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ABSTRACT

—  Objective: Klebsiella pneumoniae is responsible for infections of hospitalized patients and compromised in-
dividuals. Persistent exposure of K. pneumoniae to antimicrobial agents facilitated the emergence of multi-
drug-resistant strains and the non-susceptible. The primary aim of this study was to evaluate the epidemiol-
ogy of K. pneumoniae MDR during the years 2015-2017 in “G. Martino” University Hospital of Messina.

—  Materials and Methods: Vitek 2 automated system (bioMérieux, Italy) was used for isolate identification
and antimicrobial susceptibility testing. We focused our attention on the isolates possibly producing car-
bapenemases.

—  Results: During the period 2015-2017, 1,563 non-duplicated strains of K. pneumoniae were isolated from
different in patients, specimen and wards in our hospital. We observed a decrease in the occurrence of iso-
lated of the K. pneumoniae from blood cultures.

—  Conclusions: To explain the strong decrement of resistance to carbapenems in ICUs and GSCUs we hy-
pothesized that there is not selective pressure for the establishment and maintenance of bacterial popula-
tions resistant to multiple antimicrobial compounds within this hospital, except for VSUs, where the selec-
tive pressure seems to be high.

—  Keywords: Klebsiella pneumoniae, Carbapenemases, Carbapenemase, Klebsiella, Resistance, MDR.

INTRODUCTION

Klebsiella pneumoniae was firstly isolated in the late 19t
century. Initially known as Friedlander’s bacterium, it is
the most important species of the genus Klebsiella in
medicine'. It is a Gram-negative, encapsulated, nonmo-
tile bacterium that resides in the environment, includ-
ing soil and surface waters. It can also colonize human

mucosal surfaces and the gastrointestinal tract where
the effects of its colonization appear benign®®. Carrier
rates differ considerably within the various studies. The
detection rate in stool samples ranges from 5 to 38%,
while rates in the nasopharynx swabs vary from 1 to
6% in healthy people®’. Detection rates are even higher
in hospitalized patients: 77% of the stool samples and
19% of the pharynx swabs result positive®’. This high
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rate of nosocomial K. pneumoniae colonization appears
to be associated with the extensive use of antibiotics
in a hospital setting. Sometimes, some K. pneumoniae
strains can gain entry to other tissues and cause a wide
range of severe infections. It is especially important in
hospital-acquired infections, including severe pneumo-
nia, urinary tract infection (UTI) as well as septicemia
and wound infections>** 18172 K. pneumoniae is an
extremely resilient bacterium and it owns the ability to
evade and survive to the immune system; furthermore,
several virulence factors have been demonstrated to
mediate K. pneumoniae infectiousness and include ad-
herence factors, capsule production, lipopolysaccharide
presence, and siderophore activity>>1>2¢34, K. pneumo-
niae is the second most common cause of gram-negative
bloodstream infections (BSIs), after Escherichia coli, in
adult population?>*53¢, The increased use of antibiotics
and persistent exposure of K. pneumoniae to antimicro-
bial agents facilitated the emergence of multidrug-resis-
tant strains®”*. The emergence and global expansion of
hypervirulent and multidrug-resistant (MDR) clones of
K. pneumoniae have been increasingly reported in com-
munity-acquired and nosocomial infections®”*#. The
treatment of infections caused by K. pneumoniae has
become more and more difficult as a result. Moreover,
a wide range of antimicrobial resistance genes further
restricts the available options to effectively treat in-
fections. Known mechanisms of resistance include the
production of B-lactamases such as extended-spectrum
B-lactamases (ESBLs), cephalosporinases, and carbap-
enemases. The emergence and spread of carbapenem
and cephalosporin resistant strains of K. pneumoniae
are a considerable threat to public health. Because of the
growing circulation of MDR K. pneumoniae, it is im-
portant to understand its epidemiology'#4¢-%4, K. pneu-
moniae is a public health concern in Europe, more than
one third of the isolates reported to by ECDC report in-
side to EARS-Net for 2016 were resistant to at least one
of the antibiotic groups and combined resistance to mul-
tiple antibiotic groups was common. A smaller group
of countries reported considerably higher levels of car-
bapenem. The vast majority of the carbapenem-resistant
isolates had additional resistance to third-generation
cephalosporins, fluoroquinolones and aminoglycosides.

Some countries report emergence of resistance to colis-
tin especially where there is a high-level of carbapenem
resistance. However, as routine, colistin susceptibility
testing offers some challenges®%, Ttaly reports the sec-
ond highest percentage (33.5%) of K. pneumoniae blood
isolates resistant to the carbapenems in Europe, when
compared to data published by the European Centre for
Disease Control and Prevention (ECDC). ECDC report-
ed that the proportion of Klebsiella pneumoniae blood
isolates resistant to carbapenems increased from 1.3%
in 2006 to 33.5% in 2015, whereas combined resistance
(third-generation cephalosporin, fluoroquinolones and
aminoglycosides) increased from 2.8% in 2005 to 29.7%
in 201538,43,62,63,70‘

The aim of this retrospective cross-sectional study
was to evaluate the current situation and distribution of
drug-resistant K. pneumoniae within the “G. Martino”
University Hospital of Messina.

MATERIALS AND METHODS

We carried out a cross-sectional retrospective study
collecting all the data about microbiological isolates of
Klebsiella pneumoniae and their antimicrobial-resis-
tances, considering all specimens and origins during
a three years period (2015-2017). Vitek 2 automated
system (bioMérieux, Italy) was used for isolate identi-
fication and antimicrobial susceptibility testing. Mini-
mum inhibitory concentrations (MICs) were classified
according to breakpoints established by the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST 2018). We did not report about colistin, be-
cause broth microdiluition (BMD), the confirmation test
as recommended by EUCAST, is not performed in our
clinical microbiology laboratory. We focused our atten-
tion on the isolates possibly producing carbapenemases.

RESULTS
During 2015-2017, 1,563 non-duplicated strains of K.

pneumoniae were isolated from different inpatients,
specimen and wards in our hospital.
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Figure 1. The graphic show the data decreased trend

of the percentages of non-susceptible strains.
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Figure 2. The graphic shows the data of resistances
in our institution for different care units.
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Among those strains, 523 (33,4%) were identified as
non-susceptible (MIC >8) to meropenem and imipenem
via Vitek 2 automated system (bioMérieux, Italy). We
observed a strong decreased trend of the percentages of
non-susceptible strains isolate between 2015 and 2017,
namely 50% (218/439) in 2015, 37% (226/611) in 2016,
15% (79/513) in 2017 (Figure 1). We analyzed in detail
the percentages of resistance in some high-risk depart-
ments, such as Intensive Care Units (ICUs), where re-
sistance rates considerably decreased from the 80% of
resistant strains found in 2015, to the 60% in 2016 and
28% in 2017; General Surgery Care Units (GSCUs),
where the resistance strains decreased from the 64%
found in 2015, to the 29% in 2016 and 10% in 2017 and
Vascular Surgery Units (VSUs), where we assisted to an
increase of resistance rates from the 70% found in 2015,
to the 76% in 2016 and 79% in 2017 (Figure 2).

During the study period, we also observed a de-
crease in the occurrence of isolated of the Klebsiella
pneumoniae from blood cultures. The analysis of the
microbiological data revealed that in 2015 the K. pneu-
moniae isolates were 64 (12% of total positive blood cul-
tures); in 2016 the K. pneumoniae isolates were 68 (10%
of total positive blood cultures) and in 2017 the number
of K. pneumoniae isolates was 55 (8% of total positive
blood cultures), showing a decreasing trend during the
study period. Table 1 resumes details about blood cul-
tures, positive blood cultures and K. pneumoniae iso-
lates during the period included in the study.

DISCUSSION

Gram-negative bacteremia is a major cause of morbidity
and mortality if undiagnosed on time. B-lactam antibiot-

ics, useful antimicrobial agents, play an important role
in treating infection in the hospital population, in which,
carbapenemases (CPMs) have the broadest spectrum and
greatest stability against hydrolysis by B-lactamases’.
Carbapenem-resistant Klebsiella pneumoniae (Kp-CPM)
is currently one of the most important pathogens causing
healthcare-associated infections, which typically occur in
patients with prolonged hospital stay and previous antibiot-
ic exposure. The most common mechanism of carbapenem
resistance in K. pneumoniae is the production of carbap-
enemases’”™. CPMs have been regarded as a dependable
drug for treating K. pneumoniae infections. However, with
its increasing clinical usage, CPM-resistant K. pneumoni-
ae are becoming more and more pervasive throughout the
world. Our study describes the 3-year prevalence trend of
CPM-resistant K. pneumoniae isolates responsible for in-
fections in the wards of our hospital in Messina, Italy. Our
study showed that the overall percentages of CPM-made K.
pneumoniae decreased from 50% in 2015 to 15% in 2017
in our hospital. This decrease is in contrast with the Euro-
pean data for Italy processed by ECDC, these data show an
increase to resistance (Figure 3).

CONCLUSIONS

To explain the strong decrement of resistance to carbap-
enems in ICUs and GSCUs we hypothesized that there
is not selective pressure for the establishment and main-
tenance of bacterial populations resistant to multiple an-
timicrobial compounds within this hospital, except for
VSUs, where the selective pressure seems to be high. To
test this hypothesis, we will need more data about the
antibiotics use in our hospital. However, studies about
the antibiotics use are still on-going.

Table 1. Details about total blood cultures performed, positive blood cultures and Klebsiella pneumoniae isolates during the three

years of the study

Years Total blood cultures Positive Positive for %
K. pneumoniae

2015 2261 522 64 12

2016 2720 691 68 10

2017 2666 712 55 8
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Figure 3. The graphic show the data of resistances
in our institution compared with ECDC data for our
country.

CONFLICT OF INTEREST:
The Authors declare that they have no conflict of inte-
rests.

REFERENCES

1.

10.

11.

12.

13.

Felson B, Rosenberg LS, Hamburger MJ. Roentgen findings
in acute Friedlander’s pneumonia. Radiology 1949; 53: 559-
565.

. Farmer JJ 3rd, Davis BR, Hickman-Brenner FW, McWhort-

er A, Huntley-Carter GP, Asbury MA, Riddle C, Wathen-
Grady HG, Elias C, Fanning GR. Biochemical identification
of new species and biogroups of Enterobacteriaceae isolated
from clinical specimens. J Clin Microbiol 1985; 21: 46-76.

. Highsmith AK, Jarvis WR. Klebsiella pneumoniae: selected

virulence factors that contribute to pathogenicity. Infect
Control 1985; 6: 75-77.

. Carpenter JL. Klebsiella pulmonary infections: occurrence

at one medical center and review. Rev Infect Dis 1990; 12:
672-682.

. Broberg CA, Palacios M, Miller VL. Klebsiella: a long way

to go towards understanding this enigmatic jet-setter. Prime
Rep 2014; 6: 64.

. Ghashghaee A, Behzadifar M, Azari S, Farhadi Z, Luigi

Bragazzi N, Behzadifar M, Saeedi Shahri SS, Ghaemmo-
hamadi MS, Ebadi F, Mohammadibakhsh R, Seyedin H,
Razi Moghadam M. Prevalence of nosocomial infections in
Iran: a systematic review and meta-analysis. Med J Islam
Repub Iran 2018; 32: 48.

. Smith RF, Dayton SL, Chipps DD, Blasi D. Intestinal car-

riage of Klebsiella and pseudomonas in burned children and
their comparative role in nosocomial infection. Health Lab
Sci 1973; 10: 173-179.

. Lye WC, Chan RK, Lee EJ, Kumarasinghe G. Urinary tract

infections in patients with diabetes mellitus. J Infect 1992;
24: 169-174.

. Bergogne-Berezin E. Nosocomial infections: new agents,

incidence, prevention. Presse Med 1995; 24: §9-97.

Falagas ME, Tansarli GS, Karageorgopoulos DE, Vardakas
KZ. Deaths attributable to carbapenem-resistant Enterobac-
teriaceae infections. Emerg Infect Dis 2014; 20: 1170-1175.
Gasink LB, Edelstein PH, Lautenbach E, Synnestvedt M,
Fishman NO. Risk factors and clinical impact of Klebsiclla
pneumoniae carbapenemase-producing K. pneumoniae. In-
fect Control Hosp Epidemiol 2009; 30: 1180-1185.

Fader RC, Davis CP. Klebsicella pneumoniae-induced experi-
mental pyelitis: the effect of piliation on infectivity. J Urol
1982; 128: 197-201.

Simoons-Smit AM, Verwey-van Vught AM, Kanis 1Y, Ma-
cLaren DM. Virulence of Klebsiella strains in experimen-
tally induced skin lesions in the mouse. ] Med Microbiol
1984; 17: 67-717.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mizuta K, Ohta M, Mori M, Hasegawa T, Nakashima I, Kato
N. Virulence for mice of Klebsiella strains belonging to the
Ol group: relationship to their capsular (K) types. Infect
Immun 1983; 40: 56-61.

Kabha K, Nissimov L, Athamna A, Keisari Y, Parolis H,
Parolis LA, Grue RM, Schlepper-Schafer J, Ezekowitz AR,
Ohman DE. Relationships among capsular structure, phago-
cytosis, and mouse virulence in Klebsiella pneumoniae.
Infect Immun 1995; 63: 847-852.

Cryz SlJ, Furer F, Germanier R. Experimental Klebsiella
pneumoniae burn wound sepsis: role of capsular polysac-
charide. Infect Immun 1984; 43: 440-441.

Podschun R, Ullmann U. Klebsiella spp. as nosocomial
pathogens: epidemiology, taxonomy, typing methods, and
pathogenicity factors. Clin Microbiol Rev 1998; 11: 589-
603.

Thomson JM, Bonomo RA. The threat of antibiotic resis-
tance in Gram-negative pathogenic bacteria: beta-lactams in
peril. Curr Opin Microbiol 2005; 8: 518-524.

Baer H, Ehrenworth L. The pathogenicity of Klebsiella
pneumoniae for mice: the relationship to the quantity and
rate of production of type-specific capsular polysaccharide.
J Bacteriol 1956; 72: 713-717.

Minami J, Saito S, Yoshida T, Uemura T, Okabe A. Bio-
logical activities and chemical composition of a cytotoxin
of Klebsiella oxytoca. J Gen Microbiol 1992; 138: 1921-
1927.

Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella
pneumoniae carbapenemase-producing bacteria. Lancet In-
fect Dis 2009; 9: 228-236.

Amit S, Mishali H, Kotlovsky T, Schwaber MJ, Carmeli
Y. Bloodstream infections among carriers of carbapenem-
resistant Klebsiella pneumoniae: etiology, incidence and
predictors. Clin Microbiol Infect 2015; 21: 30-34.

van Duin D, Doi Y. Outbreak of colistin-resistant, carbapen-
emase-producing klebsiella pneumoniae: are we at the end of
the road? J Clin Microbiol 2015; 53: 3116-3117.

Domenico P, Johanson WGJ, Straus DC. Lobar pneumonia
in rats produced by clinical isolates of Klebsiella pneumoni-
ae. Infect Immun 1982; 37: 327-335.

Noriega ER, Leibowitz RE, Richmond AS, Rubinstein
E, Schaefler S, Simberkoff MS, Rahal JJJ. Nosocomial
infection caused by gentamicin-resistant, streptomycin-
sensitive Klebsiella. J Infect Dis 1975; 131 Suppl: S45-
S50.

Simoons-Smit AM, Verweij-van Vught AM, MacLaren DM.
The role of K antigens as virulence factors in Klebsiella. J
Med Microbiol 1986; 21: 133-137.

Higaki M, Chida T, Takano H, Nakaya R. Cytotoxic
component(s) of Klebsiella oxytoca on HEp-2 cells. Micro-
biol Immunol 1990; 34: 147-151.

Murphy CN, Clegg S. Klebsiella pneumoniae and type 3
fimbriae: nosocomial infection, regulation and biofilm for-
mation. Future Microbiol 2012; 7: 991-1002.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

30.

40.

41.

42.

43.

44.

45.

46.

EriDEMIOLOGY OF KLEBSIELLA PNEUMONIAE MDR DURING A THREE-YEAR PERIOD

Murphy CN, Mortensen MS, Krogfelt KA, Clegg S. Role of
Klebsiella pneumoniae type 1 and type 3 fimbriae in colo-
nizing silicone tubes implanted into the bladders of mice as a
model of catheter-associated urinary tract infections. Infect
Immun 2013; 81: 3009-3017.

Riser E, Noone P. Klebsiella capsular type versus site of
isolation. J Clin Pathol 1981; 34: 552-555.

Straus DC. Production of an extracellular toxic complex
by various strains of Klebsiella pneumoniae. Infect Immun
1987; 55: 44-48.

McCallum KL, Schoenhals G, Laakso D, Clarke B, Whit-
field C. A high-molecular-weight fraction of smooth lipo-
polysaccharide in Klebsiella serotype O1:K20 contains a
unique O-antigen epitope and determines resistance to non-
specific serum killing. Infect Immun 1989; 57: 3816-3822.
Podschun R, Ullmann U. Klebsiella capsular type K7 in rela-
tion to toxicity, susceptibility to phagocytosis and resistance
to serum. J Med Microbiol 1992; 36: 250-254.

Nassif X, Sansonetti PJ. Correlation of the virulence of Kleb-
siella pneumoniae K1 and K2 with the presence of a plasmid
encoding aerobactin. Infect Immun 1986; 54: 603-608.
Tumbarello M, Spanu T, Sanguinetti M, Citton R, Mon-
tuori E, Leone F, Fadda G, Cauda R. Bloodstream infections
caused by extended-spectrum-beta-lactamase-producing
Klebsiella pneumoniae: risk factors, molecular epidemiol-
ogy, and clinical outcome. Antimicrob Agents Chemother
2006; 50: 498-504.

Daikos GL, Markogiannakis A, Souli M, Tzouvelekis LS.
Bloodstream infections caused by carbapenemase-produc-
ing Klebsiella pneumoniae: a clinical perspective. Expert
Rev Anti Infect Ther 2012; 10: 1393-1404.

Onori R, Gaiarsa S, Comandatore F, Pongolini S, Brisse
S, Colombo A, Cassani G, Marone P, Grossi P, Minoja G,
Bandi C, Sassera D, Toniolo A. Tracking nosocomial klebsi-
ella pneumoniae infections and outbreaks by whole-genome
analysis: small-scale Italian scenario within a Single Hospi-
tal. J Clin Microbiol 2015; 53: 2861-2868.

Esposito S, De Simone G. Update on the main MDR patho-
gens: prevalence and treatment options. Infez Med 2017; 25:
301-310.

Schwaber MJ, Lev B, Israeli A, Solter E, Smollan G, Rubino-
vitch B, Shalit I, Carmeli Y. Containment of a country-wide
outbreak of carbapenem-resistant Klebsiella pneumoniae in
Israeli hospitals via a nationally implemented intervention.
Clin Infect Dis 2011; 52: 848-855.

Duggan JM, Oldfield GS, Ghosh HK. Septicaemia as a hos-
pital hazard. J Hosp Infect 1985; 6: 406-412.

De Champs C, Rouby D, Guelon D, Sirot J, Sirot D, Beytout
D, Gourgand JM. A case-control study of an outbreak of in-
fections caused by Klebsiella pneumoniae strains producing
CTX-1 (TEM-3) beta-lactamase. J Hosp Infect 1991; 18: 5-13.
Schwaber MJ, Klarfeld-Lidji S, Navon-Venezia S, Schwartz
D, Leavitt A, Carmeli Y. Predictors of carbapenem-resis-
tant Klebsiella pneumoniae acquisition among hospitalized
adults and effect of acquisition on mortality. Antimicrob
Agents Chemother 2008; 52: 1028-1033.

Pulcrano G, Iula DV, de Luca C, Roscetto E, Vollaro A,
Rossano F, Catania MR. Clonal dissemination of Klebsi-
ella pneumoniae ST512 carrying blaKPC-3 in a hospital in
southern Italy. APMIS 2014; 122: 42-46.

Chang LWK, Buising KL, Jeremiah CJ, Cronin K, Poy Loren-
70 YS, Howden BP, Kwong J, Cocks J, Blood A, Greenough J,
Waters MJ. Managing a nosocomial outbreak of carbapenem-
resistant Klebsiella pneumoniae: an early Australian hospital
experience. Intern Med J 2015; 45: 1037-1043.

Meyer KS, Urban C, Eagan JA, Berger BJ, Rahal JJ. Noso-
comial outbreak of Klebsiella infection resistant to late-gen-
eration cephalosporins. Ann Intern Med 1993; 119: 353-358.
d’Aleo F, Ceccarelli M, Facciola A, Rullo EV, Paolucci I,
Lo Presti Costantino MR, Fazii P, Conte M, Pellicano GF.
Current fast methods for the identification of carbapenemase
enzymes in clinical laboratory. Infect Dis Trop Med 2018 ;4:
e470.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Urban C, Rahal JJ. Klebsiella and extended spectrum beta-
lactamases. Int J Antimicrob Agents 1997; 8: 37-43.
Perdelli F, Dallera M, Cristina ML, Sartini M, Ottria G,
Spagnolo AM, Orlando P. A new microbiological problem
in intensive care units: environmental contamination by
MRSA with reduced susceptibility to glycopeptides. Int J
Hyg Environ Health 2008; 211: 213-218.
Tullus K, Berglund B, Fryklund B, Kuhn I, Burman LG.
Epidemiology of fecal strains of the family Enterobacteria-
ceae in 22 neonatal wards and influence of antibiotic policy.
J Clin Microbiol 1988; 26: 1166-1170.
Walsh TR, Toleman MA, Poirel L, Nordmann P. Metallo-
beta-lactamases: the quiet before the storm? Clin Microbiol
Rev 2005; 18: 306-325.
Porat R, Johns MA, McCabe WR. Selective pressures and
lipopolysaccharide subunits as determinants of resistance
of clinical isolates of gram-negative bacilli to human serum.
Infect Immun 1987; 55: 320-328.
Darfeuille-Michaud A, Jallat C, Aubel D, Sirot D, Rich C,
Sirot J, Joly B. R-plasmid-encoded adhesive factor in Kleb-
siella pneumoniae strains responsible for human nosocomial
infections. Infect Immun 1992; 60: 44-55.
Venezia RA, Scarano FJ, Preston KE, Steele LM, Root TP,
Limberger R, Archinal W, Kacica MA. Molecular epidemi-
ology of an SHV-5 extended-spectrum beta-lactamase in en-
terobacteriaceae isolated from infants in a neonatal intensive
care unit. Clin Infect Dis 1995; 21: 915-923.
Hussein K, Sprecher H, Mashiach T, Oren I, Kassis I, Finkel-
stein R. Carbapenem resistance among Klebsiella pneumoniae
isolates: risk factors, molecular characteristics, and susceptibil-
ity patterns. Infect Control Hosp Epidemiol 2009; 30: 666-671.
Pitout JDD, Laupland KB. Extended-spectrum beta-lacta-
mase-producing Enterobacteriaceae: an emerging public-
health concern. Lancet Infect Dis 2008; 8: 159-166.
Lopez-Cerero L, Egea P, Gracia-Ahufinger I, Gonzalez-Pa-
dilla M, Rodriguez-Lopez F, Rodriguez-Bano J, Pascual A.
Characterisation of the first ongoing outbreak due to KPC-
3-producing Klebsiella pneumoniae (ST512) in Spain. Int J
Antimicrob Agents 2014; 44: 538-540.
Weber DJ, Anderson D, Rutala WA. The role of the surface
environment in healthcare-associated infections. Curr Opin
Infect Dis 2013; 26: 338-344.
Ciurana B, Tomas JM. Role of lipopolysaccharide and
complement in susceptibility of Klebsiella pneumoniae to
nonimmune serum. Infect Immun 1987; 55: 2741-2746.
Suerbaum S, Friedrich S, Leying H, Opferkuch W. Expression
of capsular polysaccharide determines serum resistance in
Escherichia coli K92. Zentralbl Bakteriol 1994; 281: 146-157.
Prabaker K, Weinstein RA. Trends in antimicrobial resis-
tance in intensive care units in the United States. Curr Opin
Crit Care 2011; 17: 472-479.
Bradford PA, Urban C, Mariano N, Projan SJ, Rahal JJ, Bush
K. Imipenem resistance in Klebsiella pneumoniae is associ-
ated with the combination of ACT-1, a plasmid-mediated
AmpC beta-lactamase, and the foss of an outer membrane
protein. Antimicrob Agents Chemother 1997; 41: 563-569.
Gagliotti C, Cappelli V, Carretto E, Marchi M, Pan A,
Ragni P, Sarti M, Suzzi R, Tura GA, Moro ML. Control of
carbapenemase-producing Klebsiella pneumoniae: a region-
wide intervention. Euro Surveill 2014; 19(43). pii: 20943.
Richter SN, Frasson I, Franchin E, Bergo C, Lavezzo E,
Barzon L, Cavallaro A, Palu G. KPC-mediated resistance
in Klebsiella pneumoniae in two hospitals in Padua, Italy,
June 2009-December 2011: massive spreading of a KPC-
3-encoding plasmid and involvement of non-intensive care
units. Gut Pathog 2012; 4: 7.
Jacoby GA. AmpC beta-lactamases. Clin Microbiol Rev
2009; 22: 161-182.
Falcone M, Russo A, Iacovelli A, Restuccia G, Ceccarelli G,
Giordano A, Farcomeni A, Morelli A, Venditti M. Predic-
tors of outcome in ICU patients with septic shock caused by
Klebsiella pneumoniae carbapenemase-producing K. pneu-
moniae. Clin Microbiol Infect 2016; 22: 444-450.




InFect Dis TRor MeD

66. Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Dai-

67.

68.

69.

kos GL, Cormican M, Cornaglia G, Garau J, Gniadkowski
M, Hayden MK, Kumarasamy K, Livermore DM, Maya JJ,
Nordmann P, Patel JB, Paterson DL, Pitout J, Villegas MV,
Wang H, Woodford N, Quinn JP. Clinical epidemiology of
the global expansion of Klebsiella pneumoniae carbapen-
emases. Lancet Infect Dis 2013; 13: 785-796.

Dortet L, Poirel L, Nordmann P. Worldwide dissemination of
the NDM-type carbapenemases in Gram-negative bacteria.
Biomed Res Int 2014; 2014: 249856.

Monaco M, Giani T, Raffone M, Arena F, Garcia-Fernandez
A, Pollini S, Grundmann H, Pantosti A, Rossolini GM. Colis-
tin resistance superimposed to endemic carbapenem-resistant
Klebsiella pneumoniae: a rapidly evolving problem in Italy,
November 2013 to April 2014. Euro Surveill 2014; 19(42). pii:
20939.

Marchaim D, Chopra T, Pogue JM, Perez F, Hujer AM, Rudin
S, Endimiani A, Navon-Venezia S, Hothi J, Slim J, Blunden C,
Shango M, Lephart PR, Salimnia H, Reid D, Moshos J, Hafeez
W, Bheemreddy S, Chen T-Y, Dhar S, Bonomo RA, Kaye KS.

70.

71.

72.

73.

74.

Outbreak of colistin-resistant, carbapenem-resistant Klebsiella
pneumoniae in metropolitan Detroit, Michigan. Antimicrob
Agents Chemother 2011; 55: 593-599.

Pagani L, Ronza P, Giacobone E, Romero E. Extended-spec-
trum beta-lactamases from Klebsiella pneumoniae strains iso-
lated at an Italian hospital. Eur J Epidemiol 1994; 10: 533-540.
Lockhart SR, Abramson MA, Beekmann SE, Gallagher G,
Riedel S, Diekema DJ, Quinn JP, Doern G V. Antimicrobial
resistance among Gram-negative bacilli causing infections in
intensive care unit patients in the United States between 1993
and 2004. J Clin Microbiol 2007; 45: 3352-3359.

Bush K. Proliferation and significance of clinically relevant
beta-lactamases. Ann N Y Acad Sci 2013; 1277: 84-90
Livermore DM, Woodford N. The beta-lactamase threat in
Enterobacteriaceae, Pseudomonas and Acinetobacter. Trends
Microbiol 2006; 14: 413-420.

Campbell WR, Li P, Whitman TJ, Blyth DM, Schnaubelt
ER, Mende K, Tribble DR. Multi-drug-resistant gram-negative
infections in deployment-related trauma patients. Surg Infect
2017; 18: 357-367.



