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Section 1:
FOREWORD

A Carbapenemase Producing Enterobacterale (CPE) was 
first isolated in a patient at University Hospital Limerick in 
2009 and the enzyme involved was Klebsiella pneumoniae 
Carbapenemase (KPC). The first outbreak among a group of 
patients involving these bacteria occurred in 2011.

CPE are a group of antibiotic resistant bacteria that are becoming 
more common all over the world, especially in hospitals. The 
term CRE (Carbapenem Resistant Enterobacterales) is also 
referred to in this review and means much the same thing as 
CPE.

Since the first outbreak in 2011, UL Hospitals Group has been 
to the forefront in screening for CPE, and has been relatively 
successful in limiting the spread within the hospital through the 
effective cohorting of patients known to be a carrier (colonised) 
or to be infected.

It is understandable that there has been much attention on this 
issue, particularly in the media, with suggestions that patients 
may have been at increased risk because of its presence in our 
hospitals.

This led the hospital group executive to instigate an investigation 
into whether CPE had contributed significantly to hospital 
mortality since the time of the first isolated case in 2009 up 
to May 2017. Both an internal and external investigation were 
carried out, with subsequent collation of the information by the 
Chief Clinical Director.

A protected disclosure was also made to the Limerick City 
Coroner around this time alleging CPE was involved in the 
deaths of 36 people who had been inpatients at UL Hospitals 
Group.

The findings from the investigation show that during the period 
examined, 196 CPE patients were detected and 73 of those 
patients had died. The External Review refers to 74 patient 
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deaths and this discrepancy is accounted for by the conclusion 
that one of the organisms involved was not a confirmed CPE.

It is the conclusion of the report that CPE was an associated 
factor in the deaths of 8 patients. All these patients also had 
other significant medical problems, and CPE was only one of a 
number of factors contributing to their deaths.

Differing opinions will always exist between clinicians as to the 
relative contributions of different conditions to a patient’s death 
in those who suffer from multiple medical problems. We believe 
our conclusions are reasonable.

We acknowledge that the review process has caused upset for 
some of the next-of-kin of the patients involved. However, UL 
Hospitals Group felt strongly that communicating the findings 
of the review to all next-of-kin was the right thing to do. We also 
hope that by being open about the review, a better informed 
conversation can take place around why we screen patients for 
CPE and why we isolate or cohort CPE-positive patients and CPE 
contacts. We know that these necessary precautions can also be 
upsetting for patients and families.

The background to the current management of CPE in our 
hospitals is outlined in the final section of this review in order 
to inform everyone of the ongoing continuing challenges that 
multidrug resistant organisms pose for our hospitals and the 
workload created for our microbiology and IP&C (infection 
prevention and control) departments as a consequence.

This report also highlights how dangerous multidrug resistant 
organisms such as CPE can be. Antibiotics, albeit limited, are 
available to treat infections due to CPE, but extreme vigilance 
in the management of these infections is absolutely essential 
in order to minimise the development of further antibiotic 
resistance.

 

Prof Paul Burke
Chief Clinical Director
UL Hospitals Group
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Section 2:
REPORT OF THE UL HOSPITALS’
CHIEF CLINICAL DIRECTOR

 
Chief Clinical Director’s Report to CEO 

Professor Colette Cowan
CEO UL Hospitals Group
UL Hospitals
Limerick
      9th February 2018

Dear Colette,

Following receipt of the whistle-blower letter to the Coroner in 
June 2017 you will be aware that we instigated the internal and 
external reviews with relation to CPE. 

I am writing to you now to advise you of the process undertaken 
and the findings of both the internal and external review and 
my own position with regards to same. 

The process followed in this review was as follows:

Seventy four patients were identified during the period February 
2009 and May 2017 in whom Carbapenemase Producing 
Enterobacteriaceae (CPE) had been detected.

Dr. O’Connell Consultant Microbiologist conducted an internal 
review of the seventy four patients identified with CPE to 
determine the possible association of CPE in patient deaths.

Dr. Spencer, Consultant Microbiologist from the UK was 
commissioned to conduct the external review.

Dr. O’Connell provided report on the internal review with her 
findings – namely fourteen (14) cases in which she identified a 
possible association.

Dr. Spencer concluded there were five (5) cases where there 
was a possible association of CPE with the patient death, one 
of which was not identified by Dr. O’Connell.

I, as Chief Clinical Director, along with Dr. Power, Consultant 
Microbiologist, reviewed the findings of both reports and asked 
Dr. Spencer’s further opinion on the ten (10) cases that Dr. 
O’Connell had identified. From this review and a supplementary 
report from Dr. Spencer we noted there is agreement between 
the external reviewer and internal reviewer on seven (7) cases.



Page 7

CPE Review UL Hospitals Group

There is also an additional case which the external reviewer 
feels the organism could be involved. Of the remaining seven 
(7) cases, identified by Dr. O’Connell, I would concur with the 
reviewer that the association with CPE with death is weak and 
difficult to be definitive about. Nevertheless, Dr O’Connell’s 
view is these cases must also be recognized. 

On accepting the findings of the external review we must now 
consider the next steps.
We have written to the consultants involved asking them for 
their opinions as to whether they have notified the families of 
those patients who had CPE associated with the patient’s death. 
We have also asked them to note whether they had notified 
the Coroner regarding this and if not to take note of this going 
forward.

I have also now drafted a letter to the Coroner which I enclose 
with this correspondence. Within this I have answered the 
Coroner directly with relation to the whistle-blower’s list. This 
list of 36 cases contains only six (6) cases where CPE was 
associated with the patient’s death.  This was listed in the letter 
for the Coroner. We also pointed out to the Coroner that two 
of these patients had CPE KPC documented in their death 
notification.

I trust this is in order. I am happy to meet with you should you 
wish to discuss the findings of the report or require clarification 
with regards to same. 

Kind regards,
Yours Sincerely,

 
_______________________________   
Prof Paul Burke, MD, FRCSI     
IMCN 03039       
Chief Clinical Director      
UL Hospital Group
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External Review into the 

Death of 74 patients, in whom 

Carbapenem Resistant 
Enterobacteriaceae [CRE] had 

been detected 

 
Report prepared by: 
Dr Robert C Spencer MB BS MSc FRCPath, FRCP[G]; 
HonDip HIC 
 
25th October 2017 
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Terms of Reference 

External Review of Deaths in CPE positive Patients at University Hospital 
Limerick 
 
Background: 
 
Following the first Irish outbreak of Carbapenemase Producing Enterobacteriaceae 

[CPE] at UHL in 2011, there has been an ongoing increased detection of CPE in the UL 

Hospitals Group (ULHG) with multiple associated outbreaks. An extensive screening 

programme is currently in place; in critical care and for newly admitted patients should 

they fulfil specific screening criteria [ULHG Guidelines for the Prevention, Control & 

Management of CRE including KPC.  Document: QPRS-IPCH-10 Approved January 

2016]. 

As part of an update to the Executive on CPE ULHG decided to review all deaths in 

patients from whom CPE had been detected. This included those colonised and those 

with evidence of clinical infection. In addition the office of the Coroner had been 

contacted by an anonymous person with allegations of CPE directly contributing to a 

significant number of deaths at the University Hospital Limerick. 

 

A review of deaths in known CPE patients was undertaken by ULHG. This Group 

includes the Chief Clinical Director [CCD], Chief Operations Officer [COO], Consultant 

Clinical Microbiologist [CCM], and the Assistant Director of Nursing [ADON] for Infection 

Prevention and Control [IPC]. This review included reports from the treating 

Consultants. 
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Previously three definite deaths were identified as attributable to acquisition of CPE; a 

significant soft tissue infection and two bacteraemia’s. Further comprehensive 

investigation has identified additional patients in whom CPE was an associative factor 

in their deaths but it is noteworthy that these patients had significant co-morbidities. It is 

noted that 74 CPE positive are known to have died since acquisition of this multi-

resistant organism but the majority of patients died unrelated to same. The Group Chief 

Executive Officer took the decision to have a third party review our findings in relation to 

these cases. The review will be shared in the future with the Regulator and other 

bodies. 

 

The ULHG Chief Clinical Director wrote to Professor Martin Cormican, Healthcare 

Associated Infections [HCAI’s] National Lead, to seek a recommendation of a 

Consultant Microbiologist as a third party who would be happy to oversee this review 

process for UL Hospitals Group and give an external opinion. 

 
 
Purpose: 
 
An external expert opinion is being sought to provide assurance to ULHG CEO, as to 

the contribution of CPE to patient deaths where patients were known to be CPE 

positive. This external expert will conduct their own assessment of each case and 

review the findings of the internal ULHG review for these cases to confirm and 

corroborate findings. 
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Accountability: 
 
This review has been commissioned by the Chief Executive Officer of University of 

Limerick Hospitals Group to whom the external report should be submitted. 

 
Working Method: 
 
v The external reviewer will conduct a site visit to University Hospital Limerick, during 

which access to relevant patient records will be facilitated. This access includes 
healthcare records, clinical notes and laboratory reports and radiological imaging 
results available through online reporting systems [iLab, NIMIS etc] and the Patient 
Administration System [iPMs]. The death notification record [death certification] will 
also be given for those patients who died in hospital. 
 

v A line listing of all CPE detections will be provided as well as details of known 
deaths. The external expert is required to review all relevant clinical notes/laboratory 
records to ascertain whether CPE infection was a contributory factor in each CPE 
positive patient’s death. 

 
v The external expert is to provide a report in a two phase process: 
 

Initial summary report on each case outlining findings, following the review of all 
 relevant clinical information. 

 
Second report following receipt of UL Hospitals internal review report, which will 

 provide a summary on each case and external reviewer findings as compared 
 with the ULH internal review findings. 

 
In addition an overarching summary of all findings is required as part of the final 
(second) report. 
 

v All three reports (internal review, initial external review and final report from external 
reviewer) should be submitted to the CEO of ULHG who has commissioned this 
external review. 
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Timeframe: 

A draft report will be presented by the External Expert within 3 weeks of 

commencement of the review. The draft report will be considered for factual accuracy 

by the CCD and internal investigation team and feedback completed within 5 working 

days. This feedback may include identification of differences of interpretation or opinion 

regarding some cases between the internal review and the external expert. The 

external expert will be invited to discuss these differences in this final report if he feels it 

appropriate. 

 

A signed copy of the final report will be presented 5 weeks after the commencement of 

the review, and no later than 13th November 2017. 

 

In this report the terms CRE [Carbapenem Resistant Enterobacteriaceae] and CPE 

[Carbapenemase Producing Enterobacteriaceae] are used synonymously. 
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ANTIMICROBIAL RESISTANCE 
 
Bacteria have been on Planet Earth for some 4.5 billion years, so the view that 

antibiotics, which have only been in existence for a mere 80 or so years, will always be 

effective is somewhat naïve.  Bacteria reproduce at an amazing rate with the ability to 

double their numbers every 20 minutes.  Small changes to their chromosomes and the 

existence of extra-chromosomal DNA such as plasmids, all conspire to prevent the 

actions of the various antibiotic groups currently available for use. 

 

Professor Dame Sally Davies, Chief Medical Officer for England has outlined the stark 

consequences, if antibiotics are allowed to lose their clinical effectiveness.  She is on 

record as saying that without drugs to fight infections, common medical interventions 

such as caesarean sections, cancer treatments and hip replacements would become 

“incredibly risky”, transplantation medicine “a thing of the past”.  “We are facing, if we 

don’t take action now, a dreadful post-antibiotic apocalypse”. 

 

It is estimated that at the present time some 700,000 patient worldwide die from drug-

resistant infections, of which 190,000 are from multi-drug resistant tuberculosis.  Gram-

negative bacteria, specifically Enterobacteriaceae, are common causes of infections 

acquired both in hospitals and in the community, including the urinary tract, lower 

respiratory tract and bloodstream. 

 

Such bacteria are able to acquire resistance genes encoding multiple antimicrobial 

agent resistance mechanisms, including extended-spectrum �-lactamases [ESBL’s], 

AmpC’s and carbapenemases [KPC, Oxa-48, NDM]. 
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�-lactam antibiotics are often the first therapeutic choice for serious infections and 

carbapenems in particular were considered drugs of last resort.  Thus the emergence 

and potential spread of carbapenem resistant  Enterobacteriaceae [CRE] is a significant 

clinical and public health concern.  CRE are often resistant to all �-lactam antibiotics but 

also carry resistance mechanisms which confer resistance to other classes of 

antibiotics, such as aminoglycosides, thereby further limiting treatment options. 

 

Of more recent concern is the news that bacteria containing a gene known as mcr-1 

[which confers resistance to an antibiotic, colistin] have spread around the world at an 

alarming rate.  It was originally discovered 18 months ago in China where in one 

hospital 25% of patients carried the gene.  Colistin is an antibiotic used in the treatment 

of CRE, so acquisition of resistance can further limit therapeutic options to treat CRE 

infections.  Colistin is an antibiotic first discovered in the 1950’s, replaced by safer 

options and so used, especially in Asia, as a growth promoter in pigs and poultry.  This 

has been encouraged the emergence of resistance genes which have entered the food 

chain resulting in human infections. 

Currently with few “new” antibiotics available much emphasis is put into infection, 

prevention and control. 

 

Patients identified with the presence of CRE, and other similar resistant bacteria, 

whether as a “coloniser” [patient showing no clinical signs of infection] or from a clinical 

specimen suggestive of infection are isolated and all healthcare workers involved in 

their management, follow strict infection control procedures including the donning of 

personal protective equipment [PPE], such as gowns, masks, gloves but especially in 

relation to adequate hand washing. 
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ACTION TAKEN BY THE UNIVERSITY OF LIMERICK HOSPITAL GROUP 

The first case of CRE in a patient in ULHG occurred in 2009.  National CRE Guidelines 

were updated in 2011 with advice, including the necessity for screening patients who 

had been abroad or patients who had been admitted to other Irish Hospitals where CRE 

had been reported in the previous 12 months.  In May 2013, the Mid-Western Regional 

Group Guideline for the Prevention, Control and Management of Carbapenemase 

producing Enterobacteriaceae were produced.  These were updated in 2016.  The 

Department of Microbiology, University Hospital Limerick issues quarterly reports of 

Carbapenemases producing Enterobacteriaceae.  It is worth noting there have been no 

cases of bacteraemia with these organisms since June 2015. 

 

The Medical Microbiology and Infection Prevention and Control staff are fully involved in 

managing patients and implementing infection control procedures.  This is exemplified 

by the use of:- 

 

v Microbiology Result alert 

v Antimicrobial Therapy Alert 

v Red flagged CPE Infection Control Alert 

v Infection Prevention and Control Alert 

 

Examples of these, which are included in the patient’s case notes are shown overleaf. 
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    ANTIMICROBIAL THERAPY ALERT 
 
 Name:________________________________    Chart:___________________ 
 Prophylaxis:  Y/N                     Empiric:  Y/N                  Directed:  Y/N  
 
 Clinical Indication:________________________________________________ 
 
  _______________________________________________________________ 
 
 Drug(s): ________________________________________________________ 
 _______________________________________________________________ 
 
 Recommendations:_______________________________________________ 
 ________________________________________________________________ 
 
 Signed:_________________________________________  MCRN:_________                          
 
 Role: ___________________________ Ward:________   Date:____________                                 

    ANTIMICROBIAL THERAPY ALERT 
 
 Name:________________________________    Chart:___________________ 
 Prophylaxis:  Y/N                     Empiric:  Y/N                  Directed:  Y/N  

 
 Clinical Indication:________________________________________________ 
 
  ________________________________________________________________ 
 
 Drug(s): _________________________________________________________ 
 
_________________________________________________________________ 
 
 Recommendations:________________________________________________ 
 
_________________________________________________________________ 
 
 Signed:_________________________________________  MCRN:__________                          
 
 Role: ___________________________ Ward:________   Date:_____________                                 

    ANTIMICROBIAL THERAPY ALERT 
 
 Name:________________________________    Chart:__________________ 
 Prophylaxis:  Y/N                     Empiric:  Y/N                  Directed:  Y/N  
 
 Clinical Indication:_______________________________________________ 
 
  ________________________________________________________________ 
 
 Drug(s): ________________________________________________________ 
 
_________________________________________________________________ 
 
 Recommendations:_______________________________________________ 
 
_________________________________________________________________ 
 
 Signed:_________________________________________  MCRN:__________                          
 
 Role: ___________________________ Ward:________   Date:_____________                                 

  

    ANTIMICROBIAL THERAPY ALERT 
 
 Name:________________________________    Chart:___________________ 
 Prophylaxis:  Y/N                     Empiric:  Y/N                  Directed:  Y/N  
 
 Clinical Indication:________________________________________________ 
 
  ________________________________________________________________ 
 
 Drug(s): _________________________________________________________ 
 
_________________________________________________________________ 
 
 Recommendations:________________________________________________ 
 
_________________________________________________________________ 
 
 Signed:_________________________________________  MCRN:__________                          
 
 Role: ___________________________ Ward:________   Date:_____________                                 

  

CPE
Infection Control Alert                      

   MICROBIOLOGY RESULT ALERT  Specimen: ___________                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
 
Patient Name: ____________________________________________ 
 
Registration No:__________________ Ward:__________________ 

 
Consultant:____________________ Specimen No:______________  
 
Date of Specimen:_______________ Date Positive:______________ 

 
Results:_________________________________________________ 
 
________________________________________________________ 
 
________________________________________________________ 

 
Signed: _________________________________  MCRN: ________ 
 

 

   MICROBIOLOGY RESULT ALERT  Specimen: ___________                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
 
Patient Name: ____________________________________________ 
 
Registration No:__________________ Ward:__________________ 

 
Consultant:____________________ Specimen No:______________  
 
Date of Specimen:_______________ Date Positive:______________ 

 
Results:_________________________________________________ 
 
________________________________________________________ 
 
________________________________________________________ 

 
Signed: _________________________________  MCRN: ________ 
 
 

   MICROBIOLOGY RESULT ALERT  Specimen: ___________                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
 
Patient Name: ____________________________________________ 
 
Registration No:__________________ Ward:__________________ 

 
Consultant:____________________ Specimen No:______________  
 
Date of Specimen:_______________ Date Positive:______________ 

 
Results:_________________________________________________ 
 
________________________________________________________ 
 
________________________________________________________ 

 
Signed: _________________________________  MCRN: ________ 

   MICROBIOLOGY RESULT ALERT  Specimen: ___________                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
 
Patient Name: ____________________________________________ 
 
Registration No:__________________ Ward:__________________ 

 
Consultant:____________________ Specimen No:______________  
 
Date of Specimen:_______________ Date Positive:______________ 

 
Results:_________________________________________________ 
 
________________________________________________________ 
 
________________________________________________________ 

 
Signed: _________________________________  MCRN: ________ 
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In addition an enhanced surveillance form is completed for all microbiologically positive 

CRE patients, whether from a clinical specimen or a screening specimen.  This form is 

shown below 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section 2. Clinical Information:

Patient ID (MRN or Chart No.):

Section 1. Demographic information:

Sex:

M F Unk

             Carbapenemase-Producing
Carbapenem-Resistant Enterobacteriaceae (CRE)
  Enhanced Surveillance Form, v1.8 (June 2011)

Age:

Date of  hospital admission: / / 2 0

Page 1 of 3

Hospital code:

At the time of CRE detection was the patient already colonised or infected with another HCAI pathogen?
Yes No

If YES, please indicate organism(s):
MRSA

VRE

ESBL-producing Enterobactericeae

Other/Multi-Drug Resistant Organism  Please state:

If YES to hospitalisation abroad, please state country:

Was this patient transferred to this HCF from a hospital abroad? Yes No

Does the patient have a history of travel in the 12 months prior to hospitalisation? Yes No Unk

If YES to travel abroad, please state country/ies:

If YES to foreign travel, please state reason(s) for travel:

Holiday

Work

Medical

Visiting friends and relatives

Other

Unknown

Please complete as fully and legibly as possible

Risk Factors for CRE:

Hospitalisation in last 12 months

ICU admission in last 12 months

Surgery in last 6 months

Immunocompromised

Diabetes mellitus

End-stage renal disease or renal replacement therapy

Chronic lung disease

Chronic liver disease

Recurrent urological problems

None

Unk

Isolation of CRE from this patient represents: Infection Colonisation

 Please state:

or

If <1 year, please state if age in days (D) or months (M): D M

Admitted to this healthcare facility (HCF) from:

Home Other Hospital Long-term care facility Nursing Home Other

CONTACT DETAILS IN CASE FURTHER DISCUSSIONS OF THIS CASE ARE REQUIRED:

Name:

Telephone Number: Email:

59308
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In addition an enhanced surveillance form is completed for all microbiologically positive 

CRE patients, whether from a clinical specimen or a screening specimen.  This form is 

shown below 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
11	  |	  P a g e 	  

	  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If YES to infection, the likely source is:

Bacteraemia without obvious focus

Central nervous system

Respiratory tract

Urinary tract

Intra-abdominal

Genital tract

Skin / soft tissue

Surgical wound

Infection of prosthetic material

Other

Date of death: / / 2 0
Date of discharge: / / 2 0

Outcome:

Survived and remains an inpatient

Discharged

Died

 

 

 Please state:

Page 2 of 3

SECTION 3: ANTIMICROBIAL INFORMATION

Antimicrobials administered during this admission PRIOR to CRE isolation:

Beta-Lactam/beta-lactamase inhibitor

Cephalosporin

Meropenem

Ertapenem

Aztreonam

Fluoroquinolone

Gentamicin

Tobramycin

Amikacin

Tigecycline

Colistin

Chloramphenicol

Co-trimoxazole

If this represents CRE infection, please state the agents used to treat this infection:

Meropenem

Ertapenem

Aztreonam

Fluoroquinolone

Gentamicin

Tobramycin

Amikacin

Tigecycline

Colistin

Chloramphenicol

Co-trimoxazole

Did initial choice of empiric antimicrobial therapy cover the CRE isolated? Yes No

If NO, how many days elapsed between date of culture and date of initiation of appropriate antimicrobial therapy?

Number of days given:

SECTION 4: OTHER RELEVANT CLINICAL INFORMATION:

days

days

days

days

days

days

days

days

days

days

days

days

Patient ID (MRN or Chart No.):

Please repeat Patient ID above to allow adequate form matching59308
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SECTION 5. LABORATORY INFORMATION:
Laboratory Code: Patient MRN or Chart No:

Sex: M F Unk

Specimen  date:

/ /    2 0

Hospital Code:

Patient location on date of positive culture:

Emergency Dept

Medical

Surgical

Dialysis

Haem/oncology

Burns

ICU

Outpatient

Nursing home

Long-term care facility

Other

Antimicrobial susceptibility testing (AST) method used: EUCAST CLSI BSAC

Specimen  Number:

Gentamicin R I S

Meropenem R I S

Ertapenem R I S

Amikacin R I S

Tigecycline R I S

3rd-Generation Cephalosporin R I S Fluoroquinolone R I S

Co-trimoxazole R I S

Aztreonam R I S

Colistin R I S

Chloramphenicol R I S

Imipenem R I S

Meropenem MIC, if I/R:

Ertapenem MIC, if I/R:

Specimen Type:

Blood

CSF

Other Sterile Site

Other Non-Sterile Site  

 Please state:

Please state:

Imipenem MIC, if I/R:

Tobramycin R I S

AST results:

Organism: E. coli K. pneumoniae Other - please state:

Page 3 of 3

Date of birth: / /

Is this case part of a suspected outbreak? Yes No

Was this isolate referred to a reference laboratory for confirmation of the CRE? Yes No

The case classification of this carbapenemase-producing CRE is: Confirmed Probable

Please return the ORIGINAL form to HPSC, 25-27 Middle Gardiner Street, Dublin 1 and a COPY to your local Dept of Public Health

If CONFIRMED, please state resistance gene:

VIM

KPC

NDM

IMP

OXA

Other

SECTION 6: OTHER RELEVANT LABORATORY INFORMATION:

 Please state:

LABORATORY CONTACT DETAILS IN CASE FURTHER DISCUSSIONS OF THIS ISOLATE ARE REQUIRED:

             Carbapenemase-Producing CRE
     Enhanced Surveillance Form, v1.8 (June 2011)

mg/L

mg/L

mg/L

Name:

Telephone Number: Email:

59308
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There is a robust screening protocol in place and the microbiology laboratory analyses 

900-1000 screening swabs every month.  All ward contacts of positive patients are 

screened.  Contact is defined as any other patient in that ward and are screened weekly 

for up to four weeks of hospital inpatient care.  This screening procedure is onerous, 

places an enormous strain on resources both in terms of manpower and in equipment 

such as PPE and laboratory costs.  However Medical Microbiology and Infection 

Prevention and Control staff all believe it to be worthwhile.  It is their belief that if they 

were not actively swabbing for the presence of CRE by this comprehensive screening 

regimen, then they would see more patients infected with CRE. 

 

DEMOGRAPHY 
74 PATIENTS 
Male: 38   Female: 36 

Ages 
<60 9 [12%] 
61-70 10 [14%] 
71-80 27  [36%] 
81-90 23 [31%] 
91 + 5 [7%] 

 

All 74 patients had serious underlying diseases and co-morbidity factors. 

Of the 74 patients, 53 [72%] had CRE detected in screening swabs and 21 [28%] had 

CRE cultured from clinical samples.  Of these 21 clinical samples were blood 2 [10%]. 

Sputum 4 [19%], urine 11 [52%] and other sites 4 [19%].  [CAPD fluid 1, wounds swabs 

2 and tissue 1]. 
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Underlying Medical Conditions and Co-morbidities in those 69 patients who did 
not die as a direct result of the presence of Carbapenem Resistant 
Enterobacteriaceae 
 
Condition Numbers 
Heart Disease +/- Peripheral Vascular Disease 28 
Respiratory eg Chronic Obstructive Pulmonary Disease 25 
Hypertension 17 
Dementia/Parkinson’s Disease 11 
Malignancies 10 
Diabetes 9 
Gastro –Intestinal 6 
Cerebro- Vascular Accident 5 
Renal Disease 3 
Alcoholism 2 
Motor Neurone Disease 1 
Chronic Collagen Disease 1 
 

 

MICROBIOLOGY 
 

Bacteria Resistance Gene 
Klebsiella pneumoniae KPC  43 
Klebsiella pneumoniae NDM  6 
Klebsiella pneumoniae OXA 48 2 
Klebsiella oxytoca KPC  9 
Citrobacter freundii KPC  12 
Escherichia coli KPC  7 
Enterobacter cloacae KPC  3 
Serratia marcescens KPC  1 
Un-determinate 1 
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Specimen Type Screen Organism Resistant Gene 
Sputum Clinical Klebsiella pneumoniae KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Sputum Clinical Klebsiella pneumoniae KPC 
Urine Clinical Klebsiella pneumoniae KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Blood Culture Clinical Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Catheter Specimen Urine Clinical Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
CAPD fluid Clinical Klebsiella pneumoniae KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Pus Clinical Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Urine Clinical Klebsiella pneumoniae KPC 
Swab Clinical Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Tissue Clinical Citrobacter freundii KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Blood Culture Clinical Klebsiella oxytoca KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella oxytoca KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae NDM 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae, E. coli KPC 
Rectal Swab for CRE Screening E.coli, K oxytoca, K pneumoniae KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Rectal Swab Screening Klebsiella pneumoniae NDM 
Rectal Swab Screening Klebsiella pneumoniae NDM 
Rectal Swab for CRE Screening Klebsiella pneumoniae NDM 
Rectal Swab for CRE Screening Escherichia coli, E. cloacae NDM, KPC 
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Specimen Type Screen Organism Resistant Gene 
Rectal Swab for CRE Screening Klebsiella pneumoniae NDM 
Sputum Clinical Serratia marcescens "Undetermined" 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab Screening K. pneumoniae, E. coli, Serratia KPC 
Rectal Swab for CRE Screening K pneumoniae, E. coli OXA-48 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Sputum Clinical Klebsiella oxytoca KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Rectal Swab for CRE Screening Klebsiella oxytoca KPC 
Rectal Swab for CRE Screening Klebsiella oxytoca KPC 
Rectal Swab Screening Citrobacter freundii KPC 
Rectal Swab Screening Klebsiella oxytoca KPC 
Rectal Swab Screening Klebsiella pneumoniae & E. coli KPC 
Rectal Swab for CRE Screening E.coli KPC 
Rectal Swab for CRE Screening Klebsiella oxytoca KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Mid Stream Urine Clinical Klebsiella pneumoniae KPC 
Swab Screening Citrobacter freundii KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Rectal Swab Screening Enterobacter cloacae KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Rectal Swab for CRE Screening Citrobacter freundii KPC 
Rectal Swab for CRE Screening Klebsiella pneumoniae NDM 
Rectal Swab for CRE Screening Enterobacter cloacae KPC 
Rectal Swab Screening Citrobacter freundii KPC 
Rectal Swab Screening Klebsiella pneumoniae KPC 

 

The total number of bacterial totals = 8, as in five patients [6%] more than one CRE 

isolate was detected. 
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isolate was detected. 
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The KPC resistance gene was by far the commonest, occurring in 74 of the 85 [89%].  

This compared with 182 from 215 [85%] strains detected as a whole by the laboratory. 

 

In all patients, an Enhanced Surveillance Form was completed. 

 

DEATHS IN WHICH CRE MAY HAV BEEN A CONTRIBUTORY FACTOR 

Following a careful review of the 74 cases by the careful reading of their respective 

case notes and accessing all the on-line microbiological data, I have found five [7%] 

cases where the presence of CRE may have “contributed” to the death of the patient.  

All five patients had serious underlying diseases and co-morbidities.  Now when one 

reviews case notes, it is performed against a background of attempting to determine 

whether the presence of a potentially pathogenic micro-organism, such as CRE, in 

anyway contributed to the death of that patient.  Perforce this is extremely difficult, to 

decide if the presence of a micro-organism, whether from a screening swab or a clinical 

specimen, in any way was the root cause of the patients demise.  Mere presence of an 

organism does not always equate to clinical infection by said organism. 

 

The five cases I have identified were four males and one female.  Their ages ranged 

from 56 to 86. 

 

 

Male, aged 70 in whom CRE was originally detected in a blood culture taken some two 

months before his death.  He had undertaken major large bowel surgery two prior to his 

first positive culture.  CRE was detected later in further blood cultures and wound 

samples.  Despite treatment with antibiotics active against CRE, namely Gentamicin, 

Tigecycline and Colistin and transferred to the Intensive Care Unit, this patient died. 

Case No: 1 
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Male, aged 56 in whom CRE was originally detected in a blood culture some five weeks 

before his death.  He received appropriate antibiotics namely, Gentamicin, 

Cotrimoxazole, Tigecycline and Colistin.  Against a background of ischaemic heart 

disease, chronic obstructive airway disease and active influenza H1N1 infection, the 

patient also developed Candidaemia [presence of a yeast Candida albicans in the blood 

stream] for which he received amphotericin. 

 

 

Male, aged 86 in whom CRE was first isolated in a screening sample some five months 

before his death.  The CRE was subsequently detected from a sample of sputum one 

week before his death. He received appropriate antibiotic therapy of Tigecycline and 

Colistin.  His underlying medical conditions included peripheral vascular disease and 

chronic obstructive airway disease. 

 

 

Female aged 68. A CRE was isolated from an abscess one month before her death.  

She received appropriate antimicrobial treatment with Tigecycline.  Her underlying 

medical conditions included gramulosa cell carcinoma of the ovary and had major 

abdominal surgery, three months before her death. 

 

 

Male aged 80.  CRE first isolated from tissue some four weeks prior to death, for which 

he received Tigecycline.  A blood culture taken two days before his death yielded 

Case No: 2 

Case No: 3 

Case No: 4 

Case No: 5 
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Case No: 2 

Case No: 3 

Case No: 4 

Case No: 5 
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Candida albicans.  His underlying medical conditions included chronic obstructive 

airways disease and acute renal failure of two months standing. 

 

In all five cases an appropriate level of medical and surgical care was given.  Medical 

microbiology and infection control personnel were closely involved in all five cases and 

gave appropriate advice.  It is of note that in two patients, Candida albicans [a yeast] 

was found in blood cultures taken shortly before death. 

 

In the other 69 cases, 16 had CRE detected in clinical specimens but I could find no 

evidence to link the findings of a CRE with their deaths.  The remaining 53 cases had 

CRE detected in a rectal screening swab, as an incidental finding of colonisation.  

“Colonisation” is defined as the presence of micro-organisms living harmlessly on the 

skin or within the bowel and causing no signs or symptoms of infection. 
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CONCLUSION 
In my review of the 74 patients where CRE was identified within screening or clinical 

specimens, I have identified five possible cases where CRE “may” have been a 

contributory factor in their death.  By this, I mean CRE was detected in clinical 

specimen and all the five cases received antibiotics effective against CRE.  At the same 

time it must be acknowledged that all five cases had serious underlying clinical 

conditions and co-morbidity factors which undoubtedly played a role in the patient’s 

eventual demise. 

 

The care given to all 74 patients was of a standard to which they should have expected 

to receive.  The microbiological investigation and infection control interventions were 

appropriate as proscribed in the Guidelines for the Prevention, Control and 

Management of Carbapenemase Producing Enterobacteriaceae [CPE]. 
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I	  have	  reviewed	  the	  11	  cases	  mentioned	  in	  your	  letter	  of	  December	  04	  2017.	  

Case	  A	  

This	  gentleman	  was	  admitted	  with	  a	  severe	  abscess	  which	  was	  debrided.	  From	  
the	  tissue	  a	  CRE	  Citrobacter	  freundii	  KPC	  strain	  was	  isolated	  in	  addition	  to	  
Pseudomonas	  aeruginosa,	  Candida	  albicans	  and	  Clostridium	  ramosum.	  A	  
subsequent	  wound	  swab	  yielded	  the	  previous	  organisms	  plus	  an	  ESBL	  
Klebsiella	  pneumoniae.	  A	  blood	  culture	  yielded	  Candida	  albicans.	  He	  had	  
received	  several	  antibiotics	  –	  tigecycline,	  tazocin,	  gentamicin	  and	  linezolid	  
[previous	  known	  MRSA	  and	  VRE].Receiving	  broad	  spectrum	  antibiotics	  can	  
predispose	  vulnerable	  patients	  with	  severe	  underlying	  disease	  to	  fungal	  sepsis.	  
On	  review	  I	  am	  prepared	  to	  accept	  an	  “association”	  between	  the	  CRE	  
Citrobacter	  freundii	  and	  the	  death	  of	  this	  gentleman.	  Please	  note	  that	  in	  his	  
Medical	  Certification	  of	  Cause	  of	  Death,	  under	  Antecedent	  Causes	  b}	  is	  written	  
“Klebsiella	  pneumoniae	  Carbapenem	  [KPC]	  sepsis	  5-‐7	  days”.	  This	  is	  incorrect	  as	  
the	  strain	  of	  K.pneumoniae	  was	  an	  ESBL	  producer	  not	  a	  CRE.	  

	  

	  

	  

Case	  B	  

Microbiology	  of	  post	  mortem	  samples	  is	  very	  difficult	  to	  interpret.	  After	  death	  
blood	  and	  other	  body	  fluids	  continue	  to	  move	  around	  the	  body.	  The	  intestinal	  
wall	  becomes	  permeable	  and	  bacteria	  move	  across	  the	  wall	  possibly	  by	  
translocation	  or	  transmigration.	  In	  my	  experience	  lung	  culture	  produce	  
basically	  post	  mortem	  flora	  –	  source	  unknown.	  In	  this	  case	  we	  have	  no	  clinical	  
sample	  prior	  to	  this	  gentleman’s	  death.	  	  And	  therefore	  in	  the	  face	  of	  just	  one	  
post	  mortem	  sample	  there	  is	  absolutely	  no	  way	  of	  knowing	  whether	  the	  CRE	  
Klebsiella	  pneumoniae	  contributed	  or	  was	  associated	  with	  his	  death.	  
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Case	  C	  

This	  gentleman	  had	  severe	  underlying	  disease	  with	  an	  infected	  EVAR	  graft	  for	  
an	  AAA,	  rectal	  carcinoma,	  ischaemic	  heart	  disease,	  and	  a	  long	  standing	  smoker.	  
KPC	  positive	  strains	  of	  CRE	  Escherichia	  coli	  and	  Klebsiella	  pneumoniae	  were	  
cultured	  from	  sputum	  and	  the	  E.coli	  from	  an	  abdominal	  drain.	  He	  received	  
appropriate	  antimicrobial	  treatment.	  In	  view	  of	  the	  severity	  of	  his	  underlying	  
disease,	  it	  could	  be	  argued	  that	  the	  CRE	  positive	  microbiology	  was	  “associated”	  
with	  his	  death.	  

Case	  D	  

This	  gentleman	  died	  from	  decompensated	  heart	  failure.	  His	  underlying	  medical	  
conditions	  included	  CCF,	  COPD,	  high	  alcohol	  intake,	  pulmonary	  fibrosis	  and	  
long	  term	  steroid	  and	  had	  had	  an	  aortic	  valve	  replacement.	  Stool	  samples	  were	  
positive	  of	  Clostridium	  difficile	  toxin.	  A	  sample	  of	  sputum	  yielded	  an	  ESBL	  
resistant	  strain	  of	  Serratia	  marcescens	  ,	  not	  confirmed	  as	  CRE	  by	  the	  reference	  
laboratory.	  I	  believe	  there	  was	  no”	  association”	  between	  the	  presence	  of	  this	  
organism	  and	  this	  gentleman’s	  death.	  

Case	  E	  

A	  CRE	  KPC	  strain	  of	  Klebsiella	  pneumoniae	  was	  isolated	  from	  a	  rectal	  swab	  and	  
a	  urine	  sample.	  He	  received	  gentamicin,	  to	  which	  the	  organism	  was	  susceptible	  
in-‐vitro	  for	  14	  days;	  treatment	  stopped.	  This	  gentleman	  had	  severe	  dementia	  
and	  the	  fact	  that	  the	  CRE	  strain	  was	  isolated	  and	  for	  which	  he	  received	  
appropriate	  antibiotic	  treatment	  I	  believe	  was	  in	  no	  way	  connected	  to	  his	  
death	  some	  two	  months	  later.	  Therefore	  I	  conclude	  “no	  association”.	  

Case	  F	  

This	  lady	  had	  a	  long	  standing	  history	  of	  ulcerative	  colitis	  for	  which	  she	  was	  
given	  an	  ileostomy.	  Since	  then	  she	  had	  undergone	  multiple	  laparotomies,	  
salpingo	  –oophorectomy,	  multiple	  bladder	  repairs	  due	  to	  bladder	  tears.	  KPC	  
CRE	  Kelbsiella	  pneumoniae	  	  was	  isolated	  from	  urine	  and	  wound	  samples,	  but	  in	  
addition	  MRSA	  was	  detected	  in	  a	  sputum	  sample	  and	  nasal/groin	  screen.	  This	  
lady	  	  died	  from	  an	  acute	  cardiorespiratory	  arrest,	  ?PE.	  Whilst	  not	  denying	  the	  
presence	  of	  a	  CRE	  KPC	  K.pneumoniae	  from	  urine	  and	  wound,	  this	  organism	  

was	  never	  isolated	  from	  respiratory	  samples,	  only	  MRSA.	  So	  if	  one	  is	  looking	  
for	  a	  microbial	  “contribution”	  to	  her	  death	  might	  it	  not	  be	  the	  MRSA?	  

Case	  G	  

This	  lady	  was	  admitted	  for	  laparotomy	  and	  an	  anterior	  resection.	  Colonoscopy	  
had	  shown	  a	  40	  -‐45	  cm	  lesion	  and	  histology	  had	  confirmed	  an	  invasive	  medium	  
differentiated	  adenocarcinoma.	  Underlying	  disease	  of	  severe	  COPD	  and	  had	  
had	  carcinoma	  of	  left	  breast.	  A	  right	  hemicolectomy	  for	  the	  obstructive	  tumour	  
was	  performed.	  An	  abscess	  cavity	  in	  the	  upper	  left	  paracolic	  gutter	  was	  
drained.	  A	  KPC	  CRE	  Klebsiella	  pneumoniae	  was	  detected	  in	  a	  rectal	  screen,	  
abdominal	  abscess	  and	  sputum.	  Appropriate	  antibiotic	  therapy	  was	  given	  .	  This	  
lady	  died	  with	  a	  cause	  given	  as	  “	  chronic	  obstructive	  airway	  disease	  with	  
respiratory	  failure”.	  On	  review	  despite	  her	  serious	  underlying	  diseases	  the	  KPC	  
K.peumoniae	  	  may	  have	  been	  “associated”	  with	  her	  death.	  

Case	  H	  

This	  lady	  had	  advanced	  dementia	  with	  underlying	  type	  2	  diabetes	  which	  was	  
poorly	  controlled	  with	  underlying	  renal	  disease	  ,	  in	  addition	  to	  recurrent	  UTI’s	  
for	  which	  she	  had	  received	  multiple	  courses	  of	  antibiotics	  .	  A	  CRE	  KPC	  
Klebsiella	  pneumoniae	  was	  isolated	  from	  urine	  on	  the	  first	  	  occasion	  and	  a	  
rectal	  screen.	  She	  was	  admitted	  with	  deterioration	  in	  her	  general	  condition	  
together	  with	  not	  eating	  or	  drinking.	  The	  family	  agreed	  to	  palliative	  care	  and	  
she	  died.	  I	  believe	  that	  the	  CRE	  strain	  did	  not	  in	  any	  “contribute”	  or	  was”	  
associated”	  with	  her	  death.	  

Case	  I	  

This	  lady	  had	  a	  long	  standing	  history	  of	  COPD	  with	  home	  oxygen.	  Histology	  of	  a	  
2.2cm	  right	  solid	  mass	  confirmed	  the	  presence	  of	  a	  bronchogenic	  carcinoma.	  
Rectal	  screen	  and	  sputum	  sample	  yielded	  a	  strain	  of	  Escherichia	  coli	  with	  an	  
OXA-‐28-‐lik	  carbapenemase	  gene	  detection	  	  and	  a	  multi	  resistant	  strain	  of	  
Klebsiella	  pneumoniae.	  Both	  organisms	  were	  reported	  as	  susceptible	  to	  
meropenem	  in-‐vitro.	  	  So	  were	  either	  of	  these	  organisms	  truly	  CRE?	  The	  cause	  
of	  her	  death	  was	  surely	  a	  combination	  of	  bronchogenic	  carcinoma	  and	  her	  
severe	  COPD.	  I	  am	  not	  convinced	  the	  E.coli	  and	  K.pneumoniae	  played	  any	  
“contributory”	  or	  “associated”	  role	  in	  her	  death.	  



Page 39

CPE Review UL Hospitals Group

was	  never	  isolated	  from	  respiratory	  samples,	  only	  MRSA.	  So	  if	  one	  is	  looking	  
for	  a	  microbial	  “contribution”	  to	  her	  death	  might	  it	  not	  be	  the	  MRSA?	  

Case	  G	  

This	  lady	  was	  admitted	  for	  laparotomy	  and	  an	  anterior	  resection.	  Colonoscopy	  
had	  shown	  a	  40	  -‐45	  cm	  lesion	  and	  histology	  had	  confirmed	  an	  invasive	  medium	  
differentiated	  adenocarcinoma.	  Underlying	  disease	  of	  severe	  COPD	  and	  had	  
had	  carcinoma	  of	  left	  breast.	  A	  right	  hemicolectomy	  for	  the	  obstructive	  tumour	  
was	  performed.	  An	  abscess	  cavity	  in	  the	  upper	  left	  paracolic	  gutter	  was	  
drained.	  A	  KPC	  CRE	  Klebsiella	  pneumoniae	  was	  detected	  in	  a	  rectal	  screen,	  
abdominal	  abscess	  and	  sputum.	  Appropriate	  antibiotic	  therapy	  was	  given	  .	  This	  
lady	  died	  with	  a	  cause	  given	  as	  “	  chronic	  obstructive	  airway	  disease	  with	  
respiratory	  failure”.	  On	  review	  despite	  her	  serious	  underlying	  diseases	  the	  KPC	  
K.peumoniae	  	  may	  have	  been	  “associated”	  with	  her	  death.	  

Case	  H	  

This	  lady	  had	  advanced	  dementia	  with	  underlying	  type	  2	  diabetes	  which	  was	  
poorly	  controlled	  with	  underlying	  renal	  disease	  ,	  in	  addition	  to	  recurrent	  UTI’s	  
for	  which	  she	  had	  received	  multiple	  courses	  of	  antibiotics	  .	  A	  CRE	  KPC	  
Klebsiella	  pneumoniae	  was	  isolated	  from	  urine	  on	  the	  first	  	  occasion	  and	  a	  
rectal	  screen.	  She	  was	  admitted	  with	  deterioration	  in	  her	  general	  condition	  
together	  with	  not	  eating	  or	  drinking.	  The	  family	  agreed	  to	  palliative	  care	  and	  
she	  died.	  I	  believe	  that	  the	  CRE	  strain	  did	  not	  in	  any	  “contribute”	  or	  was”	  
associated”	  with	  her	  death.	  

Case	  I	  

This	  lady	  had	  a	  long	  standing	  history	  of	  COPD	  with	  home	  oxygen.	  Histology	  of	  a	  
2.2cm	  right	  solid	  mass	  confirmed	  the	  presence	  of	  a	  bronchogenic	  carcinoma.	  
Rectal	  screen	  and	  sputum	  sample	  yielded	  a	  strain	  of	  Escherichia	  coli	  with	  an	  
OXA-‐28-‐lik	  carbapenemase	  gene	  detection	  	  and	  a	  multi	  resistant	  strain	  of	  
Klebsiella	  pneumoniae.	  Both	  organisms	  were	  reported	  as	  susceptible	  to	  
meropenem	  in-‐vitro.	  	  So	  were	  either	  of	  these	  organisms	  truly	  CRE?	  The	  cause	  
of	  her	  death	  was	  surely	  a	  combination	  of	  bronchogenic	  carcinoma	  and	  her	  
severe	  COPD.	  I	  am	  not	  convinced	  the	  E.coli	  and	  K.pneumoniae	  played	  any	  
“contributory”	  or	  “associated”	  role	  in	  her	  death.	  
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Case	  J	  

This	  is	  a	  very	  complicated	  case	  as	  described	  in	  the	  report	  by	  Dr	  Nuala	  
O’Connell	  of	  September	  28	  2017.	  She	  suffered	  from	  end	  stage	  renal	  disease	  
requiring	  haemodialysis,	  then	  switching	  to	  CAPD.	  From	  an	  infection	  point	  of	  
view	  she	  had	  a	  splenectomy.	  A	  CRE	  NDM	  Klebsiella	  pneumoniae	  was	  first	  
detected	  and	  MRSA	  also	  found	  in	  a	  PD	  catheter	  exit	  site	  the	  same	  month.	  
Morganella	  morganii	  was	  isolated	  from	  blood	  cultures	  on	  three	  occasions.	  I	  
believe	  her	  primary	  cause	  of	  death	  was	  end	  stage	  renal	  disease	  plus	  
septicaemia	  due	  to	  M.morganii.	  Whether	  the	  presence	  of	  the	  CRE	  
K.pneumoniae	  and	  MRSA	  in	  anyway	  “contributed”	  to	  her	  death	  is	  very	  
doubtful.	  

Case	  K	  

He	  was	  admitted	  in	  cardiogenic	  shock	  with	  troponin	  levels	  up	  to	  1900.	  
Admitted	  to	  ICU	  with	  Type	  1	  respiratory	  failure	  and	  pulmonary	  oedema,	  
underlying	  severe	  cardiac	  disease	  and	  acute	  renal	  failure.	  He	  underwent	  CABG	  
times	  two	  plus	  an	  AVR.	  Had	  a	  stormy	  post-‐operative	  time.	  He	  suffered	  a	  
cardiac	  arrest,	  rushed	  to	  ICU	  where	  he	  had	  a	  subsequent	  fatal	  cardiac	  arrest	  
and	  died.	  CRE	  KPC	  Klebsiella	  oxytoca	  was	  first	  detected	  in	  a	  sample	  of	  and	  then	  
subsequently	  in	  further	  sputum	  samples.	  So	  did	  the	  presence	  of	  the	  K.oxytoca	  
represent	  colonisation	  or	  true	  infection?	  Difficult	  to	  determine	  with	  any	  
certainty	  as	  hospitalised	  patients	  do	  acquire	  a	  Gram-‐	  negative	  flora.	  
Undoubtedly	  this	  gentleman’s	  death	  was	  as	  a	  result	  of	  his	  very	  severe	  
underlying	  cardiac	  disease.	  At	  best	  the	  presence	  of	  the	  CRE	  K.oxytoca	  was	  an	  
“associated”	  factor	  in	  his	  demise.	  

Summary	  

Joshua	  Lederberg,	  Nobel	  Laureate,	  once	  wrote	  that	  “the	  future	  of	  humanity	  
and	  microbes	  likely	  will	  unfold	  as	  episodes	  of	  a	  suspense	  thriller	  that	  could	  be	  
titled	  Our	  Wits	  Versus	  Their	  Genes”.	  The	  high	  mutability	  of	  pathogenic	  
microorganism	  can	  most	  easily	  be	  witnessed	  in	  their	  capacity	  to	  rapidly	  
develop	  resistance	  to	  antimicrobial	  agents.	  Our	  inability	  to	  outwit	  this	  
evolution	  has	  brought	  us	  to	  what	  is	  widely	  acknowledged	  as	  the	  current	  
antimicrobial	  resistance	  crisis	  affecting	  all	  classes	  of	  pathogens.	  This	  crisis	  

threatens	  us	  with	  the	  dawn	  of	  a	  “post-‐antibiotic	  “	  era,	  undoing	  many	  of	  the	  
gains	  made	  in	  public	  health	  over	  the	  last	  century.	  

Bacterial	  strains	  such	  as	  CRE	  or	  MRSA	  and	  other	  resistant	  organisms	  are	  not	  
any	  more	  invasive	  or	  pathogenic	  than	  their	  susceptible	  counterparts.	  The	  term	  
“superbugs”	  is	  a	  misnomer	  created	  by	  the	  media.	  There	  are	  not	  “super”.	  
Resistant	  organisms	  mean	  that	  your	  therapeutic	  options	  are	  limited.	  	  

	  

Dr	  Robert	  C	  Spencer	  

December	  20	  2017	  
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1. Introduction

Carbapenemase producing enterobacteriaceae (CPE) are 
multi-drug resistant bacteria that have been declared a national 
public health emergency in Ireland by the minister for health 
Mr Simon Harris on 25/10/17. CPE are bacteria which elaborate 
an enzyme called a carbapenemase to breakdown the family 
of antimicrobials called carbapenems (meropenem, ertapenem, 
etc.) which are amongst our most potent agents to treat serious 
infections.  CPEs fall under the umbrella term of carabapenem 
resistant enterobacteriaceae (CRE) which includes resistant 
mechanisms such as efflux pumps and porin loss amongst 
other modalities. Oftentimes the terms CPE and CRE are 
used interchangeably. The first CPE microbe a KPC producing 
Klebsiella pneumoniae was detected at University Hospital 
Limerick (UHL) in February 2009 (1) and, since then, there has 
been an exponential rise in CPE detection with a recent report 
in Oct 2017 from the national reference laboratory at National 
University of Ireland in Galway (NUIG) showing a significant 
increase in CPE rates in Tallaght, Limerick and Galway for the 
first half of 2017. University Hospital Limerick declared and 
documented the first national inter-hospital outbreak of CPE 
in 2011 (2) and since then, there has been multiple outbreaks of 
CPE notified to the Health Protection Surveillance Centre from 
differing Irish health-care settings; both acute and community. 
The predominant CPE enzyme detected at UHL is KPC whereas 
nationally OXA enzymes are more prevalent. To date, the 
infection prevention and control team (IPCT) at UHL and Prof 
Colum Dunne at the University of Limerick have published 
extensively on various aspects of CPE at UHL and their 
management of outbreaks (3-8). The Executive Management 
Team have been open and transparent about the ongoing CPE 
issues at UHL with welcomed inspections by HIQA, the strategic 
and operational leads of the HealthCare Associated Infections 
(HCAI) programme Dr Rob Cunney and Prof  Martin Cormican 
as well as Dr Kelleher, Dr Philip Crowley and Mr Liam Woods in 
recent years.

CPE acquisition can result in either colonisation (the bug residing 
harmlessly in the gut) or infections such as intra-abdominal, 
urinary tracts, occasionally respiratory and less commonly 
blood-stream infections (sepsis). UHL adopted a very intensive 
screening policy for CPE since 2011 and the infection prevention 
and control team has implemented, despite finite resources and 
infra-structural challenges, the Public Health England toolkit 
for the management of CRE in acute trusts 2013 (9). The 
epidemiology of CPE has changed in recent years at UHL with 
increasing detections in nursing homes.  

Internal investigation into death 

from CPE at University Hospital 

Limerick
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Infections caused by CPE can be associated with both morbidity 
and mortality which has been well documented in published 
international reports albeit, there is nothing definitive published 
in the Irish literature in this regard regarding mortality. Further 
to a poster presentation presented in London on 4th June 
2015 at the “Where are we now”? CRE conference, Royal 
College of Physicians UK, mis-information was extrapolated 
with suggestion that ~30 CPE colonised patients had died as 
a consequence of its acquisition. As a result there have been 
various enquires from the media, office of the Director of the 
Health Service Executive, parliamentary questions and the 
Limerick City Coroner regarding mortality rates.  The chief 
clinical director (CCD) Professor Paul Burke recommended that 
an internal investigation be conducted by the consultant clinical 
microbiologists (CMMs) and Professor Colette Cowan, the 
chief executive officer of UL Hospitals Group, commissioned 
an external review and sought recommendations from the 
national HCAI lead Professor Martin Cormican for an infection 
expert to conduct same. He duly proposed an UK consultant 
microbiologist. These investigations were to be conducted 
independently and here-in is the report of the internal 
investigation team.

2. Aim:

To review the cause of death in all CPE positive patients who 
had died from Feb 2009 – May 2017.

3. methods:

The CMMs requested that one of the microbiology surveillance 
scientists (MSS) do a COGNOS search on iLab of all CPE patients 
detected at UHL microbiology department from Feb 1st 2009- 
May 31st 2017. *The MSS checked the iPMS administrative 
system to ascertain which of these patients were deceased and 
gave the list to the CMM. All patient records were requested 
from Medical Records and Iron Mountain. 

The CMMs checked 1) the iPMS for the date of last hospital 
admission, 2) iLab for details on CPE detection and recent 
microbiology reports as well as other lab. results 3) NIMIS for 
all radiology reports and 4) the patient medical charts include 
inpatient notes and other correspondence including death 
certificates and post-mortem reports.

For all cases of concern (i.e. CPE was considered to be a causal 
factor in the death), the CCD was informed and he invited the 
attending consultants of those cases to furnish him with a 
report relating to cause of death of their patient.

The CMMs wrote individual reports on all deaths and documented 
within same whether CPE was 1) a direct cause of death, 2) 
and associative factor in the death or 3) not associated or 
contributing to the death. 
*caveat being not all deaths are necessarily recorded on iPmS
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4. Results

196 CPE patients were detected at UHL microbiology 
department for the timeframe of this review.

74 patients were recorded as deceased based on a review of the 
patient administration system (iPMS). 35 patients were female. 

Of the 74 patients, one did not have a characterised enzyme 
and therefore was not confirmed as CPE positive. Three 
patients were considered to have died as a direct result of CPE 
acquisition, 10 died with CPE being considered an associative 
factor in their death and CPE did not contribute in any way to 
the death of the other 60 patients who were colonised with it. 

Of the 3 directly-related CPE deaths, these all occurred in men 
of which the source was respiratory in 2 and intra-abdominal in 
one. Two of these deaths occurred in the acute hospital setting 
and the third occurred in a long-term care facility (LTCF). The 
ages of the deceased ranged from 56y to 89y. The patient who 
died in the LTCF had his first detection of CPE from a post-
mortem specimen. 

Sex

1 m  unk KPC KP Ltcf direct Bronchopneumonia Respiratory

2 m  pvd ihd copd KPC KP & EC Hsp direct Bronchopneumonia Respiratory

3 m  ihd copd KPC KP Hsp direct cIAI Abdominal

4 m  ihd rectal ca bp surg KPC KP & EC Hsp associated Cancer Abdominal

5 m  dementia, bph, bp KPC KP Hsp associated global deterioration Urinary

6 m  ibd bph derm KPC KP Hsp associated Cardiac arrest Abdominal

7 f  ibd  KPC KP Hsp associated Cardiac arrest Abdominal

8 f  ca ihd KPC KP Hsp associated Cancer Abdominal

9 f  copd ca KPC KP Hsp associated Respiratory failure Abdominal

10 f  dementia dm KPC KP Hsp associated global deterioration Urinary

11 f  copd ca OxA EC Hsp associated Cancer Respiratory

12 f  ckd NDm KP Hsp associated Sepsis -other bug Dermatological

13 m  ihd KPC KP Hsp associated Cardiac arrest Respiratory

Comorbidies Nature of 
CPE enzyme

*Site CPE link 
to death

Primary cause 
of death

Source of 
infection

Table 1: details on deaths attributable to CPE

PVD= peripheral vascular disease, IHD= ischaemic heart disease, COPD= chronic 
obstructive pulmonary disease, ca= cancer, bph= benign prostetic hypertrophy, 
bp= blood pressure, derm=dermatological disease, ibd= inflammatory bowel 
disease, dm= diabetes mellitus, ckd=chronic kidney disease
KPC= Klebsiella pneumoniae carbapenemase, OXA= oxacillinase NDM= New 
Dehli Metallo-Beta lactamase KP= Klebsiella pneumoniae, EC= Escherichia coli
*Site (location) where patient died.
LTCF = Long Term Care Facility
HSP = Acute Hospital
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Otherwise the other two patients died within the range of 45 
days and 130 days from first detection of CPE. Co-morbidities 
are not known for the man who died in the LTCF but the other 
patients had medical histories of Chronic Obstructive Pulmonary 
Disease (COPD) and Ischemic Heart Disease IHD).
Of the 10 patients in whom CPE paid an associative factor in 
their deaths, 7 were female and 3 were men.  Their mean age 
at time of death was 70y with a range from 45y to 84y. The 
mean numbers of days from detection of CPE to their death 
was 51 days with a median of 49 days and range of 6 days to 
129 days. All patients had significant co-morbidities as listed in 
Table. 1 with the source of their infection detailed within same. 
Two of these patients had CPE bacteraemia which were initially 
successfully treated before they died from a deep-seated focus 
of infection despite sterile blood samples.
74 official confidential patient reports were emailed to 
Professor Burke (including the patient who did not satisfy the 
criteria for the review) and these sensitive reports are included 
in an appendix to the internal investigation.  However these 
reports cannot be subject to publication in any public forum 
as they contain identifiable patient information which cannot 
be disclosed as per 2003 Irish Data Protection Act.  The CCD 
office holds all the reports from individual consultants who 
were invited to write their own report into all the deaths.

5. Conclusion

In total 73 CPE colonised patients were identified as having 
died during the period of this review. Our internal investigation 
showed that 3 patients died directly as a consequence of 
CPE acquisition and, in a further 10 patients, CPE played an 
associative role in their death. All patients (except for one in 
whom we do not know their medical history), had significant 
co-morbidities. The CEO has commissioned an external blinded 
review also into the role CPE played in the death of patients 
from health-care associated infections from an international 
expert. 

The new cohort ward for infection control has helped 
reduce cross-transmission of CPE as evidenced by a quality 
improvement project conducted by some members of the 
IPC team in part fulfilment of a diploma degree for the Royal 
College of Physicians in Ireland on quality and leadership in 
healthcare. However, our internal review recommends more 
timely molecular diagnostics, increased IPC and microbiology 
staffing as well as better infra-structure to combat spread of 
CPE (capital funding for a 96 single room block for isolating and 
protecting our patients from these harmful and other resistant 
microbes is pending). Until these are in place, we are going to 
continue to incur preventable health care associated infections 
with their associative morbidity and mortality. 
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Section 7:
Background and Context
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Departments of microbiology and IP&C 
(Infection Prevention and Control), 
UL Hospitals group November 2017

Introduction  
Carbapenemase producing Enterobacteriaecae (CPE) are multi-
drug resistant organisms that have recently been declared a 
national health emergency by the minster for Health Mr Simon 
Harris on October 25th 2017. However, CPE first was detected 
in Ireland back in February 2009 at University Hospital Limerick 
before the advent of both international and national guidelines 
on its control(1). CPE are resistant coliforms (bacteria found 
in the gastrointestinal tract) that elaborate an enzyme called 
a carbapenemase which breaks down our most potent 
antimicrobials called carbapenems (e.g. meropenem) rendering 
them ineffective.  CPE can affect humans in 2 ways; colonisation 
(be harmlessly carried in the gut) or infection (spread from the 
gut to other sites of the body where they may cause various 
clinical manifestations such as respiratory-, urinary- , intra-
abdominal – or blood-stream infections.  Infections caused by 
these “superbugs” are oftentimes associated with both high 
mortality and high morbidity rates particularly in the setting of 
septicaemia. CPE is classified by the differing carbapenemases 
and the main 5 enzymes that have been characterised include 
KPC, NDM, OXA, VIM and IMP.  It is anticipated that further 
carbapenemases may be described in the coming years.

1.UHL epidemiology

A master’s of science project was undertaken in 2010 by a 
scientist in the Microbiology Department at UHL to determine 
the prevalence of CPE following the first documented case 
in Ireland in February 2009 and a further 4 cases of KPC 
bacteria were found during the study. Subsequently the first 
outbreak of KPC was detected at UHL in Jan –Mar 2011 affecting 
11 patients with inter-hospital spread to a Dublin teaching 
hospital (2). As a consequence of this outbreak an intensive 
screening programme for CPE was introduced at UHL which 
coincided with the publication of guidance from both the 
Centre for Disease Control and Public Health England (PHE). 
However, despite the implementation of the PHE “toolkit for the 
management of CPE in acute NHS trusts” since 2013, UHL has 
continued to experience increasing detections of CPE in both 
the acute and community health care settings. To date (Nov 
27th 2017), there have been 223* confirmed cases of CPE in the 
Mid-West (see Table 1).

*Four “undetermined” CPEs are not included in the above figure
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year ULHg      Other       grand Total

2009 1 1 2

2010 3 1 4

2011 11 0 11

2012 9 1 10

2013 3 5 8

2014 38 7 44

2015 57 3 60

2016 30 6 36

2017 (to Nov) 43 7 48

Table 1 –illustration of number of cases since 2009.

Indeed, in recent years, there has been a new threat of spread 
to nursing homes and long-term care facilities. There have been 
outbreaks in nursing homes both in West Limerick and Tipperary.  
It was hoped to do a point prevalence survey of CPE within the 
long-term care facilities in the Mid-West in 2015, however this 
was not facilitated at that time due to lack of resources in public 
health.

The predominant enzyme found in the Mid-West is KPC although 
there was one outbreak of NDM affecting 10 patients at UHL in 
2013 (3). All enzymes types have been detected in UHL but, 
it appears, from recent data published by the CPE reference 
laboratory at NUIG (CPEARL) that KPC is geographically well- 
contained in the Mid-West and the predominant enzyme within 
Ireland is OXA-48 which has rapidly spread throughout Ireland 
over the past 2 years (4). The 223 CPEs detected in the MW 
carried the following enzymes: 193=KPC, 14=NDM, 10=OXA-48, 
3=OXA-23, 2 = KPC&NDM, 1=IMI (see Figure 1). Anecdotally, it 
was reported that 2 patients who had healthcare provision in 
the Mid-West were VIM positive in another region of the country 
but it is uncertain of the location of their acquisition.



Page 52

CPE Enzymes detected in UHL microbiology
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Figure 1 
CPE Enzymes Detected
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Patients at risk for CPE acquisition include elderly populations, 
those with a history of regular hospital admissions due 
to underlying chronic conditions, those with a history of 
hospitalisation abroad and those who have a history of 
colonisation with other multi-drug resistant organisms and 
multiple antimicrobial exposures.  Invariably CPE affects older 
patients who tend to fulfil these risk categories and 130 of our 
CPE positive population were >70y of age at detection. (see 
Figure 2). There has only been one paediatric case detected 
at UHL since 2009, a young female patient who attended 
healthcare in Italy. Her KPC isolate was cultured from a urine 
sample sent in by her GP.

Age Range of CPE patients
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Figure 2 
Age range of CPE patients.
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Specimen Types of Newly Identified Patients

Screen 

(rectal swab/faeces)

176

Urine

30 Pus/Tissue/Wound

7

Respiratory

8

Blood 

2

Figure 3 

The highest burden of detections of CPE are invariably from 
rectal screens as a consequence of the intensive screening 
programme adopted at UHL in recent years – see Figure 3. The 
most common clinical sample from which CPE was cultured is 
urine.
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2. microbiology and Diagnostics

The microbiology laboratory at UHL serves the whole Mid-West 
area and samples are processed from all the acute hospitals 
as well as the community since 2008. The scientific staff is a 
highly skilled and dynamic workforce and the laboratory has 
been fully accredited since 2010 and an on-call consultant 
microbiology service commenced in May 2012 following the 
appointment of a second consultant microbiologist.  Initially 
the CDC methodology for CPE detection was adopted using 
phenotypic methodology in 2010 with a turnaround time of 
72h in house but full confirmation by the reference laboratory 
could take up to 2 wks. Thereafter, a chromogenic agar 
was introduced, and in-house molecular confirmation was 
implemented in 2015 which reduced the turnaround time to 
approximately 24h facilitating improved bed management. It is 
planned to improve this further with the introduction of direct 
molecular screening as this will enable “at risk patients” having 
1) rectal screens collected in the privacy of the newly available 
single rooms in the state of the art emergency department, 2) a 
result provided within 2-4h and 3) a bed management decision 
taken before the patient is moved to a ward area which should 
obviate outbreaks in shared wards. Validation of the method is 
due to commence in December 2017 and hopefully funding will 
be forthcoming to introduce the method into clinical practice 
thereafter. Approximately 1000 screens are currently being 
processed on a monthly basis, see figure 4 below.

CPE Screens Tested UHL microbiology Lab
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Figure 4
CPE screens tested, UHL microbiology Lab.
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In fact, there is also an intensive screening programme for other 
MDROs including MRSA, VRE and ESBL producing coliforms 
(see Figure 5); in particular for admission of patients including 
neonates to critical care areas as well as surveillance screening 
programmes for renal dialysis patients. See Figure 8. Recently 
the newly appointed health-care associated infection lead 
(HCAI) for Ireland Prof Martin Cormican released a screening 
policy for CPE for all acute healthcare settings. One area ULHG 
is non-compliant with is the surveillance screening programme 
for Haematology / Oncology patients which will merit additional 
resources.

Figure 5 
Numbers of all mDRO screens undertaken in UHL 
microbiology lab.
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3. Infection Control management

Effective and evolving infection control measures have been in 
place at UHL since the first outbreak in 2011 and are guided 
by best international and national guidance (PHE Toolkit 2013, 
HPSC 2014).  All aspects of these recommendations are in place, 
see table 2. (O’Connell et al 2014).

Once a new case is notified to the consultant microbiologist by 
one of the lab scientists, a communication pathway is followed 
as per the algorithm outlined on page 58.

No. CPE Recommendations

1 Active screening and surveillance

2 Patient cohorting

3 Patient isolation

4 Nursing/staff cohorting

5 Staff

6 High level contact precautions

7 Hand hygiene

8 Contact tracing

9 Bathing with antiseptic agents

10 Antibiotic stewardship

11 Environmental cleaning and disinfection

12 Staff education

13 Case notification

14 Record flagging
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UL Hospitals Group New CPE Case 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

New CPE Case identified 

Result confirmed by Lab 

Lab Contacts Consultant Microbiologist on Clinical Duty  

Advise isolation with high level precautions –
responsibility clinical area 

Contact tracing 

Flag CPE positive patient and CPE contacts  
electronic systems 

Advise ward manager that team inform 
patient/patients  

Provide CPE  Info leaflets 

Update UL Hospitals  Line listing 

Advise re iHP 

Collate data on ICNet 

Update Weekly CPE Surve illance Data 

  

IPC Nurses recommends isolation 
and control measures 

Inform relevant stakeholders: 

Public H ealth, national CPE Lead, CEO, COO, CCD, 
CDON , ID Consultant 

Relevant Consultant/Team  

Advise relevant Directorate to convene meeting  

Log as a Q-Pulse Incident-responsibility to be 
decide d  

Within 24 hr period  convene Incident meeting 

Representation at incident meeting: 

 Ward Manager 
 CD/ACD of relevant Directorate 
 Operational ADON 
 Directorate representation ?  escalate to Executive  
 Operational Services Department representative  
 Bed management/patient flow 
 IPC Nurse aligned to clinical area/directorate 
 Consultant Microbiologist 
 Public H ealth copy  on email correspondence to increase 

awareness to report (as required)  

 Chair of meeting is a Dire ctorate  lead 
 Discuss Control measures /Actions required/Contact tracing 
 Impact on bed closure s 
 Environmental cleaning, de ep cleaning of ward/department 

and iHP 
 Communication  
 Log as incident on Q Pulse-responsibility ward manager 
 Record minutes and circulate to relevant stakeholders 

responsibility assigned by chair 
 Update Risk Register  responsibility  of risk advisor & clinical 

ward area 
 Update QIP 
 Provide update for Strategic CPE Committee 
 Action: Operational ADON communicate bed closures/other 

recommendations from IPC Team to OD ON/Directorate 

Follow up meeting 

Review actions taken 

Control measures 

Follow up and review contact screening, update 
QIP 

Review cleaing  

If this  case is has bee n identified as part of an outbreak-specific outbreak 
mee ting should be convened & chaired by CEO/COO/CCD (Link to  
Outbreak Policy for further guidance)-TBC 

Notify Outbreak Status to Public Health. 

Report CPE Outbre ak update re port from Acute Hospitals  to Kevin 
Kelleher via CEO’ s office as pe r (2 weekly schedule Commenced 13/1 1/17) 
by HCAI Lead 

Report outbreak status on Q Pulse incident reporting-Responsibility IPC 
Team  

UL Hositals group New CPE Case Algorithm
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