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Conconavalin A-stimulated bovine T-cell supernatants inhibited the growth of Cowdria ruminantium in
bovine endothelial cells in vitro but did not affect their entry. This finding represents one mechanism by which
T cells may control C. ruminantium multiplication and hence affect the severity of disease.

Cowdria ruminantium is the etiological agent of an econom-
ically important disease of livestock called heartwater or
cowdriosis (22), which affects a large area south of the Sahara
in Africa (22) and three islands in the Caribbean (22). C.
ruminantium is an obligate intracellular rickettsia which is
transmitted viaAmblyomma ticks and in vivo has a predilection
for vascular endothelial cells, macrophages, and neutrophils
(10). Although the mortality rate due to heartwater is often
high (22), animals that survive the infection are immune to
further challenge (22). The mechanisms of protective immu-
nity that are operational in recovered animals are unknown.
Since C. ruminantium is essentially an intracellular organism, it
is presumed that cell-mediated immunity will be essential in
control and clearance of the organism and in eliciting protec-
tion. In other rickettsial infections, such as those caused by
Rickettsia typhi and Rickettsia prowazekii, cytotoxic T-lympho-
cyte-mediated immune responses (CD4+ and CD8+) have
been demonstrated in vitro (2, 3). In addition, several rickett-
sias induce the production of gamma interferon (IFN--y) in
vivo (7, 9, 12, 13), and growth of rickettsias in vitro can be
inhibited by antigen- and mitogen-stimulated T-cell superna-
tants (11, 18, 24). Mitogen-stimulated mouse, bovine, and
human T-cell supernatants are known to contain many cyto-
kines, including IFN--y and interleukin-2 (4, 14, 15, 23). The
active rickettsial growth-inhibitory molecule in these superna-
tants has been shown to be immune interferon, or IFN-y (8, 17,
19). The mechanism by which IFN-y mediates its effects on
growth inhibition of these rickettsias is not fully understood.
However, IFN--y can prevent entry of R. prowazekii into
macrophage-like RAW264.7 cells (20, 21), cause lysis of in-
fected cells (16, 19, 24), and prevent rickettsial replication and
cause clearance of intracellular rickettsias (17-19, 24). In
addition, IFN-y caused clearance of intracellular Rickettsia
tsutsugamushi and was toxic to infected cells (6). Since C.
ruminantium is primarily an intracellular rickettsia and has
host cell predilections which are similar to those of the
rickettsias mentioned above, the effects of mitogen-stimulated
bovine T-cell supernatants (cytokines) on its growth and entry
into bovine endothelial cells were examined in vitro.
Crude bovine cytokines were prepared by conconavalin A

(ConA) stimulation of T cells in peripheral blood leukocytes
(PBL) obtained from an adult bovine which had no previous
exposure to heartwater. PBL from heparinized bovine blood
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were separated on Ficoll-Paque gradients (Sigma) by a previ-
ously described method (5). PBL (2 x 106/ml) were cultured in
Leibovitz's-15 (L-15) complete medium (L-15 [pH 6.5], 0.45%
glucose, 10% tryptose phosphate broth, 292 pug of L-glutamine
per ml, 100 IU of penicillin per ml, and 10% fetal calf serum)
and ConA at 5 ,ug/ml for 72 h at 37°C in a 5% carbon
dioxide-in-air atmosphere. The cell culture supernatants were
harvested by centrifugation at 1,000 x g for 20 min to pellet
the cells. One gram of a-methyl-mannoside was added to each
50 ml of the supernatant to inactivate any residual ConA. The
culture supematants containing cytokines were filtered
through a 0.45-pum-pore-size filter, aliquoted, and stored at
- 40°C until use. When needed, various concentrations of the
cytokines (20 to 1%) in L-15 medium were used in studying
their effects on C. ruminantium growth.
Four bovine endothelial cell lines which supported C. rumi-

nantium growth were used in this study: three bovine pulmo-
nary artery cell lines (BPA 191, BPA 291, and BPA 593/1) and
one bovine aorta cell line (BA 987). These cell lines were
isolated from bovine blood vessels (1) obtained from different
animals from a local abbatoir. The cells were routinely grown
in 25-cm2 flasks in Glasgow's minimum essential medium with
supplements as described earlier (1). Before inoculation with
C. ruminantium, the Glasgow's minimum essential medium
was changed to L-15 maintenance medium with supplements
and 5% fetal calf serum (1). Inoculation of these cell lines with
C. ruminantium (Crystal Springs, Plumtree, and Mbizi strains
from Zimbabwe) was conducted as follows: the medium was
poured off, and the infective material was added (usually 1 ml
of supernatant from ongoing infected cultures which were at a
stage when the endothelial cells were lysed by C. ruminantium
infection) and incubated at 37°C for 2 h on a rocking platform.
The inoculum was poured off, and 4 ml of fresh L-15 mainte-
nance medium with or without the cytokines was added, after
which the flasks were returned to the rocking platform in the
incubator. The cultures were routinely monitored for develop-
ment of cytopathic effects and sampled for quantitation of the
percentage of infected cells on Giemsa-stained smears. At-
tempts to quantitate the number of rickettsias per cell were
unsuccessful, as Cowdria organisms grow in very tightly packed
colonies. The onset of cytopathic effects usually followed the
microscopic detection of infected cells on smears. Each exper-
imental group contained a set of five 25-cm2 endothelial cell
flasks, and an average of five readings and the standard
deviation were calculated for plotting the respective graphs.

Prior to studying the effects of T-cell cytokines on C.
ruminantium infection in vitro, uninfected bovine endothelial
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FIG. 1. Demonstration of inhibition of C. ruminantium growth in endothelial cells by T-cell cytokines. Effects of 1% (X) and 2% (c>])
cytokine-supplemented media on C. ruminantium (Crystal Springs) growth in BA 987 (A), BPA 191 (B), BPA 291 (C), and BPA 593/1 (D)
endothelial cells. The panels show a slower progression of C. ruminantium infection in the cytokine-supplemented cultures compared with that in
normal-medium control cultures (V). Standard deviations are shown by vertical bars.

cells were maintained in their presence to determine their
toxicity for these cells. These experiments showed that the
T-cell cytokines adversely affected the endothelial cell cultures
at final concentrations greater than 2%. Hence, the effect of
cytokines on C. ruminantium growth was examined by using
media supplemented with 1 and 2% cytokines. The 1 and 2%
cytokine-supplemented media added to BA 987 cultures im-
mediately after C. ruminantium inoculation inhibited growth of
C. ruminantium (Fig. 1A). Compared with that in the infected
control cultures containing normal L-15 medium, complete
lysis (when cells reached a 100% infection rate) of 1 and 2%
cytokine-supplemented cultures was delayed by 5 and 11 days,
respectively.
The reproducible inhibitory effect of 2% cytokine-supple-

mented medium on growth of C. ruminantium Crystal Springs,
Plumtree, and Mbizi in other endothelial cell lines (BPA 191,
BPA 291, and BPA 593/1) is shown in Fig. 1B to D and 2. A
more complete suppression of Cowdria growth could be
achieved if the 2% T-cell cytokine-supplemented medium was

replenished repeatedly, i.e., every 3 to 4 days after inoculation
(data not shown).

T-cell cytokines added to cultures that had been infected for
3 days (when no infection or cytopathic effect was detected)
and 7 days (when the percentage of infected cells was 20 to

40%) did not appear to inhibit Cowdria growth, and neither
did their replenishment on day 10 (data not shown).
The effect of the T-cell cytokines on entry of C. ruminantium

into endothelial cells was examined in two cell lines, BPA 191
and BPA 593/1. These cells were maintained for 24 h in
cytokine-supplemented medium prior to inoculation with C.
ruminantium. The pretreatment appeared to have no inhibi-
tory effect on entry of the Crystal Springs strain in BPA 191
cells (Fig. 3) or the Plumtree strain of C. ruminantium in BPA
593/1 endothelial cells (data not shown), as the infections in
these cultures progressed at the same rate as in the control
cultures. The greatest inhibition occurred in pretreated cul-
tures which received cytokine-supplemented medium follow-
ing Cowdria inoculation.
The data presented here indicate that crude preparations of

T-cell cytokines derived following ConA stimulation of bovine
PBL inhibit the progression of C. ruminantium infections in
bovine endothelial cells in vitro. This inhibition was greatest
when the cytokines were added immediately after inoculation
of cultures with C. ruminantium. Such cytokines, if induced
during heartwater infections in ruminants, would be expected
to have an antagonistic effect on C. ruminantium multiplication
and hence affect the severity of the disease. The inhibitory
effects of the T-cell cytokines were observed regardless of the
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Days after COWDRIA RUMINANTIUM inoculation (Mbizi/Plumtree)

FIG. 2. Inhibition of C. ruminantium Plumtree and Mbizi by 2% T-cell cytokine-supplemented medium. Control Plumtree (0) and Mbizi (V)
cultures received normal medium after inoculation with the two strains of C. ruminantium. Other Mbizi (*)- and Plumtree (A)-infected cultures
were maintained in medium supplemented with 2% cytokine after inoculation. Standard deviations are indicated by the vertical bars.
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FIG. 3. Effect of 2% cytokine-supplemented media an entry of C. ruminantium into cells. The BPA 191 endothelial cells were pretreated for

24 h with 2% cytokine-supplemented medium and then maintained with either normal (0) or cytokine-supplemented (-) medium following
inoculation with the Crystal Springs strain of C. ruminantium. Pretreatment and then normal medium did not affect entry of Cowdria organisms
into the endothelial cells. Pretreatment and then cytokine-supplemented medium gave the most inhibitory effect on Cowdria growth. V, control
cultures maintained with normal medium; +, 2% cytokine-supplemented medium. Standard deviations are indicated by the vertical bars.
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endothelial cell lines and C. ruminantium strains used in the
study, although the degree of inhibition varied depending upon
the cell line or the C. ruminantium strains that were being used.
This may have been due to a direct or indirect effect (via the
host cells) of the cytokines on C. ruminantium.
The probable mechanisms by which these cytokines caused

inhibition of C. ruminantium growth are (i) inhibition of early
multiplication of the organisms and (ii) lysis of intracellular
Cowdria organisms or specific lysis of infected cells. It was not
possible to differentiate between these two effects because C.
ruminantium grows in very tightly packed colonies, making its
quantitation on a per-cell basis impossible. The cytokines did
not inhibit the entry of C. ruminantium into endothelial cells,
nor did they have an effect once the infection had been allowed
to establish to a certain stage (i.e., 3 or 7 days after inocula-
tion).
By extrapolation from similar studies of other rickettsi.as, the

most likely cytokine to be involved in this inhibition is IFN-'y
(6, 17-21, 24). It is a priority to identify the active inhibitory
molecule(s) within the crude T-cell cytokine preparation.
Bovine IFN-,y and anti-IFN--y antibodies could be tested to
define their role in inhibition of these in vitro C. ruminantium
infections. The roles of other cytokines, such as IFN-ot/3 and
tumor necrosis factor, could also be analyzed. In addition,
correlations should be made between the development of
protective immunity in ruminant hosts and production of T-cell
cytokines antagonistic to C. ruminantium. These questions will
be the focus of our future studies of immune mechanisms
against C. ruminantium infections.
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We are grateful to Calister Munjeri for typing the manuscript.

REFERENCES
1. Byrom, B., and C. E. Yunker. 1990. Improved culture conditions

for Cowdria ruminantium (Rickettsiales), the agent of heartwater
disease of domestic ruminants. Cytotechnology 4:285-290.

2. Carl, M., and G. A. Dasch. 1986. Characterization of human
cytotoxic lymphocytes directed against cells infected with typhus
group rickettsiae: evidence for lymphokine effectors. J. Immunol.
136:2654-2661.

3. Carl, M., F. Robbins, R. J. Hartzman, and G. A. Dasch. 1987. Lysis
of cells infected with typhus group rickettsiae by human cytotoxic
T cell clone. J. Immunol. 139:4203-4207.

4. Cerretti, D. P., K. McKereghan, A. Larsen, D. Cosman, S. Gillis,
and P. E. Baker. 1986. Cloning, sequence, and expression of
bovine interferon--y. J. Immunol. 136:4561-4564.

5. Gooderis, B. M., and W. T. Morrison. 1988. Techniques for the
generation, cloning and characterization of bovine cytotoxic cells
specific for the protozoan Theileria parva. J. Tissue Cult. Methods
11:101-110.

6. Hanson, B. 1991. Susceptibility of Rickettsia tsutsugamushi Gilliam
to gamma interferon in cultured mouse cells. Infect. Immun.
59:4125-4133.

7. Jerrells, T. R., B. A. Palmer, and J. G. MacMillan. 1984. Cellular
mechanisms of innate and acquired immunity to Rickettsia tsutsug-
amushi, p. 277-281. In L. Leive and D. Schlessinger (ed.), Micro-
biology-1984. American Society for Microbiology, Washington,
D.C.

8. Li, H., T. R. Jerrells, G. L. Spitalny, and D. H. Walker. 1987.
Gamma interferon as a crucial host defense against Rickettsia
conorii in vivo. Infect. Immun. 55:1252-1255.

9. MacMillan, J. G., R. M. Rice, and T. R. Jerrells. 1985. Develop-
ment of antigen specific cell mediated immune responses after
infection of cynomolgus monkeys (Macaca fasicularis) with Rick-
ettsia tsutsugamushi. J. Infect. Dis. 152:739-749.

10. Mebus, C. A., and L. L. Logan. 1988. Heartwater disease of
domestic and wild ruminants. J. Am. Vet. Med. Assoc. 192:950-
952.

11. Nacy, C. A., E. J. Leonard, and M. S. Meltzer. 1981. Macrophages
in resistance to rickettsial infections: characterization of lympho-
kines that induce rickettsiacidal activity in macrophages. J. Immu-
nol. 126:204-207.

12. Palmer, B. A., F. M. Hetrick, and T. R. Jerrells. 1984. Gamma
interferon production in response to homologous and heterolo-
gous strain antigens in mice chronically infected with Rickettsia
tsutsugamushi. Infect. Immun. 46:237-244.

13. Patarca, R., G. J. Freeman, R. P. Singh, F. Y. Wei, T. Durfee, F.
Blattner, D. C. Regnier, C. A. Kozak, B. A. Mock, H. C. Morse III,
T. R. Jerrells, and H. Cantor. 1989. Structural and functional
studies of the early T lymphocyte activation 1 (Eta-1) gene.
Definition of a novel T cell-dependent response associated with
genetic resistance to bacterial infection. J. Exp. Med. 170:145-161.

14. Peter, J. B., J. A. Shatton, K. E. Stempel, D. Yu, and C. Cardin.
1973. Characteristics of a cytotoxin ("lymphotoxin") produced by
stimulation of human lymphoid tissue. J. Immunol. 111:770.

15. Trinchieri, G., and B. Perussia. 1985. Immune interferon: a
pleiotropic lymphokine with multiple effects. Immunol. Today
6:131-136.

16. Turco, J., A. Keysary, and H. H. Winkler. 1989. Interferon-y and
rickettsia-induced killing of macrophage-like cells is inhibited by
anti-rickettsial antibodies and does not require the respiratory
burst. J. Interferon Res. 9:615-629.

17. Turco, J., and H. H. Winkler. 1983. Cloned mouse interferon-Y
inhibits the growth of Rickettsia prowazekii in cultured mouse
fibroblasts. J. Exp. Med. 158:2159-2164.

18. Turco, J., and H. H. Winkler. 1983. Inhibition of the growth of
Rickettsia prowazekii in cultured fibroblasts by lymphokines. J. Exp.
Med. 157:974-986.

19. Turco, J., and H. H. Winkler. 1984. Effect of mouse lymphokines
and cloned mouse interferon-y on the interaction of Rickettsia
prowazekii with mouse macrophage-like RAW264.7 cells. Infect.
Immun. 45:303-308.

20. Turco, J., and H. H. Winkler. 1985. Lymphokines, interferon--y and
Rickettsia prowazekii, p. 211-218. In J. Kazar (ed.), Rickettsiae and
rickettsial diseases. Slovak Academy of Sciences, Bratislava,
Czechoslavakia.

21. Turco, J., and H. H. Winkler. 1988. Interactions between Rickettsia
prowazekii and cultured host cells: alterations induced by gamma
interferon, p. 95-115. In G. I. Byrne and J. Turco (ed.), Interferon
and non-viral pathogens. Marcel Dekker, Inc., New York.

22. Uilenberg, G. 1983. Heartwater (Cowdria ruminantium infection):
current status. Adv. Vet. Sci. Comp. Med. 27:427-480.

23. Waksman, B. H. 1979. Overview: biology of the lymphokines, p.
585-616. In S. Cohen, E. Pick, and J. J. Oppenheim (ed.), Biology
of the lymphokines. Academic Press, Inc., New York.

24. Wisseman, C. L., Jr., and A. Waddell. 1983. Interferon-like factors
from antigen- and mitogen-simulated human leukocytes with
anti-rickettsial and cytolytic actions on Rickettsia prowazekii. In-
fected human endothelial cells, fibroblasts, and macrophages. J.
Exp. Med. 157:1780-1793.

INFECr. IMMUN.


