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Abstract

Introduction: Melioidosis is an infectious disease of public health 
importance caused by a saprophytic Gram-negative bacterium and a Tier 1 
select agent, Burkholderia pseudomallei found in soil and water. It is endemic 
in countries in Southeast Asia including the Indian subcontinent and in northern 
Australia. Several cases have been reported across India but no attempt has 
been made to explore the habitat of Burkholderia pseudomallei from soil and 
water. 

Aims: To determine the presence or absence of Burkholderia pseudomallei 
in the soil in Mangalore and its characterization using conventional and 
molecular methods.

Settings and Design: A prospective field study carried out for three seasons 
(Between November 2012 – August 2013).

Methods and Materials: In an exploratory study, soil samples were 
collected from multiple sites through three seasons (summer, winter, monsoon) 
systematically based upon presence of positive Melioidosis cases in the vicinity 
and screened for Burkholderia pseudomallei by culture methods and biochemical 
reactions. Isolated bacteria were confirmed later by latex agglutination test, 16S 
rDNA and TTS-1 (Type Three secretion system) Polymerase Chain Reaction 
(PCR) and MALDI-TOF mass spectrometry (Bruker).

Results: Out of samples collected from ten sites through three seasons, 
soil sample collected from one site post monsoon (winter) yielded Burkholderia 
pseudomallei.

Conclusion: We describe the first isolation of Burkholderia pseudomallei 
from the soil in western coastal region of India which will pave the path for future 
studies to describe the geographical niche and environmental factors affecting 
the Burkholderia pseudomallei distribution.

Keywords: Burkholderia pseudomallei; Mangalore; India; MALDI TOF; 
PCR; Soil

Abbreviations
16SrDNA: 16subunit Ribosomal Deoxyribonucleic Acid; BP: Base 

Pair; B. pseudomallei: Burkholderia pseudomallei; DRDE: Defence 
Research & Development Establishment; DNA: Deoxyribonucleic 
Acid; HOD: Head of Department; ICMR: Indian Council of 
Medical Research; MALDI TOF: Matrix-Assisted Laser Desorption/
Ionization- Time of Flight; mm: Millimeters; PCR: Polymerase 
Chain Reaction; TBSS-C50: Threonine Basal Salt Plus Colistin 50 
mg/L; TTSS: Type Three Secretion System; VNBC: Viable But Non 
Culturable.

Introduction
Burkholderia pseudomallei, is a soil dwelling saprophyte and 

a causative agent of Melioidosis. It is found in environment much 
across south East Asia and northern Australia and increasing numbers 
being reported from new clusters including parts of South America 
[1]. Melioidosis occurs as a result of activities leading to increased 
exposure to environments containing B. pseudomallei. The route of 
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infection may be through direct skin inoculation or contamination of 
wounds; although rarely transmission by inhalation and ingestion has 
also been reported [2]. Clinical spectrum ranges from a subclinical 
presentation to full blow septicaemia with fulminant septic shock 
with mortality up to 90% [3]. Due to its increased resistance, high 
mortality and potential aerosol transmission, it is being upgraded 
from Select B agent to Tier 1 Select Agent group, a group restricted 
for exceptionally virulent and dangerous pathogens [4].

B. pseudomallei have been commonly isolated from soil and water 
samples in the endemic areas of Thailand and northern Australia 
[5-8]. However, the geographical distribution of B. pseudomallei 
is still very unclear. Several positive melioidosis cases have been 
reported across India mainly from the western coastal Konkan belt 
of Karnataka despite which B. pseudomallei has never been isolated 
from soil or water samples in India [9]. Studies have shown a positive 
correlation between incidence of melioidosis and monsoon rains [2]. 
Environment studies have found increased melioidosis cases among 
paddy workers [10]. Citing the presence of similar environmental 
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conditions such as temperature, precipitation and similar working 
culture, an environmental soil sampling was carried out to determine 
the presence of B. pseudomallei in order to identify the geographical 
distribution and map the risks it poses to humans and livestock [6].

 Lately, there is an increase surge of reports of melioidosis cases 
from Mangalore and surrounding areas during the monsoon rains 
[9,11]. Hence this study is being taken up to record the influence of 
seasonal variation on its occurrence in the soil which may help in 
determining the magnitude of problem in Mangalore and surrounding 
areas. Soil sampling is important to identify the geographic areas 
where humans and animals are at risk of exposure and that aim of the 
study was achieved.

Methodology
Sampling method

In an exploratory study, soil samples were collected from ten 
different sites in Mangalore (12.87°N, 74.88°E), a port town of 
Dakshina Kannada district, on the western coast of Karnataka, India 
(Figure 1). Since the study was carried out in an area where the 
presence/distribution of the B. pseudomallei was unknown, a pilot 
study was carried out with the sampling sites allocated based on the 
positive melioidosis cases documented over last two years. 50 soil 
samples were collected each for three consecutive seasons: Winter 
(November – January), Summer (February - May), Monsoon (June 
– October). First lot of soil sample collection was carried on 17 – 18 
Nov 2012 followed by second on 20 – 21 April 2013 and third on 20 – 

21 July 2013. The soil samples were collected within 100 meters from 
around household and working area, depending whether person was 
working outdoor or working from home such as in case of farmers 
or agriculturist, the soil was collected from the paddy fields whereas 
those with sedentary work, the soil was collected from around the 
household. No specific permissions were required for these locations/ 
activities as it did not involve any private land or any protected land. 

Sampling strategy
Each sampling site was marked and divided in the form of a 

square grid of 5m × 5m. A total of 5 samples were taken from each of 
the ten sites. Samples were taken from each corner of the grid and last 
sample from centre of the grid, such that internal spacing between the 
samples was 3.5 – 5 meters.

Soil sampling
Soil was collected from a depth of 30 cm from each sampling 

point, using a clean spade and from the bottom of the hole about 
100gms of soil will be collected in sterile whirl-pack bags (Hi-media) 
to avoid contamination. Samples were stored at ambient temperature 
and transported to the laboratory for same day processing. The spade 
was cleaned in between each use and rinsed with water to remove any 
visible debris and then 70% ethanol prior to next collection of sample. 
All soil samples were collected in between 9am – 3pm. The type of soil 
collected was determined as sandy or clay depending on (% of sand, 
loam and clay). Further humidity, precipitation, and temperature on 
the day of sample collection were also considered (Table 1). Samples 
were collected from the same site on all three seasons.

Processing and isolation 
To each sample containing 100grams of soil, 100ml of sterile water 

was added and mixed by manual shaking. It was allowed to settle 
overnight and from the upper liquid layer 1 ml was transferred to a 
sterile container with 9 ml of Ashdown broth containing 50mg/l of 

17 Nov 18 Nov 20 April 21 April 20 July 21 July

Temperature 
(0C)

Max 23.1 21.3 31.6 32.4 27.5 28.9

Min 8.7 6.4 24.6 23.9 24.2 24.8
Relative 
humidity 71% 74% 68% 72% 87% 89%

Table 1: Temperature and relative humidity on soil sampling collection dates.

Figure 1: Soil Sampling Sites Ten different locations of soil sampling based on previous melioidosis cases in the father Muller Medical college catchment area, 
Mangalore. The location of sampling site along with the positive site is indicated in the map. Soil sampling was carried out through three seasons (summer, 
monsoon and winter). 
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colistin and crystal violet. It was incubated at 400 C in air for 48 hours 
after which 10µl was plated and streaked over the Ashdown agar so as 
to achieve single isolated colonies [12]. The plate was incubated at 400 
C in air and inspected after every 24 hours for next 7 days. Colonies 
of B. pseudomallei were identified by colony morphology which 
includes characteristic purple, flat, dry and wrinkled cauliflower like 
growth colonies on Ashdown agar plate.

Biochemical and Phenotypic Confirmation
 Colonies were suspected to be B. pseudomallei if oxidase positive, 

resistant to colistin and gentamicin but susceptible to amoxicillin-
clavulanic acid, di hydrolyses arginine and is unable to assimilate 
arabinose [13]. Positive colonies were confirmed using highly specific 
latex agglutination test (An in-house preparation; positive for B. 
pseudomallei but negative for B. thailandensis) [14].

Molecular Confirmation
The isolate was further confirmed by identification using PCR 

based procedures based on amplification of 16S rDNA gene (Figure 
2) and the putative virulent determinant TTSS gene (Figure 3) and 
MALDI-TOF analysis [14] (Table 2).

Results
A total of 150 samples were processed over a period of three 

seasons (50 samples each season). 108 out of 150 were suspected to 
be B. pseudomallei based upon characteristic colony morphology and 
growth on Ashdown agar after incubation at 400 C for 48-72 hours. 
Conventional Biochemical profiling for each isolate was been carried 
out. Only one isolate collected on 18 Nov 2012 matched completely 
with B. pseudomallei biochemical profile with negative arabinose 
sugar assimilation. The antibiotic susceptibility pattern was consistent 

when tested against antibiotics, colistin (25mcg/disk), gentamicin 
(10mcg/disk) and Amoxicillin-clavulanate (20/10mcg/disk). Isolates 
from soil sample taken from same site was negative for B. pseudomallei 
growth during the summer and monsoon. The isolate was further 
processed for molecular confirmation and was found positive by B. 
pseudomallei specific PCR for the 16S rDNA and TTSS gene (TTSS 
PCR) with the amplification of 1,488 bp and 548 bp respectively. The 
MALDI-TOF spectrum analysis was carried out using Microflex III 
mass spectrometer (Bruker Daltonik) and data was imported into 
Bio Typer software, version 3.0 (Bruker Daltonik GmbH, Bremen, 
Germany), and was analyzed by standard pattern matching against 
the 4110 mass spectra of different bacterial species as reference from 
the Biotyper database which generated the Burkholderia pseudomallei 
species score (2.14) confirming genera and species.

Discussion
Burkholderia pseudomallei are an environmental saprophyte 

found in soil and water. It is known for causing melioidosis, a disease 
of public health importance in both South East Asia and Northern 
Australia, where it is endemic and associated with high mortality 
rates. Infection is not restricted to humans only but a wide variety 
of animals are susceptible to melioidosis, but some are considered 
relatively resistant despite their constant exposure to mud [2].

Ours was a first environmental study been carried out in western 
coastal region of India, defining the geographical distribution of B. 
pseudomallei in the soil. It was being carried out to detect presence 
or absence of B. pseudomallei in the soil in Mangalore, a town in the 
Dakshina kannada district of India.

The association between melioidosis and soil is supported by 
increased incidence during monsoon and in those with occupational 

Figure 2: 16S rDNA PCR for confirmation- Lane M: DNA Ladder, Lane 1 & 
2: B. pseudomallei NTCC 1688, Lane 3: Negative control, Lane 4 & 5: Soil 
isolate.

Primer name Primer sequences Annealing temperature Amplification size Purpose/
Reference

F8 5′ AGTTTGATCCTGGCTCAG 3′
50°C 1,488 bp Identification [15]

R1492 5′ ACCTTGTTACGACTT 3′

BPTTS1-F 5′CGTCTCTATACTGTCGAGCAATCG 3′
58°C 548 bp Identification [16]

BPTTS1-R 5′ CGTGCACACCGGTCAGTATC 3′

Table 2: Primers used in molecular confirmation study.

Figure 3: TTSS PCR for confirmation- Lane L: DNA ladder, Lane 1 & 2: Soil 
isolate, Lane 3: Negative control, Lane 4: Positive control (A confirmed isolate 
of Burkholderia pseudomallei).
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and recreational exposure to surface water and mud, particularly 
with flooding of paddy fields or planting of seeds [2]. This part of 
the country receives very high rainfall and farming is one of the 
important livelihoods of the people. Working in the paddy fields 
during rainy season is the order of the day and we have observed an 
increased incidence of melioidosis cases during monsoon.

Studies have shown association of clay with Burkholderia 
pseudomallei prevalence since clay is known to be rich in nutrients, 
water and small pore size allows possible electrostatic interactions 
with bacteria [18]. Reddish and yellowish coloured soil indicates rich 
presence of oxidized iron compounds which further support of B. 
pseudomallei in clay [19]. The soil in the district is mostly lateritic 
type, found distributed in the Pediplain area characterised by high 
iron and aluminium content. Under the Köppen climate classification, 
Mangalore has a tropical monsoon climate and is under the direct 
influence of the Arabian Sea branch of the southwest monsoon. It 
receives about 95 per cent of its total annual rainfall within a period 
of about six months from May to October, while remaining extremely 
dry from December to March [20].

As all the environmental factors are favourable for the growth of 
bacteria in this area, we tried to detect the bacteria from the soil. In 
our study, all the soil sampling sites were residential sites which are 
part of urban Mangalore. Thus, the history of land usage could not be 
obtained as it underwent disturbances due to human or natural causes. 
The pH of the soil collected from different sites varied little between 
the seasons being more acidic (4.4 - 4.7) during summers to less acidic 
(4.8 – 5.4) during monsoons. Of the ten sites, only one site showed a 
positive soil isolate of B. pseudomallei. The site of soil collection was 
located about 70 meters from where the clinical melioidosis was being 
reported in 2011. The isolate found was positive during the month of 
November when the monsoons have regressed and soil is saturated 
with water. The pH of the soil turns more towards neutral as the 
salinity decreases and excessive rains raises the water table bringing 
the bacteria to upper soil layers [21]. All these environmental factors 
provide favourable conditions for survival and propagation in the soil 
which could be the reason for isolation of the organism from the soil 
sample. In the month of April, due to increased temperature the soil 
becomes dried up, cracked and is subjected to salinization conditions 
which do not support the survival [21]. In July, the monsoon is at 
the peak with average rainfall of greater than 1000mm resulting in 
surface wash off the soil layers and this might be the reason samples 
collected during monsoon were negative.

B. pseudomallei have got higher affinity for the acidic 
environment. Presence of animals reduces the probability of isolation 
due to nitrification process of animal urine derived ammonium 
which increases the pH [22]. This may be another contributing reason 
for not isolating many bacilli from the samples in our study

Due to paucity of resources and absence of clinical isolates, 
comparison of soil and clinical sequences from the study site was not 
possible which could have provided more details and insights into the 
findings and in epidemiological typing.

A study carried out on surface water during monsoons and 
paddy fields in the area for isolation of B. pseudomallei might yield 
positive results due to favourable environmental and topographical 
conditions.

Though we got only one positive isolate from 150 samples 
collected over a period ranging various seasons, it is a significant 
finding, but more samples need to be tested to record the exact 
magnitude of the problem.

Limitations of the Study
Insufficient numbers of soil samples were taken from a single 

site, which runs the risk of low power of detection and a high false 
negative (Type II error) rate; this can be avoided by increasing 
number of samples (100 samples per site) taken. Ashdown medium 
was used for isolation and identification which has lower sensitivity 
for detection. Threonine basal salt plus colistin 50mg/L (TBSS-C50) is 
a better alternative and has higher sensitivity. Furthermore, isolation 
based upon culture colonies may be misleading as under undue 
stress such as Low pH, Osmotic stress the cells turn Viable But Non 
Culturable (VBNC). Although confirmation of the isolate was carried 
out using molecular techniques, detection of B. pseudomallei directly 
from the soil sample using Polymerase chain reaction against TTSS 
which detects even the DNA of dead bacterium will be more suitable 
for epidemiological surveillance.

Conclusion
This is the first published environmental study done in the western 

coastal part of India. The results of this study indicate the presence of 
Burkholderia pseudomallei in soil. Molecular technique such as PCR 
against TTSS is key for Burkholderia pseudomallei identification. 
Our findings will pave way for the future environmental studies 
for the distribution of B. pseudomallei from this area, and the effect 
of environmental factors such as water content, soil type, pH and 
vegetation on the habitat of B. pseudomallei.
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