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ABSTRACT

Background: The emergence of carbapenem-
resistant Gram-negative bacilli (GNB) represents a 
serious public health threat which requires 
implementation of antimicrobial stewardship 
programs to reverse conditions that favour the 
emergence of multidrug-resistant GNB within the 
hospital (increased use of carbapenems), thereby 
reducing morbidity/mortality and healthcare costs. 
The prevalence of Carbapenem resistant GNB 
causing infections at LUTH and their resistance 
pattern to other classes of antimicrobial agents were 
determined. 

Methods: The bacterial isolates were recovered from 
various clinical specimens in LUTH between January 
and October 2015. Antimicrobial susceptibility testing 
was done using the Modified Kirby-Bauer disc 
diffusion and gradient diffusion methods and 
interpreted using EUCAST 2014 breakpoints tables, 
version 4.0 and CLSI 2013 guidelines Carbapenem 
resistance was defined as resistance to any of  
imipenem (10µg), meropenem (10 µg) or ertapenem 
(10 µg).

Result: Four hundred and two Gram- negative bacilli 
were isolated. Seventy one (17.7%) were 
carbapenem resistant, comprising 16 (59.3%) of the 
27 Acinetobacter baumanii, 26 (17%) of the 153 
Pseudomonas aeruginosa, and 29 (17%) of the 222 
Enterobacteriaece. All carbapenem resistant isolates 
were multidrug-resistant except one. Most isolates 
were susceptible to colistin (88 – 100%), polymixin B 
(88.5% for Pseudomonas aeruginosa), and 
tigecycline (44.1% for Enterobacteriaece). 

Four hundred and two Gram- negative bacilli were 
isolated. Seventy one (17.7%) were carbapenem 
resistant, comprising 16 (59.3%) of the 27 
Acinetobacter baumanii, 26 (17%) of the 153 
Pseudomonas aeruginosa, and 29 (17%) of the 222 
Enterobacteriaece. All carbapenem resistant isolates 
were multidrug-resistant except one. Most isolates 
were susceptible to colistin (88 – 100%), polymixin B 
(88.5% for Pseudomonas aeruginosa), and 
tigecycline (44.1% for Enterobacteriaece). 

Conclusions: There was a high rate of carbapenem 
resistance among GNB most of which were multi drug 
resistant. Antimicrobial stewardship should be 
instituted with the restricted use of carbapenems. 
Spread of these multi drug resistant organisms should 
be prevented with infection control practices like hand 
hygiene and contact based precaution.

INTRODUCTION
Antimicrobial stewardship programmes (ASPs) aim to 
improve clinical efficacy of antimicrobial treatments 
and limit antimicrobial resistance through reducing 
selective pressure which leads to development of 
resistance, to currently effective antibiotics. 
Indiscriminate, inadequate and prolonged use of 
antimicrobials (AMs) leads to emergence and 
proliferation of resistant strains. Development of 
antimicrobial resistance pattern is directly 
proportional to the volume of AM consumed. 
Therefore, to reduce the development of antimicrobial 
resistance, usage regulation is essential (1). 

Carbapenems are a class of beta-lactam antibiotics 
with a broad spectrum of antibacterial activity. They 
are recommended for treatment of severe infections 
caused by extended-spectrum beta-lactamases 
(ESBLs) producing Gram- negative bacilli (GNB)  
(2,3). Carbapenems also became crucial for 

preventing and treating life-threatening nosocomial 
infections, which are often associated with techniques 
developed in modern medicine (transplantation, 
hospitalization in an intensive care unit, highly 
technical surgery). Increased prevalence of ESBL 
producing GNB has led to increased use of 
carbapenem and the attendant resistance which 
arises through various mechanisms. These range 
from overexpression of β-lactamases with no 
carbapenemase act iv i ty to product ion of  
carbapenemases with the ability to hydrolyse the 
carbapenems (4,5); decrease in bacterial outer-
membrane permeability – (615) and by active 
expulsion of antibiotics out of the bacterial cell via 
increased expression of efflux systems –(14,1624).

The spread of community-acquired Gram negative 
bacilli (GNB) producing ESBLs capable of hydrolysing 
almost all β-lactam antibiotics except carbapenems 
has been reported worldwide (25). The consequence 
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of this emerging phenomenon has been an increased 
use of carbapenems (25). These has led to the 
emergence of carbapenem-resistant Gram-negative 
bacilli – (2629). Reports of carbapenem resistance 
worldwide imply that treatment of severe infections 
especially in association with modern techniques may 
be jeopardized. (30). Treatment options for patients 
infected with carbapenem-resistant organisms are 
very limited and combination therapies comprising 
two or more classes of antibiotics are often used. 
–(3134). 

Based on this background, the objectives of this study 
were to determine the prevalence of carbapenem 
resistant Gram negative bacilli and their antimicrobial 
susceptibility pattern and to establish the occurrence 
of multi-drug resistance among carbapenem non-
susceptible Gram negative bacilli in a tertiary health 
care centre in South Western Nigeria.

MATERIALS AND METHODS
STUDY POPULATION 
Four hundred and two bacterial isolates belonging to 
the family Enterobacteriaceae, Pseudomonas 
aeruginosa, and Acinetobacter baumannii were 
isolated from 377 patients whose clinical specimens 
were submitted to the Department of Medical 
Microbiology, Lagos University Teaching Hospital. 
The bacteria isolates were collected between January 
and October 2015 and identified using Microbact 24E 
(Oxoid England). Ethical clearance was obtained from 
the ethics and research committee of the Lagos 
University Teaching Hospital. Three hundred and 
eighty-two specimens were cultured to obtain the 
bacterial isolates. 

ANTIMICROBIAL SUSCEPTIBILITY TESTING 
Antimicrobial susceptibility test was performed on the 
isolates using the Modified Kirby-Bauer disc diffusion 
methods according to the Clinical and Laboratory 
Standard Institute (CLSI) recommendation.   The test 
was performed using the commercially available 

®Oxoid  single disc comprising of the following 
antibiotics: Amikacin (30µg), Amoxillin-clavulanate 
(20/10µg), Aztreonam (30µg), Ceftriaxone (30µg), 
Ceftazidime (30µg), Ciprofloxacin(5µg), Cefuroxime 
(30µg), Cefepime (30µg), Cefotaxime (30g), 
Cefoxitin(30g),  Ertapenem (10µg), Gentamicin (10g), 
Imipenem (10µg), Meropenem (10µg), Nitrofurantoin 
(300µg), Piperacillin-Tazobactam (100/10µg). 
Minimal inhibitory concentration (MIC) strips 
(Liofilchem, Roseto degli Abruzzi, Italy), containing 
Tigecycline, and Colistin were used to determine the 
MIC according to the manufacturer's instructions.

The isolates that were nonsusceptible (intermediate 
or resistant) to any one of the carbapenems, were 
further tested for susceptibility to the following 
antibiotics: Enterobacteriaece: Aztreonam (30µg), 
Tobramyc in  (10µg) ,  Levo f loxac in  (5µg) ,  
Tigecycline(Etest), and Colistin (Etest) were tested. 
Pseudomonas aeruginosa: Aztreonam (30µg), 

Tobramycin (10µg), Levofloxacin (5µg), Colistin 
(10µg, Etest), Polymyxin B (300units) were tested. 
Acinetobacter spp.: Tobramycin (10µg), Levofloxacin 
(5µg), Colistin (10µg, Etest), Polymyxin B (300units) 
were tested. Results were interpreted using EUCAST 
2014 breakpoints tables, version 4.0 (36) and CLSI 
2013 guidelines [for Colistin (10µg), Polymyxin B 
(300units)] (37). Pseudomonas aeruginosa ATCC 
27853 and Escherichia coli ATCC 25922 were used as 
the control strains in susceptibility testing. Multidrug 
resistance was defined as resistance to at least three 
classes of antibiotics. 

RESULTS
A total of 402 Gram negative bacilli (GNB) comprising 
222 (55.2%) isolates of Enterobacteriaceae, 153 
(38.1%) Pseudomonas aeruginosa, and 27 (6.7%) 
Acinetobacter baumannii were studied.  The 
Enterobacteriaceae comprised of 87(21.6%) 
Escherichia coli, 62 (15.4%)  Klebsiella pneumoniae, 
31 (7.7%) Klebsiella oxytoca, 18 (4.5%)  Proteus 
mirabilis, 12 (2.9%) Enterobacter species, five (1.2%)  
Pantoea agglomerans, two (0.5%)    Proteus vulgaris, 
two (0.5%) Serratia rubidaea, one (0.3%)  Morganella 
morganii, one (0.3%)  Providencia stuartii, and one 
(0.3%)  Salmonella enterica ss. arizonae. 

The prevalence of carbapenem resistance in Gram 
negative bacilli was 71 (17.7%) comprising 16 
(59.3%) of the 27 Acinetobacter baumanii, 26 (17%) of 
the 153 Pseudomonas aeruginosa, and 29 (13.1%) of 
the 222 Enterobacteriaceae [16.7% (2/12) 
Enterobacter aerogenes, 10.3% (9/87) Escherichia 
coli, 12.9% (4/31) Klebsiella oxytoca, 18.3% (11/62) 
Klebsiella pneumoniae, 20% (1/5) Pantoea 
agglomerans, 5.6% (1/18) Proteus mirabilis and 50% 
(1/2) Serratia rubidaea] (see table 1)

Antimicrobial susceptibility testing revealed that the 
highest susceptibility was observed with imipenem 
86.3% and lowest was observed in ciprofloxacin 
37.3% for antibiotics tested against all isolates. 
Among carbapenems, the activity of imipenem 
(86.3% susceptible) was similar to meropenem 
(85.6% susceptible), and ertapenem (86.9%) 
susceptibility amongst Enterobacteriaece. As for 
aminoglycosides, 46% were susceptible to 
gentamicin compared to 67.4% that were susceptible 
to amikacin. (Table 2)

All carbapenem resistant isolates were multidrug-
resistant (MDR) except one. Multidrug-resistance was 
mostly to β-lactams (ceftazidime, cefepime, 
ceftriaxone, cefotaxime), aminoglycosides (amikacin, 
gentamicin) and fluoroquinolones (ciprofloxacin). 
They were mostly susceptible to colistin, polymixin B, 
amikacin and tigecycline (Enterobacteriaece only) 
(Table 3). While less than 50% of Enterobacteriaece 
were sensitive to tigecycline, up to 90% of all isolates 
were sensitive to colistin.
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Table 1: Organisms tested and proportion of which were cabarpenem-resistant  

 

Organisms  Number 
tested  

Cabarpenem-
Resistant  

Resistance  
(%)  

Escherichia coli
 

87
 
9

 
10.3

 Klebsiella pneumoniae
 

62
 
11

 
17.7

 Enterobacter aerogenes
 

12
 
2

 
16.7

 Klebsiella oxytoca

 
31

 
4

 
12.9

 Pantoea agglomerans

 

5

 

1

 

20.0

 Proteus mirabilis

 

18

 

1

 

5.6

 
Serratia rubidaea

 

2

 

1

 

50.0

 
Morganella morganii

 

1

 

0

 

0

 
Providencia stuartii

 

1

 

0

 

0

 
Proteus vulgaris

 

2

 

0

 

0

 

Salmonella enterica ss. arizonae

 

1

 

0

 

0

 

Total

 

222

 

29

 

13.1

  
 

Table 2: Antimicrobial susceptibility profile of all Gram negative bacilli studied

 

Antibiotic name

 

Number 
tested

 

S (%)

 

I (%)

 

R (%)

Amikacin

 

402

 

271 (67.4)

 

48 (11.9)

 

83 (20.6)

 

Amoxicillin/Clavulanic acid

 

222

 

35 (15.8)

 

0

 

187 (84.2)

Cefepime

 

402

 

180 (44.8)

 

8 (2)

 

214 ( 53.2)

Cefotaxime

 

222

 

70 (31.5)

 

4 (1.8)

 

148 (66.7)

Cefoxitin

 

222

 

150 (32.4)

 

0

 

72 (67.6)

 

Cefuroxime

 

11

 

8 (72.7)

 

0

 

3 (27.3)

 

Ceftriaxone

 

222

 

76 (34.2)

 

4 (1.8)

 

142 (64)

 

Ceftazidime

 

402

 

174 (43.3)

 

26 (6.5)

 

202 (50.2)

Ciprofloxacin

 

402

 

150 (37.3)

 

12 (3)

 

240 (59.7)

Ertapenem

 

222

 

193 (86.9)

 

5 (2.3)

 

24 (10.8)

 

Gentamicin

 

402

 

185 (46)

 

6 (1.5)

 

211 (52.5)

Imipenem

 

402

 

347 (86.3)

 

16 (4)

 

39 (9.7)

 

Meropenem

 

402

 

344 (85.6)

 

18 (4.5)

 

40 (10)

 

Nitrofurantoin

 

96

 

60 (62.5)

 

0 (0)

 

36 (37.5)

 

Piperacillin/Tazobactam

 

402

 

258 (64.2)

 

58 (14.4)

 

86 (21.4)

 

Table 3:

 

Antimicrobial susceptibility

 

of carbapenem resistant Gram negative bacilli

  

Antibiotic name

  

Enterobacteriacea

 

% S

 
  

N= 29

 
  

P. aeruginosa

  
  

%S

 

n= (26)

 

A. baumannii %S
N=16

 

Amikacin

 

62.1

 

42.3

 

12.5

 

Amoxicillin/Clavulanic acid

 

0

 

-

 

-

 

Ceftriaxone

 

0

 

-

 

-

 

Ceftazidime

 

0

 

23.1

 

0

 

Ciprofloxacin

 

20.7

 

15.4

 

0

 

Cefepime

 

6.9

 

15.4

 

0

 

Cefotaxime

 

0

 

-

 

-

 

Cefoxitin

 

20.7

 

-

 

-

 

Ertapenem

 

0

 

-

 

-

 

Gentamicin

 

13.8

 

19.2

 

0

 

Imipenem

 

31

 

19.2

 

12.5

 

Meropenem

 

41.4

 

3.8

 

0

 

Nitrofurantoin

 

13.3

 

-

 

-

 

Piperacillin/Tazobactam 13.8 34.6 0

Aztreonam 6.9 0 -

Levofloxacin 20.7 26.9 6.2

Tobramycin 17.2 15.4 12.5

Polymixin B - 88.5 -

Colistin 93.1 88.5 100

Tigecycline 41.4 - -
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DISCUSSION
This study shows a high rate of carbapenem 
resistance in Gram negative bacilli (CRGNB) of 
17.7%; this is an increased rate compared with 
previous studies in the same centre 4.8% in 
2010 by Osundiya et al (38), 5.2% in 2012 by 
Oshun et al (39) and 15.2% in 2013 by Oduyebo 
et al (40). These include carbapenem resistant 
Enterobacteriaceae (CRE), Carbapenem 
resistant Acinetobacter baumanii (CRAB) and 
carbapenem Pseudomonas aeruginosa 
(CRPsA). The increasing rate of carbapenem 
resistance calls for caution and drastic 
preventive actions as carbapenems are among 
the last line drugs in the treatment of infections 
by GNB. The use of carbapenems should be 
protected to reduce the increasing rate of 
resistance through antimicrobial restriction 
(either through formulary limitation or by the 
requirement of pre-authorizat ion and 
justification) before dispensing. In order to limit 
the spread of CRGNBs, there should be 
implementation of hand hygiene and 
transmission based precautions in management 
of patients with infections caused by 
carbapenem resistant GNB (35,41). Due to the 
high rate of CRGNBs, it will be imperative to 
implement active surveillance cultures for 
CRGNBs for patients on admission especially 
the ICU where the highest rate of resistance was 
found in this study.

The highest rate of carbapenem resistance was 
found in Acinetobacter baumanni which was 
about 60%. This is similar to reports from other 
parts of the world (42). Carbapenem resistant A. 
baumanii is a significant cause of healthcare 
associated infections in large referral hospitals 
and poses a major threat to public health (43). 
One of the key factors that may have led to this 
high rate of resistance is inappropriate and 
excessive prescription of antibiotics because 
most hospitals in Nigeria do not have antibiotic 
stewardship program in place (44). Moreover, 
poor infection control practices may contribute 
to the spread of carbapenem resistance in the 
hospital environment.

Most of the carbapenem resistant Gram 
negative bacilli in this study were multidrug 
resistant. This makes them difficult to treat and 
this may be associated with increased morbidity 
and mortality. Furthermore they have the 
tendency to spread resistance using plasmids 
and transposons (45). The widespread multi-

drug resistance is facilitated by the presence of 
carbapenemase producing genes on plasmids 
which also carry genes conferring extended 
spectrum beta-lactamases, aminoglycoside 
resistance and fluoroquinolone resistance (45). 
From this study, they were most susceptible to 
colistin, polymixin B, amikacin and tigecycline 
(for enterobacteriaece). In order to reduce 
mortality associated with infections by 
carbapenem resistant GNB, optimal and 
effective antibiotic therapy using Colistin, 
amikacin, polymyxin B (P. aeruginosa), and 
tigecycline (Enterobacteriaece) are advocated 
and should be tested for. Colistin is very 
expensive and not readily available in Nigeria 
while Amikacin, Polymixin B and Tigecycline are 
available. Although the use of colistin alone is 
considered to be effective, combination 
therapies including two or more classes of 
antibiotics are recommended as significantly 
more treatment failures were seen in cases that 
received monotherapy compared to cases who 
received combination therapy in several studies 
–(3134). 
 
From the antimicrobial susceptibility of testing in 
t h i s  s t u d y,  o n l y  o n e  t h i r d  o f  t h e  
Enterobacteriaceae were sensitive to third 
generation cephalosporin. This implies that 2 out 
of 3 patient treated with these antibiotics will 
have treatment failure. The third generation 
cephalosporins are the most used first line 
antibiotics in the hospital for treatment of Gram 
negative infections. Ciprofloxacin which may be 
an alternative was sensitive in only 37% for 
Enterobacteriaece. This may contribute to 
increased use of carbapenems when there is 
treatment failure. 

CONCLUSIONS: 
There was a high rate of carbapenem resistance 
among Gram negative bacilli and most of the 
CRGNB were multidrug resistant. They were 
mostly susceptible to colistin, polymyxin B, 
amikacin and tigecycline and these will be the 
antibiotics of choice in the treatment of CRGNB. 
Antimicrobial stewardship should be instituted 
with the restricted use of carbapenems. Spread 
of these multi drug resistant organisms should 
be prevented with infection control practices like 
hand hygiene and contact based precaution.

Carbapenem Resistance Among Gram Negative Bacilli In Lagos; Implications For Antimicrobial Stewardship...................................................................................................... Ettu A et al

Nig. Qt J. Hosp. Med. Vol. 28(2)  April - June, 2018 096



Carbapenem Resistance Among Gram Negative Bacilli In Lagos; Implications For Antimicrobial Stewardship...................................................................................................... Ettu A et al

Nig. Qt J. Hosp. Med. Vol. 28(2)  April - June, 2018 097

REFERENCES

1. Sharma PR, Purabi Barman. Antimicrobial 
consumption and impact of “Reserve antibiotic 
indent form” in an intensive care unit. Indian J 
Pharmacol [Internet]. 2010;42(3):297–300. 
Available from: http://www. ncbi.nlm.nih. gov 
/pmc/articles/PMC4031576/

2. Antunes NT, Frase H, Toth M, Vakulenko SB. 
The class A β-lactamase FTU-1 is native to 
Francisella tularensis. Antimicrob Agents 
Chemother. 2012 Feb;56(2):666–71. 

3. Paterson DL, Bonomo RA. Extended-Spectrum 
beta-lactamases: a Clinical Update. Clin 
Microbiol Rev [Internet]. 2005 Oct [cited 2014 
Jun 2];18(4):657–86. Avai lable from: 
http://www.pubmedcentral.nih.gov/articlerende
r.fcgi?artid=1265908&tool=pmcentrez&rendert
ype=abstract

4. Nordmann P, Poirel L, Dortet L. Rapid Detection 
of Carbapenemase-producing Enterobacteria 
ceae. Emerg Infect Dis. 2012;18(9):1503–7. 

5. Thomson KS.  Extended-spect rum-β -
lactamase, AmpC, and carbapenemase issues. 
J Clin Microbiol. 2010;48(4):1019–25. 

6. Fernandez-Cuenca F. Relationship between 
beta-lactamase production, outer membrane 
protein and penicillin-binding protein profiles on 
the activity of carbapenems against clinical 
isolates of Acinetobacter baumannii. J 
Antimicrob Chemother. 2003 Jan 28;51(3): 
565–74. 

7. Gehrlein M, Leying H, Cullmann W, Wendt S, 
Opferkuch W. Imipenem Resistance in 
Acinetobacter baumanii Is Due to Altered 
Penicillin-Binding Proteins. Chemotherapy. 
1991 Jan;37(6):405–12. 

8. Giske CG, Buarø L, Sundsfjord A, Wretlind B. 
Alterations of porin, pumps, and penicillin-
binding proteins in carbapenem resistant 
clinical isolates of Pseudomonas aeruginosa. 
Microb Drug Resist. 2008 Mar;14(1):23–30. 

9. Neuwirth C, Siébor E, Duez J-M, Péchinot A, 
Kazmierczak A. Imipenem resistance in clinical 
isolates of Proteus mirabilis associated with 
alterations in penicillin-binding proteins. J 
A n t i m i c r o b  C h e m o t h e r .  1 9 9 5  
Aug;36(2):335–42. 

10. Rodríguez-Martínez J-M, Poirel L, Nordmann P. 
Molecular epidemiology and mechanisms of 
carbapenem resistance in Pseudomonas 
aeruginosa. Antimicrob Agents Chemother. 
2009 Nov;53(11):4783–8. 

11. Queenan AM, Bush K. Carbapenemases: the 
versatile beta-lactamases. Clin Microbiol Rev. 
2007 Jul;20(3):440–58. 

12. Martínez-Martínez L. Extended-spectrum beta-
lactamases and the permeability barrier. Clin 
Microbiol Infect. 2008 Jan;14 Suppl 1:82–9.

13. Doumith M, Ellington MJ, Livermore DM, 
Woodford N. Molecular mechanisms disrupting 
porin expression in ertapenem-resistant 
Klebsiella and Enterobacter spp. clinical 
isolates from the UK. J Antimicrob Chemother. 
2009 Apr;63(4):659–67. 

14. Lavigne J-P, Sotto A, Nicolas-Chanoine M-H, 
Bouziges N, Bourg G, Davin-Regli A, et al. 
Membrane permeability, a pivotal function 
involved in antibiotic resistance and virulence in 
Enterobacter aerogenes clinical isolates. Clin 
Microbiol Infect. 2012 Jun;18(6):539–45. 

15. Armand-Lefevre L, Leflon-Guibout V, Bredin J, 
Barguellil F, Amor A, Pages JM, et al. Imipenem 
Resistance in Salmonella enterica Serovar 
Wien Related to Porin Loss and CMY-4 -
Lactamase Production. Antimicrob Agents 
Chemother. 2003 Mar;47(3):1165–8. 

16. Piddock LJ V. Multidrug-resistance efflux pumps 
- not just for resistance. Nat Rev Microbiol. 2006 
Aug;4(8):629–36. 

17. Davies T a, Marie Queenan A, Morrow BJ, 
Shang W, Amsler K, He W, et al. Longitudinal 
survey of carbapenem resistance and 
resistance mechanisms in Enterobacteriaceae 
and non-fermenters from the USA in 2007-09. J 
Antimicrob Chemother [Internet]. 2011 Oct 
[cited 2014 Jun 4];66(10):2298–307. Available 
from:http://www.ncbi.nlm.nih.gov/pubmed/ 
21775338

18. Masuda N, Sakagawa E, Ohya S, Gotoh N, 
Tsujimoto H, Nishino T. Substrate Specificities 
of MexAB-OprM, MexCD-OprJ, and MexXY-
OprM Efflux Pumps in Pseudomonas 
aeruginosa. Antimicrob Agents Chemother. 
2000 Dec 1;44(12):3322–7. 

19. Livermore DM. Of Pseudomonas, porins, 
pumps and carbapenems. J Antimicrob 
Chemother. 2001 Mar 1;47(3):247–50. 

20. Li XZ, Nikaido H, Poole K. Role of mexA-mexB-
oprM in antibiotic efflux in Pseudomonas 
aeruginosa. Antimicrob Agents Chemother. 
1995 Sep;39(9):1948–53. 

21. Ma D, Cook DN, Alberti M, Pon NG, Nikaido H, 
H e a r s t  J E .  M o l e c u l a r  c l o n i n g  a n d  



Carbapenem Resistance Among Gram Negative Bacilli In Lagos; Implications For Antimicrobial Stewardship...................................................................................................... Ettu A et al

Nig. Qt J. Hosp. Med. Vol. 28(2)  April - June, 2018 098

characterization of acrA and acrE genes of 
Escher ich ia  co l i .  J  Bacter io l .  1993 
Oct;175(19):6299–313. 

22. Okusu H, Ma D, Nikaido H. AcrAB efflux pump 
plays a major role in the antibiotic resistance 
phenotype of Escherichia coli multiple-
antibiotic-resistance (Mar) mutants. J Bacteriol. 
1996 Jan;178(1):306–8. 

23. Nikaido H. Multiple antibiotic resistance and 
efflux. Curr Opin Microbiol. 1998 Oct;1(5):516– 
23. 

24. Webber MA, Piddock LJ. Absence of mutations 
in marRAB or soxRS in acrB-overexpressing 
fluoroquinolone-resistant clinical and veterinary 
isolates of Escherichia coli. Antimicrob Agents 
Chemother. 2001 May;45(5):1550–2. 

25. Pitout JDD, Laupland KB. Extended-spectrum 
beta-lactamase-producing Enterobacteriaceae:  
an emerging public-health concern. Lancet 
Infect Dis. 2008 Mar;8(3):159–66. 

26. Nordmann P, Dortet L, Poirel L. Carbapenem 
resistance in Enterobacteriaceae: here is the 
storm! Trends Mol Med. 2012;18(5):263–72. 

27. Mesaros N, Nordmann P, Plésiat P, Roussel-
Delvallez M, Van Eldere J, Glupczynski Y, et al. 
Pseudomonas aeruginosa: resistance and 
therapeutic options at the turn of the new 
millennium. Clin Microbiol Infect. 2007 
Jun;13(6):560–78. 

28. European Centre for Disease Prevention and 
Control. Antimicrobial resistance surveillance in 
Europe 2011. Annual report of the European 
Antimicrobial Resistance Surveillance Network 
(EARS-Net). Stockholm; 2012. 

29. European Centre for Disease Prevention and 
Control. Antimicrobial resistance surveillance in 
Europe 2015. Annual Report of the European 
Antimicrobial Resistance Surveillance Network 
(EARS-Net). [Internet]. Stockholm; 2017. 
Available from: https://ecdc. europa.eu/sites/ 
por ta l /  f i les /  media/en/  publ icat ions 
/Publications/antimicrobial-resistance-europe-
2015.pdf%0Ahttp://www.ecdc.europa.eu/en/pu
b l i ca t ions /Pub l i ca t ions /an t im ic rob ia l -
resistance-surveillance-europe-2013.pdf

30. Nordmann P, Naas T, Poirel L. Global spread of 
C a r b a p e n e m a s e - p r o d u c i n g  
Enterobacteriaceae. Emerg Infect Dis. 2011 
Oct;17(10):1791–8. 

31. Lee GC, Burgess DS. Treatment of Klebsiella 
Pneumoniae Carbapenemase ( KPC ) 
infections : a review of published case series 
and case reports. Ann Clin Microbiol Antimicrob. 
Annals of  Cl in ical  Microbiology and 
Antimicrobials; 2012;11(1):1. 

32. Hirsch EB, Tam VH. Detection and treatment 
op t i ons  f o r  K l ebs ie l l a  pneumon iae  
carbapenemases (KPCs): an emerging cause 
of multidrug-resistant infection. J Antimicrob 
Chemother. 2010 Jun;65(6):1119–25. 

33. Coelho JM, Turton JF, Kaufmann ME, Glover J, 
Woodford N, Warner M, et al. Occurrence of 
ca rbapenem- res is tan t  Ac ine tobac te r  
baumannii clones at multiple hospitals in 
London and Southeast England. J Clin 
Microbiol. 2006 Oct;44(10):3623–7. 

34. Kresken M, Becker K, Seifert H, Leitner E, 
Körber-Irrgang B, von Eiff C, et al. Resistance 
trends and in vitro activity of tigecycline and 17 
other antimicrobial agents against Gram-
positive and Gram-negative organisms, 
including multidrug-resistant pathogens, in 
Germany. Eur J Clin Microbiol Infect Dis. 2011 
Sep;30(9):1095–103. 

35. Barlam TF, Cosgrove SE, Abbo LM, MacDougall 
C, Schuetz AN, Septimus EJ, et al. 
Implementing an Antibiotic Stewardship 
Program: Guidelines by the Infectious Diseases 
Society of America and the Society for 
Healthcare Epidemiology of America. Clin Infect 
Dis. 2016 May 15;62(10):e51-77.

36. The European Committee on Antimicrobial 
Susceptibility Testing. Breakpoint tables for 
interpretation of MICs and zone diameters 
[Internet]. Version 4.0. 2014. p. 0–79. Available 
from: http://www.eucast.org

37. Clinical and Laboratory Standards Institute. 
Performance Standards for Antimicrobial 
Suscept ib i l i t y  Tes t ing ;  Twenty -Th i rd  
Informational Supplement. CLSI document 
M100-S23. Wayne, PA: Clinical and Laboratory 
Standards Institute; 2013. 

38. Osundiya OO, Oladele RO, Oduyebo OO. 
Multiple Antibiotic Resistance (Mar) Indices of 
Pseudomonas and Klebsiella Species Isolates 
in Lagos University Teaching Hospital. African J 
Clin Exp Microbiol. 2013;14(3):164–8. 

39. Oshun P, Ogunsola F. Carbapenem resistant 
Klebsiella pneumoniae at the Lagos University 
Teaching Hospital, Lagos, Nigeria. Clin 
Microbiol Infect. 2012;18:765. 



Carbapenem Resistance Among Gram Negative Bacilli In Lagos; Implications For Antimicrobial Stewardship...................................................................................................... Ettu A et al

Nig. Qt J. Hosp. Med. Vol. 28(2)  April - June, 2018 099

40. Oduyebo O, Falayi O, Oshun P, Ettu A. 
Phenotypic determination of carbapenemase 
producing enterobacteriaceae isolates from 
clinical specimens at a tertiary hospital in Lagos, 
Nigeria. Niger Postgrad Med J. 2015;22(4):223. 

41. Dellit TH, Owens RC, McGowan JE, Gerding 
DN, Weinstein RA, Burke JP, et al. Infectious 
Diseases Society of America and the Society for 
Healthcare Epidemiology of America guidelines 
for developing an institutional program to 
enhance antimicrobial stewardship. Clin Infect 
Dis [Internet]. 2007 Jan 15;44(2):159–77. 
Available from: https://academic.oup.com/cid/ 
article-lookup/doi/10. 1086/510393

42. A l a g e s a n  M ,  G o p a l a k r i s h n a n  R ,  
Panchatcharam SN, Dorairajan S, Mandayam 
Ananth T, Venkatasubramanian R. 2015. A 
decade of change in susceptibility patterns of 
Gram-negative blood culture isolates: a single 
center study. Germs 5:65–77.

43. Cerceo E, Deitelzweig SB, Sherman BM, Amin 
AN. Multidrug-resistant gram-negative bacterial 
infections in the hospital setting: overview, 
implications for clinical practice, and emerging 
treatment options. Microb Drug


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

