
APPLIED MICROBIOLOGY, Nov. 1972, p. 742-749
Copyright © 1972 American Society for Microbiology

Vol. 24, No. 5
Printed in U.SA.

Simplified Radioimmunoassay for Diagnostic
Serology

HARRIET D. HUTCHINSON AND DONALD W. ZIEGLER

Center for Disease Control, Health Services and Mental Health Administration, U. S. Department of
Health, Education, and Welfare, Atlanta, Georgia 30333

Received for publication 21 August 1972

A simplified, indirect radioimmunoassay is described for Escherichia coli,
vaccinia virus, and herpesvirus. The antigens were affixed to glass cover slips;
thus both the primary and secondary reactions take place on the cover slips,
and the unbound antiserum is easily separated from the bound antiserum by
rinsing. Rabbit or human immune sera were reacted with the antigens, and the
primary immune complex was quantitated by a secondary reaction with 1251_
indicator globulin (anti-rabbit or anti-human). A direct relationship between
the antiserum concentration and the 125I absorption was established. Variations
in titers were detectable, and the titers were comparable to complement fixa-
tion titers. Homologous and heterologous reactions were distinguishable. The
method affords an objective, quantitative, and qualitative evaluation of anti-
body, and results are reproducible.

Radioassays have been used advantageously
to measure a variety of biological materials.
Methods were first developed for measuring
polypeptide hormones such as insulin, growth
hormones, and lactogenic hormones. The ra-
dioassays developed for hormones were immu-
noassays in which unlabeled hormones com-
peted with labeled hormones for the antibody-
binding sites (1).
The utility of radioassay methodology for

measuring hormones led to application of the
technique to measurement of antibodies to
infectious agents. Several successful radioim-
munoassay (RIA) methods have found little
general acceptance for routine use because
they require complicated and laborious
methods for separating the radiolabeled an-
tigen-antibody complex from the unbound,
labeled materials.
Examples of these methods include the

double antibody precipitation RIA for polio-
virus described by Gerloff and co-workers (3).
A similar microtiter precipitation RIA for
measuring hepatitis-associated antigen was
used by Lander et al. (7). Evans and Yohn (2)
described a slightly less cumbersome method
which used a paired radioiodine technique for
detecting adenovirus 12 tumor antigen. They
used adenovirus-infected tissue culture cells
affixed to glass cover slips in Leighton tubes.
Even this method, however, required manipu-
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lation of at least one tube for each sample.
These RIA procedures are conceptually fea-

sible, but they all require time-consuming
sample preparation and multistep procedures
to remove unbound radiolabeled indicator
globulins. Therefore, alternate procedures
using less complicated methods were consid-
ered. Tanigaki, Yagi, and Pressman (11) have
described a paired label radioantibody tech-
nique for tissue sections and cell smears. The
tissue sections and cell smears were affixed to
glass cover slips, and the antibody was allowed
to react with the antigen affixed to the cover
slips. This method was used to measure only
cellular antigens rather than specific viral anti-
gens. Henle and Henle (5) described an indi-
rect fluorescent-antibody (FA) test for Ep-
stein-Barr virus, in which a crude cell-asso-
ciated antigen preparation was affixed to glass
cover slips. These procedures were used as
models for the development of an RIA proce-
dure which is adaptable to routine serological
tests.

In the RIA procedure to be described, the
antigenic materials are affixed to replicate
glass cover slips. Thus, the method affords a
practical separation of unbound antibody from
bound antibody. After the unbound antibody is
removed, the antigen-antibody reaction is
quantitated by using radioisotope-labeled indi-
cator globulin, and the RIA results are re-
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corded as the incorporated radioactivity for
each antiserum dilution.
RIA is analogous to FA in concept and sensi-

tivity, but measurement of incorporated ra-
dioactivity in RIA offers clearcut advantages
over measurement of fluorochrome excitation
in FA. Because of difficulties associated with
the development of excitation scanners, re-
ports of quantitation and automation of con-
ventional FA techniques have been limited (9,
10, 12). In addition, the results in each of the
methods are only semiquantitative. Since
measurement of radioactivity is quantitative,
RIA offers an alternative to attempts to quan-
titate and automate conventional FA methods.

MATERIALS AND METHODS
Viruses. Vaccinia virus, Connaught strain, was

obtained from the Viral Exanthems Unit, Center for
Disease Control, Atlanta, Ga. Stock virus was grown
in human epithelial (HEp-2) tissue culture mono-
layers and harvested when approximately one-half of
the cells exhibited cytopathic effects. Herpesvirus
hominis, McIntyre strain, was obtained from the
Respiratory Virology Unit, Center for Disease Con-
trol. Stock herpesvirus was grown in primary rabbit
kidney (PRK) tissue culture monolayers, and it too
was harvested before all cells exhibited cytopathic
effects. The viruses were harvested by scraping the
tissue culture cells from the glass and were washed
twice with phosphate-buffered saline (PBS; pH 7.2;
0.0081 M Na2HPO4, 0.0015 M KH2PO4, 0.137 M
NaCl, and 0.0027 M KCl). The cells from each 32-oz
(ca. 0.97 liter) prescription bottle were resuspended
in 10 ml of PBS. Samples (0.1 ml) of the virus suspen-
sions were allowed to spread over the surface of
cover slips (8 by 30 mm) attached to the edge of
microscope slides. The cover slips were air dried,
and the cells were acetone-fixed. The cover-slip cul-
tures were stored at -20 C in desiccators containing
a nitrogen atmosphere.

Bacteria. Escherichia coli, strains 01 and 0119,
were obtained from the Biological Reagents Section,
Center for Disease Control. The bacteria were grown
in nutrient broth for 24 hr at 37 C. The cells were
harvested by centrifugation at 1,000 x g, washed
twice with PBS, and suspended in 10 ml of distilled
water. Cover-slip cultures were prepared as indi-
cated for the virus cultures.

Antisera. Human and rabbit globulins were pre-
pared by precipitating human and rabbit sera suc-
cessively with 18, 14, and 12.5% sodium sulfate (6).
The precipitated globulins were suspended in borate
saline buffer (0.15 M NaCl, 0.002 M H3B03, pH 7.4).
The globulins were dialyzed against 0.0175 M phos-
phate buffer to remove the sodium sulfate. The pro-
tein content was estimated spectrophotometrically
at 280 nm.
The human and rabbit globulins were used to

immunize 500-g male guinea pigs. The guinea pigs
were initially inoculated intradermally with 2 mg of
globulin diluted twofold with Freund complete adju-

vant. The animals received intraperitoneal booster
inoculations of 2 mg of globulin biweekly until they
developed high antiglobulin titers. The titers were
determined by the Ouchterlony procedure of double
diffusion in agar. The specificity of the antiglobulins
was tested by immunoelectrophoresis.

Iodination. Globulin was prepared from guinea
pig anti-human and anti-rabbit sera by sodium sul-
fate precipitation (6) and dialysis against 0.0175 M
phosphate buffer. Protein content was measured
spectrophotometrically at 280 nm.
The globulin was iodinated by the McConahey

and Dixon (8) modification of the Greenwood
method (4), with chloramine-T as the oxidizing
agent. 1251 in carrier free form was added at a con-
centration of 50 ACi/mg of protein. Unbound 1251
was removed by dialysis for 24 to 72 hr against sev-
eral changes of 0.1 M phosphate buffer at 4 C.
RIA procedure. The RIA procedure was identical

for both the viral and the bacterial assays. Specific
antisera for vaccinia virus, herpesvirus, and E. coli
were diluted serially in PBS containing 10% fetal
calf serum. Samples (0.1 ml) of each dilution were
added to duplicate cover-slip cultures of virus or
bacteria. The cover slips were incubated at 37 C in a
moist atmosphere. After incubation, the excess
serum dilutions were drained from the slides, and
the slides were washed twice with PBS and partially
dried.

Guinea pig anti-rabbit or anti-human '25I-labeled
globulin was diluted in PBS. The globulin used was
specific for the antiserum species used in the pri-
mary antigen-antibody reaction. Samples of 0.1 ml
of 1251-labeled globulin were added to each slide. The
slides were again incubated at 37 C in a moist at-
mosphere. The slides were drained, washed twice
with PBS, dehydrated with two changes of 95%
ethanol, and air dried. The incorporated radioac-
tivity was counted in a Packard autogamma scintil-
lation spectrometer.

Individual variations of the above procedure were
used to determine the optimal conditions for the
assay. The variables included time of incubation,
number of washes, and concentration of each re-
agent. The variations will be described below.

RESULTS AND DISCUSSION
Indirect immunological procedures involve

two antigen-antibody reactions. In the first
reaction, specific antibody combines with the
antigen. In the secondary reaction, species-
specific 1251-labeled anti-immune globulin ( 1251_
indicator globulin) combines with the anti-
body in the initial antigen-antibody complex.
Therefore, if the anti-immune globulin is radi-
oactively labeled, the second antigen-antibody
reaction can be used to quantitate the first
reaction.
We have developed an indirect RIA in which

the antigen is fixed on cover slips attached to
microscope slides. Each of the immunological
reactions occurs with the primary antigen af-
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fixed to the glass surface. In both of the immu-
nological reactions, the concentration of the
reactants and the optimal conditions for the
reaction were determined.
Antigen concentration. The effect of

varying the concentration of antigen was con-
sidered for both bacteria and viruses. A stock
suspension of E. coli was adjusted to an optical
density of about 0.2 at 650 nm. This concen-
tration of bacteria was designated as an undi-
luted suspension. Variations in the RIA due to
antigen concentration were assessed by pre-
paring 10-fold serial dilutions of this suspen-
sion, affixing the diluted antigen to separate
cover slips, and reacting each preparation with
a 1: 10 dilution of specific antiserum. As a
blank control for the antigen-antibody reac-
tion, diluent was substituted for the 1: 10 dilu-
tion of specific antiserum.
The specific antiserum dilution absorbed

about four times as much '251-guinea pig anti-
rabbit globulin as the corresponding control
(20,200 counts/min: 5,200 counts/min) when
an undiluted antigen preparation was used.
However, the undiluted antigen preparation
was the only concentration of antigen which
differentiated between the specific antigen-
antibody reaction and the control. As the an-
tigen concentration was decreased, the nonspe-
cific absorption of 1251-indicator globulin in-
creased. The reaction with undiluted antigen
control absorbed 5,200 counts/min of 1251-in-
dicator globulin, whereas the same reaction
with a 1:1,000 dilution of E. coli antigen ab-
sorbed 15,400 counts/min. Furthermore, as the
antigen concentration was decreased, the spe-
cific antiserum absorption of 1251-indicator
globulin decreased. The undiluted antigen-an-
tibody reaction absorbed 20,200 counts/min of
1251-indicator globulin, and the same reaction
with a 1:1,000 antigen dilution absorbed
10,600 counts/min.
These data suggest that it is imperative to

affix excess antigen to the cover slips. This
assures complete saturation of the primary
antigen-antibody reaction. In addition, the use
of excess antigen eliminated nonspecific
binding of the indicator globulin. The results
showed conclusively that, with sufficient anti-
gen, specific antigen-antibody reactions are
easily distinguishable from nonspecific 1251
absorption.
The optimal concentration of vaccinia an-

tigen was also investigated. The vaccinia an-
tigen consisted of three separate suspensions of
virus-infected HEp-2 cells, each having a dif-
ferent viral titer. Each antigen preparation
and the cell control were adjusted to contain

equal cell concentrations. Samples of each
suspension were spread on cover slips, air
dried, and fixed with acetone.
Each cover slip with its affixed antigenic

material was allowed to react with an equal
volume of a single dilution of specific anti-
serum. Blank controls were included for each
antigen concentration. Finally, all cover slips
were reacted with 1251_indicator globulin, and
the radioactivity was determined.
An antigen preparation containing 106.7

median tissue culture infective doses (TCID50)/
0.1 ml incorporated approximately 18,000
counts/min of 125I-indicator (anti-rabbit) glob-
ulin after reaction with the rabbit anti-vac-
cinia serum. The corresponding serum controls
for this inoculum incorporated approximately
4,800 counts/min of 125I-indicator. Antigen
preparations containing 106 ° TCID5dO.1 ml
and 104- 5TCID5dO.1 ml absorbed 15,500 and
12,000 counts/min of '251-indicator globulin,
respectively, when treated with specific anti-
serum. The corresponding controls for these
inocula absorbed 5,300 and 7,200 counts/min
of 125I-indicator globulin, respectively.
These data indicated that the antigen prepa-

rations with the highest virus titer gave the
maximal specific antigen-antibody reactivity
with minimal nonspecific 125I binding. Al-
though the background 12 5I absorption in-
creased with decreasing antigen concentration,
it was not as marked as that observed with the
E. coli preparations. The protein concentra-
tions were approximately equivalent in the
vaccinia preparations; therefore, less change in
the nonspecific binding would be anticipated.

Specificity of 125I-antiglobulin. The speci-
ficity of the 1251-indicator globulin was evalu-
ated by studying the competition between ra-
dioactively labeled and unlabeled antiglobulin
for the specific antibody bound to the antigen
in the primary reaction. The effect of unla-
beled anti-rabbit globulin on the binding of 1251
indicator globulin was determined by main-
taining a constant concentration of 125I-indi-
cator globulin and varying the concentration of
unlabeled anti-rabbit globulin.
As the concentration of unlabeled anti-

rabbit globulin was increased, the binding of
125I-indicator globulin decreased (Fig. 1). The
relationship was linear when the ratio of radio-
actively labeled to unlabeled globulin was be-
tween 1/2 and 1/8. However, at ratios greater
than 1/2, the relationship deviated from linear-
ity, and at a ratio of 2/1 the maximal absorp-
tion was attained. At ratios less than 1/8, the
radioactivity of absorbed 1251-indicator globulin
approached the radioactivity of the control
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slides. Despite these observed changes in the
presence of antiserum, there were no concomi-
tant changes in the blank control as unlabeled
antiglobulin concentration was increased.
These results showed that l25l labeling is

competitively inhibited by unlabeled globulins
and, therefore, that the 1251 absorption is a
specific measure of the primary antigen-anti-
body reaction. They'also provide evidence that
iodination does not markedly denature the
protein.
Concentration of 125I-antiglobulin. In di-

rect immunoassays, a secondary antigen-anti-
body complex is used to quantitate the pri-
mary immunological response. For accurate
quantitation of the primary response, an ex-
cess of the secondary labeled antibody should
be used. The effect of variations in the quan-
tity of 1251_labeled antiglobulin was, therefore,
considered for both rabbit and human immune
antisera.
The optimal concentration of 1251I guinea pig

anti-rabbit globulin was determined by re-
acting constant concentrations of E. coli with
a constant concentration of rabbit anti-E. coli
serum (1:40 dilution) and a diluent control.
The concentration of 1251-indicator globulin
(anti-rabbit) was varied from 4.2 to 83.3 pg.
Each concentration was contained in 0.1-ml
fractions.
As the concentration of the 1251-indicator

globulin was increased, the absorption of the
labeled globulin increased in both the anti-
serum and control reactions. A marked rise in
the 1251 absorption was observed in the anti-
serum reaction as the concentration of '25I-in-
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FIG. 1. Competitive inhibition of 125I guinea pig
anti-rabbit globulin absorption by unlabeled anti-
rabbit globulin. Each cover slip was reacted with a
constant amount of 125I-indicator globulin (0.021
mg/cover slip) plus the amount of unlabeled globulin
indicated on the abscissa. Symbols: A, specific E.
coli antiserum; V, diluent control.

dicator globulin was increased from 4.2 to 16.7
,ug/slide. At a concentration of 16.7 ,ug/slide,
the antiserum absorbed about three times as
much 125-indicator globulin as the control. At
concentrations greater than 16.7 ag/slide, the
1251 absorption continued to increase. How-
ever, as the concentration approached 83.3
,ug/slide, the ratio of the specific to nonspecific
reactions decreased to about two. Although
maximal 1251 absorption was not attained even
with 83.3 mg of the labeled protein, it was not
feasible to use greater concentrations. Thus we
have used concentrations between 16.7 and
50.0 mig/slide.
The optimal concentration of 1251_indicator

globulin (anti-human) was determined in a
similar manner, except that the primary an-
tigen-antibody reaction consisted of Herpes-
virus hominis and a human hyperimmune
herpes antiserum. Again, the concentrations of
antigen and antigen-specific antibody were
constant. The controls for this trial consisted
of uninfected PRK cells absorbed with the
herpes-immune serum. The concentration of
1251 guinea pig anti-human globulin was also
varied from 4.2 to 83.3 ,ug/sample.
The amount of 1251-indicator globulin bound

by the specific antigen-antibody complex in-
creased markedly as the concentration of the
labeled globulin was increased from 4.2 to 16.7
,ug/slide. At these concentrations, absorption
by the specific reaction was approximately
three times the absorption for the blank con-
trol cover slips. However, at concentrations
between 16.7 and 83.3 ug/slide, the increased
absorption of 1251-indicator globulin by the
specific reaction was equal to that of the con-
trol. We therefore chose a concentration range
of 25 to 40 ug 1251 guinea pig anti-human glob-
ulin per cover slip for routine use in RIA.
Time of incubation. The optimal time of

incubation was determined for the primary
and secondary antigen-antibody reactions with
both E. coli and herpesvirus. The time rela-
tionship for both the primary and secondary
reactions was examined by incubating each
reaction for 15, 30, 60, 90, and 120 min. The
time of incubation giving maximal specific 1251
incorporation for the antiserum and minimal
incorporation for controls was considered to be
the optimal incubation time.
With E. coli as the primary antigen, absorp-

tion of 125I-indicator globulin increased about
30% when the time of the primary reaction was
increased from 15 min to 60 min. The concom-
itant increase in the control was approxi-
mately 20%. Incubation times of 90 and 120
min resulted in slight decreases in the specific
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absorption with little change in absorption by
the control antigens. Since 60 min of incuba-
tion showed the greatest 125I incorporation, it
was taken as the optimum and used in all sub-
sequent experiments.

Herpesvirus hominis showed about a 50%
increase in specific 125I absorption when the
primary incubation time was increased from
15 min to 90 min; beyond 90 min there was no

further absorption of '25I-indicator globulin.
The controls at each incubation time gave

nearly the same 125I-indicator globulin absorp-
tion. An incubation time of 90 min was there-
fore used in all subsequent experiments with
herpesvirus.
The secondary reaction for E. coli showed

substantial increases (up to 3.3-fold) in the 1251
absorption when the incubation time was in-
creased from 15 to 120 min. However, the an-

tigen controls likewise showed large increases
in the 125I absorption. Thus the nonspecific, as

well as the specific, binding increased with
time. The ratios of specifically bound 125I-in-
dicator globulin to the amount of labeled glob-
ulin bound to antigen controls were greatest
with incubation periods of 30 and 60 min (5.2
and 4.0, respectively, for the 1: 10 antiserum
dilution). Because of the very high blank con-

trols, the ratios at 90 and 120 min were sub-
stantially reduced. Hence, the secondary E.
coli antigen-antibody reaction was incubated
for 30 to 60 min in all subsequent experiments.
The secondary reaction for herpesvirus, like

that for E. coli, produced large increases (up to
threefold) in the 1251 absorption as the time of
incubation was increased from 15 min to 120
min. Unlike that of the E. coli system, the
nonspecific binding did not increase substan-
tially. Therefore the increased absorption with
time can be regarded as specific antigen-anti-
body reactivity. Although the greatest binding
of labeled globulin was attained after 120 min,
the rate of binding decreased and approached
completion during the period of 90 to 120 min.
Longer incubation periods were not tested, and
90 to 120 min was used in all trials with her-
pesvirus.
Removal of unabsorbed immune globu-

lins. Adequate rinsing to remove nonspecifi-
cally bound immune globulins is required after
both the primary and secondary reactions. The
optimal number of rinses was determined for
both the primary and secondary E. coli an-

tigen-antibody reactions. The two reactions
were tested separately. A 1: 10 antiserum dilu-
tion and a blank control were used for both.
Reactants were added to antigen affixed on

cover slips, absorbed, and finally rinsed zero,

one, two, four, or six times in PBS. When the
optimal number of rinses for either the pri-
mary or secondary reaction was determined,
the reactant from the other reaction was rinsed
twice.
The results of variation in the number of

rinses after both the primary and secondary
antigen-antibody reactions are shown in Ta-
bles 1 and 2, respectively. The results for the
primary reaction show that the slides must be
rinsed to remove nonspecific materials which
prevent reaction of the indicator globulin with
the antigen-antibody complex. A single rinse
with PBS increased the specific absorption of
1251-indicator globulin by about 50%. One or
two rinses permitted maximal absorption of
125I-indicator globulin by the antigen-antibody
complex, whereas absorption of the radioactive
indicator by the diluent controls was minimal
with this treatment. Additional rinses caused
decreased specific 125I absorption, increased
nonspecific 125I absorption by the controls, and
increased standard deviations for both the spe-
cific and nonspecific reactions. The errors as-
sociated with additional rinses were probably
caused by loss of the antigen-antibody com-
plex. Visual inspection confirmed loss of mate-

TABLE 1. Radioactivity remaining after removal of
unabsorbed E. coli immune globulin in the primary

antigen-antibody reaction

Antiserum Antigen control
No. of
rinses Counts/ Coeff. Counts/ Coeff.

mina var.6 mina var.6

0 6,737 2.3 2,612 6.2
1 13,560 2.4 2,630 10.6
2 13,209 4.8 3,002 8.7
4 12,076 9.0 3,864 9.0
6 8,516 9.8 5,004 14.7

a Mean of six replicates.
'Coefficient of variation.

TABLE 2. Radioactivity remaining after removal of
unabsorbed '2'I-indicator globulin in the secondary
reaction from the E. coli antigen-antibody complex

Antiserum Antigen control
No. of
rinses Counts/ Coeff. Counts/ Coeff.

mina var.b min var.b

0 28,501 26.6 16,035 29.3
1 13,944 16.1 5,301 36.5
2 13,223 4.3 3,505 6.6
4 11,216 13.6 2,155 16.1
6 11,223 20.9 3,303 32.0

a Mean of six replicates.
b Coefficient of variation.
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rial from the cover slips. Hence, one or two
rinses of the primary reaction were established
as standard procedure.

Next, the rinse requirements for the sec-
ondary reaction were determined. These re-
sults (Table 2) show that a single rinse re-
moved most of the excess 1251-indicator globu-
lin, but the standard deviation was abnormally
high, indicating insufficient rinsing. One rinse
removed about 50% of the radioactive iodine
from the antiserum-treated cover slips and
about 67% from the control cover slips. A
second PBS rinse removed only an additional
5% of the radioactivity, but the standard de-
viation for six replicates was reduced consider-
ably. The radioactivity of control cover slips
treated identically was reduced 34%, and the
standard deviation likewise was reduced sub-
stantially. Additional rinses caused increased
standard deviations for both the antiserum
dilutions and controls. Again, as in the pri-
mary reaction, the increased standard devia-
tions with four to six rinses reflected a loss of
antigen from the cover slips. We concluded
from these results that two PBS rinses are op-
timal for removal of excess '251-indicator glob-
ulin in the secondary reaction.

Reproducibility. The reproducibility of this
RIA was tested with E. coli 01 and its specific
antiserum. The variables considered were
those which could grossly affect the reproduci-
bility of the method: different lots of antigen,
different lots of 125I-indicator globulin, and
variations in the antiserum dilutions.
The same lot of antiserum was used in all of

the tests, but fresh dilutions of antiserum were
prepared for each experiment. Twofold anti-
serum dilutions (1: 10 to 1: 160) were used for
replicate trials. The separate evaluations in-
cluded trials with antisera diluted at different
times but with the same antigen preparation
and '251-indicator globulin preparations. Alter-
natively, separate trials were performed with
different lots of antigen and 1251-indicator
globulin but with identical antiserum dilu-
tions. When all of the variables were consid-
ered, the coefficient of variation ranged from
8.9 to 20.6% for the individual antiserum dilu-
tions. The various conditions yielded an av-
erage titer of 1:54 (end points represented as
the antiserum dilution twofold greater than
control 1251 absorption). The range of titers for
five trials was 1: 48 to 1: 73.
The greatest variation was observed when

different lots of 1251-indicator globulin were
used with identical antiserum dilutions and
antigen preparations. Since corrections were
not made for differences in the specific ra-

dioactivity of the globulins, it is believed that
differences in this parameter contributed to
the differences in 1251 absorption observed in
the experiments.
Application of RIA. To establish the feasi-

bility of the RIA method for general use, we
applied the procedure to three typical labora-
tory experiments. These experiments include
the differentiation of two strains of E. coli and
their respective antisera, evaluation of anti-
herpes titers in human antisera, and quantita-
tion of the immunological response to vaccina-
tion.

(i) Bacterial strain differentiation. The
reactivity of antibacterial antisera in RIA was
determined with two strains of E. coli (01 and
0119) and their respective antisera. Twofold
dilutions of rabbit antisera to the E. coli strain-
specific somatic "O" antigen were allowed to
react with homologous and heterologous cell
cultures.

Figure 2 shows the results of RIA with ho-
mologous and heterologous reactions. The con-
trols for which PBS diluent was substituted for
the anti-E. coli antiserum dilutions absorbed
less than 3,000 counts/min of 125I-indicator
globulin. The absorption by the control was
approximately one-half the absorption by the
lowest antiserum dilution (1:5) for the least
reactive antiserum. Furthermore, the binding
of 125I-indicator globulin for each of the spe-
cific antigen-antibody reactions was linear
over a 4- to 32-fold range of antiserum dilu-
tions.
That the homologous reaction is distinguish-

able from the heterologous reaction is indi-
cated by the differences in absorption of 125I-
indicator globulin. The reaction of E. coli 01
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RECIPROCAL ANTISERUM DIWTION

FIG. 2. Reaction of homologous and heterologous
antisera (AS) with E. coli strains 01 and 0119. Dil-
uent was substituted for antiserum in the blank con-
trol. Blank control is represented by the cross-
hatched area drawn parallel to the abscissa.
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antigen with its homologous antiserum was
approximately 2.5-fold greater than the heter-
ologous reaction with 0119 antiserum. The re-
action of E. coli 0119 antigen with its homolo-
gous antiserum was approximately 4.4-fold
greater than the heterologous reaction with E.
coli 01 antiserum.

(ii) Survey of anti-herpesvirus activity
in human sera. Four human sera (A, B, C,
and D) were examined by the RIA method for
anti-herpes activity. Twofold dilutions of each
serum were prepared and allowed to react with
duplicate herpes-coated cover slips.
The results show that at the highest concen-

tration each of the antisera absorbed more 1251_
indicator (antihuman) globulin than either the
antigen or antiserum controls (Fig. 3). The
range of the blank controls is represented by
broken lines drawn parallel to the abscissa.
Antisera A and B absorbed between four and
five times as much 125I-indicator globulin at
the highest serum concentrations as the an-
tigen or antiserum controls. Furthermore, the
relationship between the absorbed radioac-
tivity and the antiserum dilutions was linear
over a 32-fold range. Antiserum dilutions of
lower reactivity (curves C and D, respectively)
produced a similar linear response over ap-
proximately an eightfold range, and the max-
imal 12 5I absorption was at least twice as great
as the controls. The RIA method clearly dis-
tinguishes between sera of low and high reac-
tivity.
When the counts/min of bound 1251-indicator

globulin is plotted against the reciprocal of the
antiserum dilution, the slopes for different sera
varied. In this study, the slope of curve A (Fig.
3) differed from that of the other three curves.
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This difference in slopes has not been investi-
gated, but it may reflect a qualitative differ-
ence between sera of different antigenic speci-
ficity.

(iii) Immune response to vaccination in
rabbits. Rabbits were immunized with vac-
cinia virus and bled sequentially twice weekly
beginning 3 days after immunization. Booster
doses of virus were given 28 and 63 days after
the primary immunization. Five fold dilutions
of preimmune sera and 7-, 69-, and 80-day
postimmune sera were prepared. Duplicate
samples of each serum dilution were absorbed
to slides containing HEp-2 cells infected with
vaccinia virus and uninfected HEp-2 cell con-
trols. Additional blank controls were included
in which diluent was substituted for antisera.
RIA antiserum titers are plotted in Fig. 4.
The results show that vaccinia-infected cells

reacted with rabbit anti-vaccinia sera absorbed
significantly more 1251-indicator globulin than
the controls. The two types of background con-
trols bound nearly equal amounts of '25I-indi-
cator globulin. Again, the range of the back-
ground radioactivity is represented in Fig. 4 by
the broken lines drawn parallel to the abscissa.
An expression of the relationship between

the absorption of the radioactivity and corre-
sponding serum dilution was obtained by plot-
ting the logarithm of the counts per min per
cover slip on the ordinate and the logarithm of
the reciprocal of the serum dilution factor on
the abscissa (Fig. 4). A linear relationship was
obtained over at least a 20-fold range. The 125I-
absorption curve of each antiserum dilution
series reflects the anticipated antibody rises.
The absorption of 1251-indicator globulin by
preimmune serum is about equivalent to that
for the controls. However, 7 days after immu-
nization, the antiserum shows an increased 1251
absorption, and antisera taken after two
booster inoculations show even greater 125I
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FIG. 3. Reaction of randomly chosen human sera
(A, B, C, and D) with Herpesvirus hominis. Antigen
controls (uninfected cells) and blank controls (dil-
uent substituted for antiserum) are represented by
the cross-hatched area drawn parallel to the abscissa.
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FIG. 4. Determination of the sequential appear-
ance of antibodies by vaccinated rabbits. Antigen
controls (uninfected cells) and blank controls (dil-
uent substituted for antiserum) are represented by
the cross-hatched area drawn parallel to the abscissa.
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TABLE 3. Comparison of antivaccinia activity of sera
from vaccinated rabbits by complement fixation and

RIA

Antisera dilution
Days after

immunization Complement RIAb
fixation"

0 1:10 < 1:10
7 1:40 1:10

69 >1:320 1:60
80 >1:320 1:120

a Highest serum dilution fixing complement.
'Serum dilution yielding twice the counts/min

obtained with control material.

absorption. These results indicate that anti-
bodies arising from specific immunization can
be detected and quantitated by the differences
in absorption of the radioactive antiglobulin.
Comparison of RIA and complement fixa-

tion methods. RIA and complement fixation
titers for sera of vaccinated rabbits (Fig. 4)
were compared (Table 3). The complement
fixation titers increased progressively from
1: 10 before immunization (0 day) to 1: 320 or
greater on the 80th day after immunization.
In the RIA procedure, end-point dilutions
were the antiserum dilutions causing twice as
much 1251-indicator globulin absorption as the
blank controls. The RIA titers in this com-
parative study ranged from less than 1: 10 on
day 0 to 1:120 on the 80th day after immuni-
zation. The progression of complement fixa-
tion titers is in agreement with the increased
binding of 1251-labeled globulin in the RIA pro-
cedure with the same sera.
The limits of the antigen-antibody specific-

ity detected by RIA have not been determined.
RIA, which closely resembles fluorescent-
antibody serological techniques, probably
measures a variety of antigens including those

measured by complement fixation, hemagglu-
tination inhibition, precipitation, and neutrali-
zation. However, RIA is at least equally effec-
tive for qualitative and quantitative evaluation
of antibody and is more objective than these
conventional serological techniques.
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