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Abstract

Background and objective: Melioidosis caused by Burkholderia pseudomallei, is a neglected infectious disease
with a high mortality rate in endemic areas. Antimicrobial susceptibility testing (AST) offers crucial guidance for
effective treatment to mitigate the severity of the disease and improve the survival rates. This study aimed to
compare the cost-effectiveness and pragmatic viability of two ASTs, disk diffusion and Etest methods, to an
automated broth microdilution method (BMD), against ceftazidime (CAZ) and trimethoprim/sulfamethoxazole
(TMP-SMX).

Methods: A total of 199 clinical isolates of B. pseudomallei from melioidosis patients with culture-confirmed,
were obtained from 3 collection sources in Northeast Thailand. These isolates were assessed using disk diffusion
and Etest methods compared with an automated BMD based on the criteria set by the Clinical and Laboratory
Standards Institute.

Results: The results revealed non-resistance isolates to CAZ and TMP-SMX by BMD. The disk diffusion for CAZ
(30 pg) demonstrated a categorical agreement (CA) of 96% (191/199), with a major error (ME) of 0.5% (1/199)
and minor error (MIE) of 3.5% (7/199) compared to the BMD. The Etest for CAZ demonstrated a CA of 98.5%
(196/199), with no ME, and an MIE of 1.5% (3/199) compared to the BMD. However, the disk diffusion for
TMP-SMX (1.25/23.75 ug) demonstrated the CA, ME, and MIE of 13.6% (27/199), 76.4% (152/199), and 10.1%
(20/199) compared to the BMD, respectively. While the Etest for TMP-SMX demonstrated a CA of 46.2% (92/199),
ME of 53.8% (107/199), and no MIE compared to the BMD. No very major error (VME) was detected in either test.
Conclusion: Disk diffusion and Etest methods for CAZ could be beneficial in areas with limited resources for

the management of melioidosis. However, BMD is still recommended for TMP-SMX to assess the antibiotic’s

efficacy and guide appropriate treatment decisions for melioidosis.

Keywords: Burkholderia pseudomallei, broth microdilution, Etest, disk diffusion
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Introduction

Melioidosis is an infectious disease caused by
Burkholderia pseudomallei that is highly endemic in
Southeast Asia and Northern Australia. The disease
has been increasingly reported worldwide and was
predicted to cause nearly 90,000 fatalities per year'
but it is considered a neglected tropical disease due
to the underestimated burden and mortality rate’. A
high in-hospital mortality rate of melioidosis of 70%
was reported in Cambodia’. While in developing
countries such as Thailand, the mortality rate stands
at 35%°. Whereas, developed countries such as
Australia demonstrate a comparatively lower average
of 14%’. This information reflects the limitations
within healthcare systems and the economic
constraints of numerous low-income and middle-
income countries’.

B. pseudomallei, a causative agent of melioidosis
is described as Gram-negative bipolar staining with
‘safety pin” appearance, vacuolated and slender with
rounded ends shape®. The organism demonstrates
differing colonial morphology, with mostly smooth
colonies initially and dry or wrinkled colonies on
further incubations. The pathogen exhibits various
antibiotic resistance mechanisms including efflux
pump’, gene duplication and amplification®, gene
mutation’ and biofilm formation'®. Therefore,
effective management of melioidosis requires early
diagnosis, appropriate administration of antibiotics,
and access to critical care to mitigate the impact of
the disease.

Melioidosis treatment follows established
guidelines, typically involving the initial phase using
intravenous administration of ceftazidime (CAZ) which
is crucial to reducing the risk of mortality. Subsequently,
a long-term oral therapy known as the eradication
phase, where trimethoprim/sulfamethoxazole
(TMP-SMX) is commonly used to prevent relapse®.
Therefore, simple, and cost-effective antimicrobial
susceptibility testing (AST) for B. pseudomallei may
offer efficient methods for under-resourced
laboratories and hospitals in endemic areas.
However, previous studies have demonstrated the
overestimation of B. pseudomallei resistance to
TMP-SMX by disk diffusion including 58.7% in
Australia®®, 46.5% in Khon Kaen, Thailand®, 71% in
Ubon Ratchathani, Thailand", and 53% in Malaysia'®.

The Etest method that provides a MIC value for
TMP-SMX was also reported for erroneous results due
to the misinterpretation of the 80% inhibition
threshold'’. One of the most significant observations
suggested that true resistance in B. pseudomallei to
TMP-SMX is very rare™ *®. In addition, the re-evaluation
of B. pseudomallei to TMP-SMX by Etest in Thailand
revealed the lower resistance observation due to the
error in reading the 80% inhibition point in their
previous study'’.

Comparisons between AST methods
demonstrated poor agreement between disk diffusion
and broth microdilution methods in determining the
MIC susceptibility for TMP-SMX with B. pseudomallei.
The agreement rates were of 53.5% and 84% in
Thailand, respectively'. The observations in
Australia revealed that disk diffusion showed 41.3%
susceptibility to TMP-SMX while Etest was 97.5%".
Therefore, the disk diffusion method's tendency to
overestimate resistance to TMP-SMX in B. pseudomallei
raises interpretational concerns.

To date, only a limited number of comparisons
between the disk diffusion, Etest, and broth
microdilution for AST of B. pseudomallei have been
identified. A strong correlation between Etest and
BMD testing in evaluating B. pseudomallei
susceptibility to CAZ has been well-documented.
However, this correlation is not as pronounced in the
case of TMP-SMX, thereby giving rise to certain
concerns”. Moreover, a notable inconsistency was
observed concerning the resistance to TMP-SMX when
assessed through the disk diffusion method, in
contrast to its sensitivity as determined by the MIC
method”. Insufficient data of the directly compares
TMP-SMX susceptibility results from disk diffusion and
Etest methods with the standard broth microdilution
method may limit treatment optimization and
decision making. This study, therefore, aims to investigate
the agreement among disk diffusion, Etest, and
automated broth microdilution methods of CAZ and
TMP-SMX against B. pseudomallei. The findings are
expected to enhance decision-making processes
offering valuable insights into the selection of
appropriate testing techniques, particularly beneficial
for low-income countries in endemic areas and may
improve the management of melioidosis patients.
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Methods
This study was approved by Khon Kaen
University Ethics Committee for Human Research
(Reference No. HE641251).

Burkholderia pseudomallei clinical isolates

A total of 199 B. pseudomallei clinical isolates
from culture-confirmed cases, were selected from
three different sources. These included collections
from the Melioidosis Research Center, Khon Kaen
University between 2006 and 2008, which reported
TMP-SMX resistance by disk diffusion method (144
isolates: 90 from blood cultures, 30 from pus samples,
18 from sputum samples, and 6 from urine samples).
Additionally, isolates were obtained from the Ubon
Ratchathani University collections between 2013 and
2015 (15 isolates: 8 from blood cultures, 6 from pus
samples and 1 from sputum sample). Furthermore,
40 isolates were obtained from routine diagnostics at
Central Laboratory, Srinagarind Hospital, Faculty of
Medicine, Khon Kaen University in 2021: 17 from
blood cultures, 5 from pus samples, 3 from urine
samples, 2 each from sputum, ankle swabs and fluid
samples, and one isolate each from the following
sources: hip, eyes swab, knee swab, parotid swab,
lymph node tissue, mediastinal mass, pericardium
fluid, tracheal suction, and synovial fluid.

Escherichia coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853 were used as controls for CAZ
and TMP-SMX.

Antimicrobial susceptibility testing

Disk diffusion, Etest, and broth microdilution
were simultaneously conducted using the same
bacterial suspension. All tests were performed
according to the Clinical and Laboratory Standards
Institute Ma5 guideline, 3" edition (CLSI, 2016)**

Al B. pseudomalleiisolates were obtained from
a -80 °C glycerol stock and streaked to Luria-Bertani
agar (LB agar) plate and incubated at 37 °C for 48
hours. The bacteria were prepared by suspending
colonies of B. pseudomallei into Mueller-Hinton Broth
(Thermo Scientific, West Sussex, UK) and adjusted to
an optical density using a densitometer (Densichek,
BioMérieux, Durham, NC) of 0.5 McFarland in sterile
0.85% saline solution.

For disk diffusion and Etest, the bacterial
suspension was evenly spread on the surface of a
Muller-Hinton Agar (MHA) plate using a cotton swab
and a plate rotator. After allowed to dry for 10 min,
a CAZ disk of 30 ug (BD BBL Sensi-Disk, Becton,
Dickinson and Company, MD, USA), and a TMP-SMX
disk of 1.25/23.75 ug (BD BBL Sensi-Disk, Becton,
Dickinson and Company, MD, USA) (one replicate) and
E-test of CAZ (0.016-256 mg/L) (Liofilchem srl, Via
Scozia, Italy) and TMP-SMX (0.002-32 mg/L) were
applied to the plate (one replicate). The plates were
incubated at 37°C for 24 h. The diameter of the
inhibition zone was measured using a vernier caliper
(Mitutoyo, Japan).

The disk zone growth of inhibition was
measured according to the CLSI recommendation:
CAZ (30 pg): S = 18, 1:115-17, R <14 and TMP-SMX: S
>16, 1:11-15, R <10. The MIC of Etest results were
interpreted according to the criteria of the CLSI: CAZ:
S <8 pg/mL, I:116 pg/mL, R 232 pg/mL and TMP-SMX:
S <2/38 pg/mL, I: (-), R 24/76 pg/mL and the manu-
facturer’s guideline (CAZ read the MIC at the point of
complete inhibition of all growth and TMP-SMX read
at 80% inhibition by the naked eyes). If Etest results
were between twofold dilution, they were round to
the next highest twofold dilution.

The broth microdilution (BMD) method was
performed by diluting the bacteria in a Sensititre AIM™
Automated inoculation Delivery system (Thermo
Scientific, West Sussex, UK) according to the
manufacturer’s procedure guideline before incubating
with CAZ (0-32 pg/mL) and TMP-SMX (1/19-4/76 pg/
mL) in the Sensititre ARIS® 2X (Thermo Scientific, West
Sussex, UK) for 24 h at 37°C (one replicate). The
results were recorded using the Sensititre ARIS 2X

automated fluorometric plate reading system.

Data analysis

The regression analysis was applied to compare
the results of the antimicrobial susceptibility.
Categorical agreement (CA) was defined when the test
result fell within the same susceptibility category as
the reference method. Interpretative category errors
were determined as follows: very major error (VME)
denoted isolates that were resistant according to the
reference method but deemed susceptibility by the
tested method (false susceptibility); major error (ME)
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referred to isolates classified as susceptible by the
reference method but resistant by the tested method
(false resistance); and minor error (MIE) indicated
cases where the tested method yielded an intermediate
result while the reference method classified the
isolate as either or susceptible, or vice-versa.

Results

Comparison of disk diffusion to reference BMD for
CAZ

Using the reference BMD method, the overall
CA rate of the disk diffusion for CAZ was 96%
(191/199) (Table 1), indicates that the disk diffusion
method agreed with the BMD method in categorizing
the majority of isolates as susceptible to CAZ. The
ME rate was 0.5% (1/199), suggesting that the disk
diffusion method rarely misclassified susceptible
isolates as resistant. The result of no VME was found,
indicating that the disk diffusion method did not
misclassify any resistant isolates as susceptible.
However, we observed 3.5% (7/199) of MIEs, indicating
instances where the disk diffusion method classified
isolates differently from the BMD method but within
acceptable limits. Notably, none of the tested isolates
demonstrated resistance to CAZ using BMD. The
scattergram of 199 B. pseudomallei tested by disk
diffusion and BMD for CAZ is shown in Figure 1.

Comparison of Etest to reference BMD for CAZ

The CA between Etest and the BMD reference
method for CAZ was 98.5% (196/199). The high
overall CA indicates that the majority of isolates were
classified similarly by both the Etest and BMD
methods regarding their susceptibility to CAZ. Neither
VME nor ME was detected (Table 1), suggesting that
the Etest method did not misclassify any resistant
isolates as susceptible or vice versa. There was 1.5%
(3/199) of ME was identified, indicating instances
where the Etest method classified isolates differently
from the BMD method, though still within acceptable
limits. The scattergram comparing the Etest and BMD
is shown in Figure 2.

172

Comparison of disk diffusion to reference BMD for
TMP-SMX

The disk diffusion and BMD evaluation for
TMP-SMX exhibited poor correlation due to the CA
of 13.6% (27/199) (Table 1). This suggests that the disk
diffusion method did not agree well with the BMD
method in categorizing isolates as susceptible or
resistant to TMP-SMX. However, the ME was high at
76.4% (152/199) suggesting a significant difference in
the classification of isolates between the two
methods. Additionally, the MIE was 10.1% (20/199)
was observed, indicating instances where the disk
diffusion method classified isolates differently from
the BMD method, though still within acceptable
limits but no VME was detected. The scattergram
comparing disk diffusion and BMD is shown in Figure 3.

Comparison of Etest to reference BMD for
TMP-SMX

The percentage of CA for Etest to BMD was
46.2% (92/199) (Table 1). This suggests that less than
half of the isolates were classified similarly by both
the Etest and BMD methods regarding their
susceptibility to TMP-SMX. There was 53.8% (107/199)
of ME, suggesting a significant discrepancy in the
classification of isolates between the two methods.
Notably, no VME and no MIE were detected, indicating
that the Etest method did not misclassify any resistant
isolates as susceptible or vice versa. The scattergram
comparing Etest and BME is demonstrated in Figure 4.
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Figure 1 Scatter plot of CAZ zone diameter versus BMD MICs against 199 B. pseudomallei clinical isolates.
The dotted lines represent the susceptibility breakpoint for CAZ. VME: very major error (false susceptible);
ME: major error (false resistant); MIE: minor error (intermediate result by the tested method and resistant or
susceptible by the reference method, or vice-versa). The yellow background indicates that one ME occurred
when the disk diffusion was compared with the BMD. The green background shows that seven MIE occurred

when the disk diffusion method was compared with the MIC of the BMD.
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Figure 2 Scatter plot of CAZ Etest MICs versus BMD MICs against 199 Burkholderia pseudomallei clinical isolates.
The dotted lines represent the susceptibility breakpoint for CAZ. VME: very major error (false susceptible);
ME: major error (false resistant); MIE: minor error (intermediate result by the tested method and resistant
or susceptible by the reference method, or vice-versa). The green background shows that three minor errors

occurred in the MIC of the Etest compared with the MIC of the BMD.
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Figure 3 Scatter plot of TMP/SMX zone diameter versus BMD MICs against 199 B. pseudomallei clinical
isolates. The dotted lines represent the susceptibility breakpoint for TMP/SMX. VME: very major error (false
susceptible); ME: major error (false resistant); MIE: minor error (intermediate result by the tested method and resistant
or susceptible by the reference method, or vice-versa). The yellow background indicates that one hundred
and fifty-two ME occurred when the disk diffusion was compared with the BMD. The green backeround shows
that twenty MIE occurred when the disk diffusion method was compared with the MIC of the BMD.
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Figure 4 Scatter plot of TMP/SMX Etest MICs versus BMD MICs against 199 Burkholderia pseudomallei
clinical isolates. The dotted lines represent the susceptibility breakpoint for TMP/SMX. VME: very major error

(false susceptible); ME: major error (false resistant); MIE: minor error (intermediate result by the tested method

and resistant or susceptible by the reference method, or vice-versa). The yellow background shows that one

hundred and seven minor errors occurred in the MIC of the Etest compared with the MIC of the BMD.

Discussion

Prior studies have highlighted the importance
of AST in the determination of appropriate antibiotic
regimens for treating melioidosis. In alignment with
this context, the present study compared two AST
methods, disk diffusion, and Etest, to the reference
method, an automated BMD, to assess the
susceptibility of B. pseudomallei to CAZ and TMP-SMX
for decision-making in resource-limited areas.
This study presents a novel approach by
comprehensively evaluating the performance of three
commonly used methods for antimicrobial
susceptibility testing: disk diffusion, Etest, and
automated broth microdilution. The results revealed
a strong correlation between disk diffusion and Etest
methods for CAZ compared to the BMD. However,
for TMP-SMX, both disk diffusion and Etest revealed
not only the unsatisfactory category agreement but
also high ME. Nevertheless, no VME for CAZ and
TMP-SMX was observed. This comprehensive
evaluation sheds light on the strengths and limitations
of each method, offering valuable guidance for
clinicians and researchers in selecting the most
appropriate method for accurate, cost-effective and
appropriate antimicrobial susceptibility testing.

These results corroborate the findings of a great
deal of previous research on the comparison of AST
for CAZ susceptibility testing of B. pseudomallei. This
study demonstrates that the CA values of disk
diffusion and Etest for CAZ exhibited excellent
correlation, at 96% and 98.5%, respectively, when
compared to the BMD method. This finding is

consistent with that of Nhung et al., who demonstrated
100% susceptibility to CAZ using Etest for all B.
pseudomallei isolates in Northern Vietnam®.
Additionally, a comparison between the Etest and
BMD of B. pseudomallei from 15 different countries
revealed a strong correlation of Etest with the
reference BMD for CAZ susceptibility”.

The low CA values of 13.6% and 46.2% with
hish ME of 76.4% and 53.8% of TMP-SMX in disk
diffusion and Etest methods, respectively, are
consistent with data obtained in Wuthiekanun and
colleagues’ report, which demonstrated B. pseudomallei
resistance to TMP-SMX at 71% by disk diffusion and
13% by Etest™. B. pseudomallei isolates in Northern
Vietnam showed 10% resistance to TMP-SMX using
Etest™.

This finding contradicts previous studies that
have suggested a very low primary resistance of B.
pseudomallei to TMP-SMX when using the Etest
method. Notably, these previous observations
consistently indicated uncommon resistance of B.
pseudomallei to TMP-SMX'"'*** One possible
explanation for this discrepancy could be the minor
difference in reading at the 80% inhibition point of
Etest, which often diffuses edges, leading to potential
false interpretation as resistance'” . Additionally, the
lack of standardized methodologies and interpretative
criteria for disk diffusion and Etest in assessing
TMP-SMX susceptibility with B. pseudomallei could
lead to potentially misleading data, despite CLSI

recommendations.
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These results from this study underscore the
importance of carefully selecting and validating AST
methods, especially in regions with limited resources.
The disk diffusion and Etest yielded a good CA with
the automated BMD for CAZ susceptibility, suggesting
that either of these methods can be employed in
such settings with reasonable confidence. Nevertheless,
caution is warranted when assessing TMP-SMX
susceptibility, as both disk diffusion and Etest
methods exhibited discrepancies when compared to
the automated BMD, possibly indicating limitations in
their accuracy for this specific antibiotic. However,
most laboratories in melioidosis endemic regions in
developing countries rely on disk diffusion while
routine MIC is simply not practical or affordable.
A multi-center study to establish epidemiological
cut-off values for BMD and disk diffusion for eight
clinically relevant antimicrobial agents against B.
pseudomallei followed the European Committee on
Antimicrobial Susceptibility Testing (EUCAST)
methodology suggested that CAZ remains the most
appropriate first-line treatment during the initial
parenteral phase even when it is reported as
intermediate susceptible. Furthermore, TMP-SMX
should also be prescribed for the eradication phase
even though it is reported as intermediate susceptible
that should be noted as “susceptible but requires
high doses™ *°. Although true TMP-SMX resistance may
be uncommon, implementing broth microdilution in
resource-limited settings provides notable benefits in
accuracy, reliability standardization that offers the
accurate interpretation and guiding appropriate
antibiotic therapy.

Conclusion
In conclusion, the disk diffusion and Etest
methods showed acceptable performance as
alternative methods to BMD for CAZ. While BMD to
determine the MIC values is required for testing
susceptibility to TMP-SMX.
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