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Brucella ovis hot saline extracts and petroleum ether-chloroform-phenol lipopolysaccharide were compared
in an enzyme-linked immunosorbent assay for the diagnosis of B. ovis ram epididymitis. Hot saline extracts
detected greater numbers of infected rams. Chemical characterization of the antigens showed that, although
both contained lipopolysaccharide, hot saline extracts also contained outer membrane proteins. These proteins
were active as antigens in Western blot tests with sera of infected rams, and therefore they explained the better
diagnostic results obtained with hot saline extracts. However, compared with lipopolysaccharide, hot saline
extracts showed a higher degree of cross-reactivity with sera from smooth B. melitensis-infected animals. This
observation might be explained by the presence of B. ovis outer membrane proteins in hot saline extracts which
lack the specificity necessary for serological identification of the Brucella species present.

Br-uce/la ovis is the causative agent of infectious ram

epididymitis, a major animal disease in most sheep-raising
countries. Diagnosis of this disease is based on palpation to
determine whether epididymitis exists, bacteriological ex-

amination of semen, and serological tests. However, since
some infected rams do not show evidence of epididymitis
and may shed the organisms intermittently, serological tests
are more useful (4).

Serological diagnosis of this infection is usually performed
by the complement fixation test with sonicated or unfrac-
tionated hot saline (HS) extracts of whole B. oaiis cells as

antigens (2). However, it has been shown that in the com-

plement fixation test both false-positive and false-negative
reactions occur (26). and other alternative tests for the
diagnosis of B. ovis ram epididymitis have been described.
Myers et al. (24) compared complement fixation and double
gel diffusion (DGD) with HS rough cell extracts (7) and
found similar results with both tests. More recently, several
researchers have investigated the use of the enzyme-linked
immunosorbent assay (ELISA) to improve both the sensi-

tivity and specificity of the serological diagnosis of B. oavis
infection in rams (1, 6, 10, 25, 27. 31. 34).
With the exception of the work of Afzal et al. (1),

characterization of the antigenic extracts used in ELISA has
not been presented. However, such characterization seems

necessary for the following reasons. First. B. Olvis is not the
only Brucella species that infects rams, and serological
responses to B. inielitenisis also exist. Second. there exists
immunological cross-reactivity between some antigens of
smooth and rough Brucella species (8). and accordingly
serological tests with uncharacterized antigenic preparations
cannot be assumed to be specific for B. ovis. Third, in
contrast to B. miite/U.sis, B. ovis is always in a rough state.
Thus, although lipopolysaccharide (LPS) is the major anti-
gen involved in serological diagnosis of diseases caused by
smooth brucellae (9, 29), this may not be the case in
infections caused by B. ovis. Outer membrane (OM) pro-
teins, LPS, and also cytoplasmic proteins are antigens
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whose relative importance in B. ovis infections should be
established to optimize diagnostic tests.

In this work, we present the characterization of two
antigenic extracts currently used for the diagnosis of B. ovis
infection in rams. Antibody responses to the antigenic com-

ponents in such extracts were studied and compared for the
differentiation of B. Ovis and B. Iielitnelnsis infections in
sheep.

MIATERIALS AND METHODS

Bacterial strains, growth conditions, and cell fractionation.
The characteristics and growth conditions of B. ovis RE0198
have been described elsewhere (8, 17). Exponentially
growing bacteria were disintegrated by being shaken with
glass beads in an MSK-Braun cell homogenizer, and the cell
envelope fraction was obtained by ultracentrifugation and
characterized on the basis of total protein and LPS content,
the presence of NADH oxidase and succinic dehydrogenase,
and lack of malic dehydrogenase as described before (23). A
fraction rich in OM proteins was prepared by sequential
detergent extraction of cell envelopes, first with Sarkosyl and
then with Zwittergent 316 as described previously (23). The
extract was then delipidated with chloroform-ethanol (1:2),
solubilized in 10 mM Tris hydrochloride [pH 6.8]-0.7 M
3-mercaptoethanol-10% glycerol, and stored at 4°C.
Antigenic preparations. B. ovis HS extracts were obtained

by suspending viable cells in saline and heating at 100°C for
15 min (7). After removal of cell debris (15,000 x g, 30 min),
the extract was ultracentrifuged (100,000 x g, 5 h), and the
pelleted material was suspended in distilled water, dialyzed
at 4°C against three changes of 100 volumes each of distilled
water, and lyophilized. In addition, acetone-dried cells were

extracted with petroleum ether-chloroform-phenol (PCP)
and, after flash evaporation of chloroform-petroleum ether,
PCP-rough LPS (RLPS) was precipitated by saturating the
phenol phase with water as described by Galanos et al. (11).
Complexes of bovine serum albumin (BSA) and PCP-RLPS
were prepared by solubilization of both components in
H,O-triethylamine and removal of the latter under vacuum

(12).
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Analytical methods. Protein was determined by the method
of Lowry et al. (21) with BSA as the standard. The LPS
marker, 2-keto-3-deoxyoctulosonic acid, was measured as
described by Warren (33), with modifications described
previously (23). RNA was determined by the orcinol reac-
tion (14).
Sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-

phoresis was performed as described by Laemmli (19).
Molecular weight (MW) standards were phosphorylase b
(94,000 [94K]), BSA (67K), Escherichia coli OmpF (38K),
carbonic anhydrase (30K), soybean trypsin inhibitor (21K),
and lysozyme (14K). Gels were stained with Coomassie
blue.

Immunological methods. Immunoelectrophoresis was per-
formed in agarose-Veronal as described elsewhere (8). For
DGD, the 1% agarose gel contained 10% NaCl and borate
(pH 8.3) as a buffer (3). When PCP-RLPS was used in gel
precipitation, its solubilization was assisted by either sonica-
tion immediately before immunoelectrophoresis or addition
of a few microliters of triethylamine. For ELISA, the
antigens were coupled to polystyrene plates by overnight
incubation of PCP-RLPS or HS extract (both at 10 ,ug [dry
weight] per ml) in carbonate buffer. The plates were then
washed three times with 20 mM phosphate-buffered saline
(pH 7.2) containing 0.05% Tween 20, and twofold serial
dilutions of sera were made in phosphate-buffered
saline-Tween. After 1 h of incubation at 37°C, the unbound
antibody was removed with three washes of phosphate-
buffered saline-Tween, and peroxidase-conjugated rabbit
anti-sheep immunoglobulin G (heavy- and light-chain speci-
ficity; Nordic Immunological Laboratories, Tilburg, Hol-
land) was added. Incubation was carried out for 1 h at 37°C,
the plates were washed again, and the substrate was added
(20). 5-Amino-2-hydroxybenzoic acid-H202 was used as the
substrate. The reaction was assessed colorimetrically (450
nm) with a spectrophotometer (Titertek Multiscan; Flow
Laboratories, Inc., McLean, Va.). The mean and standard
deviation of the optical density (OD) were calculated for the
dilution showing the greatest difference between positive
and negative controls and used to estimate the ELISA OD
distribution in the population as described by Heck et al.
(16).
Western blots of SDS-polyacrylamide gel electrophoresis

were performed by the method of Burnette (5) with the
conjugate described above and 4-chloro-1-naphthol as the
substrate (15). Anti-HS extract sera were obtained after
hyperimmunization of rabbits with eight intramuscular 1-mg
doses of extract.

Sera. The following groups of sera were used. (i)
Noninfected controls were sera from 36 Brucella-free rams.
(ii) B. ovis-infected controls were sera from 36 rams whose
semen was culture positive. (iii) B. melitensis-infected con-
trols were sera from 36 ewes with infection demonstrated
bacteriologically. (iv) Suspected animals were 69 rams be-
longing to flocks in which B. ovis had been isolated. They
were divided into two subgroups: 22 animals with palpable
epididymitis and 47 without such symptoms. None of these
69 animals was positive by the Rose Bengal and complement
fixation standard tests for B. melitensis infection.

RESULTS
The results of the chemical characterization of PCP and

HS extracts are presented in Table 1. It can be seen that,
whereas PCP extracts contained almost no protein, this
component made up to 50% of the product obtained by the
HS method. In agreement with these data, PCP extracts

TABLE 1. Chemical composition of B. ovis antigenic extracts
obtained by the HS or PCP extraction methoda

Method Protein KDob RNA Yieldc
HS 44-50 0.43 8.6 0.9-2.7
PCP 0.5-0.8 2.75 10.6 1.4-2.2

a When included, ranges represent the highest and lowest values obtained
in an analysis of five different batches of extracts.

b KDO, 2-keto-3-deoxyoctulosonic acid.
Percentage of cell dry weight.

contained about seven times more 2-keto-3-deoxy-
octulosonic acid than did HS extracts. By immunoelectro-
phoresis with rabbit anti-HS serum, both HS and sonicated
PCP extracts developed a major line (Fig. 1) with the shape
and mobility characteristic of RLPS (7), and a line of total
identity was observed by DGD with either this serum or sera
from infected animals (data not shown). These results
showed that, in spite of the different protein contents, both
preparations shared RLPS as the major antigenic compo-
nent.

SDS-polyacrylamide gel electrophoresis and Coomassie
blue staining identified several proteins in the HS extract,
among which a band of an apparent MW close to 25K was
the most conspicuous one (Fig. 2A, lane 2). Proteins of
similar MW were also present in detergent extracts enriched
with OM proteins (Fig. 2A, lane 1), and by Western blot it
was found that the antiserum to B. ovis HS extracts reacted
with the 25K protein of the HS extracts and with its
homologous OM protein (Fig. 2B). Furthermore, the same
antiserum reacted strongly with other proteins (21K to 14K)
present in both HS and OM preparations (Fig. 2B), despite
the fact that they were hardly visible in Coomassie blue-
stained gels of HS extracts (Fig. 2A, lane 2). None of the
above methods revealed the presence of proteins in PCP
extracts, in which RLPS was demonstrated by Western blot
(Fig. 2C, lane 3) but not by Coomassie blue staining (Fig. 2A,
lane 3). Thus, PCP extracts are referred to as PCP-RLPS.
The antigenic extracts described above were compared as

diagnostic reagents in an ELISA for detection of B. ovis
infection in rams by ELISA. In preliminary experiments
with sera from control groups 1 and 2, maximal differences in
OD were obtained with the 1/100 dilution for either antigenic
extract. These same experiments showed that negative con-
trols had a background higher than expected, but this
problem could not be solved by varying the conditions of the
ELISA or using different sera (rabbit, cow) or proteins
(casein, BSA) as blocking agents. It is possible that unspe-
cific binding of antibody to the brucella surface antigens used
in the ELISA could explain this background, as reported by
Schurig et al. (30) for rough B. abortus. Using the 1/100
dilution, we determined the distribution of the OD in ELISA

FIG. 1. Immunoelectrophoretic analysis of B. ovis PCP-RLPS (5
mg/ml) and HS extracts (10 mg/ml) with anti-HS serum.
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TABLE 2. Results of ELISA (PCP and HS) and DGD (HS) with
69 animals from flocks in which B. ovis had been

isolated (group 4)
No. of animals positive by:

Total
Symptoms no. of ELISAa DGD

animals PCP-RLPS HS HS

Palpable 22 17 21 21
epididymitis

None 47 27 36 40
a Animals positive by ELISA were defined as those producing an OD of

0.660 (95.5% sensitivity with 5% false-positive reactors) with PCP-RLPS or
0.520 (83.4% sensitivity with 8% false-positive reactors) with HS in the 1/100
dilution (Fig. 3).

21Kt j >

14KC>* _;4

FIG. 2. SDS-polyacrylamide gel electrophoresis (A) and West-
ern blot analysis with anti-HS extract serum (B) or serum from an
infected ram (C) of (lanes): 1, OM protein extracts of B.ovis; 2, HS
extract; and 3, PCP-RLPS. The arrowheads indicate the positions of
MW markers in the SDS gel and nitrocellulose sheets.

in healthy and infected populations (Fig. 3). This method
was preferred because it allows one to know the probability
with which the diagnosis is made for a given OD (16). For
instanice, for an OD of 0.660 the PCP-RLPS ELISA (Fig. 3A)
would detect 95.5% of the infected (semen culture positive)
animals (95.5% sensitivity) but also 5% of healthy animals
(95% specificity). With the HS extract and an OD of 0.520
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FIG. 3. Distribution of the OD (1/100 dilution) of the ELISA with
PCP-RLPS (panel A) and HS-extracts (panel B) in Brucella-free
rams, B. melitensis-infected ewes, and B. ovis-infected rams. The
means and standard deviations of the groups tested were: (PCP-
RLPS [panel A]) Brucella free, 0.412 + 0.150; B. melitensis infected,
0.646 ± 0.176; B. ovis infected, 0.889 ± 0.135; and (HS extract
[panel B]) Brucella free, 0.383 ± 0.098; B. melitensis infected, 0.612
+ 0.137; B. ovis infected, 0.675 + 0.160.

(Fig. 3B), the sensitivity of the test would be 83.4% (semen
culture-positive animals detected) with 8% false-positive
reactions (92% specificity). These results did not differ
significantly with three differeht batches tested.
The serological response of the suspected animals (group

4) was studied with both PCP-RLPS and HS extracts by
either ELISA or DGD (Table 2). It can be seen that the
proportion of suspected rams detected by either PCP-RLPS
ELISA or HS ELISA was higher in the subgroup with
symptoms of epididymitis. In addition, the number of rams
positive by HS was always higher than the number of
PCP-RLPS-positive ones. Also, no animal was both positive
by PCP-RLPS and negative by HS extracts.

Figure 2C shows the result of the Western blot analysis of
the antigens used in the ELISA with the serum of one of the
rams with bacteriologically proven B. ovis infection. It can
be seen that this serum contained antibody to the antigenic
determinants of both PCP-RLPS and HS extracts, and this
result was also obtained with sera from nine other rams
tested. An alternative role of OM proteins in HS extracts,
such as their acting as LPS carriers that could favor reac-
tions with LPS-specific antibodies, was also considered.
However, when PCP-RLPS coupled to BSA as a carrier was
tested in both ELISA and DGD, the results did not differ
from those obtained with the uncoupled antigen.

Finally, the ability of the HS or PCP-RLPS ELISA to
differentiate B. ovis infections from those caused by B.
melitensis was tested with sera from ewes in which infection
by the latter species had been demonstrated (group 3). There
was considerable overlapping between the OD plots of B.
melitensis- and B. ovis-infected animals with both PCP-
RLPS and HS (Fig. 3). With HS, overlapping was almost
complete.

DISCUSSION
The results presented in this work demonstrate that when

B. ovis RLPS is obtained by the HS method (7) the final
extract is heavily contaminated with OM proteins. The
observation that contamination of LPS preparations with
OM proteins is affected by the method of extraction has also
been made with other bacteria (13). Verstreate et al. (32)
have classified the Brucella OM proteins present in
Sarkosyl-Zwittergent extracts in three distinct MW ranges,
i.e., 88K to 94K (group 1), 35K to 40K (group 2), and 25K to
30K (group 3). The MW of the major OM protein(s) present
in the HS extract strongly suggests that it corresponds to
group 3. The same authors (32) have shown that the amino
acid composition of group 3 resembles that of E. coli OmpA,
an OM protein which is known to interact strongly with LPS
(22). The interaction between RLPS and OM proteins in the
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HS extract must be very strong, because attempts to sepa-

rate the 25K protein from LPS (2-keto-3-deoxyoctulosonic
acid marker) by either ultracentrifugation or gel filtration
under a variety of conditions were unsuccessful (results not
shown). It may also be significant that, when examined by
the Sarkosyl-Zwittergent extraction method, B. ovis OM is
rich in group 3 proteins (28; this work).
The role of the HS OM proteins in ELISA was evident

when the results obtained with HS and PCP-RLPS extracts
in the group of suspected animals were compared (Table 2).
In addition to the fact that antibody reaction with the OM
proteins was shown directly by Western blot (Fig. 2C), the
only explanation for the differences observed is that the OM
proteins present in HS extracts carry antigenic determinants
active in'the ELISA.
The same results also suggest that, in infections caused by

B. ovis, OM proteins play a role as antigens as important as

that of LPS. Although it has been shown that LPS is the
major antigen in infections caused by smooth Brucella
species (9, 29), B. ovis is permanently rough. It is known that
in rough bacteria OM proteins are more exposed on the cell
surface than in smooth strains (22), and accordingly an

important role as surface antigens can be postulated for the
OM proteins in rough bacteria. This hypothesis is supported
by the findings presented in this report.

In contrast to HS extracts, PCP-RLPS did not contain
significant amounts of protein, by either Lowry or Western
blot. Afzal et al. (1), using RLPS prepared by the PCP
method, found that the ELISA had a sensitivity of 94% with
no false-positive reactors; 95.5% sensitivity with only 5%
false-positive reactors (control groups 1 and 2) is reported
here for the same antigen. However, when the different
antigens were compared with sera from suspected animals
(group 4), 28% of rams positive in either ELISA-HS or DGD
did not contain sufficient antibody to PCP-RLPS to be
considered positive. The slightly higher proportion of false-
positive reactors of HS (8%) with respect to PCP-RLPS (5%)
cannot account for this result, as shown by the controls (data
obtained by DGD). This same result also cannot be ex-

plained by the fact that, as discussed below, HS antigens
detected antibody elicited by infection by B. melitensis,
because all animals from group 4 were negative in the
standard serological tests for smooth Brucella infection. On
the other hand, since positive controls are defined in the
work of Afzal et al. (1) and in ours as those animals from
whose semen B. ovis was isolated, our results suggest that
both semen culture and ELISA with PCP-RLPS underevalu-
ate the actual proportion of rams infected by or exposed to
B. ovis. This interpretation agrees with observations made
by others on the value of the semen culture (18).
Although the ELISA (or DGD) with HS extracts was more

sensitive than the PCP-RLPS ELISA in detecting B. ovis
infection in rams, its ability to differentiate such an infection
from B. melitensis infection was much lower. Since PCP-
RLPS reacted significantly with sera from B. melitensis-
infected ewes (Fig. 3A), that observation can be partially
accounted for by antigenic determinants shared by both
smooth LPS and RLPS (lipid A and core). In addition, the
presence of group 3 OM proteins in HS extracts offers an

explanation for the higher overlapping between B.
melitensis- and B. ovis-infected animals (Fig. 3B), because
they are shared by B. melitensis and rough Brucella species
(28).

B. ovis whole cells, either intact (31, 10) or disintegrated
by sonication (25), uncharacterized heat extracts (27, 34), or

cell envelope deoxycholate crude extracts (6), have been

used as antigens in ELISA for ram epididymitis. Our results,
along with the fact that soluble antigens are shared by all
Brucella species (8), show that ELISA with all those anti-
genic preparations cannot be assumed to be specific for B.
ovis infection. Thus, the use of serological tests with such
antigens could be misleading if applied to the specific
evaluation of B.ovis in areas where B. melitensis occurs in
sheep.
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