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Abstract.

A seroepidemiological investigation was conducted among the population of two municipalities in

Northeastern Brazil. Immunoglobulin M (IgM) and IgG antibodies to Burkholderia pseudomallei were positive in 51.27%
(161 in 317 samples) and 58.49% (186), respectively. IgM titers were higher in children than in adults. On the contrary, IgG
increased progressively with age. We observed a significant association between agricultural occupation and raised IgM
titers (P < 0.005) and IgG titers (P < 0.001), and between construction workers and raised IgG titers (P = 0.005). Antibody
IgG avidities did not correlate with age. The highest titers of antibodies (1/800) showed the highest antibody avidity
indexes (P < 0.01). Most of the serum samples recognized 45-kDa and 200-kDa bands by IgG1 and IgG2 subclasses. Our
study showed a high seropositivity among individuals living in endemic regions of the state of Ceard, and highlights the
need for further surveillance close to water courses such as dams and rivers in Northeastern Brazil.

INTRODUCTION

Melioidosis is a fulminating and potentially fatal infectious
disease caused by the facultative intracellular Gram-negative
bacterium, Burkholderia pseudomallei. The infection includes
a cluster of clinical syndromes covering a broad spectrum from
asymptomatic conditions to acute septicaemia or pneumonia.
Burkholderia pseudomallei can be recovered from soil and
fresh surface water and survives under hostile environmen-
tal conditions, including a prolonged lack of nutrients.! Cases
are reported predominantly in Southeast Asia and north-
ern Australia. In Brazil, a cluster of cases was first reported
in the Municipality of Tejuguoca, Ceard state in 2003, when
three of four children from the same family died of multiple
organ systems failure caused by the infection.? Antibody sero-
positivity can be demonstrated in the healthy population of
endemic areas, indicating subclinical infection,® and not neces-
sarily a clinically evident disease state.* The culture filtrate of
B. pseudomallei is rich in secretory antigens mainly composed
of exopolysaccharides, lipopolysaccharides (LPS), and pro-
teins and is considered to be a source of antigen for a reliable
and sensitive serological method for melioidosis diagnosis in
endemic areas.’ In this study, we aimed to discover the extent
of exposure to B. pseudomallei in the population of endemic
areas of the state of Ceard, Brazil by a targeted seroepidemio-
logical investigation.

SUBJECTS AND METHODS

A seroepidemiological study was conducted from February
to August, 2006, in the municipalities of Tejuguoca and
Banabuiu,® Ceard, where case clusters of melioidosis occurred
previously. A questionnaire was administered to the par-
ticipants of the study (N = 321), who resided in one of those
localities. This included 104 participants living alongside the
Banabuiu River in Banabuiu, and 217 participants living
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alongside the Caxitore River in Tejuguoca. The epidemiologi-
cal investigation sought information on demographic vari-
ables (age, gender, residence locality), previous disease history,
contact with water (clothes washing, occupational or leisure
activities) and soil (civil construction, agriculture, gardening).
Other kinds of occupations (e.g., student, housewife) were also
recorded. All the participants were clinically healthy and only
one person had known melioidosis in the past.

The study was approved by the Ethics Committee of the
Federal University of Ceard under process no. 16/2005.
Informed consent was obtained from each participant before
blood collection.

A 2 mL volume of blood was collected from each partici-
pant and, after centrifugation, the serum was sent to a refer-
ence laboratory where it was kept at —20°C until analysis.

Antigen preparation. The B. pseudomallei strain used in
this study was isolated from blood culture of a patient with
septicaemic melioidosis and confirmed by phenotypic and
molecular methods, according to validated discovery pathway.’
Burkholderia pseudomallei was inoculated into separate flasks
of protein-free media and incubated at 37°C for 2 weeks.
The culture was mixed twice each day. The culture broth was
then autoclaved at 115 1Ibs pressure (121°C) for 15 min.® The
material was filtered through filter paper. Saturated ammo-
nium sulphate was added, leaving 24 h for precipitation. The
material was centrifuged at 10,000 rpm for 30 min and, after
dialysis against saline solution; it was kept at —20°C.

Serum anti-B. pseudomallei 1gG and IgM titers. Briefly,
microplates (Costar, Cambridge, MA) were coated with 50 ng/
well of crude extract of B. pseudomallei. After 16 h at 4°C, the
plates were incubated with four serially diluted serum samples
(in duplicates) from 1:100 in phosphate buffered saline (PBS)-
containing 0.5 M and 0.2% Tween 20. After 1 h 30 min at
37°C, the plates were washed four times with PBS containing
0.05% Tween 20 and incubated with 1:4000 dilution anti-
human IgG or anti-human IgM-peroxidase conjugates (Sigma,
St. Louis, MO). After 1 h at 37°C, the plates were washed and
incubated with a substrate solution containing 0.4 mg/mL
orthophenylenediamine in citrate-phosphate buffer, 0.1 M,
pH 5.0, and 0.01% H,O, final concentration. After 30 min,
the color development was interrupted by the addition of
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2.5 N H,SO,. Reading was done at 492 nm. The results were
expressed in titers. The cut-off value was considered as the
mean of the optical density readings of a negative control.

The enzyme-linked immunosorbent assay (ELISA) was
also performed on 20 serum samples from Australian individ-
uals with negative results by the indirect passive hemaggluti-
nation technique.

Serum anti-B. pseudomallei 1gG and IgM avidities. The
avidity of antibodies was determined using potassium sodium
thiocyanate (KSCN) to elute the bound complexes.’ Briefly,
serum samples were incubated in the antigen-coated microplates,
as described previously, after choosing the dilution that had
presented an absorbance of at least 0.800. After washings, KSCN
was added to the wells in various concentrations (0.0;0.10; 0.25;
0.5;1.0;2.0;3.0;4.0 M) during 30 min at room temperature. The
plates were then washed 6 times and incubated with 1:4000
diluted anti-human IgG-peroxidase conjugates (Sigma). After
1 h at 37°C, the plates were washed and incubated with the
substrate solution, as described previously. The results were
expressed by the molar concentration of KSCN necessary for
elution of 50% of the bound immune complexes.

Western blot analysis. The crude extract from B.
pseudomallei was pre-treated with a digestion solution
containing sodium dodecyl sulphate and beta-mercaptoethanol
before its electrophoresis in 10.0% sodium dodecyl sulphate-
polyacrylamide gels. The proteins were electrophoretically
transferred onto nitrocellulose membranes. The membranes
were blocked with 5% skim milk in Tris-buffered saline at
room temperature for 2 h, and then incubated with serum
samples diluted to 1:100 in 5% skim milk/Tris/0.1% Tween 20
for 16 h at room temperature. For the IgG subclass detection,
the membranes were washed after serum incubation and
incubated with anti-human IgG1 (clone HP 6012, Center for
Disease Control and Prevention, Atlanta, GA), anti-human
I1gG 2 (clone HP 6002), anti-human IgG3 (clone HP 6050), anti-
human IgG4 monoclonals (clone HP 6101) diluted to 1:1000
in 1% skim milk/Tris/0.1% Tween 20. After three washes, the
membranes were incubated at room temperature for 1 h with
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alkaline phosphatase conjugated anti-mouse IgG diluted to
1% skim milk/Tris/0.1% Tween 20 (Sigma).

Statistical analysis. Data were analyzed using Epi Info (CDC,
Atlanta, GA) and STATA 7.0 (Stata Corp., College Station,
TX). Differences in proportions were compared by the y? test.
For comparison of antibody titers and avidities, the Spearman
correlation test was used, and for comparison of the antibody
avidity in the different age groups, the Kruskal-Wallis and the
Dunn tests were used. These data were analyzed by the Graph
Pad Instat 3.06 and by the Graph Pad Prism 4.00.255 programs
(Graph Pad Software Inc., San Diego, CA).

RESULTS

Serum anti-B. pseudomallei 1gG and IgM titers. The
seroprevalence of total antibodies against B. pseudomallei
found in the study was 80.8% (256 in 317 samples). The IgM
and IgG antibody titers were positive in 51.3% (161 in 317
samples) and 58.5% (186), respectively. The distribution of age
range showed higher IgM antibody titers in children than in
adults. IgG, on the other hand, increased progressively with
age (Figure 1). In respect to the type of occupational exposure,
we observed a significant association between agriculture and
raised IgM titers (44.2%, P < 0.005) and IgG titers (69.1%,
P < 0.001). Another significant occupational association
was between construction workers and IgG titers (84.6%,
P = 0,005). No statistical difference was observed between
genders, or among people living in the two municipalities and
their 6 neighborhoods (4 in Tejuguoca and 2 in Banabuiu).
No association was found with contact with dam water or
irrigation. In respect to the antibody IgG avidity, there was
good correlation between antibody IgG avidity and the age
range from 4 to 40 years (r = 0.21, P = 0.02, Figure 2), but
not at a higher age range (r = 0.03, P > 0.5). Moreover, there
were higher avidity indexes in titers 1/800 than 1/200 and
1/ 400 (Kruskall-Wallis test, P < 0.001, Figure 3).

Two samples with positive IgG titers and one sample with pos-
itive IgM and IgG titers were found in the Australian group.
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FIGURE 1.

Percentage of positive (IgG) and IgM against a crude extract of Burkholderia pseudomallei 1gG and IgM in serum samples from indi-

viduals residing in Tejucuoca and Banabuiu, Ceard state, Brazil, according to the age range.
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FiGure 2. Antibody IgG avidity indexes against a crude extract of
Burkholderia pseudomallei in serum samples from individuals resid-
ing in Tejucuoca and Banabuiu, Ceard state, Brazil, according to the
age range. The results were expressed by the molar concentrations of
potassium sodium thiocyanate (KSCN) necessary for elution of 50%
of the bound immune complexes. The traces represent the avidity
index mean for each group.

IgG subclass analysis by Western blotting. The five high-
titer samples tested showed detectable bands on IgG subclass
analysis. Three samples presented antibodies that recognized
antigenic bands at 45-kDa position and two showed reactivity
to the 200-kDa band. The only subclasses present in the samples
were IgG1 and/or IgG2 (Figure 4). No sample presented IgG3
or IgG4 (data not shown).

DISCUSSION

The B. pseudomallei serology is an important epidemiologi-
cal tool for use in association with isolation of the organism
from the soil in endemic regions,'® although its usefulness in
clinical situations is not as clear.! The presence of antibodies,
mainly represented by anti-LPS antibodies,® is considered to
be the result of environmental exposure to the bacterium.

Our group previously isolated the bacterium from the soil
of Tejucuoca and Banabuiu," two localities where melioido-
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Ficure 3. Antibody IgG avidity indexes against a crude extract of
Burkholderia pseudomallei in serum samples from individuals resid-
ing in Tejucuoca and Banabuiu, Cear4 state, Brazil, according to the
titers of the IgG antibodies. The results were expressed by the molar
concentrations of potassium sodium thiocyanate (KSCN) necessary
for elution of 50% of the bound immune complexes. The traces repre-
sent the avidity index mean for each group.
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Ficure 4. Detection of IgGl and IgG2 subclasses against
Burkholderia pseudomallei culture filtrate antigens by the Western
blot technique employing serum samples from five individuals living
in Banabuiu and Tejucuoca. Lane 1 represents a high-tittered sample
in enzyme-linked immunosorbent assay.

sis has been diagnosed. In this study, we found a seropreva-
lence of 51.3% for the IgM isotype, and 58.49% (186) for the
IgG isotype. We cannot discard the possibility of false positive
results in our ELISA assay once it was performed with a cul-
ture filtrate of B. pseudomallei, rather than purified antigens.
Nonetheless, the finding of cross-reactivity does not diminish
the importance of our study, which could show seropositivity
among people living in endemic regions in Ceara. Additional
studies with highly purified antigens are necessary to confirm
our current data. Wuthiekanun and others!* found a seroprev-
alence of 16% among children between birth and 16 years of
age in Cambodia, and positivity rose with age. Our observa-
tions that IgM levels decreased with age, whereas the IgG
levels rose with age, supports the view that serology results at
an early age is more representative of recent bacterial infec-
tion, and at later ages is more likely to represent a chronic
infection state. Ashdown* showed that only patients with clini-
cal melioidosis had detectable IgM antibodies, which remained
positive for a variable period, from 3 months to more than
2 years. On the other hand, Chenthamarakshan and others’
found elevated levels of IgM antibodies in their control group,
ranging from 1:50 to 1:3,200 titers, whereas the risk group
showed titers below 1:100. We considered a cut-off of 1:200 for
both IgM and IgG to diminish false-positive results. According
to Chenthamarakshan and others,”? elevated IgM levels can
be found in healthy controls, probably caused by continuous
exposure to the organism in the environment. The use of dif-
ferent methodologies in the studies does not allow direct com-
parisons with our data.

The strong correlation observed between agriculture, con-
struction workers, and serum antibody positivity reinforces
the observation that the contact with soil frequently exposes
workers to the bacterium, but does not necessarily induce dis-
ease development, as seen in this work.

In regard to the B. pseudomallei culture filtrate antigen
preparation, it has been demonstrated that the crude extract
shows good correlation with antigen solutions containing
lipopolysaccharide (LPS) and solutions containing both LPS
and exopolysaccharide, but not with exopolysaccharide alone,
suggesting that the immunodominant epitope was LPS."
The crude antigen for ELISA has been considered a good
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tool for seroepidemiological purposes because the antigen is
simple to obtain. The immunoblotting analysis of our serum
samples revealed reactivity at the 200-kDa position, at the
45- to 68-kDa range, at the 38-kDa position, and lower than
the 21-kDa position. The 200-kDa antigen is an exopolysac-
charide,'* that is, a capsular polysaccharide, which contains a
3-deosy-D-manno-2-octusolonic acid residue (KDO), a com-
ponent present in LPS and capsular polysaccharides of Gram-
negative bacteria, such as Escherichia coli.”® The bands ranging
from 45- to 68-kDa represent reactivity to the repeating poly-
saccharide O-side chain of the LPS and the band below the
21-kDa position reactivity to the lipid A core oligosaccharide
of the LPS.!® The reaction to a band appearing at the 38-kDa
position may result from nonspecific interactions with a com-
ponent of the bacterium.'

We found that IgG1 and IgG2 were the predominant anti-
body subclasses reactive to the culture filtrate of B. pseudo-
mallei. They are considered to be the predominant subclasses
involved in the humoral immune response to human B. pseudo-
mallei infection.”? The protective function of these antibodies
is directly associated with their avidity properties, as occurs for
other microorganisms.'”!8

Finally, we conclude that in localities (Tejucuoca and
Banabuiu), where a cluster of meliodosis cases has been previ-
ously diagnosed, positivity of serum samples in individuals liv-
ing in the endemic regions has been verified. This is mostly of
the IgG1 and IgG2 subclasses against the O-chain of the LPS,
and could be representative of subclinical infections. A high
seropositivity among individuals living in endemic regions
of the state of Ceara highlights the need for surveillance to
melioidosis in Northeastern Brazil.
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