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Septicemia due to MDR isolates in ICU: a therapeutic challenge
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ABSTRACT

Emergence of multidrug resistant bacterial sepsis is one of the
important cause of morbidity and mortality in ICU patients. An
attempt was made to determine the profile and antimicrobial
resistance pattern of aerobic bacterial isolates from blood
cultures of ICU patients. This was a one year prospective study
in the department of Microbiology, PIMS Jalandhar. A total of
850 blood samples obtained from patients suspected of sepsis
were processed aerobically and antibiotic susceptibility testing
was performed by Kirby Bauer disc diffusion method. The drug
resistant strains were screened by Double disc synergy test for
ESBL and oxacillin and cefoxitin disk diffusion method for
MRSA. Blood cultures were positive in 7.64 %( 65/850)
samples. Gram negative organisms were isolated in 38(58.46%)
of 65 samples, with Enterobacteriaceae accounted for
84.21%(Escherichia coli 53.12%, Klebsiella pneumoniae
31.25%,Salmonella typhi 9.37% and Proteusmirabilis 6.25%)
and Acinetobacter baumannii 15.80%. Stahylococcus aureus
(64%) followed by Enterococcus sp. (28%) were the major Gram
positive isolates and 3.08% (2/65) isolates were fungi. High
level of resistance to various antibiotics was seen among Gram
negative bacteria with 81.57% (31/38) of the isolates showing
multi-drug resistance. MRSA isolates were 68.75%) (11/16) and
ESBL producers were 73.68 % ( 28/38). Owing to increased
prevalence of multi-drug resistant isolates in ICU, this study
stresses the need for the continuous screening for antibiotic
resistance in intensive care unit.

INTRODUCTION
! I Yhe intensive care unit (ICU) is the epicentre of

infections, mainly due to its extremely vulnerable

population of critically ill patients,with impaired host
defences; high risk of bacteraemia due to underlying diseases,
invasive therapeutic procedures and contaminated life support
equipment which could lead to sepsis or septic shock. The
additional problem of multidrug-resistant pathogens boosts the
adverse impact of infections in ICUs. Several factors influence
the rapid spread of multidrug-resistant pathogens in the ICU, e.g.,
new mutations, selection of resistant strains, and suboptimal
infection control.[ 1] Consequently, the ICU population has one of
the highest occurrence rates of (nosocomial) infections (20-30%
of all ICU-admissions).[2]Increasing antimicrobial resistance
rates among microorganisms isolated from BSIs are a significant
problem worldwide.[3] Methicillin-resistant S. aureus (MRSA),

vancomycin-resistant enterococci (VRE), extended-spectrum
beta-lactamase-producing Klebsiella Spp.,carbapenem-resistant
enterobactericeae, P. aeruginosa and Acinetobacter spp. were
seen more frequently in ICU patients than in non-ICU patients in
many countries.[4-6] The ICU has even been described as a
factory for creating, disseminating, and amplifying antimicrobial
resistance.[7] The ongoing emergence of resistance in the
community and hospital is considered a major threat for public
health. The initial selection of antibiotics, hence, needs the
knowledge about the current antibiogram in the given area. This
prospective study was undertaken to determine the profile and
antibiotic resistance pattern of aerobic isolates from the blood
cultures of ICU patients. The aim of this study is also to provide
valuable information that will aid in the decision-making and
improvement in the care of patients especially in the selection of
antibiotic regimen.
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MATERIALS AND METHOD

During June 2010 to May 2012, 850 blood samples with strict
aseptic precautions from suspected cases of bacteraemia/
septicaemia from ICU were cultured; in microbiology laboratory
of PIMS, Jalandhar. A second set was also collected in all cases
about an hour later from different venipuncture site. Five milliliter
(ml) of blood was collected in each set into 50 ml tryptone soya
broth with SPS (1:10 dilution) respectively. Bottles were then
incubated at 37°C for 7 days. Subcultures on the blood agar,
chocolate agar and MacConkey agar plates were done after 24
hours, 48 hours,72 hours and on 7" day. The organisms were
identified by standard conventional methods of identification.[ 8]
Antimicrobial susceptibility testing was performed by modified
Kirby Bauer disc diffusion method using commercially available
disc.[9]The antibiotic discs and their concentrations in pg were:
beta lactams (Oxacillinl, Cefdinir5, Cephalexin30, Cefoxitin30,
Cefuroxime30, Ceftriaxone30, Cefotaxime30, Ceftazidime3O0,
Cefuroxime30, Cefpodoxime 10, Cefepime 30) 3 Carbapenems
(Imipenam10, Meropenem10), Aminoglycoside (Amikacin30,
Gentamicinl0), Fluroquinolones (Moxifloxacin5,
ciprofloxacin5), Macrolides (Erythromycinl5, Azithromycinl15),
Blactam/ Blactamaseinhibitors (Amoxyclav20/10, Piperacillin +
Tazobactam100/10, Cefoperazone + Sulbactum75/10), Others
(PolymyxinB 300units,Chloramphenicol 30, Clindamycin 2,
Vancomycin 30, Linezolid 30). All the antimicrobials used for the
study were obtained from Hi-Media, India. The results were
interpreted as per the Clinical and Laboratory Standards Institute
(CLSI) guidelines.[10] The strain which was resistant to 3 classes
of antibiotics was considered as Multi Drug Resistant (MDR)
strain. The drug resistant strains were screened for Methicillin
Resistant Staphylococcus aureus (MRSA) and Extended
Spectrum Beta Lactamases (ESBL).

MRSA

Test for detection of MRSA was done by oxacillin (1pg) and
cefoxitin (30pg) disk diffusion method on Mueller Hinton agar
(MHA).[11] After over night incubation at 350c, the inhibition
zones of diameter less than or equal to 10 mm of oxacillin disc and
less than or equal to 21 mm of cefoxitin disc, indicated MRSA.
Staphylococcus aureus ATCC 25923 was used as quality control
strain.

ESBL

Isolates which were resistant to azotreonam,cefpodoxime,
ceftriaxone or cefotaxime as per CLSI screening criteria were
taken up for further study.

Detection of ESBL was done by Double disc synergy test by
using 30ug discs of azotreonam, cefpodoxime, ceftriaxone and
cefotaxime placed 15 mm(edge to edge)around an amoxyclav
(20pg amoxycillin + 10pg clavulanic acid)disc on inoculated
MHA plate. Inoculated plates were incubated overnight at
37°C.Enhancement of the zone of inhibition between the
amoxyclav disc and any one of the B lactam discs indicated the
presence of ESBL. [12] Escherichia coli (ATCC 25922) and
Klebsiella pneumoniae (ATCC 700603) were used as negative
and positive control reference strains, respectively.

RESULTS

The present prospective analysis revealed that in a total of 850
blood cultures, 65 (7.64%) yielded mono microbial growth. The
positive culture includes Gram negative bacilli 58.46% (38/65),
Gram positive cocci 38.46% (25/65) and Fungi 3.08% (2/65)

Table 1: Frequency ofbacterial isolates from blood cultures

Microorganism Number Percentage
Gram negative bacilli  (38) (58.46%)
Eschenchia coli 17 44.73
Klebsiella pneumoniae 10 26.31
Salmonella typhi 3 7.89
Proteus mirabilis 2 5.26
Acinetobacter sp. 6 15.78
Gram positive coccl (25) (38.46%)
Staphylococeus aureus 16 64
Enterococct sp. 7 28

CoNS 2 04

Fungi (2) (3.08%)
Candida albicans 2 3.08
Total 63 100

(Table-1). Amongst Gram negative bacteria Enterobacteriaceae
accounted for 84.21%(Escherichia coli 53.12%, Klebsiella
pneumoniae 31.25%, Salmonella typhi 9.37% and Protreus
mirabilis 6.25%) and Acinetobacter sp. 15.80%.While amongst
Gram positive isolates Stahylococcus aurcus (64%),
Enterococcus sp. (28%) and Coagulase negative
staphylococcus(CoNS) (8%) were isolated. Among the isolated
Staphylococcus aureus strains 68.7% (11/16) were MRSA .
Resistance rate of Enterococci sp. to aminoglycosides and
macrolides ranges from 28.5% to 59.14% (Table-2).High level of
resistance was seen among Gram negative isolates with 81.57%
(Escherichia coli(15), Klebsiella pneumoniae(10) and
Acinetobacter(6)) isolates resistant to 3 or more drugs (multi-
drug resistant).In contrast, Salmonella typhi and Proteus mirabilis
showed 100% sensitivity to all the drugs. ESBL production was
seen in 73.68% (28/38)(Table-2). The antimicrobial resistance
pattern of resistant isolates are shown in the table number 2.

DISCUSSION

Antimicrobial resistance is a continuing serious problem in
the treatment of BSIs in ICU. In the present study, isolation rate of
blood culture positive cases was 7.64%, where as 4.60% was
reported in another study.[13] Infection rate in ICUs have been
documented to be the highest of all hospital acquired infections in
large multicentre studies in the United State of America (USA)
and Europe.[14,2] Gram negative organisms (58.46%) have been
the more prevalent causative pathogens of septicemia in the
present study than Gram positive organisms. Similar findings
have also been reported by other workers (67.5%).[14] The
changing etiological agents of septicemia may reflect the
changing demography of septicemia in developing countries,
which might be related to the geographical variations.[15]The
analysis of frequency of Gram negative pathogens in current
study revealed that Escherichia coli 44.73%,,Klebsiella

pneumoniae 26.31% and Acinetobacter baumannii 15.78% were
the common causative organisms implicated in BSIs where as
Alam MS. et al reported Acinetobacter species 31%, Salmonella
typhi 24.1% and Escherichia coli 23.3% as the most common
pathogens.[15] In the present study Escherichia coli(53.12%)and
Klebsiella pneumoniae (31.25%) were the most commonly
isolated Enterobacteriaceae. This is comparable to the finding of
other workers, 15.17% and 14.99% respectively[16] .In the

477



Asian J. Pharm. Hea. Sci. | Oct-Dec 2012 | Vol-2 | Issue-4

Table 2: The antimicrobial resistance pattern of resistant isolates

Antimicrobial Agents A B (& D E

Beta Lactam R(47.22%) (%) R(74.73%) R (100%) R (100%)
Oxacillin 11 68.75 Not tested NT NT NT
Cephalexin 11 68.75 NT NT NT
Cefoxitin 10 625 NT NT NT
Cefuroxime 04 25 16 94.11 10 100 06 100
Ceftriaxone 04 25 08 4705 10 100 06 100
Cefotaxime 06 625 12 7458 10 100 06 100
Ceftazidime 06 625 09 5294 10 100 06 100
Celpodoxime 08 30 09 5294 10 100 06 100
Azotrenam NT 16 9411 10 100 06 100
Cifdinir NT 16 9411 10 100 06 100
Cefepime NT 12 7458 10 100 06 100
Carbapenems R (0%) R (0%0) R (5.88%) R (0%) R (0%)
Meropenem S 0 5 0 02 11.76 0 0 S 0
Imipenem S 0 S 0 0 0 ] 0 S h}
Aminoglycoside R (18.75%) R (28.57%) R (3.92%) R (66.66%) R{83.33%)
Gentamicin* 04 25 04 57.10 02 11.76 10 100 05 83.33
Amikacin 02 125 S 0 S 0 0 0 05 83.33
Netlimicin 02 125 S 0 S 0 1o 100 05 83.33
Fluroquinolones R (625%) R (0%) R (8823%) R (50%) R (100%)
Ciprofloxacin 01 6.25 S 0 15 (83.23) 04 40 06 100
Moxifloxacin 01 6.25 S 0 15 (83.23 06 60 06 100
Macrolides R(28.12%) R (59.14%) Not tested Not tested Not tested
Erythromyecin 05 31.25 04 5914

Azithromycin 04 25 04 59.14

Plactam/ P lactamase R(33.33%) R (0%) R (52.93%) R (66.66%) R (61.10%)
inhibitors

Amoxyclav 16 100 16 9411 10 100 06 100
Piperacillin+Tazobactam S 0 02 11.76 05 50 04 06.66
Sulbactum+Cefoperazone 5 0 0 0 05 50 01 16.66
Others R (0%) R 0%) R {0%) R (0%) R (16.66%)
Clindamycin S 0 S U] NT NT NT
Vancomycin S 0 S 0 NT NT NT
Linezolid S 0 S 0 NT NT NT
Polymyxmn-B NT NT 02 (11.76) 0 0 01 1666
Chloramp henicol NT NT 0 0 0 0 01 l6.66

A - Staphylococcus aureus, B -Entrococcisp., C-Escherichiacoli, D - Klebsiella pneumoniae,
E - Acinetobacter baumannii, R - Resistant, S-Sensitive, * HLG used for Enterococcus species.

current study Acinetobacter baumannii was isolated in 15.76%,
where as 32% was reported by other workers.[17] Reports of
Acinetobacter species bacteremia are increasing especially from
Asian countries and neighborhood countries of Iran such as Iraq,
Kuwait, Turkey and Afghanistan.[18] An incidence of Proteus
mirabilis was 5.26% in this study where as 1.33% was reported by
other workers.[19]

In our study, resistant rate of Gram negative microorganisms
to P lactams, aminoglycosides and fluroquinolones was
54.94%,30.78% and 47.64%,where as in another study it was
reported to be 65.58%, 54.45% and 13.7% respectively. [17].
Among aminoglycosides, amikacin was a drug with 100%
sensitivity to Escherichia coli and Klebseilla pneumoniae.

Superiority of amikacin was also reported by others.[20,21] 81.57
% of the gram-negative isolates were multi drug resistant. During
the past decades, a shift in the MDR dilemma has been noted from
gram-positive to gram-negative bacteria, especially due to the
scarcity of new antimicrobial agents active against resistant gram-
negative microorganisms.[22] In this study, out of 38 strains of
Gram negative isolates tested for ESBL production,63.15
%(24/38) were ESBL producers. Goyal A et al reported almost
similar (55%) results. [23] Resistance to Plactam/  lactamase
inhibitors was 36.13% which is in accordance with the other
study(32.94%). [19] Of particular concern is the emerging
resistance to carbapenems (5.88 to 25%) because they are the only
treatment option available in ESBL producers. Some studies have
reported even higher resistance(70%) to carbapenems.[17] The
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increased resistance to carbapenems may be due to wide-spread
unnecessary use of carbapenems and production of various
lactamases such as AmpC P lactamases and metallo- J
lactamases in gram negative isolates.[24] Although high rates of
antimicrobial resistance was observed in our study, one
encouraging observation was that Salmonella typhi which is the
important causes of community acquired BSIs showed 100%
sensitivity to all the drugs including ampicillin, chloramphenicol
and ciprofloxacin. MDR and even ESBL production have been
reported in Salmonella but in our study none of the Salmonella
isolate was MDR or ESBL producer.[25]

The common Gram positive isolates in our study was
Staphylococcus aureus (64%), where as 24.1% and was reported
by other workers.[26] The finding of more Gram positive isolates
may reflect on better isolation of patients and hand washing
precautions in ICU. Possibly for similar reasons, in Europe and
USA blood culture is more likely to yield Gram positive
growth.[3] The rate of MRSA infection in our study was found to

be 68.75% which is in accordance with other study (63.64%) [27]
but much higher than other report(20%).[28] The driving force of
resistance in MRSA is cross-contamination and admission of
already colonised patients to the ICU.[29] It usually arises from
nosocomial infections, indiscriminate use of antibiotics,
prolonged repeated hospitalization, intra venous abuse, presence
of indwelling medical devices, increased age, nasal carriage,
presence of open skin lesions and are often associated with high
mortality. In the present study the frequency of resistance of
Staphylococcus aureus to [ lactams, aminoglycosides and
fluroquinolones was 47.22%, 18.75% and6.25 % respectively,
where as higher resistance was reported by other workers
(58.54%,31.3%,36.8% respectively). [17] Ciprofloxacin showed
the highest microbial activity(93.75%), followed by
amikacin(87.5%) for Gram positive isolates. In other studies
ciprofloxacin was the most effective drug for Gram positive and
Gram negative bacteria (87%).[30,17] Resistance rate of
Enterococci species to different group of antibiotics
(aminoglycosides and macrolides) ranged from 28.57% to
59.14% where as in other study it was reported to be 33.3% to
64.7%.[15] In our study vancomycin was a highly active drug
against gram positive organisms with 100% sensitivity against
MRSA and Enterococci. However, it should not be expected that
this activity continues for a long time as already there have been
reports of Vacomycin resistant Enterococci (VRE) and
Vancomycin resistant Staphylococcus aureus (VRSA) from
different centres.[31,15].Fungi (Candida albicans) were isolated
in 3.08% of isolates. This is similar to 2.4% reported by Shahla
Latif et al.[26] Due to their immunocompromised status, patients
in the ICU are at risk of invasive candidiasis.[32]The insufficient
antibiotic-prescribing practices, especially the unnecessary use of
broad-spectrum antibiotics, a shift in the MDR dilemma from
gram-positive to gram-negative bacteria, especially due to the
scarcity of new antimicrobial agents active against resistant gram-
negative microorganisms together with the insufficient hospital
infection prevention program are considered to be the cause of an
increased incidence of BSIin the ICUs.

CONCLUSION

Bacteremia has a great impact on mortality. Therefore, blood
culture should be routinely done in all acutely ill patients. In this
study the frequency of MRSA (68.75%) is considerably high.
Hence apart from treatment of MRSA, strict infection control
practices should be adopted to curtail the spread of this “Super
bug”.As noted by the Infectious Diseases Society of America's

“Bad Bugs, No Drugs” campaign, during the next decade, no new
antimicrobial classes are expected to be developed to target some
of these multidrug-resistant Gram-negative bacilli."”In light of
emerging Gram-negative resistance combined with an empty
pharmaceutical pipeline in the foreseeable future, we must make
appropriate use of both newer (e.g.tigecycline, imepenem) and
older (e.g., polymyxins, sulbactam) antibiotics so that therapeutic
options are still available for years to come. Prompt and effective
therapy requires up to date knowledge of locally prevalent
organisms and ongoing surveillance for emerging antibiotic
resistance. A strong infection control team approach should be
preferred, including specialists, clinical microbiologist, ICU
physicians and nurses.
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