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Abstract

Klebsiella pneumoniae (K. pneumoniae) and Acinetobacter
baumannii (A. baumannii) are multiresistant pathogens most
frequently found in patients hospitalized in the Intensive Care of
our hospital. We found the highest rate of positivity in the bronchial
aspirates, often followed by a similar observation in blood culture.
We carried out a study to evaluate the reduction of sepsis that
developed after the detection of these microorganisms in bronchial
aspirate, following the introduction of treatment with colistin aerosol
in combination with conventional therapy. From 2012 to the first
half of 2014, 533 patients were admitted to the ICU of our hospital.
Since May 2013, colistin was administered by aerosol along with
conventional therapy. In 43 (78.1%) cases K. pneumoniae KPC
was isolated from bronchial aspirate and in 30 (54.5%) from blood
culture; MDR A. baumannii was isolated in 89 (96.7%) cases
of bronchial aspirate and 45 (48.9%) from blood culture. From
patients treated with added colistin aerosol, K. pneumoniae KPC
was isolated from bronchial aspirates in 15 cases and in 4 (26.7%)
of those was found sepsis. MDR A. baumannii was isolated from
bronchial aspirate in 41 cases, and in 10 (24.4%) it developed
sepsis due to the same germ. The patients admitted to intensive
care for more than 7 days were positive for MDR A. baumannii
and MDR K. pneumoniae in bronchial aspirates and subsequent
relief of blood culture. The treatment with colistin aerosol resulted
in a reduction of the spread of microorganisms from the lower
respiratory tract to the blood.

Introduction

The incidence of nosocomial respiratory infections is particularly
relevant in ICU patients undergoing assisted ventilation [1]. In these
patients, the abolition of the physiological defense mechanisms
(glottis, cough reflex, mucociliary clearance, and nasal filter in
the upper respiratory tract), as well as the mechanical irritation of
the mucous membrane along with the alteration in the microbial
ecosystem of the digestive tract [2] may contribute to the onset of

pneumonia caused by assisted ventilation, which represents one
of the risk factors for the development of sepsis [3,4]. This study
was inspired by the observation that the number of positive blood
culture results due to MDR Klebsiella pneumoniae (K. pneumoniae)
and MDR Acinetobacter baumannii (A. baumannii) has decreased
since May 2013. We have verified that the reduction of positivity
coincided with the introduction, for these patients, of treatment with
colistin aerosol, therefore we conducted a study to assess whether the
combination of colistin aerosol with the conventional treatment is
able to reduce the incidence of sepsis as a complication of pneumonia
due to MDR K. pneumoniae and MDR A. baumannii in patients
admitted to the ICU of our hospital.

Patients

Patients: From January 2012 to June 2014, 533 patients were
admitted to the ICU of our hospital. 71/533 (13.3%) for a period >
48h and < 7 days and 213/533 (40.0%) for a period > 7 days, whereas
249/533 were present in ICU for a period < 48 h. On 238/284 (83.8%)
patients hospitalized for > 48 h a rectal swab was performed on their
admission to the ward to detect MDR K. pneumoniae. On the basis of
the length of their stay in ICU, patients were divided.

In the following groups: from January 2012 to April 2013 128
(44.8%) patients admitted in our ICU for a period < 48 h, 41(14.3%)
patients admitted for a period > 48 h and < 7 days, 117 (40.9%)
patients admitted for a period > 7 days; from May 2013 to June 2014
121 (49.0%) patients admitted for a period < 48 h, 30 (12,1%) patients
admitted for a period > 48 h and < 7 days, 96 (38.9%) patients admitted
for a period > 7 days [5,6] (Table 1) Patients hospitalized for < 48
hours were not enrolled in the study: this shorter stay is caused by
the transfer to another department or by the patient’s death. Patients
hospitalized for > 48 hours were enrolled in the study. Patients
hospitalized in the period January 2012 - April 2013, following the
positivity for MDR K. pneumoniae and/or MDR A. baumannii, were
treated with the conventional therapy, which consists of intravenous
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Table 1: Number of hospitalized patients

January 2012-April 2013 May 2013- June 2014 TOTAL
Hospitalized patients < 48 h 128 (44.8%) 121 (49.0%) 249
Hospitalized patients > 48 h < 7 gg 41 (14.3%) 30 (12.1%) 7
Hospitalized patients > 7 gg 117 (40.9%) 96 (38.9%) 213
TOTAL 286 247 533
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Figure 1: Device for the administration of colistin aerosol

colistin injections, because of the unavailability of the device
necessary to perform the therapy with aerosolized colistin. Patients
hospitalized in the period of May 2013 - June 2014 have received, as a
result of microbiological findings, the combined therapy comprising
aerosolized colistin and intravenous colistin.

Methods

The patients admitted to our ICU were subjected to, on admission,
rectal swabs, bronchial aspirates and blood cultures. The rectal swabs
were performed at admission to detect carrier status while other tests
were carried out to verify the initial microbiological condition of the
patient. Patients admitted to the ICU were subjected to bronchial
aspirates and blood cultures every week or if their internal body
temperature was found to be > 38°C. Rectal swabs were not repeated
during the hospital stay. On 238/284 (83.8%) patients hospitalized
for > 48 hours a rectal swab was performed on their admission to
the ward to detect MDR K. pneumoniae The search of MDR K.
pneumoniae from rectal swab was performed by radial diffusion of
a meropenem diskette on agar Mac Conkey [7,8]. In samples found
positive for MDR K. pneumoniae, identification and susceptibility
testing were performed with the system Vitek2 (bioMérieux-Marcy
I’Etoile, France) and the carbapenem MICs between 0.5 and 2 mg/
ml were tested using E-test (bioMérieux-Marcy I'Etoile, France).
The mechanisms of resistance of multiresistant K. pneumoniae and
A. baumannii (MDR K. pneumoniae, MDR A. baumannii) were
detected by synergistic effect between boronic acid and carbapenems
(meropenem, imipenem and ertapenem) on Miiller-Hinton agar

[9,10] and using the modified Hodge test [11,12]. The bronchial
aspirate was inoculated on enriched chocolate agar, sheep blood agar,
Columbia CNA agar, Mac Conkey agar, mannitol salt agar, Sabouraud
agar with CAF. The cultures were incubated at 37°C and measured at
24h and 48h. The blood for culture is collected in bottles containing
the culture medium: the levy provides 3 vials for aerobic germs and
one bottle for anaerobic germs that are incubated for 7 days at 37°C
in Bact Alert (Bio-Merieux) system. The definition of multi-resistant
microorganism has been given on the ground of resistance to beta-
lactam antibiotics, carbapenems and chilonons. Since May 2013,
when the device was available (Figure 1), in patients whose blood was
isolated in the bronchial aspirated MDR K. pneumoniae with number
of colonies > 10° CFU/m], colistin was administered by aerosol (1-2
x 10° UI every 8 h) with Aeroneb® Solo System (Aerogen- Dangan,
Ireland), along with conventional therapy (colistin 10° Ul/kg of body
weight divided into 3 doses/day with minimum dosage of 9 x 10¢ UI
+ meropenem 2 g/3 times/day + tigecycline 100 mg followed by 50
mg/twice/day) [13-16]. For cases in which MDR A. baumannii was
found in bronchial aspirate, with number of colonies > 10° CFU/
ml, treatment with aerosol-administered colistin was performed in
addition to the conventional treatment (colistin 10° UI/Kg of body
weight divided into 3 administration/day with minimum dosage of 9
x 10° UT + rifampicin 10 mg/kg/day + meropenem 2 g/3 times/day)
[17].

Results

Rectal swabs were performed in 238 patients. 5 of these 238 rectal
swabs (2.1%) were found to be positive for K. pneumoniae KPC. Of
those patients who were found to be positive for K. pneumoniae KPC
in rectal swabs: one was found positive in bronchial aspirates, one was
found positive in blood culture, one was found positive from urine
and, in one case, we observed positivity in blood culture, bronchial
aspirates and urine at the same time. The positivity for K. pneumoniae
KPC appeared after an average of 9.8 days (range: 3-15 days). One
patient died within 8 days from admission without positive feedback
from other materials. In 1/71 patients hospitalized for > 48 hours and
<7 days K. pneumoniae KPC was isolated, while in no instance MDR
A. baumannii was found. In 55/213 (25.8%) patients hospitalized for
> 7 days K. pneumoniae KPC was isolated, and in 92/213 patients
(43.2%) MDR A. baumannii (Table 2) was isolated. In 43 (78.1%)
patients K. pneumoniae KPC was isolated from bronchial and in 30
patients (54.5%) from blood culture; MDR A. baumannii was isolated
in 89 (96.7%) cases from bronchial aspirates and in 45 patients (48.9%)
from blood culture (Table 3). We also observed that in patients
positive for K. pneumoniae KPC the appearance of positivity for K.
pneumoniae KPC in blood is always preceded by the appearance of
positivity in bronchial aspirate with an average of 10.2 days (range
1-30 days). However, for patients positive for MDR A. baumannii,
in 19 cases the positive blood followed the positivity of the bronchial
appearance after an average of 6.7 days (range 1-29 days) and in 9
patients the positive blood preceded the positivity of the bronchial
appearance with an average of 7.7 days (range 1-21 days. In the group
of patients treated with conventional therapy alone, 28 were found
positive for K. pneumoniae KPC in bronchial aspirate, and 13 patients
(46.4%) of these developed sepsis caused by the same organism; in 48
patients MDR A. baumannii was isolated from bronchial aspirates and
in 22 patients (45.8%) MDR A. baumannii was isolated from blood
culture. In the time elapsed since the aerosol therapy was introduced
in May 2013, 15 cases were found positive for K. pneumoniae KPC
in bronchial aspirate and 41 tested positive for MDR A. baumannii.
Of the patients positive for K. pneumoniae KPC, 4 patients (26.7%)
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Table 2: Number of isolation of K. pneumoniae KPC and MDR A. baumannii

2012 | 2013 Jan-Jun 2014 TOTAL
K. pneumoniae KPC 21 22 12 55 (25.8%)
MDR A. baumannii 34 38 20 92 (43.2%)

Table 3: Materials from which were isolated K. pneumoniae KPC and A.
baumannii MDR

K. pneumoniae KPC
K. pneumoniae

KPC MDR A. baumannii +
MDR A. baumannii
Bronchial Aspirate 43 89 31
Blood 30 45 14
Urine 9 8 0
Others 6 6 1

Table 4: Isolation of K. pneumoniae KPC and MDR A. baumannii from patients
with conventional antibiotic treatment vs patients treated with colistin aerosol in
addition to conventional antibiotic treatment.

Conventional Treatment Conventional Treatment+Colistin Aerosol

K. pneumoniae KPC K. pneumoniae KPC

Bronchial Aspirate 28 Bronchial Aspirate 15

Bronchial Aspirate +

13 (46.4%) Bronchial Aspirate + Blood 4 (26.7%)

Blood

MDR A. baumannii MDR A. baumannii
Bronchial Aspirate 48 Bronchial Aspirate 41
Slrgggh'a' Aspirate + 55 (45.8%) Bronchial Aspirate + Blood 10 (24.4%)

developed sepsis. Of those patients who were found to be positive
for MDR A. baumannii, 10 (24.4%) developed sepsis (Table 4). The
analysis of the obtained data allows us statistical treatment only for
cases in which the result on the positivity for MDR A. baumannii
was numerically sufficient to calculate the index of probability. In this
case, the comparison between patients receiving only conventional
therapy and patients who received the combined therapy allows us to
detect a statistically significant difference (p < 0.005) in the reduction
of incidence of sepsis after introducing the colistin aerosol therapy.
The statistical treatment was not possible for the groups positive for
K. pneumoniae MDR: the data available to us, which is numerically
insufficient for statistical analysis, only allows for an estimate of the
percentage reduction of sepsis in patients with bronchial aspirates
positive for K. pneumoniae MDR-treated colistin aerosol.

Discussion

We observed that the increase of the duration of hospital stay
favors the onset of infection by K. pneumoniae KPC and MDR A.
baumannii. Patients admitted to the ICU for less than 7 days did not
present positivity for these microorganisms. The only exception was a
patient already presenting with for K. pneumoniae KPC at admission
to the ICU, condition which then showed on the positive bronchial
aspirate. On the other hand, we have observed a high incidence
of positivity for K. pneumoniae KPC and MDR A. baumannii in
bronchial aspirates in patients hospitalized for more than 7 days,
often followed by the same positivity in blood culture. Following
the introduction of treatment with colistin aerosol in combination
with conventional therapy, we observed a reduction in the spread of
microorganisms from the lower respiratory tract to the blood. The
evaluation of samples positive for K. pneumoniae KPC has enabled
us to confirm this observation with the reduction of positive blood
cultures; however, the number of cases at our disposal is insufficient
for a statistical evaluation. In contrast, the higher frequency of
positivity for MDR A. baumannii allows us not only to observe the
reduction of positive blood cultures but also to detect a statistically
significant difference (p < 0.05) among patients treated with
conventional therapy alone and those in which it has been added
aerosol therapy. Our data allow us, therefore, to assert that the use
of treatment with colistin aerosol effectively supports conventional
therapy to aid in the elimination of K. pneumoniae KPC and MDR A.
baumannii from the lower respiratory tract. This prevents the spread

of these microorganisms to the blood and, consequently, prevents
episodes of sepsis.

References

1. Bogovi¢ TZ, Budimir A, Bo$njak Z, Hraba¢ P, Baronica R, et al. (2014)
Inhalation plus intravenous colistin versus intravenous colistin alone for
treatment of ventilator associated pneumonia. Signa Virae 9 : 29-33.

2. Farina C (2009) Le Polmoniti: proposta di un percorso condiviso per la
diagnosi microbiologica. Microbiologia Medica 24: 175-210.

3. Garcia-Garmendia JL, Ortiz-Leyba C, Garnacho-Montero J, Jiménez-
Jiménez FJ, Pérez-Paredes C, et al. (2001) Risk factors for Acinetobacter
baumannii nosocomial bacteremia in critically ill patients: a cohort study. Clin
Infect Dis 33: 939-946.

4. Tuon FF, Rocha JL, Toledo P, Arend LN, Dias CH, et al. (2012) Risk factors
for KPC-producing Klebsiella pneumoniae bacteremia. Braz J Infect Dis 16:
416-419.

5. R Prowle J, E Echeverri J, Ligabo E V, Sherry N, Taori GC, et al. (2011)
Acquired bloodstream infection in the intensive care unit: incidence and
attributable mortality. Critical Care 15:100.

6. Vincent JL, Bihari DJ, Suter PM, Bruining HA, White J, et al. (1995) The
prevalence of nosocomial infection in intensive care units in Europe. Results
of the European Prevalence of Infection in Intensive Care (EPIC) Study. EPIC
International Advisory Committee. JAMA 274: 639-644.

7. Pournaras S, Zarkotou O, Poulou A, Kristo I, Vrioni G, et al. (2013) A
combined disk test for direct differentiation of carbapenemase-producing
enterobacteriaceae in surveillance rectal swabs. J Clin Microbiol 51: 2986-
2990.

8. Tenover FC, Canton R, Kop J, Chan R, Ryan J, et al. (2013) Detection of
colonization by carbapenemase-producing Gram-negative Bacilli in patients
by use of the Xpert MDRO assay. J Clin Microbiol 51: 3780-3787.

9. Hirsch EB, Chang KT, Zucchi PC, Francoeur DN, Ledesma KR, et al. (2014)
An evaluation of multiple phenotypic screening methods for Klebsiella
pneumoniae carbapenemase (KPC)-producing Enterobacteriaceae. J Infect
Chemother 20: 224-227.

1

o

. Tsakris A, Kristo |, Poulou A, Themeli-Digalaki K, lkonomidis A, et al. (2009)
Evaluation of boronic acid disk tests for differentiating KPC-possessing
Klebsiella pneumoniae isolates in the clinical laboratory. J Clin Microbiol 47:
362-367.

1

a

. Ramana KV, Rao R, Sharada ChV, Kareem M, Reddy LR, et al. (2013)
Modified Hodge test: A useful and the low-cost phenotypic method for
detection of carbapenemase producers in Enterobacteriaceae members. J
Nat Sci Biol Med 4: 346-348.

12. Doyle D, Peirano G, Lascols C, Lloyd T, Church DL, et al. (2012) Laboratory
detection of Enterobacteriaceae that produce carbapenemases. J Clin
Microbiol 50: 3877-3880.

13. Qureshi ZA, Paterson DL, Potoski BA, Kilayko MC, Sandovsky G, et al.
(2012) Treatment outcome of bacteremia due to KPC-producing Klebsiella
pneumoniae: superiority of combination antimicrobial regimens. Antimicrob
Agents Chemother 56: 2108-2113.

14. Tumbarello M, Viale P, Viscoli C, Trecarichi EM, Tumietto F, et al. (2012)
Predictors of mortality in bloodstream infections caused by Klebsiella
pneumoniae carbapenemase-producing K. pneumoniae: importance of
combination therapy. Clin Infect Dis 55: 943-950.

15. Lépez-Cortés LE, Cisneros JM, Fernandez-Cuenca F, Bou G, Tomas M, et al.
(2014) Monotherapy versus combination therapy for sepsis due to multidrug-
resistant Acinetobacter baumannii: analysis of a multicentre prospective
cohort. J Antimicrob Chemother.

1

o

. Tumbarello M, De Pascale G, Trecarichi EM, De Martino S, Bello G, et al.
(2013) Effect of aerosolized colistin as adjunctive treatment on the outcomes
of microbiologically documented ventilator-associated pneumonia caused by
colistin-only susceptible gram-negative bacteria. Chest 144: 1768-1775.

17. Arnold HM, Sawyer AM, Kollef MH (2012) Use of adjunctive aerosolized
antimicrobial therapy in the treatment of Pseudomonas aeruginosa and
Acinetobacter baumannii ventilator-associated pneumonia. Respir Care 57:
1226-1233.

Antonietta et al. Int J Crit Care Emerg Med 2015, 1:2

ISSN: 2474-3674 ePage30f3e


http://hrcak.srce.hr/134148?lang=en
http://hrcak.srce.hr/134148?lang=en
http://hrcak.srce.hr/134148?lang=en
http://www.pagepressjournals.org/index.php/mm/article/view/2498
http://www.pagepressjournals.org/index.php/mm/article/view/2498
http://www.ncbi.nlm.nih.gov/pubmed/11528563
http://www.ncbi.nlm.nih.gov/pubmed/11528563
http://www.ncbi.nlm.nih.gov/pubmed/11528563
http://www.ncbi.nlm.nih.gov/pubmed/11528563
http://www.ncbi.nlm.nih.gov/pubmed/22980584
http://www.ncbi.nlm.nih.gov/pubmed/22980584
http://www.ncbi.nlm.nih.gov/pubmed/22980584
http://www.ncbi.nlm.nih.gov/pubmed/21418635
http://www.ncbi.nlm.nih.gov/pubmed/21418635
http://www.ncbi.nlm.nih.gov/pubmed/21418635
http://www.ncbi.nlm.nih.gov/pubmed/7637145
http://www.ncbi.nlm.nih.gov/pubmed/7637145
http://www.ncbi.nlm.nih.gov/pubmed/7637145
http://www.ncbi.nlm.nih.gov/pubmed/7637145
http://www.ncbi.nlm.nih.gov/pubmed/23843486
http://www.ncbi.nlm.nih.gov/pubmed/23843486
http://www.ncbi.nlm.nih.gov/pubmed/23843486
http://www.ncbi.nlm.nih.gov/pubmed/23843486
http://www.ncbi.nlm.nih.gov/pubmed/24006011
http://www.ncbi.nlm.nih.gov/pubmed/24006011
http://www.ncbi.nlm.nih.gov/pubmed/24006011
http://www.ncbi.nlm.nih.gov/pubmed/24674388
http://www.ncbi.nlm.nih.gov/pubmed/24674388
http://www.ncbi.nlm.nih.gov/pubmed/24674388
http://www.ncbi.nlm.nih.gov/pubmed/24674388
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2643660/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2643660/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2643660/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2643660/
http://www.ncbi.nlm.nih.gov/pubmed/24082730
http://www.ncbi.nlm.nih.gov/pubmed/24082730
http://www.ncbi.nlm.nih.gov/pubmed/24082730
http://www.ncbi.nlm.nih.gov/pubmed/24082730
http://www.ncbi.nlm.nih.gov/pubmed/22993175
http://www.ncbi.nlm.nih.gov/pubmed/22993175
http://www.ncbi.nlm.nih.gov/pubmed/22993175
http://www.ncbi.nlm.nih.gov/pubmed/22252816
http://www.ncbi.nlm.nih.gov/pubmed/22252816
http://www.ncbi.nlm.nih.gov/pubmed/22252816
http://www.ncbi.nlm.nih.gov/pubmed/22252816
http://www.ncbi.nlm.nih.gov/pubmed/22752516
http://www.ncbi.nlm.nih.gov/pubmed/22752516
http://www.ncbi.nlm.nih.gov/pubmed/22752516
http://www.ncbi.nlm.nih.gov/pubmed/22752516
http://jac.oxfordjournals.org/content/early/2014/06/24/jac.dku233
http://jac.oxfordjournals.org/content/early/2014/06/24/jac.dku233
http://jac.oxfordjournals.org/content/early/2014/06/24/jac.dku233
http://jac.oxfordjournals.org/content/early/2014/06/24/jac.dku233
http://www.ncbi.nlm.nih.gov/pubmed/23989805
http://www.ncbi.nlm.nih.gov/pubmed/23989805
http://www.ncbi.nlm.nih.gov/pubmed/23989805
http://www.ncbi.nlm.nih.gov/pubmed/23989805
http://www.ncbi.nlm.nih.gov/pubmed/22349038
http://www.ncbi.nlm.nih.gov/pubmed/22349038
http://www.ncbi.nlm.nih.gov/pubmed/22349038
http://www.ncbi.nlm.nih.gov/pubmed/22349038

	Title
	Corresponding author
	Abstract 
	Introduction
	Patients
	Methods
	Results
	Discussion
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	References

