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Tumour necrosis factor, but not interferon-y, is essential for acquired resistance
to Listeria monocytogenes during a secondary infection in mice
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Infectious Diseases, University Hospital Leiden and tDepartment of Immunology, Erasmus University, Rotterdam, the Netherlands

SUMMARY

Mice with a secondary Listeria monocytogenes infection eliminate the bacteria much faster and
more efficiently from their organs than mice with a primary infection. During the course of a

secondary infection, serum concentrations of interferon-y (IFN-y) and tumour necrosis factor-a
(TNF) are higher than during a primary infection. The aim of the present study was to determine
whether these cytokines are involved in the acquired resistance to L. monocytogenes during a

secondary infection in mice. In order to neutralize cytokines, alginate-encapsulated cells, which
form anti-cytokine monoclonal antibodies, were injected into the nuchal region of mice during a

Listeria infection. Mice recovered from a sublethal primary Listeria infection, which acquired cell-
mediated immunity, received a subcutaneous injection of anti-IFN-y-forming cells, or anti-TNF-
forming cells, and 4 days later received an intravenous injection with 10 50% lethal dose (LD50) L.
monocytogenes. The number of bacteria recovered from the liver and spleen of immune mice
treated with anti-IFN-y-forming cells was slightly larger (-I lglo) than that found for immune
mice treated with anti-fl-galactosidase-forming cells, called immune control mice. The organs of
immune mice treated with anti-TNF-forming cells yielded significantly more (- 4 loglo) bacteria
than those of immune control mice, more than those of immune mice treated with anti-IFN-y-
forming cells, and comparable numbers to those of non-immune mice. Taken together, these
results demonstrate that TNF is essential in acquired resistance to L. monocytogenes during a

secondary infection in mice, while IFN-y plays a minor role.

INTRODUCTION

Listeria monocytogenes is a facultative intracellular pathogen
that is often used as a model to study cellular immunity in mice.
During a primary infection with L. monocytogenes in mice, the
bacteria proliferate in the liver and spleen during the first 3 days
and are eliminated from these organs during the next 7 days," 2
mainly due to macrophage activation occurring during the
development of cell-mediated immunity.3 Macrophages are
activated by T-lymphocyte derived cytokines, interferon-y
(IFN-y) being one of the most important.45 The effect of
IFN-y is primarily mediated by endogenous tumour necrosis
factor (TNF) production by macrophages.6 Both of these
cytokines are needed to overcome a primary infection with L.

4,7monocytogenes.
Mice that survive a primary infection, i.e. immune mice,

possess acquired resistance to L. monocytogenes. 1,3 This implies
that during a Listeria infection in immune mice bacterial
proliferation in the organs occurs only during the first 24 hr,
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and elimination of Listeria takes place during the next 4 days.1
During the course of such a secondary infection, the con-

centrations of IFN-y and TNF in serum are higher than during
a primary infection,5 but the role of these cytokines in the
enhanced elimination of bacteria in immune mice has not yet
been elucidated.

The role of cytokines during an infection in mice can be
investigated by neutralization with cytokine-specific antibodies.
Recently, a method was developed using encapsulated mono-

clonal antibody (mAb)-forming cells, which were injected
subcutaneously (s.c.) into the nuchal region of the mouse.8

This approach has the advantage that antibody titres remain
high over a prolonged period, as the encapsulated cells continue
to secrete antibodies, remain viable and are not rejected.

The aim of the present study was to assess the role of IFN-y
and TNF in the acquired resistance to L. monocytogenes during
a secondary infection in mice.

MATERIALS AND METHODS

Mice
Female, specific pathogen-free CBA/J mice, aged 6 to 8 weeks,
were purchased from IFFA Credo (Saint Germaine-sur-l'Abersle,
France) and given dry food (Hope Farms, Woerden, the
Netherlands) and water ad libitum.
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Bacteria
Listeria monocytogenes strain EGD was kept virulent by
repeated passage through CBA/J mice and stored on blood
agar plates at 4°. The bacteria were cultured in tryptose phos-
phate broth for 18 hr at 370, collected by centrifugation (10 min,
900g), washed in phosphate-buffered saline, pH 7-4 (PBS), and
resuspended in pyrogen-free saline.

Antibody-forming cells
Hybridoma cell lines forming either rat anti-mouse IFN-y mAb
(XMGI.2; IgGl)9 or rat anti-mouse TNF mAb (XT22; IgGl)10
were a gift from DNAX Research Institute (Palo Alto, CA). A
rat anti-fJ-galactosidase (anti-f-gal) mAb-producing hybri-
doma cell line (GL1 13; DNAX)1 was used as an IgGl isotype
control. The cells were cultured in HEPES-buffered RPMI-
1640 (Flow Laboratories, Irvine, UK) supplemented with 10%
heat-inactivated fetal calf serum (Gibco Laboratories, Grand
Island, NY), 2mM L-glutamine (Flow Laboratories), 50 pg/ml
streptomycin (Biochemie GmbH Vienna, Austria), 1000 U/ml
natrium penicillin-G (Gist Brocades, Leiderdorp, the Nether-
lands) and 5 x 10-5M fl-mercaptoethanol (Sigma, St Louis,
MO). The cells were collected by centrifugation at 300g for
8 min at 40.

Encapsulation of cells and injection into mice
Cells were encapsulated as described elsewhere.8 In short,
about 1 x 107 antibody-forming cells were washed with
cold pyrogen-free saline and a suspension containing 3 x 106
cells/ml was mixed with alginate entrapment medium (FMC
Bioproducts-Europe, Vallensbaek Strand, Denmark) at a
volume ratio of 1:2. The solution of cells and alginate was
transferred to a polypropylene syringe with a 21 g needle, which
was squirted into a dish containing 80mm CaCl2. The resulting
capsules, which entrap the antibody-forming cells, were washed
with pyrogen-free saline. Endotoxin levels of the solution of
alginate-encapsulated mAb-forming cells (antibody-FC) were
below 10 pg/ml, as determined with a Limulus assay. It
has been shown that this procedure enables in vivo neutraliza-
tion of cytokine activity analogous to injection of purified
mAb.8

Mice were injected s.c. with 1 ml of a suspension of antibody-
FC in the nuchal region 4 days before the L. monocytogenes
infection. Each mouse received 1 x 106 or 2 x 106 antibody-
FC, depending on the kind of hybridoma cell line and the type
of experiment.

Induction ofprimary or secondary L. monocytogenes infection
in mice
A primary L. monocytogenes infection was induced with
an intravenous (i.v.) injection of 5 x 102 L. monocytogenes
[(0-1 50% lethal dose LD50)]. 12 A secondary infection was
induced in mice that had survived the primary infection with L.
monocytogenes by injecting 10 LD50 L. monocytogenes i.v. 3
weeks later. On various days of the primary or secondary
infection, the spleen and liver were removed and homogenized
with a tissue homogenizer (type X-1020; Ystral GmbH,
D6ttingen, Germany). Serial 10-fold dilutions of the organ
suspensions were plated onto blood agar plates and incubated
for 24 hr at 370; the number of colonies was used to calculate
the number of viable L. monocytogenes per organ.

Enzyme-linked immunosorbent assay (ELISA) for
determination of rat IgG in mouse serum

From each mouse a blood sample was taken by heart puncture,
collected in a heparinized tube and stored as plasma at - 200
until use. The concentration of rat anti-mouse IgG present in
plasma was assessed with a sandwich ELISA. The wells of
microtitre plates (Nunc A/S, Roskilde, Denmark) were coated
with 100 pl of a solution containing 1 pg/ml mouse anti-rat IgG
mAb (Pharmingen, San Diego, CA), and kept overnight at 4°.
The remaining aspecific binding sites were then blocked by
incubation for 60 min at room temperature in phosphate-
buffered saline (PBS) containing 0 05% Tween-20 and 1% heat-
inactivated newborn calf serum (Gibco), hereafter referred to as
blocking buffer. Next, 100 p1 of either a plasma sample diluted
with blocking buffer or a serial dilution of purified rat IgGl K

immunoglobulin (Pharmingen) with blocking buffer was added
to the wells and incubated for 3 hr at room temperature. After
multiple washes with PBS containing 0-05% Tween-20 (PBS-
Tween), 100 p1 of biotin-conjugated mouse anti-rat K mAb
(Pharmingen) at a concentration of 0-5 pg/ml blocking buffer
was added to the wells and incubated for 60min at room
temperature. Next, the wells were washed with PBS-Tween and
100 pl of peroxidase-conjugated streptavidine (Jackson Immu-
noresearch Laboratories Inc., Westgrove, PA), at a con-
centration of 0 25 pg/ml blocking buffer, was added to the wells
and incubated for 60 min at room temperature. As substrate,
3,3',5,5' tetramethylbenzidine (Sigma) was added; after incuba-
tion for 15 min at room temperature the optical density (OD) at
450 nm was measured with a Titertek Multiskan (Eflab Oy,
Helsinki, Finland).

Inhibition ofToxoplasma gondii proliferation
On various days of a primary or secondary L. monocytogenes
infection in mice, peritoneal macrophages were collected by
peritoneal lavage with 2ml ice-cold saline containing 50U/ml
heparin,13 and cultured at a concentration of 1 x 106 macro-

phages/ml. The state of activation of the peritoneal macrophages
was evaluated with a T. gondii proliferation assay, as described
earlier. 14The increase ofthe number of T. gondii was calculated as

the ratio of the number of T. gondii per 100 infected macrophages
after 18 hr of incubation to the number of T. gondii per 100
infected macrophages at the start of the assay. The results are

expressed as the percentage fold increase of T. gondii in peritoneal
macrophages from infected mice relative to the fold increase in
macrophages from naive control mice.

Statistical analysis
Results are expressed as the mean ± SEM for at least eight
mice per time-point, unless otherwise indicated. Analysis of
experiments with two groups was performed with two-sample
Student's t-tests. Differences between various groups at one

time-point were assessed using a one-way ANOVA with a Fisher's
least-square differences (LSD) comparison report. The course

of infection of L. monocytogenes in the different groups was

compared by two-way ANOVA. For all analyses the level of
significance was set at 0 05. When a mouse died during
infection, the number of L. monocytogenes could not be
determined; therefore the number of bacteria was set at 9-72
logl0 for the liver and 8-25 lglo for the spleen, on the basis of
the mean of the maximum numbers of bacteria determined in
the respective organs of live animals.
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Figure 1. Course of rat IgG concentration in plasma of immune mice
treated with 1 x 106 anti-TNF-FC during a secondary L. monocytogenes
infection. Black arrow indicates injection of anti-TNF-FC, white arrow
indicates injection with 5 x 104 L. monocytogenes. Results of a repre-
sentative experiment are expressed as mean serum concentrations ± SD
(n = 5).

RESULTS

Concentrations of rat anti-cytokine IgG in plasma of mice

After s.c. injection of antibody-FC, the concentration of rat
IgG in the plasma of mice increased gradually during the first
4 days, and then remained at an almost constant high level
(Fig. 1). The level of rat IgG varied between experiments but
was always higher than the threshold, allowing effective
neutralization of the cytokine.' 5

Effect of anti-IFN-y-FC and anti-TNF-FC on a primary
L. monocytogenes infection in mice

Treatment of mice with either I x 106 anti-IFN-y-FC (Fig. 2a)
or 1 x 106 anti-TNF-FC (Fig. 2b) during a primary infection
with 5 x 102 L. monocytogenes resulted in a significant increase
in the number of bacteria in the liver and spleen on day 4 of
infection relative to that in the organs of mice treated with

2 x 106 anti-f3-gal-FC. Combined treatment with 1 x 106 anti-
IFN-y-FC and 1 x 106 anti-TNF-FC resulted in an increase in
the number of L. monocytogenes in the organs of the mice that
was comparable to that in the organs of mice treated with anti-
TNF-FC alone (Fig. 2b). Two out of four anti-TNF-FC
treated mice and one out of four mice receiving the combi-
nation of anti-IFN-y-FC and anti-TNF-FC died before day 4
of infection, while no deaths occurred in the anti-IFN-y-FC-
treated group. The bacterial counts for dead animals were set
at the maximum value, as described in the Materials and
Methods. Mean rat IgG concentrations in the plasma, on day 4
of infection, of anti-IFN-y-FC, anti-TNF-FC, anti-IFN-y plus
anti-TNF-FC, or anti-JJ-gal-FC treated mice were 40,ug/ml,
82 ,ug/ml, 53 yg/ml and 55 ,ug/ml, respectively. Neither alginate-
entrapment medium nor anti-f3-gal-FC had an effect on the
proliferation of L. monocytogenes in the liver and spleen of mice
in comparison with non-treated infected mice (data not shown).

Effect of anti-IFN-y-FC and anti-TNF-FC on the course of a
L. monocytogenes infection in immune mice

Immune mice that had recovered from a primary L. mono-
cytogenes infection first received a s.c. injection of 2 x 106 anti-
IFN-y-FC, 1 x 106 anti-TNF-FC or a combination of 2 x 106
anti-IFN-y-FC and 1 x 106 anti-TNF-FC, and then 10 LD50 L.
monocytogenes 4 days later. Immune mice treated with 2 x 106
anti-fl-gal-FC and infected with 10 LD50 L. monocytogenes
served as immune control mice, while naive mice with a primary
infection following an injection of 10 LD50 L. monocytogenes
served as non-immune control mice. Mean rat IgG concentra-
tions in the plasma of immune mice treated with antibody-FC,
killed at 24, 48 or 72 hr of infection, varied between 64 and
134ug/ml (Fig. 3).
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At all times the number of L. monocytogenes recovered from
the liver of anti-IFN-y-FC treated immune mice was larger
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Figure 2. Proliferation of L. monocytogenes in liver and spleen of mice treated with anti-cytokine-forming cells during a primary
infection. Mice received a s.c. injection of 1 x 106 anti-IFN-y-FC (a), 1 x 106 anti-TNF-FC (b), or 2 x 106 anti-,B-gal-FC as a control.
Four days later these mice were infected with 5 x 102 L. monocytogenes. The number of bacteria in the liver and spleen was determined
on day 4 of infection. Dots represent values of individual mice from five (a) and one (b) experiments; horizontal bars represent mean
values. NS, a non-significant difference.
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Figure 3. Course of rat IgG concentrations in plasma of immune mice
treated with either 2 x 106 anti-IFN-y-FC (A), 1 x 106 anti-TNF-FC
(A) or 2 x 106 anti-fl-gal-FC (0) during secondary L. monocytogenes
infection. Results are expressed as mean serum concentrations (n = 8).

(P < 0.05) than that recovered from immune control mice and
smaller (P < 0-05) than that recovered from non-immune
control mice (Fig. 4a). However, the course of infection in
the liver of anti-IFN-y-FC treated immune mice was not differ-
ent (P = 0-26) from that in the liver of immune control mice.

The number of L. monocytogenes recovered from the liver
of anti-TNF-FC treated immune mice was larger (P < 0-05)
than that recovered from both immune control mice and non-

immune control mice. In the liver of anti-TNF-FC treated
immune mice, the course of infection was significantly different
(P < 0-001) from that in immune control mice, and the same

(P = 0-31) as that in non-immune control mice (Fig. 4b).
The number of bacteria in the liver of immune mice treated

with a combination of anti-IFN-y-FC and anti-TNF-FC did
not differ significantly from that in immune mice treated
with anti-TNF-FC alone and differed to the same extent from
immune and non-immune control mice as anti-TNF-FC
treated mice (Fig. 4c).
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The number of L. monocytogenes recovered from the spleen of
anti-IFN-y-FC treated immune mice during the first 48 hr of
infection was not significantly larger (P > 0-05) than that
recovered from immune control mice. Only at 72 hr was the
number of L. monocytogenes recovered from the spleen of anti-
IFN-y-FC treated immune mice significantly larger (P < 0-05)
than that recovered from the spleen of immune control mice
(Fig. 4d). The course of infection in the spleen of anti-IFN-y-
FC treated immune mice was significantly different from that in
the spleen of immune control mice (P = 0-035), as well as non-

immune control mice (P < 0-001) (Fig. 4d).
The number of bacteria recovered from the spleen of anti-

TNF-FC treated immune mice during the first 48 hr of infection
was larger than that recovered from the spleen of immune
control mice (P < 0-05) and comparable (P > 0-05) to that
found for non-immune control mice (Fig. 4e). At 72 hr the
number of L. monocytogenes recovered from the spleen of anti-
TNF-FC treated mice was larger than that recovered from the
spleen ofimmune control mice but tended to be smaller (P > 0-05)
than that found for non-immune control mice (Fig. 4e). The
course of infection in the spleen of anti-TNF-FC treated immune
mice was different (P < 0-001) from that seen in immune control
mice but similar (P = 0-34) to that in non-immune control mice
(Fig. 4e).

Figure 4. Course of L. monocytogenes infection in liver (left panels) and
spleen (right panels) of immune mice treated with anti-cytokine-
forming cells during a secondary infection. Mice were immunized with
5 x 102 L. monocytogenes; 3 weeks later they received a challenge
inoculum of 5 x 104 L. monocytogenes. Non-immune control mice were

naive mice that received an inoculum of 5 x 104 L. monocytogenes (El).
Prior to the second infection immunized groups received 2 x 106 anti-
IFN-y-FC (A), 1 x 106 anti-TNF-FC (A) or 1 x 106 anti-TNF-FC +
2 x 106 anti-IFN-y-FC (0). The immunized group that received
2 x 106 anti-f)-gal-FC served as immune control mice (0). The
number of bacteria in the liver and spleen was determined at 24, 48
and 72 hr of infection. Values are the mean + SEM for eight mice. At
72 hr of infection, two out of eight anti-TNF-FC treated mice had died.

The number of bacteria in the spleen of immune mice
treated with a combination of anti-IFN-y-FC and anti-TNF-
FC did not differ significantly from that in immune mice treated
with anti-TNF-FC alone, and differed to the same extent from
immune and non-immune control mice as anti-TNF-FC
treated immune mice (Fig. 4f).

Inhibition of T. gondii proliferation by peritoneal macrophages
derived from mice with a primary or secondary L. monocytogenes
infection

As earlier studies had shown that during a primary Listeria
infection peritoneal macrophages are activated" '6 their ability
to inhibit T. gondii proliferation was assessed to check the state

1995 Blackwell Science Ltd, Immunology, 86, 256-262

259



J. N. Samsom et al.

0a
E

OX 150

o E-

ov E T-

0). 00

a) .- EDa

.C co
a)j

(D- 50

EZO-75
OC

P<0-05

P<roo1
P0-05 1 NS

24 48 72
Time (hr)

Figure 5. Inhibition of T. gondii proliferation by peritoneal macro-

phages from mice with a primary or secondary L. monocytogenes
infection. Mice were given a primary infection with 5 x 104 L.
monocytogenes (D), or were immunized with 5 x 102 L. monocytogenes
and received a challenge inoculum of 5 x 104 L. monocytogenes 3 weeks
later (D). Some immune mice received 1 x 106 anti-TNF-FC 4 days
prior to the second infection (0). On various days of primary or

secondary infection, peritoneal macrophages were collected and their
toxoplasmastatic activity assessed. Values are means ± SD (n = 5).

of activation of the mice under study. To standardize the
results, proliferation of T. gondii in macrophages from infected
mice was expressed relative to the proliferation in macrophages
from naive mice. Peritoneal macrophages from mice with a

primary Listeria infection did not inhibit T. gondii proliferation
at 24 and 48 hr, but at 72 hr of infection T. gondii proliferation
was decreased by 23% (Fig. 5). Peritoneal macrophages from
mice with a secondary Listeria infection inhibited T. gondii
proliferation by 30% at 24 and 48 hr, and by 44% at 72 hr of
Listeria infection (Fig. 5). Treatment of mice with anti-TNF-
FC during a secondary infection abrogated macrophage
activation with respect to the inhibition of T. gondii prolifera-
tion at 48 hr (Fig. 5).

DISCUSSION

Although during a primary infection both IFN-y and TNF are

essential for the elimination of L. monocytogenes from the liver

and spleen, this study is the first to demonstrate that during a

secondary infection TNF is the major cytokine involved in

enhanced resistance to Listeria in mice. This conclusion is based

on the observation that neutralization of TNF during a

secondary L. monocytogenes infection completely abrogated
acquired immunity, and agrees with an earlier finding that

during secondary infection acquired immunity correlated with

an elevated TNF serum concentration in mice.5 The mechanism

by which TNF induces enhanced resistance during a secondary
infection is unknown. Possibly, TNF induces recruitment of

granulocytes and monocytes to the liver and spleen during a

secondary infection, as has been shown for migration of these

cells to the peritoneal cavity in a L. monocytogenes peritonitis
model.'7 This cellular influx may lead to granuloma formation,
which is also dependent on TNF in secondary L. monocyto-
genes infections18 and infections with Mycobacterium bovis.19
Once granulomas have been formed, efficient limitation of

proliferation and eventual elimination of the pathogen by
activated phagocytic cells can occur.20 Another mechanism by
which TNF possibly induces enhanced resistance is activation

of resident macrophages in an early phase of secondary
infection, before granuloma formation. In the present study
inhibition of T. gondii proliferation by peritoneal macrophages
was used as evidence for macrophage activation during
infection. The results indicated that during a primary Listeria
infection macrophage activation occurred at 72 hr of infection,
whereas during a secondary L. monocytogenes infection macro-
phage activation began within 24 hr of infection and continued
for at least 3 days. Neutralization of TNF during secondary
infection abrogated macrophage activation entirely.

Another indication that TNF-mediated resistance begins at
an early phase of a secondary infection is that neutralization of
TNF during a secondary infection in mice had already resulted
in a significant increase in the number of L. monocytogenes in
the liver and spleen at 24 hr of infection. This is in agreement
with reports demonstrating that TNF appears in the circulation
within 1 hr of a secondary infection with L. monocytogenes and
reaches a maximum at 2 hr.5

During a primary L. monocytogenes infection in mice,
IFN-y activates macrophages.4 Although there is controversy
about the enhanced listericidal capacity of IFN-y-activated
macrophages in vitro,21,22 treatment with IFN-y has been shown
to decrease proliferation of L. monocytogenes in mice during a

primary infection'423 depending on the number of infecting
bacteria. 14 Treatment with anti-IFN-y increases proliferation of
Listeria during primary infection in mice, as demonstrated

previously54 and confirmed by the present study. It has been
demonstrated that during a secondary L. monocytogenes infection

acquired resistance is accompanied by an enhanced IFN-y
concentration in the serum, which reaches a maximum 6 hr

after bacterial challenge.5 This suggests that IFN-y is involved in

the elimination of bacteria during a secondary Listeria infection.

However, the present study demonstrates that IFN-y plays only a

minor role in acquired resistance to L. monocytogenes during
secondary infection, as neutralization of IFN-y enhanced

bacterial proliferation only slightly. This finding agrees with

results indicating that CD8 + T lymphocytes can protect mice

against L. monocytogenes in an IFN-y-independent fashion,24 in

contrast to CD4+ T lymphocytes which need IFN-y to mediate

acquired resistance.23'25
In the present study the course of L. monocytogenes

infection in the liver of immune mice was different from that

in the spleen. This may be explained by a difference in the cell

type involved in acquired immunity in these organs. In the liver

of immune mice both CD4 + and CD8 + T lymphocytes can

mediate acquired immunity,26 and hepatocytes from immune

mice are able to eliminate Listeria rapidly during a secondary
infection.27 In the spleen of immune mice mainly CD8 + T

lymphocytes are involved in acquired immunity. 19 28

In our experiments, simultaneous neutralization of IFN-y
and TNF in immune mice did not result in enhanced L.

monocytogenes proliferation compared to TNF neutralization

alone. Others have reported that combined injection of purified
polyclonal anti-TNF antibody and anti-IFN-y mAb during a

secondary Listeria infection resulted in a larger increase in

proliferation than injection of anti-TNF alone.5 In these

studies, injection of purified anti-TNF was not lethal to any
of the immune mice that received 25 LD50 L. monocytogenes,
whereas in our experiments treatment of immune mice with

anti-TNF-FC during infection with only 10 LD50 was already
lethal for 25% of the mice at day 3 of infection. This
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discrepancy might be explained by a difference in susceptibility
of the mouse strain used or a difference in the method to
neutralize cytokines. In the present study neutralization was
accomplished by injection of antibody-FC into mice, which
resulted in a constant very high level ofmAb in the circulation.
In contrast, an injection of purified mAb results in a steadily
declining concentration in the serum,8 which can reach a
concentration below the level that neutralizes endogenous
cytokines. The plateau level of rat IgG concentration in
plasma during antibody-FC treatment differs with the type of
hybridoma.8 In our study the plateau level reached with anti-
IFN-y-FC was lower than that reached with anti-TNF-FC. We
determined whether there is a relationship between increasing
concentrations of anti-IFN-y rat IgG, ranging from 1 to 180 ,ug/
ml, and the number of Listeria in the liver and spleen. The
concentration of rat IgG did not correlate with the proliferation
in the liver (r = -03, P = 0-3) or spleen (r = -0-08, P = 0-8),
demonstrating that all rat IgG concentrations above 1 ,ug/ml
gave a maximal effect on L. monocytogenes proliferation.
Therefore, it is unlikely that the difference in effect of anti-IFN-
-FC and anti-TNF-FC on Listeria proliferation is due to the
difference in antibody concentration.

Treatment with anti-TNF-FC or anti-IFN-y-FC during a
primary L. monocytogenes infection was performed to confirm
earlier findings based on injection of purified antibodies.4'5'7'29
The numbers of bacteria in the liver and spleen ofanti-TNF-FC
or anti-IFN-y-FC treated mice were significantly higher than in
control mice. In addition, neutralization of IFN-y during
primary infection had a more pronounced effect on L.
monocytogenes proliferation in the liver than in the spleen.
This finding agrees with earlier reports demonstrating that
IFN-y inhibits bacterial proliferation in the liver but not in the
spleen of mice with a primary L. monocytogenes infection.'4

Another way to study the role of TNF during a Listeria
infection is to use knockout mice lacking TNF receptor type-1.
These TNF receptor-deficient mice are unable to limit L.
monocytogenes proliferation in their organs during a sublethal
primary infection.30 Injection of mice with anti-TNF-FC prior
to a sublethal primary infection gave similar results. Because
TNF receptor-deficient mice succumb to infection with very
low numbers (250 colony-forming units) of L. monocytogenes
and thus do not acquire cell-mediated immunity, these animals
cannot be used to study the role of TNF during a secondary
infection.
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