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Abstract 

Background:  Melioidosis an infectious disease, caused by a Gram negative bacterium called Burkholderia pseu-
domallei, is endemic in Bangladesh. This organism is sensitive to limited number of antimicrobial agents and need 
prolonged treatment. There is no comprehensive data on the antimicrobial susceptibility profile of B. pseudomallei 
isolated in Bangladesh over last several years. The present study aimed to determine the antimicrobial susceptibility 
pattern of B. pseudomallei isolated in a tertiary care hospital of Dhaka city from 2009 to 2015.

Methods:  All B. pseudomallei isolated from melioidosis patients over a period of 7 years (2009–2015) in the Depart-
ment of Microbiology of a 725-bed tertiary care referral hospital in Dhaka city, Bangladesh were included in the study. 
B. pseudomallei was identified by Gram stain, culture, specific biochemical tests, serology and PCR using specific prim-
ers constructed from 16s rRNA region of B. pseudomallei. Antimicrobial susceptibility to specific agents was deter-
mined by disk diffusion and minimum inhibitory concentration methods.

Results:  A total of 20 isolates of B. pseudomallei which were isolated from patients coming from different geographic 
locations of Bangladesh were included in the study. All the isolates were uniformly sensitive (100%) to ceftazidime, 
imipenem, piperacillin–tazobactam, amoxicillin–clavulanic acid and tetracycline by both disk diffusion and MIC meth-
ods. Two strains were resistant to trimethoprim–sulfamethoxazole by disk diffusion method but were sensitive by MIC 
method. The MIC50 and MIC90 values of the above antimicrobial agents were almost similar. All the isolates were resist-
ant to amikacin by both MIC and disk diffusion methods.

Conclusion:  The results of the study suggest that B. pseudomallei prevalent in Bangladesh were still susceptible to all 
recommended antimicrobial agents used for the treatment of melioidosis. However, regular monitoring is needed to 
detect any emergence of resistance and shifting of MIC50 and MIC90 values.
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Background
Burkholderia pseudomallei is a Gram negative sapro-
phytic bacterium that causes melioidosis. It is an endemic 
disease of public health and clinical importance in many 
countries of the world including Bangladesh [1–3]. Sev-
eral cases have been reported from Bangladesh since 
1988 [3, 4]. Recently, we have found that the organism 
is present in the soil samples of Bangladesh and about 

22.6–30.8% of people residing in melioidosis endemic 
districts of Bangladesh were sero-positive for anti- B. 
pseudomallei IgG antibody [5].

Melioidosis may be manifested as localized or dissemi-
nated infection involving multiple organs of the body. 
The disease is usually fatal if left untreated. Treatment 
of melioidosis requires prolonged courses of antibiot-
ics. The current treatment regime has an intensive and 
maintenance phase. In the intensive phase, ceftazidime 
is usually the drug of choice. However, carbapenem (imi-
penem/meropenem) is recommended in severe infec-
tion and treatment failure cases. This is followed by the 
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maintenance phase which consists of oral administra-
tion of TMP–SMX or TMP–SMX and doxycycline or 
amoxicillin–clavulanic acid [6–9]. But recently, there 
are reports of resistant B. pseudomallei to ceftazidime, 
TMP–SMX, amoxicillin–clavulanic acid from different 
melioidosis endemic countries of the world including 
neighboring India [9–15].

Currently, no comprehensive information is available 
on the antimicrobial susceptibility pattern of B. pseu-
domallei isolated from patients in Bangladesh. Therefore, 
the present study was undertaken to determine the anti-
biotic susceptibility pattern of B. pseudomallei isolated 
from patients during the period of 2009–2015 in our hos-
pital by disc diffusion and minimum inhibitory concen-
tration (MIC) methods.

Methods
Study organisms
All B. pseudomallei isolated from melioidosis patients 
over a period of 7 years (January 2009 to December 2015) 
in the Department of Microbiology of a 725-bed tertiary 
care referral hospital in Dhaka city, Bangladesh were 
included in the study. B. pseudomallei was identified by 
typical colony morphology, Gram staining (bipolar stain-
ing), motility, biochemical tests, arabinose assimilation 
and resistance to colistin and aminoglycoside [16]. Mono-
clonal antibody based latex agglutination test (Melioidosis 
Research Center, Khon Kaen, Thailand) was performed for 
the final identification and confirmation of B. pseudomal-
lei. Serologically confirmed B. pseudomallei isolates were 
further confirmed by PCR using specific primers con-
structed from 16s rRNA region of B. pseudomallei [17].

Determination of MIC
Minimum inhibitory concentrations of all antibiotics 
against B. pseudomallei were determined by agar dilu-
tion method [18]. Briefly, Muller–Hinton agar plates con-
taining different dilutions of specific antimicrobial agent 
were spot inoculated with 104 organisms. Each spot was 
5–8 mm in diameter. All reading was taken between 18 
and 24 h of incubation at 37 °C in aerobic condition. The 
MIC represented the lowest concentration of antimicro-
bial agents at which complete inhibition of growth of 
the organism occurred. The MIC (μg/ml) interpretation 
for susceptible (S), intermediate (I), and resistant (R) for 
amoxicillin–clavulanic acid, ceftazidime, imipenem, tet-
racycline and TMP–SMX was carried out following the 
CLSI approved guideline M45-A2 [19]. As reported ear-
lier, the MIC breakpoint of P. aeruginosa for piperacillin–
tazobactam, amikacin and gentamicin as mentioned in 
CLSI guideline was used to interpret the MIC of B. pseu-
domallei [14, 20]. The detail MIC interpretive values used 
in the study are shown in Table 1.

Disc diffusion method
The isolates were tested for susceptibility to ceftazi-
dime (30 µg), imipenem (10 µg) piperacillin–tazobactam 
(30 µg), amoxicillin–clavulanic acid (30 µg), tetracycline, 
TMP–SMX (1.25/23.75 µg), gentamicin (10 µg) and ami-
kacin (30  µg) by disc diffusion technique [21]. Briefly, a 
0.5 McFarland suspension of each bacterial isolate was 
made in normal saline and inoculated onto Mueller–Hin-
ton agar (Oxoid Ltd, UK) to prepare a uniform lawn. The 
disks were applied at a specific distance from each other 
and the zone of inhibition around the antibiotic disc was 

Table 1  Zone diameter interpretive standards and MIC breakpoints for B. pseudomallei used in the study

TMP–SMX trimethoprim/sulfamethoxazole, Pip–Tazo piperacillin–tazobactam, Amox–Clav amoxicillin/clavulanic acid, MIC minimum inhibitory concentration
a  MIC interpretive standards defined in M45-A2, CLSI guideline for B. pseudomallei [19]
b  Zone diameter interpretive standards of CLSI for P. aeruginosa by disk diffusion method [20]
c  MIC interpretive standard of CLSI for P. aeruginosa [20]
d  Zone diameter interpretive standards of CLSI for Enterobacteriaceae by disk diffusion method [20]

Antimicrobial agents Disk diffusion test MIC (µg/ml)

Disk content (µg) Zone diameter (mm)

R I S S I R

Ceftazidimea, b 30 ≤14 15–16 ≥18 ≤8 16 ≥32

Imipenema, b 10 ≤15 16–18 ≥19 ≤4 8 ≥16

Amox–Clava,d 20/10 ≤13 14–17 ≥18 ≤8/4 16/8 ≥32/16

Pip–Tazob, c 100/10 ≤14 15–20 ≥21 ≤16/4 32/4–64/4 ≥128/4

TMP–SMXa, d 1.25/23.75 ≤10 11–15 ≥16 ≤2/38 – ≥4/76

Tetracyclinea, d 30 ≤11 12–14 ≥15 ≤4 8 ≥16

Amikacinb, c 30 ≤14 15–16 ≥17 ≤16 32 ≥64

Gentamicinb, c 10 ≤12 13–14 ≥15 ≤4 8 ≥16
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measured after 18 h of incubation of plates at 37 °C. Since 
interpretative standards for zone sizes of tested antibi-
otics are not available for B. pseudomallei, we used the 
Clinical and Laboratory Standards Institute [20] thresh-
old zone sizes for members of the family Enterobacte-
riaceae and Pseudomonas aeruginosa as reported earlier 
[14]. The zone of inhibition was interpreted as sensitive, 
intermediate and resistant according to CLSI guide-
line. The zone sizes used for interpretation are shown in 
Table 1.

Each isolate was tested in duplicate by disk diffu-
sion and MIC methods. All disks and antibiotics were 
obtained from Oxoid Ltd., Basingstoke, Hampshire, UK 
and Sigma, USA. Potency of the disks and antimicrobial 
agents were standardized using the reference strain E. 
coli ATCC 25922.

Results
A total of 20 B. pseudomallei which were isolated from 
patients coming from different geographic locations of 
Bangladesh were included in the study. All the isolates 
were uniformly sensitive (100%) to ceftazidime, imipe-
nem, piperacillin–tazobactam, amoxicillin–clavulanic 
acid and tetracycline by both disk diffusion and MIC 
methods. Two strains were resistant to TMP–SMX by 
disk diffusion method but were sensitive by MIC method 
(Table 2). The MIC value of those two isolates were 1/19 
and 2/38  µg/ml while by disk diffusion test their zone 
diameter was below the recommended cut off value of 
16 mm. The MIC50 and MIC90 values of the above antimi-
crobial agents were almost similar (Table 2). The MIC50 
and MIC90 of amoxicillin/clavulanic acid were towards 
higher side compared to other agents tested. All the iso-
lates were resistant to amikacin by both MIC and disk 
diffusion methods. All 20 isolates were resistant to gen-
tamicin by disk diffusion test.

Discussion
Mortality in patients with B. pseudomallei infection is 
high and early diagnosis and specific antimicrobial ther-
apy is necessary to reduce the fatal outcome [21–23]. The 
antibiotic of choice for melioidosis is ceftazidime, a third 
generation cephalosporin. Imipenem is considered as 
alternatives to ceftazidime. Since relapse rates are high, 
initial parenteral treatment followed by maintenance 
therapy with oral TMP–SMX (8–12 & 40–62 mg/kg/day) 
or doxycycline (4  mg/kg/day) or amoxicillin–clavulanic 
acid (20/5 mg/kg 8 h) for 12–20 weeks are recommended 
[6–8]. However, B. pseudomallei resistant to ceftazi-
dime, tetracycline/doxycycline and TMP–SMX, has been 
recently reported from Malaysia, Thailand and Australia. 
About 0.6% B. pseudomallei in Malaysia was found to 
be resistant to imipenem, ceftazidime, doxycycline and 
amoxicillin–clavulanic acid while the rate was 10% for 
TMP–SMX [9]. The rate was around 0.6% in Thailand 
[14]. About 4% B. pseudomallei in Australia was reported 
as resistant to imipenem, ceftazidime, doxycycline and 
TMP–SMX [12].

In Bangladesh there was no comprehensive data avail-
able on the antibiotic susceptibility pattern of B. pseu-
domallei. Bangladesh is a melioidosis endemic country 
and several cases have been documented since 1988 and, 
recently we have reported its presence in the soil from a 
district where several cases of melioidosis were diagnosed 
[3–5]. Organisms included in the present study were iso-
lated from patients mainly coming from different areas of 
north and north-eastern part of Bangladesh during the 
period of 2009–2015. The result showed that all the iso-
lates were uniformly sensitive to imipenem, ceftazidime, 
piperacillin–tazobactam, tetracycline, amoxicillin–cla-
vulanic acid and TMP–SMX. The absence of resistance 
to these antibiotics in our isolates might be due to the 
fact that only a few numbers of organisms were tested. 

Table 2  Results of disk diffusion and MIC tests of B. pseudomallei isolated during 2009–2015 (N = 20)

TMP–SMX trimethoprim/sulfamethoxazole, Pip–Tazo piperacillin–tazobactam, Amox–Clav amoxicillin/clavulanic acid, MIC minimum inhibitory concentration, ND not 
done

Antimicrobial agents Disk diffusion test MIC test

Disk content (µg) Sensitive
N (%)

Zone diameter range (mm) Sensitive
N (%)

MIC50 (µg/ml) MIC90 (µg/ml)

Ceftazidime 30 20 (100) 24–32 20 (100) 2 2

Imipenem 10 20 (100) 33–40 20 (100) 2 2

Amox–Clav 20/10 20 (100) 19–28 20 (100) 8/4 8/4

Pip–Tazo 100/10 20 (100) 35–39 20 (100) 2/4 2/4

TMP–SMX 1.25/23.75 18 (90) 15–28 20 (100) 1/19 2/38

Tetracycline 30 20 (100) 17–31 20 (100) 0.5 1

Amikacin 30 0 (0) 10–15 0 (0) 64 64

Gentamicin 10 0 (0) 0 ND ND ND
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Therefore, in our settings, these antimicrobial agents can 
empirically be used to treat suspected melioidosis patients 
prior to the availability of culture and sensitivity results.

Comparing the results of the disk diffusion test with 
that of MIC it appeared that the CLSI recommended 
breakpoint of zone diameter for P. aeruginosa, and Enter-
obacteriaceae could be used to interpret the zone of inhi-
bition by B. pseudomallei in disk diffusion test where 
facilities for MIC test is lacking or till the zone diameter 
of B. pseudomallei for these agents are standardized. MIC 
and disk diffusion tests showed concordant results for all 
antimicrobials except for TMP–SMX. Only, two isolates 
were resistant to TMP–SMX by disk diffusion method 
(zone diameter 15 mm) whereas both were found sensi-
tive to TMP–SMX by MIC method (≤1/19 and 2/38 µg/
ml). Since MIC method is considered as the gold stand-
ard for determining the susceptibility of B. pseudomal-
lei to TMP–SMX [19], therefore, all our 20 isolates were 
actually sensitive to TMP–SMX. The interpretation of 
susceptibility of B. Pseudomallei to TMP–SMX by disk 
diffusion test is sometimes affected by slight hazy growth 
within the zone of inhibition and blurring of margin. 
Therefore, the doubtful result of disk diffusion test for 
TMP–SMX should be confirmed by MIC method.

Burkholderia pseudomallei is intrinsically resistant to 
aminoglycosides like gentamicin and amikacin [24]. These 
antibiotics are used as diagnostic agents for identification 
of B. pseudomallei in culture. Also, most selective media 
incorporate gentamicin in the medium as a selective agent 
to isolate B. pseudomallei from soil and other samples. 
Though B. pseudomallei is said to be resistant to amino-
glycosides, there have been reports of aminoglycoside 
sensitive isolates (0.1%) from Thailand [25, 26], and from 
Australia [27]. Recently it has been reported that 86% of 
B. pseudomallei isolates in Sarawak, Malaysian Borneo 
were sensitive to gentamicin [28]. The strains belonged 
to sequence type 881 and 997. In view of the above, we 
have determined the susceptibility of our strains to amika-
cin, an aminoglycoside. All the 20 isolates were resistant 
to amikacin by both disk diffusion (zone diameter range 
10–15  mm) and MIC method (MIC 64–512  µg/ml). It 
may be mentioned that all these strains were also resistant 
to gentamicin where no zone of inhibition was observed 
by disk diffusion method. Therefore, it is assumed that 
amikacin and gentamicin may be used safely as a diagnos-
tic disk and in selective media for isolation of the organ-
ism from soil and other contaminated samples.

Conclusion
The study, though with limited number of isolates, 
revealed that the prevalent B. pseudomallei in Bangla-
desh were susceptible to recommended antimicrobial 
agents used for both intensive and maintenance phase 

therapy. Continuous monitoring of antimicrobial sus-
ceptibility should be maintained to detect emergence of 
resistant organism.
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