
Table 1. Virucidal effect of the peroxidase-halide-hydrogen peroxide system. The reaction 
mixture (final volume 1.0 ml) contained 20 /zmole of sodium lactate buffer (pH 4.5) for polio- 
virus and 20 amole of sodium-potassium p..ospLate buffer (pH 6.0) for vaccinia virus, either 
poliovirus [105-2 TCID50/ml or 3.0 X 106 plaque-forming units (PFU) per milliliter, as indi- 
cated] or vaccinia virus (104-2 TCID,,/ml), and the supplements as follows: MPO, 30 units; 
LPO, 30 units; H2,O, 0.1 ,umole; Nal, 0.1 ,umole; NaBr, 0.1 Aumole; and NaCl, 10 ,umole. The 
total number of monolayer cultures inoculated at each virus dilution is shown in parentheses. 
Statistical analysis was performed as described by Finney (9). 

TCID,/ml + S.E. PFU/ml 
Supplements poliovirus Poliovirus Vaccinia virus* poliovirus 

None 105.2?0.07 (48) 104.2?0.2 (12) 3.0 X 106 (8) 
MPO+H2O0+NaI 100.8?009 (24)t 01.4-0. (8)t < 100 (10)t 

MPO(heated) +H202+NaI 104-9018 (8) 2.7 X 106 (6) 
MPO+H,O2 104.8-.2 (8) 10-.l-o-a (12)t 2.8 X 106 (4) 

MPO+NaI 105-1?0-27 (8) 103.70.1 (8) 2.6 X 106 (10) 
H,O2+NaI 105.-?.008 (8) 104.0?02 (12) 2.5 X 106 (10) 

MPO+H,22+NaBr 100.80.14 (12)t 
MPO+H2 +NaCI 1010.22 (12) t 
LPO+H20,2+NaI 100.7?0.10 (20)t 10o0.s-o. (8) < 100 (6)t 
LPO(heated) +H202+Nal 105.-3?0.2 (8) 2.8 X 106 (4) 
LPO+Ho02 105.0+0.2 (12) 102.6?0.1 (12)t 2.5 X 106 (6) 
LPO+NaI 105.4?0.21 (8) 104.1?0.2 (8) 3.6 X 106 (4) 
LPO+H20,+NaBr 10( .Io.38 (8) t 
LPO+H02 +NaCI 105.0?0.19 (8) 

* Vaccinia virus was used at pH 6.0 due to its inactivation in buffer alone at a more acid pH, 
t Value significantly different from that of the control (P < .01). 
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occurs under conditions in which a bac- 
tericidal effect is observed, and thus 
the two may be causally related (2). A 
similar ,mechanism may explain the 
virucidal effect of the peroxidase-io- 
dide-hydrogen peroxide system since 
iodination of virus particles can occur 
and may result in a loss of infectivity 
(11). Myeloperoxidase and H202 have 
an antimicrobial effect in the absence 
of halide under certain conditions (3, 
12). A significant but reduced virucidal 
effect on vaccinia virus (but not on 
poliovirus) in the absence of halide was 
observed here. The addition of a halide 
with the virus preparation or with the 
other reagents cannot be excluded. 

The components of the peroxidase- 
halide-hydrogen peroxide virucidal sys- 
tem are present in mammalian tissues 
and extracellular fluids. Peroxidases are 
found in the mammary, salivary, lac- 
rimal, and harderian glands and their 
secretions (lactoperoxidase), in neutro- 
phils (myeloperoxidase), in eosinophils, 
and in the thyroid. Hydrogen peroxide 
is formed in the polymorphonuclear 
leukocyte after phagocytosis (13), in 
certain extracellular fluids (for exam- 
ple, by the xanthine-xanthine oxidase 
system in milk), and by microbial me- 
tabolism either within leukocytes or 
extracellularly. The halides are widely 
distributed in extracellular and intra- 
cellular fluids although their concen- 
tration varies. 

Many viruses are engulfed by neutro- 
phils, mononuclear cells, and tissue mac- 
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rophages (14-16). Some investigators 
have emphasized the protection afforded 
by intraleukocytic residence of viruses 
against specific antibodies and other 
nonspecific viral inhibitors of blood 
and have pointed to phagocytosis as a 
means of disseminating viral particles 
(15). However, others have reported a 
rapid decrease in the titer of certain 
viruses following ingestion by leuko- 
cytes (16). The nature of the intra- 
leukocytic virucidal systems is not 
known. Peroxidase-mediated systems 
may exert a virucidal effect in leuko- 
cytes and in certain extracellular fluids 
(for example, saliva, milk, tears, and 
areas of inflammation) and may thus 
contribute to the host defense against 
viral infection. 
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Compete for a Cell Occurring 
with Limited Frequency 

Abstract. Experimentally altered abil- 
ity of transferred spleen cells to gen- 
erate hemolytic plaque-forming cells 
provided evidence that antigens com- 
pete for a type of multipotential cell 
that contributes to the formation of 
immunologically competent units. De'ay 
of exposure of transferred spleen cells 
to antigen provided results which sug- 
gest that different types of cells inter- 
act to form competent, antigen-reactive 
units even in the absence of antigen. 

Concurrent primary antibody forma- 
tion against an unrelated antigen quan- 
titatively reduces the primary immune 
response to a given test antigen. Im- 
munologists have known of antigen 
competition for many years (1; for 
review, see 2) but have no satisfactory 
explanation of the manner in which 
antigens compete. Competition occurs 
between soluble antigens (3), particu- 
late antigens (4-6), a soluble and a 
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tion against an unrelated antigen quan- 
titatively reduces the primary immune 
response to a given test antigen. Im- 
munologists have known of antigen 
competition for many years (1; for 
review, see 2) but have no satisfactory 
explanation of the manner in which 
antigens compete. Competition occurs 
between soluble antigens (3), particu- 
late antigens (4-6), a soluble and a 
particulate antigen (7), and between 
chemically defined haptens (8-10). Re- 
sponse to a particulate antigen may pro- 
long survival of allografts (5, 7). Sev- 
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eral authors conclude that antigens do 
not compete at the level of immuno- 
competent cells (6, 11, 12), but com- 
petition probably involves some type of 
humoral factor (6). Others (4, 5, 8, 
9) have interpreted their studies as in- 
dicating competition for some type of 
multipotential cell-either an antigen- 
processing cell or an ancestor of anti- 
body-producing cells. 

Most of our studies on competition 
of antigens (13) concern production of 
hemagglutinating antibodies. The perti- 
nent aspects of these studies are: (i) 
Competition of antigens is displayed by 
cells derived from the nonprimed ani- 
mal but not by cells from animals pre- 
primed with the test antigen; (ii) com- 
petition is not the result of physical 
blockade that might prevent the test 
antigen from reaching sites of immuno- 
logically competent cells; (iii) competi- 
tion is greatest when 3 to 4 days sepa- 
rate administration of competing and 
test antigens; and (iv) a high dose of 
competing antigen virtually eliminates 
response to the test antigen when the 
number of immunologically competent 
cells in the intact mouse is nonspe- 
cifically reduced by x-rays (200 r) only 
to the extent that the remaining fraction 
of cells does not exceed the number 
responsive to an optimum dose of test 
antigen (14). In this report, we describe 
an analysis of antigen competition in 
which the production of hemolysin- 
forming cells was assessed by the pro- 
cedure of Jerne et al. (15). Our results 
and conclusions differ from those in 
similar studies by Radovich and Tal- 
mage (6). 

Our procedure was to assess the im- 
mune response of varying numbers of 
immunologically competent cells in the 
presence or absence of a competing 
antigen. Recipient mice (16) were x- 
irradiated (850 r) and immediately in- 
jected intravenously with spleen cells 
from unprimed, syngeneic donors. Com- 
peting antigen, when used, was mixed 
with the spleen cells in vitro and the 
mixture injected into recipient mice. 
Donor spleen cells were administered 
in a graded series of doses. 

Horse erythrocytes (Hrbc) were used 
as the competing antigen and sheep 
erythrocytes (Srbc) as the test antigen, 
both in near-maximum quantities. There 
is little cross-reaction of antibodies di- 
rected against these antigens (6). When 
the competing antigen was used, each 
mouse received 2 X 109 Hrbc. Three 
days later, the Srbc were injected, and 
the response to Srbc was assessed in 
9 JANUARY 1970 

groups of mice killed daily to deter- 
mine the peak production of hemolytic- 
plaque-forming cells (PFC). The 3-day 
separation of the injection of the two 
antigens assured maximum competition 
(4, 6, 13). Measurements of production 
of PFC against Srbc as a function of 
the number of donor cells transferred 
to recipients gave positive control data. 
The Srbc were injected 3 days after 
spleen cell transfer. 

Figure 1 shows the peak production 
of PFC as a function of the number of 
donor spleen cells for noncompetitive 
and competitive conditions, and also 
the background control level of PFC 
produced by transferred spleen cells 
not stimulated with Srbc. For both 
competitive and noncompetitive condi- 
tions, the relation between the loga- 
rithms of the yield of PFC and of the 
number of spleen cells transferred is 
monophasic. Both lines extend to back- 

? 20 21 22 23 24 25 2E 

Fig. 1. Production of hemolytic-plaque- 
forming cells by varying inoculums of 
nonprimed donor mouse spleen cells (No) 
transferred into irradiated, syngeneic re- 
cipients. Response to 2 X 109 sheep eryth- 
rocytes injected 3 days after transfer of 
spleens (?) or a mixture of spleen cells 
and competing antigen, horse erythrocytes 
(0); broken lines, 95 percent confidence 
belts. Controls (A) consisted of spleen- 
cell inoculums exposed to either horse 
erythrocytes or no antigen at all; broken 
lines, twice the standard errors of esti- 
mate. Slopes of lines for noncompetitive 
and competitive responses are not sig- 
nificantly different from 1.0 and not dif- 
ferent from each other. Lines were fitted 
to points by the least-squares method by 
use of the estimating equation, log2 Y = 
a - b log2 x. Points represent logarithms 
of the geometric means of 5 to 20 repli- 
cates of each inoculum of spleen cells 
cultured in irradiated, syngeneic recipient 
mice. 

ground level without inflections. A two- 
fold increase in the inoculum of trans- 
ferred cells, over a 100-fold range, 
doubles the output of PFC. 

Clearly, for any given spleen-cell 
inoculum, prior exposure of the cells 
to a competing antigen reduces the 
response to the test antigen to approxi- 
mately 30 percent of the noncompeti- 
tive level (Fig. 1)-a highly significant 
effect as shown by the 95 percent con- 
fidence belts. Among the possible ex- 
planations for this result, the most in- 
teresting to us was that competition in- 
volves access of the antigens to some 
type (or types) of cell present in limited 
numbers. 

Null response was tested for competi- 
tive and noncompetitive conditions with 
inoculums of spleen cells calculated to 
give negative and positive responses. We 
decided what yield of PFC per spleen 
of recipient mice constituted a positive 
response based on the following anal- 
ysis. Varying inoculums of spleen cells 
were cultured in recipient animals and 
either not exposed to antigen or ex- 
posed to Hrbc only (shown as back- 
ground in Fig. 1). The slope of the 
line is 0.15. We tested the veracity of 
this relation by extrapolating the line 
to log2 dose= 0 and comparing the 
intercept on the ordinate with the num- 
ber of PFC per spleen obtained in 
control experiments in which irradiated 
mice received neither spleen cells nor 
antigen. This comparison showed that 
the value of the intercept of the extrap- 
olated line is not significantly different 
from the background number of PFC 
per spleen in the irradiated mouse. A 
response was assumed to have occurred 
when an individual value of PFC pro- 
duced by a given inoculum, less the 
standard error obtained from all the 
replicate samples of that inoculum, 
exceeded the upper limit obtained when 
twice the standard error of the estimate 
was added to the fitted value for the 
background controls. When this cri- 
terion was applied to the values of all 
samples obtained over a range of in- 
oculums (for competitive and noncom- 
petitive conditions), the frequency of 
positive responses could be analyzed 
by a maximum-likelihood method (17). 
The frequency of cell units competent 
to respond to the test antigen (Srbc) 
was three times as great in the absence 
of a competing antigen as in its pres- 
ence, agreeing very well with the re- 
duction in yield of PFC by a competing 
antigen. 

The null-response data (frequency of 
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nonresponders) is shown in Fig. 2, 
where the log proportion of non- 

responders is plotted as a function of 
the spleen cell inoculums, as in target 
analysis. This plot indicates a difference 
in mechanism underlying noncompeti- 
tive and competitive responses. That is, 
the noncompetitive response may be de- 
scribed as a "single-hit" process and the 
competitive response as "multihit." 

The monophasic relation between the 
production of PFC and the size of the 
inoculum of spleen cells (Fig. 1) is 
distinctly different from the biphasic 
relation found by previous investigators 
in this laboratory (18, 19). The differ- 
ence is explained by a difference in 
experimental procedure, namely, the 
time of injection of antigen relative to 
spleen-cell inoculation. In the previous 
investigations, spleen cells were mixed 
with antigen at the time they were 
transferred to irradiated recipients. In 
our experiments, 3 days separated the 
transfer of spleen cells from the time of 
injection of test antigen. 

The biphasic relation has been inter- 
preted as revealing the necessity for 
interaction of two distinct cell types 
in formation of an immunologically 
competent unit (19). One phase of the 
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Fig. 2. Plot of percentage of replicate 
donor spleen cell inoculums (No) that 
failed to produce a significant number of 
hemolytic-plaque-forming cells above the 
background control number. Lines fitted 
to points for noncompetitive (O) and 
competitive (O) responses by the least- 
squares method by use of the estimating 
equation, log1o Y = a + bx. Each point 
represents 5 to 20 replicates of each in- 
oculum of spleen cells cultured in irradi- 
ated, syngeneic recipient mice. 

relation has a slope of about 2, suggest- 
ing that this phase typifies the interac- 
tion of antigen-reactive cells with an- 
cestral precursors of functional anti- 
body-forming cells. The antigen-reactive 
cells are considered to have multiple 
binding sites for these precursor cells; 
but the binding sites may become satu- 
rated with these progenitor cells and, 
when this occurs, the relation between 
PFC yield and the spleen-cell inoculum 
changes to a slope of 1. These con- 
clusions are well documented (19) and 
agree with the conclusions of other 
investigators (20). 

Since the relationship of Fig. 1 shows 
no indication of a phase with slope 
greater than 1, it can be concluded 
that the 3-day interval before antigen 
stimulation is sufficient for precursor 
cells to saturate the binding sites on 
antigen-reactive cells. If correct, this 
would mean that the interaction of the 
two types of cells to form a unit occurs 
in the absence of specific antigen. It 
would also suggest that the effect of a 
competing antigen is to uncouple the 
association between antigen-reactive 
cells and precursor cells. 

Our data indicate that antigens com- 
pete with each other in activation of 
immunologically competent units. This 
competition is revealed in both the 
reduction of the yield of PFC per inoc- 
ulum of a given magnitude and the 
decreased frequency of competent units 
resulting from the presence of the com- 
peting antigen. Inasmuch as the antigen- 
reactive cells are the cells occurring in 
limiting frequency (19), they are prob- 
ably the cells that may be preempted 
by competing antigen. This interpreta- 
tion is somewhat belied by the "multi- 
hit" relation for the competitive condi- 
tion shown in Fig. 2. Precise interpre- 
tation of this figure is not yet clear, 
but the shoulder on the competitive 
curve indicates a threshold event in the 
course of establishing response to the 
test antigen. This effect might be termed 
competition pressure. 

From studies similar to those re- 
ported here, Radovich and Talmage 
(6) concluded that competition of anti- 
gens involved action of a humoral 
factor. Their conclusion was based on 
the observation that competition was 
marked for a given inoculum of spleen 
cells but not revealed by an inoculum 
one-fifth as large. Their assessment of 
PFC was made at a single time after 
antigen stimulation. We find, as others 
(18) have, that the time of peak pro- 
duction of PFC varies with the size 
of the inoculum. We assume that our 
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care to determine peak production of 
PFC by each inoculum accounts for 
the difference between our results and 
those of Radovich and Talmage. 

Investigations of antigen competition 
in in vitro, antibody-forming systems 
revealed no evidence of competition for 
immunologically competent cells (11, 
12; but see 21). The competition may 
not be demonstrable with the systems of 
dispersed cells presently used because 
of the requirement for a suitable length 
of time between introduction of com- 
peting and test antigens. The functional 
life of such in vitro systems seems too 
short. 

J. F. ALBRIGHT 
THOMAS F. OMER 

JULIA W. DEITCHMAN 

Biology Division, Oak 
Ridge National Laboratory, 
Oak Ridge, Tennessee 37803 
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