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Effect of Prior Immunization on Bactericidal Action of Penicillin in vivo.

(20066)

Harry EAGLE, RALPH FLEISCHMAN, AND MINA LEVY.

From the Section on Experimental Therapeutics, Laboratory of Infectious Diseases, National
Microbiological Institute, National Institutes of Health* Bethesda, Md.

The present experiments attempt to assess
the degree to which the bactericidal action of
penicillin may be modified by the presence of
antibodies. It had previously been shown in
an early group A streptococcal infection of
non-immune mice that cure was achieved only
if the antibiotic effected virtual sterilization
(1-3). Even when more than 99.99% of the
organisms had been killed under the impact
of the drug, the few organisms still surviving
after the penicillin had fallen to ineffective
levels regularly recovered and remultiplied to
cause a fatal infection. As will be here shown,
prior immunization with the homologous or-
ganism had no effect either on the rate at
which penicillin killed the bacteria in vivo, or
on the duration of its action. The outcome
of treatment was, however, strikingly modi-
fied. In these partially immune mice, a small
fraction of the normally curative dose of
penicillin  sufficed to reduce the bacterial
population below the number which could be
handled by the host defense mechanisms.
Under these circumstances, the bacteria sur-
viving the direct action of penicillin did not
remultiply, but slowly disappeared, and the
animals recovered.

Experimental. Exp. 1. One hundred white
mice weighing 18 to 22 g were a) inoculated
intraperitoneally with 4 X 10° group A strep-
tococci (C-203 strain of Streptococcus pyo-
genes). and 2 hours later were treated intra-
muscularly in the left hind leg with 200 mg/kg
of aqueous sodium penicillin G. This treat-

ment was repeated 7 hours after inoculation.
The virulence of the strain had been main-
tained by passage through mice twice weekly
for a period of 3 years. b) The same sequence
of inoculation and treatment was repeated in
all the animals after 12 days. ¢) Eight days
after the second immunizing inoculation the
animals were inoculated into the right leg
muscle with 4 X 10% bacteria; and in 50 of
the mice, penicillin at a dosage of 12.5 mg/kg
was injected 2 hours later. Groups of 6-8
mice were sacrificed at varying intervals after
treatment in order to determine the number of
organisms surviving in the inoculated leg
muscle, as previously described (1-3).

1) The degree of immunization afforded by
the 2 immunizing injections is shown in
Table I. In this experiment, the LDs, was on
the order of 4 X 10° organisms in the im-
munized animals, and approximately 10 in
normal controls simultaneously inoculated.

2) The rate of bacterial multiplication in
normal and immunized mice. When the im-
munized mice were inoculated with 4 X 108
organisms, the batteria initially grew out at
essentially the same rate as in normal animals
(top half of Tablé II). After 8 hours, how-
ever, the average number of viable organisms
was significantly lower in the immunized ani-
mals; and the difference between the 2 groups
became progressively more pronounced. The
eventual mortality in the immunized mice re-
ceiving this inoculum was 8/20.

3) The effect of treatment with penicillin

TABLE I. Effect of Prior Immunization with Group A Streptococci on LDy, Inoculum (Exp. 1).

Mortality of mice receiving indicated number
of organisms intramuse.

Mice P —  Approx. LD,
‘ § Inoculum 10t 102 10? 10
Normal | Mortality ~ 10/20  19/20  18/20
. Inoculum 4% 105 43X 10° 4 X 107 4 x 10°
Tmmunized { Mortality 1/15 8/20 15/20

*U. S. Public Health Service, Federal Security Agency.



EFFeEcT oF IMMUNITY ON ACTION OF PENICILLIN

202

'o[qBy 9y} Ur pourquod wedq dAey sdnosd omy oyj porred owry

I} 38 PUB ‘Il PIZIUNWIUWI PUE [BWLOU B} UL VIIDJOLQ IQUIA JO IIGUWNU 91} UT JDUBIAFIP JuBIYUIS 0U SEM I3y} WOIBBRINIOUT Jajje L[9yerpounmy 4
"§9TUOT09 o0T X ¢ ‘g *dxq ur pus

0T X g'g sum wnpnoout oy wo junod ajerd ayy ‘p sdxgp up c(3unod vrdoososdum £q) swistuedio 01 X F ypm LIemosnureajur paje[naour azam VN ,

440 1§28 [
0T 993 0L1 0z 9¢
03/08 : 300 Yee ¥8  6LI €3 39 ‘ m_
_ 300 9% 66 003 1S 3L £ pavlunututf
e
¥0e Lot 9% 8¢
€G¢ el 9% e
05/05 \ 6LT  €0F ot §l3 A €4 69
L coc PO 1L 8.3 % 9 [vwioN 3
69 sl Q% ¢F )
e ia &Y 1 vo o oo0a | e
0c/8 ) % : o 79 1 [ I _ =
| 1a SV X | T &l ¥o [ Pz
9
(peap o ¢loonl GIT 991 I 61 x4
RETITIFTY Bt NS¢ 0Nl I¢T ¥aa ¢l 16 e
0&/ 08 ) Crl AN 18T 018 ST €& RG -
| 01 nee 66 el opu 112 G £ 6T ¢a ¢ qunoN ¢
RRIL OS] e L A v g —t— - o Ny “dxgq
3G A3 L0 N - —— oo unyepeon s aae () o PORBMIPUL Ju OasuUt p3junaout ug sweiuedao Jo suoyipg———-—"

SO pozpIRRUE Lpsnorsaa ] puk ruaoN ul Adumgy snasosopdany v dnoasy orma g oy 11 @ I9V.L



203

ErFECT OF IMMUNITY ON ACTION OF PENICILLIN

*(F) 13wy 19338 ©

STBUITIE J0 *ONf
syunos Soy yo afuex

$2 POJBUINSe §BM W }ae80] URAW Y] FO I0IIO "PuBs oy, ‘myjureSo[ upewr oy} Jo Ioiie -puels oyj yo Sorrue eyg st (roxre -puwys) S §
*dnos8 rejuewmrrodxe Yoo UI 09T §-9 }

*(IT o1q®BT ‘4 @jomzooF *fo) yjoq o1 L(dde senyea ewmr} 019z owres &y} pue ‘sdnoid
qjoq Wl pesn swm uworsmadsns TrT}Rq awres oyl ‘g *dxm ur 'SLVP JUOISPIP WO PAYEOI} PUT PAJB[MOOUL SIOM 9OTW DPAZIUNWIOI PUB [eurion ‘T 'dx{ my ,

‘OB 9TI40TL09Y) |

%7 13 LT ¢3'1T 6T T §CE/X)>as
96'F 388 g6'T 181 66T 8'3T jweay
0096T—C0"
=eMuW g 09¢[-FG
(Q—osnouwx T “muma 9
08/€1 potposImiy  (-=0%TW g 000%5~T" %8-80’ 86-¢°  B86-8'¢ S8IT-G9 {o8uey  pezrunwwy

913 GAT 16T 98°'T 13 $2'1 T $(=/X)As

000%6¥ 0922 03TT $°63 ge 9'€3 8'GT juweo
03/03 00000%—08.  00065—083T 002L1-8%T 336—1'9 ¥89-3'C BS-FT €5-LL jo8uBy BWION  B'E Hd

$9'3 SI'T 30T 90’1  §(=/X)Ts

— — — — 62T eg'g G'gl ¢G5 fueey

000T-¢'¢
=0T g ©O'=OSNOW T  L'P~C0 =00TW §
03/0 0 g=oomm 9 0901 J, 0=o0Tm % §4-¢  88-6'3 F8-9'8 303 joduey  , pezrunurmy
$eT 18T ST'T P91 S0'T Tt $(E/X)mEs
09%¢ y18 03 AN ¥L 813 juroy
}SUO1}BAISS
03/03 00T€T~003T $P8-$3T B7-11 S¥I-3F 56-89 TS—9T  -q0 o oSusy #[BWION 3T 1
eoIm PaJeaI} 8% $3 31 6 9 4 %1 (0001 X) 8y/8m  -dxyg
urqrotuad 0 ‘a8es0p
ur £J[BRI0Ty (1) JuUoW}LaL]} I9FE SWII POJEIIPUL JB S[ISUI POJE[RO0UL UL BLISFIB( JO SPUBSNOYL— UT[[9TU8 g

Q0T oUNWW] A[[RIIEBI PUB [BULION UI 1000203da13g vV dnoiy Fo snood IB[MISUWRIIU] UB WO UI[IPTUJ YITM JUSTIIBOLY, JO 198yl "TII ATV



204 EFFECT OF IMMUNITY ON ACTION OF PENICILLIN
X103 : T T T T
6 29,
o %o -
10,000 1~
§ DIED
&y
w3
E9 1000} :
ns
wo ;
- p
Bt 4
; 51 100
w Q
og NORMAL MICE
oz
w > 10} .
m —-—
3
2 IMMUNIZED
1 . . . e 20/, SURVIVED
[¢] Ya 1% 3 6 9
HOURS AFTER TREATMENT WITH PENICILLIN
AT 12.5 MG./KG.

FIG. 1. The Lactericidal action of a single dose of sodium penicillin G (12.53 mg/kg) in normal

and immunized mice infeeted with group A streptococei (from data of Table III). The cross-

hatched portion of the curve indicates the avg time for which the serum concentration of peni-
¢illin remaing in excess of .05 ug/ml after this dosage(3).

in the immunized mice and in normal controls
is shown in Table 1IT and Fig. 1. The rapid
bactericidal action of penicillin proceeded at
the same rate and for essentially the same
period in both groups. The single intramus-
cular dosage of 12.5 mg. kg of aqueous sodium
penicillin used in this experiment provides a
serum concentration in excess of 0.05 pug kg
for approximately 1.7 hours and in excess of
0.02 pg/kg for approximately 2.0 hours(3).
These concentrations have been estimated to
provide the maximally and minimally effective
concentrations at the focus of infection(3):
and the bactericidal effect continued for ap-
proximately the time that the serum concen-
tration remained in excess of these levels.
However. once the penicillin had fallen to in-
effective levels, the course of infection de-
viated markedly in the 2 groups of mice. In
the normal controls. all the animals treated at
this dosage level died. The number of viable
bacteria surviving this subcurative dose of
12.5 mg kg remained essentially constant in
number for approximately 4-6 hours, and then
regularly resumed remultiplication to cause a
fatal infection. In the immunized mice, how-
ever, the surviving bacteria had been reduced

to a mean level of 13,500, much less than the
number of organisms necessary to induce a
fatal infection (Table I). As indicated in
Fig. 1 and Table III, the organisms surviving
the action of penicillin gradually disappeared
over the following 24-48 hours, and all of 20
treated animals survived.

Exp. 2. Qualitatively similar results were
obtained in a second experiment. In this ex-
periment, 20 days elapsed between the 2 im-
munizing injections; and 12 days elapsed be-
tween the second immunizing injection and
the final test of penicillin action. Either be-
cause of this change, or because of a difference
in the condition of the immunizing culture,
the immune response was much less marked
in this second experiment. An inoculum of
4 X 10* bacteria killed every one of 20 ani-
mals tested, as compared with an LD;, of
4 X 10% in the first experiment; smaller doses
were unfortunately not tried. Despite the less
pronounced immunity, the results obtained
were qualitatively the same as in the first ex-
periment. For the first 8 hours, bacteria in-
oculated into these immunized mice grew out
at exactly the same rate as in normal animals
simultaneously inoculated (Table II). When
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the infected animals were treated with peni-
cillin (this time at a dosage of only 3.2
mg/kg), the bactericidal effect proceeded at
the same rate and for the same period of time
in the normal and in the immunized mice
(bottom half of Table III). This dose of 3.2
mg, kg provides levels of 0.05 and 0.02 mg/kg
for 1.1 and 1.4 hours, respectively; and the
bactericidal effect of penicillin continued for
approximately this period. At this point, 113
hours after treatment, the number of organ-
isms had been reduced to a mean level of
20,000-25,000 in both groups of animals.
Once again, in all the normal controls, bac-
teria which survived the action of penicillin
eventually recovered, and rapidly grew out to
cause a regularly fatal infection. In the im-
munized animals, however, 7 of 20 mice were
cured by the single dose of 3.2 mg/kg. (This
was approximately 1/35th the dose normally
necessary to cure half the animals.) The bac-
teria surviving the action of penicillin were
gradually disposed of by the host defense
mechanisms, the muscle became sterile, and
the animals survived (Table III). In 13/20
of these animals, however, because of the less
pronounced immunity effected in this experi-
ment. some of the surviving organisms recov-
ered and remultiplied to cause a fatal infec-
tion, The varying course of the infection in
the animals which died and those which sur-
vived is evident in the bottom half of Table
I11.

Summary and discussion. In the group A
streptococcal infection of mice here studied,
and under the conditions of the present ex-
periments. the presence of a significant degree
of immunity had no effect on the direct bac-
tericidal action of penicillin. This proceeded
at the same rate in the immunized animals as
in control mice simultaneously inoculated, and
continued for the same period of time. The
difference in the 2 groups lay in the course of
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the infection after penicillin had fallen to
ineffective levels. In non-immune mice, the
surviving bacteria regularly grew out to cause
a fatal infection. In the partially immunized
animals, however, a small fraction of the nor-
mally curative dose of penicillin sufficed to re-
duce the bacterial population to levels which
could be handled by the host defenses. Those
surviving bacteria gradually disappeared in
the course of 24-48 hours, after penicillin itself
was no longer operative, and the animals
survived. Under the conditions of this experi-
ment, the host defenses and the bactericidal
action of penicillin proceeded independently of
each other, but were mutually supplementary
in effecting cure in the partially immunized
animals.

The choice of a group A streptococcal infec-
tion was perhaps unfortunate. The resistance
to reinfection in the immunized animals prob-
ably reflects enhanced phagocytosis; and in
the present experiments, there was no pro-
nounced cellular infiltration at the focus of
infection at the time of treatment with peni-
cillin. It would be of interest to carry out
similar studies under conditions closer to those
usually operative in the natural infection of
man, with the cellular host defenses already
mobilized at the focus of infection. It would
be of interest also to determine, in infections
caused by organisms susceptible to the bac-
tericidal action of antibodies and complement,
whether the presence of such antibodies modi-

_fies the therapeutic action of penicillin and
‘other antibiotics. '
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