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Background: Nosocomial transmission and outbreaks of carbapenemase-producing
Enterobacterales (CPE) represent a challenge to healthcare systems. In July 2018, a CPE
hospital ward outbreak was declared. Our aim was to investigate transmission patterns,
using social network analysis and genomics in a nosocomial CPE outbreak.
Methods: A retrospective descriptive analysis of all patients (cases and contacts) admitted
to a ward experiencing a CPE outbreak (2018e2019) was undertaken. A case had a neg-
ative CPE admission screen, and subsequent positive test. A contact shared a multi-bed
area and/or facility with a case (>4 hours). Social networks, including genomics data
and ward locations, were constructed. Network metrics were analysed.
Findings: Forty-five cases and 844 contacts were analysed. The median age of cases was
78 years (IQR 67-83), 58% (n¼26) were male and 100% had co-morbidities. The median
outbreak ward length-of-stay (LOS) was 17 days (IQR 10-34). OXA-48 CPE was confirmed in
all cases and from 26 environmental samples. Social networks identified clusters by time,
gender and species/sequence type/plasmid. Network metrics indicated potential super-
spreading involving a subset of patients with behavioural issues.
Conclusion: Social networks elucidated high resolution transmission patterns involving two
related OXA-48 plasmids, multiple species/genotypes and potential super-spreading.
Interventions prevented intra-hospital spread. An older patient cohort, extended hospi-
tal LOS and frequent intra-ward bed transfers, coupled with suboptimal ward infra-
structure, likely prolonged this outbreak. We recommend social network analysis
contemporaneously with genomics (on case and environmental samples) for complex
nosocomial outbreaks and bespoke care plans for patients with behavioural issues on
outbreak wards.
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Introduction

Carbapenems are ‘last line’ agents used when other anti-
microbials are ineffective, particularly to treat infections
caused by antimicrobial resistant species of Enterobacterales.
Since the early 2000s, there has been a steady global increase
in infections with Enterobacterales that produce enzymes
called carbapenemases which render the organisms resistant to
carbapenems [1]. Carbapenemase-producing Enterobacterales
(CPE) infections pose a significant threat to patients and
healthcare systems, primarily due to limited treatment options
and high mortality. CPE have a high potential to cause noso-
comial outbreaks and represents a major public health threat
worldwide [2e5].

In Ireland, the number of reported isolates from patients
with newly-confirmed CPE increased by almost 15-fold
between 2013 and 2018 (from 48 to 707), and has stabilised
in recent years (at 965 in 2019 and 916 in 2020) [6]. Indeed, CPE
was declared a National Public Health Emergency in Ireland in
October 2017 [7,8]. Initial evaluations of the impact of meas-
ures taken suggest a positive effect on controlling the inci-
dence of CPE acute hospitals in Ireland [9]. However, despite
this positive impact, given the speed at which these organisms
have spread globally and their increase in prevalence in Ireland
[6,10e12,13], continued reports of hospital outbreaks are very
likely.

OXA-48 is the most prevalent carbapenemase in Ireland,
accounting for 70% of newly-confirmed cases in 2018 and 67% in
2021 [9,13]. Carbapenemase-encoding genes have shown a
distinct ability to spread among several species via many
plasmid versions and from many non-human and environmental
sources [14]. Detailed characterisation of isolates with whole
genome sequencing (WGS) can help clarify the extent of the
diversity of spread of these organisms.

Social network analysis (SNA) is a valuable tool in outbreak
investigation, used to establish the extent and nature of
person-to-person transmission in cases and their contacts.
Network analysis can support tailored public health action,
outbreak management and control. Network analysis of patient
transfer between facilities may even be used to predict which
healthcare facilities may experience outbreaks and therefore
help target public health resources for prevention [15,16].
Combined with genomics, it can be used to describe outbreak
transmission dynamics at a higher resolution [17,18].

This is an outbreak report of an extended OXA-48 CPE hos-
pital ward outbreak in Ireland that occurred between July 2018
and December 2019. In July 2018, three new OXA-48 CPE cases
were detected and linked to a tertiary hospital ward. An out-
break was declared and an outbreak control team (OCT) was
established. Despite early and ongoing control measures and
interventions, the outbreak continued and by March 2019, 31
OXA-48 CPE cases had been detected on the same ward.

Our aim was to describe the outbreak and to investigate
transmission patterns using SNA, epidemiological, environ-
mental and genomics data.
Methods

The study design was a retrospective descriptive outbreak
analysis, including SNA, combined with genomics of cases, with
their patient contacts.

All patients admitted to the ward during the outbreak
period (July 2018eDecember 2019) were included. Hospital
staff and visitors to the ward were excluded.

A confirmed CPE case was defined as a patient admitted to
the outbreak ward after July 1st 2018 who had a negative
admission rectal swab for CPE colonisation (within 24 hours of
admission), but who subsequently had a positive micro-
biological specimen for CPE.

A CPE contact was defined as a patient who was known to
have shared a multi-bed area and/or toilet facility with a
confirmed CPE case from this outbreak for more than four hours
in any hospital inpatient area, other than the Emergency
Department (ED).

This outbreak occurred on one ward of a tertiary hospital
(with over 800 beds) in Ireland, and an estimated patient
catchment population over 295,000 in 2019 [19].

On detection of the outbreak in July 2018, the inpatient
population on the ward comprised males and females, the
majority were aged �65 years and were under the care of a
variety of medical specialties. The ward layout had 35 beds,
divided into six multi-bed sections and five single rooms
(Supplementary Figure S1).

Infection prevention and control (IPC) interventions that
were implemented and documented during the course of the
outbreak included: screening of patients on admission and
weekly thereafter using a rectal swab to detect CPE colo-
nisation; enhanced environmental cleaning and disinfection,
followed by hydrogen peroxide vapour (HPV) of single patient
rooms on discharge and multi-occupancy bays when vacated;
regular HPV decontamination of bathrooms and the sluice
room; ward closure and ward decant, followed by enhanced
terminal cleaning and HPV decontamination of the entire ward.
Depending on the ward capacity, CPE positive patients were
isolated or cohorted to reduce exposure to other ward
patients.

Confirmation of OXA-48 CPE in clinical and environmental
isolates was carried out in the hospital’s clinical microbiology
laboratory, as previously described [20]. Confirmed CPE iso-
lates were referred to the National CPE Reference Laboratory
Service (NCPERLS) for WGS. Environmental sampling of
frequently-touched surfaces, sinks and showers in the outbreak
ward began in November 2018 and continued to May 2019.

The hospital’s outbreak surveillance, patient and laboratory
information management systems were used to source the data
required for this outbreak report. Environmental sampling data
was provided by the OCT. WGS data was obtained from
NCPERLS.

The outbreak was described in terms of person, place and
time. Analysis was divided into temporal periods, based on the
timing of implementation of multiple control measures. Data
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validation, coding and descriptive analysis of cases was con-
ducted using STATA15. Patient timelines and locations during
the outbreak period were tracked using ClusterTrack. Social
networks were constructed of all patients e CPE cases and
their patient contacts (using Cytoscape and R version 3.6.1
igraph package), to illustrate interactions between patients
and bays/rooms within the outbreak ward over time. Data were
collected on all patient bed and ward movements throughout
the outbreak period. Social networks of patient cases and their
patient contacts were constructed for the whole outbreak
period and by temporal clusters. Networks were also con-
structed by patient characteristics, patient ward location,
species, sequence type (ST) and plasmid group.

Social networks were statistically analysed, assessing net-
work metrics to provide insights into case interactions and
transmission dynamics. The following metrics were analysed:
degree (the number of connections to a case), clustering (a set
of densely connected nodes), closeness (a case’s centrality
based on distance to others in the network), betweenness (the
degree to which other cases are connected through a case) and
eigencentrality (a measure of the influence of a case in the
network). Relative scores were assigned to all cases in the
network based on the concept that connections to high-scoring
cases contribute more to the score of the case in question than
equal connections to low-scoring cases.

Results

Temporal analysis

In late July 2018, a new OXA-48 CPE case was identified, in a
clinical sample submitted from primary care to the hospital’s
microbiology laboratory. On investigation, the patient had
Figure 1. Epi-curve of confirmed CPE outbreak cases by week specim
Three temporal clusters are indicated on the graph.
been discharged from a ward in the hospital 14 days earlier.
Subsequently, two new positive CPE cases linked to the same
ward were identified within a week. A CPE outbreak was
declared and an OCT established.

Weekly screening of inpatients for CPE carriage was ini-
tiated on the ward, followed by closure of the ward three days
later, with ward decant and HPV. The OCT recommended that
the outbreak ward be closed to new admissions. However, due
to competing pressures on the ED and risks of overcrowding
there, on four separate occasions during the course of the
outbreak, patients were admitted to the outbreak ward. Sev-
eral IPC interventions were implemented during the course of
the outbreak (Supplementary Table SI).

During the outbreak period, three temporal clusters were
evident (Figure 1): cluster 1 (n¼31; July 2018eFebruary 2019);
cluster 2 (n¼11; April 2019eMay 2019); cluster 3 (n¼3; July
2019eAugust 2019). Between cluster 1 and 2, there were six
weeks with no new cases identified and between cluster 2 and 3
there were nine weeks with no new cases identified. Between
July 2018 and December 2019, 45 new OXA-48 CPE cases were
linked to the outbreak, 22 (49%) of whom were admitted to the
ward while the outbreak was ongoing, due to competing risks of
ED overcrowding. (Supplementary Figures S2, S3 and S4).
Patients were informed prior to admission to the outbreak
ward.

The last case linked to the outbreak was identified on 12th

August 2019. The outbreak was declared over 90 days following
detection of the last case.
Descriptive analysis

Of the 45 OXA-48 CPE cases linked to the outbreak ward, the
median age was 78 years (interquartile range IQR 67-83) and
en was taken (n¼45) and timeline of IPC measures, 2018-2019.
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58% (n¼26) were male (Table I). All cases had multiple complex
co-morbidities. Seven patients ultimately died, although cause
of death data was not available during this study.
Microbiological results

WGS analysis identified the blaOXA-48 carbapenemase pro-
ducing gene in all sequenced isolates (n¼56 clinical isolates,
from 45 cases). Seven different Enterobacterales species were
identified. Enterobacter hormaechei was the most frequently
identified species (69%; 31 cases), followed by Escherichia coli
(18%; 8 cases). The 12 E. coli isolate genomes comprised 12
different sequence types (STs) and the E. hormaechei isolates
comprised five STs (ST78, ST108, ST1126, ST135 and ST66), of
which ST78 was the most common. There were two major OXA-
48 plasmid types (denoted as groups 1 and 2) identified among
the cases. There were 13 (29%) cases harbouring species with
plasmid group 1 and 32 (71%) cases harbouring species with
plasmid group 2.

Between November 2018 and May 2019, a total of 394
environmental specimens from the outbreak ward were tested,
with 26 (6.6%) positive for OXA-48 CPE identified in the fol-
lowing areas: ward treatment room, ward sections C, E, and F
and singles rooms 1-5 [20].’

The detailed molecular epidemiology of this outbreak has
been previously described [20].
Social network analysis

Of the 45 outbreak cases, 844 patient contacts were iden-
tified. The median number of contacts per case was 11 (IQR 7-
20). Of the 844 contacts, 33 (4%) were either found to be cases
or went onto become cases.

SNA revealed that just one outbreak case (patient number
41) was identified as having no identifiable contact with other
outbreak cases or contacts. Clustering of cases by gender was
observed in social networks, with a clear division betweenmale
and female cases (Figure 2). One male and one female case
who were accommodated in the same multi-bed area, were
later identified as being positive for CPE OXA-48 plasmid group
1 in early September 2018.

Social networks illustrated changes in predominance of
species, ST and plasmid group over time. A mix of cases with
Table I

Baseline characteristics of CPE outbreak cases, 2018-2019 (n¼45)

Characteristics Number of cases (%)

Total number CPE 45

Sex - male 26 (58%)
Age in years (median, IQR) 78 (67e83)
Ward LOS in days (median, IQR) 17 (10e34)
Hospital LOS in days (median, IQR) 35 (18e82)
Admission from other hospital 2 (4%)
Admission from long term care facility 3 (7%)
Admitted to HDU/ICU during study
period

11 (24%)

Case fatality ratio (CFR) 7 (16%)
Number identified through screening 43 (96%)
Number identified from clinical sample 2 (4%)
OXA-48 plasmid group 1 (35%) and plasmid group 2 (65%) pos-
itive isolates was identified within the first cluster of outbreak
cases (July 2018eFebruary 2019). Thereafter, only two cases
(both males) with OXA-48 plasmid group 1 positive isolates
were identified (one in April 2019 and one in August 2019). The
remaining cases had positive isolates for OXA-48 plasmid group
2 (Figure 3). Temporal social networks illustrated a persistence
of E. hormaechei over time. E. hormaechei ST108, ST1126 and
ST78 were identified during the first cluster of the outbreak
July 2018eFebruary 2019, along with a mix of other STs. As
time progressed, ST78 predominated, isolated from 16% (5/31)
of cases in July 2018eFebruary 2019, 55% (6/11) in AprileMay
2019 and all three (100%) cases in July and August 2019
(Figure 4; Supplementary Figure S4).

SNA indicated locations with possible increased trans-
mission/potential hotspots during the outbreak i.e. a pre-
dominance of cases associated with two multi-bed bays on the
ward (Supplementary Figure S5). The final cluster of outbreak
cases occurred between July and August 2019, with three new
CPE cases identified. All three were male, with chronic
wounds, admitted to the same six-bedded section and all had
OXA-48 E. hormaechei ST78 detected (Figure 4).

Social network centrality metrics were used to identify
cases who may have been influential in the transmission
dynamics of CPE in this outbreak (i.e. a case connected to a
high number of other cases), (Supplementary Tables SII and
SIII). Compared to all other outbreak cases, case number 12
had higher eigencentrality and centrality metrics (degree,
closeness and betweenness) and case number six ranked sec-
ond in eigencentrality (Table II, Figure 5).

Discussion

This lengthy single-ward outbreak led to 45 cases of OXA-48
CPE and exemplifies the complexity and difficulty in the control
of CPE, particularly in the context of an already busy acute
hospital, with high bed occupancy. The first case was identified
in late July 2018, with the final case, over one year later in mid-
August 2019. Three distinct temporal clusters were identified,
with intervals without new cases between each temporal
cluster, six weeks between the first and second cluster and nine
weeks between the second and third cluster, coinciding with
the implementation of additional IPC measures.

This outbreak involved seven different Enterobacterales
species, multiple clones within each species and two OXA-48
plasmid groups. The E. hormaechei species persisted through-
out the outbreak and increased in predominance over time.
Similarly, the clonal group ST78 persisted throughout the out-
break and was the only clonal group identified from the final
cluster of cases in July/August 2019 [20]. CPE hospital out-
breaks involving E. hormaechei with possible environmental
sources can be extended over time and difficult to control [21].

Two closely-related yet distinct pOXA-48 plasmid types
were identified in this outbreak. From February 2019 onwards,
plasmid group 2 was identified in all cases, with the exception
of two male cases [20]. Both plasmid groups have been found
across Ireland in recent years [22].

SNA identified links between 44 (of the 45) outbreak cases
and their patient contacts. There was only one case with no
identifiable links to the outbreak network of cases and con-
tacts. All outbreak ward sections and rooms were linked to
cases.



Figure 2. Social network of all CPE outbreak cases (N¼45) by gender and their patient contacts (blue) (N¼844), 2018-2019. The blue
arrow indicates a transmission event/contact between male (purple) and female (green) cases.
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Transmission dynamics in temporal clusters was illustrated
with clear clustering of male and female cases, as expected, as
the ward sections are generally not mixed gender. One male
and one female case had shared a multi-bed section, with CPE
OXA-48 plasmid group 1 identified from both. There is no
Figure 3. Social network of CPE outbreak cases (N¼45) and their pa
group and gender. Cases are colour coded by plasmid group (1 and 2)
evidence to suggest that this possible transmission event led to
onward transmission to other female patients. Temporal social
networks identified persistence and clustering of
E. hormaechei species, with changing predominance of ST
clonal groups and plasmid groups over time.
tient contacts (N¼844), by temporal cluster, CPE OXA-48 plasmid
; male cases are indicated by triangles and females by ovals.



Figure 4. Social network of CPE outbreak cases and their patient contacts from Cluster 3 (JulyeAugust 2019), by OXA-48 plasmid group
(group 1 is red and group 2 is yellow), species and sequence type (ST).
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Analysis of social network metrics signalled two cases who
may have been influential in the outbreak transmission
dynamics and identified potential super-spreading events.
Although SNA was done retrospectively, it revealed that these
two patients had multiple complex epidemiological links to
other outbreak cases early during the outbreak. One case who
was linked to seven other cases was a patient with ongoing
behavioural disturbance who was moved ten times during a
lengthy admission to the outbreak ward. Another patient with
behavioural disturbance was linked to five other cases and
moved 15 times during a lengthy admission to the outbreak
ward. Risk factors associated with CPE colonisation or infection
include prolonged LOS [23,24]. Dementia has been reported as
a risk factor associated with 14-day mortality for patients with
bacteraemia due to OXA-48 carbapenemase-producing K.
pneumoniae [25]. Increased risk of CPE colonisation or infec-
tion in psychiatric patients or patients with behavioural dis-
turbance is not well documented. SNA combined with WGS
have been used as innovative tools to elucidate transmission
patterns amongst risk groups/communities at risk for TB and
COVID-19 [17,26].

While the OCT recommended that the outbreak ward be
closed to new admissions, patients were admitted to the
closed ward on four occasions, due to competing risks of ED
overcrowding and high bed occupancy elsewhere across the
hospital. Those patients were informed prior to transfer that
they were being admitted to a ward with an active CPE
outbreak and over time, 22 went onto acquire CPE on the
ward.
While the aim of performing SNA and molecular epidemiol-
ogy in this outbreak was to gain a better understanding of the
dynamics, in the context of a protracted outbreak, the main
limitation was with regard to the timing of the analysis. This
study commenced during the latter stages of the outbreak.
These tools are potentially more powerful when undertaken in
the earlier stages of an outbreak to ascertain early trans-
mission dynamics and therefore break the chains of
transmission.

In spite of the complexity of this OXA-48 CPE hospital ward
outbreak, SNA combined with genomics provided insights into
the outbreak transmission dynamics, which most likely
involved both person-to-person transmission and exposure to
environmental sources in the ward. SNA elucidated trans-
mission patterns between ST types and plasmid groups over
time, highlighting the persistence of E. hormaechei ST78 and
OXA-48 plasmid group 2 as the outbreak progressed, despite
IPC measures, possibly due to nosocomial adaptation.
Genomics combined with SNA revealed interspecies gene
transmission and helped to clarify epidemiological links
between cases. This CPE outbreak involved two OXA-48 plas-
mids, multiple species and genotypes, highlighting the impor-
tance of IPC measures to prevent colonisation by multiple
species and opportunities for such occurrences. As yet there is
no proven method for decolonisation of patients carrying CPE.
Therefore, stringent IPC measures to reduce transmission and
prevent invasive infection must be adhered to.

In this study, we elucidated outbreak transmission patterns
in an acute hospital setting at high resolution in a novel



Table II
Key characteristics of two outbreak cases identified through centrality metrics as potentially influential in the outbreak transmission
dynamics

Key characteristics Case number 12 Case number 6

First CPE positive isolate September 2018 August 2018
Genomic typing CPE OXA-48; CPE OXA-48;

E. coli ST59; E. hormaechei ST1126;
plasmid group 1 plasmid group 1

Diagnosis Chronic psychiatric diagnosis and
behavioural issues

Chronic psychiatric diagnosis

Hospital LOS >400 days >500 days
Outbreak ward LOS >300 days >300 days
Complex movements Moved on 10 occasions within the

outbreak ward
Moved on 15 occasions with the outbreak
ward

OXA-48 CPE positive environmental samples Positive samples identified from three
ward sections/rooms (section F, rooms 2
and 3) that case was accommodated in

Positive samples identified from four
ward sections/rooms (section F, rooms 3,
4 and 5) that case was accommodated in

Number of patient contacts 176 37
Number (%) of patient contacts that were
confirmed cases

7 (4%) 5 (13.5%)

Figure 5. Social networks of CPE outbreak case numbers 12 and 6 and their patient contacts (blue) and contacts who were confirmed
cases (yellow).
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manner, combining SNA and genomics. SNA illustrates complex
epidemiological links that explain transmission patterns (pri-
mary and secondary) that may not be identified through clas-
sical outbreak investigations and thus provide support and
added value to outbreak investigations. We recommend the use
of SNA and genomics in combination (to include both case and
environmental sampling) early during complex nosocomial
outbreaks, in order to identify (and break) transmission chains
and potential super-spreading events.

Challenging behaviour due to dementia or other reasons
may make it very difficult to apply good IPC practice fully.
Based on this study’s findings, a CPE-colonised patient with
behavioural issues may be considered ‘at risk’ of onward
transmission and should be highlighted in national guidance. In
this outbreak, SNA identified possible superspreading events
involving patients with psychiatric and behavioural issues and
complex bed and ward movements during their hospital stay,
highlighting a need for consideration to be given to bespoke
care plans for at-risk patients, such as restriction of bed/intra-
ward movements during outbreak periods.
Credit author statement

Lisa Domegan: principal investigator, conceptualisation,
study design, analysis, manuscript writing, review and edit.

Carina Brehony: co-investigator, study design, analysis,
manuscript review and edit.



L. Domegan et al. / Infection Prevention in Practice 5 (2023) 1002828
Fidelma Fitzpatrick: member of OCT, manuscript review
and edit.

Karina O’Connell: member of OCT, manuscript review and
edit.

Binu Dinesh: member of OCT, manuscript review and edit.
Jacqueline Cafferkey: member of OCT, manuscript review

and edit.
Karen Burns: project supervisor, manuscript review and

edit.

Ethics and consent

Ethical approval was not required as outbreak investigations
are covered under national legislation. Anonymised outbreak
data collected as part of the outbreak investigation were used
in this study. Informed consent was not gained from patients
involved in this outbreak. All patients were treated according
to clinical judgement and infection control practices in order
to treat them and control the outbreak according to local
guidelines. Patients did not undergo randomisation or inter-
vention for the purpose of this report. Data has been analysed
and presented anonymously.

Acknowledgements

Thanks to all of the following who worked on or contributed
to the project: All members of hospital Outbreak control team,
Margaret Foley; Patricia Garvey, Health Protection Surveillance
Centre, HSE; Eleanor McNamara, Public Health Laboratory,
Cherry Orchard, HSE; Aoife Kearney, Royal College of Surgeons
Ireland; Tanya Charles, EPIET coordinator.

Conflict of interest

The authors have no conflicts of interest to declare.

Funding

No funds, grants, or other support was received.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.infpip.2023.100282.

References

[1] Nordmann P, Naas T, Poirel L. Global Spread of Carbapenemase-
producing Enterobacteriaceae. Emerg Infect Dis
2011;17(10):1791e8. https://doi.org/10.3201/eid1710.110655.

[2] European Centre for Disease Prevention and Control. Carbape-
nem-resistant enterobacteriaceae. Stockholm: ECDC; 2019. sec-
ond update e 26 September 2019, https://www.ecdc.europa.eu/
en/publications-data/carbapenem-resistant-enterobacteriaceae-
second-update.

[3] Albiger B, Glasner C, Struelens MJ, Grundmann H, Monnet DL.
Carbapenemase-producing Enterobacteriaceae in Europe:
assessment by national experts from 38 countries. Euro Surveill
2015;20(45). May 2015.

[4] Brolund A, Lagerqvist N, Byfors S, Struelens MJ, Monnet DL,
Albiger B, et al. European Antimicrobial Resistance Genes Sur-
veillance Network (EURGen-Net) capacity survey group, Worsen-
ing epidemiological situation of carbapenemase- producing
Enterobacteriaceae in Europe, assessment by national experts
from 37 countries, July 2018. Euro Surveill 2019;24(9). https://
doi.org/10.2807/1560-7917.ES.2019.24.9.1900123.

[5] Hansen GT. Continuous Evolution: Perspective on the Epidemiol-
ogy of Carbapenemase Resistance Among Enterobacterales and
Other Gram-Negative Bacteria. Infect Dis Ther 2021;10(1):75e92.
https://doi.org/10.1007/s40121-020-00395-2. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC7954928/.

[6] National Carbapenemase Producing Enterobacterales (CPE). Ref-
erence laboratory Service annual report. 2019-2020. Unpublished.

[7] Irish Government News Service, Press Release. Minister for health
convenes the national public health emergency team as a public
health response to the CPE superbug. 25 Oct 2017. https://
merrionstreet.ie/en/news-room/releases/minister_for_health_
convenes_the_national_public_health_emergency_team_as_a_
public_health_response_to_the_cpe_superbug.html.

[8] Department of Health. Ireland’s national action plan on anti-
microbial resistance 2017-2020. (iNAP). 2017. http://health.gov.
ie/national-patient-safety-office/patient-safety-surveillance/
antimicrobialresistance-amr/.

[9] Vellinga A, Brennan W, Humphreys H, Burns K. Initial impact of a
national programme to contain the spread of carbapenemase-
producing Enterobacterales in Ireland. J Hosp Infect
2021;109:107e14. https://doi.org/10.1016/j.jhin.2021.01.001.

[10] HSE Health Protection Surveillance Centre. Infectious disease
outbreaks 2017 annual epidemiological report. Dublin: HSE HPSC;
2018. https://www.hpsc.ie/a-z/outbreaks/surveillancereports/
annualreports/#d.en.18672.

[11] Connor CO, Cormican M, Boo TW, McGrath E, Slevin B,
Gorman AO, et al. An Irish outbreak of New Delhi metallo-b-lac-
tamase (NDM)-1 carbapenemase-producing Enterobacteriaceae:
increasing but unrecognised prevalence. J Hosp Infect
2016;94(4):351e7. https://doi.org/10.1016/j.jhin.2016.08.005.

[12] Wrenn C, O’Brien D, Keating D, Roche C, Rose L, Ronayne A, et al.
Investigation of the first outbreak of OXA-48-producing Klebsiella
pneumoniae in Ireland. J Hosp Infect 2014;87(1):41e6. https://
doi.org/10.1016/j.jhin.2014.03.001.

[13] Foley M, Duffy F, Skally M, McCormack F, Finn C, O’Connor M,
et al. Evolving epidemiology of carbapenemase-producing
Enterobacterales: one hospital’s infection prevention and con-
trol response over nine years. J Hosp Infect 2021;112:61e8.
https://doi.org/10.1016/j.jhin.2021.03.026.

[14] Woodford N, Wareham DW, Guerra B, Teale C. Carbapenemase-
producing enterobacteriaceae and non-enterobacteriaceae from
animals and the environment: An emerging public health risk of
our own making? J Antimicrob Chemother 2014;69(2):287e91.
https://doi.org/10.1093/jac/dkt392.

[15] RayMJ, LinMY, Tang AS, ArwadyMA, Lavin MA, Runningdeer E, et al.
Regional Spread of an Outbreak of Carbapenem-Resistant Enter-
obacteriaceaeThrough anEgoNetwork of Healthcare Facilities. Clin
Infect Dis 2018;67(3):407e10. https://doi.org/10.1093/cid/ciy084.

[16] Donker T, Wallinga J, Grundmann H. Patient Referral Patterns
and the Spread of Hospital-Acquired Infections through National
Health Care Networks. PLoS Comput Biol 2010;6(3). https://
doi.org/10.1371/journal.pcbi.1000715.

[17] Packer S, Green C, Brooks-Pollock E, Chaintarli K, Harrison S,
Beck CR. Social network analysis and whole genome sequencing in
a cohort study to investigate TB transmission in an educational
setting. BMC Infect Dis 2019;19(154). https://doi.org/10.1186/
s12879-019-3734-8.

[18] Gardy JL, Johnston JC, Sui SJH, Cook VJ, Shah L, Brodkin E, et al.
Whole-Genome Sequencing and Social- Network Analysis of a
Tuberculosis Outbreak. N Engl J Med 2011;364:730e9. https://
doi.org/10.1056/NEJMoa1003176.

[19] Health Atlas Ireland. Central Statistics Office Census 2016 hos-
pital catchment population projections 2019. https://www.
healthatlasireland.ie/.

[20] Brehony C, Domegan L, Foley M, Fitzpatrick M, Cafferkey J,
O’Connell K, et al. Molecular epidemiology of an extended

https://doi.org/10.1016/j.infpip.2023.100282
https://doi.org/10.3201/eid1710.110655
https://www.ecdc.europa.eu/en/publications-data/carbapenem-resistant-enterobacteriaceae-second-update
https://www.ecdc.europa.eu/en/publications-data/carbapenem-resistant-enterobacteriaceae-second-update
https://www.ecdc.europa.eu/en/publications-data/carbapenem-resistant-enterobacteriaceae-second-update
http://refhub.elsevier.com/S2590-0889(23)00015-X/sref3
http://refhub.elsevier.com/S2590-0889(23)00015-X/sref3
http://refhub.elsevier.com/S2590-0889(23)00015-X/sref3
http://refhub.elsevier.com/S2590-0889(23)00015-X/sref3
https://doi.org/10.2807/1560-7917.ES.2019.24.9.1900123
https://doi.org/10.2807/1560-7917.ES.2019.24.9.1900123
https://doi.org/10.1007/s40121-020-00395-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7954928/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7954928/
http://refhub.elsevier.com/S2590-0889(23)00015-X/sref6
http://refhub.elsevier.com/S2590-0889(23)00015-X/sref6
https://merrionstreet.ie/en/news-room/releases/minister_for_health_convenes_the_national_public_health_emergency_team_as_a_public_health_response_to_the_cpe_superbug.html
https://merrionstreet.ie/en/news-room/releases/minister_for_health_convenes_the_national_public_health_emergency_team_as_a_public_health_response_to_the_cpe_superbug.html
https://merrionstreet.ie/en/news-room/releases/minister_for_health_convenes_the_national_public_health_emergency_team_as_a_public_health_response_to_the_cpe_superbug.html
https://merrionstreet.ie/en/news-room/releases/minister_for_health_convenes_the_national_public_health_emergency_team_as_a_public_health_response_to_the_cpe_superbug.html
http://health.gov.ie/national-patient-safety-office/patient-safety-surveillance/antimicrobialresistance-amr/
http://health.gov.ie/national-patient-safety-office/patient-safety-surveillance/antimicrobialresistance-amr/
http://health.gov.ie/national-patient-safety-office/patient-safety-surveillance/antimicrobialresistance-amr/
https://doi.org/10.1016/j.jhin.2021.01.001
https://www.hpsc.ie/a-z/outbreaks/surveillancereports/annualreports/#d.en.18672
https://www.hpsc.ie/a-z/outbreaks/surveillancereports/annualreports/#d.en.18672
https://doi.org/10.1016/j.jhin.2016.08.005
https://doi.org/10.1016/j.jhin.2014.03.001
https://doi.org/10.1016/j.jhin.2014.03.001
https://doi.org/10.1016/j.jhin.2021.03.026
https://doi.org/10.1093/jac/dkt392
https://doi.org/10.1093/cid/ciy084
https://doi.org/10.1371/journal.pcbi.1000715
https://doi.org/10.1371/journal.pcbi.1000715
https://doi.org/10.1186/s12879-019-3734-8
https://doi.org/10.1186/s12879-019-3734-8
https://doi.org/10.1056/NEJMoa1003176
https://doi.org/10.1056/NEJMoa1003176
https://www.healthatlasireland.ie/
https://www.healthatlasireland.ie/


L. Domegan et al. / Infection Prevention in Practice 5 (2023) 100282 9
multiple-species OXA-48 CPE outbreak in a hospital ward in Ire-
land, 2018e2019, Antimicrobial. Stewardship & Healthcare Epi-
demiol. 2021;1(1):e54. https://doi.org/10.1017/ash.2021.206.

[21] Raun-Petersen C, Toft A, Nordestgaard MM, Holm A, Overballe-
Petersen S, Hammerum AM, et al. Investigation of an Enterobacter
hormaechei OXA-436 carbapenemase outbreak: when everything
goes down the drain. Infect Prev Pract 2022;4(3):100228. https://
doi.org/10.1016/j.infpip.2022.100228.

[22] Brehony C, McGrath E, Brennan W, Tuohy A, Whyte T, Brisse S,
et al. An MLST approach to support tracking of plasmids carrying
OXA-48-like carbapenemase. J Antimicrob Chemother
2019;74(7):1856e62. https://doi.org/10.1093/jac/dkz136.

[23] Segagni Lusignani L, Presterl E, Zatorska B, Van den Nest M, Diab-
Elschahawi M. Infection control and risk factors for acquisition of
carbapenemase-producing enterobacteriaceae. A 5 year (2011-
2016) case-control study. Antimicrob Resist Infect Control
2020;9(1):18. https://doi.org/10.1186/s13756-019-0668-2.
[24] European Centre for Disease Prevention and Control. Risk
assessment on the spread of carbapenemase-producing Enter-
obacteriaceae (CPE) through patient transfer between health-
care facilities, with special emphasis on cross-border transfer.
Stockholm: ECDC; 2011. https://www.ecdc.europa.eu/en/
publications-data/risk-assessment-spread-carbapenemase-produ
cing-enterobacteriaceae-cpe-through.
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