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Two distinct types of Burkholderia pseudomallei, differentiated by the ability to assimilate L-arabinose but
with similar morphologies and antigenicities, can be isolated from soil in Thailand. Approximately 25% of soil
isolates from northeast Thailand were arabinose assimilators (Ara1), but in 1,200 sequentially studied
patients, only arabinose “nonassimilators” (Ara2) caused melioidosis (P < 0.0001). In a murine model, there
was a striking difference in virulence between Ara2 and Ara1 B. pseudomallei. The mean (standard deviation)
50% lethal dose (LD50) inoculum for Ara2 isolates was 182 (111) CFU/mouse compared with approximately 109

CFU/mouse for Ara1 soil isolates. There was no significant difference between the LD50s for clinical and soil
Ara2 isolates. All attempts to convert the biochemical phenotype by selective culture failed, which suggests that
the biotype is stable.

Burkholderia (formerly Pseudomonas) pseudomallei, an en-
vironmental saprophyte, causes melioidosis in mammals and
birds. B. pseudomallei has been isolated from the environment
throughout the tropics, but infection in humans occurs only in
eastern Asia and northern Australia (3), where B. pseudomallei
is endemic. In northeastern Thailand, B. pseudomallei is a
major source of morbidity and mortality, causing one-fifth of
all community-acquired septicemias (2). However, B. pseudomal-
lei is also found in soil from other regions of Thailand, where
clinical disease is rare (9, 10). In northeast Thailand, two types
of soil isolates which react similarly in the indirect hemagglu-
tination assays used for melioidosis serology have been iden-
tified, but they have significant phenotypic and genotypic dif-
ferences and are readily distinguishable by the ability to
assimilate the pentose sugar L-arabinose (15). In northeast
Thailand, 75% of soil isolates cannot assimilate L-arabinose
(Ara2), whereas the other 25% can (Ara1). However, in cen-
tral Thailand, where clinical infection is very rare, only Ara1

strains have been isolated from the soil (15). There also appear
to be two distinct groups of B. pseudomallei, based on ribotype
patterns, and these correspond closely to the arabinose assim-
ilation phenotypes (12a). Ribotype group II isolates and those
with DNA that is not digested by BamHI are found only in the
environment. All clinical isolates and half of the environmental
isolates have group I ribotypes. Thus, ribotype group and the
ability to assimilate L-arabinose appear to differentiate virulent
from nonvirulent biotypes of bacteria currently speciated as B.
pseudomallei. We have tested this hypothesis with a murine
model of infection.

MATERIALS AND METHODS

Clinical isolates were obtained from patients admitted with melioidosis to
Sappasitprasong Hospital, Ubon Ratchatani, northeast Thailand, as part of clin-
ical studies which will be described elsewhere. These isolates were obtained from
cultures of blood, sputum, urine, or pus. Soil isolates were obtained from samples

from the surrounding area. They were identified by characteristic colonial mor-
phology on a differential agar (1), positive oxidase reaction, resistance to colistin
and gentamicin (4), and a biochemical profile based on the results of API 20NE
(bio-Merieux, Basingstoke, United Kingdom), which includes tests for arabinose
utilization and positive latex agglutination (11). Nine representative isolates of B.
pseudomallei were selected for use in this animal study. Further biochemical
characteristics of these isolates were determined with API 50CH (bio-Merieux)
as described previously (15). The isolates were also characterized by ribotyping.
Strains 576a, 924a, and 1021a are Ara2 clinical isolates from patients. Strains E8,
E25, and E281 are Ara2 soil isolates, and E27, E32, and E276 are Ara1 soil
isolates. Biochemical characteristics and ribotypes of these isolates are provided
in Table 1.

Inocula of B. pseudomallei were prepared as follows. The isolates were cul-
tured overnight in Trypticase soy broth and diluted in sterile distilled water to
approximately 106 CFU/ml. A viable count was performed by plating 100-ml
aliquots of a series of 10-fold dilutions onto whole plates of Columbia agar
(Unipath, Basingstoke, United Kingdom). The initial dilution was kept overnight
at 4°C, and when the viable count was known, a further series of dilutions were
made in distilled water to give inocula ranging from 100 to 10,000 CFU/ml. Mice
were inoculated intraperitoneally with 100 ml of the dilutions, with a goal of
giving inocula of 10, 50, 100, 500, and 1,000 CFU to each mouse. The actual
inocula given were calculated by further viable counts of the residual inoculum
after injection.

These studies were carried out in accordance with guidelines for humane
practice given in the United Kingdom Animals (scientific procedures) Act of
1986.

Animal experiments. BALB/c mice, approximately 6 weeks old, were used for
the study, which was performed in an isolation area. There were three rounds of
experiments. Each round used one Ara2 clinical isolate, one Ara2 soil isolate,
and one Ara1 soil isolate of B. pseudomallei at the five different inoculum
concentrations. Each of these five inoculum groups contained 8 mice, i.e., a total
of 40 mice for each isolate and a total of 360 mice overall. Following inoculation,
the mice were observed daily for a period of 28 days. The mice had free access
to food and water. Mice showing signs of clinical illness were marked, and if the
illness was obviously progressing rapidly, the mice were sacrificed. Postmortem
examinations were performed on mice dying early in the experiment or unex-
pectedly to look for abscess formation and take samples for culture. Blood from
the heart, liver, and spleen was cultured for B. pseudomallei with a selective agar
and broth as described previously (14). The end point of the experiment was
either natural death or sacrifice because of progressive illness within the 28-day
period, regardless of whether B. pseudomallei was cultured subsequently (mice
showing signs of illness but surviving 28 days were not included in the mortality
numerator).

Stability of the biochemical phenotypes. Approximately 106 organisms from
five different Ara1 and three Ara2 isolates were maintained continuously in
triple-distilled water and 0.9% saline for 9 months at ambient temperature (28 to
30°C), with three monthly assessments of biochemical phenotype. Inocula of 107

Ara2 organisms and 107 Ara1 organisms from each of three different isolates
were also maintained in 0.2 and 0.4% L-arabinose and 0.2 and 0.4% D-glucose
solutions for 8 days. Arabinose utilization was assessed as described previously.
A selective minimal salts agar containing 0.2% L-arabinose, which preferentially
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supports the growth of Ara1 organisms, was also used for screening multiple
colonies from isolates.

Statistical analysis. Proportions were compared by the chi-square test or
Fisher’s exact test. Normally distributed continuous data were compared by using
Student’s t test. Continuous data not conforming to a normal distribution were
compared by the Wilcoxon rank sum test. Cumulative survival tables were plot-
ted with Statview 4.1 (Abacus Concepts, Berkley, Calif.). The 50% lethal dose
(LD50) was calculated by using WinNolin 1.1 (SCI Inc., 1996 version) with the
inhibitory sigmoid Emax model and a general equation as follows: E 5 Emax*{1 2
[C**g/(C**g 1 LD50**g)]}, where E and Emax are the effect and the maximum
effect, respectively; C is the inoculum (dose); and g is a constant.

RESULTS

Clinical isolates. Since September 1986, 1,200 patients with
melioidosis have been studied prospectively in Sappasitpra-
song Hospital. Every clinical B. pseudomallei isolate has had a
biochemical phenotype characterized by the failure to utilize
arabinose (Ara2), and over the 11-year period there has never
been a change in phenotype in routine subculture and storage.
In the soil of surrounding areas, B. pseudomallei can be recov-
ered from 50% of soil samples from rice farms, and 25% of soil
isolates utilize arabinose (P , 0.0001). A more detailed de-
scription of the biochemical differences between these two
biotypes has been published recently (15).

Animal experiments. The calculated LD50 data for each
group of mice are shown in Table 1. The first two rounds of
experiments showed a striking difference in virulence between
Ara2 and Ara1. B. pseudomallei Ara1 isolates at the standard
inocula were not lethal for mice. Therefore, in the third round
of experiments, Ara2 clinical and soil isolates were each used
at the standard inocula, but the inocula for the Ara1 isolate
(strain E32) were increased in 10-fold steps from 6 3 105 to
6 3 109 CFU/mouse.

Among the 80 mice that received the standard inocula of
Ara1 soil isolates, only 1 died. This mouse, inoculated with 230
CFU, died suddenly on day 23. At postmortem examination,
there was no sign of abscess formation and B. pseudomallei was
not isolated from any of the sites cultured, so it is unlikely that
this death resulted from melioidosis. In comparison, 117 of 240
(49%) mice inoculated with Ara2 isolates died or became ill
and were sacrificed. There was no difference in virulence be-
tween clinical and Ara2 soil isolates (58 of 120 [48% deaths]
and 59 of 120 [49% deaths], respectively). Only two deaths
occurred before day 7. The median (range) day of death was 20
(3 to 28) for clinical isolates and 19 (7 to 28) for Ara2 soil
isolates. Postmortem examination usually revealed massive
hepatosplenomegaly with widespread visceral abscess forma-
tion. The mean (standard deviation) LD50 inoculum for all
Ara2 isolates was 111 (88) CFU/mouse compared with .108

CFU/mouse for the Ara1 isolates (P , 0.001). Muscle wasting
was a prominent feature in the mice developing clinical illness.
Characteristic neurological signs were also seen after the first
week in the majority of sick mice. These were manifest initially
as paresis of one hind leg, followed by paresis of the other hind
leg, which usually progressed rapidly to complete paraplegia.
Two mice developed hemiparesis. Neurological signs were ev-
ident with all Ara2 isolates of B. pseudomallei but were more
common in mice inoculated with soil Ara2 isolates than in
mice inoculated with clinical isolates (47 of 120 and 29 of 120,
respectively; P 5 0.01). Seventy of these mice died or were
sacrificed; only six survived 28 days.

Stability of the biochemical phenotype. The biochemical
profiles of the Ara1 and Ara2 isolates maintained in distilled
water for 9 months did not change. The organisms died after 6
months’ culture in 0.9% saline, but before this the biochemical
phenotype was unchanged. In all the experiments conducted
with glucose and arabinose solutions, the biochemical pheno-
type of the original and subsequent isolates also remained the
same. In all screening evaluations of large inocula with the
minimal salts-arabinose selective agar, only Ara1 organisms
grew well, and we never observed change in the biochemical
phenotype (i.e., growth of colonies of Ara1 organisms follow-
ing plating of an Ara2 isolate). Thus, inducing a change in the
biochemical characteristics of these organisms was not possible
despite the use of different forms of selective pressure.

DISCUSSION

We have recently identified an organism closely resembling
the pathogen B. pseudomallei in soil samples from northeast
Thailand. Although the morphology, antigenicity, and antimi-
crobial susceptibility of this organism are similar to those of the
bacteria isolated from patients with melioidosis, this organism
has a number of biochemical differences, exemplified by the
ability to utilize L-arabinose (Ara1). In northeast Thailand,
where melioidosis is common, 75% of soil isolates cannot uti-
lize L-arabinose (Ara2), whereas in the central region, where
melioidosis is uncommon, nearly all soil isolates have the Ara1

phenotype. Since 1986, we have studied more than 1,200 pa-
tients with melioidosis, and in every case the organism isolated
had the Ara2 biotype. Furthermore, in routine culture and
subculture of these isolates, conversion to the Ara1 biotype
was never observed, suggesting that the Ara2 biotype is stably
linked to the virulence of B. pseudomallei.

The results of our study of experimental melioidosis show a
striking difference between the virulence of the Ara1 and Ara2

strains of B. pseudomallei for mice. Ara2 strains are highly

TABLE 1. Characteristics of B. pseudomallei isolates used to inoculate micea

Strain Origin LD50
(CFU)

Assimilation of:
Ribotype

Ado L-Ara D-Ara Dul Ery Gly 5-Ke Suc Tre D-Xy

576a Human 228 2 2 2 1 1 2 2 2 1 2 I
924a Human 65 2 2 1 1 1 2 2 2 1 2 I
1021a Human 148 2 2 2 1 1 1 2 2 2 2 I
E8 Soil 14 2 2 2 1 1 2 2 2 1 2 I
E25 Soil 30 2 2 2 1 1 2 2 2 1 2 I
E281 Soil 138 2 2 2 1 2 2 2 2 1 2 I
E27 Soil .2 3 103b 1 1 2 2 2 1 1 2 2 1 ND
E32 Soil .3 3 103b 1 1 2 2 2 1 1 1 2 1 ND
E276 Soil .6 3 108b 1 1 2 2 2 1 1 1 2 1 I

a Ado, adonitol; L-Ara, L-arabinose; D-Ara, D-arabinose; Dul, dulcitol; Ery, erythritol; Gly, glycerol; 5-Ke, 5-keto-gluconate; Suc, sucrose; Tre, trehalose; D-Xy,
D-xylose. ND, not digested.

b No deaths occurred with this dose in this group.
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virulent, whereas Ara1 strains are essentially nonvirulent.
Both biochemical types have antigenic similarities; both give
positive reactions in the latex agglutination test, in which a
polyclonal antibody raised to an Ara2 clinical strain of B.
pseudomallei is used (11), and both give similar results in in-
direct hemagglutination assays for melioidosis. Thus, despite
the similarity of their morphologies, culture characteristics,
antibiotic susceptibility profiles, and antigenicities, one biotype
causes melioidosis and the other does not. The LD50 inoculum
for Ara2 isolates of B. pseudomallei reported here is higher
than that reported previously by Dannenberg and Scott (5).
These researchers used a single strain of B. pseudomallei that
had been passaged in mice; the LD50 inoculum was 35 CFU
given intraperitoneally and 16 CFU given by the respiratory
route. However, Dannenberg and Scott’s LD50 values were
derived from the presence of pathological lesions at the time of
death or sacrifice rather than from death alone and are there-
fore not strictly comparable to ours. Miller et al. (8) studied the
virulence of a strain of B. pseudomallei of unknown origin in
various animals. Although very low inocula were lethal for
hamsters and guinea pigs (animals known to be highly suscep-
tible), mice were much more resistant, with an inoculum of
.4.5 3 105 CFU given intraperitoneally needed to produce
death. The strain of mouse used may account for this differ-
ence, as mice vary considerably in their susceptibility to B.
pseudomallei. BALB/c mice appear to be highly susceptible. In
their initial experiments with hamsters, Miller et al. used a
different strain of B. pseudomallei, of unknown origin, which
was found to be relatively avirulent. Dannenberg and Scott (6)
also described two relatively avirulent strains of B. pseudoma-
llei which each had an intraperitoneal LD50 of approximately
108 CFU/mouse. The origin of these strains was not given.
Sublethal doses of these organisms produced transient or non-
progressive lesions, and low numbers of B. pseudomallei could
still be recovered from liver, spleen, and lymph nodes 11 weeks
after inoculation. These authors also describe subsequent par-
tial immunity to challenge by virulent strains of B. pseudoma-
llei. Subcutaneous inoculation of an avirulent strain increased
the amount of the respiratory inoculum of a virulent strain
needed to produce visible lesions in the lung (7). It is possible
that these avirulent strains were Ara1 soil isolates.

In the present series, rapidly progressive paraparesis was a
prominent feature in approximately two-thirds of mice devel-
oping clinical illness. This neurological presentation has been
described previously in natural and experimental infection of
animals, particularly sheep and goats (12). In northern Aus-
tralia, Woods et al. (13) described seven human cases of neu-
rological melioidosis, accounting for 13% of patients seen over
a period of 7 years. The syndrome was characterized by pe-
ripheral motor weakness, brain stem encephalitis, aseptic men-
ingitis, and respiratory failure. There was no direct infection of
the central nervous system, which suggests that this syndrome
could have been induced by an exotoxin. Neurological mani-
festations without direct nervous system infection do occur in
Thailand, but the incidence in patients with confirmed melioid-
osis is over 50 times lower (unpublished data), suggesting that
strain variation or differences in host susceptibility may be
important in the pathogenesis of this syndrome.

The ability to assimilate L-arabinose was more strongly as-
sociated with virulence than was ribotype group. All six viru-
lent (Ara2) isolates used in this study were from ribotype
group I. However, one of the avirulent (Ara1) isolates was also
from group I; the DNA of the other two isolates was not

digested by BamHI. Further research is needed on the pheno-
typic and genotypic differences between Ara2 and Ara1 B.
pseudomallei and the immunological responses resulting from
exposure to the different types. It is likely that environmental
Ara1 B. pseudomallei contributes to serological reactions in
current tests, and this may explain in part the discrepancies
between seroprevalence and disease prevalence. Such studies
will help researchers understand the mechanisms involved in
the pathogenesis of melioidosis and possibly lead to the devel-
opment of a vaccine. The avirulent Ara1 biotype may differ
enough from the Ara2 organism that causes melioidosis to
warrant its inclusion in a new species within the genus Burk-
holderia.
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