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Background & objectives: With increased isolation of Burkholderia cepacia complex (Bec) and
Stenotrophomonas maltophilia from clinical specimens, knowledge of their antimicrobial susceptibility
trend will aid in better patient management. This study provides a comprehensive picture of this trend
over a decade.

Methods: A retrospective analysis of laboratory records over 10 years for antimicrobial susceptibility
pattern of Bee and S. maltophilia was carried out. The susceptibility pattern to commonly used
antimicrobials was determined using disk diffusion and compared at the beginning, mid and end of the
study period.

Results: Five hundred and thirty Bee and 665 S. maltophilia isolated over the past 10 yr were included in
the study. Over the years, susceptibility of Bcc for co-trimoxazole varied as 80, 70 and 89 per cent at the
beginning, middle and end of the study, respectively. Susceptibility to tetracycline was 43 per cent at the
beginning of the study and that to minocycline was 100 per cent mid-study and 74 per cent at the end.
Susceptibility to ceftazidime varied as 83, 60 and 65 per cent, respectively, and to meropenem, increased
during the first half of the study and decreased in the second half, as 60, 70 and 43 per cent, respectively.
Bee susceptibility to levofloxacin decreased from 84 (in 2014) to 76 per cent (in 2016). S. maltophilia
susceptibility to co-trimoxazole varied as 90, 82 and 87 per cent, respectively, whereas that to levofloxacin
was 80, 100 and 94 per cent, respectively, during the start, mid and end of the study. Susceptibility to
minocycline decreased from 100 per cent mid-study to 96 per cent at the end. Susceptibility of S. maltophilia
to ceftazidime increased from 24 (in 2012) to 37 per cent (in 2016). All variations among the three phases
of the study were significant for all antimicrobials tested for both the organisms.

Interpretation & conclusions: While Bee showed increased resistance to ceftazidime, meropenem and
minocycline, S. maltophilia maintained >80 per cent susceptibility to minocycline, levofloxacin and
co-trimoxazole throughout the decade. By 2016, Bcc was most susceptible to co-trimoxazole, whereas
S. maltophilia was most susceptible to minocycline and levofloxacin.
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Burkholderia  cepacia complex (Bcec) and
Stenotrophomonas maltophilia are two important
opportunistic non-fermenting Gram-negative
bacilli (NFGNBs) causing rampant infections in
immunocompromised patients'. Bcc is an established
pulmonary pathogen in patients with cystic fibrosis
(CF) and chronic granulomatous disease’. Both Bcc
and S. maltophilia can cause bacteraemia (particularly
in patients with indwelling catheters), septic arthritis,
urinary tract infection, peritonitis, cellulitis/myositis,
osteomyelitis, meningitis, endophthalmitis/keratitis,
endocarditis, etc’. S. maltophilia is also emerging as an
opportunistic pathogen causing respiratory infections
in humans®. Both these organisms are increasingly
being isolated from various clinical samples in routine
diagnostic laboratories as lysine-positive NFGNBs
or with the aid of matrix-assisted laser desorption/
ionization—time-of-flight mass spectrometry (MALDI-
TOF MS)*3. Management of patients infected with these
NFGNBEs is challenging as both Bec and S. maltophilia
are prone to develop resistance to commonly used
antibiotics. Monitoring their susceptibility trend over
the years has thus become important. Only a handful
of studies have documented the antibiogram data
of Bec and S. maltophilia from Indian hospitals'®7,
These studies either give a cross-sectional view of the
contemporary susceptibility patterns or not included a
sufficient number of Bcc and S. maltophilia isolates.
Misidentification of these less common isolates in
the laboratory can lead to wrong institution of high-
end antimicrobials to the patients which could further
make these bugs multidrug resistant. This study was,
therefore, planned to provide a comprehensive picture
of the trend of susceptibility patterns of Bcc and S.
maltophilia over a decade from a high-throughput
laboratory in North India, as an extension to our
previously reported study’ that included isolates from
2007 to 2012.

Material & Methods

Study design: Retrospective data were collected
from samples processed in the Clinical Bacteriology
Section of the department of Medical Microbiology,
Postgraduate Institute of Medical Education and
Research, Chandigarh, India from January 2007 to
December 2016 (10 yr). NFGNBs isolated from
blood, sterile body fluids, pus and respiratory samples
were included in the study. Before 2014, Bcc and
S. maltophilia were identified by lysine positivity and
other conventional biochemical reactions along with
molecular identification and typing of Bcc using recA

polymerase chain reaction—restriction fragment length
polymorphism, as described previously®. After 2014,
identification was done by MALDI-TOF MS (Bruker
Daltonik GmbH, Germany).

Antimicrobial susceptibility testing (ABST): ABST was
performed with Kirby—Bauer disk diffusion test using
commercially available disks (HiMedia, Mumbai).
Different antimicrobials tested were co-trimoxazole
(1.25 pg/23.75 pg), tetracycline (30 pg) or minocycline
(30 ug) (since2012), levofloxacin (5 ug) and ceftazidime
(30 pg) for S. maltophilia and in addition meropenem
(10 pg) for Bece. For quality control, Escherichia coli
(ATCC® 25922), Staphylococcus aureus (ATCC®
25923) and Pseudomonas aeruginosa (ATCC® 27853)
were also subjected to ABST. Results of zone diameters
were interpreted according to contemporary Clinical
and Laboratory Standards Institute (CLSI) guidelines
over the decade, and breakpoints remained the same
during these years®. Isolates with intermediate levels
of resistance in disk diffusion were included in the
resistant organisms for final analysis of isolates. Z-test
for proportions was used to analyze data.

Statistical analysis: The Z-test for proportions was used
to compare the mean susceptibilities of the isolates. A
P value of <0.05 was considered statistically significant
and depicted as *P<0.05, **P<0.01 and ***P<0.001.

Results

An analysis of antimicrobial susceptibility profile
of Bcece (total: 530) and S. maltophilia (total: 665)
isolates from all types of samples, i.e., blood, sterile
body fluids, pus and respiratory samples, from 2007
to 2016 (10 yr period) is presented. In 2013, the
susceptibility of Bec and S. maltophilia could not be
analyzed due to less number of the isolates (<30 both).
The year-wise isolation of Bce and S. maltophilia is
depicted in Table.

ABST trend of Burkholderia cepacia complex (Bcc)
over the decade: During the study period, the
susceptibility of Bcc to co-trimoxazole varied
from 80 per cent at the start, 70 per cent by mid-term
to 89 per cent by the end. The trend of ceftazidime
susceptibility varied as 83, 60 and 65 per cent through
the start, mid and end of the study, respectively. The
susceptibility to meropenem varied as 60 per cent at
the start, increased to 70 per cent by mid-study and
decreased to 43 per cent at the end. All these variations
in the trend of susceptibility during the three phases
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Table. Year-wise isolation of Burkholderia cepacia complex
and Stenotrophomonas maltophilia

Years Bcee (n) Stenotrophomonas maltophilia (n)
2007-2009 63 38

2010-2011 89 54

2012 34 33

2013 28 26

2014 48 131

2015 110 184

2016 158 199

Total 530 665

Bcc, Burkholderia cepacia complex

of the study were statistically significant (P<0.001).
Susceptibility to minocycline decreased from 100
per cent in 2012 to 74 per cent in 2016 (P<0.001)
and that to levofloxacin decreased from 84 per cent
in 2014 to 76 per cent in 2016 (P<0.001). By 2016,
Bcece isolates showed the highest susceptibility to co-
trimoxazole (89%) followed by levofloxacin (76%)
and minocycline (74%) (Fig.1).

ABST trend of Stenotrophomonas maltophilia over the
decade: The susceptibility of S. maltophilia isolates
to levofloxacin increased during the first half of the
study (80-100%) and declined during the second half
(100-94%) (P<0.001). Susceptibility to co-trimoxazole
decreased during the first half of the study (90-82%) and
increased during the second half (82-87%) (P<0.001).
Susceptibility to minocycline decreased from 100 per
cent in 2012 to 96 per cent in 2016 (P<0.001) and that
to ceftazidime increased from 24 per cent in 2012 to
37 per cent in 2016 (P<0.001). By 2016, S. maltophilia
were most susceptible to minocycline (96%), followed
by levofloxacin (94%) and co-trimoxazole (87%)

(Fig. 2).

Discussion

S. maltophilia and Bee have been recognized as the
third and the fourth most common NFGNBs worldwide,
respectively, after Pseudomonas aeruginosa and
Acinetobacter baumannii®. In our previous studies, Bce
was observed to be the third most common NFGNB
followed by S. maltophilia, but when analyzed
cumulatively over a period of 10 years, S. maltophilia
(n=665) were more than Bee (n=530)>11,

The intrinsic resistance of Bcc to various
antibiotics, including penicillin, first- and second-

100
90
80
70
60
50
40
30
20
10

-#- Co-trimoxazole

~+- Levofloxacin

-+ Tetracycline (2007-11)/
Minocycline
Ceftazidime

Per cent susceptible

-= Meropenem

0
2007 to 2010 to 2012 2014 2015 2016
2009 2011

Fig 1. Year-wise antibiotic susceptibility pattern of Burkholderia
cepacia complex.

generation cephalosporins, aminoglycosides,
fosfomycin and polymyxins, leaves the clinician with
limited options for treatment?. Further, selectively
permeable outer membrane, efflux pumps and/or
production of inducible beta-lactamases enable Bcc to
develop resistance de novo'?. Based on the findings of
our study, co-trimoxazole could be considered as the
best therapeutic choice for Bcc infection among all
antimicrobials tested as this drug showed the highest
susceptibility along with an increase in susceptibility
(80-89%) over the decade. Ceftazidime also showed
a 5 per cent increase in susceptibility from mid-study
to the end. However, susceptibility to other drugs, i.e.,
minocycline, levofloxacin and meropenem, has shown
a progressive decline over the past decade. If we
analyze the susceptibility pattern mentioned in different
studies, Chien et al" also found co-trimoxazole to be
the most active agent with a susceptibility of 87 per
cent for Bcc isolates from Taiwan. However, unlike our
findings, the same study reported a higher susceptibility
of 87, 78 and 44 per cent to meropenem, ceftazidime
and levofloxacin, respectively. Similar to our study,
Fehlberg et al'* also documented higher susceptibilities
of Bcece to levofloxacin (96.3%), minocycline (94%),
meropenem (94%) and ceftazidime (93.9%) and
lower susceptibility to co-trimoxazole (71.9%) in
their Brazilian isolates by disk diffusion method.
Interestingly, susceptibility to co-trimoxazole was
reportedly higher, i.e., 97.6 per cent, when broth
microdilution method of susceptibility was employed on
the same isolates in their study. Based on these findings,
it was concluded that the methodology employed
for susceptibility testing (broth or disk diffusion) has
a bearing on the result interpretation. This finding is
similar to our prior observation; upon testing some of
the Bcc isolates, using agar dilution and disk diffusion
methods. Another study from a trauma centre in North
India showed lower susceptibilities to ceftazidime
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Fig. 2. Year-wise antibiotic susceptibility pattern of Stenotrophomonas
maltophilia.

(44.6%) and co-trimoxazole (42.2%) with meropenem
(53%) being the most active agent'>. Although different
studies have reported varying susceptibility ranges to
different antibiotics, co-trimoxazole still remains the
most commonly used antimicrobial option against Bcc
infections'*'¢.

S. maltophilia has been reported to develop
resistance to multiple antimicrobials, including
extended-spectrum  penicillins,  third-generation
cephalosporins, aminoglycosides, quinolones and
carbapenems'’”. According to our observation,
minocycline could be the drug of choice as it showed
the highest susceptibility at the conclusion of the
study (96%). Among other agents tested, levofloxacin
susceptibility increased during the first half and
decreased during the second half of the study. The
susceptibility to ceftazidime increased over the
decade and that to co-trimoxazole increased during
the last five years of the study period. In a study from
2007 to 2011, minocycline showed better efficacy
compared to tetracycline against S. maltophilia's.
However, in literature, co-trimoxazole remains
as a first-line agent for treatment as more than 90
per cent of S. maltophilia isolates are susceptible
to co-trimoxazole'. In our study, co-trimoxazole
susceptibility was almost comparable (87%) to other
studies. However, there are scattered reports showing
that resistance to co-trimoxazole is increasing.
Declining susceptibility report (57%) has been made
by Sun et al*® from China. It has been documented that
up to 10 per cent of Indian isolates and up to 24 per cent
of British isolates are resistant to co-trimoxazole?'2.
In one report from New York, S. maltophilia isolates
from the sputum samples of cystic fibrosis patients
showed exceptionally high resistance of 84 per cent

to co-trimoxazole®. S. maltophilia usually expresses
variable susceptibility pattern to fluoroquinolones
also’. Chang et al** reported a decrease in susceptibility
to levofloxacin, from 83 per cent (2003-2008) to 77
per cent (2011) among their S. maltophilia isolates,
whereas Sun et al*°, 83 per cent of S. maltophilia
isolates from China were susceptible to levofloxacin
in 2014. In the present study also, susceptibility of
S. maltophilia was second highest for levofloxacin
(94%) among the isolates from North Indian patients.
A similar observation was made in South India also
where 91 per cent of S. maltophilia were susceptible
to levofloxacin®'. With respect to ceftazidime,
different geographical regions have reported varying
susceptibility for S. maltophilia®*"-».

Interestingly, increased susceptibility to both
co-trimoxazole and ceftazidime was observed
in the last five years of this study for both Bcc
and S. maltophilia. 1t could possibly be due to
discontinuation of the use of these antimicrobials
that lead to re-emergence of susceptibility, as
noticed earlier in Salmonella spp®. Loss of
plasmids conferring resistance to co-trimoxazole
and ceftazidime over time could also be
responsible for increasing susceptibility towards
these antimicrobials?’. Increased susceptibility of
S. maltophilia have been reported in Europe as
well?®.

The present study is unique in incorporating a
comprehensive collection of two important NFGNBs
and the trend of their antimicrobial susceptibility profile
over a time frame of 10 years. However, the limitation
of the study is that although broth microdilution is
considered the gold standard method for antimicrobial
susceptibility testing, the same could not be pursued
in the present study owing to large number of samples
processed in our high-throughput laboratory.

Correct and timely identification of the multidrug-
resistant isolates of Bce and S. maltophilia in a routine
microbiology laboratory is a herculean task as these
need to be differentiated from P. aeruginosa as both
have inherently contrasting susceptibility pattern to
that of P. aeruginosa®. Further, their misidentification
has a direct bearing on patient care as these organisms
are intrinsically resistant to the antibiotics that are
used as the last resort agents against P. aeruginosa
and most of the other GNBs such as carbapenems and
polymyxins. Therefore, accurate identification of Bcc
and S. maltophilia isolates along with the antibiogram
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comes to the forefront in optimal management of
patients infected with these NFGNBs and also in
preventing development of multidrug-resistant strains.
Overall, our data suggest that co-trimoxazole should
be the preferred drug of choice for Bcc, whereas
minocycline or levofloxacin should be the preferred
drug of choice for S. maltophilia.
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