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ABSTRACT

Introduction: Early detection and treatment of sepsis can be lifesaving for
critically ill patients. Sepsis caused by Gram negative organisms is on the rise
in cancer patients. It is important to identify the infecting organism and test the
effectiveness of antibiotics against it as soon as possible. We aimed at studying
the in vitro effectiveness of commonly used antibiotic against pathogenic Gram
negative organisms in cancer patients with sepsis. Methods: We conducted a
four year and one month study of all Gram-negative isolates from blood samples
of patients received from oncology units in our hospital. All isolates were
processed as per standard microbiology laboratory operating procedures (SOPs).
Isolates were identified to species level and susceptibility tests were performed,
interpreted and reporting of results was as per Clinical Laboratory Standards
Institute (CLSI) guidelines. Results: A total of 5391 blood cultures were received
during the study period of which 179 tested positive for Gram negative bacterial
sepsis. Escherichia coli Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Acinetobacter spp. were most commonly encountered pathogens. Resistance
to piperacillin-tazobactam in the Enterobacteriaceae group was high at 63.46%
in K. pneumoniae and 46.4% in E. coli respectively. Although resistance to
cefoperazone—sulbactum was 65% in K. pneumoniae, three-fourths of the
isolates remained susceptible to ceftazidime. K. pneumoniae and E. coli
also showed a very high rate of resistance 69.3% and 83.2% respectively

INTRODUCTION

Cancer figures among the leading cause of mortality and morbidity
worldwide, with approximately 14 million new cases and 8.2 million
cancer related deaths in 2012 according to a report published by WHO
world cancer report 2014, with the number of new cases expected
to rise by 70% over the next two decades.! Cancer patients are
immunocompromised due to the disease itself and also due to multiple
factors such as chemotherapy, radiotherapy, impairment of normal
leukocyte function, and use of corticosteroids. This leads to increased
bloodstream infections in cancer patients.”) In a study conducted on
hematopoietic stem cell transplant (HSCT) recipients it was reported
that 37% of the patients had Gram negative bacterial sepsis of blood.>?!
Also Williams et al. reported 606,176 cancer hospitalizations of which
severe sepsis was present in 29,795 (4.9%) of the patients.”! Bloodstream
infections due to Gram-negative bacilli (GNB) are common in cancer
patients during aggressive immunosuppressive therapy. A study carried
out in patients with hematological malignancies and solid neoplasms in
Hospitals in the United States by Wisplinghoff et al. reported Gram-
negative organisms accounted for 22% and 14% of all blood stream
infections (BSIs).” In a prospective study conducted in a paediatric
hemato-oncology unit of a tertiary care hospital, blood stream infections
accounted for half of the total infections.!’ Another Indian study on
BSIs showed that common bacterial isolates from patients with cancer
were Pseudomonas spp. (30.37%), Staphylococcus aureus (12.6%) and
Acinetobacter spp. (11.57%).7 Similarly in a blood stream infections
in pediatric patients at a tertiary care cancer centre in India it was
reported that Lactose fermenting Enterobacteriaceae i.e., Escherichia
coli (28.4%), Klebsiella pneumoniae (22.1%), and Enterobacter (4.8%)
accounted for more than half of all GNB. Pseudomonas spp accounted
for 53 (25.5%) and Acinetobacter spp. 19 (9.1%) of GNB.!!

In recent years due to rampant use of antibiotics and also due to
evolution of various resistance mechanisms in Gram negative bacteria
there has been widespread increasing resistance.”’) The quinolones
of which ciprofloxacin is the most effective against Gram negative
bacteria, most importantly Pseudomonas aeruginosa has been reported
to show resistance due to gyrA and parC mutations in the gene
encoding DNA gyrase enzyme.!"” Also various other mechanisms of
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to the fluoroquinolone ciprofloxacin. Half of the Acinetobacter strains were
resistant to meropenem a carbapenem antibiotic. Three isolates of Klebsiella
pnuemoniae were resistant to Colistin. Conclusion: A high level of resistance
to cephalosporins, fluoroquinolones and beta-lactam — beta lacatamase inhibitor
combinations is seen in Gram negative sepsis causing organisms in cancer
patients, particularly E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
and Acinetobacter spp. Resistance to carbapenems is also on the increase in
this group of organisms.
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quinolone resistance have been elucidated such as over expression of
efflux pump system and the innate impermeability of the membrane in
Gram negative bacteria.'! In aminoglycosides, the noted mechanism
of resistance include the deactivation of aminoglycosides by
aminoglycoside-modifying enzymes which act on specific sites of the
aminoglycosides causing acetylation, adenylation or phosphorylation
via aminoglycoside phosphotransferase (APH)."? Amikacin the most
successful antibiotic of its class is effective against Gram negative
bacterial infection which are found to be resistant to gentamicin and
tobramicin, however resistance mechanisms such as mutations in
the ribosomal sites essential for its binding has been reported." The
extended spectrum beta lactam-beta-lactamase inhibitor (BLBLI)
combination piperacillin-tazobactam has been losing effectiveness
mainly due a change in the outer membrane protein of the organism
that blocks its entry into the periplasmic space.!" Carbapenem class of
antibiotic such as meropenem are often the last line of defence against
many Gram negative bacteria that are resistant to other antimicrobial
agents.!"") However increasing resistance has been reported throughout
the world due to extended spectrum beta-lactamases, mainly New
Delhi Metallo-p-lactamase-1 (NDM-1), conferring resistance to all the
carbapenems thus raising issues of serious concern in the treatment
of Gram negative Enterobacteriaceae blood stream infections in cancer
patients.['®!”) In this study we report the antibiotic susceptibility testing
(AST) profile of some of the common Gram negative isolates from
sepsis cases in cancer patients.

MATERIALS AND METHODS

A four years and one month study on the effectiveness of the most
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common antibiotics used against sepsis causing blood stream
infections (BSI) Gram-negative isolates obtained from cancer patients
was undertaken for the period August 2012 to August 2016. The blood
samples were collected and processed for culturing with the relevant
protocols of the hospital as per standard microbiology laboratory
operating procedures.'® Briefly blood was aseptically collected
in BACTEC 9050 blood culture bottles as per the manufacturer’s
recommendations. The samples were then sent to the Microbiology
laboratory for further processing. The BACTEC bottles containing
the samples were loaded in the BACTEC 9050 system (Becton
Dickinson Microbiology Systems, Sparks, MD, USA) and monitored
for positive signal for five days. The positive signals when detected were
immediately Gram stained and cultured on Blood agar, Chocolate agar
and MacConkey agar. The growths obtained were processed as per the
standard operating procedures and isolates identified to the species level
by means of various biochemical tests and by the Vitek-2 instrument
(Biomerieux, France). This was followed with antibiotic susceptibility
testing (AST) performed as per Clinical Laboratory Standards Institute
(CLSI, USA) guidelines 2012.1*) The four commonly encountered Gram
negative isolates Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter spp were included in the study. The disc
diffusion technique was used for antibiotic susceptibility testing. In brief,
lawn cultures of appropriate inoculum of respective organisms were
performed in Muller Hinton Agar (or Muller - Hinton blood agar for
fastidious organisms) and antibiotic discs containing known standard
concentration of the respective antibiotics were placed on the surface of
the inoculated media and these were than incubated overnight. Zones
of inhibition were measured the next day and were correlated with
CLSI interpretive breakpoints to characterise them as Sensitive (S),
Intermediate (I), and Resistant (R). For Gram-negative, the antibiotics
for respective organisms were chosen from the following: Amoxicillin-
clavulanate (20/10 pg), ciprofloxacin (5 pg), levofloxacin (5 pg),
gentamicin (10 pg), amikacin (30 pg), netilmycin (30 pg), cefuroxime
(30 pg), cefoltaxime (30 pg), ceftazidime (30 pg), cefepime (30 ug),
cefoperazone-sulbactam (75/25 pg), cefepime-tazobactam (30/10 pg),
imipenem (10 pg), and meropenem (10 pg). Colistin susceptibility was
performed by MIC (minimum inhibitory concentration) method, with
E-test strips. Percentages of resistance were calculated for the respective
microorganism —antibiotic combinations. Strains of S. aureus ATCC
25923, E. coli ATCC 25922, and Pseudomonas aeruginosa ATCC 27853
were used for quality control (QC).

RESULTS

A total of 5391 specimens for blood culture were received during the
study period of which 179 were positive for Gram negative bacterial
sepsis. Table 1 profiles the Gram negative organisms isolated from the
bloodstream of patients. E. coli and K. pneumoniae constituted the
majority of Gram negative Enterobacteriaceae blood stream infections
(BSI) in our patients accounting for 31.2% and 29.0% of the isolates
respectively. This was followed by Pseudomonas aeruginosa (15.6%)
and Acinetobacter spp (5.5%) isolates respectively. As depicted in Table
2, most organisms isolated were from HL cancers (105) followed by
neurology (19) and gastro-intestinal cancers (15). [Figures 1-4] depicts
the activity of amoxicillin-clavulanate, ciprofloxacin, levofloxacin,
gentamicin, amikacin, netilmicin, cefuroxime, cefoltaxime,
ceftazidime, cefepime, cefoperazone-sulbactam, cefepime-tazobactam,
imipenem, meropenem, and colistin against the respective organisms.
Ciprofloxacin was effective against 78.58% of P. aeruginosa, whereas
resistance was highest in E. coli at 69.23%. Meropenem resistance in K.
pneumoniae was high at 48%; in addition colistin resistance was at 5.7%.
Piperacillin-tazobactam was effective against 80% of Acinetobacter
strains. It can be seen in Figure 2 that 80% of Pseudomonas aeruginosa
were susceptible to ceftazidime, while E. coli and Klebsiella pneumoniae
were mostly resistant. The resistance to cefoperazone-sulbactum in
Klebsiella pneumoniae and E. coli was 65% and 48% respectively.
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DISCUSSION

Septicaemia is a common infection seen in cancer patients.>*! This
study reports the effectiveness of the commonly used antibiotics
against Gram negative bacilli isolated from blood stream infections
of cancer patients in our setting. While bacteria (Gram positive and
Gram negative) and fungi can cause blood stream infections, recent
studies have reported an increase in multidrug resistant (MDR)
Gram negative blood stream infections in cancer patients showing
resistance to cephalosporins, quinolones, aminogylcosides, penicillin/
beta-lactamase inhibitor combinations, and carbapenems, which is a
cause for concern.”” There are variable reports of resistance rates of
Gram negative bacilli to the above antibiotics in literature. A study
conducted in oncology patients (n=179) in United States reported a
14.6% resistance rate to piperacillin-tazobactam combination among
Gram negative organisms in general.?” We report a resistance of
about 41.8% (n=75) to piperacillin-tazobactam combination which
is higher than the above mentioned study. The most resistant Gram
negative organism to piperacillin-tazobactam (63.46%) in our setting
was Klebsiella pneumonia [Figure 2]. E coli resistance to piperacillin-
tazobactam was also high at 46.4%, representing increased resistance
rates of these organisms to BLBLI combinations. Increased resistance
to ciprofloxacin was reported in a study conducted in a cancer patient
population of China which noted Escherichia coli isolates having higher
resistance (46%) in bacteremic patients which was in contrast to the
high sensitivity to ciprofloxacin in bacteremic patients in western
countries."! Our results showed very high levels of resistance to
ciprofloxacin amongst E. coli and K. pneumoniae isolates (83.92% and
69.3% respectively) [Figure 1]. About half of the Acinetobacter spp.
isolates were resistant to carbapenems such as meropenem [Figure 4].
These were multidrug resistant Acinetobacter strains that were resistant
to most antibiotics. One study from Uttar Pradesh, India carried out in
atertiary care hospital reported a resistance rate of 28% in Acinetobacter
spp. which is less than the findings of our study.?!!

The resistance to the carbapenem meropenem in the Enterobacteriaceae
group of organisms particularly E. coliand K. pneumoniaeis alsoa matter
of concern. One study reported a carbapenem resistance rates of 6.6%
due to carbapenemase production such as KPC-2,IMP-4,and NDM-1in
the Enterobacteriaceae isolates.?” The molecular studies to characterise
the carbapenemase markers were not performed in our setting and as
aresult it remained uncharacterised. Studies have suggested a high rate
of resistance of Pseudomonas to piperacillin-tazobactum, amikacins,
and carbapenems.?**!l However, most Pseudomans aeruginosa isolates
from our patients remained susceptible to ciprofloxacin, amikacins,
and meropenem [Figure 3]. Although Pseudomonas stutzeri is generally
taken to be a contaminant, it has been reported to be a pathogen in
immunosuppressed patients and must be correlated clinically in such
a setting.””! Susceptibility to ceftazidime in Pseudomonas aeruginosa
was greater than 80% which is in accordance to the study conducted
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Figure 1: In vitro- activity of commonly used antibiotics against
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Figure 2: In vitro- activity of commonly used antibiotics against
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Figure 3: In vitro- activity of commonly used antibiotics against
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Figure 4: In vitro- activity of ciprofloxacin, amikacin, piperacillin-tazobactum,
and meropenem against spp

by Micek.”! Evolving resistance to colistin (5.7%) among the MDR-
GNBs in our setting is a cause for concern because of limited options.
The problem of infection with multidrug resistant organisms is further
compounded by the immunocompromised status of cancer patients
due to the use of chemotherapy, immunosuppression, catheterization
and sub optimal nutrition. The evolution of resistance among Gram
negative organisms to the beta- lactams, BLBLIs, fluroquinolones, and
recently the carbapenem group of drugs is a major problem facing
countries like India. This is particularly true in the case of members
of the Enterobacteriaceae group such as Escherichia coli and Klebsiella
pneumoniae and organisms such as Pseudomonas aeruginosa and
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Table 1: Gram negative pathogens isolated in cancer patients with sepsis

Gram negative bacilli n (%)
Escherichia coli 56 (31.2)
Klebsiella pneumoniae 52 (29.0)
Klebsiella oxytoca 01 (0.5)
Aeromonas hydrophila 01 (0.5)
Pseudomonas fluroscence 02(1.1)
Pseudomonas aeruginosa 28 (15.6)
Pseudomonas stutzeri 03(1.6)
Shewanella putrefaciens 01(0.5)
Enterobacter cloacae 02(1.1)
Acinetobacter spp 10 (5.5)
Stenotrophomonas maltophilia 03(1.6)
Salmonella spp 08 (4.4)
Chryseobacterium indologenes 02(1.1)
Roseomonas gilardii 01(0.5)
Pantoea spp. 02(1.1)
Brevundimonas diminuta 02(1.1)
Moraxella spp. 02(1.1)
Rhizobium radiobacter 01 (0.5)
Morganella morganii 02(1.1)
Total (n) 179

Acinetobacter spp. in the Indian setting. This is attributable to misuse of
antibiotics by both health care practitioners and patients and veterinary
use of antibiotics. This represents a major cause of concern as it leaves us
with few options of effective antibiotics against these MDR organisms.
In such cases clinicians are left with no option but to revert to old world
drugs such as colistin in treating these infections. In fact, colistin is
already being used with increasing frequency in many tertiary care
hospitals caring for patients with MDR infections. Fortunately, more
than half of E. coli, K. pneumoniae, P. aeruginosa, and Acinetobacter
spp. isolates in our study retained clinically useful susceptibility to
the aminoglycoside, amikacin which still remains a useful treatment
option in our setting. The problem of antibiotic resistance needs to be
tackled on a war footing. National level committees are formulating
guidelines on antibiotic usage and stewardship to minimize the menace
of antibiotic resistance. These include strategies such as restricting over
the counter sale of antibiotics, In-hospital antibiotic monitoring and
antibiotic policy, stepping up infection control measures, rationalizing
antibiotic usage in veterinary practice, enhancing clinical research
on newer molecules and developing a national antibiotic monitoring
network.” It is important for hospitals to regularly monitor resistance
trends to the commonly used antibiotics in their setting and implement
antibiotic policies and stewardship to contain the continuing threat of
antibiotic resistance.

CONCLUSION

Multidrug resistant Gram negative pathogens are an important cause
of blood stream infections causing sepsis in cancer patients. The most
common organism isolated was E. coli followed by K. pneumonie,
P. aeruginosa and Acinietobacter. The extent of resistance to
cephalosporins, quinolones and BLBLIs among Gram-negative bacilli
such as E. coli, K. pneumoniae and Acinetobacter spp. is high. There is
also a increasing level of antibiotic resistance to the carbapenem goup
of drugs particularly in K. pneumoniae and Acinetobacter spp. Adapting
selective antimicrobial use of various pharmacological classes based on
local epidemiologic data may play an important role in containing this
menace of antb ibiotic resistance.
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Table 2: Profile of Gram negative isolates from different types of cancer

Cancer Disease ®
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Organism S
Escherichiae coli 25 ! 2 / / 10 2 ! !
(23.81) (33.33) (40) (46.67) (70) (52.63) (25) (20) (20)
Klebsiella pneumoniae 38 ! 2 3 2 ! 3 2
P (36.20) (20) (13.33) (30) (10.53) (12.5) (60) (40)
. 1
Klebsiella oxytoca (0.95)
. 4 2 1 1 2
Acinetobacter spp. (3.82) (13.33) (33.33) (5.26) (25)
1 1
Enterobacter cloacae (0.95) (33.33)
.. 1
Morganella morganii (0.95)
Pseudomonas aeruginosa 16 ! ! ! > 3 !
g (15.25) (33.33) (20) (6.67) (26.32) (37.5) (20)
. 2 1
Pseudomonas stutzeri (1.90) (5.26)
2
Pseudomonas fluroscence (1.90)
Salmonella s 8
pp- (7.62)
Pantoeas, 2
PP (1.90)
Stenotrophomonas. 1 2
maltophilia (0.95) (13.33)
2
Moraxella spp. (1.90)
1
Shewanella spp. 20)
. " 1
Roseomonas gilardii 20)
Chryseobacterium 1 1
indologenes (0.95) (33.33)
. . 1 1
Brevundimonas diminuta (6.67) (33.33)
o . 1
Rhizobium radiobacter 20)
. 1
Aeromonas hydrophila (0.95)
Total 105 3 5 15 10 3 19 8 5 5
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
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