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Studies on the Antigenic Composition of Coxie]la burnetil

‘4

Soluble antigen preparations of Coxiella burnetli contain

mitogenic and endotoxic properties. The rickettsial derived

mater ial commonly referred to as “Phase I ant igen” causes a

• blastogenie response. in mouse lymphocyte cultures. On a com-

parative level this trichioroacetic acid extracted material has

about 25% of the mitogenic activity as does purified E. coil

lipopolysaccharide . The mitogenic activity of the C. burnetii

material has its direct effect on mouse B lymphocytes. The

material does bind to all lymphocytes (demonstrably in vitro)

• 

• 

and promotes increased ].evels of T lymphocyte activity when
combined with T lymphocyte rnitogens . This in vitro activity has ,

as yet , not been shown to correlate with the i,n vivo events that

occur in the normal or athymic mouse fol low ing infect ion with
C. burne t i l .  No apparent non-specific activation occurs as

judged by immunosuppressive studies. These studies suggest that

the mechanism of resistance to C. burnetii in the adult mouse

is one of an acquired cellular response and the innate mitogenic

activity of ~~~~. burn~~ jj derived antigensdoesnot contribute to a
non-specific event.

Studies relating to adjuvant augmentation of the specific

cellular response were not successful in terms of expectations .

Pr~~ ress to Date

Our purpose during the time period coverd by this annual

report was to examine techniques designed to produce specific

cell—mediated immunologic adjuvants and to selectively measure

aspects of the biologic effects of antigen preparations of

C. burnetii. This latter study also led us into an investiga-

tiori of the mechanism of C. hurnetii resistance in the mouse.

1
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The studies of adjuvants designed to augment specific’ cell-

mediated immunity were brought abou t by a series of recently

published reports ( 3. of IMMUNOLOGY 114:1518, 1975). These

• reports dealt with the adjuvant propcrtiet~ of fatty acid con-

jugated protein antigens . These preparations were reportedly
effective in d ieting an antigen specific cell-mediated response .

Because of the impor tance  of the cel lular  immune response in

combating in t racel lu lar  parasites we fel .t that this new pro—
cedure warranted further evalu:ition . We carried out our studies

• in the gu inea pig system and employed d i ni t rop ~ienylated  as
well as unconjugated pur i f ied  serum pro teins as antigens . We
conjugated these antigen preparations with molar excesses of

dodecanoic anhydride in order to achieve suitable conjugation

ratios of the fatty acid. Guinea pigs were immun i zed wi th

those antigen preparations and evaluated immunologically by
skin test response as well as by lymphocyte transformation and

migration inhibition assays. In all experiments car~~icd out
to date less than 20% of the animals  responded wi th  a s i g n i f i c a n t

cel l— mediated response.
The procedure of conjugation m ay have some empirical aspects

that we have not determined and the affect of the fatty acid

conjugation on reactivity has not been chemically defined . The

role of fats and lipids in imniurte recognition is an important
area for future development but the current state of the art does

not apparently allow direct application . Our efforts in this

regard did not meet with sufficient success to continually in-

vestigate this interesting problem and our attention has been

re-focused within the C. burnetii system.

Our studies of the relationship between antigen-mitogen-

immunogen in the C. burnetii system are continuing and have

yielded some interesting information . We have initially

examined the above relationship for the TCA extracted Phase I

antigen of C. burnetii. Although this antigenic complex may

not be the immunogen of choice we choose to start with this

material since it has been worked with extensively and is both

antigen, mitogen and imrnunogen . The antigentc property,defined

2
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by a cell—med iated response , is associated with the protein

component.  Although en immUne response ce~- i be generated by
• this preparation the reiatio;.ship of this response to pro--

tection has as yet not  been tes ted.  We have defined , in vi t ro ,
the mitogenic property of this preparation in  lymphocyte
cultu res .  Mouse spleen lymphocyte cultu res respond to the

• presence of the TC~\ an t igen by undergoing classic trans-
formation. We feel this resp~’nse is  exclusively  a B-lympho—
cyte response since cul tures  dep 1ctc!d of nincrophages respond
to hi.gher levels than do un p :r i f ie d  cel l  populations . Also ,
the response of the athymic  mouse is of the same orde r of

magnitude as the normal mouse .  This a c t i v i t y  n b y  re late  to

our findings of similar levels of an tibody f or m a h i on  to C.
• bu rne t i i  in nude , normal and some intnunosuppre ’sed mice (see

below) . The mitogenic act ivi ty  of the ~] :c1\ ext rac t  is only
apparen t in mouse lymphocyte cu l tures .  Other systems (gu ine a
pig, rabbit , human) do not ref lect  this B-lymphocyte mito-
genicity . However , in these systems , as in the mouse ,

T—l ymphocyte TCY\ binding does apparently occur. In this
regard we have conducted experiments in wh i ch we have eval-
uated the dose dependent response of Phytohemagglutinin and

Concanavalin A. These studies &monstrated that the thresho],d

level of T lymphocyte mitogen needed to stimulate a response

in vitro was lowered by the presence of the C. burn et i l derived
• material. Furthermore , at P mitogen levels in which sub—

stancial cell ~~ -ivity could be detected , the presence of the

TCA extract ‘~ increased this activity . This latter

observation c . also indicate that the B-lymphocyte (not

mouse) needs a double signal for activation and that the

activated T lymphocyte provides that second signal. The TCT~
product is of course a complex extract. The lipid contribu-

tion is in evidence and may explain the mitogcnic event. The

material is still quite toxic as determined by physical response

following injection or by in vitro assay. Other chemical

1



prepara t ions  are in the proc’e~~r; of bc~~nq d e f i n e d  and will he the

subject: of f u t u r e  co r mun icnt i c ns  when coi~p l c d  wi th  in ViVo

evalun tions  of the prepe rat i :~n :~ as p r o L e~~t ivo  ine~~~1oJ :~n s .
We ha ve also completed a stu~iy of th e in viva respon~ c of

neonate , ath ymic and normal l abor atory  ~: ice to C. b~ rnetfl.

Thu study followed from our obsc:r:vations of the effects of

~~~~. b u r neL i i  an t igen  d e r i v a t i v e s  on mOU Se lymphocytes and from

our previous stud ies  which  showed that  the mouse mecrophage

resisted the in t race l lula r  p~i r asi~~is-i~ of C. hu r n et i i .  We

are also aware of other reports  that. I L t • cO are r e s ist an t  to
i n f e c t i o n  with C. burnetii.

In order to evaluate the mechanism of resist :’: ico is the

mouse to C. burnetfi in fec t ion  A’C i n i t i a l l y  co~ip3rt  d i n  vi vo
clearance of the r ic ket t ~’ia in normal  and imr:uitosupp~ csscd
mice . Thu e ffe c t of the var ious  immuno supp r essive  agents that
we employed in thiS study ore shown in Table I. An i mals
pretreatod with 6 mg of cyclophosphamide i n t r a per it on e al l y  24 I-i
pri or to infec t ion  with C. Lu rn~~L - ~i sho..’cd a i’igh degree of

susceptibi l i ty  to the organism . Mor tal i ty  wes f i r s t  observed
at d~ y 6 with deaths occurring up through day 10 post - infect ion
by which t in r’  100 % of the infected animals had died .  No
m o r t a l iLy  occurred in the contro l groups which received cy clo—
phosph :i~ide or C. burnet l i only . Upon death of the animals
spleen impressions were examined and found to conta in large
numbers of r ickettsial  organisms as shown in Table 1.

Animals  pretreated with 0 , 5 ml of anti-lymphocyte or
anti-macrophage serum 24 h prior and 24 h post-infection with

~~~~. burnet i i  demonstrated no mortality. i They were sacrif iced
at 7 day intervals and the fate of the injected rickettsiae was
noted by spleen impressions . The results presented in Table 1
suggest that both AI1S and AMS treatment hinder rickettsial
clearance from the spleens of infected animals as compared to
the control animals.

Silica treatment was carried out using two routes of

injection . One group of animals received 50 mg of silica
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m l  r ap er i t oneal l y  While  a seCofld g roup  of an imals  received 3 mg
• of s i l ica  i n t r a ven o u s l y .  BoLh treatment .s were performed 24 h

prior to infec t ion  with C. hu r net l i .  An im a l s  r e c e i v i n g  s i l ica

in t ravenous ly  showed 50/ mort a l ity with deaths  occurring dur ing

the second week of infec tion . An imals receLving i ntr apa ri t onea l

in jec t ions  of sU lea showed no aiort a l ity  a f t e r  in fec t ion  w ith
C. burnolii, The r es ult s  in Table 1 show that sil ica t rea tment

is s imilar  to the other  im nunosuppressive agents  in tha t  it

• reduc ..-s the r aLe  of c lea rance  of C b u rn e t il  as compared to
control aaim~ ls. It should also be nobed t]i~:t silica adminis tered
int ravenous i  y was :nuch more e f f i c ien t  in its suppr esriva action
than in t rap~ ritonea 1 t r ea tmen t .

Also presented i i  Table 1 are the an t ibody  t i t e r s  for  each
t r e at n~ nt group -:~~~ a n i ma l s ,  None of the t reaLm-:-nts  was capable
of e l iminat ing  th : ant J:ody response to C. bu~ j~cj~~ij. Since
cyclophosphamide t reated an imals  all died by day 10 pos~~— in f e c t i o ’-. ,
experiments wore initiated using smaller infoctin; dose~
of r i cke t tsi a  in an at tempt to prolong su rv iva l .  Animals  c~~r-
vivtng through the second week post- infect ion were bled and
antibody t i ters  u e t e r n) n l c d.  Ant:ibody t i ters  of the treated
and control infected groups were not s i g n i f i c a n t l y  d i f f e r en t

which wou ld indicate that cyclophosphamide does not e l imina te
the production of antibod y to C. hurnet.ii.

To determine if the rickc ttsizic visual ized in spleen
impressions were viable , dilutions of spleen homogenates were

injected into 6 day old embryonated eggs. At the termination of
the experiment, smears were made from the yolk sacs and eval-

uated for the presence of rickettsiac . Table II presents the

percentage of yolk sacs infected from each dilution of the

various spleen homogenates. As can be seen, spleens obtained

from infected control animals contain viable rickettsiae at

7 days post in fec t ion. 1~nimais  pretreated with ALS , A~ S, sil i ca ,

or cyclopliosphamide also contain viable rickettsiae , but based

6
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Ta b i e 1 1. V i~ bi ii ty of C. b u r r e t i  I in spi ecu h a o~~ci~ ~.es of tre~ tej :rice es
assa yed by eg g in~cct~v~Ly.°

Type of Lreut ! a~n t
b Dilut ion of 0 ~~~~ D~iy s ro~ t n iection 0

14

10 ’ 1(JQ C 20

None 10 0 0

__ —4-

10 ’-’ 100 33
A LS l0~

2 67 33

so o

io~l 100 T
PIMS l0 ”~ 103 33

lo ’-
~ 50 o

l0 ’
~ 130 50

S i l ice ( i . p .)  33 2b
33 0

100
S i l i c a  (Lv.) l0~

2 75 23

i0 ’~ 66 0

io~ iuo
Cyc l ophozphami de 1 o

_ 2 
100 i~i.)

33 (ID

a See m a t e r i a l s  an d met hods.
b All trea tments were adainistered 24 h prior to i n f e c t i o n  with C. b~rnet ii

except ALS and AMS which were adm inistered 24 h prior and 24 h post
infection.

C Eac h dilution of the spleen homogenate was administered in 0.1 ml vo luwe s .
d Sp leens were co l lec ted from infected mice at these t ime periods after

infection wi th C. burnet ii.
C Numbers represent the percent death of surv iving eggs after 48 h to a l low

for death due to trauma occurr ing during inocu lat ion,

ND — Not done due to death occurrinj before 14 days of cyclo phosphamide
treated mice ,

~ 1 
_________________  

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -—



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ -• -~~~~~~~~~~~~~~~~ —- _-~~~-- - - -

On the d i lu t ion  used , tu e  i.mmunosupprcssed anirns l s  contained nor c

viable organisms than normal an i m a l s .  The data obtained u s i nc~
spleens f rom animals  oldained 14 clays p-Os L in  eL ton  suggest

that the i rnIaunO supp~ ~~~ ; c- c ~ oni £l~ r et a il 1  v iab l e  ric-~~~t t s i  ne
for greater t ime  p er iods  than normal  n i ~ea i s.  Sp~ c ; i S  obtained

21 days p o s t — i n f e c t i o n  were Un i i o r l f l iy  nega t i ve  i n  th it a b il i t y

to t r a n s f e r  r ick ct t s i o c ;  thus , the i u no s u p n r e~~sivc e f f c - ct s

of the var iou s agents , os a dr u i n ic ter d , ar~:- transitory .

This s tudy i mp l i e s  tha t  ce l l- -media ted  l In irun ity  is imp ortan t
• in es tabl ishing res i s t  ence to C. bu rn e ti i  in t h e  n - - - j a e .

cybes and reecrophaqes a rc  both important  in control as seen
from the e f f ec t s  of cyclc.-p~io~ ~~i em i c 1 e  as ~,o11 • as s i l ic a.  Pc i aps

in this system , as u u i other diseases control led by the cell-

mediated  :Lrr ounc~ system , thcre exists a lymphocy te na -. c-~ opha-:~
cooperation . It is apparent  from the Ar-iS and ~ i lica t :reate0
an imals that the na tu ra l  res is tance of the mouse to i n f e c t i on

by ç~. butnetii involves the macrophage d i r ec t ly ,  and the ~c-rea1

mouse macrophage may re tard  in t race l lu lar  replication of C. bw-

net ii only for  a luc ited  pariod of t ime. However , t h i s  in ~~t i l l

delay of rickettsial replication allows t ime  for  the necessary

lymphocy te n~ed ia t e d  events to occur , a f t e r  which ti~c~ an

e f f e c t i v e  macrophage fu nc ti .on ensues .  Thus , it would  appear
that mouse resis tance may in rea l i ty  be an acquired ce l l -mediat ed

• event resembling other well  ~-tudied organisms such as L. m o a n —

cytogenes and M. tuberculosis .

Further support for  this concept of cel lular  resis tance  can

be seen from our observations of C. bur net ii in athymic and neo-
nate mice. The athymic and young mouse less than 2 weeks of age

can not resist a C. b urn e ti i  challenge and eventually die from
the infect ion. Death occurs in the athyniic mouse even though

substan tial levels of c i rcula t ing antibody are in evidence. In
the young mouse the observations would indicate that the lack of

a developed T—lymphocyte population is critical and that  ce l lu lar

• 8
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cooperat ion is a nesessity f e r  c:antrol  of c .  ] u ; i i ’~ t~~ i .

The observa t ions  in tb:  r a w - c -  I d  i cate  tha t  i t  mci v );‘: a

su i tab le  species for  the sL u d y oE C. h u r ” e t i i  i n f e c t i o n  ari d the
associated immune r esponse.  The i n .  L i d  OLç ~an involv~~ae n w  and

ce l lu la r  basis for  r e s ist a n ce  are e v i den ce  for  an i n i t i a l

es tab li sbmei it  of the p a r as it e  i n  ~‘i v o  ar id  s~~con d a r tl y an
accelerated clearance tha t has a t c~co~ n i  cad  i i a n u n o l c~~ic b as is .

9
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