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SUMMARY

It was previously shown that protein antigens of B. melitensis, B. ovis and B. canis cannot
be differentiated by immunoelectrophoresis. The present study showed that they also have simi-
lar specificity and potency in delayed hypersensitivity tests in guinea pigs.

Lipopolysaccharide antigen from Y. entevocolitica type 9, which is known to cross-react in
serological tests with smooth Brucella, does not evoke cutaneous reactions in Byucella sensitized
guinea pigs.

These studies suggest that a protein allergen prepared from one of the Brucella species could
be used as a diagnostic aid for the detection of infection by any of the Brucella species. The allergic
test could be useful in the differential diagnosis of brucellosis and infections by serologically
cross-reacting organisms.

Brucella lipopolysaccharide antigen produced inflammatory reactions in normal guinea pigs
and a somewhat greater response in Brucella sensitized guinea pigs. The latter was attributed to
residual protein in the LPS antigen rather than to the polysaccharide component.

INTRODUCTION

Protein antigens prepared from a rough and a smooth strain of Brucella meli-
tensis were shown to have very similar allergic activity in guinea pig skin tests (JONES,
DIAZ and Tny!,oR, 1973). As protein antigens prepared from the rough species,
Brucella canis and Brucella ovis, had previously been shown by immunoelectropho-
resis to be similar to protein antigens of rough and smooth B. melitensis (DIAZ,
JON!s and WWSOrr, 1968), this study was undertaken to see if their allergic activity
was also similar. Most Brucella allergens used in medical and in veterinary diagnosis



contain both lipopolysaccharides and proteins. An attempt was made to determine
the role, if any, of Brucella lipopolysaccharide in eliciting specific delayed hyper-
sensitivity reactions.

MATERIALS AND METHODS

Protein antigens were prepared from Brucella canis strain RM 666, Brucella ovis strain REO
and Yeysinia enteyocolitica type 9 in the same manner as previously employed for Brucella meli-
tensis rough strain B 115 (JONES, DIAZ and TAYLOR, 1973). The method was a modification of
the procedure of BHONGBHIBHAT, ELBERG and CHEN (1970) whereby acetone-killed cells were
treated with 2.5 p. 100 sodium chloride for 3 days at 4°C, extracted material was precipitated
with cold ethanol, dissolved in water, dialyzed, then centrifuged at 100 ooo X g for 6 hours to
remove large molecular weight material. The supernatant fluids were lyophilized.

Lipopolysaccharide (LPS) antigens were extracted from Brucella melitensis smooth strain
16 M and Yersinia enterocolitica type 8 and type 9 by the hot-phenol water method described
by REDFEARN (1960) and LEONG et al. (x9!o). The LPS antigen was present in the phenol phase
in the case of B. melitensis and Y. enterocolitica type 9 (DIAZ et al., 1970, HuxvEr.L, 1973) and it
was in the aqueous phase in the case of Y. enteyocolitica type 8 (DIAZ, unpublished). B. melitensis
LPS was treated with pronase as described by LEOrrc et al. (x97o).

The protein content of some antigens was determined by the LOWRY modification of the
FOLIN-CroCALTEu method (WILLIAMS and CHASE, r968). The protein antigens extracted from
B. melitensis B 115 and Y. enterocolitica both contained 56 p. 100 protein and the LPS antigen
extracted from B. melitensis 16 M contained 2.8 p. 100 protein.

Guinea pigs of the Hartley strain were sensitized by various methods, the details of which
will be given with the appropriate experiment. It had been shown previously that the species of
Brucella employed for sensitization had little effect on the skin test response, but the method of
sensitization, i. e. with living organisms or killed organisms in adjuvant, did affect the response
(JONES, DIAZ and TAYLOR, x9!3). Skin tests were performed as previously described (JONES,
BERMAN and DxAZ, i973). The intradermal dose was expressed as yg dry weight per o. ml injected.
Increase in skin thickness at injection site in comparison with surrounding area was measured
with a Schnelltaster. The opposing diameters of erythema, measured with a vernier caliper, were
used to determine the mean and the standard error of the mean.

RESULTS

Comparison of Protein antigens of Brucellae

Studies in sensitized guinea pigs (table i) showed that protein antigens prepared
from B. canis, B. ovis and B. melitensis B 115 had approximately the same reactivity.
Intradermal doses of i (Jog of each of the antigens produced erythematous reactions
of about 15 mm in diameter in guinea pigs skin tested with one antigen only, and
somewhat smaller reactions in guinea pigs given 3 or 4 antigens simultaneously.
None of the protein antigens caused reactions in normal guinea pigs, whereas 10 [ig
of Brucella LPS antigen produced an erythematous reaction in normal animals.

In further experiments, the protein antigens were tested in guinea pigs which
had been sensitized 6 to 7 weeks previously by the subcutaneous injection of o.2 ml
of vaccine containing iolo heat-killed organisms of B. canis, B. ovis or B. abortus
rough strain 45/20 in Freund’s incomplete adjuvant (FIA) or Freund’s complete
adjuvant (FCA). They were also tested in guinea pigs which had been infected
t2 weeks previously with io° living organisms of B. abortus smooth virulent strain 544!
Intradermal injection of a single dose per animal gave the results shown in table 2.





With each of the antigens, 10 !tg was required to give a skin test reaction of about
16 mm diameter in guinea pigs sensitized with killed adjuvant vaccines. Freund’s
complete adjuvant did not produce greater sensitivity than incomplete adjuvant.
In contrast, in guinea pigs infected with B. abortus, i yg of each antigen was suffi-
cient to give a skin test reaction of 20 mm.

These studies show that protein antigens prepared from the three species had
the same potency in infected guinea pigs. There was no indication that sensitization
with the homologous species resulted in greater sensitivity.

Comparison of Protein and lipopolysaccharide antigens of Brucella

It was previously shown (JoNES, DIAZ and TAYLOR, 1973) that B. melitensis I,PS
antigen evoked slightly larger cutaneous reactions in Brucella infected guinea pigs
than in normal guinea pigs. B. melitensis LPS antigen is precipitated by unabsorbed
sera from animals infected by any of the smooth Brucella species. In order to see if
part of the inflammatory response to LPS was antibody mediated, groups of guinea
pigs with and groups without high-titer circulating antibody to Brucella LPS
antigen were employed and observations were made 4-5, 24 and 48 hours after the
intradermal test. Groups with high titers had been inoculated with io6 living orga-
nisms of B. aboytus smooth strain 544 fifteen weeks previously. Groups with little
or no antibody to LPS antigen had been inoculated subcutaneously with killed
B. abortus rough strain 45/20 in FIA fifteen weeks previously. The erythematous
reactions observed 24 hours after the intradermal test are given in table 3 and the
time course of the cutaneous response can be found in figures i and 2.



The Brucella protein antigen produced no reation at 24 hours in normal guinea
pigs. Maximum skin reactions were obtained with 5 yg of antigen in vaccinated gui-
nea pigs and with I ¡.!.g in infected animals.

The Brucella LPS antigen produced erythema in the skin of normal and sensitized
guinea pigs. The erythematous response in vaccinated and infected guinea pigs was
somewhat larger than the response in normal guinea pigs at each dose level. For

example, 10 yg of LPS produced an erythematous lesion of I mm in normal guinea
pigs, whereas i/ioth of this dose produced a comparable response in vaccinated.

Figures I and 2 show the development of erythema and induration following
intradermal injection of varying doses of the two Brucella antigens. With I,PS antigen
(fig. i) a definite response was seen 4-5 hours after the inoculation of 10 and 100 !Jog
in all groups of animals. In normal animals the 24 hours response was not much greater.
In sensitized animals the maximum response for both induration and erythema was
observed at 24 hours and the reaction had diminished by 48 hours. As the dose of
LPS increased io-fold, the response increased in all groups of guinea pigs, at all
reading times and by both parameters of reaction. There was no indication, within
this dose range, that excess LPS antigen inhibited the skin reaction.



Five-fold differences in the doses of Brucella protein antigens were employed
because it had been shown previously (JONES, BERMAN and Dmz, 1973) that excess
doses of B 115 allergen killed infected guinea pigs and inhibited the response of both
infected and vaccinated guinea pigs. The results in table 3 and figure 2 confirm
these findings and show in addition that the optimum dose of allergen varies with
the method of sensitization. Infected guinea pigs showed the largest reactions with
the i yg dose and a reduced reaction with 5 yg, whereas vaccinated guinea pigs show-
ed the largest reactions with the 5 yg dose. Maximum reactions were observed at

24 hours with decreased reactions at 48 hours in all cases, except in infected guinea
pigs given the 5 yg dose which inhibited the 24 hour reaction. Erythema was observed
at hours. Induration was observed at 5 hours in vaccinated guinea pigs only.

If circulating antibody was complexing with I,PS antigen and causing an
Arthus-type reaction, then the response of infected guinea pigs at 4-5 hours would
be expected to be significiantly greater than that of vaccinated guinea pigs. It was
only slightly greater and the time course in the two groups of guinea pigs was similar
to that seen with I lig of protein antigen in figure 2. Although the LPS had been
treated with pronase, it contained 2.8 p. 100 protein as shown by the Folin-Ciocalteu
reaction. On the basis of actual protein content of the two antigens, 10 vg of LPS



contained o.28 vg protein and I vg of B 115 allergen contained 0.56 fLg protein.
Small doses of protein, such as these, were shown to produce significant delayed
reactions if given as single doses per guinea pig (JoNSS, BERMAN and DIAZ, 1973).
Figure I shows that 10 jig of LPS produced an erythematous reaction in normal
guinea pigs at 4 hours which did not increase very much at 24 hours. Sensitized

guinea pigs showed the same response at 4 hours as normal guinea pigs but the
24 hours (delayed) response was much greater.

Skin reactivity of Yersinia antigens

Lipopolysaccharide from Y. enterocolitica type 9 cross-reacts with anti-brucella
serum whereas the lipopolysaccharide from Y. enterocolitica type 8 does not (Dmz
and BOSSERAY, ig7q.). Both Yersinia LPS antigens were tested in Brucella sensitized
guinea pigs in order to see if the cross-reacting LPS component was responsible for
the cutaneous reaction. In addition, protein antigen from Y. enterocolitica type 9
was tested in guinea pigs, although this antigen had shown no cross-reactivity with
Brucella protein antigen in immuno-diffusion tests (DIAZ et al., ig7o).

The results of skin test with protein and LPS antigens of Yeysinia are given
in table 4. The erythema observed in normal guinea pigs was of the same diameter
as that in Brucella vaccinated and infected guinea pigs at all dose levels and at all



times from 4 to q.8 hours after injection. There was no indication of an increased inflam-
matory response to Yersinia antigens in guinea pigs sensitized with Brucella. The
protein antigen from Yersinia produced greater reactions in normal guinea pigs
than did the Brucella protein antigen (table 3). It is possible that the Yersinia pro-
tein antigen contained some LPS. The Byucella protein antigen had been prepared
from a rough strain and no LPS was detected in the antigen (JONES, DiAZ and TAY-
!,ox, 1973).

DISCUSSION

In immunoelectrophoretic studies of Brucella antigens, DIAZ, JONES and WIL-
SON (1968) showed that the majority of protein antigens are common to all species
within the genus Brucella. Protein antigens prepared from a rough and a smooth
strain of B. melitensis were composed of a similar mixture of protein constituents
as shown by immunoelectrophoresis, gel filtration on Sephadex G-75 and polyacryl-
amide gel isoelectric focusing (JONES, DiAZ and Tny!,oR, ig73). These antigens had
very similar skin reactivity in guinea pigs sensitized with living B. abortus or living
B. melitensis.

The present study shows that protein antigens of three species of Brucella,
B. melitensis, B. ovis and B. canis, also have the same ability to elicit delayed hyper-
sensitivity reactions in sensitized guinea pigs, and again, there was no indication
that sensitization with the homologous species resulted in greater sensitivity. This
suggests that a single diagnostic allergen could be employed for the detection of
infection by any of the Brucella species.

In contrast to the protein antigens which are common to all species of Brucellcc
and both rough and smooth colonial phases, a lipopolysaccharide (LPS) component
can be extracted from the surface of smooth species of Brucella but not from rough
species (DIAZ et al., ig68). A marked cross-agglutination between smooth B. abortus
and Yersinia enterocolitaca type 9 was reported by AHVONEN, JANSEN and Ano

(ig6g) and studied extensively by HURVELL (1973) and Huxv!!.!. and I,iNns!xG
(ig73). DtAZ et al., (1970) showed with gel diffusion that the LPS components of Y.
enterocolitica type 9 and smooth Brucella cross-reacted, whereas the protein antigens
showed no similarity. Coxs!r, (1972) and PoP et al. (1972) reported cross-reactions
in guinea pig skin tests with allergens prepared from Brucella and Yersinia, whereas
Jorr!s, DIAZ and TAYLOR (1973) could not demonstrate allergic reactions with
Brucella protein antigens in guinea pigs sensitized with killed Y. enterocolitica type 9
in adjuvant. In the present study, guinea pigs sensitized with killed or living
Brucella did not show delayed hypersensitivity reactions with either protein or I,PS
of Y. enteyocolitica type 9.

The demonstration that the allergic test can differentiate betwen genera,
such as Brucella and Yersinia, that show serological cross-reactivity, indicates that
it could be helpful in the diagnosis of animal brucellosis in problem herds with
serological reactions and no history of brucellosis.

Although the antigens involved in delayed hypersensitivy reactions are generally
considered to be protein in nature, some workers believe polysaccharides are also



able to induce and elicit delayed reactions (GODFREY, BAER and CHAPARAS, 1969 ;
GERETY, FERRARESI and RAFFEL, 1970). GODFREY et al. (1969) reported that a
carbohydrate fraction of tuberculin had the same potency per yg as PPD in sensi-
tized guinea pigs. HEILMAN et al. (1973), however, found that tuberculopolysaccha-
ride was equally inhibitory for normal and tuberculin sensitive cells in vitro

assays of tuberculin. Lipopolysaccharides from gram-negative organisms produce
in normal animals a delayed inflammatory reaction which reaches maximum intensity
in about 24 hours (STETSON, Ig55)!

Most Brucella allergens contain both I;PS and protein components although the
role of the LPS has not been established. We found that LPS antigens of Brucella
provoke skin reactions in normal guinea pigs at concentrations only 10 X greater
than their minimal skin reactivity in Brucella sensitized guinea pigs. In contrast,
protein antigens are non-toxic in normal guinea pigs at concentrations 100 X greater
than their minimal skin reactivity in sensitized guinea pigs. GAI,Arros et al. (Ig72)
have reported that the Lipid A component and not the polysaccharide portion is
responsible for in vavo toxic effects of gram-negative endotoxin. Brucella LPS contains
Lipid A (I,ACAVE et al., 1970) and this may be responsible for the skin reactions which
Brucella TaPS produced in normal guinea pigs.

Inflammatory reactions appearing 4 hours after intradermal injection of guinea
pigs were considered to be due to antibody-mediated Arthus-type reactions rather
than to delayed hypersensitivity reactions (SALVIN, 1958). The reactions obtained
with Brucella I,PS in Byucella-sensitized guinea pigs could not be attributed to anti-
body-mediated reactions directed to the polysaccharide portion of the molecule
because :

I) Early reactions at 4-5 hours were not significantly greater with I,PS than
with protein antigens.

2) Guinea pigs sensitized with rough Brucella which had no circulating antibody
to LPS also reacted to LPS antigen.

3) The serologically cross-reacting Yersinia LPS antigen did not elicit skin
reactions in guinea pigs sensitized with smooth Brucella.

Although the LPS preparation had been treated with pronase, there was still
sufficient protein present (2.8 p. 100 as shown by the Folin-Ciocalteu reaction) to
produce a delayed reaction superimposed upon the toxic reaction apparent in normal
guinea pigs.

It appears, therefore, that the delayed inflammatory skin reaction in Brucella
sensitized guinea pigs elicited with Brucella LPS is a combination of a non-specific
toxicity reaction due to Lipid A, and a specific delayed hypersensitivity reaction
due to residual protein rather than to the polysaccharide portion of the antigen. It
is possible that antibody-mediated reactions also occur but are masked by the non
specific toxicity and the delayed hypersensitivity reactions. Further studies are in
progress with a non-toxic polysaccharide antigen of smooth Brucella and these will
be reported elsewhere.

Reçu pour publication en février 1974.
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RÉSUMÉ

SPÉCIFICITÉ DES ANTIGÈNES PROTÉIQUES DE BRUCELLA ET RÔLE
DES ANTIGÈNES LIPOPOLYSACCHARIDIQUES DANS LA MISE EN ÉVIDENCE

DES RÉACTIONS D’HYPERSENSIBILITÉ RETARDÉE CHEZ DES COBAYES SENSIBILISÉS

Il a été démontré antérieurement que les antigènes protéiques de Brucella melitensis, B. ovis
et B. canis ne peuvent pas être différenciés par électrophorèse. La présente étude a montré qu’ils
ont aussi une spécificité et une activité semblables dans les tests d’hypersensibilité retardée chez
les cobayes. L’antigène lipopolysaccharidique de Yersinia entevocolitica type 9, dont on sait qu’il
donne une réaction croisée dans les tests sérologiques avec les Brucella « smooth », ne suscite pas
de réactions cutanées chez les cobayes sensibilisés par Brucella.

Ces études suggèrent qu’un allergène protéique préparé à partir d’une espèce de Brucella
pourrait être utilisé pour renforcer le diagnostic d’une infection par une espèce de Brucella quel-
conque. Le test allergique pourrait être utile pour le diagnostic différentiel entre la Brucellose et
les infections par des organismes présentant des réactions sérologiques croisées avec le genre
Brucella.

L’antigène lipopolysaccharidique de Brucella produit des réactions inflammatoires chez les
cobayes normaux et une réponse un peu plus forte chez les cobayes sensibilisés. Cette dernière
est attribuée à la protéine résiduelle de l’antigène LPS plutôt qu’au composant polysaccharidique.
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