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Rough lipopolysaccharide, extracted by a mixture of phenol, chloroform, and petroleum ether from freeze-
dried Brucella ovis cells with a yield of 0.71%, contained relatively small amounts of protein and nucleic acid
contaminants as compared with lipopolysaccharides from other Brucellae. The crude lipopolysaccharide was
suitable as a diagnostic antigen in an enzyme-linked immunosorbent assay for the sensitive and specific
detection of ram epididymitis caused by B. ovis infection. In comparative serological tests, the enzyme-linked
immunosorbent assay with B. ovis lipopolysaccharide gave better identification of infections and fewer false-
negative results than the enzyme-linked immunosorbent assay with sonicated antigen or the complement
fixation test.

Ram epididymitis is an important disease in major sheep-
raising countries, including the United States, New Zealand,
and Australia. The incidence of the disease varies from 15 to
40% in the western United States (14). Control of the disease
has been limited by the lack of an accurate diagnostic test
and an effective vaccine. The efficacy of a presently avail-
able commercial bacterin (14) varies; in an experimental
infection of 8-month-old rams, it gave 56% protection,
whereas a new vitamin E adjuvant vaccine of Brucella ovis
gave 78% protection (M. Afzal, R. P. Tengerdy, R. P. Ellis,
C. V. Kimberling, and C. J. Morris, Vet. Immunol. Immuno-
pathol., in press).

Current tests used to diagnose ram epididymitis caused by
B. ovis include physical palpation of the scrotum for lesions,
detection of leukocytes in the semen, isolation of B. ovis
from the semen, and detection of antibodies in the serum by
using the complement fixation (CF) test (10). Recently,
Rahaley et al. (25) described an enzyme-linked immunosor-
bent assay (ELISA) with a sonicated antigen for the detec-
tion of antibodies to B. ovis in sheep sera. The CF test, the
most frequently used serological method for detection of B.
ovis infection, gives a large number of false-negative and
false-positive results (26), and ELISA with a sonicated
antigen may yield false-positive results occasionally (25).

B. ovis-infected rams may develop serum antibodies to a
wide variety of cellular antigens, including lipopolysaccha-
ride (LPS), outer membrane proteins, and ribosomes. LPS is
a potential candidate for diagnostic purposes, since antigens
in current use are known to contain LPS (24) and a specific
immune response to B. ovis LPS can be elicited by whole-
cell immunization in rabbits and mice (21). Furthermore,
LPS from Brucella abortus has been used successfully for
the diagnosis of brucellosis in cattle and humans (4, 17, 22,
27).

In the present paper, the isolation and characterization of
B. ovis LPS and its use in diagnostic ELISA is reported. The
CF test and ELISA with LPS and the sonicated antigen used
in earlier studies (25) are compared, and their suitability for
diagnosis is evaluated by biometric analysis.

* Corresponding author.

MATERIALS AND METHODS

Bacterial strain and cultivation. B. ovis was isolated from
the semen of an infected ram with physically palpable
epididymitis and identified by morphological, cultural, and
biochemical tests (2). The isolated B. ovis was grown on
tryptose agar (Difco Laboratories, Detroit, Mich.) contain-
ing 10% bovine calf serum (K.C. Biologicals, Lenexa,
Kans.) for 5 to 7 days in a 10% CO2 atmosphere. Cells were
harvested in distilled water and strained through several
layers of sterile cheesecloth. The cells were packed by
centrifugation at 6,000 x g for 30 min at 4°C and lyophylized.

Isolation and characterization of LPS. LPS from freeze-
dried B. ovis cells was extracted by phenol-chloroform-
petroleum ether (PCE, 2:5:8) as described previously (7, 22).
Briefly 2.5 g of freeze-dried cells were extracted three times
with 15 ml of PCE as shown in Fig. 1. The extracts were
pooled, and the chloroform and petroleum ether were re-
moved under vacuum at 30°C. Distilled water was added
dropwise until precipitate started forming, and then the
suspension was centrifuged at 5,000 x g at 4°C for 40 min.
The precipitate was washed with distilled water and freeze-
dried. This fraction contained 2-keto-3-deoxyoctonate
(KDO) and was designated crude LPS.
For further characterization of the crude LPS, it was

dissolved in 0.05 M Tris buffer (pH 8.0) containing 1%
sodium deoxycholate and submitted to size-exclusion chro-
matography on a Sephadex G-100 column (300 by 25 mm)
equilibrated with the same buffer. The fractions were moni-
tored by light absorbance at 280 nm for protein, at 260 nm for
nucleic acid, at 630 nm for carbohydrates (11), and by the
difference in absorbances at 552 and 508 nm for KDO (30).
For comparison, the sonicated antigen (described below)
was subjected to the same procedure.
Sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-

phoresis (PAGE) was carried out on crude LPS and on
pooled fractions 11 to 18 from the Sephadex G-100 run, with
15% minigels at a constant current of 80 V by the method of
Laemmli (16). After electrophoresis, the gels were fixed in a
40% ethanol-5% acetic acid solution overnight and stained
with silver stain (29).
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FIG. 1. Extraction of LPS from B. ovis cells. PPT., Precipitate.

Immunodiffusion was carried out on 1% agar slides with
plexiglass templates to contain the antigen and antisera (5).
Slides were dried and stained with Crowle's stain.
Chemical analysis. Protein content was assayed by the

Lowry test (18) with bovine serum albumin fraction V
(Sigma Chemical Co., St. Louis, Mo.) as the standard. Total
carbohydrates were measured by the anthrone assay (11)
with dextran (Sigma) as the standard. KDO was measured
by the thiobarbituric assay (30) using purified KDO as

standard (Sigma).
Antigens for serological tests. (i) CF antigen. B. ovis CF

antigen was kindly supplied by the National Veterinary
Services Laboratory, Ames, Iowa. This antigen is prepared
by suspending B. ovis cells in normal saline and autoclaving
the preparation at 15 lb/in2 for 20 min and then centrifuging it
at 10,000 x g for 1 h. The supernatant fluid is used as the
antigen. After being diluted 1:64, the supernatant had an

absorbance of 0.55 at 280 nm.
(ii) Sonicated antigen. B. ovis cells were grown and har-

vested as described above. Cells were suspended in 0.05 M
carbonate buffer (pH 9.6) to give 12% traismittance at 540
nm in a spectrophotometer (Spectronic-20; Bausch & Lomb,
Inc., Rochester, N.Y.) and sonicated at 115 W (Sonifier cell
disruptor; Heat Systems Co., New York) for 30 min on ice.
The sonicated suspension was centrifuged at 10,000 x g for
40 min at 4°C, and the supernatant fluid was used as the
antigen.

(iii) Crude LPS. LPS was solubilized in 1% SDS at a

concentration of 1 mg/ml and diluted to 10 pug/ml in 0.05 M
carbonate buffer (pH 9.6) for ELISA.
Serum samples. Serum samples were collected from 20

experimental rams in a vitamin E adjuvant vaccine study
(Afzal et al., in press) and from 27 field cases. Ram sera were

divided into three groups: group I, positive sera, where B.
ovis was isolated from the semen; group II, negative sera,
where semen appeared normal and B. ovis was not isolated;

and group III, suspected sera, where B. ovis was not isolated
but the epididymis was abnormal or the semen had an
increased number of leukocytes or separated heads.

Serological tests. (i) Micro-CF test. The CF test was
performed in U-bottom polyvinyl microtiter plates (Dyna-
tech Laboratories, Inc., Alexandria, Va.) as described previ-
ously (3). Briefly, sheep sera were diluted 1:10 in modified
Veronal buffer and inactivated at 60°C for 1 h. The inactivat-
ed sheep serum was serially diluted twofold so that each Well
contained 0.025 ml of diluted serum, and then 0.025 ml of B.
ovis CF test antigen and 0.025 ml of 1:35 diluted guinea pig
complement containing five 50% hemolytic complement
units were added to each well. The plates were incubated
overnight in a refrigerator (4°C); then 0.025 ml of sensitized
sheep erythrocytes (3% [vol/vol]-2 U of hemolysin in an
equal volume) were added, and the plates were shaken on a
reciprocal shaker at 150 rpm for 45 min at 37°C. The titer is
the serum dilution giving 50% or less hemolysis by visual
observation. An animal with a CF titer of 10 or higher was
considered positive.

(ii) ELISA. ELISA was carried out in quadruplicate tests
in polystyrene microtiter plates (Dynatech). A 100-,ul vol-
ume of antigen (sonicated antigen or 10 ,ug of LPS per ml)
was dispensed into each well and incubated overnight (16 to
20 h) in a constant humidity chamber at room temperature
for LPS or at 4°C for sonicated antigen. Plates were washed
once with physiological buffered saline (PBS; 0.14 M sodium
chloride containing 0.01 M phosphate buffer [pH 7.2] and 0.5
ml of Tween 20 per liter) and then incubated with 100 ,ul of
10% fetal calf serum for 45 min at 37°C to block nonspecific
adsorption of serum proteins. Plates were washed five times
with PBS. A 50-pI volume of 1:100-diluted ram serum in PBS
was added, and the plates were incubated on a shaker (ca.
100 rpm) at 37°C for 1 h. Plates were washed five times with
PBS, and 50 pI of 1:750-diluted rabbit anti-sheep immuno-
globulin G-peroxidase conjugate (Cappel Laboratories, Inc.,
Malvern, Pa.) was added. Plates were incubated at 37°C for 1
h and then washed five times with PBS. A 50-1u1 volume of
substrate (34 mg of o-phenylene-diamine hydrochloride in
100 ml of phosphate-citrate buffer [0.05 M citrate, 0.1 M
phosphate {pH 5.0}] containing 0.01% H202) was added, and
the plates were incubated for 30 min. The reaction was
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TABLE 1. Chemical analysis of PCE-extracted fractions from the
B. ovis fraction

Yield Protein Carbo- KDFraction (%c)a Pre(%)b hydrate (K)b

Crude LPS 0.71 Tr 25.1 3.25
Aqueous II Tr C

Phenol II 4.55 50.6 5.2 0
Interphase II 0.27 30.4 8.3 Tr
Aqueous I Tr
Phenol I 0

a The percentages were measured by using gram/gram (dry weight) of cells.
bThe percentages were measured by using gram/gram (dry weight) of

fractions.
c-, Not done.

stopped by the addition of 50 ,ul of 2 N sulfuric acid, and
absorbances were read at 490 and 630 nm on a dual-beam
ELISA reader (Dynatech).
The optimal serum dilution used in ELISA was deter-

mined by comparing pooled sera from six positive and six
negative rams. These pooled sera were serially diluted
starting at a 1:25 dilution and tested in ELISA. The dilution
1:100, where the maximum absorbance difference was ob-
served between positive and negative sera, was regarded as
the optimal working dilution (Fig. 2) at which all test sera
were compared. With each test, one pooled negative (CF

titer, 0), one pooled positive (CF titer, 80), and three positive
sera (CF titers, 10, 20, and 50 [National Veterinary Services
Laboratory, Ames, Iowa]) were run for reference. A serum
sample with an ELISA absorbance reading equal to or
greater than the absorbance of a positive reference serum
(CF, -10) was regarded as positive.
Semen evaluation. Semen was collected by electroejacula-

tion on the same day that blood was collected for serology.
Motility and the presence of leukocytes were examined
immediately. Semen morphology was studied after cells
were stained with Hancock's stain (Society of Theriogenol-
ogy, Hastings, Nebr.). Each semen sample was cultured on
10% serum tryptose agar and vancomycin chocolate agar.
Plates were incubated at 37°C for 3 to 5 days in a 10% CO2
atmosphere. Isolated colonies were further examined for
positive identification of B. ovis.

RESULTS

Characterization of the crude LPS extracted from B. ovis.
The PCE extraction of B. ovis cells yielded crude LPS
precipitated from the extract, containing mostly rough LPS.
The aqueous phase of the hot phenol-water extraction (A-I)
of the residual cells, which is supposed to contain smooth
LPS, yielded only a trace amount of material (Fig. 1). The
chemical composition of the different fractions obtained in
the extraction process is shown in Table 1. The comparison
of the chemical composition of LPS preparations from

TABLE 2. Chemical composition of LPS from Bricellae spp.'
Total

Species LPS Yield Protein KDO Fatty carbo- Extraction method Referenceform (%) (%) %) acid (%) hydrate

B. abortius
1119-3 Smooth 20.00 0.60 17.20 Dimethylsulfoxide 8
1119-3 Smooth 7.00 0.54 20.00 Modified hot phenol 8
1119-3 Smooth 24.0 0.86 31.10 Phenol-water 20, 23
1119-3 Smooth 6.30 0.9 26.4 32.5 Phenol-water 21
1119-3 Smooth 35.2 0.31 11.42 Modified phenol-water 28
11-19 Smooth 0.77 24.0 0.32 19.00 10.7 Modified phenol-water 22

(phenol phase)
544 Smooth 1.53 15.63 6.5 34.8 Hot phenol-water (aqueous 9

phase)
Smooth 4.39 21.25 8.4 19.6 Hot phenol-water (phenol 9

phase)
544 Smooth 11.40 9.5 44.10 Phenol-water (phenol 19

phase)
14 Smooth 33.8 0.52 10.4 Modified phenol-water 1
45/0 Smooth 42.00 0.61 1.0 21.63 Modified phenol-water 15

(aqueous phase)
45/0 Smooth 30.00 0.38 2.0 11.40 Modified phenol-water 15

(phenol phase)
45/20 Rough 18.00 0.46 0.5 17.94 Phenol-water (aqueous 15

phase)
45/20 Rough 10.00 9.5 8.60 Phenol-water 15
45/20 Rough 2.00 3.1 30.0 16.8 Phenol-water 21
45/20 Rough 0.40 1.3 0.25 10.00 13.6 Phenol-water (aqueous 22

phase)
B. melitensis
16M Smooth 40.10 Modified phenol-water 20, 23
565 Smooth 5.34 10.00 82.5 NaOH hydrolysis of Boivin 6

antigen
B115 Rough 2.0 3.4 52.0 15.8 Phenol-water 21

B. canis Rough 0.0 2.3 29.0 11.8 Phenol-water 21
B. ovis REO Rough 0.0 5.5 50.0 19.0 Phenol-water 21

strain Rough 0.71 Tr 3.25 25.1 PCE This work
a It is assumed that the chemical composition was calculated on the dry weight basis of the LPS fraction in most of the studies.
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FIG. 3. Sephadex G-100 separation of B. ovis antigens. (a) Sonicated antigen; (b) crude LPS. Symbols: , carbohydrate (630 nm); -
X-, KDO (A = 552 to 508 nm); ----, nucleic acid (260 nm); --- ----, protein (280 nm).

different Brucellae by various extraction methods is present-
ed in Table 2. It is evident that the yield of the PCE-
extracted crude B. ovis LPS is more than of rough LPS from
B. abortus but less than of smooth LPS from B. abortus. It is
clear from Table 2 that the PCE-extracted crude LPS has a
superior purity compared with other LPS preparations, it
has the high KDO content usually associated with rough
LPS and is essentially free of protein.
The result of the separation of the components of the

sonicated antigen and crude LPS by Sephadex chromatogra-
phy can be seen in Fig. 3a and b. Sonicated antigen is
included here since it has been used as diagnostic antigen in
ELISA previously (25). It can be seen that the sonicated
antigen contains LPS (KDO activity) as one of the main
antigenic components in various associations with proteins,
nucleic acids, and carbohydrates; but in the crude LPS, all of
the KDO activity and most of the carbohydrate can be found
in fractions 11 to 18. The LPS is not bound to protein and
contains relatively small amounts of other materials.
When the pooled fractions 11 to 18 from the Sephadex G-

100 run of the crude LPS were subjected to double immuno-
diffusion against B. ovis antiserum from an infected ram, a
single band was observed. The crude LPS and the pooled
fraction gave one major band in SDS-PAGE (Fig. 4). The B.

ovis LPS band had an identical position with the rough LPS
band of the reference Escherichia coli LPS.

Diagnosis of B. ovis infection by serological tests. A positive
diagnosis of B. ovis infection by CF and ELISA as correlated
with established disease criteria is shown in Table 3. The

k a

A B C

FIG. 4. SDS-PAGE of LPS. Lane A, LPS from E. coli 0111:B4;
lane B, crude LPS from B. ovis; lane C, pooled fractions 11 to 18
from the Sephadex G-100 column. The arrow indicates rough LPS
from E. coli.
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TABLE 3. Detection of B. oi is infection by different diagnostic tests

No. of animals with positive titer bye
No. of animals with

Animals (no.)" ELISA with:

Palpable positive Leukocytes Separated CF Sonicated LPS
epididymitis semenb in semen" semend antigen

Experimental
Positive (10) 6 10 4 6 8 9 9
Negative (8) 0 0 0 1 0 1 0
Suspected (2) 0 0 1 1 0 2 2

Field cases
Positive (9) 8 9 6 5 8 9 9
Negative (15) 0 0 0 1 0 0 0
Suspected (3) 1 0 2 1 0 2 2
a Animals were designated as follows: positive, B. ovis isolated at least once on repeated culturing; negative, B. ovis was not isolated from semen and semen ap-

peared normal; suspected, B. ovis was not isolated from semen, but other criteria suggested infection.
bB. ovis was isolated from semen.
' Presence of >20 leukocytes per field at a magnification of x400.
d Presence of >30% separated heads.
e Positive titers were judged for CF titer of .10 or ELISA absorbances equal to or greater than the absorbance of a positive reference serum.

main criterion for infection was the isolation of B. ovis from
semen at least once in repeated culturing. ELISA was more
sensitive than CF, since it detected 18 of 19 positive infec-
tions and 4 of 5 suspected infections, whereas CF detected
only 16 positive and none of the suspected infections. These
differences, however, were statistically not significant (P >
0.05). One experimental ram from which B. ovis was isolated
only once during a 3-month period had neither CF nor
ELISA titers. In field cases, the correlation between positive
serum titer and infection is better (8 of 9 for CF, and 9 of 9
for ELISA) than that for experimental rams (8 of 10 for CF,
and 9 of 10 for ELISA). The ELISA test with sonicated
antigen gave 1 false-positive among 23 negative rams tested.
This animal had normal semen, B. ovis was not isolated upon
repeated culturing, and the epididymis appeared histologi-
cally normal. This result was expected since the sonicated
antigen may contain certain antigens shared by other gram-
negative organisms, and thus it is less specific than LPS. The
ELISA titer of suspected rams may indicate subclinical
exposure to B. ovis. This view is supported by the observa-
tion that one of the two rams in the experimental group did
not develop the disease upon challenge with B. ovis, indicat-
ing a possible state of immunity.
A biometric analysis of the two serological tests, CF and

ELISA, using three different antigens, the CF antigen in the
CF test, the sonicated antigen, and LPS in ELISA, is shown
in Table 4. It appears that ELISA is a more suitable
diagnostic test than CF, especially when a specific diagnos-
tic antigen like LPS is used.

DISCUSSION
The yield and chemical composition of LPS from Brucel-

lae depend on the strain, extraction method, and purification

procedure (Table 2). The PCE extraction gave a crude LPS
preparation that could be used directly as a diagnostic
antigen in ELISA and compared favorably in chemical
properties with other LPS preparations obtained by other
methods. The crude LPS contained only small amounts of
nucleic acids and other contaminants that apparently did not
interfere with the specificity of the antigen in ELISA. In
SDS-PAGE, the B. ovis LPS moved similarly to the rough
LPS of E. coli. The relatively high KDO content distin-
guishes the B. ovis LPS from other Brucellae. This observa-
tion also corroborated the data of Moreno et al. (21). A
smooth LPS that is present in the phenol phase of the
phenol-water extraction of B. abortus (22) was present in the
corresponding fraction (fraction A-I) from B. ovis only in
trace amounts, insufficient for further analysis.
Although the LPS from B. ovis had an identical position

with the rough LPS of E. coli in SDS-PAGE, LPS of
Brucellae are significantly different from LPS of Enterobac-
teriaceae, and cross-reactions caused by enteric infections
which might result in false-positive tests have not been
reported (8, 12, 13, 15, 20). The B. ovis LPS shares some
antigenic determinants with rough LPS of other Brucellae as
was shown by partial identity patterns in immunodiffusion
(21). It may be expected, therefore, that ELISA with B. ovis
LPS would detect other Brucella infections too. The sonicat-
ed antigen contains other antigens besides LPS, some of
which may be shared with other organisms; thus, more
cross-reactions are expected. The biometric analysis of the
23 negative cases examined in this study seems to bear out
this assumption; the LPS antigen did not give any false-
positive results, whereas the sonicated antigen gave one.
This assumption has to be further validated by testing a large
number of ram sera. The biometric analysis indicates that

TABLE 4. Sensitivity and specificity of the CF test and ELISA for the diagnosis of B. o0is infection"

Test Total True False- Total True False- Specificity Sensitivity
positive positive positive negative negative positive 0) M

CF 19 16 3 23 23 0 100.0 84.2
ELISA

Sonicated antigen 19 18 1 23 22 1 95.7 94.7
LPS 19 18 1 23 23 0 100.0 94.7
a The percent specificity was defined as [the number of true negatives/(the number of true negatives + the number of false-positives)] x 100. The percent

sensitivity was defined as [the number of true positives/(the number of true positives + the number of false-negatives)] x 100.

VOL. 20, 1984



1164 AFZAL ET AL.

the ELISA is more sensitive and as specific as the CF test
and LPS is more specific for diagnosis than the sonicated
antigen.
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