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Abstract: Klebsiella pneumoniae is a frequent cause of infectious outbreaks in Neonatal
Intensive Care Units (NICUs). The aim of this paper is to describe an outbreak occurred in
a 13-bed NICU and the control measures adopted in order to interrupt the chain of
transmission. We described the microbiological investigations, the NICU staff compliance
to the infection control measures by means of a specifically designed check-list and the
control measures adopted. Six cases of primary bloodstream infections sustained by
ampicillin/piperacillin-resistant Klebsiella pneumoniae were observed over a two-month
period. One culture obtained from a 12% saccarose multiple-dose solution allowed the
growth of Klebsiella pneumoniae. During the inspections performed by the Hospital
Infection Control Team, using the check-list for the evaluation of the NICU staff
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compliance to the infection control measures, several breaches in the infection control
policy were identified and control measures were adopted. In our case the definition of a
specific check-list led to the adoption of the correct control measures. Further studies
would be helpful in order to develop a standard check-list able to identify critical flows in
the adhesion to the guidelines. It could be used in different NICUs and allow to obtain
reproducible levels of infection control.
Keywords: Klebsiella pneumonia; neonatal intensive care units; disease outbreak;
infection control

1. Introduction
Klebsiella pneumoniae is a Gram-negative bacillus that belongs to the Enterobacteriacae family
and is responsible for severe hospital acquired infections (HAIs), including pneumonia and primary
bloodstream infections (BSI) [1,2]. It can easily survive in hospitals, reproduce on environmental
surfaces and colonize the human skin, bowels, bladder and respiratory tract [3,4]. Transmission is
usually from patient to patient via the hands of healthcare personnel [2,5,6].
Klebsiella pneumoniae has been identified as one of the most frequent causes of outbreaks reported
in neonatal intensive care units (NICUs) [7–11]. In fact it affects immunocompromised subjects as
an opportunistic pathogen, and newborns are more prone to the risk of infection due to their
immature immune systems, their low weight at birth, and the frequent use of invasive devices and
antibiotics [9,12,13].
Four Italian studies showed that most HAIs occurred in newborns admitted to NICUs consisted of
sepsis and one of the most commonly isolated microrganisms was Klebsiella pneumoniae.
They confirmed the importance of low gestational age, low birth weight, invasive devices (mechanical
ventilation, umbilical catheterization and CVC), duration of hospital stay and empiric antimicrobial
treatment as risk factors for infection in neonates as well [12–15].
A German study reported that according to the best available scientific evidence nearly 50% of the
Klebsiella pneumoniae outbreaks occurred in NICUs and were controlled by applying a mix of
different infection control measures [11]. More recently the importance of correct antibiotics policies,
less use of invasive procedures, hand disinfection/handwashing before and after patient management
and isolation precautions have been underlined by several authors [9,16,17].
The aim of this paper is to describe an outbreak which occurred in a NICU and the control measures
adopted in order to interrupt the chain of transmission. The development of prevention strategies and
procedures is essential in NICUs because of the well demonstrated association between HAIs caused
by Klebsiella pneumoniae and a significant risk of morbidity and mortality, also due to the increasing
Klebsiella pneumoniae multidrug resistance [8,9,13,15,18,19].
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2. Methods
2.1. Setting
The outbreak occurred in the 13-bed tertiary level NICU of the Maggiore Hospital, Bologna (Italy).
The NICU’s service is staffed by eight paediatricians and 21 nurses and all procedures are performed
in an open space. Approximately 250 newborns are admitted to the NICU each year and the healthcare
personnel is well trained in the application of HAIs prevention and control measures. Data were
collected by the infection control physician.
2.2. Case Definition
A case was defined as isolation from blood of Klebsiella pneumoniae with signs and symptoms of a
BSI (fever (>38 °C), chills or hypotension) according to CDC/NHSN definitions [20].
2.3. Review of Infection Control Measures/Procedures
When the first four cases of infection were identified a series of measures was implemented.
In order to identify potential oversights in the infection control policy, inspections in the NICU were
performed daily by the Hospital Infection Control Team, made up of physicians and nurses.
They interviewed the NICU staff in order to ascertain any changes in procedures that could have
contributed to the outbreak, and evaluated the NICU staff compliance to the infection control measures
by means of a specifically designed check-list based on the most recent practical guidelines on HAI’s
prevention [21–25] (Table 1).
Table 1. Check-list for the evaluation of the NICU staff compliance to the infection control measures.
Procedure
Adhesion to hand hygiene guidelines/procedures
Use of caps in routine activities
Use of personal protective equipment (caps, mask and scrubs)
during invasive procedures
Respect of asepsis in the management of central venous catheters
and venous lines connections
Disinfection of glucometer after every single use
Preparation of infusional therapy on a dedicated work surface
Use of single-patient trays for small medical devices
(for example phonendoscope)
Subministration of a single-dose saccharose solution with a
single-patient dummy
Disposable items in newborn hygiene
Use of oily solutions in newborn hygiene
Conjuntival, anal and pharyngeal swabs on admission and
every 72 h
Dipers-scale properly placed (respect of clean pathways)

Yes

No

Notes
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The team arranged for the continual surveillance of the patients, the review of all clinical records
and a weekly meeting as well. Admissions in the NICU were temporarily suspended in order to help
environmental investigations and to prevent further new infections until the identification of the cause.
2.4. Environmental Samples and Microbiological Investigation
Extensive culturing of specimens from the NICU environment, newborn nursery and pharmacy was
randomly performed from multidose and monodose solutions, dispensers and corks, TPN pump and
keys, feeding bottles, venous lines hubs, working surfaces. The healthcare personnel had hand
specimens taken for culturing by using the touch plate method. Isolates were obtained from patients’
conjuntival, anal and pharyngeal swabs on admission and every 72 h. Microbiological samples were
inoculated on blood agar and on Herellea agar plates. Bacterial identification was performed by using
the semi-automated Vitek2 instrument (bioMérieux, Marcy L’Etoile, France). Antimicrobial
susceptibility testing was performed by Vitek2 (AST-GN26 and AST-N089). All isolates of
Klebsiella pneumoniae that were obtained from patients and from cultures of environmental and hand
samples were typed by means of pulsed-field gel electrophoresis techniques.
In order to determine genetic relatedness among strains, repetitive extragenic palindromic PCR
(Rep-PCR) using a semiautomated system was applied (DiversiLab; bioMérieux, Marcy L’Etoile,
France). The results were confirmed by other two methods home-brew: arbitrary primed polymerase
chain reaction (AP-PCR) and random amplification of polymorphic DNA (RAPD-PCR).
3. Results and Discussion
Six cases of primary BSI sustained by ampicillin/piperacillin-resistant Klebsiella pneumoniae were
observed over a two-month period. Baseline characteristics and clinical outcomes of infants were
reported in Table 2. The index case had been on the NICU for 10 days at the time of the presentation
of the other cases. The birth weights ranged from 820 to 2,340 g and the gestional age from 26 to
36 weeks. Prematurity was the most frequent underlying condition of the infected neonates. All of
them had a history of empiric antibiotic therapy with a combination of ampicillin and netilmicin,
intravenous catheterization and parenteral nutrition. Only one baby received mechanical ventilation
before the isolation of Klebsiella pneumoniae.
All six cases were sepsis. The clinical presentation was non-specific and included tachypnea,
hypotension, hypothermia and feeding intolerance. C-reactive protein levels were increased in all
cases. They all survived and were discharged from NICU.
All the isolates of Klebsiella pneumoniae obtained from the patients’ clinical samples had the same
antibiogram, showing resistance to ampicillin and piperacillin and susceptibility to cephalosporins,
amynoglicosides and imipenem.
Out of 33 environmental specimens only the 10 cultures obtained from NICU yielded bacterial
growth; one culture obtained from a 12% saccarose multiple-dose solution used for pain control before
invasive procedures allowed the growth of Klebsiella pneumoniae; in four further specimens (two from
medical devices of a single patient) a coagulase-negative Staphylococcus could be cultured. The hands
of 27 out of 29 members of the NICU staff were cultured and failed to yield Klebsiella pneumoniae.
644 conjuntival, anal and pharyngeal swabs were cultured.
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Table 2. Baseline characteristics and clinical outcomes of the 6 infants with
Ampicillin/Piperacillin-resistant Klebsiella Infection.
Infant

Gender

Gestational age,
(weeks)

Birth weight,
(g)

Major invasive
procedure

Type of
infection

A

F

36

2,340

CVC, parenteral nutrition

sepsis

B

M

31

1,220

CVC, parenteral nutrition

sepsis

C

F

26

820

CVC, parenteral nutrition

sepsis

D

F

21

870

CVC, parenteral nutrition

sepsis

E

M

31

1,330

CVC, parenteral nutrition,
mechanical ventilation

sepsis

F

M

30

1,770

CVC, parenteral nutrition

sepsis

Rep-PCR confirmed that isolates of Klebsiella pneumoniae from all six infants and the saccharose
solution belonged to the same genotype (Figure 1).
Figure 1. Rep-PCR identified seven isolates with identical banding patterns.

The major risk factors associated with HAIs in NICUs are often difficult to eliminate. Nevertheless
multifactorial interventions that improve hygiene and safe procedure have shown to be able to lower
the incidence of HAIs [15]. During the inspections performed by the Hospital Infection Control Team
in the NICU, using the check-list for the evaluation of the NICU staff compliance to the infection
control measures, the following breaches in the infection control policy were identified: the single-dose
saccarose solution was administered to several patients, disposable anaesthetic ointment tubes were
repeatedly used, the reprocessing of semi-critical multi-use medical devices was incorrect,
the preparation of i.v. solutions was not performed in dedicated areas, working surfaces were treated
with low-level disinfectant and the use of protection devices was scarce as far as both personnel and
parents were concerned. According to the flaws documented in the infection control policy,
the following measures were adopted or intensified: specific and timely antibiotic therapy, total respect
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of the single-dose prescription, personnel and visitors’ hand hygiene and correct use of DPI,
hydro-alcoholic solution dispensers installed in every patient box, set-up of a dedicated tray with
daily-use medical and hygienic instruments (stethoscope, thermometer, diapers, gauzes, ointments),
correct reprocessing of multi-use semi-critical medical devices, implementation of a pathway
dedicated to hygienic manoeuvres and garbage disposal from infected infants, set up of clean areas
dedicated to aseptic preparations.
4. Conclusions
Klebsiella pneumoniae is a germ that has proved to be potentially fatal in the NICU [8,9,13,18,19].
According to the well known epidemiology of Klebsiella pneumoniae, the outbreak occurred when
attention to hygiene measures decreased. In our case we identified a reduced compliance to the general
control measures, such as the correct use of DPI or the reprocessing of semicritical medical devices,
and to specific procedures.
As it has been stated, establishing hygienic guidelines with an educational program is effective for
reducing sepsis rates in NICUs [11]. If compliance to those recommendations decreases the healthcare
policy makers should be able to promptly identify the system breaches in order to prevent outbreaks
and potentially fatal events. In our case the definition of a specific check-list led to the adoption of the
correct control measures in order to limit the outbreak and avoid casualties. Such check-list was based
on the recommendations of different guidelines for the prevention of HAIs. Further studies would be
helpful in order to develop a standard check-list able to identify critical flows in the adhesion to the
available guidelines. Such an instrument could be used in different NICUs and allow to obtain
reproducible levels of infection control.
Acknowledgements:
The authors thank Elizabeth Mugan for revising the manuscript and Greta Roncarati for her help
during the collection of data.
References
1.

2.

3.
4.

Gastmeier, P.; Loui, A.; Stamm-Balderjahn, S.; Hansen, S.; Zuschneid, I.; Sohr, D.; Behnke, M.;
Obladen, M.; Vonberg, R.P.; Rüden, H. Outbreaks in neonatal intensive care units—They are not
like others. Am. J. Infect. Contr. 2007, 35, 172–176.
Casolari, C.; Pecorari, M.; Fabio, G.; Cattani, S.; Venturelli, C.; Piccinini, L.; Tamassia, M.G.;
Gennari, W.; Sabbatini, A.M.; Leporati, G.; et al. A simultaneous outbreak of Serratia marcescens
and Klebsiella pneumoniae in a neonatal intensive care unit. J. Hosp. Infect. 2005, 61, 312–320.
Struve, C.; Krogfelt, K.A. Pathogenic potential of environmental Klebsiella. pneumoniae isolates.
Environ. Microbiol. 2004, 6, 584–590.
Macrae, M.B.; Shannon, K.P.; Rayner, D.M.; Kaiser, A.M.; Hoffman, P.N.; French, G.L.
A simultaneous outbreak on a neonatal unit of two strains of multiply antibiotic resistant
Klebsiella. pneumoniae controllable only by ward closure. J. Hosp. Infect. 2001, 49, 183–192.

Int. J. Environ. Res. Public Health 2013, 10
5.

6.

7.

8.

9.

10.

11.

12.
13.
14.

15.

16.

17.

814

Gupta, A.; Della-Latta, P.; Todd, B.; San Gabriel, P.; Haas, J.; Wu, F.; Rubenstein, D.; Saiman, L.
Outbreak of extended-spectrum beta-lactamase-producing Klebsiella pneumoniae in a neonatal
intensive care unit linked to artificial nails. Infect. Contr. Hosp. Epidemiol. 2004, 25, 210–215.
Pessoa-Silva, C.L.; Meurer Moreira, B.; Câmara Almeida, V.; Flannery, B.; Almeida Lins, M.C.;
Mello Sampaio, J.L.; Martins Teixeira, L.; Vaz Miranda, L.E.; Riley, L.W.; Gerberding, J.L.
Extended-spectrum beta-lactamase-producing Klebsiella pneumoniae in a neonatal intensive care
unit: Risk factors for infection and colonization. J. Hosp. Infect. 2003, 53, 198–206.
Viswanathan, R.; Singh, A.K.; Mukherjee, S.; Mukherjee, R.; Das, P.; Basu, S. An outbreak of
neonatal sepsis presenting with exanthematous rash caused by Klebsiella pneumoniae. Epidemiol.
Infect. 2011, 139, 226–228.
Rastogi, V.; Nirwan, P.S.; Jain, S.; Kapil, A. Nosocomial outbreak of septicaemia in neonatal
intensive care unit due to extended spectrum β-lactamase producing Klebsiella pneumoniae
showing multiple mechanisms of drug resistance. Indian J. Med. Microbiol. 2010, 28, 380–384.
Ruiz, E.; Rojo-Bezares, B.; Sáenz, Y.; Olarte, I.; Esteban, I.; Rocha-Gracia, R.; Zarazaga, M.;
Torres, C. Outbreak caused by a multi-resistant Klebsiella pneumoniae strain of new sequence
type ST341 carrying new genetic environments of aac(6 )-Ib-cr and qnrS1 genes in a neonatal
intensive care unit in Spain. Int. J. Med. Microbiol. 2010, 300, 464–469.
Shenoy, S.; Hegde, A.; Dominic, S.R.; Kamath, S.; Arvind, N. An outbreak of extended spectrum
beta-lactamase producing Klebsiella pneumoniae in a neonatal intensive care unit. Indian J.
Pathol. Microbiol. 2007, 50, 669–670.
Gastmeier, P.; Groneberg, K.; Weist, K.; Rüden, H. A cluster of nosocomial Klebsiella. pneumoniae
bloodstream infections in a neonatal intensive care department: Identification of transmission and
intervention. Am. J. Infect. Control. 2003, 31, 424–430.
Auriti, C.; Maccallini, A.; di Liso, G.; di Ciommo, V.; Ronchetti, M.P.; Orzalesi, M. Risk factors
for nosocomial infections in a neonatal intensive-care unit. J. Hosp. Infect. 2003, 53, 25–30.
Orsi, G.B.; D’Ettorre, G.; Panero, A.; Chiarini, F.; Vullo, V.; Venditti, M. Hospital-acquired
infection surveillance in a neonatal intensive care unit. Am. J. Infect. Control. 2009, 37, 201–203.
Crivaro, V.; Bagattini, M.; Salza, M.F.; Raimondi, F.; Rossano, F.; Triassi, M.; Zarrilli, R. Risk
factors for estende-spectrum β-lactamase-producing Serratia marcescens and Klebsiella pneumoniae
acquisition in a neonatal intensive care unit. J. Hosp. Infect. 2007, 67, 135–141.
Auriti, C.; Ronchetti, M.P.; Pezzotti, P.; Marrocco, G.; Quondamcarlo, A.; Seganti, G.; Bagnoli, F.;
de Felice, C.; Buonocore, G.; Arioni, C.; et al. Determinants of nosocomial infection in 6 neonatal
intensive care units: An Italian multicenter prospective cohort study. Infect. Contr. Hosp.
Epidemiol. 2010, 31, 926–933.
Gill, C.J.; Mantaring, J.B.; Macleod, W.B.; Mendoza, M.; Mendoza, S.; Huskins, W.C.;
Goldmann, D.A.; Hamer, D.H. Impact of enhanced infection control at 2 neonatal intensive care
units in the Philippines. Clin. Infect. Dis. 2009, 48, 13–21.
Aly, H.; Herson, V.; Duncan, A.; Herr, J.; Bender, J.; Patel, K.; El-Mohandes, A.A.
Is bloodstream infection preventable among premature infants? A tale of two cities. Pediatrics
2005, 115, 1513–1518.

Int. J. Environ. Res. Public Health 2013, 10

815

18. Ho, T.S.; Wang, S.M.; Wu, Y.H.; Shen, C.F.; Lin, Y.J.; Lin, C.H.; Liu, C.C. Long-term
characteristics of healthcare-associated infections in a neonatal intensive care unit. J. Microbiol.
Immunol. Infect. 2010, 43, 407–415.
19. Martinez-Aguilar, G.; Alpuche-Aranda, C.M.; Anaya, C.; Alcantar-Curiel, D.; Gayosso, C.;
Daza, C.; Mijares, C.; Tinoco, J.C.; Santos, J.I. Outbreak of nosocomial sepsis and pneumonia in
a newborn intensive care unit by multiresistant extended-spectrum beta-lactamase producing
Klebsiella. pneumoniae: High impact on mortality. Infect. Contr. Hosp. Epidemiol. 2001, 22,
725–728.
20. Horan, T.C.; Andrus, M.; Dudeck, M.A. CDC/NHSN surveillance definition of health
care-associated infection and criteria for specific types of infections in the acute care setting.
Am. J. Infect. Contr. 2008, 36, 309–332. (Erratum in: Am. J. Infect. Contr. 2008, 36, 655).
21. Centers for Disease Control and Prevention (CDC). Guidance for control of infections with
carbapenem-resistant or carbapenemase-producing Enterobacteriaceae in acute care facilities.
Morb. Mortal Wkly. Rep. 2009, 58, 256–260.
22. Rutala, W.A.; Weber, D.J. How to assess risk of disease transmission to patients when there is a
failure to follow recommended disinfection and sterilization guidelines. Infect. Contr. Hosp.
Epidemiol. 2007, 28, 146–155.
23. Siegel, J.D.; Rhinehart, E.; Jackson, M.; Chiarello, L. Health care infection control practices
advisory committee. 2007 guideline for isolation precautions: Preventing transmission of
infectious agents in health care settings. Am. J. Infect. Contr. 2007, 35, S65–S164.
24. Clock, S.A.; Cohen, B.; Behta, M.; Ross, B.; Larson, E.L. Contact precautions for multidrug-resistant
organisms: Current recommendations and actual practice. Am. J. Infect. Contr. 2010, 38,
105–111.
25. Boyce, J.M.; Pittet, D. Guideline for hand hygiene in health-care settings: Recommendations of
the Healthcare Infection Control Practices Advisory Committee and the HICPAC/SHEA/APIC/IDSA
hand hygiene task force. Infect. Contr. Hosp. Epidemiol. 2002, 23, S3–S40.
© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

