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Differentiation between Active and Inactive Human Brucellosis
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A preparation of Brucella abortus cytoplasmic proteins was depleted of lipopolysaccharide (LPS) by
immunoadsorption with a monoclonal antibody (MAb), BC68, specific for the 0 antigen of B. abortus smooth
LPS. Two enzyme-linked immunosorbent assay (ELISA) systems were developed and used in this study. The
first system includes an LPS-free cytoplasmic protein preparation; the second one was based on antigen capture
on MAb BC68. By using these systems, we have demonstrated that 94% (33 of 35) of the brucellosis patients
studied showed immunoglobulin G antiprotein response and also that all of the patients showed a strong
anti-LPS reactivity. Thirty-six serologically positive individuals with no active infection at the time of
examination (SPI) were also included. No immunoglobulin G antibodies against proteins were detected in 34 of
them (92%), whereas 31 SPI (86%) showed various degrees of anti-LPS reactivity. The use of the LPS-free
protein extract in ELISAs made it possible to establish differential reactivity patterns between active and
inactive brucellosis.

One of the most difficult problems for diagnosing human
brucellosis originates in the existence of individuals who are
serologically positive, have low titers of both agglutination
and complement fixation, and are either asymptomatic or
oligosymptomatic. This group, which we have called sero-
logically positive individuals with no active brucellar infec-
tion at the time of examination (SPI), usually includes those
individuals who have either recovered from a brucellar
infection but have not attained negative titers in agglutina-
tion and complement fixation tests or those having an
epidemiological probability of exposure to brucellar infec-
tion but no known history of disease.

Individuals having pathological symptoms caused by
cross-reacting bacteria (Yersinia enterocolitica, Francisella
tularensis, or Vibrio cholerae) can also exhibit a pattern of
serological reactivity similar to that described for SPI.

Current serological procedures for the diagnosis of human
brucellosis are based on the detection of antilipopolysaccha-
ride (anti-LPS) antibodies, which, as it is well known,
remain high even after recovery from the disease (11). Thus,
it is reasonable to assume that the determination of the
humoral response against LPS-free Brucella abortus pro-
teins could help to circumvent those undesired reactivities.
We have prepared an anti-B. abortus monoclonal antibody

(MAb), BC68, specific for a repetitive epitope of the 0
antigen of S-LPS. By using this MAb, an LPS-depleted
preparation of B. abortus 19-S cytoplasmic proteins (LPS-
free CYT) could be obtained by immunoadsorption. We
report in this article that this preparation can be used in a
standard enzyme-linked immunosorbent assay (ELISA) sys-
tem to measure antiprotein reactivity in human sera without
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interference by LPS. Conversely, using MAb BC68 in an
antigen capture ELISA, we have been able to measure
reactivity against LPS and LPS-associated proteins.

Sera from patients with active brucellosis, either acute or
chronic, were the only ones to exhibit significant anti-protein
response when these ELISAs were used. Nevertheless,
patients showing either active or inactive forms of brucello-
sis showed anti-LPS reactivity. Patients with brucellosis
always have high anti-LPS antibody levels, whereas SPI
show a wide range of reactivity.

MATERIALS AND METHODS

Bacterial culture and preparation of cytoplasmic fraction.
Suspension cultures of B. abortus 19-S were kindly provided
by Laboratorios Bago-San Jorge (Buenos Aires, Argentina).
Cells were killed by addition of 0.4% formaldehyde. The
cytoplasmic fraction (CYT) was obtained as described by
Verstreate et al. (17). Bacterial suspensions were centrifuged
at 16,000 x g for 10 min and washed three times with 10 mM
Tris-HCI, pH 8.0 (Tris buffer). The cells were suspended in
Tris buffer (0.1 g [wet weight] of cells per ml) and extruded
with an X-Press (type 25; AB BIOS). The assembly was
cooled at -26°C, and the bacterial cells were broken by five
passages and then digested with DNase and RNase. Unbro-
ken cells were separated by centrifugation. Cell envelopes
were harvested by centrifugation at 360,000 x g for 2 h. The
resulting supernatant (CYT) was stored at -200C.
MAb. MAb BC68 {immunoglobulin Gl K light chain

[IgGl(K)]} was derived by somatic cell hybridization as
described by Galfre and Milstein, with NSO myeloma cells
as fusion partners (4).
The BC68 MAb is specific for a repetitive epitope of the 0

antigen of LPS, as can be inferred by the following obser-
vations. (i) It can agglutinate different smooth Brucella
strains and Y enterocolitica 09. (ii) Its reactivity against
CYT in ELISAs is inhibited by adsorption with the B.
abortus 19-S but not with the rough strain B. abortus 45/20.
(iii) ELISA reactivity was not affected by proteinase K
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digestion of CYT. (iv) BC68 precipitated in an Ouchterlony
assay with a polysaccharide fraction obtained by mild acid
hydrolysis of S-LPS (7).
BC68 was purified by ion-exchange chromatography in

DEAE-cellulose.
SDS-PAGE and immunoblotting. Sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) was per-
formed according to the method of Laemmli (5) with 10%
acrylamide gels.
Immunoblotting analysis was performed as described by

Tsang et al. (16). Sera from five patients with brucellosis
were pooled and used at a 1/200 dilution. Ascitic fluid
containing MAb BC68 was diluted 1/100.

Chemical analysis. Protein composition was determined
according to the method of Peterson (12), with bovine serum
albumin (Sigma) as a standard.
Limulus lysate gelation activities (LLGA) of all fractions

were determined as described by Sullivan and Watson (15),
with E. coli LPS as a standard. B. abortus S-LPS contents
were estimated by the ratio between E. coli and B. abortus
LPS gelating activities reported by Moreno (6), i.e., 1 ng of
E. coli LPS is equivalent to 1 ng of B. abortus S-LPS.

Immunoadsorption of CYT with Sepharose-BC68. Purified
BC68 MAb (5 mg/ml) was coupled to CNBr-activated Seph-
arose 4B (Pharmacia) according to the supplier's specifica-
tions.
With regard to immunoadsorption, 2 ml of BC68-coupled

Sepharose 4B gel (Seph-BC68) was incubated with 2 ml of
CYT with constant agitation for 24 h at 4°C. After centrifu-
gation, the supernatant was immunoadsorbed once more.
The recovered supernatant, named LPS-free CYT, was
diluted 1:4 relative to the original CYT and had a protein
concentration of 0.86 mg/ml. The Seph-BC68 gel recovered
from both immunoadsorption steps was washed three times
with phosphate-buffered saline (PBS). To run the SDS-
PAGE, the bound antigen was desorbed by boiling in sample
buffer.

Capture ELISA. The experimental design of Voller et al.
(18) was used for the antigen capture ELISA. Purified BC68
antibody was adsorbed to Immulon II plates (Dynatech).
After the plates were blocked with a solution (BS) of PBS
containing 3% skim milk and washed with PBS plus 0.05%
Tween 20, the wells were incubated with CYT (10 pg per
well) in BS containing 0.05% Tween 20 (BST) for 1 h at room
temperature. When proteinase K-treated CYT was used, the
same conditions as those described for CYT were used.
After being washed, the sera under study, diluted 1/100 in
BST, were incubated for 1 h at room temperature. The
mixture was washed, and 50 ,ul of a anti-human IgG MAb-
horseradish peroxidase conjugate (Janssen Biochimica; di-
luted 1/3,000 in BST) was added per well. The plates were
then incubated for 1 h at room temperature. After the plates
were washed, the contents of each well were developed with
a solution containing o-phenylenediamine (2 ,ug/,ul) and
0.03% H202 in 0.1 M citrate-phosphate buffer (pH 5), the
reaction was stopped with H2SO4. The resulting color was
read at 495 nm in an ELISA Reader (Dynatech). Control
experiments concerning nonspecific adsorption of antigen
without addition of the capture monoclonal antibody were
performed throughout. Each serum was also tested in the
absence of antigen to detect anti-murine IgG activity.
ELISA with LPS-free CYT. Fifty microliters of a 10-Rg/ml

solution of LPS-free CYT (or 50 pl of proteinase K-treated
material) in PBS per well was incubated overnight at 4°C.
Washing, blocking, testing of sera and the second antibody,
and developing were performed as described above.

Sera. In this study we analyzed sera from 71 outpatients
treated at the Brucellosis Department of Hospital F. J.
Mufiiz, who were classified into three different groups as
follows.

(i) Patients with acute or subacute brucellosis. This group
included sera from 18 patients who had symptoms compat-
ible with brucellosis (chills, fever, asthenia, arthralgia,
sweating, weight loss, lymphadenopathy, and hepatospleno-
megaly, etc.) for up to 1 year before diagnosis. The test
results for these patients included standard tube and slide
agglutination tests with titers equal to or higher than 1/100, a
positive rose bengal test, positive agglutination with 2-mer-
captoethanol (2-ME), and positive complement fixation.
Seven of the patients (39%) had positive blood cultures (14).

(ii) Patients with chronic brucellosis. This group included
17 patients who had symptoms compatible with brucellosis
for more than 1 year before diagnosis, positive standard tube
and slide agglutination tests with titers equal to or higher
than 1/100, a positive rose bengal test, positive agglutination
with 2-ME, and positive complement fixation. One of these
patients (6%) had a positive blood culture (14).

(iii) SPI. In this group were included 36 individuals who
had no clinical picture compatible with brucellosis but who
had an epidemiological probability of exposure. Of these
patients, 21 had a documented history of brucellosis, and 15
had no documented history of the disease, including 7
slaughterhouse workers, 4 individuals with a history of
consumption of nonpasteurized milk products, 2 subjects
with a history of long-term contact with cattle in a rural
environment, and 2 workers from a cold cut factory.
The sera of all of these patients were positive at titers

lower than 1/100 in standard tube and slide agglutination
tests. They were also positive in the rose bengal test and
negative for agglutination with 2-ME and complement fixa-
tion.

Negative control group. This group consisted of sera from
47 healthy volunteers with no history of brucellosis.

Serological tests were performed according to the recom-
mendations of the Centro Panamericano de Zoonosis-Oficina
Panamericana Sanitaria (CPZ-OPS) (2a) with antigens pro-
vided by the CPZ-OPS laboratory in Buenos Aires, Argen-
tina. 2-ME assays and rose bengal tests were performed as
described by Alton et al. (1).

RESULTS

SDS-PAGE and Western blot (immunoblot) analysis of
immunoadsorbed CYT. The CYT of B. abortus 19-S was
immunoadsorbed with Seph-BC68. When the LPS-free CYT
was monitored for LLGA, it showed a 1,000-fold reduction
in gelating activity with respect to the starting fraction. The
LPS concentrations (calculated from the LLGA) were 10.0
mg/ml for CYT and 9 x 10' mg/ml for LPS-free CYT. The
protein concentrations were 3.6 mg/ml for CYT and 3.44
mg/ml for LPS-free CYT. The concentrations in LPS-free
CYT were corrected for dilution due to immunoadsorption.

Figure 1A shows the results of SDS-PAGE analysis of all
fractions obtained. It can be seen that the LPS-free CYT
leads to a much clearer definition of the bands than the CYT.

LPS-free CYT proteins were analyzed by Western blotting
to study their antigenicity in patients with brucellosis. Figure
1B shows the reactivities of sera pooled from such patients
against the CYT (lane 1), LPS-free CYT (lane 2), and the
retained, LPS-rich fraction (lane 3). Both LPS-containing
fractions show broad smears which mask the reactivities of
the individual proteins. In contrast, a clear banding pattern is
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FIG. 1. SDS-PAGE and immunoblot analysis of CYT (lanes 1),

LPS-free CYT (lanes 2), and material retained by the Seph-BC68
immunosorbent (lanes 3). (A) SDS-PAGE profiles; (B) immunoblot
showing reaction of a pool of sera from human patients with
brucellosis; (C) immunoblot showing reaction of anti-LPS MAb
BC68.
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observed when LPS-free proteins are allowed to react with
the pooled sera (Fig. 1B, lane 2). This result is in agreement
with the improvement of band definition in SDS-PAGE that
arises from the elimination of LPS.

Figure 1C, lanes 1 and 3, shows the reactivity pattern of
MAb BC68 against LPS-containing fractions. The similarity
between the patterns in Fig. 1B, lanes 1 and 3, and the
similarity between those in Fig. 1C, lanes 1 and 3, suggest
that LPS is the main component detected by Western blot
analysis of the fractions in which it is present. As expected,
it can be seen in Fig. 1C, lane 2, that LPS has been reduced
to a level which cannot be detected any longer by this
technique.

Determination of anti-LPS and antiprotein serum reactiv-
ities by ELISA. An ELISA using LPS-free CYT proteins as
the antigen was devised in our laboratory to measure an-
tiprotein reactivity in human sera. The results in Fig. 2 show
that a specific antiprotein response can be detected in sera
from patients with brucellosis. Therefore, proteinase K
digestion of the antigen actually reduces optical densities to
the normal values.
When we analyzed reactivity against LPS and LPS-asso-

ciated proteins by capture ELISA with BC68, all sera from
patients having confirmed brucellosis reacted strongly, as
shown in Fig. 2. Furthermore, when the cytoplasmic fraction
underwent digestion with proteinase K before adsorption to
the MAb-coated wells, the reactivities of all sera tested
remained unaltered.
Anti-LPS and antiprotein reactivities of sera from SPI and

patients with brucellosis. Figure 3, in which a correlation plot
is used to compare the reactivities in both systems for each
serum tested, shows a clear qualitative difference between
the groups of patients. It can be seen that all patients with
brucellosis exhibit anti-LPS and antiprotein reactivities of
the IgG type. In contrast, sera from SPI react heteroge-
neously against LPS but do not react against cytoplasmic
proteins, so their mean reactivity value is not significantly
different from that of the negative controls.
On the other hand, sera of 15 patients with cholera

obtained during the Peruvian epidemic (1991) were assayed.
None of them showed an antiprotein response in the LPS-

FIG. 2. Reactivity of CYT, by capture ELISA with MAb BC68
(=) and LPS-free CYT antigen (10) with and without previous
digestion with proteinase K, against sera from patients with brucel-
losis and from a healthy negative control group. Bars indicate three
standard deviations from the mean. OD492, optical density at 492
nm.

free CYT ELISA, whereas three of them had low anti-LPS
responses, as determined by capture ELISA (data not
shown).

In summary, the capture ELISA was found to be positive
for all 35 patients with brucellosis studied (100% sensitivity).
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FIG. 3. ELISA reactivity of patients' sera determined by antigen
capture with MAb BC68 (y axis) and by LPS-free CYT (x axis).
Broken lines represent the mean + two standard deviations of 47
serum specimens from the negative control group. Symbols: *,
patients with brucellosis; 0, SPI.
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The specificity in healthy control individuals was 98% (46
negative results from 47 individuals). The percentage of
positive results for the SPI group was 86 (31 of 36 patients).
The antiprotein ELISA was positive for 33 of 35 patients

with brucellosis (94% sensitivity), whereas the specificity for
healthy controls was 98% (46 negative results from 47
individuals). Only 3 of the 36 serum specimens of the SPI
group turned out to be positive for proteins (8% reactivity).

DISCUSSION

Strong associations between proteins and LPS in gram-
negative bacteria have been reported; these associations are
particularly strong for the genus Brucella (8-10). However,
very few reports regarding the preparation of LPS-free
Brucella proteins can be found in the literature (la, 2, 13).
None of the reports mentioned used MAbs as immunoadsor-
bents. The general approaches used to obtain LPS elimina-
tion until now have been extraction of R-LPS by means of
chloroform-petroleum ether and phenol (13) and expression
in Escherichia coli of cloned B. abortus proteins (la, 2).
Two drawbacks of these approaches are that only a limited

number of proteins can be obtained and extensive denatur-
ation of the extracted proteins can occur.
Cytoplasmic proteins are the predominant components of

the soluble B. abortus fractions from both smooth and rough
strains. Thus, they are relatively easy to obtain, and it has
been reported that both humoral and cellular immune re-
sponses against them occur (3). As far as we know, this is the
first report of analysis of human humoral immune response
against a wide range of B. abortus proteins with no interfer-
ence from LPS.
Most of the patients with brucellosis (33 of 35) developed

a significant IgG antiprotein response, and, as would be
expected from their agglutination titers, they showed strong
anti-LPS responses.

It should be noted that no antiprotein response could be
detected for the SPI. However, they showed a variable
anti-LPS response, which is in agreement with the above-
mentioned variability of titers in agglutination and other
LPS-based diagnostic procedures. Some SPI sera react
strongly against LPS. High anti-LPS titers in the absence of
any detectable anti-protein reactivity could in some cases be
explained by contact with other bacteria that cross-react
with LPS. Nevertheless, we do not think that this possibility
can explain completely the anti-LPS reactivity of SPI. It
should also be pointed out that no cross-reactivity has been
reported to take place between B. abortus cytoplasmic
proteins and proteins from bacteria of other genera (3).

Neither an antiprotein nor an anti-LPS response was ob-
served in control sera. Furthermore, patients with cholera
showed no antiprotein response, thus indicating that the
antiprotein assay is highly specific for diagnosis of brucellosis.
To confirm the usefulness of the antiprotein antibodies in

differentiating SPI from patients with brucellosis, a longitu-
dinal follow-up study of the patients from this study is under
way.
The results presented here strongly indicate that antipro-

tein humoral reactivity is useful for differentiation of active
from inactive brucellosis.

ACKNOWLEDGMENTS

We thank Javier Calvette for LLGA tests, Laura Morelli for her
collaboration, Laboratorios Bag6-San Jorge, Buenos Aires, Argen-
tina, for providing B. abortus 19-S. strain, Haydee Barrera for
technical assistance, Alfredo Seijo for providing us sera of patients

with cholera, and CPZ-OPS for the antigens used in serological
tests.

This research was financed by grants from CONICET, UBA and
SECYT. Fernando A. Goldbaum is a recipient of a Beca de
Perfeccionamiento UBA, Carlos P. Rubbi is a recipient of a Beca de
Perfeccionamiento CIC, Silvia E. Miguel is a recipient of a Beca de
Perfeccionamiento del Ministerio de Salud y Acci6n Social de la
Naci6n, and Carlos A. Fossati is a member of the Carrera del
Investigador CONICET.

REFERENCES
1. Alton, G. G., et al. 1976. WHO monograph series, vol. 55.

Laboratory techniques in brucellosis, 2nd ed. World Health
Organization, Geneva.

la.Bricker, B. J., L. B. Tabatabai, B. L. Deyoe, and J. E. Mayfield.
1988. Conservation of antigenicity in a 31-kDa Brucella protein.
Vet. Microbiol. 18:313-325.

2. Bricker, B. J., L. B. Tabatabai, B. A. Judge, B. L. Deyoe, and
J. E. Mayfield. 1990. Cloning, expression, and occurrence of the
Brucella Cu-Zn superoxide dismutase. Infect. Immun. 58:2935-
2939.

2a.Centro Panamericano de Zoonosis-Oficina Panamericana Sani-
taria. 1971. Nota Tecnica 2, p. 22. Centro Panamericano de
Zoonosis-Oficina Panamericana Sanitaria, Buenos Aires.

3. Diaz, R., and I. Moriyon. 1989. Laboratory techniques in the
diagnosis of human brucellosis, p. 73-83. In E. J. Young and M.
J. Corbel (ed.), Brucellosis: clinical and laboratory aspects.
CRC Press, Inc., Boca Raton, Fla.

4. GalfrM, G., and C. Milstein. 1981. Preparation of monoclonal
antibodies: strategies and procedures. Methods Enzymol. 73:3-46.

5. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

6. Moreno, E. 1983. Caracteristicas y actividades biol6gicas d-l
lipopolisacdrido de Brucella. Adel. Microbiol. Enferm. Infec.
2:21-65.

7. Moreno, E., D. T. Berman, and L. A. Boettcher. 1981. Biological
activities of Brucella abortus lipopolysaccharides. Infect. Im-
mun. 31:362-370.

8. Moriyon, I., and D. T. Berman. 1983. Isolation, purification, and
partial characterization of Brucella abortus matrix protein.
Infect. Immun. 39:394-402.

9. Moriy6n, I., C. Gamazo, and R. Diaz. 1987. Properties of the
outer membrane of Bnrcella. Ann. Inst. Pasteur/Microbiol.
(Paris) 138:89-91.

10. Nikaido, H., and M. Vaara. 1985. Molecular basis of bacterial
outer membrane permeability. Microbiol. Rev. 49:1-32.

11. Pellicer, T., J. Ariza, A. Foz, R. Pallares, and F. Gudiol. 1988.
Specific antibodies detected during relapsed of human brucello-
sis. J. Infect. Dis. 157:918-924.

12. Peterson, G. L. 1977. A simplification of the protein assay
method of Lowry et al. which is more generally applicable.
Anal. Biochem. 83:346-356.

13. Riezu-Boj, J. I., I. Moriy6n, J. M. Blasco, C. Gamazo, and R.
Diaz. 1990. Antibody response to Brucella ovis outer membrane
proteins in ovine brucellosis. Infect. Immun. 58:489-494.

14. Salata, R. A., and J. Ravdin. 1985. Brucella species (brucello-
sis), p. 1283-1289. In J. L. Mandell, R. G. Douglas, and J. E.
Bennett (ed.), Principles and practices of infectious diseases.
John Wiley & Sons, Inc., New York.

15. Sullivan, J. D., Jr., and S. W. Watson. 1974. Factors affecting
the sensitivity of Limulus lysate. Appl. Microbiol. 28:1023-
1026.

16. Tsang, V. C. W., J. N. Peralta, and A. R. Simons. 1983. Enzyme
linked immunoelectrotransfer blot techniques (EITB) for study-
ing by gel electrophoresis. Methods Enzymol. 92:377-391.

17. Verstreate, D. R., M. T. Creasy, N. T. Caveney, C. L. Baldwin,
M. W. Blab, and A. J. Winter. 1982. Outer membrane proteins
of Brucella abornus: isolation and characterization. Infect. Im-
mun. 35:979-989.

18. Voller, A., D. E. Bidwell, G. Hulat, and E. Engvall. 1974. A
microplate method of ELISA and its application to malaria.
Bull. W.H.O. 51:209-211.

VOL. 30, 1992


