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Abstract
Background : We experienced an outbreak of extended-spectrum-beta-lactamase-producing Klebsiella
pneumoniae (ESBL-KPN) bacteremia in a neonatal intensive care unit (NICU) starting in August 2017. We
implemented an active countermeasure to control the outbreak of ESBL-KPN successfully. Methods: The
incidence of ESBL-KPN based on clinical specimens and healthcare-associated infection (HAI) rate were
evaluated before and after the initiation of enhanced infection control (IC) practices initiated in January,
2018. Surveillance cultures were carried out for neonates, medical personnel, and NICU environmental
samples. Molecular analyses, including pulse-�eld gel electrophoresis (PFGE), sequence typing, and ESBL
genotyping, were performed for the isolated KPN strains. Results: The incidence of ESBL-KPN in clinical
specimens decreased from 2.84 to 0.49 per 1,000 patient-days and the HAI rate decreased from 2.43 to
0.0 per 1,000 patient-days after the implementation of enhanced IC procedures. Eleven neonates (11/15,
73.3%), one (1/41, 2.4%) of the medical personnel, and six (6/181, 3.3%) samples from the surroundings
and medical devices were positive for ESBL-KPN in the surveillance cultures. All isolates demonstrated
the same antibiotic resistance pattern and similar PFGE patterns and were identi�ed as ST307 containing
CTX-M-15. Conclusions: Contaminated neonate surroundings and medical devices as well as spreading
by medical personnel appeared to be the source of the outbreak of ESBL-KPN. We used an enhanced IC
strategy for 3 months and successfully resolved the clonal outbreak of CTX-M-15-producing KPN. ST307
has emerged as an important bacteremia-causing pathogen in the NICU and should be monitored
carefully.

Background
Neonates who require intensive care have high mortality and morbidity rates due to healthcare-associated
infections (HAI) because they have low immunity. Klebsiella pneumoniae (KPN) is a major reservoir in the
neonatal intestines [1] and is more transmissible than Escherichia coli [2]. As KPN is a normal component
of the �ora in stool specimens, it may easily contaminate a neonate’s surroundings and thereby cause a
nosocomial outbreak. It is di�cult to control outbreaks due to continuous shedding. ESBL-KPN spreads
by person-to-person contact or via environmental sources [3, 4]. Patients are the primary reservoirs,
followed by health-care workers and contaminated sinks based on a systemic review of studies of ESBL-
KPN outbreaks [3].

Outbreaks of KPN require enhanced infection control (IC) measures [5-7]. As KPN has the potential to
survive in neonatal intensive care units (NICUs) for long durations [4] and can re-emerge despite IC
measures [2], eradication in the NICU is challenging.

Extended-spectrum β-lactamase (ESBL) is involved in the hydrolysis of third-generation cephalosporins
as well as aztreonam. Infections with ESBL-producing KPN are associated with higher mortality and
morbidity rates as well as increased lengths of stay and medical costs compared to those caused by
ESBL non-producers [8]. The prevalence of ESBL-producing KPN is around 20-50% in Korea [9, 10].
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The ST307 strain has emerged as an important causal pathogen in outbreaks of carbapenem-resistant
Enterobacteriaceae [11, 12]. In this study, we characterized the STs of KPN from a recent outbreak in a
NICU in Korea. We performed pulsed-�eld gel electrophoresis (PFGE) to further evaluate genetic
relatedness. Importantly, we successfully eradicated the outbreak by the implementation of enhanced IC
measures.

Methods
NICU setting

The ESBL-KPN outbreak occurred in the 17-bed NICU of a university-a�liated hospital. The NICU is
staffed by three pediatricians and 35 nurses. Approximately 250 newborns are admitted to the NICU each
year and there is one isolation room with two beds. The nurse-to-patient ratio was between 1:3 and 1:4.
The infection control team (ICT) of our institute collaborated closely with the NICU team.

 

Incidence and outbreak

A neonate who tested positive for ESBL-KPN from any specimen and was admitted to the NICU for ≥48 h
was de�ned as a positive case. The incidence was calculated as new cases per 1,000 patient-days. If the
incidence exceeded the upper limit of control (mean + 2 SD), it was de�ned as an outbreak. HAI was
de�ned according to CDC/NHSN de�nitions [13].

Three cases of ESBL-KPN HAI were observed in August and September, 2017. Considering the high risk of
spread in the NICU, a reinforced conventional IC program was initiated in November, 2017. However, three
cases of bacteremia occurred in December, 2017. Accordingly, an extended ICT was organized to address
this ESBL-KPN outbreak in the NICU.

 

Survey of the outbreak

When the incidence density rate of HAI increased to 6.0 in December, 2017 (Fig. 1), a survey was initiated
immediately. First, neonatal characteristics were determined, including birth week and weight, birth
method, route of admission, previous antibiotic use, microbiological data, start date of isolation, location,
and presence of HAI. IRB permission was not required from the ethics board of our institute because this
was a formal IC activity to resolve the outbreak.

Second, the behavior of medical personnel was monitored, including hand hygiene and contact
precaution rates. Rectal swab specimens were obtained from medical personnel (N = 41) to screen
carriers as well as from neonates (N = 15).
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Third, the disinfection of medical devices and environmental cleaning were promoted. Samples were
obtained to rule out transmission via medical devices (N = 71), such as thermometers, stethoscopes, or
patient monitoring systems as well as environmental sources (N = 110), such as incubators or
surroundings.

 

Reinforced and enhanced IC program

Improvements in hand hygiene and contact precaution were reinforced for all medical personnel working
in the NICU. More frequent and thorough disinfection and cleaning was implemented for medical devices,
incubators, and surroundings. Group education and frequent rounding were performed to encourage IC
activities and to share the seriousness of the situation.

An enhanced IC program was established, including cohort care of neonates and medical personnel,
active surveillance cultures (ASC), and universal gown and glove wearing for medical services, in addition
to the reinforced IC program from January to March, 2018. ASC involved the isolation of ESBL-KPN from
skin, fecal, or perianal specimens from a neonate who did not have clinical symptoms or signs of
infection. ASC was performed every week for neonates in the NICU until March, 2018.

 

Antibiotic susceptibility test and molecular epidemiological study

Bacteria were identi�ed by MALDI-TOF MS (bioMérieux; Durham, NC, USA) and antibiotic susceptibility
tests were performed by the broth microdilution method using the Vitek-2 system (bioMérieux, Marcy
l'Etoile, France). Isolates of KPN showing ESBL resistance were analyzed by PFGE and multi-locus
sequence typing to understand molecular relatedness. Once the isolates were digested with XbaI (Roche,
Basel, Switzerland) enzyme, electrophoresis was performed using CHEF MAPPER (Bio-Rad, Hercules, CA,
USA). Agarose gel was stained with SYBR Gold (ThermoFisher Scienti�c, Waltham, MA, USA) to yield a
PFGE pattern. A dendrogram was obtained using BioNumerics (Bio-Rad) to evaluate the relationships
between the strains. Seven housekeeping genes (rpoB, gapA, mdh, pgi, phoE, infB, and tonB) were
ampli�ed and sequenced to identify STs as described in Institute Pasteur
http://bigsdb.pasteur.fr/klebsiella/ [14].

ESBL was ampli�ed by PCR with known primers targeting the CTX-M-1, CTX-M-2, and CTX-M-9 groups
[15, 16]. DNA sequencing was performed using the ampli�ed PCR product and ESBL genotypes were
identi�ed using BLAST.

 

Statistical analysis

http://bigsdb.pasteur.fr/klebsiella/
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Chi-square tests were used to compare the incidence of HAI and the compliance rates for hand hygiene
and contact precaution before and after enhanced IC measures using SPSS Statistics for Windows,
version 24.0 (IBM Corp., Armonk, NY, USA). A P value < 0.05 indicates a signi�cant difference.

Results
Incidence

The incidence of ESBL-KPN including ASC decreased gradually from 45.0 to 25.5 and 18.5 in January,
February, and March, 2018, respectively (P = 0.035, Fig. 1).

The HAI incidence of ESBL-KPN decreased from 2.43 to 0.0 after enhanced IC measures (P = 0.026)
(Supplementary File).

Compliance with optimal hand hygiene practices increased from 60.8% (96/158) to 75.4% (303/402)
after the initiation of enhanced IC measures (P = 0.004). Compliance with contact precaution also
improved from 87.5% (42/48) to 98.3% (225/229) (P < 0.001). The number of neonates per nurse
decreased from 1:3–1:4 to 1:2-1:3, thereby reducing crowded conditions. No positive clinical specimen or
HAI was detected since January, 2018, even after the discontinuation of enhanced IC measures. June
2018 was declared the end of the outbreak.

 

Survey of the outbreak

There was no correlation between neonate characteristics and positive ESBL-KPN status. In surveillance
cultures, KPN was not detected in rectal swab or stool specimens from mothers of neonates (N = 15). In
addition, medical equipment and environmental cultures from the operating room and in the delivery
room were negative (N = 28).

Although one medical worker (2.4%) was positive in the surveillance culture, ESBL-KPN was continuously
positive even after she resigned. Moreover, there was no speci�c association between neonates and the
attending medical personnel who tested positive.

Six (3.3%) isolates from medical devices or incubators and eleven (73.3%) isolates from neonates in ASC
were positive, suggesting a strong causal relationship. The mean acquisition duration of ESBL-KPN was
7.5 days (range, 3-50 days). These results suggested that the neonates contracted widespread ESBL-KPN
from medical devices or from the environment via medical personnel.

 

Antibiotic resistance and molecular epidemiological characteristics
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All isolates were equally resistant to ampicillin, aztreonam, cefazolin, cefepime, ceftazidime,
cipro�oxacin, gentamicin, and trimethoprim/sulfamethoxazole but were susceptible to amikacin,
cefoxitin, ertapenem, imipenem, piperacillin/tazobactam, and tigecycline.

PFGE revealed that all strains isolated from the blood (N = 1), medical devices (N = 5), and neonate
surveillance cultures (N = 13) were closely related (Fig. 2). All isolates were identi�ed as ST307 with CTX-
M-15 ESBL.

Discussion
Preterm newborns are immunologically immature and often require invasive procedures, rendering them
highly susceptible to infections [17, 18]. The risk of infections is associated with a low birth weight,
prolonged length of stay, empiric antibiotic treatment, frequent manipulation, and nasopharyngeal or
rectal colonization [1, 3, 4, 16, 18, 19]. An age of <12 weeks and previous treatment with third-generation
cephalosporins and aminoglycosides are associated with multi-drug resistant KPN colonization and
infection observed in Spain [18]. The screening of high-risk patients during outbreaks is recommended to
control epidemics [18]. As our study did not include a control group, we could not analyze risk factors. We
reduced the number of neonates admitted to the NICU during the outbreak because over-crowding or
under-sta�ng contribute to the outbreak [6, 7].

In the �rst report of an ESBL-KPN outbreak in a NICU in Korea in 1996, isolates from patients with sepsis
showed the same PFGE pattern with ASC isolates from neonates and medical personnel, indicating a
clonal outbreak [20]. By implementing cohort care and strict barrier precautions, the outbreak was
eliminated. However, environmental cultures were not performed until a second outbreak of ESBL-KPN in
the NICU in 2000, at which point ESBL-KPN was not detected [5]. The origin of the outbreak was
suspected to be a medical person who transmitted the pathogen to neonates. The reversal of ESBL-KPN
was observed when the neonates returned to the community [5]. Although a nurse tested positive at our
institute, she was unlikely to be the source of spread because the outbreak continued even after she
resigned.

In a large-scale outbreak of ESBL-KPN, samples from 145 patients who were either infected or colonized
showed the same clonal type, as determined by PFGE [1]. The carriage of ESBL-KPN in the digestive tract
has been identi�ed as the most important risk factor for ESBL-KPN infection or colonization [1].
Therefore, weekly rectal swabs could be used to identify high-risk carriers in the NICU [1, 5]. There is also
a signi�cant correlation between the restricted use of oxyimino-β-lactams and trends in ESBL-KPN
infection. According to a previous study, a change to piperacillin/tazobactam from extended-spectrum
cephalosporins decreases the prevalence of ESBL-KPN [10]. Therefore, the restriction of extended-
spectrum cephalosporin use is needed to control outbreaks of ESBL-KPN [18]. However, we did not apply
an antibiotic stewardship program to control the outbreak.

Another large-scale outbreak of ST37 KPN occurred in Haiti in 2014-2015, accounting for 257 cases of
sepsis and 191 deaths [21]. After improving clinical management and strengthening infection prevention
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and control measures, mortality dropped from 100% to 24%.

CTX-M-15 is prevalent in Korean hospitals, even in blood samples [22]. Several studies have reported STs
for ESBL-KPN outbreaks. For example, outbreaks have been caused by ST20 in Greece [23], ST199 in
Latvia [24], ST14 in Tanzania [25], ST13, ST16, ST35, ST48, and ST101 in France [26], and ST607 in
Spain [27]. In each of these studies, the CTX-M-15 ESBL type was reported.

ST307 has not been reported in NICU outbreaks to date. ST307 emerged in the mid-1990s and its
distribution has rapidly expanded worldwide. This strain is intimately associated with CTX-M-15 ESBL
and sometimes exhibits carbapenem resistance [11, 28]. Therefore, close observation of the spread of
ST307 is warranted. There was a clonal spread of ST307 KPN in nearby Busan, Korea in 2015 and the
strain carried a self-transferable IncX3-type plasmid harboring blaKPC-2 [12]. In-depth genetic
investigations, such as whole-genome sequencing, are needed to reveal the relationship with this clonal
outbreak.

The reinforcement of hand hygiene is the most effective intervention to control outbreaks [3]. Therefore,
we monitored the optimal hand hygiene rate as well as the contact precaution rate. Compliance increased
signi�cantly after implementing IC measures.

We applied IC measures in two steps. At the onset of the outbreak, reinforced conventional IC measures
were initiated. Optimal hand hygiene, contact precaution, and disinfection of medical devices or
environmental cleaning were monitored. Mutual collaboration between the ICT and medical personnel in
the NICU or delivery room was promoted. Frequent rounding or education was performed by the ICT. After
observing three additional bacteremia cases, enhanced IC practices, including cohort care of neonates
and attending nurses, the use of disposable gloves and gowns for medical services, and ASC, were
implemented, in addition to reinforced IC measures. Enhanced IC practices might be required in
outbreaks. Finally, the outbreak was controlled after 3 months of enhanced IC practices.

Molecular epidemiological studies were useful for characterizing the clonal outbreak and mode of
transmission. The strain of KPN in the NICU was CTX-M-15-producing ST307. Our results emphasize the
potential for ST307 to be an important cause of bacteremia outbreaks in the NICU as well as the
importance of careful monitoring and control.

Conclusions
We experienced an outbreak of ESBL-KPN bacteremia in a NICU. Molecular epidemiological analyses
showed a clonal outbreak by ST307. We implemented enhanced IC practices and successfully controlled
the outbreak of ESBL-KPN.

List Of Abbreviations
ESBL: extended-spectrum-beta-lactamase
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KPN: Klebsiella pneumoniae

NICU: Neonatal intensive care unit

HAI: Healthcare-associated infection

IC: Infection control

PFGE: Pulse-�eld gel electrophoresis

ICT: Infection control team

ASC: Active surveillance cultures

Declarations
Ethics approval and consent to participate

The written consent was waived by the IRB, because the research was a routine part of infection control
activities and presented no more than minimal risk of harm to participants. 

Consent for publication

Not applicable. 

Competing interests

The authors declare that they have no competing interests. 

Fundings

This work was partially supported by the National Research Foundation of Korea (NRF) grant funded by
the Korea government (MOE) (No. 2018R1D1A3B07041280). The funders had no role in study design,
data collection and interpretation, or the decision to submit the work for publication. 

Authors’ contributions

EHB, SEK analyzed incidence and had collaborated with NICU team (Drs. HJD and CHP). EHB conveyed a
statistical analysis. SL prepared bacterial isolates for molecular analysis. OHC, SIH had worked as
infection specialists to advise to control the outbreak. JHS performed MLST and ESBL genotyping. IH
and EP performed PFGE. SK wrote the paper and is responsible for the whole study. All authors have read
and approved the manuscript. 

Acknowledgements



Page 10/14

The authors acknowledged to devotion and assistance of medical personnel in the NICU and clinical
microbiology laboratory in our institute. 

Authors’ information

(Authors’ information is listed in the title page.)

References
1. Pena C, Pujol M, Ardanuy C, Ricart A, Pallares R, Linares J, Ariza J, Gudiol F: Epidemiology and

successful control of a large outbreak due to Klebsiella pneumoniae producing extended-spectrum
beta-lactamases. Antimicrob Agents Chemother. 1998;42:53-8.

2. Artelt T, Kaase M, Bley I, Eiffert H, Mellmann A, Kuster H, Lange M, Scheithauer S: Transmission Risk
on a Neonatal Intensive Care Unit: Escherichia coli versus Klebsiella pneumoniae. Can J Infect Dis
Med Microbiol. 2018;2018:1525072.

3. Hendrik TC, Voor In 't Holt AF, Vos MC: Clinical and Molecular Epidemiology of Extended-Spectrum
Beta-Lactamase-Producing Klebsiella spp.: A Systematic Review and Meta-Analyses. PLoS One.
2015;10:e0140754.

4. Haller S, Eller C, Hermes J, Kaase M, Steglich M, Radonic A, Dabrowski PW, Nitsche A, Pfeifer Y,
Werner G et al: What caused the outbreak of ESBL-producing Klebsiella pneumoniae in a neonatal
intensive care unit, Germany 2009 to 2012? Reconstructing transmission with epidemiological
analysis and whole-genome sequencing. BMJ Open. 2015;5:e007397.

5. Jun N-L, Kim M-N, Jeong J-S, Kim Y-S, Kim EA-R, Kim K-S, Pi S-Y: Molecular-epidemiologic study on
outbreak of colonization by extended spectrum β-lactamase producing Klebsiella pneumoniae in
neonatal intensive care unit. Korean Journal of Pediatrics. 2006;49:150-6.

�. Kim MJ, Chung KS, Sohn KM: Successful Control of Extended-spectrum Beta-lactamase-
producingKlebsiella pneumoniaeOutbreak in a Neonatal Intensive Care Unit. Korean Journal of
Nosocomial Infection Control. 2013;18:26-32.

7. Cantey JB, Sreeramoju P, Jaleel M, Trevino S, Gander R, Hynan LS, Hill J, Brown C, Chung W, Siegel
JD et al: Prompt control of an outbreak caused by extended-spectrum beta-lactamase-producing
Klebsiella pneumoniae in a neonatal intensive care unit. J Pediatr. 2013;163:672-9 e1-3.

�. Stone PW, Gupta A, Loughrey M, Della-Latta P, Cimiotti J, Larson E, Rubenstein D, Saiman L:
Attributable costs and length of stay of an extended-spectrum beta-lactamase-producing Klebsiella
pneumoniae outbreak in a neonatal intensive care unit. Infect Control Hosp Epidemiol. 2003;24:601-
6.

9. Kim YK, Pai H, Lee HJ, Park SE, Choi EH, Kim J, Kim JH, Kim EC: Bloodstream infections by extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae in children:
epidemiology and clinical outcome. Antimicrob Agents Chemother. 2002;46:1481-91.



Page 11/14

10. Lee J, Pai H, Kim YK, Kim NH, Eun BW, Kang HJ, Park KH, Choi EH, Shin HY, Kim EC et al: Control of
extended-spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae in a
children's hospital by changing antimicrobial agent usage policy. J Antimicrob Chemother.
2007;60:629-37.

11. Cejas D, Elena A, Guevara Nunez D, Sevillano Platero P, De Paulis A, Magarinos F, Alfonso C, Berger
MA, Fernandez-Canigia L, Gutkind G et al: Changing epidemiology of KPC-producing Klebsiella
pneumoniae in Argentina: Emergence of hypermucoviscous ST25 and high-risk clone ST307. J Glob
Antimicrob Resist. 2019;18:238-42.

12. Kim JO, Song SA, Yoon EJ, Shin JH, Lee H, Jeong SH, Lee K: Outbreak of KPC-2-producing
Enterobacteriaceae caused by clonal dissemination of Klebsiella pneumoniae ST307 carrying an
IncX3-type plasmid harboring a truncated Tn4401a. Diagn Microbiol Infect Dis. 2017;87:343-8.

13. National Healthcare Safety Network (NHSN) Patient Safety Component Manual. Centers for Disease
Control and Prevention. https://www.cdc.gov/nhsn/pdfs/validation/2017/pcsmanual_2017.pdf

14. Diancourt L, Passet V, Verhoef J, Grimont PA, Brisse S: Multilocus sequence typing of Klebsiella
pneumoniae nosocomial isolates. J Clin Microbiol. 2005;43:4178-82.

15. Kim J, Lim YM, Jeong YS, Seol SY: Occurrence of CTX-M-3, CTX-M-15, CTX-M-14, and CTX-M-9
extended-spectrum beta-lactamases in Enterobacteriaceae clinical isolates in Korea. Antimicrob
Agents Chemother. 2005;49:1572-5.

1�. Song W, Kim J, Bae IK, Jeong SH, Seo YH, Shin JH, Jang SJ, Uh Y, Shin JH, Lee MK et al:
Chromosome-encoded AmpC and CTX-M extended-spectrum beta-lactamases in clinical isolates of
Proteus mirabilis from Korea. Antimicrob Agents Chemother. 2011;55:1414-9.

17. Villari P, Iacuzio L, Torre I, Scarcella A: Molecular epidemiology as an effective tool in the surveillance
of infections in the neonatal intensive care unit. J Infect. 1998;37:274-81.

1�. Asensio A, Oliver A, Gonzalez-Diego P, Baquero F, Perez-Diaz JC, Ros P, Cobo J, Palacios M, Lasheras
D, Canton R: Outbreak of a multiresistant Klebsiella pneumoniae strain in an intensive care unit:
antibiotic use as risk factor for colonization and infection. Clin Infect Dis. 2000;30:55-60.

19. Pessoa-Silva CL, Meurer Moreira B, Camara Almeida V, Flannery B, Almeida Lins MC, Mello Sampaio
JL, Martins Teixeira L, Vaz Miranda LE, Riley LW, Gerberding JL: 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.

20. Lee SH, Jeong J-S, Lee SY, Pai HJ, Nah J, Park SJ, Pi SY, Pai CH: Outbreak of nosocomial infection
caused by Klebsiella pneumoniae producing extended-spectrum β-lactamase in a neonatal intensive
care unit. Korean J Healthc Assoc Infect Control Prev. 1997;2:13-28.

21. Lenglet A, Faniyan O, Hopman J: A Nosocomial Outbreak of Clinical Sepsis in a Neonatal Care Unit
(NCU) in Port-Au-Prince Haiti, July 2014 - September 2015. PLoS Curr. 2018;10.

22. Cha MK, Kang CI, Kim SH, Chung DR, Peck KR, Lee NY, Song JH: High Prevalence of CTX-M-15-Type
Extended-Spectrum beta-Lactamase Among AmpC beta-Lactamase-Producing Klebsiella
pneumoniae Isolates Causing Bacteremia in Korea. Microb Drug Resist. 2018;24:1002-5.

https://www.cdc.gov/nhsn/pdfs/validation/2017/pcsmanual_2017.pdf


Page 12/14

23. Mavroidi A, Liakopoulos A, Gounaris A, Goudesidou M, Gaitana K, Miriagou V, Petinaki E: Successful
control of a neonatal outbreak caused mainly by ST20 multidrug-resistant SHV-5-producing
Klebsiella pneumoniae, Greece. BMC Pediatr. 2014;14:105.

24. Dumpis U, Iversen A, Balode A, Saule M, Miklasevics E, Giske CG: Outbreak of CTX-M-15-producing
Klebsiella pneumoniae of sequence type 199 in a Latvian teaching hospital. APMIS. 2010;118:713-6.

25. Mshana SE, Hain T, Domann E, Lyamuya EF, Chakraborty T, Imirzalioglu C: Predominance of
Klebsiella pneumoniae ST14 carrying CTX-M-15 causing neonatal sepsis in Tanzania. BMC Infect
Dis. 2013;13:466.

2�. Marcade G, Brisse S, Bialek S, Marcon E, Le�on-Guibout V, Passet V, Moreau R, Nicolas-Chanoine MH:
The emergence of multidrug-resistant Klebsiella pneumoniae of international clones ST13, ST16,
ST35, ST48 and ST101 in a teaching hospital in the Paris region. Epidemiol Infect. 2013;141:1705-
12.

27. Peltier F, Choquet M, Decroix V, Adjide CC, Castelain S, Guiheneuf R, Pluquet E: Characterization of a
multidrug-resistant Klebsiella pneumoniae ST607-K25 clone responsible for a nosocomial outbreak
in a neonatal intensive care unit. J Med Microbiol. 2019;68:67-76.

2�. Ahn S, Sung JY, Kim H, Kim MS, Hwang Y, Jong S, Seo Y, Ha E, Park ES, Choi JY et al: Molecular
Epidemiology and Characterization of Carbapenemase-Producing Enterobacteriaceae Isolated at a
University Hospital in Korea during 4-Year Period. Annals of Clinical Microbiology. 2016;19:39-47.

Figures

Figure 1

Incidence of extended-spectrum beta-lactamase (ESBL)-producing Klebsiella pneumoniae (KPN) in the
neonatal intensive care unit. HAI, healthcare-associated infections of ESBL-KPN. IC, infection control.
Reinforced IC practice included optimal hand hygiene, contact precaution, disinfection of medical
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devices, and environmental cleaning. Enhanced IC practices included cohort care of medical personnel
and neonates, active surveillance culture, and wearing of disposable gowns and gloves for medical
services in addition to reinforced IC practice.

Figure 2

Dendrogram of pulsed �eld gel electrophoresis (PFGE) results for Klebsiella pneumoniae isolated. All
strains except isolated from blood, the environment, and medical staff were obtained from active
surveillance culture (ASC) of neonate skin surface, stool, or perianal swab specimens. All isolates showed
similar PFGE patterns.
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