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Abstract: Because some batch-to-batch variation in the preparation of rough lipopoly-
saccharide (RLPS) from Brucella ovis has been experienced, several protocols were
tested to establish the most reliable method for detection of antibody in indirect
enzyme immunoassay. An early version of the assay gave a performance index
(PI = sum of optimum percent sensitivity and percent specificity, determined by
receiver operator characteristic analysis) of 198.6. This assay used RLPS from
B. ovis as the antigen and a monoclonal antibody specific for bovine IgG, heavy
chain-enzyme conjugate for detection. This was not repeatable using other batches
of antigen. Newer versions of the assay generally had decreased sensitivity values,
giving PIs of 193. Use of a recombinant protein A/G-enzyme conjugate did not
improve the PI (PI = 190), giving reduced specificity and higher sensitivity. The
final version used B. abortus RB51 RLPS as the antigen and protein A/G-enzyme
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conjugate for detection, giving a PI of 197. Because of the batch uniformity of the
B. abortus RB51 RLPS and the versatility of the protein A/G-enzyme conjugate, the
latter version appears to be the most useful for diagnostic serology.

Keywords: Ovine antibody, Brucella ovis, Indirect enzyme immunoassay

INTRODUCTION

Serological diagnosis of B. ovis infection in sheep has primarily been done
using a hot saline extract antigen in agar gel immunodiffusion (AGID) or a
whole cell antigen in a complement fixation test (CFT).'"! The CFT is a pre-
scribed test for international trade while AGID and enzyme immunoassays are
alternative tests.'!! Because of the inherent problems with anticomplementary
activity of rough antigens, the B. ovis cellular antigen has a short half-life,
possibly due to shedding of RLPS into the liquid phase and direct activation
of complement by RLPS. The hot saline extract used for the AGID is a
mixture of antigens but largely RLPS."*! This antigen works well except
some confusion arises due to the occurrence of multiple precipitin lines. As
a result, each hexagonal set-up consists of antigen in the central well and
two wells containing reference serum in order to determine if identity
between precipitins in the reference serum and the test sera exist. The
AGID is a very labour intensive test that does not lend itself to semi-auto-
mation. A number of indirect enzyme immunoassays (IELISA) have been
developed. The function of the IELISA depends on the suitability of the
antigen and the detection system used. As is the case with most IELISAs, a
variety of reagents have been applied to the detection of antibody to B. ovis
with various results but general concurrence that the IELISA was more
sensitive and less prone to problems than the CFT and the AGID. In
general, most antigens used in early IELISAs were extracted with hot
saline, solvents and/or detergents and, as such, would contain RLPS as part
of the antigenic mixture. Most assays used polyclonal anti-sheep immunoglo-
bulins specific for IgG heavy chain, IgG heavy and light chain (that is, would
react with all immunoglobulin classes), protein G or protein A /G, conjugated
with enzyme.'* =2 Other antigens, including a cytosol protein preparation and
purified cytosol proteins, Omps as well as recombinant protein antigens
have been used.”®'*~172° However, these antigens provided little if any
advantage over the RLPS antigen in IELISA. In addition, B. canis
RLPS!"82%27] and B. abortus RB51 RLPS™ have been used. An advantage
of using the B. abortus RB51 is that it is relatively easy to obtain cells for
preparation of RLPS. It is also advantageous to use protein G or protein
A/G enzyme conjugates as the IELISA may then also be used for the
diagnosis of canine brucellosis and detection of antibody to rough
B. abortus.*"!
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This communication compares the RLPS prepared from B. ovis and
B. abortus RB51 as well as a monoclonal antibody and protein A/G
enzyme conjugates for the detection of antibody to B. ovis in sheep.

EXPERIMENTAL
Serum Samples

Sheep from South American flocks with clinical evidence of brucellosis were
bled and positive sera, based on agar gel immundiffusion or complement
fixation tests were selected for the study. Initially 163 samples were used,
however, additional samples were added as they became available. Negative
sera, initially 403 but additional samples were added as they became
available, were collected randomly from Canadian flocks. All sera were
taken off the clot and frozen at —20°C until tested. Because only a small
amount of some sera was available, not all tests were performed with all sera.

Preparation of Antigens

B. ovis (ATCC 25840) and B. abortus RB51 cells suspended in 0.15 M NaCl
were heat killed at 80°C for 90 minutes followed by freeze drying. Rough lipo-
polysaccharide (RLPS) was extracted from dry cells by the method of Galanos
et al.”®! Briefly, 5 gm (dry weight) of cells were extracted with 320 ml of
petroleum ether: chloroform: phenol at a ratio of 8:5:2 with constant soni-
cation for 5 min. After stirring for an additional 15 min. the cells were
pelleted by centrifugation at 10000x g for 10 min at 4°C. The extraction
procedure was repeated and the two supernatant solutions were pooled. The
petroleum ether and chloroform were evaporated in a chemical hood and
the remainder was dialized against water to remove the phenol. This
resulted in a dense white precipitate. The RLPS material was freeze dried.

Serological Tests

Polystyrene 96-well plates (NUNC 692620) were coated with 100 pL of 5.0 pg
RLPS/mL of 0.06M carbonate buffer, pH 9.6 overnight at ambient temperature.
The plates were then frozen. For use, plates were thawed and equilibrated at
room temperature for about 60 minutes, washed 4 times with 0.01M PO, con-
taining 0.15M NaCl and 0.05% Tween 20, pH 7.2 (PBST). For B. ovis RLPS
assays, 100 pL of serum diluted 1:40 in PBST containing 15 mM EDTA and
15 mM EGTA, pH 6.3 for 30 min was added to each well. For B. abortus
RB51 RLPS assays, 100 pL of serum diluted 1:20 in 50 mM EDTA and
50 mM EGTA was added to each well. After 4 washes with PBST, 100 pL
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monoclonal antibody specific for bovine IgG; (M23)-or recombinant protein
A/G conjugated with horseradish peroxidase,'*”! appropriately diluted in
PBST, were added for 60 min. Substrate and chromogen (H,O, and TMB,
75 pL or H,O, and ABTS, 100 pL) in 0.05M citrate buffer, pH 4.5 were
added to each well and allowed to develop for 10 min. after 4 washes with
PBST. Finally, if TMB was used as the chromogen, 75 pL 0.1M H,SO,4 was
added to each well to stop enzyme conversion and the resultant colour develop-
ment was assessed in a spectrophotomter at 450 nm. If ABTS was used as the
chromogen, optical density values were determined at 414 nm.

Data

Each 96-well plate contained duplicate samples of strongly positive control
serum as well as a weakly positive and a negative serum and a conjugate
control (no serum). All data was converted to % positivity (%P), calculated
relative to the strongly positive serum using the following formula:

%P = optical density /average optical density y,on, positive control X 100

The data was analysed using MedCalc software'*” to determine the
optimum cutoff values and the % sensitivity and % specificity using that
cutoff value. The performance index (PI) was calculated by adding the % sen-
sitivity and the % specificity values.

RESULTS

The IELISA using the original preparation of B. ovis RLPS and the M23 mono-
clonal antibody enzyme conjugate gave sensitivity and specificity values of 98.8
and 99.8%. This result could not be duplicated using several batches of B. ovis
RLPS prepared by the same procedure, giving sensitivity and specificty values
between 99.4 and 93.8%. The loss in specificity was somewhat remedied by
using the latter B. ovis RLPS antigen and protein A/G enzyme conjugate,
however, this combination resulted in a loss of sensitivity (sensitivity and speci-
ficity values of 92.2 and 98.2%). Using B. abortus RB51 RLPS, the sensitivity
and specificity values with protein A/G enzyme conjugate were 98.0 and
99.0%., very similar to the values obtained when M23 enzyme conjugate was
used. These data are presented in Table 1.

DISCUSSION

There are inherent problems in producing suitable B. ovis antigen, especially
antigens suitable for the CFT. It was initially thought that such antigen could
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Table 1. Sensitivity and specificity values determined by receiver operator character-
istic analysis to determine the optimal cutoff value between positive and negative ser-
ological reactions of sheep to B. ovis and B. abortus RB51 antigens using monoclonal
antibody M23 - or protein A/G enzyme conjugates

B. ovis, M23% B. ovis M23" B. ovis® PAG RB51 M23 RB51 PAG

N+/=°¢ 163/403 163/403 193/1089 265/405 293/1091
Cutoff (%P) 11 6 20 21 14

% sensitivity 98.8 99.4 92.2 98.5 98.0
% specificity 99.8 93.8 98.2 97.8 99.0
PI 198.6 193.2 190.4 196.3 197.0

“Original B. ovis antigen used in this assay.

PNewer lots of B. ovis antigen used for these assays.

“N = number of positive (+) and negative (—) sera, as defined in the Materials and
Methods section, tested in each assay.

be used in enzyme immunoassay by extracting the immunodominant RLPS or
other antigens. In this communication, we report problems with extraction of
suitable RLPS from B. ovis cells that were unsuitable for CFT use. This
problem was overcome by using B. abortus RB51 extracted RLPS with a
minimal loss in overall assay performance (Table 1). In addition, while the
use of protein G enzyme conjugate for antibody detection has been
reported, the utility of the assay could be extended to detection of canine
antibody to B. canis by using protein A/G. Thus, a suitable multispecies
assay capable of detecting antibody to several Brucella sp. was developed.
These results agree with others (18, 27) who compared B. ovis and B. canis
antigens.

The standardization of serological tests has proven to be difficult. Primary
binding assays in the main perform better than older conventional tests.
However, all primary binding assays and in particular the ELISAs rely on
several reagents. Because commercial kits are generally expensive, especially
for high throughput laboratories, in-house developed reagents are in common
use. This makes comparison of data between laboratories virtually impossible.
Therefore, a standardized assay using an antigen that is relatively easy to
prepare and an enzyme conjugate that is commercially available would be
useful for harmonization of results. It is proposed that RLPS from
B. abortus RB51 be used as the antigen. RLPS is relatively easy to prepare,
requiring common inorganic solvents, a centrifuge, a household hair dryer
and dialysis tubing for its preparation. As standardization of the antigen is
partly based on weight, it is also necessary to have freeze drying apparatus
available as well. This antigen can be used for detection of antibody to
Brucella sp. in sheep, goats, cattle, dogs (18, 20) and probably also in man.
A number of IELISAs use poly- or monclonal antibody enzyme conjugates.
Most of these reagents are not commercially available and if they are, the



10: 09 16 January 2011

Downl oaded At:

248 K. Nielsen et al.

cost is usually high. Therefore, this is another part of the assay that cannot
readily be standardized. As a result, the use of protein A/G enzyme
conjugate, a commercially available product, may be reasonable. Even
though it is relatively expensive, the per test cost is reasonable due to
the low quantity required. This scheme allows for standardization of the
IELISA so that results between laboratories will be comparable and the
process would be accelerated if the OIE was prepared to supply an
international standard positive and negative serum, from each species, for
each test.

Of the presented IELISA formats, the assay using B. abortus RB51 RLPS
as the antigen and protein A/G enzyme conjugate resulted in the highest PI
value and hence the most accurate, as well as the most readily standardizable
serological test.
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