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The effects of T-2 toxin on mouse peritoneal macrophages were investigated. Scanning electron microscopy
of macrophages treated in vitro with T-2 toxin revealed retraction of pseudopodia. Protein synthesis was
inhibited after in vitro contact with T-2 toxin but was not affected 24 h after injection of a sublethal dose of toxin
into mice. There was reduction in the phagocytosis of Pseudomonas aeruginosa when macrophages were
exposed in vitro to T-2 toxin and when mice were injected with T-2 toxin. Clearance of colloidal carbon was
not modified after T-2 toxin injection, whereas spleen weight was decreased 24 h after T-2 injection. T-2 toxin
enhanced the mortality of mice infected with Salmonella typhimurium C5S when it was administered 24 h prior

to oral challenge with the bacterium.

Trichothecenes are toxic secondary metabolites that are
produced by Fusarium spp. (1). Trichothecene mycotoxins,
particularly T-2 toxin, have attracted attention because of
their possible use in chemical warfare as the agent ‘‘Yellow
Rain’’ (15). T-2 toxin induces radiomimetic lesions in lym-
phoid, hematopoietic, and gastrointestinal tissues (18). T-2
toxin is cytostatic for unstimulated and mitogen-stimulated
lymphocytes and induces depletion of splenic and thymic
cells (11, 22). It inhibits the synthesis of anti-sheep erythro-
cyte antibodies and prolongs skin graft rejection (18). Protein
synthesis and DNA synthesis in lymphocytes and macro-
phages are strongly inhibited by T-2 toxin (1, 11, 14, 25).
Inhibition by T-2 toxin of isoprenoid synthesis in the murine
macrophage cell line J774 is a sign of growth inhibition (14).

T-2 toxin is toxic to alveolar macrophage function in vitro,
as demonstrated by Gerberick et al. (8,9) and Sorenson et al.
(24). T-2 toxin causes loss of cell viability, reduction of cell
volume, release of *!Cr from the cells, and characteristic
microscopic changes, such as cellular blebbing and smooth-
ing of membranes (8); exposure of a macrophage to T-2 toxin
inhibits incorporation of radiolabeled leucine and macro-
phage activation and decreases the capacity of the macro-
phage to phagocytize Saccharomyces cerevisiae and Staph-
ylococcus aureus (9).

A single oral dose of T-2 toxin has no effect on the in vivo
phagocytosis of sheep erythrocytes by peritoneal macro-
phages in nonsensitized mice (4). Experimental T-2 toxicosis
in swine following inhalation exposure is responsible for the
reduction in phagocytosis by alveolar macrophages (20).

Recently, Niyo et al. (16) have reported that ingestion of
T-2 toxin by rabbits for 3 weeks causes a decrease in alveolar
macrophage number and in the ability of these macrophages
to phagocytize Aspergillus fumigatus conidia in vitro. In
vivo, defense mechanisms against A. fumigatus infection are
compromised by treatment with T-2 toxin (17).

The purpose of this investigation was to examine the
correlation between the in vitro and in vivo acute toxicity of
T-2 toxin to mouse peritoneal macrophages and the effect of
T-2 toxin on mice infected with Salmonella typhimurium.

Crystalline T-2 toxin (Sigma Chemical Co., St. Louis,
Mo.) was dissolved in ethanol at a concentration of 10
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mg/ml. For in vivo use, this solution was diluted in saline at
0.20 mg of toxin per ml; for in vitro use, it was diluted in
sterile tissue culture medium at the desired concentration.

Resident peritoneal macrophages were harvested from
BALB/c mice (IFFA-CREDO, Les Oncins, France) by
peritoneal lavage with 5 ml of cold medium 199 (Boehringer
Mannheim, Meylan, France) containing 2% heat-inactivated
fetal calf serum, penicillin (100 U/ml), and streptomycin (100
pg/ml). Cell suspensions from five animals were pooled and
distributed among 12-well tissue culture plates (Falcon;
Becton Dickinson Labware, Oxnard, Calif.) at a concentra-
tion of 2 x 10° cells per well and then incubated at 37°C in a
5% CO, atmosphere for 1 h. Nonadherent cells were re-
moved by washing the plates with isotonic saline solution.
The adherent cells were counted, and cell viability was
assessed by the trypan blue exclusion technique (21).

For scanning electron microscopy, the macrophage mono-
layers prepared on 15-mm plastic tissue culture dishes
(Falcon) were exposed to 0.1 or 1 M T-2 toxin for 48 h and
were fixed for 48 h in a 5% buffered glutaraldehyde solution
at room temperature. The cells were dehydrated by treating
them with a graded series of alcohols and Freon 113, coated
with palladium, and observed with a scanning electron
microscope (JEOL 35 CF).

To assess protein synthesis, peritoneal macrophage mono-
layers were exposed to 10 uM T-2 toxin, with a contact time
of §, 15, 30, or 60 min, and then incubated in medium 199
with 0.1 wCi of L-[**Clleucine per ml (300 mCi/mM; Com-
missariat a I’Energie Atomique, Saclay, France) for 24 h at
37°C. The cells were washed with phosphate-buffered saline
and solubilized with 1.0 ml of 10% trichloroacetic acid. The
acid-precipitable proteins were dissolved in 0.5 ml of 1 M
NaOH, and the radioactivity was counted in a liquid scintil-
lation counter (26).

The effect of T-2 toxin on the phagocytosis of Pseudomo-
nas aeruginosa [P’H]IDNA was evaluated. The bacteria were
grown at 37°C for 18 h in broth medium containing 5%
peptone (Institut Pasteur Production, Marnes la Coquette,
France) and supplemented with [*H]thymidine (20 Ci/mmol;
Commissariat a 1I’Energie Atomique). P. aeruginosa was
killed by heating at 80°C for 15 min and then was opsonized
by incubation in guinea pig complement (BioMérieux, Marcy
I’Etoile, France) for 30 min at 37°C. Macrophage cultures
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were incubated for 6 h in medium 199 containing T-2 toxin at
a final concentration of 0.001, 0.01, or 0.1 wM. The culture
medium was removed, and the labeled P. aeruginosa in
medium 199 were added to macrophage monolayers at a
100:1 ratio (100 bacteria to 1 macrophage). The culture plates
were centrifuged at 1,800 x g for 5 min to layer the bacteria
on the monolayer and then were incubated for 1 h. The
peritoneal macrophage monolayers were rinsed with phos-
phate-buffered saline and solubilized for 10 min with 300 .l
of 0.1% Triton X-100. The solubilized suspension was col-
lected, and the radioactivity was counted in a liquid scintil-
lation counter. The total inhibition of phagocytosis was
assayed by preincubating the peritoneal macrophages with
cytochalasin B (100 pg/ml; Sigma) for 15 min.

For the in vivo study, T-2 toxin was given to mice by
intraperitoneal or subcutaneous injection in a single dose of
2 mg/kg of body weight (approximately one-half the 50%
lethal dose). After 24 h, mice were anesthetized and killed to
harvest macrophages. Protein synthesis and phagocytosis of
P. aeruginosa were assessed with macrophages from treated
mice; macrophages from untreated mice were used as a
control.

Carbon clearance was tested in mice given T-2 toxin (2
mg/kg) subcutaneously 6 h, 24 h, 2 days, 3 days, 4 days, or
7 days before the test (2). The carbon (Gunter Wagner,
Pelikan Werke, Hannover, Federal Republic of Germany)
was diluted at 8 mg/ml in phosphate-buffered saline and
injected into the upper tail vein (1 ml/100 g of body weight).
Serial blood samples (0.025 ml each) were removed from the
retro-orbital venous plexus at intervals of 5, 10, and 15 min
and transferred into tubes containing distilled water. The
relative amounts of carbon were estimated in a colorimeter
at 650 nm. The density readings were converted to a loga-
rithmic scale and plotted against time. The slope of the line
is called the phagocytic coefficient (K). The mice were killed,
and the livers and spleens were removed and weighed
individually. The corrected phagocytic index (a) is a mea-
sure of the phagocytic activity per unit weight of tissue and
is given by the following formula: « = (W/WLS) x V'K,
where W/WLS is the ratio of body weight (W) to the
combined weight of liver and spleen (WLS).

S. typhimurium C5S was purchased from the Institut
Pasteur (Paris, France). Suspensions for oral administration
were prepared from a logarithmic-phase culture grown in
tryptic soy broth (Difco Laboratories, Detroit, Mich.). Plate
counts were performed on agar-containing petri dishes. T-2
toxin (2 mg/kg) was injected intraperitoneally into mice (37
animals) 24 h before challenge with S. typhimurium CSS.
Control animals were given either T-2 toxin (20 animals) or
S. typhimurium C5S (37 animals).

Student’s ¢ tests were performed to analyze the results of
in vitro and in vivo experiments, and the chi-square test was
used to determine the mortality of animals infected with S.
typhimurium.

On the basis of scanning electron micrographs of treated
and control peritoneal macrophages, the macrophages
treated for 48 h with 0.1 wM T-2 toxin had retracted
pseudopodia and had become rounded (Fig. 1).

Protein synthesis was quickly inhibited, because [**C]
leucine incorporation was decreased by 70% after macro-
phages were exposed for 5 min to 10 uM T-2 toxin (Fig. 2).
After 1 h of exposure to 0.1 M T-2 toxin, protein synthesis
was not inhibited, but after exposure to 1 pM T-2 toxin it
was inhibited by 80% (Table 1).
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FIG. 1. Scanning electron micrograph of peritoneal macrophages
after 48 h of in vitro treatment with T-2 toxin. (A) Control. (B) 0.1
1M T-2 toxin. Bar, 10 pm.

Phagocytosis of P. aeruginosa [PHJDNA by macrophages
exposed in vitro to 0.001 pM T-2 toxin was significantly
inhibited (Fig. 3).

Injection of T-2 toxin into mice (2 mg/kg of body weight)
did not modify significantly protein synthesis by peritoneal
macrophages. After 24 h of incubation, the amount of
[**Clleucine incorporated was 47.3 = 16.9 cpm/mg of protein
in control macrophages, 49.1 + 11.6 cpm/mg of protein in
macrophages from T-2 toxin-treated mice (subcutaneously
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FIG. 2. Effect of duration of exposure to 10 uM T-2 toxin on
protein synthesis by peritoneal macrophages in vitro. The results are
expressed as the amount of [*C]leucine incorporated into macro-
phage proteins over 24 h. Data are presented as the mean counts per
minute (* standard deviation) for six cultures.
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TABLE 1. Effect of T-2 toxin concentration on protein synthesis
by peritoneal macrophages in vitro

INFECT. IMMUN.

TABLE 2. Effect of subcutaneous injection of T-2 toxin (2 mg/kg
of body weight) on carbon clearance in BALB/c mice*

[**CJleucine incorporation” as:

Treatment
(M T-2)¢ cpm/mg of % of
protein® control
Control 152 £ 2.8
0.1 154 £ 2.3 101.3
1.0 3.1+ 1.1¢ 20.4
10.0 1.6 = 0.2¢ 10.5

“ Macrophage cultures were treated for 1 h with T-2 toxin.

" [**Clleucine incorporation into macrophage proteins was measured after
incubation for 24 h.

“ The results are expressed as the mean counts per minute * standard
deviation for six cultures.

< Value is significantly different from that of the control; P < 0.01.

injected toxin), and 45.6 = 9.9 cpm/mg of protein in macro-
phages from the other group of T-2 toxin-treated mice
(intraperitoneally injected toxin). In contrast, phagocytosis
of P. aeruginosa [PHIDNA was decreased significantly (P <
0.01), by 50% (Fig. 3).

The corrected phagocytic index of carbon from the blood-
stream of mice was not modified significantly during the 7
days after injection of T-2 toxin at 2 mg/kg (Table 2).
However, the spleen weight was decreased significantly (P
< 0.01) at 24 and 48 h after T-2 toxin administration and then
increased 96 h (4 days) postinjection.

The mortality of mice given T-2 toxin (2 mg/kg) 24 h before
oral challenge with 107 S. typhimurium C5S increased sig-
nificantly (P < 0.01), from 13.5% (without T-2 toxin) to 46%
(Fig. 4). There was no mortality in the control group of mice
given only T-2 toxin.

Submicromolar concentrations of T-2 toxin are cytotoxic
to alveolar macrophages and inhibit macrophage activation
(8, 9, 24). By suppressing macrophage activation, the cell
becomes unable to function normally as an immunocompe-
tent cell.

In rat alveolar macrophages, T-2 toxin inhibits both pro-
tein synthesis and phagocytosis of Staphylococcus aureus at
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FIG. 3. Effect of T-2 toxin on phagocytosis of P. aeruginosa
[*H]DNA by peritoneal macrophages. In vitro, macrophage cultures
were exposed for 1 h to T-2 toxin. In vivo, T-2 toxin was given to
mice by subcutaneous injection of a single dose of 2 mg/kg of body
weight (one-half of the 50% lethal dose [1/2 LDs,]). Data are
expressed as the mean counts per minute (* standard deviation) for
six macrophage cultures.

Time after T-2 Corrected phagocytic Spleen wt
toxin injection index (a) (mg)

Oh 3.51 + 0.61 133 £ 20

6h 3.18 £ 0.57 113 =20

24 h 3.47 = 0.66 92 + 10”

48 h 3.53 = 0.84 94 + 24°

3 days 3.44 = 0.75 144 + 16

4 days 3.62 = 0.68 180 + 12°

7 days 3.66 = 0.82 178 + 320

“ The values shown represent the mean results with 10 mice (= standard
deviation).
" Value is significantly different from that of the control (P < 0.01).

0.1 uM (9). In contrast, in our experiments phagocytosis of
P. aeruginosa was inhibited significantly by a very low dose
(0.001 wM) of T-2 toxin and protein synthesis was inhibited
by a higher dose (1 wM). It has been shown that protein
synthesis is not required during phagocytosis (13), and T-2
toxin may affect a cellular function other than protein
synthesis, such as mitochondrial functions. It has been
observed that T-2 toxin has antimitochondrial action in
Saccharomyces carlsbergensis (23), inhibits oxygen con-
sumption by rat liver mitochondria (19), and inhibits reduc-
tion of a tetrazolium salt (MTT) by mitochondrial enzymes
of the respiratory chain (10). However, the ATP level is not
decreased in T-2 toxin-treated macrophages (9).

We also observed that in vivo intraperitoneal or subcuta-
neous treatment of mice with T-2 toxin (2 mg/kg) did not
affect incorporation of leucine into cellular proteins of mac-
rophages but significantly decreased phagocytosis of P.
aeruginosa. A single oral dose of T-2 toxin (4 mg/kg) has no
effect on the viability or phagocytic activity of resident
peritoneal macrophages in nonsensitized mice (4). It is likely
that a 4-mg/kg oral dose of T-2 toxin is not fully absorbed,
producing a lesser effect than a 2-mg/kg intraperitoneal dose.
Inhalation exposure of pigs to T-2 toxin at 9 mg/kg results in
death, with clinical signs resembling those reported in pigs
given T-2 toxin intravascularly at a dose of 1.2 mg/kg (20).
As we observed in vitro, the phagocytosis of P. aeruginosa
was more sensitive to the effect of T-2 toxin than was protein
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FIG. 4. Effect of T-2 toxin on S. ryphimurium CSS infection of
mice. —, Control mice receiving T-2 toxin intraperitoneally (2

mg/kg) on day —1 (20 mice); A, control mice receiving 107 S.
tvphimurium C5S cells orally on day 0 (37 mice); @, mice receiving
T-2 toxin intraperitoneally (2 mg/kg) on day —1 and 107 S. typhimu-
rium C5S cells orally on day 0 (37 mice).
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synthesis after in vivo treatment with toxin. In contrast,
carbon clearance was not affected during the 7 days after T-2
toxin administration, although spleen weight was signifi-
cantly decreased 24 and 48 h postinjection.

We chose S. typhimurium infection as a model to assess
the effect of T-2 toxin, because these organisms are intrac-
ellular parasites of macrophages (12). Mice were challenged
by oral administration of bacteria on day 1 after treatment
with T-2 toxin, when the spleen weight was lowest and the
phagocytosis of P. aeruginosa by peritoneal macrophages
was inhibited. Treatment with T-2 toxin increased the mor-
tality of mice challenged orally with S. tvphimurium. The
mortality was not a result of toxic effect but of a real
infection because the mice died between day 6 and day 24
postinoculation, as shown in the mortality curve (Fig. 4).

T-2 toxin increases the mortality of chickens with Salmo-
nella infections (3) and impairs the normal defense mecha-
nisms against A. fumigatus infection (17). The effects of T-2
toxin on cell-mediated resistance to bacterial infection have
been evaluated in mice exposed to Listeria monocytogenes
by Corrier et al. (4-7) and Ziprin et al. (27-29). Treatment
with T-2 toxin after challenge with L. monocytogenes in-
creases mortality due to listeriosis in mice (7). The immuno-
toxicity of T-2 toxin is higher than that of cyclophosphamide
and was attributed to the depletion of T lymphocytes and
subsequently of T-cell-dependent activated macrophages
(6). Pretreatment with T-2 toxin before exposure to L.
monocytogenes enhances resistance to listeriosis (5) but
does not increase the percentage of peritoneal macrophages
with Ia surface antigen (28). Administration of T-2 toxin 4
days prior to infection with L. monocytogenes increases the
acute-phase level of serum amyloid protein in response to
infection, suggesting that the enhanced resistance to listeri-
osis that is induced by T-2 toxin is a result of increased
intracellular killing of L. monocytogenes by macrophages,
stimulated by serum amyloid protein (28). T-2 toxin given
orally 4 days prior to intraperitoneal inoculation with S.
typhimurium has no effect on infection (29). In contrast,
diacetoxyscirpenol given 1 and 2 days before inoculation
increases mortality in mice exposed to L. monocyvtogenes
7).

The results reported here show that T-2 toxin inhibits the
in vitro function and alters the shape of peritoneal macro-
phages; in vivo, T-2 toxin inhibits phagocytosis but not
protein synthesis. T-2 toxin clearly impairs the defense
mechanisms of macrophages and decreases resistance to
infection when given just before inoculation with the patho-
gen. However, increased mortality to S. tvphimurium infec-
tion could be due to the immunotoxic effects of T-2 toxin on
other cells, particularly on T lymphocytes (11, 22), and to the
cytotoxic effect on mucosal epithelial cells because S. rvphi-
murium was given orally.

We thank M.-F. Burckart for scanning electron microscopy and
F. Condemine for excellent technical assistance.

LITERATURE CITED

1. Bamburg, J. R. 1983. Biological and biochemical actions of
trichothecene mycotoxins. Prog. Mol. Subcell. Biol. 8:41-110.

2. Biozzi, G., B. Benacerraf, C. Stiffel, and B. N. Halpern. 1954.
Etude quantitative de ['activité granulopexique du systéme
réticulo-endothélial chez la souris. C. R. Soc. Biol. 148:431-435.

3. Boonchuvit, B., P. B. Hamilton, and H. R. Burmeister. 1976.
Interaction of T-2 toxin with Salmonella infections of chickens.
Poultry Sci. 54:1693-1696.

4. Corrier, D. E., P. S. Holt, and H. H. Mollenhauer. 1987.
Regulation of murine macrophage phagocytosis of sheep eryth-

10.

11.

12.

13.

14.

16.

17.

18.

19.

NOTES 2263

rocytes by T-2 toxin. Am. J. Vet. Res. 48:1304-1307.

. Corrier, D. E., and R. L. Ziprin. 1986. Enhanced resistance to

listeriosis induced in mice by preinoculation treatment with T-2
mycotoxin. Am. J. Vet. Res. 47:856-859.

. Corrier, D. E., and R. L. Ziprin. 1986. Immunotoxic effects of

T-2 toxin on cell-mediated immunity to listeriosis in mice:
comparison with cyclophosphamide. Am. J. Vet. Res. 47:
1956-1960.

. Corrier, D. E., and R. L. Ziprin. 1987. Immunotoxic effects of

T-2 toxin on cell-mediated resistance to Listeria monocytogenes
infection. Vet. Immunol. Immnopathol. 14:11-21.

. Gerberick, G. F., and W. G. Sorenson. 1983. Toxicity of T-2

toxin. a Fusaritm mycotoxin. to alveolar macrophages in vitro.
Environ. Res. 32:269-285.

. Gerberick, G. F., W. G. Sorenson, and D. M. Lewis. 1984. The

effects of T-2 toxin on alveolar macrophage function in vitro.
Environ. Res. 33:246-260.

Holt, P. S., S. Buckley, and J. R. Deloach. 1987. Detection of the
lethal effects of T-2 mycotoxin on cells using a rapid colorimet-
ric assay. Toxicol. Lett. 38:301-312.

Lafarge-Frayssinet, C., G. Lespinats, P. Lafont, F. Loisillier, S.
Mousset, Y. Rosenstein, and C. Frayssinet. 1979. Immunosup-
pressive effects of Fusarium extracts and trichothecenes: blas-
togenic response of murine splenic and thymic cells to mitogens
(40439). Proc. Soc. Exp. Biol. Med. 160:302-311.

Mackaness, G. B., R. V. Blanden, and F. M. Collins. 1966.
Host-parasite relations in mouse typhoid. J. Exp. Med. 124:
573-583.

Massaro, D., K. Kelleher, G. Massaro, and H. Yeager, Jr. 1970.
Alveolar macrophages: depression of protein synthesis during
phagocytosis. Am. J. Physiol. 218:1533-1539.

Melmed, R. N., R. Ishai-Michaeli, and B. Yagen. 1985. Differ-
ential inhibition by T-2 toxin of total protein, DNA and iso-
prenoid synthesis in the culture macrophage cell line J774.
Biochem. Pharmacol. 34:2809-2812.

. Mirocha, C. J., R. A. Pawlosky, K. Chatterjee, S. Watson, and

W. Hayes. 1983. Analysis for Fusarium toxins in various sam-
ples implicated in biological warfare in Southeast Asia. J.
Assoc. Off. Anal. Chem. 66:1485-1499.

Niyo, K. A., J. L. Richard, Y. Niyo, and L. H. Tiffany. 1988.
Effects of T-2 mycotoxin ingestion on phagocytosis of Aspergil-
lus fumigatus conidia by rabbit alveolar macrophages and on
hematologic. serum biochemical. and pathologic changes in
rabbits. Am. J. Vet. Res. 49:1766-1773.

Niyo, K. A., J. L. Richard, Y. Niyo, and L. H. Tiffany. 1988.
Pathologic. hematologic. and serologic changes in rabbits given
T-2 mycotoxin orally and exposed to aerosols of Aspergillus

fumigatus conidia. Am. J. Vet. Res. 49:2151-2160.

Otokawa, M. 1983. Immunological disorders. p. 163-170. In Y.
Ueno (ed.). Trichothecenes. Chemical. biological and toxicolog-
ical aspects. Kodansha Ltd.. Tokyo.

Pace, J. G. 1983. Effect of T-2 mycotoxin on rat liver mitochon-
dria electron transport system. Toxicon 21:675-680.

. Pang, V. F., R. J. Lambert, P. J. Felsburg, V. R. Beasley, W. B.

Buck, and W. M. Haschek. 1987. Experimental T-2 toxicosis in
swine following inhalation exposure: effects on pulmonary and
systemic immunity. and morphologic changes. Toxicol. Pathol.
15:308-319.

. Phillips, H. J. 1973. Dye exclusion test for cell viability, p.

406—408. In P. F. Kruse. Jr.. and M. K. Patterson. Jr. (ed.).
Tissue culture: methods and applications. Academic Press.
Inc.. New York.

. Rosenstein, Y., R. R. Kretschmer, and C. Lafarge-Frayssinet.

1981. Effect of Fusarium toxins. T-2 toxin and diacetoxyscirpe-
nol on murine T-independent immune responses. Immunology
44:555-560.

. Schappert, K. T., and G. G. Khachatourians. 1983. Effects of

fusariotoxin T-2 on Saccharomyces cerevisiae and Saccharo-
myces carlsbergensis. Appl. Environ. Microbiol. 45:862-867.

. Sorenson, W. G., G. F. Gerberick, D. M. Lewis, and V.

Castranova. 1986. Toxicity of mycotoxins for the rat pulmonary
macrophage in vitro. Environ. Health Perspect. 66:45-53.

. Ueno, Y., M. Hosoya, and Y. Ishikawa. 1969. Inhibitory effects



2264

26.

27.

NOTES

of mycotoxins on the protein synthesis in rabbit reticulocytes. J.
Biochem. (Tokyo) 66:419-422.

Varesio, L., and A. Eva. 1980. A microsystem to evaluate the
synthesis of [*H]leucine labeled proteins by macrophages. J.
Immunol. Methods 33:231-238.

Ziprin, R. L., and D. E. Corrier. 1987. Listeriosis in diacetox-
yscirpenol-treated mice. Am. J. Vet. Res. 48:1516-1519.

28.

29.

INFECT. IMMUN.

Ziprin, R. L., D. E. Corrier, and H. K. Ziegler. 1987. T-2
toxin-enhanced resistance against listeriosis in mice: impor-
tance of gastrointestinal lesions. Am. J. Vet. Res. 48:998-1002.
Ziprin, R. L., P. S. Holt, and R. F. Mortensen. 1987. T-2 toxin
effects on the serum amyloid p-component (SAP) response of
Listeria monocytogenes- and Salmonella typhimurium-infected
mice. Toxicol. Lett. 39:177-184.



