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coma cells. The precipitin tests indicated The one disadvantage of the procedure is 
that the C3H mice give somewhat better anti- 
hapten antibody production than the Swiss, 
although all responded. 

C3H mice injected with human myosin de- 
veloped antibodies that reacted with skeletal 
muscle and embryonal rhabdomyosarcoma in 
the same way as did rabbit antimyosin serum 
as demonstrated by the indirect fluorescent 
antibody technic ( 5 ) .  

The use of mice for antibody production 
would be of particular value where the anti- 
gen may be scarce. The small amount of to- 
tal antigen (2-3 mg) required per animal 
compared to that for rabbit is an obvious ad- 
vantage. 

The ascites tumor technic is not limited to 
mice but can probably be used in rats or 
other animals in which a suitable ascites 
transplantable tumor can be induced. The 
choice of tumor may be important since the 
ability of the animal to produce fluid varies 
with the tumor cells injected. For example, 
Ehrlich cells (from Swiss mice) give more 
fluid in Swiss rather than in C3H. The Ehr- 
lich ascites cells also produced more fluid in 
the CRH mice than did the Gardner lympho- 
sarcoma cells due to the fact that the C3H 
mice succumbed more quickly from this tu- 
mor, limiting the number of ascites fluid taps 
to only 3 or 4, whereas with the Ehrlich cells 
in the C3H mice as many as 8 taps could be 
made. The Gardner lymphosarcoma although 
capable of producing fluid in CaH gave none 
in the Swiss mice in our experiments. 

that all the animals eventually die from the 
tumor, and although animals can be tapped 
as much as 3-8 times with considerable pro- 
duction of fluids, long term secondary immu- 
nization cannot be carried out once the tu- 
mor has been introduced intraperitoneally. 

Summ.ary. Ehrlich ascites and Gardner 
lymphosarcoma tumor cells were employed 
to induce ascites fluid formation in mice. 
Two strains of mice injected with antigens 
(X,-human 7-globulin, myosin, ovalbumin) 
mixed in Freund’s adjuvant had the capacity 
to respond with antibody production. The 
antibodies developed to X,-human 7-globulin 
reacted with the hapten portion as well as 
normal human ?-globulin. The mouse anti- 
human myosin serum behaved similarly to the 
rabbit anti-myosin serum when studied by the 
immunohistochemical method. 
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Intraperitoneal injections of immunized sponse to such stimulation have been com- 
mice with paraffin oil-adjuvant mixtures have pared(4). Antibody in mouse ascitic fiuid 
been shown to produce ascitic fluid contain- has also been demonstrated by other investi- 
ing high titers of antibody ( 1-3). Ascites pro- gators( 5-7). These procedures for obtaining 
duction in several strains of mice as a re- substantial amounts of ascitic fluid over ex- 
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tended periods now make it possible to follow 
antibody titers of individual mice. 

I . .,I scitrs i ) i d i ~ -  

ing and immunizing procedurcs. a. Employ- 
ing incomplete Freund's adjuvant-saline mix- 
tures ascites was induced in 8-9-week-old fe- 
male mice, each weighing approximately 20 
g, of inbred strains C3H,;HeN7 AKR/LwS, 
C3HfB/HeN and C57L/HeX by the method 
previously described( 2 ) .  Forty days after 
the initial ascites inducing injection, mice 
from which appreciable amounts of ascitic 
fluid could be recovered were selected for im- 
munization with ovalbumin and sheep eryth- 
rocytes. Prior to immunization ascitic fluid 
was withdrawn from each mouse and tested 
for antibodies to sheep RBC. None were 
found. Two different schedules of immuniza- 
tion were used. Each ascitic mouse of the 4 
strains studied received 2 subcutaneous in- 
jections, each cont.aining 1 mg ovalbumin 
(salt-free, twice crystallized) mixed with 0.1 
ml complete Freund's adjuvant spaced one 
week apart. Simultaneously in strains AKR,,' 
LwN and C3HfB/HeN each mouse received 
0.1 ml of 2.5% suspension of washed sheep 
RBC intravenously and a second similar in- 
jection 50 days after the first. Mouse strains 
C,,H/HeN and C57L,/HeX received similar 
sheep RBC injections except that the first one 
was given 4 weeks following the initial oval- 
bumin injection and the second RBC injec- 
tion 28 days after the first. Antibody titers of 
the ascitic fluid of individual mice were de- 
termined every 5 days for ovalbumin and 
every 2 days for sheep RBC following initial 
immunization. To permit regular tapping of 
mice for ascitic fluid for determinations of 
antibody titers, 0.1-0.2 ml of ascitic fluid were 
withdrawn from each mouse at  a single time. 

b. In a second experiment, ascites and im- 
munization were initiated simultaneously to 
determine if the antibody titer could be af- 
fected by the ascitic state of the mouse a t  
time of immunization. To accelerate ascites 
4 intraperitoneal injections (each containing 
a mixture of 0.25-ml suspension of heat-killed 
4 )( lo9 S. aureus cells and 0.25 ml incom- 
plete Freund's adjuvant) were given to each 
of 28 AL/N mice at 3-4-day intervals. Si- 
mu1 taneously with the initial ascites-inducing 

Xaterials and m t h o d s .  

treatment, each mouse was injected subcu- 
taneously with 1 mg ovalbumin in 0.1 ml 
complete Freund's adjuvant given twice at 
weekly intervals. Tapping of mice was be- 
gun 3 weeks post initial immunization and 
maintained on a regular 1 0-day schedule. 
Titers of ovalbumin were determined for in- 
dividual mice wherever ascitic fluid was ob- 
tained. 

2 .  Methods for titering antibody. a. Sheep 
red cell hemolysin titers of ascitic fluid were 
estimated colorirnetrically by the procedure 
described in (8). The titers are expressed 
as the dilutions giving 50% hemolysis. Ti- 
ters of <: 10 were not considered meaningful. 

b. The quantitative precipitin test de- 
scribed in(9) was employed to measure the 
antibody nitrogen in a single sample of asci- 
tic fluid from each of 5 mouse strains immun- 
ized with ovalbumin complete Freund's ad- 
juvant mixtures. Antibody nitrogens were 

HEMOLYSIN TITERS (SHEEP RBC)  IN THE ASCITIC FLUID OF MICE 

0 2  ? I2 I? R DAYS FOLLOWING PRIMARY IMMUNIZATION 

DAYS FOLLOWING SECONDARY IMMUNIZATION 
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FIG. I. liidividual patterns of change in hemoly- 
sill titer of ascitic fluid of AKR/LwN and C,H,I(/ 
HeN inice following primary and secondary immu- 

nization with sheep erythrocytes. 
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also determined for successive samples of asci- 
tic fluid taken from a single C3HfB/HeN 
mouse. 

c. The mouse intralabial passive cutaneous 
anaphylaxis test (PCA) reported by Stone 
(10) was employed to titer ovalbumin anti- 
bodies in mouse ascitic fluid and consisted es- 
sentially of an intralabial injection of .05 ml 
of ascitic fluid followed one hour later by an 
intravenous injection of 0.2 ml of equal parts 
of 2 mg of ovalbumin and 0.4% Evans blue 
dye. A positive reaction was denoted by 
edema and blueing of the lip within 15 min- 
utes following antigen injection. The titer of 
antibody is expressed as the highest dilution 
of ascitic fluid in 0.05 ml giving a positive re- 
action. 

Results. Sheep erythrocyte hemolysin ti- 
ters of ascitic fluid in 4 strains of mice (Fig. 
1-2). The various panels of Figures 1-2 show 
individual antibody titers of ascitic fluid 
tapped from mice on prescribed schedules. 
These mice were already ascitic when the 
initial intravenous injection of sheep erythro- 
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FIG. 3. Individual patterns of change in ovalbu- 
min titer (PCA) of ascitic fluid for four strains 
of inbred mice. Titers shown refer generally to 
ascitic fluid obtained on a single day but may also 
refer to pools collected over a limited time period. 
Mouse numbers shown correspond to those given in 
Fig. 1-4 which show hemolysin titers (sheep RBC) 

for the same mice. 

cytes was given. Hemolysin titers were de- 
termined shortly after immunization and fol- 
lowed until the titer had disappeared. Reim- 
munizations with sheep erythrocytes were 
made after 28 days for C57L/HeN and CSH/ 
HeN mice (Fig. 2 )  and after 50 days for 
AKR/LwN and C3HfB/HeN mice (Fig. 1). 

Employing generally a 2-day interval be- 
tween determinations, antibody titers were 
evident 2 days after immunization. As seen 
in the figures wide variation is apparent be- 
tween individual mice within a strain in the 
peak titers attained. Characteristically, how- 
ever, rapid rises in titers are shown which at- 
tain their peaks within 7 days and are mini- 
mal after 15-20 days. Following preimmuni- 
zation, peak titers tend to be higher, are at- 
tained later and diminish more gradually than 
after primary immunization. Some strain dif- 
ferences may also be manifest. For example, 
C5 7LjHeN initial peak titers are characteris- 
tically low and are more clearly evident fol- 
lowing secondary immunization than follow- 
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ing primary immunization. 
Ovalbumin titers of ascitic fluid deter- 

mined b y  PCA reactions in 4 strains of mice 
(F ig .  3 ) .  For the same mice for which Fig. 
1-2 show individual patterns of change of 
sheep RBC hemolysin titers, Fig. 3 shows the 
individual patterns for ovalbumin titers de- 
termined by PCA reactions. A few mice, 
where death had occurred early, are excluded. 
Individual mice are identified by number, 
permitting examination of the patterns of 
antibody titers obtained for sheep RBC and 
ovalbumin in the same mouse. 

Individual patterns of ovalbumin titer 
characteristically show a somewhat gradual 
rise to a peak titer followed by an even more 
gradual decl ine. Character is t icall y , oval bu- 
min titers were positive 12 days after im- 
munization, attained their peaks usually in 
32-42 days post-immunization and persisted 
for extended periods. Although not shown in 
the figure, no positive titers were noted ear- 
lier than the 11th day. Individual ascitic 
fluids tested for ovalbumin antibodies by the 
double gel diffusion technic all showed sin- 
gle discrete lines. 

Table I facilitates examination of the 
sheep RBC hemolysin and ovalbumin titers 
obtained for the different strains. The aver- 
age peak titer (geometric mean) and the 
average day of peak following primary and 
secondary immunization are shown for each 
mouse strain. The range of individual peaks 
and days of peak are also shown. Average 
and individual peak ovalbumin titers were 
highest for the AKRlLwh' and CxHfBj Her\; 
strains where ovalbumin and sheep RBC im- 
munization were made simultaneously. There 
was limited variation in time of attainment 
of peak titers, both within and between 
strains. 

Ovalbumin titers of ascitic fluid of -4 L.':Y 
mice determined by PC.4 reactions. Fig. 4 
shows the titers determined for the individ- 
ual ascitic fluids from a group of 28 AL," 
mice tapped at  specific times. Subcutane- 
ous immunization with ovalbumin-complete 
Freund's adjuvant mixtures was initiated si- 
multaneously with the ascites-inducing treat- 
ment. Since the production of ascites did not 
become fairly regular until after about 5 
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PIG. 4. Individual ovalbumin titers (PCA) of as- 
citic fluid for  28 AL/N mice. Arrow pointing 
downward indicates a positive titer of less than 5. 

weeks, only a few early titer determinations 
were made. Fig. 4 shows all the individual 
ovalbumin titers determined by PCA titers 
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obtained at  specified times following immuni- 
zation. 

The limited number of titers determined 
18 days post-immunization are low. The ear- 
liest subsequent titers obtained are 39 days 
post-immunization and indicate sharp in- 
creases in titer with some moderate rises after 
day 39. A fairly high range of titer remains 
over the interval of 39-101 days post-im- 
tnunization. As of day 136 and later, titers 
are lower but have not disappeared. 

Table I1  gives the ovalbumin antibody ni- 
trogen determinations for 5 mice, one from 
each of the strains reported on in Fig. 3 and 
4. Determinations were made for individual 
fluids obtained 42-47 days post-immuniza- 
tion and for the C3HfB/HeN mouse, deter- 
minations covered ascitic fluids obtained over 
a wide range in time. For the 42-47 day 
ascitic fluids the amounts of precipitating 
antibody nitrogen producing positive PCA 
reactions were low, 0.004-0.005 y for the sin- 
gle mice of strains AKR/LwN and AL/N, 
and 10-fold greater, 0.04-0.06 y, for the re- 
maining strains. For the successively ob- 
tained samples from the C3HfB/HeN mouse, 
the range of variation was more extreme, at- 
taining a value of 2.6 y for the day 1 2  sam- 

TABLE 11. Antibody Nitrogen Content of Ascitic Fluids Yielding Positive Ovalbumin Titers 
(PCA). 

~~~~~ ~~-~ ~~~~ 

c-Ascitic fluid.-, 
Days post- Antibody Positive PCA 
ovalbumin nitrogen, Ovalbumin antibody nitro- 

Mouse strain and No." inilr,uniz:i tion r /ml  t i tert  (PCA) gen* content, y 

AKR/LwN, #4 42 

12 
17 
22 
27 
38 
37 
42 
52 
62 
79 

CI,H,B/HcN, #6 7 

C,H/HeN, #5 47 
C57L/HeN, #3 42 
ATJ/N 42 

68 

105 
105 
165 
130 
125 
145 
295 
240 
355 
180 
205 
110 
255 
102 

800 
neg. 

2 
16 

160 
200 
200 
400 
800 
200 

75 
50 

100 

200 
1000 

.004 
- 

2.0 
.5 
.04 
.03 
.04 
.04 
.O I5 
.09 
.12 
2 0  
.OB 

.0G 

.005 
~~- ~ ~~ ~~ - ~~ 

* Mouse iiiinibers shown correspond to those employed in  figures. 
t Ovalhumh titers shown are dilutions of ascitic fluid in  0.05 ml yielding n. positive PCA re- 

wtion. Associiltid antibody nitrogen conteirt is cletermined by dividing antibody nitrogen con- 
tent of meitic fluid, y/nil, by 20 times the ovalbiimin titer. 
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ple. The day 7 sample for this mouse yielded 
JIO positive T’CA reaction with 7.5 y precipi- 
t ating antibody nitrogen. 

Discussion. The results presented demon- 
strate the usefulness of employing mouse 
ascites as a tool for studying immunity in in- 
dividual mice. 

Working with mice already ascitic, well- 
defined individual patterns of rise and fall in 
hemolysin antibody titers for sheep erythro- 
cytes following primary and secondary im- 
munization were obtained. The data shown 
for mice C3H/HeN #2 and #6 and ARR/ 
LwN X2 are clear exceptions to the common 
experience that secondary peak titers are 
more pronounced than primary peaks. The 
significance of the low peak titers obtained 
for strain C57L/HeN remains to be investi- 
gated. 

The delay in appearance of peak titers in 
the secondary response over that found in 
the primary response may possibly reflect the 
depletion of proteins in late ascites resulting 
from continuous production of ascitic fluid. 

Studies on patterns of ovalbumin antibody 
titers in the current experiments necessitated 
employment of adjuvant to obtain measurable 
amounts of antibody. The suggested late at- 
tainment of peak titers and dimunition of 
ovalbumin antibodies is perhaps typical when 
antigens are administered with adjuvant. 

To detect early changes in antibody titer, 
the experiments conducted suggest the need 
for working with mice already ascitic. This 
then raises the question of whether the pat- 
terns of change in titer are similar for both 
ascitic and nonascitic mice. In the ovalbu- 
min titer studies made, the day of peak titer 
was approximately the same for the AL/N 
mice (immunized when nonascitic) as for the 
remaining 4 strains (immunized when asci- 
tic). The greatest ovalbumin titers attained 
seem to be confined to the AL/N mice. The 
morbid condition of the ascitic mice a t  time 
of immunization may have interfered with the 
ability to form antibody. 

An extremely wide range in variation in 
amount of antibody nitrogen associated with 
a positive ovalbumin titer determined by 
PCA was noted. The smallest amounts of 
antibody nitrogen associated with a positive 

reaction, 0.004-0.005 agree substantially 
with the tindings of Munoz and Anacker(5) 
and indicate high sensitivity for the mouse 
M‘A reaction. But the substantially higher 
nitrogen levels found in some instances, and 
the finding of a negative PCA reaction at  
high antibody nitrogen levels in early anti- 
body production in ascitic fluid, would indi- 
cate that there is no direct proportionality 
between the amount of precipitating antibody 
in terms of time and the limiting dilution for 
a positive PCA reaction. I t  has been shown 
in the rabbit that the first antibodies to ap- 
pear following immunization with a single 
injection of protein were of the 19s variety 
with the 7s variety appearing 3-4 days later 
( 11).  Others have shown that the skin bind- 
ing antibodies necessary to give a positive 
PCA were of the 7s variety( 12). Our find- 
ings of negative PCA’s in the presence of 
large amounts of precipitating antibody ni- 
trogen in early antibody production indicate 
the necessity of characterizing the antibodies 
in the mouse in terms of time following im- 
muniza tion. 

Summary. Employing mice with ascites, 
individual patterns of change in hemolysin 
and ovalbumin titer of ascitic fluid were stud- 
ied for 4 inbred strains of mice. Mice re- 
ceived both primary and secondary immuni- 
zations of sheep erythrocytes. There was evi- 
dence of antibody titers 2 days after im- 
munization. Characteristically, after primary 
immunization, rapid rises in titer occurred 
which attained their peaks within 7 days and 
were minimal after 15-20 days. Following 
secondary immunization, peak titers usually 
were higher, attained later and tended to 
diminish more gradually than following pri- 
mary immunization. Some strain differences 
in the pattern of antibody titer changes were 
manifest. Ovalbumin titers measured by the 
PCA reactions were evident from the 12th 
day, increased gradually to a peak, generally 
32-42 days after immunization, then dimin- 
ished more gradually thereafter. 

In  work with AL/N mice, not ascitic at 
time of immunization, the early rise in titer 
was approximately the same as for the other 
strains that were ascitic and individual titers 
persisted for as long as 110 days post-im- 
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munization. Individual titers were higher for 
AL/N mice than for the other strains, per- 
haps due to their non-ascitic state a t  time of 
immunization. Determination of precipitat- 
ing antibody nitrogen in the ascitic fluid of 
ovalbumin-immunized mice indicated that 
early levels of antibody nitrogen as high as 
105 y/ml did not produce a positive PCA re- 
action sooner than 11 days post-immuniza- 
tion. The need for further studies on the 
characterization of antibodies in time of their 
appearance is indicated. 

W., Jr., Science, 1959, v129, 775. 

J .  Zmmunol., 1960, v84, 514. 

Virology, 1959, v9, 702. 

1. Lieberman, R., Douglas, J. 0. A., Humphrey, 

2.  Lieberman, R., Douglas, J. 0. A., Mantel, N., 

3. Kasel, J. A., Lieberman, R., Smith, H. A., 

4. Lieberman, R., Mantel, N., Humphrey, W., Jr., 

5 .  Munoz, J., Anacker, R. L., J .  Zmmunol., 1959, 

6 .  Herrmann, E. C., Jr., Engle, C., PROC. SOC. 

7. Anacker, R. L., Munoz, J., J .  Immunol., 1961, 

8. Taliaferro, W. H., Taliaferro, L. G., J .  Infect. 

9. Lanni, F., Dillon, M. L., Beard, J. E., PROC. 

10. Stone, S. H., Freund, J., Fed. Proc., 1957, 

11. Bauer, D. C., Stavitsky, A. P., Proc. Nut. 

12. Ovary, A., Fudenberg, H., Kunkel, H. G., 

I’ROC. SOC. EXP. BJ.OL. AND MED., 1961, ~107, 163. 

v83, 640. 

EXP. BIOL. AND MED., 1958, v98, 275. 

v87, 426. 

Dis., 1950, v87, 37. 

Soc. Em. BIOL. AND MED., 1950, v74, 7.  

v16, 435 ; and personal communication. 

Aucd. Sci., 1961, v47 1667. 

J .  Exp.  Med., 1960, v112, 953. 

Received April 4, 1962. P.S.E.B.M., 1962, v110. 

Serologic Typing of Listeria monocytogenes by Gel Diffusion Using 
Thermostable Antigens. (27686) 

JOSEPH F. METZGER AND CHAUNCEY W. SMITH 
(Introduced by Richard H. Follis, Jr.) 

Immunology and Bacteriology Branch, Armed Forces Institute of Pathology, Wushington, D.C. 

Listeria monocytogenes presents a complex 
antigenic structure composed of both flagel- 
lar and somatic antigens. Early investigators 
( 1-7) classified the organisms serologically 
into 2 types based on animal origin (i.e., ro- 
dent or ruminant). Paterson( 8,9) demon- 
strated the presence of somatic O-antigens 
and flagellar H-antigens, and on the basis of 
their somatic and flagellar response distin- 
guished 4 serologic types (i.e., I, 11, 111, and 
IV), the type having no relation to its ori- 
gin. Seeliger (10) confirmed the work of Pat- 
erson, further distinguhhing 2 subtypes in 
type IV strains, designating them IVa and 
IVb. 

The use of the typing scheme based on 0- 
and H-antigenic factors requires specially ab- 
sorbed sera. Too often the results can be er- 
roneous if not accomplished by trained work- 
ers. Seeliger( 10) has pointed out that pre- 
cipitin and gel diffusion technics, although 
requiring high-titer serum, present fewer 
cross reactions than are observed in agglu- 

tination tests if extracts of the organisms are 
used. Recently Smith and Metzger ( 1 1 ) dem- 
onstrated capsule production in L. monocydo- 
genes. This investigation was made to deter- 
mine the antigenic components of L. mono- 
cytogenes by gel diffusion, taking into con- 
sideration the thermostable O-antigens as 
well as those possibly produced by an en- 
hanced capsule. 

Materials and methods. Immune sera. 
Strains ATCC 4428 (I) and Seeliger’s strains 
5348(11), 5105(III), 5214(IVa), and l07lJ 
53 (IVb) were subcultured twice on trypti- 
case soy agar containing 10% rabbit serum 
and 5% glucose to enhance capsule produc- 
tion (SGTSA) ( 11 ) . Ten flasks, containing 
100 ml of trypticase soy broth plus 10% se- 
rum and 5% glucose (SGTSB) were then in- 
oculated from the SGTSA and incubated for 
18 hours at 37°C in a rotator incubator. The 
cultures were centrifuged in the cold at 2,+w 
rpm, and the supernate discarded. The%&- 
inents of each type were pooled and sus- 




