., It was observed in the preliminary field study at Three hivers
thiat when a larger volume of uvlood than that recomm:inded was inadvertent-

1 added to the serum for £s0 grouping, the resulting asrlutination
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appeared more distinct, It seemed desiravple to determine the optimum
amounts of antigen and antibody with as quantitative a procedure as the
vlastic card medium permitted,

Ry positive red cells were centrifuged until there was no change
in volume of the packed cells., Suspensions of the packed red cells
ranging from 15 to 60 percent were prepared in group specific serum.
kL commercially prepared incomplete anti-ziig(anti-D) serum which con-
formed to the National Institutes of Healtl: requirements was used for
tiiz tests., It was necessary to pipette one amount of serum and one
amount of red cell suspension at a time and to proceed witl the mixing,
timing, and draining of the serum-cell mixture. Jsecause of the size of
thie defined area within the circles on the plastic card, a total volume
of 0.2 ml, was the feasivble limit of gquantity that cculd ve used, To
cacu of three defined aresas orn plastic cards was added 0,05 ml, of
#riti-hkliy serum anc¢ to a fourth was adeed C,1 ml, of the serum., The red
cell suspension of a given concentration was acded to the serum using
0.C5, 0.10, and 0.1 ml, with the 0,05 ml. amounts of serum and using
0.1C ml, of red cell suspension witl the 0,10 ml., oi serum, The rac
cells and serum were thoroughly mixed, and a time interval of exactly 2
minutes was allowed vetweoen the mixing and draining of the excess material.
from the card. The experiment was repeated several times, The effect of
red cecll concentration on ABO reactions on the plastic card was examined
in a similar ménner. hepresentative data are prosented in Tables 7 and ¢,

It was observea tiat a considerable latitude in the proportions of

red cells and scrum was possible. nowever, 0.05 ml, of anti-kli serum
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and 0,10 ml, of LO-50 percent red cell suspension was the optimum ratio
for the interval of 2 minutes. Red cell suspensions of more than 50
percent concentration with this amount of serum were viscous and the
mixtufe did not drain from the cards easily to give well separated
agglutination particles. With red cell suspensions of 25 and 30 per-
cent the agglutination was satisfactory but less visible, With red cell
suspensions of 15 and 20 percent the agglutination was unsatisfactory.
When 0,10 ml, of anti-Rh serum and 0,10 ml, of LO-50 percent of red

cell suspension were used, satisfactory results were obtained, but it
unnecessarily increased the quantity of antiserum required.,

Since normal whole blood contains approximately L5 percent of red
cells, the ratio of one part of anti-hi serum to two parts of LO-50 per-
cent red cell suspension which was found to ve optimum in the quantita-
tive study corresponds to the amounts recommended oy Levinson and
Schlutzl}or routine hii testing oy the plastic card method. However, it
’ appeared in the present studies that the recommendation of Levinson and
Scilutz anc of Allen et al. that a very small volume of plood be used
for £30 vlood group determination was not only unnecessary but even un-
desirable for the plastic card method for the determination of ABO

blooa groups.
Effect of Aloumin Content of Anti-Rh Serum

Tiie usefulness of albumin as a diluent in the detection of kh anti-
sens with incomplete nh antibody was originally demonstrated oy Diamond

and Denton (29). The commercially availavle incomplete anti-ki, serums
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in present use are usually diluted with albumin in their preparation,
It had been observed that certain anti-Rh serums used for the plastic
card method of typing were more viscous and dried more readily than
others. When the albumin concentration of five samples of commercially
available anti-Rh serums was determined and found to range from 21-30
percent, the question arose as to the effect this variation might have
on the reactivity of the kh testing serums used in the.method under
study.

To examine the effect of albumin concentration on reactivity, the
titers of individual serums were to be determined after dilution of the
serum with albumin of several concentrations. Commercially available
anti-Rh serum could not be used because it already contained albumin,
Therefore, three anti-Rh serums, each of which had been produced by
immunization of Hii negative male individuals in the course of experimental
production of diagnostic antiserums, were selected for study. The serums
were !{irst absorbed free of ABO antibodies using Rh negative red cells,
Twofold serial dilutions were then prepared in 10, 15, 20, 25, and 30
percent albumin whiclhi had been tested and found suitable for use as a
diagnostic reagent. Each serum in each concentration of albumin diluent
was tested both oy the plastic card method and by tube titration pro-
cedures,

While the reactivity on the plastic card was maximum when the anti-
serums were diluted in 30 percent albumin, the antiserum and blood dried
guickly at warm temperatures. The reactions were obscured by failure of

the fluid to drain readily from the card, The tube titrations were more
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sensitive when dilutea with 25 than with 30 percent alovumin., The re-

:otivit,y of a typical serum in the several concentrations of aloumin
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czcessary to determine the highest dilution of antiserum wiich agglati
nnted red cells to the same dzgree at given temperatures, or the effect
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ranid drying of the cell-serum mixture at the higher temperaturses,
rnls readily leads to false interpretations of the resulis and consti-

tit2s a possible source of error.

~

thar factors, Tire affzzus of cercair other piysical factors wers
wL2ninel, It was readll; observed -hat a tnoroug. rixturs of antiserun
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xxpected that the plastic card method would be suitable or desirable as

a standard method for these determinations, they afforded an opportunity
to study thie capabilities and limitations of the plastic card method,

thv plastic card method had proved unexpectedly sensitive in quantitative‘
t2sts involving albumin diluent concentrations, and throughout the
asoritory study it had bsen noted that there was little difference be-
twoen the results obtained by the plastic cara method and by the slide

m2thod, Since the warm slice method had been proposed for the typing

5 lar-e populations, particularly in civil defense preparation, by
rlliott and Griffitts (3Y) anc by &llen, Diamond, anc ~adden (36€), it

was included in the parallel comparison of test tube method, plastic

cara method, and warm slide methon .

il antivody titration. OSix anti-hug typing serums of the incom-

lete variety that were prervared oy several commercial manufactursrs
.0 20 serums [rom presnant women in which enti-hi: antinoules haa veen

ctected were sut ject2d to varallel testing, Ywofold serial dilutions

0 Tie S2rwns Wwerc preperea in l-mi, or 2-ril, volumes of 25 rercent

content of representative commercial serums. £ scparate pipette was
is»i for thee preparation of each dilution of serum. Usin: washed rhg
(L) red cells and pooled .roup specific szrum, & L5 percent suspension
of r:a cells was preparsd for use in the plastic card and warm slide
L28ts and a 2 percent suspension for usz in the tudbe test, Each series
of seruam dilations was te=st=ad oy the tupe method of tne iational

institutes of rHealth for tlie standardization of anti-kh serums, For
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tuls method O.1 ml. of each serum dilution and 0.1 ml, of the 2 percent
red c2ll suspension were combined, thorougily mixed, incubated in a
water ocath at 37 C, for ©O0 minutes, and centrifuged for 1 minute at
1000 rpm, Eachli tube was examine: over a flourescent 1light for :ross
a.yrlutination, taking care to handle the tube and contents zently. The
titer wA&s recorded as the last serum dilution in which l-plus aggluti-
wation remained for 15 minutes after the first reading., &Each dilution
o0 serum was also testedl by the plastic card metnod descrioed under
Jeneral Proceaures and by the warm slide method described by Griffitts,
»11liott, and Cox (LO) .

Thie results of the three comparative tests are shown in Tables 11
arni: 12, The six commercizl antiserums, which usually represent combined
serums, exhioited titers of 1:6L to 1:12f wuen tested vy the Hational
irstitutes of iHealtn tuve procedurs, Wnils little difference was evidant
L. titers obtained vy the plastic card anc warm slide methods, the
Liters wzre one or two twofold dilutions lower than thoss obtained with
L.i. tabe procedurs, 1he same relative sansitivity was ovserved in tha

Ty

titers founc tor seruarms of indivicduals, Those serwas in whiich a titer

of only 132 or 1l:lL was found with the tube tast were nezativs oy poth
imstic card anc werm slide methods,
The finaing that antivouy determinations on tue plastic card were

=2l positive only on= or wo twofold ailutions less than with the

stzncard tule test verifien thic relativel;

i~ osznsitivity of the plastic

sara mati.od Wwhisl: nan veen incicated elsewhoere, T1That the results with

<tz placstic card methind were comparavle to thosez wit: the warm slide
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mathod also showed that the test was capable of a high degree of sensi-
tivity. Although the warm slide method has not been recommended as a
substitute for tie test tube technique for antibody titretion, it has
Leen considered reasonably accurate, particularly for the preliminary
estimation of titer, and is purported to have the advantage of eliminat-

in¢ zone phenomena in high-titered scrums (LO) .

Detection of weakly reacting Kh positive (DY) antigen. Tune plastic

card metnod is designed for use of fresh capillary vlood, but since it
;L been possible to demonstrate good reactions with vloods submitted

for laboratory testinz, even with diluteu antiserurs, an attempt was made
Lo compare a series of bloods designated as DY variants oy the olood
srouping laboratory,

The first series of 22 bloods w:re ol the low grade DY group. Thuney
h.av been found negative by two different anti-Rig(anti-D) serums, and
tnsy had been tested by the anti-human ~looulin procedure when they were
founi to be positive with an anti-khg'anti-CD) serum. Bach plood sample
consist2d of free cells in its own serus. «S is customar, for warm
slide testing in the absence of oxalated blood or fresh capillary olood,
tue sample was centrifuged ana a portion of s=rum was removed to prepare
a LO-50 percent suspension of the red cs=lls, kacn olood sample was
testes botn by the plastic carda and vy tune warm slide metinoas, weither
procedure was effectivs in detecting any reazction with the most potent
commercial anti-kly serum availaosle, as may ove secn in lable 13. The
same antl-Riig serum had yielded nesgative results in the one-stage tube

Lesvtv.
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Ak second series of 50 bloods was of the weakly reacting Rhg group.
One or both of the tests with two different anti-Rliy serums had opeen
doubtfully positive, or weakly reacting, and the bloods had been con-
firmac as nho(D) positive by thie Coombs anti-globulin procedure, ThLey
were tested oy botl: the plastic card and tne warm slide methods. Of
the 5C cloods tested by the plastic card method, 3L were Rhs(D) positive,
+ were hug(D) nepative, and 7 were inconclusive, When these szme bloods
wore tested by the warm slide method, 35 were ihg(D) positive, 7 were
ni.4\U) negative, ana 7 were inconclusive, Acrain the results ootained
witi: the plsstic card and warm slide methods were similar, but only 70
vercent of the weakly reacting iis(D) positive ovloods were detected by

these methods.,

Coomcs anti-clooulin test, Tue coomos anti-<lovulin tests performec

cirins the field study descrivec wsre maue witi: an anti-human serwn re-
5.-onbt wnich was standardizea orl, for tuve testine., 4 varieily of the
~2a.-0n. standardized Jor use eitier in test tute or slide tests Las since
_:2ome availaole, 4s= of this reagent confirmaed the opinion of some
Wworkers that the dsftection of the antiocdy coated on tlie rea cell vut not
mro-ucing agglutination, as is the cases with the D® variants of kh posi-
Live cvloous, was vetter determincd on a slice or tile than in the tube.

/. comparison was made in the laboratory of the warm slides and plastic
sar. robiods Ior tie detection or confirmetion of the presence of D%

-looz types using tnis new anti-szlobulin reagent. Ten cloods which were

T

LYvyariants of tne "low .rade" rour ustw in tie previous experiment were
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tested. Duplicate preparations of O.,L ml, of 2 percent suspension of
the red cells in saline were sensitized with an equal volume of in-
complete anti-Khg(anti-D) serum by incubation in test tubes in a water
cath at 37 C, for 60 minutes, hed c2ll controls or each vlood were
included in which 20 percent alvumin was used instead of the anti-Rhg
serum, The cells were washed three times with 0,9 percent sodium chloride
solution, After the last contrifucation tlie saline was removed as com-
iletely as possivle to leave a LO-50 percent suspensior. of red cells,
instz:2a of placing the drop of reagent s=rum separately on the slide as
wirccted by thne manufacturer, 0.05 ml, of the anti-human globulin serum
Wwzs adaea to the seaimentea cells in each of ti.e duplicate test tubes
arn2 to the control tube., After tliorou-h mixing, the duplicate mixtures
wepee placed on the plastic cara and on the slide, The mixture on the
s:i.2 was warmeu on 2 viewing oox ani rockea .<ntl; for 2 minutes widle
thiat on the plastic card was allowed to remain undisturved for 2-2 1/2
irutes ana thi2 excess fluic was crained from the cara, as were other
clzsiic card tests. The re=actions wiilh tue two methods wWare not
simificantly different. It was found thnat aansrencs to tiae optiinum
i.2avy red cell suspensior. of LO=50 percent of red cells was mors necessary
“or satisfactory results with the plastic card method than with the warm
5lice method. When tnis was maintained, the results ootained bty the two

reLu0ds Were the same  (Taile 14) .
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DISCULSION

The attempt to evaluate a metliod for determining Llood groups of
tle Ap0 and Riig specificitizs leads one to a consideration of the results
in the 1light of the objesctive, For the blood typing of large numbers of
people for the formation of a living olood bank and for the creation of
a cantralized file of vlood types whichi would be almost immeciately avail-
a.le in case of disaster in any area, the otject is determination of the
most clinically sisnificent vlood groups with: tiz nishest degree of
acouracy compatible wiith present knowledze and tlic reasonable accomplisn-
m=nL 0i that owvwjective.,

It is znerally recogaized tnat lavoratory methods of (lood ityping

e

“rom venous spacimeuns, which mAsy e resortea vo repeatedly for rech.eck-
17, permit a high aerree of accuracy ., I'he metnods generzll, preferred
arc t2st tuve tzciniques, Tie opjections to itest tube procedures for
mess .lood tyrin~ are usually citea as expense, time consumption, regquire-
~ent of nor: apparatus ant equipment, ans the danser ol clerical errors.,
In contrast, the slide test metnods are less expensive ana the results
may ce cotermined immediatel;, out creat objection 1o the slice method
.78 ariscin as a r-sdlt of inaccuracies tial occurred in vlood typing b
slide: metnoa in Worl:d War IT,

in the prescot stuay the aztermination 57 ~50 ana w::(D) blood
crouns vy the plastic cara muthoo, a rodificztion of the slide tecunique,

cynioited a2 tschinical cerror of U1 pereont ana a total error of O . LY
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vercent, when inconclusive resulis and clerical errors were included,
as compared with results found by a laboratory test tube metliod. The
laboratory method involvad the additional use of agglutinin determina-
tions, or reverse typihgs, in the ABO system and the use of multiple
antiserums ana Coombs anti-globulin testing in tie Rh system, With the
Lest tuve methods there was one known error which was due to incorrect
icentification of one ABO vlood group in the 9,053 plood samples, an
srror of 0,01 percent, 1lhese results appear to ue the reverse of those
reported oy w1len, Diamond, and ..adden (3¢) in a stuay of the warm slide
a2thod compared with tue tuve test methods for clood typing using a
srall series of .loods, 1V is eviadent that th: plastic card method
reporved herein woull nave app=2arced evern more accurate had it ceen come
vire. with a less comprehensive method of tupe testing.,

I't.e accuracy of tiw plastic cara mztuod for 430 irouping, even withi-
out racoursz to reverss t,oping, was well illustrated in tnhils series.
{2 one greor in A00 zroupin; was due to an inadszquate plastic card test,
75 wWas readily demonstranle vy repetition ol ths tesi, OSuch an error
ir 2any wotiod can only bLe avoided cy critical ana painstaking attention
to detail, ‘The permanence of the plastic card determination readily re-
vedaled the nature of the error,

It is possiovle ti2t ractors contrivuling to the slide testing in
L0 Llcod sroupine zarly in World War Il werz rwltiple, 7The present
nicme standards of potency for vlood grouping serums were first proposed
Gy b wational Insbitutes of nealth in 1940, The commercial serums now

availavle must possess an adeguate minimum of potenc./ against the




subgroups of A as well as against the A and B antigens.

5L

The subgroups

ol £, which ars tlic most difficult to detect of the A3C group, could

.ave oeen readily overlooked in

(=1

24r

LTS once
iinposes

n- the war with no definits

the vlood tyrin; as it was performec

time requirements for tihe test. The

of tih.e more critical al determination in the series of testis

a2 ltime rcquirement on the toesling widcel, 1s advantageous,

o’

advanta T tie te=st tuve method ir any sarological testing

li2s in t.e fact that results can Le re-examined over a longer period
20 time than is wsaslly possiol: wien sildc tecinigua2s ars ussd, and,
L.-rzfors , ore adntguat. control o clirical error can Lwe inzorporatou.,
. 15 respect, Since i ra2call orn the plasiic cara is not furiner
Zltured Ly oaryis, or 2 irngm, wue prlasuic caru rmicthod possessss remarkavle
5563ioilities Jur tne conbtrol of clerical error, I 2verass slidz teste-
Z: LalS 2rpror ls cronacly ureiiloown, L. vads stuly za crror ol 0,03
Tyt oo2cuarre” Whors: Lnros incorract cecoralin s Wors rac: ol the
T3 1:1S T.E Ul Woree ovioient orn tne cErl,  1nls illustrates tniz value of
= JrLBreLnLL Y LIOT L, Sl e yotoauts uie nelwssit s Ior o a si.s.otusnt

crivicel roview 21 e technical anc clsrical sccuracy wefors an immedi-
atslw racordeil result o< used &s a permarnznt donor card or ue given to
i donor upon cormpletion ol tne lest,

It is xnown tnrat any on:z bt test may fail to 1lentify some of Ll
weri s somotdre DA vardanite of the nhl positlive group, In this series
rnire rlcods, or C.1 warsceny, wers consicercd to ce of this group., It
it L. &unnreciated TLAL LT numo=r o) wliscods rlaced in thils cauvcgory
is ar.el; seconoent orn T Ssnclitivit. ant acowracy ol tng Lesis ussl
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tests to prove or confirm their classification at khg(D) positive., A1l
tuczse ploods might have been considered low grade DY, or even ithgy nega-
nive, nad they been tested by less sensitive methods and the results
Jyould have thus compared even more closely with those of thie card test,
It is interesting that ol tlie Lloods studied because of discrepant
r:3alte or coubtful oplastic cara tests and classifi2ae oy lavoratery
LustinT as weakl, reacting wg(bY) positive tloods, eighit were rh'(C)
Losivive ., an acaitional Liree vloods were hho{u) negative, rh'(C) posi=-
“ive, .one was rit%u) positive, It is pcrnops more sipnificanct that
ozl 01 thired

vloocs woichi wers ori-inglily tiypen Ly the car< method as

i.\l) posiiive cut considered noetive on repeat determination hiad one
contuiully positive Lest amorng tiher cattery of tube tosts used, .one of
L8 Lleoas was positive witlhh thie Coomis anti-rlooulin test following
&l lea sensitivaetion of the cells wilh r'ive aiff.rz=nt seruns, They
wir s therefore consicerea whipg(d) nerative

. 3t is =ntirely possible thau

vies uoe of auditioral anti-taman slobulin sarums rniecnt !

W
[o))
(+
o

vz alter

™

imssiltcaiion of Licesa tests., 1t las sinco v-2n ouscrvea that ailffer-

caees ere apvarent in well stancarcoized anti-tuman o2loovulin scerwaas,

—~

Voo Lo e (U3) recentl, domonstratoa List a definite prozone phienonenon
s oexd.iocined mors: rezailiy in tne tuoe method thsn whern thie thorou hly
wasicu colls in .ecavy susvension are comiineo with tie anti-lwuman ¢looculin
sno& slioe., 1L would oo of intoerest to retest tiwsce vloods with: several
enti-—-ruusan _lovalin swruns,

e plastic card methed for the determination of 43U ana kb tlood

rroups was fournd in tlis stuuy to yielo nipbdy accurate results, 1t

st oo poriormez witl meticulcus attention to detail undier the supervision




ol persons well cognizant of its limitations. It yielded a small number
o inconclusive results with bloods which reguire more than a single
test to cvetermine tlie correct i group. The plastic card method requires

supplemzntary tests to deoetect thids group of cloods,




5¢

SUFIMARY

4L preliminery study of the plastic card metiod [Jor the determi-
reotion ol £:0 zne i tlood roups of t,t7l indiviouals was performec
under field conditions witl: avoerawve supervision, and the results were
conparea witl. the resulis ovtaired withi Lloods from tle same individuals
v atanaard laLoratory procedures, fin annlysis of the dasta indicated
the votentialitles of tie nlastic card metiod and sources of error in
Lo e thod,

s sscond stuty was conuucted in the ficld under rez-definea condi-
tions., Tle ovlood groups of Y¥,053 individuals were determinea oy the
riastic card methiod, and the resulis wers compared witli tiiose indepena-
cruil owtalnea b, lavoraicry vace metiods, When discrevancies existed
celween the results, tiz lavoratory vlood specimcns were sabjecteo to
ore extensive study of tne vlood sroups and second tlood specimens were

sutednes from the doncrs whenever possible,

¥

In che £insl stucy a technical error of C,1/, percent and 2 total
error of O,u, percant, when inconclusive results and clerical errors
Were inclucoed, was found in thw plasiic card metiod for the cgetermination
of £:C and .. clood groups as comparec with standard tuoe methods,
Mhe effect of red cell, antiserwn, ana aliurnin alluent concentration
sical variacles of tire, torporature, and admixture on the

r<sults of the plastic card t=st was studied in a laporatory investisation

of the limitacions ol Lhe pothod,
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The plastic card was examined as a medium for hh antibody deter-
mination, Coomus anti-globulin testing, and study of weakly reacting
kh(DY) antieens, When tuie results werce compared with results ootained
votl: by standard tube and warm slide methods, il was founc that the
plastic card method was somewhat less scnsitive than tine tube methods
wut approximately comparacle to the warm slide method totl. for antibody
titration anu for anti-¢louulin testing, liowever, the plastic card

was unsatisfactery for tiie detection of weakly reacting nlig(D¥) antigens.
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