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ABSTRACT

In present time, Carbapenem resistance is an emerging problem throughout the World and is an important threat to public health as well as treatment

challenge to clinicians.
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INTRODUCTION

Carbapenems play a critically important role in our antibiotic
armamentarium. Of the many hundreds of different B-lactams,
carbapenems possess the broadest spectrum of activity and greatest
potency against majority of Gram-negative and Gram-positive
bacteria. As a result, they are often used as “last-line agents” or
“antibiotics of last resort” when patients with infections become
gravely ill or are suspected of harboring resistant bacteria (1, 2, 3).
Unfortunately, the recent emergence of multidrug-resistant (MDR)
pathogens seriously threatens this class of lifesaving drugs (4).

Similar to penicillins and cephalosporins, carbapenems are members
of the beta lactam class of antibiotics, which kill bacteria by binding to
penicillin-binding proteins (PBP). Carbapenem-resistant gram-
negative bacteria, namely, carbapenem-resistant Enterobacteriaceae
(CRE), Acinetobacter baumannii (CRAB) and Pseudomonas
aeruginosa (CRPsA), pose a significant threat to public health. These
bacteria uses certain mechanism like production of B-lactamases,
efflux pumps, and mutations that alter the expression and/or function
of porins and PBPs which are responsible for the resistance to
carbapenems (5). Recently, there has been a plethora of research
information on carbapenem resistance; however, there are few
comprehensive review papers. This article therefore seeks to provide
an in-depth review of carbapenem resistance providing up-to-date
information on the subject.

RISKFACTORS FOR CARBAPENEM RESISTANCE

There are a number of factors that predispose persons to infections by
CRE and other multi-drug resistant (MDR) Gram-negatives including
ESBL producers. Exposure to these resistant organisms can cause
serious infections in patients with the following reported risk factors:
immune-suppression, advanced age, admission to intensive care unit
(ICU), mechanical ventilation, previous exposure to antimicrobials,
organ or stem-cell transplantation and prolonged hospital stay.

The main risk factors for Carbapenem-resistant Enterobacteriaceae
(CRE) acquisition or infection were exposure to healthcare, including
admission to the ICU, medical devices, invasive procedures, and
antibiotics (6).

Risk factors associated with carbapenem-resistant K. preumoniae
(CRKP) infection include recent organ or stem-cell transplantation,
receipt of mechanical ventilation, and longer hospital stay (7). Patients
with hematologic malignancies usually undergo more frequent
exposure to healthcare, longer duration of antibiotic therapy, more
invasive procedures and have pre-existing immunosuppression. All of
these factors can increase the risk for infections (8, 9).

With respect to antimicrobial agents, the risk of CRE acquisition
appears to be much higher in the developing world particularly in sub-
Saharan Africa where there is a predominance of irrational use of such
drugs (10, 11).

CARBAPENEM RESISTANCE MECHANISMS
There are two mechanisms with which bacterias develop resistance to

carbapenems.

One is intrinsic resistance, in which a large numbers of bacteria, both
commensals and pathogens, naturally tend to be resistant to certain
classes of antimicrobial agents. This insensitivity is termed intrinsic
resistance (12).

The other is acquired resistance. Bacteria have acquired multiple
mechanisms of resistance including enzymatic inactivation, target site
mutation and efflux pumps.

Gram-positive bacteria become resistant to carbapenems and other
beta-lactams through mutation-derived changes of their PBPs, while
Gram-negatives commonly recruit other mechanisms to overcome the
effect of carbapenem antibiotics. One of which is tripartite efflux
pump, the overexpression of efflux pumps that expel carbapenems,
mostly meropenem, may lead to carbapenem resistance associated
with multidrug resistance (MDR). The other mechanism is production
of beta-lactamases that are able to inactivate carbapenems together
with other beta-lactam antibiotics and therefore called carbapen em
ases(13).

Genetic determinants of CR have been classified into: Ambler class A

beta lactamases which include; KPC, GES/IBC, SME, NMC-A, IMI
and SFC (14-17), Ambler class B beta lactamases which are termed as
Metallo beta Lactamases consisting of NDM, VIM, IMP, SPM, GIM,
SIM, KHM, AIM, DIM, SMB, TMB and FIM (15). IMP, VIM and
NDM plasmid mediated Metallo beta lactamases are of worldwide
occurrence possibly because the genes that code for them are located
on mobile genetic elements and carbapenem hydrolyzing class D beta
lactamases (CHDLs) encompass various group of oxacillinases
(OXA) with hydrolytic activity of amino and carboxy penicillins (18)

TREATMENT OPTIONS:

By far, polymyxins are the antibiotic class for which most CR GNB
present in vitro susceptibility, and polymyxin-only-susceptible (POS)
isolates account for a significant proportion of CR GNB with XDR
profile (17,19-24). The most frequently used adjuvant therapies for CR
GNB infections are: tigecycline, fosfomycin, aminoglycosides and
rifampicin.

Table 1 summarizes the currently available antimicrobial agents and
their recommended doses for treatment of CRE infections.

Table1:
ial agents CRE infections’ Comments

Mercpenem 2 gevery & h by prolonged infusion for solates with MICs.of  May ol be efective for isolates with MIC > 8 mglL
28mglL

Ertapenem Consider 2 g every 24 h Used in double-carbapensm therapy

Colstin Loading dose of 9 MU, followed by 9 MUidayin 2-3
dided doses

Polymyin B Loading dose of 2-2.5 mg/kg, folowed by § mg/kg/day in
2 dvided doses

Tigecyclne Loading dose of 100 mg, folowed by Smgevery 12h  Considerlading dose of 200 mg, olowed by 100 mg every 12 h for

‘severe infections
Ermacycine 1 mghgevery 12h ‘Agproved by FOR i August 2018 or the treatmentof Al Actiy

aganetcatapenem resisant Enerobactarizosse has been
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‘demonstrated in vitro. Clinical datain CRE inections are st acking

Gentamicin Tobramycin 57 mglhg/day Used in combinaton therapy. Consider a igher dose of
10-15 mg/kg/day for severe infections without other options, Risk of
{oxicty may increase. TOMis recommended
Amiacn 15-20 mgkg/day Used in combination therapy. Consider a higher dose of
25-30 moyheyely for severnfcions wihou otheroptions, Risk of
tonicity may increase. TOM s recommended
Pazonicin 15 mghgday ‘Approved by FOA in June 2018 or the reatment of cUT! incuing
pyelonephitis. Activity against ESBL- and carbapenemase-producing
has besn d irical data
CRE infections a2 st lacking
Foslomyon 4gensyBhioBgevey8h Used in combinaion therapy
Adtreonam ay8h MBL producers are susceptibie if not ESBL o AmpC peoducers.
Ceflazidime 1-2gevery8h (OXA-48 producers are susceptivle if not ESBL or AmpC producers
[« 259(2905g) everyBh KPG and OXA-48 produoers are frequently suscepticle
Merpenemfvaborbactem  2g(19/1 glevery 8h KPG producers are requently susceplible

oAl comphested intrasboloming! infection; oUT), complcated winary lrae! infection; ESBL, extended-specium fHaclamase; KPC, Klebsiels pneumonee
k " ; XA, axaclinase; TOM, therapeutic drug monitoring.

Adapledfrom Foc 20
*For patiénts with nomal renal hniion

In the past few years, antibiotic combinations against CR GNB have
been proposed as the best practice in the management of infections by
these organisms.

COMBINATION WITH POLYMYXIN:

One meta-analysis compared colistin monotherapy with combination
treatments in multiresistant 4. baumannii infections. Although
microbiological eradication was significantly higher in the
combination group, this benefit was not reflected in mortality, length of
stay in intensive care, or nephrotoxicity. The greatest limiting factor
was the wide heterogeneity of the antibiotic combinations used (25). A
meta-analysis that included other gram-negative bacteria concluded
that polymyxin monotherapy was inferior to a combination of
polymyxin with carbapenem and to combinations with tigecycline,
aminoglycosides, or fosfomycin (26).

COMBINATION WITH TIGECYCLINE:

A meta-analysis on the efficacy of tigecycline revealed a benefit of
combination treatment and a tendency towards superiority of high-
dose treatment (200 mg at first, followed by 100 mg every 12 h) over
the standard dosage (100 mg at first, followed by 50 mg every 12 h)
27).

DOUBLE CARBAPENEM THERAPY:

The findings of non-controlled case series suggest that combinations
of two carbapenems (ertapenem plus prolonged infusion of
meropenem or doripenem) can be successful in the treatment of CRKP
infections, with clinical cure rates of 39 to 77.8% (28,29).

CONCLUSION:

In the recent past, carbapenems were potent against all multiple drug
resistant (MDR) Gram negative bacteria and in combination with their
negligible toxicity to the host, carbapenems became the preferred last
resort antibiotics for the treatment of MDR Gram negative bacterial
infections. But nowadays, there is emerging carbapenem resistance,
which is a major threat to public health.

The main risk factors for Carbapenem-resistant infections were found
tobe: exposure to healthcare, including admission to the ICU, medical
devices, invasive procedures, and prolonged use of antibiotics.

Carbapenem resistance is due to several mechanisms namely: through
mutation-derived changes of their PBPs, tripartite efflux pump,
production of beta-lactamases.

The most frequently used adjuvant therapies for CR GNB infections
are carbapenems, tigecycline, fosfomycin, aminoglycosides, rifam p
icin and several combinations like with polymyxin, tigecycline,
double carbapenem

REFERENCES:

1. BradleyJ. S, etal. 1999. Carbapenems in clinical practice: a guide to their use in serious
infection. Int. J. Antimicrob. Agents 11:93-100.

2. Paterson D. L. 2000. Recommendation for treatment of severe infections caused by
Enterobacteriaceae producing extended-spectrum f-lactamases (ESBLs). Clin.
Microbiol. Infect. 6:460-463.

3. Torres J. A., Villegas M. V., Quinn J. P. 2007. Current concepts in antibiotic-resistant
gram-negative bacteria. Expert Rev. Anti Infect. Ther. 5:833-843.

4. Queenan A. M., Bush K.. 2007. Carbapenemases: the versatile -lactamases. Clin.
Microbiol. Rev. 20:440-458, table of contents.

5. Limansky A. S.,Mussi M. A_, Viale A. M. 2002. Loss of a 29-kilodalton outer membrane
protein in Acinetobacter baumannii is associated with imipenem resistance. J. Clin.
Microbiol. 40:4776-4778.

6. Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbapenem-resistant Enterobacteriaceae:
epidemiology and prevention. Clin Infect Dis. 2011;53(1):60-67.

7. Patel G, Huprikar S, Factor SH, Jenkins SG, Calfee DP. Outcomes of carbapenem-

20.

21.

22.
23.
24.
25.

26.

27.

28.

29.

resistant Klebsiella pneumoniae infection and the impact of antimicrobial and
adjunctive therapies. Infect Control Hosp Epidemiol. 2008;29(12):1099-1106.

Xu L, Sun X, Ma X. Systematic review and meta-analysis of mortality of patients
infected with carbapenem-resistant Klebsiella pneumoniae. Ann Clin Microbiol
Antimicrob. 2017;16(1):18.

Micozzi A, Gentile G, Minotti C, Cartoni C, Capria S, Ballaro D, Santilli S, Pacetti E,
Grammatico S, Bucaneve G, et al. Carbapenem-resistant Klebsiella pneumoniae in
high-risk haematological patients: factors favouring spread, risk factors and outcome of
carbapenem-resistant Klebsiella pneumoniae bacteremias. BMC Infect Dis.
2017;17(1):203.

Donkor E., Newman M.J., Tay S.C.K., Dayie N.T.K.D., Bannerman E., Olu-Taiwo M.
Investigation into the risk of exposure to antibiotic residues contaminating meat and egg
in Ghana. Food Control. 2011;22:869-873. doi: 10.1016/j.foodcont.2010.11.014.
Donkor E.S., Newman M.J., Yeboah-Manu D. Epidemiological aspects of non-human
antibiotic usage and resistance: Implications for the control of antibiotic resistance in
Ghana. Trop. Med. Int. Health. 2012;17:462-468. doi: 10.1111/j.1365-
3156.2012.02955.x

Francis S. C, Eric S. D. Carbapenem Resistance: A Review. Med Sci (Basel). 2018 Mar;
6(1): 1.

Georgios M. Carbapenem resistance: overview of the problem and future perspectives.
Ther Adv Infect Dis. 2016 Feb; 3(1): 15-21.

Woodford N, Warecham DW, Guerra B, Teale C. Carbapenemase-producing
Enterobacteriaceae and non-Enterobacteriaceae from animals and the environment: an
emerging public health risk of our own making? J Antimicrob Chemother.
2013;69:287-91.

Patel G, Bonomo RA. “Stormy waters ahead”: global emergence of carbapenemases.
Front Microbiol. 2013.

Ambler RP, Coulson AFW, Frere JM, Ghuysen JM, Joris B, Forsman M, Levesque RC,
Tiraby G, Waley SG. A standard numbering scheme for the class A beta lactamases.
BiochemJ. 1991;276:269-70.

Queenan AM, Bush K. Carbapenemases: the versatile lactamases. Clin Microbiol Rev.
2007;20(23):440-58.

Poirel L, Naas T, Nordmann P. Diversity, epidemiology, and genetics of class D -
lactamases. Antimicrob Agents Chemother. 2010;54:24-38.

Canton R, Akova M, Carmeli Y et al. Rapid evolution and spread of carbapenemases
among Enterobacteriaceae in Europe. Clin. Microbiol. Infect. 18(5),413-431(2012).
Moellering RC Jr. NDM-1-a cause for worldwide concern. N. Med. 363(25),
2377-2379(2010).

Tzouvelekis LS, Markogiannakis A, Psichogiou M, Tassios PT, Daikos GL.
Carbapenemases in Klebsiella pneumoniae and other Enterobacteriaceae: an evolving
crisis of global dimensions. Clin. Microbiol.Rev. 25(4), 682-707 (2012).

Nordmann P, Naas T, Poirel L. Global spread of Carbapenemase-producing
Enterobacteriaceae. Emerg. Infect. Dis. 17(10), 1791-1798 (2011).

Walsh TR. Emerging carbapenemases: a global perspective. Int. J. Antimicrob.Agents
36(Suppl. 36), S8-S14(2010).

Cornaglia G, Giamarellou H, Rossolini GM. Metallo-beta-lactamases: a last frontier for
beta-lactams? Lancet Infect. Dis. 11(5),381-393 (2011).

Chen Z, Chen Y, Fang Y, et al. Meta-analysis of colistin for the treatment of
Acinetobacter baumannii infection. Sci Rep. 2015;5

Zusman O, Altunin S, Koppel F, Dishon Benattar Y, Gedik H, Paul M. Polymyxin
monotherapy or in combination against carbapenem-resistant bacteria: systematic
review and meta-analysis. J Antimicrob Chemother. 2017;72:29-39

Ni W, Han Y, Liu J, et al. Tigecycline treatment for Carbapenem-resistant
Enterobacteriaceae infections: a systematic review and meta-analysis. Medicine.
2016;95e3126.

Souli M, Karaiskos I, Masgala A, Galani L, Barmpouti E, Giamarellou H. Double-
carbapenem combination as salvage therapy for untreatable infections by KPC-2-
producing Klebsiella pneumoniae. Eur J Clin Microbiol Infect Dis.
2017;36:1305-1315.

Cprek JB, Gallagher JC. Ertapenem-containing double-Carbapenem therapy for
treatment of infections caused by Carbapenem-resistant Klebsiella pneumoniae.
Antimicrob Agents Chemother. 2015;60:669-673.

| 10 |—| International Journal of Scientific Research I



