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necessarily represent the maximal secretory
capacity of the stomach.

Summary. Analyses of gastric contents
collected during a 3-hour infusion of hista-
mine (maximal stimulation) in unanesthe-
tized, gastric fistula dogs revealed statisti-
cally significant negative correlations between
[Na*] and [H*], and between [K*] and
[H*]. K* output, H* output, and Cl- output
were positively correlated with output of
water during this infusion. [K*] and vol-
ume-rate of secretion were inversely corre-
lated during the first hour of infusion and
positively correlated during the second and
third hours.
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Despite the claims of a few investigators
(1,2), it is generally agreed that exposure of
brucella-susceptible hosts to killed brucellae
fails to provide any significant and lasting
protection against subsequent exposure to
live, virulent organisms(3-6). Efficient pro-
tection against challenge with virulent organ-
isms apparently results only from the tem-
porary or prolonged establishment of living
organisms within the host, and for this reason
the use of an attenuated strain of Brucella
abortus such as strain 19, or of a streptomy-
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cin-dependent strain of Br. melitensis(7),
both of which fail to lead to clinical manifes-
tations, has been advocated. The causes for
the failure of organisms, killed in a variety of
ways, to elicit efficient protection have re-
mained obscure and difficult to understand,
since killed brucellae certainly do lead to
production of humoral changes (i.e., forma-
tion of agglutinating antibodies) that are
usually indicative of an immune state.

Many investigators have stressed the im-
portance of cellular mechanisms in relation
to immunity against diseases produced by
intracellular parasites such as brucellae, and
there have been various studies on interac-
tions in vitro between mononuclear phago-
cytes (monocytes) from different hosts and
brucellae of different virulence(8-11). Thus
it was shown that monocytes from normal,
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TABLE I. Viable Counts and Intracellular Distribution of B. abortus in Cultures Established
with Monocytes from Normal, Vaeccinated, or Infected Guinea Pigs.

Viable countt

% monocytes containing 0, 1-10, ete.,

Time of exam-  per flask brucellae*
Monoeyte donors  ination (hr) (X 10%) 0 1-10 11-20 >20

Normal 2 5.1 10 G8 19 3
” 24 15.4 3 27 14 56

? 48 71.0 0 2 4 94
Vaceinated 2 4.1 21 52 20 7
” 24 4.7 6 41 20 33

" 48 16.2 6 20 26 48
Infected 2 3.0 26 68 6 0
” 244 3.4 74 24 2 0

” 48 1.2 58 24 3 15

* Avg of values obtained on examination of 30 monocytes on each of 2 coverslips.

t Avg of duplicate counts on each of 2 Porter

Husks,

1 No. of monoeytes remaining attached to coverslips was less than at 2 hr (7% and 71%, re-

spectively).

susceptible animals (e.g., guinea pigs) allow
extensive intracellular multiplication of viru-
lent (S type), but not of avirulent (e.g., R or
M type) brucellae(9). In contrast, such in-
tracellular multiplication fails to occur, or is
minimal, in animals that are resistant either
by virtue of previous infection with virulent
brucellae(8) or by virtue of their innate re-
sistance(11); infected guinea pigs provide an
example of the former, uninfected rats of the
latter.

We now have examined the fate of intracel-
lular brucellae within monocytes from guinea
pigs vaccinated with formalin-killed Br. abor-
tus. Tt is the purpose of this communication
to describe how the failure of such vaccina-
tion to protect against subsequent challenge is
correlated with a failure to cause the type of
modification of host cell-bacterium interac-
tions that is typical of phagocytes from resis-
tant hosts,

Materials and methods. Male guinea pigs
of the Hartley strain, weighing initially about
350 g were used. Killed cells for vaccination
were prepared from virulent Br. abortus,
strain SA-S(9), by exposure to 0.04% forma-
lin, appropriate tests for the absence of liv-
ing organisms being made prior to use. Vac-
cination was performed either by a single in-
tramuscular injection of approximately 1 X
10? Kkilled cells into the thigh 2 or 4 weeks
prior to monocyte harvest, or by 2 such in-
jections, spaced 3 months apart, 4 and one
month prior to monocyte harvest. The data

were essentially identical in all instances, and
this report will be restricted to a compilation
of results obtained with a single vaccination.
All guinea pigs were bled prior to vaccination,
and again at time of sacrifice. Brucella ag-
glutinins were titrated by tube agglutination.

Technics employed in the monocyte main-
tenance cultures have been described(8,9,11).
Briefly, monocytes were harvested 48 hours
after an intraperitoneal injection of 20 ml of
0.85% saline, and suspended, at a concentra-
tion of approximately 2 X 10° per ml, in a
medium consisting of 30% autologous serum
in Hanks’ BSS. Br. abortus, SA-S, was added
to a final concentration of about 5 X 107 per
ml, and aliquots of the mixture introduced
into Porter flasks containing flying cover-
slips. After 2 hours’ incubation at 37°C,
when the monocytes had ingested brucellae
and had become attached to the floor of the
flask, the supernatant medium was replaced
by 30% serum-Hanks containing streptomy-
cin at a final concentration of 10 pg per ml.
This concentration of streptomycin is capable
of killing all extracellular brucellae without
killing any of the intracellular organisms(8).
Cultures were examined periodically, usually
2, 24 and 48 hours after initiation, by remov-
ing flying coverslips for direct observation,
as well as by performing viable counts on the
bacterial contents of whole cultures.

Results and discussion. Table I, compiled
from typical examples collected in studies
with monocytes from 12 animals, shows a
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comparison of events occurring in monocytes
harvested from a) normal, unvaccinated ani-
mals, b) animals vaccinated with killed bru-
cellae, and c¢) animals that had been infected
with live, virulent brucellae. The extent of
intracellular multiplication of smooth, viru-
lent brucellae in these cells is reflected both
by direct counts of the number of bacteria
per individual stained monocyte and by as-
says on the number of viable cells recover-
able from the same monocyte-brucellae cul-
tures 2, 24 or 48 hours after initiation of the
cultures. On the basis of these criteria, the
typical multiplication of brucellae took place
within monocytes from normal, susceptible
animals and very little multiplication oc-
curred within monocytes obtained from in-
fected, immune animals (infected 6 months
prior to monocyte harvest). The events
within monocytes from animals exposed to
killed brucellae resembled those occurring
within cells from normal, susceptible hosts
rather than those typical for infected, im-
mune animals, i.e., the brucellae multiplied
intracellularly, but the extent of such multi-
plication was somewhat less than in “nor-
mal” monocytes. These trends have been
confirmed by observations with additional
animals.

The vaccinated animal chosen as an exam-
ple for Table I showed a serum agglutinin
titre of 1:1280; other animals which yielded
essentially identical results showed agglutinin
titres ranging from 1:640 to 1:2560. (The in-
fected animal of Table I showed a titre of
1:576.) It was, therefore, considered pos-
sible that the lesser extent of intracellular
multiplication observed in cultures containing
cells and serum from vaccinated donors, com-
pared to normal donors, may have resulted
from agglutination of the bacteria prior to in-
gestion. To test this, one aliquot of mono-
cytes from the vaccinated guinea pigs was
maintained (for the 48-hour experimental pe-
riod) in the presence of autologous serum
that had been drawn prior to vaccination and
stored at —20°C, while a second aliquot was
maintained for the same period in fresh, i.e.,
antibody-containing, serum. As a control
stored (frozen) and fresh autologous sera also
were used with monocytes from normal ani-
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mals. Under these various conditions no sig-
nificant differences in numbers of brucellae
ingested by monocytes from normal or vac-
cinated donors could be observed, regardless
of whether stored (frozen) or fresh sera were
used. Also, the extent of intracellular multi-
plication was independent of the antibody
titre of the extracellular medium, monocytes
from vaccinated donors again supporting in-
tracellular multiplication of brucellae. As in
the prior tests, the extent of growth within
cells from vaccinated guinea pigs, however,
remained less than that in cells from normal
animals both in autologous pre- and post-vac-
cination sera.

Thus, while the intracellular multiplication
of Br. abortus, SA-S, within the monocytes of
vaccinated guinea pigs was found to be less
than in monocytes from normal, susceptible
(unvaccinated) animals, it nevertheless did
not approach the reduction of intracellular
multiplication typical for immune, infected
guinea pigs. It is, therefore, tempting to spec-
ulate that the generally encountered failure
of killed brucellae to protect against natural
brucellosis, or against experimental brucel-
losis that mimics natural infection, may be
associated with a failure of killed organisms
to modify cellular factors of the host. In a
typical susceptible host, protection against
challenge with virulent brucellae may require
a modification of both humoral and cellular
factors, and it would appear that while live
virulent organisms are capable of producing
such changes, killed organisms, although pro-
ducing alterations in serum factors, are in-
sufficient for producing the characteristic cel-
lular alterations. (Similar conclusions were
reached recently for Salmonella enteritidis in
studies by a group of Japanese investigators
(12) which came to our attention after the
conclusion of our tests.) Some of the re-
ported success in protecting animals against
experimental brucellosis with the aid of killed
vaccines or bacterial extracts(l) may be at-
tributable to the use of relatively resistant
hosts, such as mice. It has been shown pre-
viously (11) that in such hosts extensive in-
tracellular multiplication of brucellae in
monocytes does not occur, and it may be ar-
gued that this may reduce the need for si-
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multaneous alteration of humoral and cellu-
lar factors. Alteration of humoral factors,
achievable by killed cells or their components,
may suffice to curb the relatively atypical ex-
perimental infections produced in such hosts.
The situation appears to be more complex in
a typical susceptible host like the guinea pig,
at least as far as any lasting and significant
protection is concerned. Jones ef a/.(13) did
observe that a killed S or R adjuvant vaccine
can produce slight protection in guinea pigs
but the resulting increase in 1D, was minor
compared with that obtained after use of live
vaccines. It will now be of interest to deter-
mine whether in typical susceptible hosts, like
the guinea pig, full protection can be achieved
with the aid of killed brucellae when the ani-
mal is simultaneously exposed to other agents,
e.g., meprobamate, which recentlyv have been
shown capable of modifying cellular responses
(14). Under these conditions the drug may
lead to the required alteration of cellular
properties while the killed brucellae modify
humoral factors.

Summarv. In vitro studies with guinea pig
monocytes showed that vaccination of the
donor with formalin-killed Brucella abortus,
failed to result in development of certain cel-
lular properties that are typical for phago-
cytes obtained from donors that are immune
by virtue of innate resistance or prior infec-
tion. That is, while brucellae fail to undergo
intracellular multiplication in monocytes from
immune donors, they do multiply in mono-
cytes from donors treated with killed vaccine,
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even though the extent of such multiplication
was found to be less than in monocytes from
normal, susceptible donors. An attempt has
been made to relate this finding to the prob-
lem of effective immunization against a patho-
gen like brucella, which presumably requires
an effective alteration of both humoral and
cellular factors.
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It is generally thought that bacterial endo-
toxins produce fever by injury to leukocytes
with release of a pyrogen which acts upon
the hypothalamic thermo-regulatory centers
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resulting in an elevation in temperature. This
fever-producing material which has been
termed endogenous serum pyrogen also has
been found in animals made febrile with in-
fluenza viruses and in the fevers associated
with experimental streptococcal, pneumo-



