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n INTRODUCTION

Human infections by Brucella microorganisms
are generally caused by four different species of
Brucella: Brucella melitensis, Brucella abortous,
Brucella suis and Brucella canis [1, 2].
In Campania country Brucella abortus and Bru-
cella melitensis account for most of the human
cases. The major source of human infection in
epidemic areas is ingestion of non-pasteurized
milk or its products. Diagnosis of human brucel-
losis relies on serological tests such as the stan-
dard agglutination test, anti-human globulin test
and enzyme-linked immunoadsorbent assay. In
Campania, clinically observed brucellosis is en-
demic, however with a moderate incidence, also
in those areas with an high number of cattle-
breeding. Seroprevalence of brucellosis is higher
in individuals from rural country. A very limited
number of studies have been carried out over the
last 20 years on human cellular immunity to Bru-
cella, especially if related to people living in
Campania. The aim of the present study was to
determine the presence of humoral and cellular
immunities in a group of people from North
Campania, where there is a high concentration
of breeding of cows, buffalos and goats.

n MATERIALS AND METHODS

This study has been performed on 500 patients
coming from the country-side with an high

number of cattle-breeding, and 500 patients
coming from the urban area. A questionnaire
was designed to collect information related to
the personal and sociodemographic status (age,
sex, profession and location), the current eating
habits, and clinical information about symp-
toms suggestive of brucellosis (fever sweating,
arhtralgia, myalgia, and weakness) lasting for
more than 5 days in the previous 2 years.
10 ml of blood were collected and aliquoted in
two parts: the first one was used to obtain
serum for serological investigation while the
second was used to isolate lymphocytes cells.

Antigen preparation from Brucella
Brucella abortus S19 was cultivated in Tryptone
broth (Oxoid) and incubated for 48h at 37° C.
Bacteria were sterilized with 0,4% of
formaldeide and washed with 100mM TrisHCl-
10mM EDTA (pH 7.5).
6.1010 bacteria/ml were resuspended in 0.2M
Tris-HCl pH 8.0 with 1M saccarose and 0.5%
Zwittergent and were then treated with 40 µl
lysozime (50 mg/ml). After 24h at 25° C of
shaking, the cultures were centrifuged and the
surnatant was dialyzed, lyophilised and stored
at 20° C.

Brucella Standard Agglutination Test (Sat)
The Sat was carried out on doubling dilutions
of serum from 1:20 to 1:1280. Brucella antigens
were used according to the manufacturer’s in-
structions.
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Anti-humans globulin test (AHGT)
(Coombs test)
The test was performed for the detection of in-
complete or non-agglutinating IgG antibodies.
Samples showing negative Sat were cen-
trifuged at 3000 rpm for 15 min, the super-
natant was decanted and 1 ml physiologic
saline was added. The pellet was resuspended
by mechanical agitation. This washing proce-
dure was repeated three times. The anti-human
globulin reagent (Ortho Diagnostic, New Jer-
sey, USA) was added (100 µl) after the third
wash. The pellet was resuspended and incu-
bated at 37° C for 24h; the agglutination was de-
termined using an agglutinoscope.

Brucella - Elisa
The determination of Brucella-specific IgG IgM
and IgA in the serum specimen by Elisa [3] was
carried out in 96-well microtritation plates
coated with 100µl of predetermined Brucella
antigen.
After incubation and washing, 100µl of the
serum dilution 1:100 was added. Then, after in-
cubation and washing, a predetermined dilu-
tion of alkaline phosphatase conjugated anti-
human IgG, IgM or IgA (Sigma) was added to
designated wells. The plates were then incu-
bated, washed and P-nitrophenylphosphate
(Sigma Chemical Co. St. Louis, USA) was
added. The reaction was stopped after 45 min
of incubation at 37° C by adding of 3N NaOH,
and finally the optical density of each well was
read at 405nm. Known positive and negative
control sera were included in each run.
The OD cut-off values of seropositive antibod-
ies were chosen to be ≥0.5 for IgG and IgM and
≥ 0.3 for IgA.

In vitro test for cellular immunity
Whole blood was collected using sodium he-
parin as an anticoagulant. Antigenic stimula-
tion was performed in duplicate by mixing in
24-well microplates (Falcon, Becton Dickinson
New Jersey, USA), 1 ml of blood and 100 µl of
phosphate-buffered saline (PBS) (negative con-
trol) or 100 µl of a solution containing 10 µg of
Brucella antigen preparation. A preparation of
E. coli antigens obtained with the same method
as for the brucellar antigens was used as a con-
trol for the antigen specificity.
The cultures were incubated at 37° C in a humi-
fied atmosphere with 5% CO

2
for 24h. Super-

natants were then harvested and stored at -20° C
until assayed for IFN-γ content. Results were ex-

pressed as stimulation index (SI): the IFN-γ
realesed from cultures stimulated with Brucella
preparation (samples) divided by the mean of
IFN-γ release from culture with Brucella prepara-
tion of ten non infected individuals. Serial dilu-
tions of culture supernatants were incubated
with WEHI - 279 responsive cell-line for IFN-λ in
Dulbecco’s modified medium with 10% fetal calf
serum in microtiter wells. Titration of the stan-
dard IFN-γ curve was included in each assay.

n RESULTS

Distribution in Sat and AHGT titres
Negative responses were found in 96% of sub-
jects from the urban area by Sat and in 88% of
subjects by AHGT. According to the Sat, the
percentage of individuals showing a titre of ≤10
was 96.0%, while it was 1.4% for those indi-
vidues showing a titre of ≥20%. The percentage
of subjects showing a titre of ≤10 by AHGT was
90% while for those showing a titre of ≥20 by
AHGT was 4.1%. Negative responses were
found in 91% of people coming from the rural
country by Sat and in 87% of people by AHGT.
The percentage of individuals from rural coun-
try showing a titre ≥20 by Sat was 3.8% and 5%
by AHGT.
The number of people with a Sat or AHGT titre
according to country are shown in table 1.
Generally the highest Sat titres were found in
the rural area.

Distribution in Brucella-Elisa IgG,
IgM, IgA titres
The distribution of sero-positive individuals
based on Brucella-Elisa OD readings for IgG,

Table 1 - Distribution of SAT and AHGT titres in indi-
viduals from urban and rural country.

Rural area Urban area
Titres

SAT AHGT SAT AHGT

<10 91 ± 2.0 87 ± 3.0 96 ± 2.0 90 ± 2.0
20 3.8 ± 0.3 5.0 ± 0.5 1.4 ± 0.1 4.1 ± 0.5
40 2.4 ± 0.2 4.4 ± 0.3 2.0 ± 0.1 3.2 ± 0.3
80 1.6 ± 0.2 1.8 ± 0.2 0.2 ± 0.1 1.0 ± 0.1
160 0.7 ± 0.1 1.6 ± 0.2 0.2 ± 0.1 0.6 ± 0.1
320 0.5 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.5 ± 0.1
640 0 0 0 0.4 ± 0.1
1280 0 0 0 0.2 ± 0.1

≥2560 0 0 0 0
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IgM and IgA is shown in table 2. Considering the
positive cut-off values in Elisa at OD ≥0.5 for IgG
and IgM and at ≥0.3 for IgA, the number of sero-
positive subjects are higher than Sat and AHGT.
The presence of IgA is higher in samples from
the rural country.

IFN-γγ release from limphocytes
The quantification of IFN-γ, produced in a
whole blood cell culture following the response
to Brucella antigen preparations, was used as an
indication of cellular response. In a preliminary
stage, heparinized blood from non infected and
infected subjects was stimulated in vitro with
increasing doses of Brucella antigens (ranging
from 1 to 50 µg) for 24, 48, 72 h before harvest-
ing and testing the supernatant.
The optimal stimulation for the IFN-γ produc-
tion was of 24h with a dose of 10 µg of antigens.
These parameters were used throughout the ex-
perimental protocol.
In the urban population we observed that only
a small percentage of people resulted positive
to the in vitro test. The percentage of positive
cases with the in vitro test is comparable with
the percentage of the Elisa test.
In the rural population we observed also positive
samples to the test of in vitro stimulation. More-
over in this group the number of positive sam-
ples with the serological tests is comparable with
the number of positive samples with the in vitro
release IFN-γ test. Results are reported in table 3.

In no cases the re-stimulation done with a non-
specific antigen gave a positive result (data not
shown).

n DISCUSSION

The Brucella antibodies detected in asympto-
matic people could be ascribed to exposure, in-
active brucellosis or repeated exposure to anti-
genic stimulus. The prevalence of immunologi-
cal response to Brucellosis can vary among pop-
ulation from different countries, mostly due to
variation in risk factors and the type of test used.
In our study the incidence of sero-positive sam-
ples is higher among the rural population com-
pared to urban population.
Moreover the Elisa test allows to point out a
number of people with a positive response in
comparison to the Sat test which is less notice-
able. The prevalence of a positive persistent re-
sponse with IgM antibodies is in agreement with

Table 2 - Distribution of sero-positive findings in persons (%) from rural and urban country according to Elisa
test.

Rural country Urban country

O.D IgG IgM IgA IgG IgM gA
reading
(nm.)

0.1 0.4 ± 0.1 0.3 ± 0.1 21.5 ± 4.0 0.1 ± 0.1 0.3 ± 0.1 23.0 ± 4.0
0.2 1.5 ± 0.3 1.5 ± 0.3 74.1 ± 8.0 2.5 ± 0.4 3.2 ± 1.0 76.0 ± 8.0
0.3 16.0 ± 3.0 14.0 ± 3.0 1.0 ± 0.2 68.4 ± 8.0 66.1 ± 7.0 0.4 ± 0.1
0.4 55.8 ± 6.0 58.3 ± 7.0 1.5 ± 0.3 10.5 ± 3.0 12.4 ± 3.0 0.3 ± 0.1
0.5 10.0 ± 3.0 9.4 ± 3.0 0.8 ± 0.2 8.2 ± 3.0 8.3 ± 2.0 0.2 ± 0.1
0.6 8.2 ± 3.0 7.4 ± 2.0 0.4 ± 0.1 4.0 ± 1.0 3.6 ± 1.0 0.1 ± 0.1
0.7 3.1 ± 1.0 3.8 ± 1.0 0.3 ± 0.1 2.3 ± 1.0 2.5 ± 0.5 0
0.8 2.0 ± 1.0 2.1 ± 1.0 0.2 ± 0.1 1.1 ± 0.3 1.4 ± 0.1 0
0.9 2.0 ± 1.0 1.8 ± 1.0 0.2 ± 0.1 1.9 ± 0.3 2.0 ± 0.4 0

≥1.0 1.0 ± 0.5 1.4 ± 0.5 0.2 ± 0.1 0.5 ± 0.1 0.2 ± 0.1 0

• Positive cut-off values were considered at ≥OD 0.5 for IgG and IgM and ≥ 0.3 for IgA. OD= mean ± S of du-
plicate assays.

Table 3 - IFN-γ release from whole blood by stimula-
tion with Brucella antigens.

Index SI Rural country Urban country 
(% person) (% person)

0.5-2.5 97.3 98.6
2.5-5.0 2.1 1.0
5.0-30 0.6 0.4
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other studies [2, 4]. IgM was reported to persist
for several years despite clinical recovery; others
have also reported that IgM persistance was gen-
erally found among people in high-risk expo-
sure, possibly due to repeated exposure to anti-
genic stimulus [4, 5].
IgG antibodies are good prognostic markers for
brucellosis. A fall in IgG antibodies has been as-
sociated with the recovery while resurge in the
level of IgG antibodies can indicate reinfection or
relapse [6, 4, 7]. IgA antibodies were less fre-
quently present. The question concerning the
discriminative titres or positive cut-off values in
various serological tests remains controversial
[2, 3, 5] especially in relation to the location of en-
demic or non-endemic areas. Our results show a
reasonable incidence of sero-positive people in
the countryside and the urban area and high-
light the endemic risk of brucellosis. The possi-
bility of cross reacting antibodies in serological
tests for brucellosis cannot be overlooked. Cross-
reactions were reported especially to occur in the
Brucella Sat test.
Common antigen have been shown between
Brucella sp. and E. coli serotypes 0:116 and 0:157,
Salmonella group N (0:30), Pseudomonas mal-
tophilia and Yersinia enterocolitica serotype 0:9 [8,
9]. No cross-reacting between soluble proteins of
these organisms was reported, indicating that
the cross-reactivity is due to antigens of different
chemical composition, like the LPS fraction.
Tests using soluble proteic fractions as antigens
are more suitable to eliminate false positive re-
sults and to give more specific information on
the evolution of the illness. It was noticed that no
antiprotein response could be detected for sero-
logically positive individuals with inactive bru-
cellar infection [10], even if they showed a vari-
able anti-LPS response in agreement with vari-

ability of titres in agglutination and other LPS-
based diagnostic procedures. The in vitro re-
sponse, estimating the release of IFN-γ, was ob-
tained using lysates of Brucella in such a low con-
centration (1 µg/ml) that were unable to stimu-
late cells coming from healthy people. The
preparation of lysates from Brucella contained
LPS in a concentration of about 100 pg/mg of
protein; this concentration, in our samples, was
unable to induce high IFN-γ production when
tested on cells from brucellosis free subjects. The
cut-off for the IFN-λ assay was fixed for a SI
above 2.5. A test to quantitate the release of IFN-γ
has been utilized in the context of bovine tuber-
colosis [11] and bovine Brucellosis [12]. The DHT
has been used in the bovine brucellosis. It has
come out to be clearly complementary to sero-
logical data [13-16]. In humans that test has not
been done for obvious causes, so that it has not
been possible to monitorate the evolution of cel-
lular response in the brucellar infection. In vitro
techniques for assessing the cellular immune re-
sponse are more rapid and simpler than the
DHT and also appear to be more sensitive. It is
clear from our results that the best results to ex-
hibit a previous infection by Brucella for epi-
demiological aims are provided with the use of a
serological test in Elisa and an in vitro test able to
demonstrate a specific cellular response. Be-
tween the groups of people studied, we show a
low percentage of individuals with humoral and
cellular positive response. The low incidence of a
clinically manifested disease is, therefore, unre-
lated to a diffused protection of the population,
but is due to conditions related to the possible
routes of transmission to humans.

Key words: humoral and cellular immunities,
Brucellosis, Sat, AHGT, Elisa test, IFN->l

Five hundred people coming from the coun-
try-side, where a large number of cattle is
bredeed, and 500 people coming from the
city, were examined for the presence of hu-
moral and cellular immunities to brucellosis
with the standard agglutination test (Sat),
anti-human globulin test (AHGT), Elisa test
(Enzyme-Linked Immunoadsorbent Assay)
and IFN-γ release in vitro. We found that the
Elisa test showed a higher sensitivity respect
to the Sat and the AHGT tests. In fact, with
the Elisa test the seroprevalence was 10% for

IgG, 9.4% for IgM, and 1% for IgA in the rural
country compared with that of the urban
country which was 8.2%, 8.3%, 0.4% respec-
tively. The Sat test and the AHGT test, in-
stead, showed a percentage of 91% and 87%
with a titre ≤ 20 from the rural country, and a
percentage of 96% and 98% from the urban
area. Moreover we noticed that the test based
on the production of IFN-γ, which appears to
be an important mediator of cell-mediated
immune response, agreed with serological
tests.

SUMMARY
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Sono stati studiati un campione di 500 individui
provenienti da zone rurali con allevamenti bovini
ed un campione di 500 individui provenienti da
zone urbane. La risposta immunologica alla brucel-
losi è stata monitorata con Standard agglutination
test (Sat), anti-human globulin test (AHGT), Elisa
test (Enzyme-Linked Immunoadsorbent Assay).
È risultato che, per evidenziare risposte immunita-
rie pregresse in popolazioni esposte all’infezione da
Brucella, il test Elisa ha una maggiore sensibilità
rispetto al Sat e al AHGT. Infatti con il test Elisa

la sieroprevalenza era 10% per le IgG, 9.4% per le
IgM e 1% per le IgA negli individui di campagna
in confronto ai valori di 8.2%, 8.3% e 0.4% ri-
scontrati in città. Invece con il Sat e l’AHGT si
aveva una percentuale del 91% e 87% con un ti-
tolo ≤ 20 nelle zone rurali e una percentuale del
96% e 98% nelle zone urbane. Inoltre, è risultato
che la risposta cellulare evidenziata mediante la
produzione di IFN-γ concorda con i test sierologici.
Non si è osservata una differenza significativa tra
i due campioni di popolazioni.
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