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Summary.  - Serum samples from 20 individuals immunized with inactivated combined vaccine (ICV) 
against Q fever and 10 individuals that received placebo were investigated on days 14, 21, 28 and 60 after 
immunization by isotype specific enzyme-linked immunosorbent assay (ELIS A) for the presence of antibod­
ies directed to human IgA, IgM and IgG, and their fragments (F(ab'),, Fab, Fc). None of the subjects that 
received placebo exhibited significant increase of reactivity with any of the used antigens. By contrast, the sera 
of immunized individuals tended to show increased autoantibody activity with diverse antigens. Forty % of 
sera of immunized subjects exhibited anti-Fab activity, 20% of the sera recognized IgA, F(ab'),,- and Fc-
fragments, and 15% of the sera recognized IgG and IgM. Although there was wide variation in antibody levels 
and in isotypic heterogeneity of autoantibodies induced by immunization, anti-Fab autoantibodies were repre­
sented mainly by IgG and IgA isotypes but not IgM isotype. A direct correlation between the anti-Coxiella 
burnetii (anti-C.b.) antibody level and the anti-Fab IgG activity, and between the anti-C.6. antibody level and 
the anti-Fab IgA activity was found. In the group of vaccinees reacting strongly to the vaccine against Q fever, 
this correlation significantly increased for both the anti-Fab IgG and the anti-Fab IgA activities. N o  correlation 
was found with the sera in the group of the subjects that received placebo. 
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Introduction 

Although  the  p h e n o m e n o n  o f  t he  autoant ibody produc­

tion induced  b y  experimental  immunizat ion a n d  vaccina­

tion o f  individuals  h a s  b e e n  described, t he  origin and bio­

logical ro le  o f  autoant ibodies  r emain  unknown.  I t  h a s  been  

Abbreviations: BSA = bovine serum albumin; C.b. = Coxiella 
burnetii; CFT = complement fixation test; ELIS A = enzyme-linked 
immunosorbent assay; ICV = inactivated combined vaccine; 
IIFT = indirect immunofluorescence test; PAGE = polyacryalamide 
e lec t rophores is ;  P B S  = phospha te  bu f f e r ed  sal ine;  
s.c. = subcutaneous(ly); SDS = sodium dodecyl sulphate 

shown that  t he  vaccination o f  no rma l  adults  w i t h  te tanus 

toxoid increases t he  f requency  o f  rhemato id  f ac to r  ( R F )  

precursor  B lymphocytes  (Welch  et al., 1983). Recen t  data  

indicated autoantibodies against  insulin a n d  thyreoglobulin 

in t he  children immunized  wi th  rubel la  vacc ine  (Bodansky  

et al., 1989). We have previously shown tha t  t h e  immuniza­

t ion  o f  individuals w i th  inf luenza vaccine a n d  staphylococ­

cus  anatoxin induced autoantibodies agains t  s o m e  se rum 

proteins - immunoglobul ins  A ,  M ,  a n d  G ,  a n d  their  frag­

ments  (Zhebrun  et al., 1991). 

In  the  present  repor t  w e  have  examined  the  possibil i ty o f  

induction o f  au to immune  p h e n o m e n o n  dur ing  t h e  i m m u n e  

response to  an  ant igen o f  another  na tu re  - I C V  against  Q 

fever. 
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M a t e r i a l s  a n d  M e t h o d s  

Immunization and serum samples. Serum samples from 
20 healthy individuals immunized with vaccine against 0 
fever were investigated. The new vaccine preparation - ICV 
from phase I C.b. of Luga-I strain, which underwent 3-4 
chicken embryo yolk sac passages (Yablonskaya el al., 
1994), was used for the immunization. ICV contained two 
components: highly purified corpuscular antigen of  C.b. 
(16 ng) inactivated by formalin, and soluble fraction of 
C.b. ( 1 0  AU) obtained by ultrasonic disintegration 
(Tarasevich <?/«/., 1995). According to our data, ICV showed 
weak reactogenicity and sufficient immunological efficacy 
in trials on humans, but the individual components of ICV 
exerted a weaker immunogenic activity than the complete 
ICV. The subjects were immunized subcutaneously (s.c.) 
once with optimum dose. Sera were collected prior and on 
days 14, 21, 28 and 60 after immunization. 10 control in­
dividuals were injected 0.5 ml of phosphate buffered saline 
(PBS). 

CFT, I I FT and ELISA. To follow the dynamics o f  anti­
bodies against C.b. in the tested sera, we used complement 
fixation test (CFT), indirect immunofluorescence test (IIFT) 
and enzyme-linked immunosorbent assay (ELISA). CFT and 
IIFT were carried out employing the standard techniques. 
As  positive were scored those sera, which showed positive 
results at dilutions o f  1:10 or greater in CFT and at dilu­
tions of 1/8 or greater in IIFT. ELISA was performed as 
described previously (Gorbachev et al., 1989) with the cor­
puscular antigen of phase I C.b. obtained according to the 
method of  Kováčová et al. (1987). Titers of antibodies were 
calculated from A 4 9 2  readings. The anti-C.b. antibody titer 
was defined as that maximum dilution of the serum whose 
A 4 9 2  was higher than two-fold o f A 4 9 2 o f  the serum taken from 
the same subject prior immunization. 

Detection of autoantibodies in the serum samples was 
performed by ELISA using highly purified human IgA, IgM 
and IgG, and their fragments as coating antigens. 

IgG were isolated and purified from healthy human sera 
as described by Brock (1987). IgM were isolated from my­
eloma blood plasma using the method of Jehanly et al. 
(1981) in our own modification. IgA were isolated and pu­
rified from myeloma blood plasma by our own method (Zhe-
brun et al., 1992). Fab- and Fc-fragmcnts of human IgG* 
were obtained by papain digestion of IgG using the method 
of Porter (1959), followed by chromatography on protein 
A-agarosc and gel filtration on Sephadex G-100 (Pharma­
cia). F(ab')2-fragments of human IgG were prepared by 
pepsin hydrolysis o f  IgG (Brock, 1987) followed by gel f i l­
tration on Sephadex G-100 and G-200. All these prepara­
tions were shown to be pure by immunoelectrophoresis and 
by polyacrylamide gel electrophoresis (PAGE) in the pres­
ence o f  sodium dodecyl sulphate (SDS). 

ELISA autoantibody activity. Microtiter plates (Bio-
hit, Finland) were coated with soluble antigens (IgA, IgM, 
IgG, F(ab')2, Fab- or Fc-fragments) in 0.1 mol/1 glycine-
buffered saline pH 8.2 in concentrations determined pre­
viously. Protein concentration o f  the  coat ing antigens 
was usually 5 - 1 0  mg/ml; however, a concentration of 
100 ng/ml was shown to  b e  adequate fo r  detection of  
IgG antibodies against IgG and their fragments.  Af te r  
incubation of dilutions o f  sera in the antigen-coated wells, 
the bound autoantibodies were revealed with a 1:1000 
dilution of a peroxidase-labelled rabbit anti-human IgG, 
IgM or IgA (Fc-specific) antibodies (Pasteur Institute, 
St. Petersburg). All dilutions were made in PBS pH 7.2 
containing 0.1% bovine serum albumin (BSA), 0.5mol/l 
NaCl and 0.1% Tween 20. All  incubations were carried 
out at 37°C for  1 hr. All steps described above included 
three washings in PBS containing 0.5 mol/1 NaCl  and 
0.1% Tween 20. Af ter  the last washing, the  peroxidase 
substrate (0.4 mg/ml  o-phenylendiamine dissolved in 
0.1 mol/1 sodium acetate buffer  pH 5.0 containing 0.02% 
I I 2 0 2 )  was  added  and the  p la tes  w e r e  incubated  f o r  
30  m i n s  a t  r o o m  t e m p e r a t u r e .  A492 w a s  r e a d  u s i n g  
a multiscan automatic plate reader. 

Data analysis. The mean A4 9 2from duplicate assays was 
calculated. Values obtained with serum dilutions of 30 se-
ro-negative healthy individuals were used for the determi­
nation of the cut-off value (2 SD above the mean). A serum 
was considered positive or negative when its mean A491 was 
higher or lower (equal) than the cut-off value, respectively. 
The obtained data were analysed with Student 's t-test and 
subjected to correlation analysis. 

Results 

In the initial screening, the sera f rom 20 individuals im­
munized with ICV against Q fever and from 10 subjects 
injected with PBS (placebo) were tested for  the presence of 
antibodies against C.b. (Table 1). According to CFT, only 
40% of the subjects had antibodies to  C.b. after vaccina­
tion. The percentage of individuals with specific immune 
response was higher in IIFT (55%) than in CFT, and also 
the IIFT titers were higher than the CFT ones. The serum 
antibody titers in different subjects reached maximum level 
at a distinct period of the observation and there was also 
some diversity in the dynamics o f  antibody production in 
different individuals. 

For the detection of antibodies against C.b., we also used 
ELISA in which the plate wells were coated with HCl-hy-
drolysed corpuscular antigen of phase I C.b.. As  revealed 
by ELISA, 80% of sera of vaccinees contained the antibod­
ies against C.b. and the level of antibody titers in some 
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T a b l e  1. A c t i v i t y  o f  ant i-C. i .  a n t i b o d i e s  i n  t h e  s e r a  o f  i n d i v i d u a l s  i m m u n i z e d  w i t h  I C V  a g a i n s t  Q f e v e r  a c c o r d i n g  to  t h r e e  d i f f e r e n t  tests 

Serum Antibody titers 

No. 

CFT IIFT ELISA 

Days a.i. Days  a.i. Days  a.i. 

14 2 1  2 8  6 0  14 2 1  2 8  6 0  14 21 2 8  6 0  

2 0 0 0 0 0 0 0 0 0 2 0 0  2 0 0  2 0 0  

3 0 0 0 0 0 0 0 0 4 0 0  4 0 0  4 0 0  2 0 0  

4 0 0 0 0 0 0 0 0 2 0 0  2 0 0  2 0 0  4 0 0  

5 0 0 10 2 0  0 16 6 4  3 2  8 0 0  8 0 0  8 0 0  8 0 0  

6 0 8 0  8 0  1 6 0  2 5 6  1 0 2 4  2 0 4 8  2 0 4 8  8 0 0  3 2 0 0  3 2 0 0  8 0 0  

8 0 0 0 0 0 0 0 0 8 0 0  3 2 0 0  3 2 0 0  4 0 0  

9 0 4 0  1 6 0  160 5 1 2  5 1 2  5 1 2  1 0 2 4  8 0 0  3 2 0 0  3 2 0 0  4 0 0  

1 0  0 0 0 0 0 0 0 6 4  8 0 0  8 0 0  8 0 0  3 2 0 0  

1 3 0 0 0 0 0 0 0 0 0 0 0 0 

1 4  0 0 0 0 0 0 0 0 0 0 0 4 0 0  
1 7  0 0 0 0 0 8 3 2  8 2 0 0  2 0 0  2 0 0  8 0 0  

1 8  0 0 0 8 0  3 2  2 5 6  2 5 6  5 1 2  8 0 0  1 6 0 0  1 6 0 0  3 2 0 0  

1 9  4 0  160 ND 3 2 0  2 5 6  1 0 2 4  ND 5 1 2  1 2 8 0 0  2 5 6 0 0  N D  2 5 6 0 0  
2 0  0 0 0 0 0 0 0 8 8 0 0  8 0 0  8 0 0  4 0 0  
2 1 10 N D  10 8 0  3 2  ND 2 5 6  6 4  4 0 0  ND 4 0 0  3 2 0 0  
2 3  0 0 0 0 0 0 0 0 0 0 0 0 
2 4  10 2 0  4 0  8 0  8 5 1 2  1 0 2 4  1 0 2 4  6 4 0 0  6 4 0 0  6 4 0 0  1 2 8 0 0  
2 5  10 2 0  2 0  2 0  0 6 4  2 5 6  6 4  6 4 0 0  6 4 0 0  6 4 0 0  3 2 0 0  

2 7  0 0 0 0 0 0 0 0 0 0 0 0 
3 0  0 0 0 0 0 0 0 0 0 0 0 0 

P o s i t i v e  
reactions 15 2 5  3 0  4 0  2 0  4 0  4 0  5 5  7 0  75 7 5  8 0  
(%) 

ND = not done; a.i. = a f ter  immunization., 

subjects remained high till the end of the observation peri­
od. The increased percentage of sera with specific antibod­
ies in ELISA is the result of a higher sensitivity of this 
method than that of CFT or IIFT. ELISA has been shown to 
increase the antibodies detection sensitivity in comparison 
with CFT by 100-fold (antibody titers in CFT 1:10-1:320) 
and in comparison with IIFT by 10-fold (antibody titers in 
IIFT 1:8-1:2048). All sera of the subjects of the control (pla­
cebo) group were negative either in ELISA or in other tests 
during the whole observation period. Among the immunized 
subjects with a specific immune response detected in 
ELISA, there was a group of strongly reacting individuals 
(9) with the titers of  anti-C.b. antibodies equal to or above 
1:3200. 

To determine whether the immunization of individuals 
with vaccine against Q fever had induced an autoantibody 
response, sera of 20 immunized subjects and 10 individuals 
of the control group were assayed by ELISA for binding to 
soluble antigens. Using the cut-off value described above, 
it was shown that none of the subjects that received PBS 
(placebo) exhibited a significant increase of reactivity with 
any of the antigens used (P >0.05). By contrast, it was found 

that in comparison with the control group the vaccinated 
individuals tended to show an increased autoantibody ac­
tivity to diverse antigens (Fig. 1). The sera of different in­
dividuals exhibited a variable degree o f  binding the  
antigens. Forty % of  sera of  the immunized subjects 
exhibited an anti-Fab activity, 20% of the sera recognized 
IGA, F(ab')2- and Fc-fragments of IgG, and 15% of the sera 
recognized IgG anf IgM. To rule out the possibility that the 
observed reactivity was due to the presence of polyreactive 
IgM antibodies of the preimmune repertoire, we  determined 
the isotype of the reactive antibodies and found that the 
induced autoantibodies had different isotypic specificities 
(IgA, I g G  and  IgM) .  T h e  i so typ ic  d i s t r ibu t ion  o f  
autoantibodies against distinct antigens is shown in Fig. 1, 
which demonstrates a wide  variation in the  level of  
autoantibodies and their isotypic heterogeneity. It is 
interesting to note that the observed anti-Fab antibodies 
were essentially of the IgA and IgG (P <0.05), but not IgM 
isotype (P >0.05). 

The dynamics of the anti-Fab activity of the sera of one 
vaccinee before and during 60 days after immunization with 
vaccine against Q fever is represented in Fig. 2. Here, the 
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immunization greatly increased the level of  anti-Fab IgG 
and IgA activities at all intervals as compared to those be­
fore immunization, and it did not result in the change of  the 
anti-Fab IgM activity. The sera o f  other immunized subjects 
demonstrated a variability with regard to the binding to the 
Fab-fragment o f  IgG. It should be emphasised that the high­
est anti-Fab activity was found in the sera o f  subjects with 
high anti-C.h. antibody titers. 

To look for the correlation of  the occurence of autoanti­
bodies with the level o f  specific immune response in the 
sera o f  the vaccinees, were employed the correlation analy­

sis. A significant direct correlation between the level o f  
anti-C.b. antibodies and the anti-Fab IgG activity (r = 0.623; 
P = 0.003) was found only on the day 60 after immuniza­
tion. A less significant correlation was detected between 
the specific antibody response and the anti-Fab IgA activi­
ty (r = 0.378; P = 0.05) also on the day 60  after immuniza­
tion only. In the group of  strongly reacting vaccinees, this 
tendency increased: correlation became more significant for  
both the anti-Fab IgG (r = 0.792; P = 0.009) and the anti-
Fab IgA antibodies (r = 0.623; P = 0.05). N o  correlation 
was found with the sera of the placebo group. 

Discussion 

Autoantibodies, although often associated with autoim­
mune diseases, have recently been observed in both humans 
and animals during infections, subsequent to vaccination 
and during conventional immune responses ((Rodriquez, 
1989; Schatner, 1990; Susal, 1992). We confirmed this ob­
servation by demonstrating the occurence of  autoantibod­
ies against immunoglobulins A,  M and G,  and their frag­
ments in humans immunized with influenza vaccine or sta­
phylococcus anatoxin (Zhebrun el al., 1991), and in rabbits 
immunized with bacterial antigens (Krutitskaya, 1988). 

In this report, we attempted to f ind the answer to the 

question, whether the immunization with vaccine against Q 

fever could induce an autoantibody production to the same 

antigens. We showed that the injection of  this vaccine can 

trigger also an autoantibody response to immunoglobulins 

and their fragments. Using a sensitive ELISA we found that 

the vaccinees exhibited increased autoantibodies against 

diverse antigens - IgA, IgM, IgG, F(ab'X, and Fab- and Fc-

fragments of IgG. Furthermore, the observed isotypic het­

erogeneity of these autoantibodies could reflect the pres­

ence of multiple antibody populations specific for  each an­

tigen. The levels o f  the induced autoantibodies were mark­

edly higher against Fab-fragments o f  IgG than against the 

other examined antigens. The sera o f  4 0 %  of  the immu­

nized individuals contained antibodies against Fab-frag­

ments o f  IgG. This fact indicated that such antibodies were 

a normal constituent o f  serum immunoglobulin pool of 

immunized individuals. It should be note that the anti-Fab 

activity of the sera of vaccinees were essentially o f  IgG and 

IgA (P <0.05) but not of IgM isotype (P >0.05). By con­

trast, the subjects of the control (placebo) group did not 

exhibit significant increase of reactivity with any of the tested 

antigens (P >0.05). 
In addition, the significant correlation between the in­

tensity o f  the specific immune response and the level o f  the 
auto-anti-Fab IgG and IgA activities after vaccination was 
found. This tendency increased in the group of individuals 
strongly reacting to the vaccine. At  the same time, no  such 
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a correlation w a s  found in the control (placebo) group. 
These results are in agreement with those from our previous 
study, which demonstrated the induction of  autoantibodies 
to Fab- and other fragments of IgG in individuals immunized 
with influenza vaccine (Krutitskaya, 1992). A s  it has been 
shown, the immunization with influenza vaccine induced 
isotypic heterogenous autoimmune reactions during the 
six months of  the observation, and moreover, the existence 
o f  direct correlation between the intensity o f  specif ic  
immune response and the autoantibody reactivity with the 
antigen binding fragments has been revealed too. 

The reason why the autoantibodies against immunoglobu­
lins and their fragments are produced during the immune 
response has not been elucidated. The activation of the au­
toantibody production after immunization is probably induced 
by the manifestation of a specific immune response to foreign 
antigens. We can just speculate that the immune complexes 
formed during the immune response in humans or animals 
could b e  responsible for  stimulation of  the autoantibody 
production. However, the autoantibodies against the fragments 
of Ig, that we detected, may be  at least partially directed toward 
"hidden" determinants that are exposed after IgG digestion. 
We suggest that the autoantibodies induced by immunization 
are  f o r m e d  as  a pa r t  o f  a phys io log ica l  mechan i sm 
participating in the processes of immune complex catabolism. 

The observation that the sera o f  individuals immunized 
with different antigens contained anti-Fab antibodies implies 
that the induction of auto-anti-Fab activity is a steady-state 
process, and leads us to suppose a regulatory function of these 
antibodies, especially in the light of the fact that this activity 
was directed toward the Fab region of the IgG molecule. It is 
unlikely that the interactions of anti-Fab IgG and anti-Fab IgA 
are allotype- or idiotype-mediated, because, as we described 
earlier (Zhebrun, 1991), the induced antibodies bind to Fab-
fragments o f  the autologous IgG as well as to a variety of 
homologous IgG. Moreover, unlike the anti-idiotypic reactions, 
these autoimmune reactions were not antigen-specific, because 
the autoantibodies of the same specificity after immunization 
with different antigens were revealed. We suppose that the 
autoantibody production during immune response to different 
antigens is a physiological phenomenon, and the decreased 

? levels of these autoantibodies in some individuals with weakly 
i specific immune response after immunization may account 
I for some immunoregulatory defects. 
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