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ABSTRACT
ANACKER, R. L. (Rocky Mountain Laboratory,

Hamilton, Mont.), W. T. HASKINS, D. B. LACK-
MAN, E. RIBI, AND E. G. PICKENS. Conversion of
the phase I antigen of Coxiella burnetii to hapten
by phenol treatment. J. Bacteriol. 85:1165-1170.
1963.-Trichloroacetic acid extracts of Coxiella
burnetii are converted to hapten by treatment
with phenol. Such extracts react, like the original
trichloroacetic acid extract, at high dilution in
the complement-fixation test and produce zones
of precipitate with specific antibody in gel dif-
fusion tests; but, unlike the parent extract, injec-
tion of the phenol-treated extract neither induces
resistance to challenge in guinea pigs nor antibody
formation in guinea pigs, rabbits, or mice. This
loss of antigenicity is correlated with removal of
protein from the original product.

Effective whole-cell vaccines of Coxiella burnetii
are available, but severe hypersensitivity re-
actions occasionally occur when the vaccine is
given to individuals previously exposed to the
organism (Smadel, Snyder, and Robbins, 1948;
Meiklejohn and Lennette, 1950; Benenson, 1959;
Lackman et al., 1962). We have attempted, there-
fore, to determine whether it is possible to obtain
a rickettsial fraction which would immunize but
would not induce the severe local reaction. Pre-
viously we reported (Anacker et al., 1962) that
the phase I antigen of C. burnetii could be ex-
tracted with trichloroacetic acid and that this
extract immunized guinea pigs and induced skin
lesions in rabbits sensitized with ether-killed whole
cells. However, the extract was approximately
10 times less potent than whole cells as an im-

I A preliminary report of this study was pre-
sented at the 62nd Annual Meeting of the Ameri-
can Society for Microbiology, Kansas City, Mo.,
May 6-10, 1962.

munogen and 100 times less potent in inducing
skin lesions.

Recently we prepared from the trichloroacetic
acid extract, by treatment with aqueous phenol,
a product which retained the serological prop-
erties of phase I antigen but which differed from
the parent extract in that the phenol-treated
product neither stimulated antibody production
nor elicited a hypersensitivity reaction in sensi-
tized rabbits. In this report the biological and
chemical properties of the phenol-treated ex-
tract are compared with those of the trichloro-
acetic acid extract and the original whole cells.

MATERIALS AND METHODS
Purification of rickettsiae. Rickettsiae from

yolk sacs of the fifth and sixth egg passages were
purified by differential centrifugation in 1 M KCl,
followed by several washes with decreasing con-
centrations of KCI solution, and finally washed
twice with distilled water (Ribi and Hoyer, 1960).

Preparation of trichloroacetic acid extract. Tri-
chloroacetic acid extracts were prepared as de-
scribed previously (Anacker et al., 1962).

Phenol treatment of the trichloroacetic acid ex-
tract. Trichloroacetic acid extracts of C. burnetii
were treated in a manner similar to that used by
Westphal, Liuderitz, and Bister (1952) for ex-
traction of endotoxin. The extract in distilled
water was mixed with an equal volume of 90%
phenol and then stirred for 30 min at 65 C. After
chilling in an ice bath, the preparation was cen-
trifuged at 1,250 X g for 30 min at 2 to 4 C to
accelerate separation into an aqueous phase and
a phenol phase. The aqueous phase was removed
and stored. An equal volume of distilled water
was added to the phenol layer, which included
the interphase material, and the above procedure
was repeated. The pooled aqueous layers and
the phenol layer were dialyzed against running
tap water for 24 hr and then against four 24-hr
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changes of distilled water at 4 to 6 C. Finally,
the two fractions were lyophilized and designated
as either trichloroacetic acid-phenol extract (water
phase) or trichloroacetic acid-phenol extract (phenol
phase).

Chemical analyses. Nitrogen content was de-
termined by the procedure of Johnson (1941).
Total carbohydrate was estimated by the trypto-
phan method, using glucose as a standard (Dische,
1955). Phosphorus was determined colorime-
trically after digestion with sulfuric acid and
hydrogen peroxide (Dryer, Tammes, and Routh,
1957), and esterified fatty acids and amide-
linked fatty acids, with palmitic acid as a
standard, were determined by the method of
Haskins (1961).

Serological tests. Sera of guinea pigs, rabbits,
and mice were tested for specific antibody by

TABLE 1. Antigen titers* of preparations of
Coxiella burnetii determined by the

complement-fixation test

Antiserum

Prepn ~ No. of Re-Prepn samples covery Phase I S

and II

Whole cells........... 5 100 16-32 0-4
Trichloroacetic acid

extract ............. 5 3.1 256-512 0-16
Trichloroacetic acid-
phenol (water
phase) ............. 5 1.3 512-1024 0

* Initial concentration of antigen = 1 mg/ml.

TABLE 2. Response of sensitized* rabbits to
intradermal injection of preparations of

Coxiella burnetii

SLD60 sg) t
Prepn

Expt 1 Expt 2

Whole cells.0.024 0.023
Trichloroacetic acid ex-

tract.0.44 0.88
Trichloroacetic acid-
phenol (water phase). >40 >40

Trichloroacetic acid-
phenol (phenol phase). 5.0 1.4

* Ether-killed whole cells (50,Ag) injected intra-
dermally, 12.5,ug at each of four sites, 4 to 6 weeks
before challenge.

t Based on lesions present 72 hr after challenge.

the complement-fixation (CF) test, and the
rickettsial preparations were titrated for antigenic
capacity in the CF test as described previously
(Anacker et al., 1962). Smears of the extracts
were also examined for particulate material by
the fluorescent-antibody technique (Burgdorfer
and Lackman, 1960).

Biological tests. Skin tests of rabbits with
rickettsial preparations and assays of immuno-
genicity of these preparations were also conducted
in the same manner as before (Anacker et al.,
1962).

RESULTS

CF titers and yields of extracts. The yield and
CF antigen titers of a number of preparations of
C. burnetii are presented in Table 1. About 3%
of the dry weight of the whole cells was recovered
after extraction with trichloroacetic acid. Phase
I CF antigen titers, based on an initial concentra-
tion of 1 mg/ml, varied between 256 and 512,
and phase II CF titers were either 0 or very low,
4 to 16. Approximately half of the trichloroacetic
acid extract, 1 to 2% of the original whole cell
dry weight, was recovered in the aqueous phase
after phenol treatment. Phase I CF titers of this
product ranged from 512 to 1,024; phase II
antigen was never detected. Smears of this prod-
uct stained with fluorescent antibody and ex-
amined with an ultraviolet microscope were free
of particulate material. This is the only sero-
logically active material obtained from C. burnetii
in which we have not been able to see at least a
few fluorescent particles. Dilute solutions of this
product are water-clear in contrast to the slight
opalescence observed with other antigens derived
from C. burnetii. The material recovered from
the phenol phase accounted for less than 0.4%
of the original dry weight and was not reactive
in the CF test.

Skin test of rabbits. Serial twofold saline dilu-
tions of each of the four kinds of preparation
were injected intradermally into three or four
sensitized rabbits to assess the ability of the
fractions to elicit the hypersensitivity reaction.
[Because of the insoluble nature of the trichloro-
acetic acid-phenol extract (phenol phase), it was
necessary to pulverize this preparation with a
Teflon grinder before dilution.] The results of
two separate experiments are presented in Table
2. The dose required to produce skin lesions in
50% of the animals (SLDso) was calculated from
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the response at 72 hr. In both experiments the
trichloroacetic acid extracts were considerably
less potent than whole cells, and the trichloro-
acetic acid-phenol extracts (water phase) pro-

duced no lesions at the highest doses tested. The
trichloroacetic acid-phenol extracts (phenol phase)
had significant activity, even though only small
lesions were produced (0.5 to 1 cm in diameter),
whereas high doses of whole cells or trichloro-
acetic acid extracts can produce lesions 2 cm in
diameter. It seems possible that the size of the
lesion induced by the trichloroacetic acid-phenol
extract (phenol phase) is related to the insoluble
nature of the material.

Immunogenicity of preparations of C. burnetii.
The ability of two trichloroacetic acid-phenol
extracts (water phase) to protect guinea pigs
against challenge with the California AD strain
was compared with that of whole cells and a

trichloroacetic acid extract (Table 3). Despite

the high activity of the trichloroacetic acid-phenol
extracts (water phase) in the CF test (CF titers
of 1,024), 25 ,g of the extracts, the highest dose
given, failed to prevent fever. However, whole
cells (CF titer of 24) had an ED50 (dose which
prevented fevers of 40 C or higher in 50% of the
animals) value of 0.09 ,ug, a dose 1 70th of the
highest dose of the impotent trichloroacetic acid-
phenol extract. The EDso dose of the trichloroacetic
acid extract, 0.4 ,ug, was approximately five times
greater than that of whole cells.
Antibody titers of the sera collected from these

guinea pigs 3 weeks after immunization, i.e., on

the day of challenge, and of sera collected 13
days after challenge were determined by the CF
test. Only low levels of phase II antibody were

detected at the time of challenge in the sera of
animals given either 5 MAg and 1 MAg of whole cells
or 25 MAg of trichloroacetic acid extract (see Table
3); antibody was not detected in sera from the

TABLE 3. Protection of guinea pigs against challenge with Coxiella burnetii
Geometric No. of

Phase I CF DoeeanteCFaseru animals withPrepn antigen* titer titer um fever/totalED(o
days)t

jg lAg

Whole cells 24 5 3.6 0/8
1 1.3 0/8

0.09
0.2 0 2/8
0.04 0 6/8

Trichloroacetic acid extract 512 25 29.8 0/7
5 0 1/8

e-,.0 .4
1 0 3/7
0.2 0 4/8

Trichloroacetic acid-phenol (water 1,024 25 0 7/7
phase) A 5 0 7/7

>25
1 0 6/6
0.2 0 8/8

Trichloroacetic acid-phenol (water 1,024 25 0 8/8
phase) B 5 0 7/7

>25
1 0 8/8
0.2 0 7/7

Controls 0 0 7/8 -

* Initial concentration of antigen = 1 mg/ml.
t Sera collected on the dav of challenge.
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TABLE 4. Geometric mean serum titers of guinea
pigs bled 13 days postchallenge

Animals injected with

Trichloroacetic acid-
Trichloro- phenol (water phase)

Whole cells acetic acid
extract

Expt A Expt B

P* Ph. 11 Ph. I

0

0

6
28
80
-t

130
190
854

2,078
587

2
10
9

46

Ph. II Ph. I Ph. II Ph. IlPh. II

184
1, 131
1,192
1,780

0

0

0

0

33
217
141
113

0

0

0

0

* Phase I CF antigen.
t Not tested.

FIG. 1. Zones of precipitate produced by prepara-

tions of Coxiella burnettii (1 mg/ml) and a hyper-
immune rabbit serum. A, whole cells; B, trichloro-
acetic acid extract; C, trichloroacetic acid-phenol
extract (water phase); D, trichloroacetic acid-phenol
extract (phenol phase); E, antiserum.

other animals at this time. The geometric mean

phase I and phase II antibody titers of the sera

from animals bled 13 days after challenge are

presented in Table 4. Almost all of the animals

injected with whole cells or trichloroacetic acid
extract had both phase I and II antibody, in-
dicating a significant antigenic stimulus, since
it is well known that 10- 14-day postchallenge
sera of guinea pigs given C. burnetii antigen sev-
eral weeks before challenge have considerably
higher CF titers than control animals which have
been challenged only. However, the controls and
the animals given the trichloroacetic acid-phenol
extract (water phase) had no phase I antibody
and relatively low levels of phase II antibody.
The difference in geometric mean titers of the
controls and the animals which received the
trichloroacetic acid-phenol extracts is not sta-
tistically significant.

Antigenicity of the trichloroacetic acid-phenol
extract (water phase). Since guinea pigs did not
produce antibody after the injection of the ex-
tract, although the extract combined well with
antibody in the CF test, it seemed possible that
phenol treatment had converted the phase I
antigen to hapten. To test this hypothesis, rabbits
were given a total of 2 mg in two subcutaneous
injections of the phenol-treated extract in incom-
plete Freund's adjuvant, and mice were injected
intraperitoneally with doses ranging from 2 to
200 ,ug of the extract in incomplete Freund's
adjuvant. Even though a single injection of a few
Ag of whole cells or trichloroacetic acid extract
consistently stimulates antibody production,
antibody was not detected in the sera from any
of the animals injected with the phenol extract
(water phase).

Gel diffusion study. A trichloroacetic acid ex-
tract and the two phenol-treated preparations
were compared with whole cells by the agar gel
diffusion test of Ouchterlony (1948), as illustrated
in Fig. 1. Neither whole cells nor the trichloro-
acetic acid-phenol extract (phenol phase) exhib-
ited a diffusible component capable of reacting
with the hyperimmune rabbit serum, but both
the parent extract and the phenol extract (water
phase) regularly displayed the presence of two
components, the predominant slow-diffusing
component and a faster diffusing component
present in low concentration. A third component
occasionally was found between the other two.
The fastest and the slowest diffusing components
demonstrate reactions of identity in Fig. 1, but
the concentrations of the intermediate com-
ponents were too low to indicate whether or not
they were immunochemically related.

Dose
injected

1'g
0
0.04
0.2
1
5

25
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Chemical analyses of rickettsial preparations.
Chemical data, representing averages for at
least two different rickettsial preparations for
each analysis, are presented in Table 5. Trichloro-
acetic acid extracts from whole cells had ap-

proximately the same fatty acid content as whole
cells but contained much less nitrogen and phos-
phorus and considerably more carbohydrate.
Phenol treatment further reduced the nitrogen,
phosphorus, and fatty acid content, and the
carbohydrate content was correspondingly in-
creased. There has not been enough of the tri-
chloroacetic acid-phenol extract (phenol phase)
for complete chemical analysis, but the nitrogen
content of this fraction is, as one would expect,
higher than that of the other extracts.

DISCUSSION

It is apparent that the trichloroacetic acid-
phenol extract (water phase) behaves as a typical
hapten, i.e., a substance which combines with
antibody but which will not stimulate antibody
production. This extract combined with antibody
in the CF and gel diffusion tests but failed to
induce antibody formation in guinea pigs, rabbits,
and mice. After our original findings described
above had been completed, Brezina, Schramek,
and Urv6lgyi (1962) reported in a brief com-

munication that in preliminary experiments their
extract of C. burnetii treated with phenol in their
purification procedure failed to stimulate demon-
strable antibody formation in rabbits and guinea
pigs.
Even though the trichloroacetic acid-phenol

extract (water phase) does not elicit the hyper-

sensitivity reaction in the skin of rabbits sensi-
tized with whole cells, we do not yet know
whether or not the hypersensitivity state can be
induced in rabbits by the injection of this extract.
This problem is currently under investigation.
One of the marked changes effected by phenol

in the chemical composition of the trichloroacetic
acid extract is the reduction in nitrogen content.
It seems possible that carrier protein has been
cleaved from a lipid-protein-polysaccharide phase

I antigenic complex by phenol, and the pre-

dominantly polysaccharide haptenic component
remains in the aqueous phase. The remaining
nitrogen may be accounted for by the presence

of peptidelike substances, as has been suggested
for endotoxin extracted by the phenol method
(Haskins et al., 1963). Recently, Ormsbee (1962)

TABLE 5. Chemical composition of preparations
of Coxiella burnet4i

Nitro- Total Fatty phos-Prepn gncarbo- Fatty* phouenhydrate ai*pou

%o % % %
Whole cells ........... 11.1 7.5 27.2 2.52
Trichloroacetic acid

extract ............. 4.52 25.2 24.8 1.78
Trichloroacetic acid
phenol (water
phase) ............. 2.83 32.4 11.8 0.83

Trichloroacetic acid
phenol (phenol
phase) ............. 6.29 -t

* Total of ester and amidic bound fatty acids.
t Not tested.

has shown that, compared to phase II whole-cell
vaccines, phase I whole-cell vaccines stimulate
much greater resistance in guinea pigs to chal-
lenge with phase I C. burnetii and equal resistance
to challenge with phase II organisms. Obviously,
the presence of phase I antigen in the whole-cell
vaccine is very important, but, from the data
reported here, it is probable that the phase I
specificity depends upon a polysaccharide cell-wall
component complexed to carrier protein. At
present the ability of the haptenic phenol-treated
phase I antigen to again become an antigenic
determinant by coupling with carrier protein is
under investigation.
As yet the component of the trichloroacetic

acid extract responsible for the hypersensitivity
skin reaction in sensitized rabbits is still unknown,
but the protein portion of the extract is impli-
cated for two reasons. First, reduction of the
nitrogen content of the extract by phenol is cor-
related with the loss of the ability of the extract
to elicit the skin reaction. Second, the material
recovered from the phenol phase has a higher
nitrogen content than the original extract and
still retains the ability to induce skin lesions. The
possibility exists, therefore, that the carbohy-
drate portion in the complex induces the forma-
tion of protective antibody in animals, and the
protein moiety induces hypersensitivity.
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