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Summary.  - The immunogenicity and protective efficacy of the phase I and phase II Coxiella burnetii 
whole cells (Cb I and Cb II) and their outer membrane components (OMC), i.e. phase I trichloroacetic acid 
extract (TCAE), phase I 29 K protein (PRO), phase I and II lipopolysaccharides (LPS I, LPS II), polysac­
charides (PS I, PS  II), and lipid A (LA I, LA II), were compared. The highest immune response was observed 
in BALB/c mice by C b  I in both humoral immunity and lymphocyte transformation assays, and in the 
protective effect as well. The immune response was also significant by Cb II, 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 haemolytic plaque assay giving different 
responses. Lymphoproliferation of splenocytes was positive with all OMC using both Cb I and Cb II antigens 
with the exception of P S  I and PS II in the case of Cb II antigen. The induction of protection against infectious 
Cb I was demonstrated after immunization with TCAE, PRO, and LPS I. Other OMC did not induce 
protection against this agent. 
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I n t r o d u c t i o n  

C.  burnetii, t h e  e t io logic  agen t  o f  Q fever ,  is a n  obl iga­

to ry  intracel lular  paras i te  o f  euca ryo t i c  cel ls .  C. burnetii i s  

un ique  a m o n g  r icket ts iae  in tha t  it unde rgoes  a v i ru lent  

p h a s e  (I)  t o  av i ru len t  p h a s e  (II)  t rans i t ion u p o n  serial  l abo­

ra tory  passages  in e m b r y o n a t e d  ch icken  eggs  o r  t i ssue  cu l ­

tures  (Fiset ,  1957).  Simi lar ly  t o  Gram-nega t ive  bacter ia ,  t h e  

C. burnetii cel l  su r f ace  cons is t s  o f  t h r ee  layers ,  name ly ,  t h e  

outer  m e m b r a n e ,  t h e  pep t idog lycan  layer  a n d  t h e  inner  

m e m b r a n e  ( A m a n o  a n d  Wi l l i ams ,  1984;  Lamber t ,  1988).  

T h e  s t ructure  o f  O M C  de te rmines  t h e  interact ion b e t w e e n  

t he  m i c r o b e  a n d  hos t  inc lud ing  t h e  pa thogenic i ty  a n d  i m ­

munogen ic i ty  o f  t h e  agent .  T h e  O M C  o f  C .  burnetii h a v e  

d i f fe ren t  immunogen ic i ty .  T h u s ,  phospho l ip ids  d id  n o t  in­

d u c e  an t ibodies  i n  labora tory  an ima l s  (Wi l l i ams  e t  al . ,  

1986). L P S  ( I )  w a s  capab le  t o  i n d u c e  an t ibody  r e sponse  a n d  

is cons idered  a s  t h e  p ro tec t ive  i m m u n o g e n  (Kazár  et al., 
1978; Marmion  et al., 1984). From O M C ,  several  proteins 
w e r e  characterized; 2 9 . 5  K m a j o r  sur face  protein (Wil l iams 
et al., 1990), 2 7  K protein (Miiller  et al., 1987) and 6 2  K 
heat-shock protein (Thompson  et al., 1990). The  2 7  K pro­

te in  w a s  a lso  c loned  (Hendr ix  et al., 1990).  A l l  these  p r o ­

te ins  w e r e  immunogen ic  in laboratory animals .  

In present  s tudy w e  h a v e  invest igated t he  immunogen ic  

proper t ies  C b  I a n d  C b  II a n d  the i r  O M C .  

Mater ia ls  a n d  Methods 

Animals. 10 - 12 g female BALB/c mice were used througho­
ut. To  determine the optimal dose of antigen for immunization, 
a n i m a l s  w e r e  i n j e c t e d  i n t r a p e r i t o n e a l l y  ( i p )  w i t h  

25, 50, 75, 100, 200, and 500 (ig per mouse of Cb I, C b  II or their 

OMC. The highest response was achieved already with 100 n g  
antigen. Therefore, this dose was used in all immunizations. 

C. burnetii strain Nine Mile, serologically in phase I and pha­
se II (the 3rd and 163rd egg passage, respectively),was propagated 
in chick embryo yolk sacs. Cb I were purified by the high salt-et-
her technique (Ormsbee, 1962). In the case of Cb II, 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 3 7  °C for 30  mins. After 
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dilution with 0.15 mol/l NaCl, Cb II were further purified with 
ether. 

OMC. LPS I and LPS II were  isolated a s  described elsewhere 
(Toman and Kazár, 1991; Schramek and Galanos, 1981). LA I w a s  
released from LPS I undermild acidic conditions ( 1 %  acetic acid, 
100 °C,  160 mins )  and  sedimenta t ion  by cent r i fugat ion  at 

10,000 * g at 5 ° C  for  15 mins. The sediment was  resuspended in 

distilled water and centrifuged at 10,000 x g at 5 ° C  for  15 mins  

to remove the residual polysaccharide. This step was  repeated 

5 times. Finally, L A  I w a s  lyophilized. LA II w a s  obtained f rom 

LPS II in the same way.  P S  I was  obtained f rom the supernatants 

after  centrifugation o f  L A  I. These  were pooled, concentrated by 

evaporation, and lyophilized. T h e  material was  purified on Sep-

hadex G-50 column (Pharmacia) using water as  the  eluant. The  

polysaccharide fraction w a s  collected and lyophilized, thus giving 

P S  I. P S  II w a s  isolated from the supernatants obtained after  

centrifugation o f  LA II. The  material was  purified using Sephadex 

G-25 column (Pharmacia) similarly to P S  I. The  final product 

r e p r e s e n t e d  P S  I I .  E a c h  o f  t h e  p u r i f i e d  p r e p a r a t i o n s  

(LPS, LA, and PS) contained about 1% proteins. T C A E  was  pre­

pared f rom C b  I with 10% T C A  at 0 °C  for  4 5  mins  (Lukáčová  el 
al., 1989). Lyophilized TCAE contained 4 0 %  sugars, 16% prote­

ins, and about 1% phosphorus. P R O  was  isolated from C b  I by 

treating the cells with a detergent, 2 %  Empigen B B  (Calbiochem) 

(Lowell  el al., 1988). T h e  crude protein contained 8 5 %  proteins 

and 9 .7% sugars. The  protein w a s  purified by chromatography on 

Sephadex G-100 column using water a s  the eluant. The  eluate was  

collected in 6 fractions and the fraction with the highest protein 

content (96%) w a s  used for  immunization. 

Chemical analyses. Proteins were determined spectrophoto-

metrically with Coomassie  Brilliant Blue G-250 using bovine 

serum albumin a s  a standard (Bradford, 1976). Carbohydrates 

were assayed by the phenol-sulphuric acid method using glucose 

as  a reference (Dubois  et a'.., 1956). Phosphorus was  assayed by 

the ammonium molybdate method (Lowry  et al., 1954). 

Humoral immunity w a s  investigated 4 weeks post immuniza­

tion (p.i.) by the complement fixation (CF) (Stoker and Fiset, 

1956), microagglutination ( M A )  (Fiset et al., 1969), indirect im­

munofluorescence antibody tests (IFA) (Peacock  et al., 1983), and 

ELISA (Kováčová  et al., 1987). Hemolytic plaque assay (HPA), 
measuring the number ofccl l s  sccrcting high-cfficicncy IgM antibo­

dies (Henry, 1980) was done on day 8 p.i. This method was essentially 

performed according to Jcrne et al. (1963) in the modification of 

Gajdošová  et aľ (1977). The number of plaque forming cells (PFC) 
was calculated as an arithmetic mean from 10 dishes. 

Lymphocyte transformation assay w a s  done by use o f  mouse 
splcnocytcs. The uptake o f  [methyl- II] thymidine by splcnocytcs 
w a s  used as an indicator of his togenesis .  The ccll-bound radio­

activity was  measured in Raekbcta 1217 (LKB) liquid scintilation 

countcr and expressed in cpm ± standard deviation (SD). The  

lymphoproliferative response was  expressed a s  a stimulation in­

dex (SI), calculated a s  a ratio o f  mean cpm taken u p  by antigen-

s t imulated versus  control  cel ls .  T h e  results  f r o m  triplicate 

experiments were  calculated as  described previously in detail 

(Gajdošová and Brezina, 1989). Statistical analysis w a s  accom­

plished by the Student 's  t-test. Probability values o f  P < 0 . 0 5  were 

considered as  significant. 

Protection against C. burnetii infection. In order to determine 

the  protective properties o f  C. burnetii ceils and their O M C  pre­

parations, a single 100 [ig dose of each antigen was  given to mice, 

which were challenged ip 4 weeks later with 106 EID50 o f  phase I 

N ine  Mile strain o f  C. burnetii. Mice  inoculated with PBS only, 

and then infected with C b  I served as  controls. Specific resistance 

was  determined by titration o f  2 0 %  spleen suspension (pooled 

f rom five mice taken on day 6 p.i.) in chicken embryo yolk sacs. 

The  protection was  considered as  positive, when the yield of 

C. burnetii was  at least by 2 log EID50 units lower than that in the 

control (Kazár and Schramek, 1985). 

Results 

Humoral immunity 

In the evaluat ion o f  t h e  e f f e c t  o f  C b  I, C b  II and  their  
O M C  o n  the h a e m o l y t i c  ant ibody  response,  w e  h a v e  e x ­

p r e s s e d  t h e  r e su l t s  a s  a p e r c e n t a g e  o f  i nc r ea se  o f  t h e  n u m b e r  

o f  p l a q u e s  a g a i n s t  t h e  con t ro l  (F ig .  1). T h e  h i g h e s t  v a l u e s  

w e r e  o b s e r v e d  in g r o u p s  i m m u n i z e d  w i t h  C b  I ,  T C A E ,  a n d  

C b  II ( i nc r ea se  b y  9 9  - 1 1 0 % ) .  A f t e r  admin is t ra t ion  o f  

L P S  I, L P S  II, a n d  P R O ,  t h e  v a l u e s  inc reased  b y  6 3  - 6 7 % .  

L o w e r  v a l u e s  w e r e  f o r  L A  I a n d  L A  II ( 1 6  - 2 0 % )  a n d  t h e  

l o w e s t  o n e s  w e r e  f o r  P S  I a n d  P S  II ( 8  - 15%) .  

I m m u n i z a t i o n  o f  m i c e  w i t h  C b  I i n d u c e d  p roduc t i on  o f  

a n t i b o d i e s  a g a i n s t  C. burnetii in  b o t h  p h a s e s  a s  de t ec t ed  b y  

s eve ra l  se ro log ica l  t e s t s  ( T a b l e  1). U p o n  i m m u n i z a t i o n  w i t h  

C b  II, C F  a n d  M A  t e s t s  s h o w e d  t h e  p r e s e n c e  o f  p h a s e  II 

a n t i b o d i e s  o n l y ,  w h i l e  t h e  m o r e  sens i t ive  I F A  te s t  a n d  

E L I S A  r e v e a l e d  a l s o  t h e  p r e s e n c e  o f  p h a s e  I an t ibod ie s  in  

l o w e r  t i te rs .  T C A E  a n d  P R O  w e r e  o f  s imi l a r  i m m u n o g e n i c -

i ty ,  i n d u c i n g  p h a s e  I a n d  p h a s e  II a n t i b o d i e s  de t ec t ab le  b y  

M A  a n d  I F A  t e s t s  a n d  E L I S A .  A m o n g  o t h e r  O M C ,  o n l y  

L P S  I i n d u c e d  p h a s e  I a n d  p h a s e  II a n t i b o d i e s  de t ec t ab l e  b y  

I F A  te s t  a n d  E L I S A  a t  t h e  b o r d e r l i n e  o f  t h e i r  sensi t iv i ty .  

P S  1, P S  II, L A  I a n d  L A  II g a v e  n e g a t i v e  resu l t s  a n d  a r e  n o t  

i n c l u d e d  in T a b l e  1. 

Lymphoproliferative response 

T h e  l y m p h o p r o l i f e r a t i v e  r e s p o n s e  o f  m i c e  t o  C b  I, C b  II 

a n d  t he i r  O M C  is s h o w n  in F ig .  2 .  T h e  h i g h e s t  p ro l i f e ra t ion  

w a s  a c h i e v e d  w i t h  C b  I an t i gen  in  m i c e  i m m u n i z e d  w i t h  

C b  I a n d  T C A E  (SI  1 1.96 a n d  11.02,  respec t ive ly ) .  A s t r o n g  

p ro l i f e r a t ive  r e s p o n s e  w a s  e l i c i t ed  a l s o  w i t h  C b  II ( 9 .42 )  a n d  

P R O  (8 .5) ,  f o l l o w e d  b y  L P S  I a n d  L P S  II (7 .21  a n d  6 .04 ,  

r e spec t ive ly ) .  R e s p o n s e s  i n d u c e d  b y  i n j ec t i ons  o f  L A  I a n d  

L A  II w e r e  e v e n  l o w e r  ( 3 . 9 5  a n d  3 . 8 4 ,  r espec t ive ly ) .  A f t e r  

app l i ca t ion  o f  P S  I a n d  P S  I I ,  t h e  S I  v a l u e s  w e r e  o n  t h e  

b o r d e r l i n e  o f  pos i t iv i ty  ( 2 . 1 6  a n d  2 . 2 5 ,  r e spec t ive ly ) .  
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Fig. 1 
Levels of IgM antibodies by C b  I, C b  II, and their OMC as detected by  HPA 

Abscissa: antigens used for immunization. Abbreviations: Cb I, C. burnetii whole cells in phase I; Cb II, C. burnetii whole cells in phase II; LPS I, 
lipopolysaccharide in phase I; LPS II, lipopolysaccharide in phase II; PS I, polysaccharide in phase I; PS II, polysaccharide in phase II; LA I, lipid A in 
phase I; LA II, lipid A in phase II; TCAE, trichloroacetic acid extract of Cb I; PRO, 29  K protein isolated from Cb I; 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 af ter  immunization of mice with 

C b  I, C b  II and their OMC 

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

phase I C. burnetii 

Test Antigen Antibody titers after immunization with Preparation" Yields of C. burnetii Difference against 

used in from spleens (log EIDso/ml) control (log units)b 

the test C b l  LPS I Cb 11 LPS II TCAE PRO C b l  3.1 4.0 
in phase 

LPS I 4.7 2.4 

CF I 8 <8 <8 <8 <8 <8 PS I 6.7 0.4 
II 32 <8 16 <8 <8 <8 L A I  6.6 0.5 

MA I 64 <8 « 8  <8 32 16 TCAE 3.8 3.3 

II 128 <8 64 <8 32 32 PRO 4.6 2.5 

IFA I 128 16 64 <16 128 128 Cb II 5.0 2.1 

II >256 64 >256 16 64 128 LPS II 6.6 0.5 

ELISA I >3200 100 400 100 800 400 PS II 6.7 0.4 

II >3200 100 1600 100 800 800 LA U 6.8 0.3 

Antibody titers are expressed in reciprocals of  dilutions. Abbreviations as Control 7.1 -

a Abbreviations as in Fig. 1. 
bDifference against control in log > 2 was considered as positive. 

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

except for PS I and PS II (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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Proliferative response of spleen cells obtained 4 weeks af ter  immunization of BALB/c mice with C b  I, C b  II and their OMC 
Abscissa: antigens used for immunization (abbreviations as in Fig. I). Ordinate: mean values ± SD. SI values are in parentheses. CH Cb I; 1 !  Cb II. 

Protection against C. burnetii infection 

The effectiveness of different C. burnetii antigenic prepa­
rations to induce specific resistance to phase I virulent chal­
lenge was compared (Table 2). The highest degree of resis­
tance was observed in mice immunized with Cb  I, followed 
by TCAE, PRO and LPS I. Cb II yielded a lower protection. 
Other preparations d id  not  induce significant protection. 

Discussion 

In our study, the immunogenicity and protective efficacy 
of Cb I, Cb II and their OMC were compared in inbred 
female BALB/c mice immunized with one ip dose (100 |^g) 
of a given preparation. Except for HPA, the indices of both 
humoral and lymphoproliferative responses were evaluated 
at the peak of their activities, i.e., 4 weeks p.i. (Kazár and 
Schramek, 1985). 11 PA detects the production o f l g M  anti­
bodies already on day 8 after antigenic stimulus (Henry, 
1980). In the assay, the highest response was obtained in 
mice immunized with Cb  I, TCAE, and Cb  II followed by 
LPS I, LPS II and PRO. Low values were observed after 
injection of LA I, LA II, PS I, and PS II. 

Similar results were obtained when phase I and phase II 
antibody responses were measured by IFA test and ELISA. 
The Cb I and Cb II possessed the highest antibody-inducing 
capacity. Of interest was the induction of phase I antibody 
response by Cb  II which was detectable, however, by IFA 

test and ELISA only. Among the OMC of Cb I, TCAE and 
PRO induced similar phase I and phase II antibody re­
sponses although their chemical composition was differ­
ent. LPS I and LPS II were less immunogenic and induced 
antibody levels at the borderline sensitivity of ELISA only. 
Apparently, structural differences between both LPSs (see 
below) do not play an important role in this case. LA I, LA II, 
PS I, and PS II did not induce any detectable antibodies. 

The highest lymphoproliferation was achieved with 
Cb I antigen in mice immunized with Cb I, TCAE, Cb II 
and PRO. H igh SI values were found also after immuniza­
tion with LPS I and LPS II, but the SI values following 
application of LA I and LA II were lower. Though the latter 
compounds did not induce detectable antibodies, which is 
also in accordance with earlier reports (Galanos et al., 
1971; Kuhn, 1993), their lymphoproliferative responses 
were positive with both Cb I and Cb II antigens. Lympho­
proliferative responses of PS I and PS II were positive with 
Cb I but negative with Cb  II antigens. In general, lower 
values of SI were recorded with Cb II than with Cb I 
antigens. A 20-fold increase in blastogenic activity re­
ported by Damrow et al. (1981) was not confirmed. 

Each of the purified preparations (LPS, PS and LA) 
examined contained about 1% proteins. A possibility that 
the contaminating proteins in these preparations elicited the 
lymphoproliferative response cannot be excluded. How­
ever, their contribution appears to be minimal with respect 
to the results obtained. As an example may serve the low 
lymphoproliferative responses observed with PS I and 
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PS II. Williamson et 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 et 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 et 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 (Powderly et al., 
1987; Shapiro et al., 1982; Mehrae/a/ . ,  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 11 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 I in all parameters 
followed. Although both the humoral and lymphoprolifera-
tive responses of Cb  II were significant, their protective 
capacity was low. This fact could be attributed to differ­
ences in composition and structure of LPS I and LPS II 
located in the outer membranes of Cb I and Cb II. It has been 
shown most recently, (Toman, 1992) that rough LPS II 
contains seven sugar residues in LA-proximal region, and 
the LPS I has heterogeneous O-polysaccharide chains (To­
man and Kazár, 1991). It appears that the presence of 
O-polysaccharide chains on the surface of Cb I is important 
for their protective capacity. A s  an evidence may serve our 
results obtained with LPS I and LPS II. Both polymers gave 
similar humoral and lymphoproliferative responses but the 
protective capacity was found with LPS I 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
jdošová 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 significant results with 
respect to immunogenicity and protective capacity. 
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