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ABSTRACT

Objective: To investigate a Serratia marcescens (S. marcescens) outbreak in a Neonatal Unit in a tertiary
university hospital.
Methods: Descriptive study of children admitted to the Unit with S. marcescens infection from Novem-
ber 2012 to March 2013. Conventional microbiological methods for clinical and environmental samples
were used. The clonal relationship between all available isolates was established by molecular methods.
A multidisciplinary team was formed, and preventive measures were taken.
Results: S. marcescens was isolated from 18 children. The overall attack rate was 12%, and the case fatality
rate in the Intensive Care Unit was 23.5%. The most prevalent types of infections were pneumonia (6),
conjunctivitis (6), and bloodstream infection (5). Clinical isolates and environmental isolates obtained
from an incubator belonged to a unique clone. The clonal relationship between all S. marcescens strains
helped us to identify the possible source of the outbreak.
Conclusion: Isolation of S. marcescens from stored water in a container, and from the surface of an incu-
bator after cleaning, suggests a possible environmental source as the outbreak origin, which has been
perpetuated due to a failure of cleaning methods in the Unit. The strict hygiene and cleaning measures
were the main factors that contributed to the end of the outbreak.

© 2016 Elsevier Espaiia, S.L.U. and Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia

Clinica. All rights reserved.

Brote epidémico por Serratia marcescens en una Unidad de Cuidados Intensivos
Neonatales

RESUMEN

Objetivo: Investigar un brote por Serratia marcescens (S. marcescens) en una unidad de neonatologia en
un hospital universitario de tercer nivel.

Método: Estudio descriptivo de los pacientes ingresados en la Unidad de noviembre de 2012 a marzo
de 2013. Se usaron métodos microbiolégicos convencionales de muestras clinicas y ambientales. La
relacién clonal de los aislados disponibles se llevé a cabo mediante estudio molecular. Se formé un equipo
multidisciplinar a partir del cual se tomaron las medidas preventivas.

Resultados: Se aisl6 S. marcescens en 18 nifios. La tasa global de ataque fue del 12% y la letalidad en la
Unidad de Cuidados Intensivos llegé al 23,5%. Los tipos de infeccién mas frecuentes fueron la neumonia
(6), conjuntivitis (6) y bacteriemia (5). Tanto las muestras clinicas como las ambientales obtenidas de una
incubadora pertenecian a un tinico clon. La relacién clonal entre todas las cepas de S. marcescens permitié
identificar la posible fuente de infeccién del brote.
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Conclusion: El aislamiento de S. marcescens en agua almacenada en un contenedor y en la superficie de una
incubadora tras su limpieza sugiere una posible fuente ambiental como el origen del brote, perpetuado
por fallos en los métodos de limpieza en la Unidad. El cumplimiento estricto de la higiene de manos y
mejora en la limpieza fueron los principales factores que contribuyeron a la finalizacién del brote.

© 2016 Elsevier Espaiia, S.L.U. y Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica.

Todos los derechos reservados.

Introduction

Serratia marcescens is considered an opportunistic pathogen
able to produce serious infections in Neonatal Intensive Care Units
(NICU) with high morbidity and mortality, and the latter could
reach 44% in low birthweight.!

S. marcescens can survive in damp environments and colonize
the respiratory and/or gastrointestinal tract, as well as in hands of
patients and healthcare workers, accounting for 5-15% of all noso-
comial infections in NICU, and has been isolated for a long time in
some nosocomial outbreaks.??

Strict preventive measures are required to control these infec-
tions, primarily because of the great difficulty to eradicate this
bacterium from these Units during an outbreak. Secondly, some of
these strains have the ability to be resistant to multiple antibiotics
which may hinder their treatment, and this fact could have severe
consequences in low birthweight infected patients.* In this paper,
we describe the epidemiological investigation of a S. marcescens
nosocomial outbreak at the NICU that allowed us to identify a pos-
sible environmental source and undertake the preventive measures
to control it, as well as to define areas for improvement in order to
prevent the appearance of new cases.

Methods
Area and period of study

Since November 2012 to March 2013, a S. marcescens nosoco-
mial outbreak occurred at the Neonatal Unit (NU) of the University
Hospital Virgen del Rocio in Seville, which it is also a regional ter-
tiary reference center for other provinces of Andalusia (Spain). The
NU is newly built since 2011, and is subdivided into three areas:
General Neonatology (32 beds), Intermediate Care Unit (ICU) with
16 beds, and Neonatal Intensive Care Unit (NICU) with 12 beds.

This Unit served a total of 1790 inpatients in 2011, with an aver-
age stay of 8.7 days per patient. None of the three Units share health
personnel except the pediatric postgraduate residency training on
duty.

Epidemiological research

The 11th of December 2012, the outbreak was declared when
five cases were already diagnosed in the NICU. Subsequently, more
cases were identified at the NICU and ICU, with a total of 18 children
involved, and the last case being detected in March 2013.

Study population included all patients infected and admitted to
NICU and ICU from the first detected case. Case definition was any
patient admitted to NICU or ICU, since November 2012 to March
2013, with a S. marcescens positive culture.

According to the site of infection and the clinical symptoms,
we classify children as confirmed cases (when S. marcescens was
isolated from sterile fluid samples and/or from non-sterile sites and
clinical symptoms were present) and colonized/carrier cases (when
the bacteria was isolated from non-sterile sites in the absence of
signs and/or symptoms of infection).

The Service of Preventive Medicine collected cases data by indi-
vidual inquiry protocol. Variables including personal identifiable
information, intrinsic risk factors and those associated with infec-
tion and related procedures were collected.

Environmental study

During 2013, an extensive environmental study, which included
42 samples, was conducted to search for a potential source of
S. marcescens.

Microbiological study

Environmental and clinical samples were processed following
the Proceedings of the Spanish Society of Clinical Microbiology
and Infectious Diseases, SEIMC (Environmental Microbiological
2nd Edition (42), 2012) and incubated for 7 days. Environmental
samples were collected at three different dates: November 2012,
February 2013 and December 2013.

The S. marcescens isolates were preliminarily identified by mass
spectrometry (MALDI-TOF-MS Brucker®, Microflex LT instrument
software and database Flexcontrol Biotyper 3.0 2.0 (Bruker Dalton-
ics)). Isolates were stored at —70° until the realization of molecular
study.

The fenotypical identification and susceptibility testing was
performed with MicroScan Walkaway system (Beckman Coulter
Inc.). Susceptibility testing was performed by standard methods in
accordance with the European Committee on Antimicrobial Sus-
ceptibility Testing — (EUCAST) performance standards.

On January 29, 2013 a study of conjunctival and rectal car-
riage of S. marcescens to the 14 inpatient children of the Unit was
performed. Pulsed field electrophoresis (PFEG) analysis on all the
available strains isolated from clinical and environmental samples
was performed, following the modified protocol described by Shi
Zhi-yuan et al., using the Spel restriction enzyme.> Electrophoresis
patterns obtained were captured with GelDoc™ XR +with Image
Lab™ Software. These patterns were compared using the Bioin-
formatics FPQuest™ Software system, BIO-RAD. Dendogram was
performed by the Dice coefficient and UPGMA (tolerance 2%), and
the pulsotypes obtained were interpreted according to the Tenover
criteria.®

Statistical analysis

The attack rate (AR) or S. marcescens infection incidence of inpa-
tient children at the Unit (number of new cases among all patients
at risk), the case fatality rate (number of deaths among infected)
and S. marcescens mortality (deaths of all patients at risk) were
calculated. The risk population was considered in all the inpatient
children at the affected Units during the outbreak period.

A time, place and person descriptive analysis of the cases was
performed. Categorical variables were represented by frequency
tables and quantitative numerical summaries [mean and standard
deviation, median and interquartile range (IQR)].
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Fig. 1. Epidemic curve. November 2012-March 2013.

Results
Outbreak description

On the 23rd of November, the outbreak started at the NICU,
and since then, clusters of new cases were detected until March
25 of 2013, when the last case was diagnosed. In the first period,
from November 23rd to December 7th, a cluster of five cases with
a high AR (41.6%) and mortality (40%) was identified in NICU
(Fig. 1). Lately, new cases appeared intermittently with longer
period among them, and the last case was detected on March 25,
2013. The global AR throughout the epidemic period has been 12%,
ranging from 9.3% in ICU to 13.5% in NICU.

Although two Units have been affected, the outbreak began at
the NICU where most of the new cases were detected throughout
all the epidemic period including 13 (72.2%) of the 18 cases. Ten
cases (55.6%) were located at the area where the incubators 57-63
were set (Fig. 2). In the second half of December, five cases were
diagnosed at the ICU after the transfer of two cases from NICU to
ICU.

[=] [=]
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Case 19 (01/07)

S. marcescens was isolated from 16 infected and 2 colonized
patients, 13 male (72.2%) and 5 female children (27.8%), with
a median age of 24 days (IQR 12-45). Eighty-seven percent of
patients were at the Unit since its birth, and the patient’s median
stay in the Unit when the infection succeeds was of 19 days (IQR
11-46). Prematurity (56%) was the first cause for admission fol-
lowed by congenital malformation (22.3%). Sixty-seven percent
received antibiotic therapy (median 14 days; IQR 7-25.5), and the
most commonly used antibiotics were ampicillin, gentamicin, van-
comycin and meropenem.

The most prevalent clinical disease patterns were distributed
as follows: six pneumonia, six conjunctivitis, five bloodstream
infection and one urinary tract infection. In six cases, there was
coinfection with other enterobacteria (Table 1). Additionally, in six
cases, respiratory tract colonization was present.

Clinical evolution was favorable in 15 cases but three of the
bloodstream infection cases died. The overall case fatality rate for
the entire epidemic period was 16.6% (23% in NICU) and the death
rate of infection in S. marcescens exposed population was 2% (3% in

NICU).
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Fig. 2. Geographical distribution of cases at the Neonatal Intensive and Intermediate Care Units.
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Table 1

Description of patients with Serratia marcescens infection.

Clinical course

Antibiotic
therapy®

Type of infection

Isolated
bacteria

SM

Date of infection

Length
of stay”

Cause of admission

Gestational
age (sem)

29

Birthweight

(g)

Age (days)*/
gender

9M

Recovery

Bloodstream infection Pneumonia

11.23.12
11.28.12
11.25.12
12.08.12
11.28.12
11.28.12
12.07.12
12.18.12
12.20.12
12.25.12

Preterm

1023

CASE 1

Deceased

24

Bloodstream infection

SM

57

Preterm

25

680

57/F

CASE 2

Recovery

21

Urinary tract infection

SM

22

Preterm

25

760
2423

39/M
70/F
6/M

CASE 3

Recovery
Deceased

Colonization of the respiratory tract

Bloodstream infection

Pneumonia

SM, PS

Preterm laser therapy

Preterm

28
29
39
30
28
27
30
32
37
29
37
37

CASE 4

SM, EC

1400
3670

CASE 5

Recovery
Recovery

SM, PS

Congenital cardial malformation

Preterm

12/M
14/M

CASE 6

12
26
32
11

Conjunctivitis
Pneumonia

14
45

1480
935
995

1352

1326

3040

1583

3167

3385

CASE7

Recovery

SM, EC

Preterm

Recovery
Recovery
Recovery
Recovery

Bloodstream infection

Conjunctivitis

SM, PS
SM
SM

12.28.12

01.06.13

48

Preterm

52/F

CASE 9

31

Preterm, sepsis

RDS, IGR

31M
10/F

27/M
15/M
15/M

oM

CASE 10

Conjunctivitis
Pneumonia

01.06.13
01.10.13

01.24.13

10
25
15

CASE 11

16

RDS, hypoglycemia

Preterm

CASE 12

Recovery

Conjunctivitis

SM
SM
SM
SM

CASE 13
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Recovery
Recovery
Deceased

Conjunctivitis
Pneumonia

01.31.13

14

Esophageal atresia

CASE 14

02.07.13

Esophageal atresia

CASE 15

27

Bloodstream infection Conjunctivitis

02.28.13

Preterm Histiocytosis 28

31

1324

28/M

CASE 16

03.27.13

Recovery

Colonization of the respiratory tract

03.10.13 SM

03.30.13

46

Preterm neumopathy

33

1800

46/M

CASE 17

Recovery

Pneumonia

SM, KP, PS

12 03.25.13

Congenital cardial malformation

40

3470

21/M

2 Age at infection.
b Length of stay before infection.

CASE 18

¢ Number of days of antibiotic therapy before infection. M: male; F: female; RDS: respiratory distress syndrome; IGR: intrauterine growth retardation. SM: Serratia marcescens; KP: Klebsiella pneumoniae; PS: Pseudomonas

aeruginosa; EC: Enterobacter cloacae.

Table 2
Preventive measures undertaken to control the outbreak.

Recommendations and main results
Measures related to storage and transport of water used for incubators
o Elimination of the water transportation circuit used to fill incubators
and replaced by sterile water
o Revision, sampling and disinfection of the water tank
SM carriers study
Conjunctival and rectal swabs were taken from all patients admitted to ICU
and NICU for more than 24 h. A total of 28 samples (14 conjunctival and 14
rectal) were studied from January 28th to February 2nd, 2013
Hygiene and isolation measures
o Contact isolation of cases and carriers
o Restriction of visits and exclusive healthcare personnel for cases
o Hand hygiene direct observation. 156 workers were studied (48.7% nurses,
25.6% doctors, 25.6% nursing auxiliaries) and a total of 207 hand hygiene
opportunities were observed. The overall compliance with hand hygiene
was 82.1% (optional: 93.5%; nurses: 79.5%; nursing auxiliaries: 81.8%)
Hygiene measures in ophthalmic examination an blefarostates disinfection
Revision of equipment and disinfection techniques used in the ophthalmic
examination and hygiene measures taken by the medical staff. After
literature review, it was decided to sterilize blefarostates instead of their
disinfection
Empiric antibiotic therapy
Review and update of empiric antibiotic therapy protocols
Cleaning measures
All antiseptics used in the Unit during the outbreak were replaced by new
ones. Some of them were sampled for microbiological study
Cleaning protocols and types of disinfectants used in the Unit were reviewed
and updated
Development of a checklist to evaluate the cleaning measures

SM: Serratia marcescens; ICU: Intermediate Care Unit; NICU: Neonatal Intensive Care
Unit.

Preventive measures

The first preventive measures adopted to prevent cross-
transmission of infection were prospective surveillance of patients
admitted to NICU, extreme cleaning measures and emphasized the
strict compliance hand washing on healthcare workers.”

Other preventive measures such as conducting environmental
microbiological study, review and logging cleaning steps, contact
isolation, restriction of visits, study of S. marcescens carriers, review
of empirical antibiotic policy at the NICU and direct observation
of hand hygiene of healthcare workers were subsequently taken
(Table 2).

Twenty-three S. marcescens strains were isolated, 18 from clin-
ical samples and 5 from environmental samples. Among the later,
two of them were from the incubator surfaces, one from the water
container and likewise, two S. marcescens strains from the pipes of
two different sinks.

None of the 28 cultured samples to detect S. marcescens carriage
from inpatient children were positive.

Microbiology and molecular study

All the S. marcescens isolates were resistant to ampicillin, amoxi-
cillin/clavulanate, cephalothin, cefazolin, amikacin and tobramycin
and susceptible to ciprofloxacin, cefepime, imipenem, ertapenem,
gentamicin, piperacillin/tazobactam, cotrimoxazole and tigecy-
cline. The dendrogram created by mass-spectrometry analysis
software grouped the first seven strains of the outbreak into one
cluster, and allowed us to rule out any clonal relationship with
previous isolates (Fig. 3).

The molecular study identified two main lineages of
S. marcescens (Clon A and B). The Clon A included all the 2012
strains isolated before the outbreak’s declaration and the strain
isolated from the water container (this strain was not identical to
those from the clinical strains though highly related - 97%, suggest-
ing a common lineage). The Clon B included all the strains involved
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in the outbreak cases and those isolated from the incubator, before
and after cleaning (Fig. 4).

Discussion

In recent years, S. marcescens has been frequently involved in
outbreaks at NICU that are characterized for its quick spread, caus-
ing severe complications, and with a highly variable incidence and
duration.?8?

Our work, in contrast with other studies, emphasized the high
number of confirmed cases in a short period of time (4 months) and
the high lethality of the infection in the first epidemic wave (close
to 40%), especially in bloodstream infection cases, exceeding what
is reported in other outbreaks.*10.11

Risk factors that contribute to severe forms of S. marcescens
infections in neonates are: low gestational age and birthweight,
longer hospital stays, prior antibiotic therapy and use of invasive
devices such as central or percutaneous venous catheter, orotra-
chealintubation or parenteral nutrition.282.12-14 In our study, more
than half of the infected patients shared the aforementioned fac-
tors such as birthweight less than 1500 g, gestational age less than
35 weeks and prior prolonged antibiotic therapy and length of stay.

An environmental source is not detected in most of the stud-
ies, and it is assumed that patients act as a reservoir of infection,
and through cross-transmission the bacteria spreads to other
patients.>3 14 However, in our study, although we cannot unequiv-
ocally identify the source, there are some facts that suggest their
existence. Firstly, because of the clonal relationship between the
water container S. marcescens, strain with those isolated from the
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blood cultures in months prior to the outbreak. Secondly, no rectal,
neither conjunctival S. marcescens carriers, were detected during
the outbreak. Finally, the epidemic curve distribution with a high
number of cases in the first outbreak wave suggest that a common
environmental source initiated it, and the infected patients acted
later as reservoir of the bacteria. The S. marcescens ability to survive
in the gastrointestinal and/or respiratory tract of infected patients
for long periods of time also supports this hypothesis, as can be
demonstrated in the 16th and 17th patients, where the same strain
was isolated twice, one month apart (Table 2), and by the skin per-
sistence of S. marcescens in the hands of healthcare workers that
could have contributed to maintain its spread.! 81516

Additionally, the effect of overcrowding and understaffing may
have contributed to the persistence of the outbreak in time as pre-
viously described.? In the first epidemic period, where the largest
number of cases and higher lethality occurred, there was a temporal
absence of four resident physicians in the Intensive and Intermedi-
ate Care Units.

Rapid implementation of recommended preventive measures,
designed by the multidisciplinary team, is essential in controlling
the outbreak and its progression. The contact isolation of cases,
exclusiveness of healthcare workers attending the cases, reinforce-
ment on hand hygiene and cleaning are the most referred measures
by other authors.>?

Moreover, the availability of PFEG and mass spectrometry
played animportantrole in the outbreak investigation. It allowed us

to demonstrate that all cases belonged to a single strain which was
the same as that isolated from the water container. This contrasts
with other studies where different strains are involved.*10.12.13

Although it is usually assumed that ICU are adequately cleaned,
it is known that only about 40% of the areas close to the patient are
being disinfected according to the protocols.!” As it happened in
our study, where two identical S. marcescens strains were isolated
before and after the incubator cleaning, it highlighted a failure in
disinfection methods and prompted us to review and update the
cleaning protocols and develop an evaluating method to ensure its
compliance.

Carling et al. claimed that the thoroughness of disinfection can
be improved by up to 82%, which may result in a decrease of 40% in
the transmission of multiresistant microorganisms.!” Furthermore,
several guidelines suggest that hospitals should monitor the clean-
ing tasks, especially on surfaces close to the patient and healthcare
workers, and it should be performed by trained personnel.!8-21

The high number of cases of conjunctivitis also led us to review
the disinfection methods of the blefarostates used in the newborn
ophthalmologic examinations and decided to sterilize them instead
of their disinfection (they usually where disinfected and reused in
different patients in the same day).

Other control measures applied in S. marcescens outbreaks
reported in the literature have been the closure of the Unit and the
study of S. marcescens carriers among healthcare workers.!3:14.22
However, the closure of the Unit not always guarantees the absence
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of new cases after reopening, and there is only one study published
in 2006 that detected the same strain of S. marcescens which caused
the outbreak in the hands of a healthcare worker.!6 In our study,
hand hygiene (HH) compliance of healthcare workers was higher
than what has been published in a recent systematic review, whose
median value is at a 40%,2> compared to the 80% obtained in our
study. However, we should take in to account that the observation
method was made during the outbreak investigation, a situation
that could motivate workers to be stricter with the HH. This fact,
combined with the absence of S. marcescens carriers, led to the deci-
sion of not studying the bacterial contamination of the hands of the
Unit staff.

In conclusion, we emphasize the importance of molecular study
and training of the multidisciplinary team who were determining
factors in the control and management of the outbreak, both for
the development of the study hypothesis and mechanism of trans-
mission of infection, and the implementation of the appropriate
preventive measures.

Based on lessons learned, we highlight the importance of mon-
itoring the cleaning measures in ICU, since we tend to minimize
their importance in the transmission of nosocomial infection.

Funding
No financial support was given for this study.
Conflict of interest

All authors report no conflicts of interest relevant to this article.

References

1. Polilli E, Parruti G, Fazii P, D’Antonio D, Palmieri D, D’Incecco C, et al. Rapidly
controlled outbreak of Serratia marcescens infection/colonisations in a neonatal
intensive care unit, Pescara General Hospital, Pescara, Italy, April 2011. Euro
Surveill. 2011;16, pii:19892. Available from: http://www.eurosurveillance.org/
ViewArticle.aspx?Articleld=19892

2. Buffet-Bataillon S, Rabier V, Bétrémieux P, Beuchee A, Bauer M, Pladys P, et al.
Outbreak of Serratia marcescens in a neonatal intensive care unit: contaminated
unmedicated liquid soap and risk factors. ] Hosp Infect. 2009;72:17-22.

3. Voelz A, Miiller A, Gillen |, Le C, Dresbach T, Engelhart S, et al. Outbreaks of Ser-
ratia marcescens in neonatal and pediatric intensive care units: clinical aspects,
risk factors and management. Int ] Hyg Environ Health. 2010;213:79-87.

4. Bayramoglu G, Buruk K, Dinc U, Mutlu M, Yilmaz G, Aslan Y. Investigation of
an outbreak of Serratia marcescens in a neonatal intensive care unit. ] Microbiol
Immunol Infect. 2011;44:111-5.

5. Shi ZY, Liu PY, Lau Y], Lin YH, Hu BS. Used of pulsed-field electrophoresis gel to
investigate an outbreak of Serratia marcescens. J Clin Microbiol. 1997;35:325.

6. Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, Persing DH,
et al. Interpreting chromosomal DNA restriction patterns produced by pulsed-
field gel electrophoresis: criteria for bacterial strain typing. ] Clin Microbiol.
1995;33:2233-9.

7. Pittet D, Allegranzi B, Boyce J. The World Health Organization Guidelines on
Hand Hygiene in Health Care and their consensus recommendations. Infect
Control Hosp Epidemiol. 2009;30:611-22.

8. Casolari C, Pecorari M, Fabio G, Cattani S, Venturelli C, Piccinini L, et al. A simul-
taneous outbreak of Serratia marcescens and Klebsiella pneumoniae in a neonatal
intensive care unit. ] Hosp Infect. 2005;61:312-20.

9. Dessi A, Puddu M, Testa M, Marcialis MA, Pintus MC, Fanos V. Serratia marcescens
infections and outbreaks in neonatal intensive care units. ] Chemother.
2009;21:493-9.

10. Villa], Alba C, Barrado L, Sanz F, Gémez del Castillo E, Viedma E, et al. Long term
evolution of multiple outbreaks of Serratia marcescens bacteremia in a neonatal
intensive care unit. Pediatr Infect Dis J. 2012;31:1298-300.

11. Madani TA, Alsaedi S, James L, Eldeek BS, Jiman-Fatani AA, Alawi M, et al.
Serratia marcescens contaminated baby shampoo causing an outbreak among
newborns at King Abdulaziz University Hospital: Jeddah, Saudi Arabia. ] Hosp
Infect. 2011;78:16-9.

12. Maltezou HC, Tryfinopoulou K, Katerelos P, Ftika L, Pappa O, Tseroni M, et al.
Consecutive Serratia marcescens multiclone outbreaks in a neonatal intensive
care unit. Am J Infect Control. 2012;40:637-42.

13. MacDonald TM, Langley JM, Mailman T, Allain K, Nelson G, Hatton L, et al. Serratia
marcescens outbreak in a neonatal intensive care unit related to the exit port of
an oscillator. Pediatr Crit Care Med. 2011;12:e282-6.

14. Adamson V, Mitt P, Pisarev H, Metsvaht T, Telling K, Naaber P, et al. Prolonged
outbreak of Serratia marcescens in Tartu University Hospital: a case-control
study. BMC Infect Dis. 2012;12:281.

15. Knowles S, Herra C, Devitt E, O’'Brien A, Mulvihill E, McCann SR, et al. An outbreak
of multiply resistant Serratia marcescens: the importance of persistent carriage.
Bone Marrow Transplant. 2000;25:873-7.

16. de Vries JJ, Baas WH, van der Ploeg K, Heesink A, Degener JE, Arends JP. Out-
break of Serratia marcescens colonization and infection traced to a healthcare
worker with long-term carriage on the hands. Infect Control Hosp Epidemiol.
2006;27:1153-8.

17. Carling PC, Bartley JM. Evaluating hygienic cleaning in health care settings:
what you do not know can harm your patients. Am ] Infect Control. 2010;38:
S41-50.

18. Siegel JD, Rhinehart E, Jackson M, Chiarello L, Healthcare Infection Control Prac-
tices Advisory Committee. Management of multidrug-resistant organisms in
healthcare settings; 2006. Available from: http://www.cdc.gov/ncidod/dhqp/
pdf/ar/mdroGuideline2006.pdf [accessed 19.08.13].

19. Pratt RJ, Pellowe CM, Wilson JA, Loveday HP, Harper PJ, Jones SR, et al. Epic 2:
national evidence-based guidelines for preventing healthcare-associated infec-
tions in NHS hospitals in England. ] Hosp Infect. 2007;65 Suppl. 1:S1-64.

20. Health Canada Laboratory Centre for Disease Control Bureau of Infectious Dis-
eases. Nosocomial and occupational infections: infection control guidelines:
handwashing, cleaning, disinfection and sterilization in healthcare. Canada
Communicable Disease Report, vol. 24; 1998. p. 1-66.

21. Hota B. Contamination, disinfection, and cross-colonization: are hospital sur-
faces reservoirs for nosocomial infection? Clin Infect Dis. 2004;39:1182-9.

22. Romano ML, Murguia PT, Pérez RVM, Santos PJI, Alcantar CD, Alpuche ACM. Brote
de bacteriemia nosocomial y colonizacién por Serratia marcescens. Bol Med Hosp
Infant Mex. 2007;64:9-17.

23. Erasmus V, DahaTJ, Brug H, Richardus JH, Behrendt MD, Vos MC, et al. Systematic
review of studies on compliance with hand hygiene guidelines in hospital care.
Infect Control Hosp Epidemiol. 2010;31:283-94.


http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19892
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19892
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0125
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0130
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0135
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0140
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0145
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0150
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0155
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0160
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0165
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0170
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0175
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0180
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0185
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0190
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0195
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0200
http://www.cdc.gov/ncidod/dhqp/pdf/ar/mdroGuideline2006.pdf
http://www.cdc.gov/ncidod/dhqp/pdf/ar/mdroGuideline2006.pdf
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0210
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0215
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0220
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0225
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230
http://refhub.elsevier.com/S0213-005X(16)00033-1/sbref0230

	A six-month Serratia marcescens outbreak in a Neonatal Intensive Care Unit
	Introduction
	Methods
	Area and period of study
	Epidemiological research
	Environmental study
	Microbiological study
	Statistical analysis

	Results
	Outbreak description
	Preventive measures
	Microbiology and molecular study

	Discussion
	Funding
	Conflict of interest
	References


