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Summary. — The immunogenicity and protective efficacy of the phase I and phase Il Coxiella burnetii
whole cells (Cb Tand Cb II) and their outer membrane components (OMC), i.¢. phase I trichloroacetic acid
extract (TCAE), phase I29 K protein (PRO), phase 1 and II lipopolysaccharides (LLPS I, LPS II), polysac-
charides (PS 1, PS 1), and lipid A (LA I, LA II), were compared. The highest immune response was observed
in BALB/c mice by Cb I in both humoral immunity and lymphocyte transformation assays, and in the
protective effect as well. The immune response was also significant by Cb 11, but their protective capacity
was low. The OMC reacted variously. Only TCAE and PRO gave a high value of humoral immunity
evaluated by the serological methods. All OMC reacted in the haemelytic plaque assay giving different
responses. Lymphoproliferation of splenocytes was positive with all OMC using both Cb I and Cb Il antigens
with the exception of PS T and PS I in the case of Cb I1 antigen. The induction of protection against infectious
Cb I was demonstrated after immunization with TCAE, PRO, and LPS 1. Other OMC did not induce

protection against this agent.
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Introduction

C. burnetii, the etiologic agent of Q fever, is an obliga-
tory intracellular parasite of eucaryotic cells. C. burnetii is
unique among rickettsiae in that it undergoes a virulent
phase (1) to avirulent phase (II) transition upon serial labo-
ratory passages in embryonated chicken eggs or tissue cul-
tures (Fiset, 1957). Similarly to Gram-negative bacteria, the
C. burnetii cell surface consists of three layers, namely, the
outer membrane, the peptidoglycan layer and the inner
membrane (Amano and Williams, 1984; Lambert, 1988).
The structure of OMC determines the interaction between
the microbe and host including the pathogenicity and im-
munogenicity of the agent. The OMC of C. burnetii have
different immunogenicity. Thus, phospholipids did not in-
duce antibodies in laboratory animals (Williams et al.,
1986). LPS (I) was capable to induce antibody response and
is considered as the protective immunogen (Kazar et al.,
1978; Marmion et al., 1984). From OMC, several proteins
were characterized: 29.5 K major surface protein (Williams
et al., 1990), 27 K protein (Miiller e al., 1987) and 62 K
heat-shock protein (Thompson et al.,, 1990). The 27 K pro-

tein was also cloned (Hendrix et al., 1990). All these pro-
teins were immunogenic in laboratory animals.

In present study we have investigated the immunogenic
properties Cb I and Cb Il and their OMC.

Materials and Methods

Animals. 10 - 12 g female BALB/c mice were used througho-
ut. To determine the optimal dose of antigen for immunization,
animals were injected intraperitoneally (ip) with
25, 50, 75, 100, 200, and 500 pg per mouse of Cb 1, Cb IT or their
OMC. The highest response was achieved already with 100 pg
antigen. Therefore, this dose was used in all immunizations.

C. burnetii strain Nine Mile, serologically in phase I and pha-
se Il (the 3rd and 163rd egg passage, respectively),was propagated
in chick embryo yolk sacs. Cb 1 were purified by the high salt-et-
her technique (Ormsbee, 1962). In the case of Cb [, ether extra-
ction was preceded by two successive treatments with 0.5%
trypsin (Serva) in PBS at 37 °C for 30 mins. Then the rickettsial
suspension was centrifuged and the sediment was subjected to
final treatment with 0.25% trypsin at 37 °C for 30 mins. After
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Fig. 1
Levels of IgM antibodies by Cb I, Cb 11, and their OMC as detected by HPA
Abscissa: antigens used for immunization. Abbreviations: Cb 1, C. bwrnenii whole cells in phase I, Cb 11, C. burnetii whole cells in phase 1I: LPS I,
lipopolysaccharide in phase 1; LPS 11, lipopolysaccharide in phase II; PS I, polysaccharide in phase 1; PS 11, polysaccharide in phase 11, LAL lipid A in
phase I; LA I, lipid A in phase [1; TCAE, trichloroacetic acid extract of Cb [; PRO, 29 K protein isolated from Cb [; OMC, outer membrane components,
Ordinate: % increase against control (i.e. control corresponds to 0% increase).

Table 1. Detection of antibody response to C. burnetii antigens by
CF, MA and IFA tests and ELISA after immunization of mice with
Cb I, Cb IT and their OMC

Table 2. Comparison of the protective eapacity of different
C. burnetii preparations in mice against challenge with 106 EIDso of
phase 1 C. burnetii

Test  Antigen Antibody titers after immunization with

used in
thetest Cbl LPST CbIl LPSII TCAE PRO
in phase

CF I 8 <§ <§ <8 <§ <}
11 32 <8 16 <8 <8 <8
MA I 64 <§ <<§ «§ 32 16
11 128 <8 64 <8 32 32
[FA I 128 16 64 <}6 128 128

1 2256 64 256 16 64 128

ELISA 1 »3200 100 400 100 800 400
1 »>3200 100 1600 100 800 800

Antibody titers are expressed in reciprocals of dilutions, Abbreviations as
in Fig. 1.

Lymphoproliferative reponses to Cb Il antigen were
lower with all antigenic preparations except for LA I and
LA IL Inall groups the P values were from < 0.001 to <0.05

Preparation® Yields of €. burnetii Difference against
from spleens (log EIDse/ml)  control (log units)®

Cbl 3.1 4.0

LPS1 4.7 24

PS 1 6.7 0.4

LAT 6.6 0.5

TCAE 3.8 3.3

PRO 4.6 2.5

Cbll 5.0 2.1

LPS I 6.6 0.5

PS 11 6.7 0.4

LATI 6.8 0.3

Control 7.1 -

® Abbreviations as in Fig, 1,
"Difference against control in log 2 2 was considered as positive.

except for PS Land PS 11 (P > 0.05). The values of mitogenic
activities of C. burnetii antigens in spleen cells obtained from
normal, unimmunized mice were negative (SI <2),
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PS II. Williamson er al. (1984) tested LPS obtained from
Bacterioides fragilis and its purified lipid A and PS compo-
nents for induction of mitogenic response and polyclonal
IgM synthesis. They found a more expressed mitogenic
response of mouse spleen cells to PS than to LA. Similar
results were obtained when polyclonal IgM synthesis was
assessed. Immunogenic properties of PS and LA compo-
nents from Bordetella pertussis LPS (Girard et al., 1981)
and of PS from Haemophilus influenzae LPS (Guenounou
et al., 1982; Williamson ef al., 1984) have been published,
too. In these papers the authors reported that the mitogenic
responses of mouse spleen cells were T-independent and
caused by B-proliferation.

On the other hand, a growing number of examples of
T-cell recognition of carbohydrate antigens has been re-
ported (Crowle, 1988; Powderly et al., 1987; Robertsson et
al., 1982; Shapiro ef al., 1982) though, to our knowledge,
there has not yet been any report describing direct and
unambiguous T-cell responsiveness to pure PS or LPS
antigens in vitro. Nevertheless,there is accumulating evi-
dence documenting the capacity of such antigens to modu-
late T-cell responses in vivo and in vitro (Powdetly et al.,
1987; Shapiro et al., 1982; Mehra et al., 1984). In our future
studies, an attempt will be made to shed more light on this
problem.

In the evaluation of biological and immunological prop-
erties of C. burnetii, the protection against a challenge with
viable rickettsiae was examined. The highest degree of
resistance was observed in mice immunized with Cb I and
TCAE. The protection induced by immunization with PRO,
LPS I, and Cb I decreased in the given order. The other
preparations were not able to induce any effective protec-
tion.

From the results reported, it is evident that the individual
preparations differed considerably in their immunogenic
activities. The most effective were Cb 1 in all parameters
followed. Although both the humoral and lymphoprolifera-
tive responses of Cb Il were significant, their protective
capacity was low. This fact could be attributed to differ-
ences in composition and structure of LPS I and LPS 11
located in the outer membranes of Cb [ and Cb I1. It has been
shown most recently, (Toman, 1992) that rough LPS 1l
containg seven sugar residues in LA-proximal region, and
the LPS T has heterogeneous O-polysaccharide chains (To-
man and Kazar, 1991). It appears that the presence of
O-polysaccharide chains on the surface of Cb I is important
for their protective capacity. As an evidence may serve our
results obtained with LPS Tand LPS 11. Both polymers gave
similar humoral and lymphoproliferative responses but the
protective capacity was found with LPS T only.

TCAE, which contains lipopolysaccharides, proteins,
and phospholipids, provided both high humoral and lym-
phoproliferative responses, and a protective ability as well.

It has been successfuly used as a vaccine against Q fever in
humans (Brezina et al., 1974), increasing the cellular com-
ponent of immunity that can persist for many years (Ga-
jdo%ova and Brezina, 1989). The immunological activity of
TCAE was higher than that of PRO. Most probably, the
complementary immunogenic activity of polysaccharides
and proteins potentiated the final immunological activities
under study. Other OMC did not give significantresults with
respect to immunogenicity and protective capacity.
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