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Mutant Antisera to Protect Mice' (40231)
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During the past decade, several groups of
investigators have reported that antisera from
horses or rabbits immunized with various
rough mutants of Enterobacteriaceae could
passively transfer broad spectrum protection
to mice against parenteral challenge with
smooth strains of Enterobacteriaceae. This
was attributed to “unmasking” of common
core antigens in the mutants, allowing pro-
duction of high titers of cross-reacting protec-
tive antibodies (1-3). However, a recent study
by Ng and coworkers, while confirming the
appearance of cross-reactive antibodies,
failed to confirm any protective activity of
rough mutant antisera in mice (4). Since the
potential importance of antibodies that can
confer broad spectrum protection against
gram-negative sepsis is great, and since at-
tempts are ongoing in our laboratory to iden-
tify chemical or serologic reagents that can
prevent gram-negative septic mortality no
longer preventable by antibiotics alone, we
have re-examined the protective activity of
antisera to several rough mutants of Entero-
bacteriaceae.

Materials and methods. Infecting agents.
Three smooth species of Enterobacteriaceae
were used to evaluate the broad spectrum
protective activity conferred by antisera to
rough mutant Enterobacteriaceae: Esche-
richia coli 018, isolated from the urine of a
patient with acute pyelonephritis; Proteus mi-
rabilis, also isolated from the urine of a pa-
tient with acute pyelonephritis; and the Caroli
strain of Klebsiella pneumoniae, type 11, ob-
tained from Louis Chedid of the Pasteur In-
stitute and kindly provided to us by William
McCabe, Boston University Medical Center.

Antiserum  preparation. Rabbit antisera
were prepared against each of the above
smooth challenge strains and against the fol-
lowing rough Enterobacteriaceae mutants: J5

! This study was supported by Grant 5 RO 1 AI 07052
from the N.LH.

mutant of E. coli 0111, chemotype Rc, kindly
supplied by Edward Heath, University of
Iowa; Salmonella typhimurium SL 1032,
chemotype Rd, kindly supplied by Lawrence
Rothfield, University of Connecticut; and
Salmonella minnesota 595, chemotype Re,
kindly supplied by Siegfried Schlecht, Max
Planck Institut fur Immunbiologie, Freiburg.
All bacterial suspensions for immunization
were prepared by overnight culture at 37° in
trypticase soy broth, concentrated by centrif-
ugation, washed 3 times in sterile physiologic
saline, and boiled for 10 min. The heat-killed
bacteria were suspended in physiologic saline
at concentrations of 10%/ml. Antiserum was
prepared by injecting groups of three to six
rabbits iv with 1.0 ml of the killed bacterial
suspension for 3 consecutive days of each
week for 2 weeks and bleeding 7 days after
the sixth dose of antigen. These antisera were
stored at —20° until use. For control pur-
poses, normal rabbit serum was obtained
from the same donors 5 to 7 days prior to
immunization. The donors, 2-3 kg healthy
albino New Zealand rabbits with no known
previous illness, not previously injected with
any agent and raised on antibiotic-free feed,
were bled 10 ml each for these pre-immuni-
zation serum samples. The pre-immune sera
were stored at —20° until use and then pooled
in the same proportions as the post-immune
sera. Postimmunization antibody titers to
each of the rough mutant preparations, de-
termined by a micro-agglutination tech-
nique,” ranged between 1:2560 and 1:10240

%0.1 ml aliquots of serial dilutions of sera in physio-
logic saline, starting at 1:10, were mixed with 0.1 ml of
1 x 10°/ml suspensions of organisms previously washed
3X in physiologic saline; the mixtures were agitated 30
min on a Boerner type rotating machine at approxi-
mately 120 rotations per min at room temperature and
agglutination read at 100 X magnification. Known neg-
ative and positive serum controls were always run con-
currently.
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to the respective mutant. Preimmunization
sera possessed no detectable agglutination ti-
ters against the Rd and Re mutants (<1:10)
but in a few instances, specified in the Results
section, 1:10 titers were detected to the Rc
mutant or to an Ra chemotype (S. minnesota
R60) obtained from Siegfried Schlecht. An-
tisera to the Re chemotype of S. minnesota
595 were also titered by an indirect hemag-
glutination technique, wherein purified lipo-
polysaccharide extracted from this mutant by
phenol-chloroform-ether was used to sensi-
tize erythrocytes (2). A titer of 1:320 was
obtained with each anti-Re sera tested, com-
pared to undetectable pre-immunization ti-
ters (<1:10).

Experimental infections. Outbred Swiss al-
bino mice of mixed sexes, 20-25 g, were
housed 10 per cage and fed antibiotic-free
Purina Lab Chow during an acclimatization
period of 5-7 days. Immediately before each
study, each colony of 10 animals was ran-
domly divided into test and control groups
and injected iv with 0.25 ml antiserum,
preimmune serum, or sterile pyrogen-free
physiologic saline. One hour later all animals
were challenged with E. coli 018, P. mirabilis,
or K. pneumoniae suspensions grown over-
night in trypticase soy broth at 37°. The
organisms had been harvested by centrifu-
gation, washed with physiologic sterile saline
at room temperature, and suspended in saline
at concentrations determined turbidimetri-
cally at 580 nm. For ip challenge, 1.0 ml
suspensions were injected, and 0.25 ml for iv
challenge. Control and test animals were al-
ways challenged with the bacterial suspen-
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sions in an alternate manner to minimize any
possible effects of changing bacterial num-
bers and viability during the total injection
period. Mortality rates following E. coli and
P. mirabilis challenge were taken at 96 hr.
Mortality after K. pneumoniae challenge was
recorded daily for 5 days.

Results. Mortality dose-response relation-
ships in untreated mice. Mortality dose-re-
sponses following E. coli 018, P. mirabilis,
and K. pneumoniae challenge are given in
Fig. 1. Within the sensitive dose-response
ranges, ip challenge consistently produced
higher mortality rates than the iv route. With
either route, mortality from E. coli and P.
mirabilis increased minimally after 48 hr and
no further deaths occurred after 96 hr. In
contrast, K. pneumoniae proved lethal regard-
less of inoculum size, the latter determining
only the rate of mortality as reported previ-
ously by McCabe (2). For all three challenge
species, heat-killed suspensions administered
iv or ip in inocula up to 5 X 10° produced no
mortality, suggesting that bacterial replica-
tion was required for lethality when inocula
of LD 95-100 or less were employed.

Effect of pretreatment with rabbit antisera.
The ability of pooled rabbit antisera against
the Rd chemotype of S. typhimurium SL 1032
and the Re chemotype of S. minnesota 595 to
protect mice against challenge with E. coli
018 is given in Table I. Although protection
was afforded by both antisera when com-
pared with saline treated or untreated con-

trols, preimmune sera from the corresponding
donors was just as protective. This was true
regardless of whether the sera were injected

KLEBSIELLA PNEUMONIAE

/x 104
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F16. 1. Dose-response relationships for E. coli 018, P. mirabilis, and K. pneumoniae, type 11, mortality in Swiss

mice. E. coli and P. mirabilis mortality recorded at 96 hr.
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TABLE 1. EFFECT OF PRETREATMENT OF Swiss MICE
WITH RABBIT ANTISERUM ON MORTALITY FROM E. coli

018.¢
E. coli
I1x10"  5x10" 15x10°
iv Pretreatment 1p p v
(0.25 ml) (N) % Mortality
None @31 61  (31) 100 (20) 60
Saline 41 61 (24 92
S.  typhimurium (13) 23 (17) 71
SL 1032 (Rd)
antiserum
Preimmune se- (28) 21 B0y 77
rum
S. minnesota 595 (200 20
(Re) antiserum
Preimmune se- (20) 15
rum
E. coli 018 anti- (15 0 (10) 20 (200 O
serum
Preimmune se- (31) 19 (20) 20
rum
ip Pretreatment
(0.25 ml)
Saline 25 92
S.  minnesota 595 (26) 46
(Re) antiserum”
Preimmune serum® (25 20
E. co{hi 018 antise- (24) 0

rum

¢ Each vertical column gives results from one separate
study.
® Heated to 56°, 30 min.

iv or ip or whether E. coli challenge was
performed by the iv or ip route. Despite its
protective activity, the preimmune sera pos-
sessed no detectable (<1:10) agglutinating an-
tibody to the E. coli 018 or to Ra, Re, Rd, or
Re rough mutants. In contrast to the anti-Rd
and Re sera, specific antiserum to the infect-
ing E. coli 018, possessing an E. coli 018
agglutinating titer of 1:5120, was significantly
more protective than the corresponding
preimmune serum (P < 0.05 for each of the
two comparative trials).

Since pretreatment of mice with normal
pre-immune rabbit sera protected against E.
coli 018 sepsis, this activity was examined in
more detail, Table II. In three separate trials,
each comparing five different normal sera
concomitantly with an untreated control
group, marked individual serum variability
was observed, and heating to 56° for 30 min
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did not destroy protective activity. Despite
such protective activity, agglutinating anti-
body to E. coli 018 or to Rd or Re chemotypes
of the rough mutants employed in these stud-
ies were undetectable (<1:10) in any normal
serum. Two sera (C and E) possessed anti-Ra
and Rc titers of 1:10. These sera provided less
protection than others possessing no detecta-
ble titers.

Table III demonstrates that i.v. pretreat-
ment of mice with rabbit antisera to the Rd
and Re chemotypes of Salmonella, and to the
Rc chemotype of E. coli, protected against iv
(but not ip) challenge with P. mirabilis. How-
ever, preimmune sera from the corresponding
donors provided comparable protection.
None of the pre-immune normal sera pos-
sessed detectable agglutinating antibodies to
the P. mirabilis or to Ra, Rc, Rd, or Re
mutants employed in the present studies
(<1:10). In contrast to the anti-mutant sera,
iv pretreatment with specific antiserum to the
infecting P. mirabilis provided significantly
greater protection than the corresponding
pre-immune serum against both iv and ip
challenge (P < 0.01 and P < 0.001 respec-
tively). This specific antiserum possessed an
agglutination titer of 1:2580 to P. mirabilis.

Figure 2 demonstrates the ability of pooled

TABLE I1. EFFECT OF PRETREATMENT OF SWIss MICE
WITH SERUM FROM INDIVIDUAL NORMAL RABBITS ON
MORTALITY FROM E. coli 018.

Individ- E. coli (1 x 107 ip)
iv Pretreatment ual do-
(0.25 ml) nor (N) % Mortality
Trial 1 None (10) 95
Unheated se- A (10) 10
rum B (10) 50
C (10) 90
D (10) 100
E (10) 70
Trial 2 None (20) 60
Unheated se- F (10) 40
rum
G (8) Immediate
deaths
from se-
rum per se
H €) 0
I (10) 0
J (10) 0
Trial 3 None (11 55
Heated serum K (10) 0
(56°, 30 min) L (10) 20
M (10) 0
N (10) 30
(8] ® 0
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rabbit antisera to the Rc chemotype of E. coli
J5 mutant to protect mice against iv K. pneu-
moniae challenge. Pretreatment with the an-
tisera retarded mortality, but the preimmune
sera, possessing no detectable anti-K. pneu-
moniae or Rc antibodies (<1:10) provided
equal protection. Heat-inactivation of anti-
serum at 56° for 30 min (end panel) did not
alter the results.

Figure 3 demonstrates the ability of pooled
rabbit antiserum to the Rd chemotype of S.
typhimurium SL 1032 mutant to protect mice
against iv K. pneumoniae challenge. Pretreat-
ment with the antiserum retarded mortality

TABLE III. EFFECT OF PRETREATMENT OF SWIss MICE
WITH RABBIT ANTISERUM ON MORTALITY FROM P.

mirabilis.”
P. mirabilis
1L5x 10%ip 5% 10%iv

iv Pretreatment (0.25 ml) (N) % Mortality
None (200 80  (25) 68
Saline (18) 78
E. coli J5 (Rc) antiserum 30) 27
Pre-immune serum 30) 27
S. typhimurium SL 1032 (40) 85 (32) 25

(Rd) antiserum®
Preimmune serum® (16) 81
S. minnesota 595 (Re) (18) 83 (24) 42

antiserum
Preimmune serum (18) 83 (25) 32
P. mirabilis antiserum (18 6 (25 4
Preimmune serum (20) 80 27 30

¢ Each vertical column gives the results of two com-
bined studies.
® Heated to 56°, 30 min.

X=X SALINE
o==0 PRE-IMMUNIZATION RABBIT SERUM
®-——e POST-IMMUNIZATION:ANTI-E.COLI J5 (Re) SERUM

DONORS 13-15

DONORS 16-18

* MORTALITY

26 48 72 9 120 24 48 72 9 120
TIME {HOURS)

F1G. 2. Effect of i.v. pretreatment of Swiss mice with
pooled rabbit antisera (0.25 ml) to E. coli JS (R¢ chem-
otype) on mortality from iv K. pneumoniae (1 X 10%).
Sera from donors 16-18 (end panel) heated to 56°C, 30
min.
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FiG. 3. Effect of i.v. pretreatment of Swiss mice with
pooled rabbit antisera (0.25 ml) to S. typhimurium SL
1032 (Rd chemotype) on mortality from iv K. pneumo-
niae (1 X 10%).

when compared with saline treated controls,
but the pre-immune serum, possessing no
detectable anti-K. pneumoniae or Rd antibod-
ies (<1:10) was comparably protective.

Figure 4 demonstrates the ability of rabbit
antisera to the Re chemotype of S. minnesota
595 mutant to protect mice against iv K.
pneumoniae challenge. Pretreatment with an-
tisera from 3 different donor sources (2 indi-
vidual and 1 pool) retarded mortality but
preimmune sera from the corresponding do-
nors (panel 1 and 2) or from other normal
non-immunized donors (end panel) possess-
ing no detectable anti-K. pneumoniae or Re
antibody titers (<1:10), provided as effective
or greater protection.’ In contrast to the anti-
Re sera, specific antiserum to the K. pneu-
moniae, possessing a K. pneumoniae agglutin-
ating titer of 1:640, provided complete pro-
tection (end panel). As seen in the end panel
of Fig. 4, heating normal or immune rabbit
sera to 56° for 30 min did not abolish protec-
tive activity.*

Pre and post-immune sera from different donors
rather than from corresponding donors were employed
in studies shown in end panel of Fig. 4 to exclude a role
of prebleeding in preventing the appearance of enhanced
protective activity in the rough mutant antisera.

* For the K. pneumoniae studies, it was found essential
that rabbits be immunized with rough mutants in areas
completely separated from those used for infecting mice.
In early studies, immunization of rabbits was carried out
two rooms removed from those used for experimental
infection. Increases in specific agglutinating antibody
titers to K. pneumoniae appeared during immunization
with the rough mutants (from <1:10 to a final titer of
1:160). Pretreatment of mice with such rough mutant
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o—=-o PRE-IMMUNIZATION RABBIT SERUM
o— POST- IMMUNIZATION: ANTI- S.MINNESOTA 595 (Re) SERUM
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DONOR 2

% MORTALITY

L

DONORS 3-8

1

24 48

72 96 120 0

TIME (HOURS)

Fi1G. 4. Effect of i.v. pretreatment of Swiss mice with rabbit antisera (0.25 ml) to S. minnesota 595 (Re chemotype)
on mortality from iv K. pneumoniae (1 x 10). Individual animals (donors 1 and 2) supplied both pre and
postimmunization sera. Donors 3-8 (end panel) supplied only post-immunization S. minnesota 595 antisera; the pre-
immunization sera and post-immunization K. pneumoniae antisera were obtained from other donors.

PRETREATMENT
SALINE

o——o0 NORMAL HORSE SERUM (POOL I)
*~———a " " woo{n 2)

SN " n oo (w3
X

j—

1001

N=26_X
,x—x—x/
X

80

60

% MORTALITY

40

201

PRETREATMENT

x=—x SALINE

o=—0 NORMAL HORSE SERUM (ANIMAL HB.}
— " " wo{ n MS)
fr——t " " no{ o TT)

—T
96

T T T
24

48 72 96

TIME (HOURS)

FI1G. 5. Effect of iv pretreatment of Swiss mice with normal horse serum (0.25 ml) from 6 different sources on

mortality from i.v. K. pneumoniae (1 x 10%),

Effect of pretreatment with normal horse
serum. Normal horse serum obtained from 6
different sources, all provided unequivocal
protection to mice against iv challenge with
K. pneumoniae, Fig. 5. Pooled horse sera,
obtained from three different commercial
sources, were from donors reputed to be

antisera conferred significant protection against iv K.
pneumoniae challenge when compared with the corre-
sponding pre-immune sera. However, these increments
in anti-K. pneumoniae antibodies and in protective activ-
ity were entirely circumvented when a separate building
was used for rabbit immunization, and these are the data
shown in the above studies.

healthy and never vaccinated with bacterial
antigens other than tetanus toxoid. Sera from
the individual donors were from privately
owned healthy animals known never to have
been inoculated with any bacterial vaccine.
Despite the protective activity, the normal
horse sera possessed no detectable (<1:10)
agglutinating antibodies to the K. pneumoniae
or to the Rd or Re mutants used in the present
studies. All of the horse sera possessed anti-
Ra (S. minnesota R60) agglutination titers of
1:40 and anti-Rc (J5 mutant of E. coli 0111)
titers ranging from 1:40 to 1:320.
Quantitative studies on the protection con-
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F1G. 6. Dose-response relationships for iv normal
horse serum (pool 1 shown in Fig. 5) and protection
against iv K. pneumoniae (1 X 10%) in Swiss mice. Horse
serum doses less than 0.25 ml were reconstituted with
pyrogen-free sterile physiologic saline to 0.25 ml.

ferred by normal horse serum against iv K.
pneumoniae challenge indicated that as little
as 0.01 ml could provide unequivocal protec-
tion, Fig. 6. To explore the nature of this
protection, aliquots of normal horse serum
were absorbed with the challenge strain of K.
pneumoniae or with a heterologous smooth
gram-negative organism (P. mirabilis). Ab-
sorption was performed using a 1% suspen-
sion of live organisms previously grown over-
night in trypticase soy broth and washed 3
times in pyrogen-free sterile saline. Four ab-
sorptions were carried out for 15 min each at
0°, and the serum then sterilized by passage
through a Millipore filter; control nonab-
sorbed serum aliquots were also passaged
through a Millipore filter. The absorbed sera
were shown to be sterile before testing for
protective activity. As seen in Fig. 7, protec-
tive activity of normal horse serum was
clearly reduced by absorption with K. pneu-
moniae but not with P. mirabilis. As estimated
from the dose-response protection afforded
by this batch of normal horse serum (Fig. 6),
a high proportion (>95%) of the protective
activity was specifically removed by absorp-
tion with K. pneumoniae. No decline in the
anti-Ra or Rc titers (1:40 and 1:80 respec-
tively) was detected in this absorbed serum.
In contrast to horse serum, protective activity
of normal rabbit serum against iv K. pneu-
moniae challenge was not reduced by com-
parable absorption with viable K. pneumoniae
(2 separate trials).

Discussion. In 1968, Chedid and coworkers
reported that antisera from horses hyperim-
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munized with an Ra chemotype of a rough
Salmonella mutant (S. typhimurium TV 119)
protected mice against iv challenge with K.
pneumoniae (1). Subsequently, McCabe re-
ported that antisera from rabbits immunized
with an Rd; or Re chemotype of rough Sal-
monella mutants (S. minnesota Rd;3 and Re
595), but not with the Ra (or Rb, Re, or Rdy)
chemotypes, protected mice against iv K.
pneumoniae or E. coli challenge (2). Young
and coworkers later reported that rabbit an-
tiserum to the Re chemotype of S. minnesota
595 protected mice against ip challenge with
E. coli (3). In the above studies, each inves-
tigator concluded that the broad spectrum
protection conferred by pretreatment with the
rough mutant antisera was mediated by an-
tibodies to core antigens common to the En-
terobacteriaceae. These core antigens were
presumably “unmasked” in the rough mu-
tants, allowing production of high titers of
cross-reactive protective antibodies. Re-
cently, Ng and coworkers repeated these
studies with rabbit antisera prepared against
the same Re chemotype of the S. minnesota
595 mutant used by the latter two groups of
investigators, as well as with antisera to an
Re chemotype of an S. typhimurium mutant
(SL 1102). While increments in antibodies to
common core antigens were clearly demon-
strated, pretreatment of mice with either of
these antisera afforded no protection against
iv challenge with S. typhosa, E. coli, P. aerugi-
nosa, or K. pneumoniae; the latter organism
was the identical challenge strain employed
by the initial two groups of investigators (4).
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F1G. 7. Effect of absorption of normal horse serum
(pool 1 shown in Figs. 5 and 6) with viable K. pneumoniae
or P. mirabilis on protective activity against iv K. pneu-
moniae (1 X 10%) in Swiss mice. 0.25 ml horse sera were
given iv as pretreatment in all trials.
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This inability to confirm previous observa-
tions could not be readily explained, although
it paralleled earlier observations by Mullan
and coworkers and by McCabe and Greely
that rabbit antisera to other common antigens
of Enterobacteriaceae, i.e. lipid A and com-
mon enterobacterial antigen, failed to protect
mice against parenteral infection with smooth
Enterobacteriaceae (5, 6). The present find-
ings are in agreement with those of Ng and
coworkers. Rabbit antisera prepared against
3 different rough Enterobacteriaceae mutants,
an Rc, Rd, and Re chemotype of E. coli, S.
typhimurium, and S. minnesota respectively,
although containing high titers of agglutin-
ating antibodies to the mutant organisms,
provided no more protection to mice against
challenge with 3 different species of smooth
Enterobacteriaceae than did the preimmune
serum from the same donors lacking any
detectable antibodies to the rough mutants.
To minimize the possibility that these nega-
tive results might be secondary to heterolo-
gous serum toxicity (some fresh rabbit sera
were acutely lethal for mice), heat-inactivated
sera (56°, 30 min), found in our laboratory to
possess reduced toxicity for mice, were also
tested. The results remained unaltered. It is
emphasized that challenge with each bacterial
species, E. coli 018, P. mirabilis, and K. pneu-
moniae, was performed with inocula carefully
titrated to produce mortalities within the sen-
sitive dose-response range and that bacterial
replication appeared necessary for lethality in
these models since heat-killed inocula pro-
duced no mortality. Moreover, these findings
with the rough mutant antisera contrasted
markedly with specific antisera which con-
sistently conferred high levels of protection
against the respective challenge organisms,
significantly greater than that conferred by
preimmune serum from the corresponding
donors.

One possible explanation for our and Ng
and coworkers inability to confirm the con-
clusions of previous investigators became ap-
parent from the present studies. The preim-
mune normal rabbit and horse sera tested in
the present studies conferred definite protec-
tion to mice against each of the 3 smooth
challenge organisms, including K. pneumo-
niae, type II, the identical strain employed by
the previous investigators. Analysis of sera
from individual normal donors revealed a
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wide spectrum of protective activity. Because
of this variable protective activity of normal
serum, it was found necessary that sera be
obtained prior to immunization, stored fro-
zen, and tested concomitantly with immune
sera from the corresponding donors (both
pooled in the same proportions) in order to
determine whether the immune sera were
protective by virtue of an increase in antibody
content. Thus, whereas Chedid and co-work-
ers observed that sera from horses hyperim-
munized with the Ra mutant S. typhimurium
TV 119 protected Swiss mice against K. pneu-
moniae, the corresponding normal pre-im-
mune sera were not tested. (Indeed, no nor-
mal horse sera were tested). The present find-
ings indicate that normal horse serum from
non-immunized healthy animals can impres-
sively protect Swiss mice against K. pneumo-
niae infection. Moreover, this prophylactic
activity could be reduced markedly (>95%)
by absorption of normal horse serum with the
homologous smooth K. pneumoniae, but not
with a heterologous smooth gram-negative
bacterial species ( P. mirabilis), suggesting that
natural specific antibodies account for the
major portion of such protective activity. This
is supported by the finding that while all the
normal horse sera possessed agglutinating an-
tibodies against Ra and Rc (but not Re)
chemotypes of Enterobacteriaceae the loss of
protective activity following absorption with
K. pneumoniae was unaccompanied by any
decline in the anti-Ra or Rc titers. It is of
interest in this regards that Chedid and co-
workers similarly observed that absorption of
their horse S. typhimurium TV 119 antiserum
with smooth K. pneumoniae, but not with
other smooth gram-negative bacteria, very
effectively reduced its protective activity
against K. pneumoniae (1). We cannot readily
explain the discrepancy between our findings
and those of McCabe (2). At least one of the
challenge organisms employed in both stud-
ies, K. pneumoniae, type I, was the identical
strain, and hemagglutinating antibodies to
the Re mutant S. minnesota 595 in the rabbit
antisera were equally high. Differences in
mouse strains might explain the variance in
results (CF1 mice were employed by Mc-
Cabe). However, it appears that pre-immune
sera from the same donors were not employed
for control purposes in the previous studies
and this might account for the protection by
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antiserum appearing causally related to im-
munization with the Rd; and Re Salmonella
mutants. We also cannot readily explain the
discrepancy between our findings and those
of Young and co-workers who reported that
heat-inactivated rabbit antiserum to the Re
mutant of S. minnesota 595 given ip to mice
yielded significantly greater protection
against ip E. coli challenge than did heat-
inactivated normal rabbit serum (3). Possibly,
the fact that different E. coli and mouse
strains were employed by Young and co-
workers (i.e., E. coli 085HA and CD mice) or
that hog gastric mucin was used to enhance
infection in these previous studies could ac-
count for the divergent conclusions.” On the
other hand, it is again emphasized that pre-
immune sera from the same rabbit donors
apparently were not used for control pur-
poses. If the variable protective activity of
normal rabbit serum observed in the present
studies extends to other E. coli strains, the
need to use preimmune sera from the same
donors as controls for antisera protection be-
comes crucial. This reasoning is supported by
the data of Hodgin and Drews (8) wherein
normal rabbit sera significantly protected
NMRI mice against i.p. challenge with E. coli
04 when compared with physiologic saline (P
< 0.01 for normal serum given ip and P <
0.05 for normal serum given iv). In contrast,
no significant difference is evident when the
protective activity of antiserum to the S. min-
nesota 595 Re chemotype is compared with
normal rabbit serum (P ~ 0.2).

The ability of normal rabbit serum to con-
fer broad spectrum protection against gram-
negative bacterial infection in mice of various
strains has been noted previously (4, S, 8, 9).
The present studies confirm and extend these
observations to include normal horse serum.
Although the mechanism underlying such
protection was not studied, it may differ de-
pending upon the donor species. For exam-
ple, in the present studies, absorption with X.
pneumoniae sharply reduced the protective
activity of normal horse serum against K.
pneumoniae infection, but did not do so with

® Young and coworkers have subsequently reported
that the protection conferred by rabbit antiserum to the
Re S. minnesota 595 mutant against i.p. E. coli challenge
was “critically dependent” upon the concentration of
hog mucin injected (7).
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normal rabbit serum. Galanos and co-work-
ers have suggested that complement might be
responsible for the protective activity of nor-
mal rabbit serum in mice, at least with respect
to S. typhimurium infection (9). Since heat-
inactivation of normal rabbit serum did not
abolish its protective activity against the 3
Enterobacteriaceae used in the present stud-
ies, if rabbit complement is responsible for
protection in these models it would be the
heat stable components. These might act in
conjunction with the murine complement sys-
tem, possibly by enhancing the characteristi-
cally deficient bactericidal activity of mouse
serum (10, 11). In any case, this protective
activity of normal serum raises the possibility
that the present inability to detect enhanced
protection by rough mutant antisera might be
related to a “masking” effect of the already
existing normal protective system. This ap-
pears unlikely, however, since in those in-
stances where minimal or no protection was
conferred by the pre-immune sera (donors 1
and 2, Fig. 4; ip challenge, Table III) no
enhanced protection was seen with the cor-
responding rough mutant antisera. The above
considerations emphasize the need to use pre-
immune serum from the same donors for
control purposes when studying the protec-
tive activity of heterologous antisera to rough
gram-negative bacterial mutants in murine
models. When this is done, the conclusion
that antisera to rough gram-negative mutants
confer broad spectrum protection to mice
against parenteral challenge with smooth En-
terobacteriaceae because of the rise in anti-
body titer to common core antigens cannot
be supported.

Summary. Rabbit antisera to three rough
Enterobacteriaceae mutants, the Rc chemo-
type of Escherichia coli J5, the Rd chemotype
of Salmonella typhimurium SL 1032, and the
Re chemotype of Salmonella minnesota 595,
were administered iv or ip to outbred Swiss
albino mice. Control animals were injected
concomitantly with normal serum from the
same donors obtained prior to immunization.
One hour later, challenge was performed ip
or iv with LDgs-100 doses of viable Escherichia
coli 018, Proteus mirabilis, or Klebsiella pneu-
moniae. Normal pre-immune rabbit sera,
lacking detectable antibodies to the specific
challenge bacterial strains or to Ra, Rc, Rd,
or Re rough mutants of Enterobacteriaceae,
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exhibited definite abilities to reduce septic
mortality when compared with physiologic
sterile saline. Analysis of preimmune sera
from individual rabbit donors revealed a wide
spectrum of protective activity. Post-immune
sera against the rough bacterial mutants, pos-
sessing high titers of Rc, Rd, or Re antibodies,
conferred no protection above that afforded
by the corresponding preimmune sera. Only
antisera to the specific challenge bacterial
strain proved more protective than the cor-
responding pre-immune sera.

Normal horse sera from 6 different sources,
obtained from healthy animals never immu-
nized with gram-negative bacterial vaccines,
all possessed agglutinating antibodies against
Ra and Rc (but not Re) chemotypes of En-
terobacteriaceae and all provided high levels
of protection aginst iv K. pneumoniae sepsis
in mice. However, naturally occurring spe-
cific antibodies, not the anti-rough mutant
antibodies, appeared primarily responsible
for such protection since protective activity
was markedly reduced (>95%) by absorption
with the homologous (K. pneumoniae) but
not with a heterologous ( P. mirabilis) smooth
species and since this loss of protective activ-
ity was unaccompanied by any decline in
anti-Ra or Rc titers.

GRAM-NEGATIVE SEPSIS

The findings fail to support the conclusion
that antisera to rough gram-negative bacterial
mutants confer broad spectrum protection to
mice against parenteral challenge with
smooth Enterobacteriaceae because of the rise
in antibody titer to common core antigens.
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