
Clinical Bacteriology Update 

James Hatcher 



OUTLINE 

• Antibiotic resistance and case 

 

• Specific organisms 

– Staphylococcus aureus 

– Neisseria gonorrhoeae 

– Carbapenem-resistant Enterobacteriaceae 

 

 

Images from CDC Public Health Image Library 





PCR amplification: 
vanX = glycopeptide resistance 
tetM = tetracycline resistance 
bla = beta-lactam resistance 







Staphylococcus 
aureus 



69 year old male 

• Admitted with fever and hypotension 

• Recent minor abrasion  

• No PMhx 

• Penicillin allergic – unknown reaction 

• ECHO – aortic valve vegetation 

 

• Blood culture – meticillin-sensitive 
Staphylococcus aureus 

• What Abx treatment would you recommend? 



61% decrease MRSA 
 
14% increase MSSA 
 
37% increase in 
Staph not reported 
with sens 

*similar across both 
mandatory and 
voluntary reporting 
systems 



Age and sex difference - MSSA bacteraemia 



Example 1 

• This specimen contained a meticillin-sensitive Staphylococcus aureus. 
 

• WGS - indicated the presence of the blaZ gene encoding the typical S. 
aureus penicillinase. 
 

• The isolate did not contain mecA or mecC. The isolate was susceptible to 
meticillin (mecA negative), although phenotypic tests gave borderline 
results.  
 



• 80.1% of users reported a correct result for cefoxitin.  
– EUCAST - 93.9% using disk diffusion methods reported a 

susceptible result, whereas only 64.0% using automated 
systems reported a susceptible result.  

– CLSI - 69.8% overall, and only 57.1% of those using automated 
systems reported a correct result 

 
• 411 participants reporting oxacillin 

– 36.2% susceptible  
– 63.3% resistant 

 
• This reflects the borderline findings on reference testing, 

and the poor performance of oxacillin testing for 
identification of meticillin susceptibility in this isolate. 



Example 2  

 



Example 3 

• Specimen 3679 contained Staphylococcus aureus with 
methicillin resistance mediated by mecC  

 

• There was a high concordance of participants reporting the 
correct result with the antimicrobial agents tested  

 

• However a lower concordance of 77.3% was shown for 
reports of susceptibility to oxacillin 



mecC MRSA 

• Usually MRSA conferred by mecA gene 
– Mobile genetic element  

– Staphylococcal cassette chromosome (SCCmec) 
carrying mecA gene 

– Encodes altered PBP – PBP2a/PBP2’ 

 

• 2007 an isolate isolated from bulk tank milk 
sample phenotypically MRSA 
– Significant because first detection MRSA in dairy herd 

so further work.. 

Paterson GK, Harrison EM, Holmes MA. The emergence of mecC methicillin-
resistant Staphylococcus aureus. Trends Microbiol. 2014 Jan;22(1):42-7  



• mecA negative 

• Genome sequencing at Wellcome Trust Sanger 

– Novel mecA – termed mecALGA251 

– 69% identical to conventional mecA at DNA level 

– Encoded PBP2a was 63% identical at amino acid level 

 

• Retrospective search of isolates in UK and 
Denmark found 65 positives 

– Earliest from Danish human blood in 1975 



• In 2009 designated type XI SCCmec 

 

• Renamed mecC in 2012 
– mecB already taken by Macrococcus caseolyticus 

 

• Cefoxitin more reliable than oxacillin in disc diffusion, 
broth microdilution and agar dilution assays. 

 

• Beware of the oxacillin sensitive/cefoxitin resistant 
phenotypes 



6 years on…. 

YES 

NO 

YES 

DEPENDS 

Min 2 weeks 
? 

YES 

? 

? 

Not gent, 
levo, rif 

Dapto? Dalba? 
Ceftaroline? 



‘Based on currently available studies, there are no data that enable a choice to be 
made of one antibiotic over the other except in patients with allergy or renal 
impairment.’  
 

‘cefazolin had a lower risk of mortality and similar odds of recurrent infections 
compared with nafcillin or oxacillin ….. Physicians might consider definitive therapy 
with cefazolin for these infections’  
 



• Retrospective observational cohort study 
• 36 868 patients – 52% MRSA 
• 30 day mort (23.5% in 2003 to 18.2% in 2014) 

 
• Care processes associated with lower mortality 

– Appropriate antibiotics – OR 0.74 (95% CI, 0.68-0.79) 
– ECHO – OR 0.73 (95% CI, 0.68-0.78) 
– ID Consultation – OR 0.61 (95% CI, 0.56-0.65) 

 
• Conclusion: Increasing application of evidenced based care 

may improve survival from SAB. 





• Pragmatic multicenter prospective evaluation of 
BLAST 
– Pharmacists and physicians received training by 

allergist 

• 827 patients over 15 months reported allergy 
– 50% received preferred beta-lactam based on history 

– 81% received preferred beta-lactam with BLAST 

• 4.5 fold greater odds of receiving preferred beta-
lactam therapy with BLAST 



NOPAT 



Neisseria 
gonorrhoeae 
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2016: 12% decrease in gonorrhoea diagnoses 
 41,262 to 36,244 



Rates of gonorrhoea diagnosis by LA of residence: 
England 2015 

Highly geographically concentrated 
 
Highest rates in London 
 



N. gonorrhoeae treatments & resistance timeline 
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Adapted from: Unemo & Shafer, Ann. N. Y. Acad. Sci. 1230 (2011) E19-E28 

Tetracycline 

PBP, efflux pumps, pili, porins 

Β-lactamase (PPNG) 

1930s 1940s 

1943 1950s 

1976 

1962 

Sulphonamide 

Ciprofloxacin 1987 

1985 

Azithromycin 

DNA topoisomerase / gyrase 1991 

1983 

Ceftriaxone 

23S rRNA, efflux pumps 

1980 

Cefixime 1983 

1999 

2001 

2011 

PBP, efflux pumps, porins 

Ribosomes, efflux pumps, pili,  
porins, TET-M (TRNG) 

Penicillin 



Azithromycin - mechanisms of resistance 
(EUCAST >0.5 mg/L) 

 

  

Modification of ribosomal target  
• Expression of 23S RNA methylases 
• Mutations in 23S rRNA  alleles  

• High-level >256 mg/L from mutations in 

at least 3 / 4 alleles. 

Efflux of antibiotic – Up regulation of 

efflux pump – mtrR gene mutations 



High-level azithromycin resistance (HL-AziR) 
Neisseria gonorrhoeae (NG) outbreak 

 

– HL-AziR = MIC >256 mg/L (AzR EUCAST >0.5 mg/L) 

» 3/4 mutated alleles in 23S rRNA A2059G 

– Azithromycin resistance renders the azithromycin component 
of dual therapy (CRO/AZ) ineffective  

– Dual therapy aims to delay the accumulation of resistance and 
extend the useful life of ceftriaxone 

– HL-AziR NG reported sporadically worldwide – clusters in 
Scotland/England 2007 and in Hawaii 2016 

 

 

 

 
 



Outbreak of High-level Azithromycin Resistant 

(>256 mg/L) Neisseria gonorrhoeae in England 

Initially young heterosexuals; detected MSM since late 2015 

Cases of HL-AziR gonorrhoeae Nov 2014 to March 2017 by area of residence (n=72)  
 



  

Resistance determinant Affect 

Mosaic PBP2x  decreases ceftriaxone target 
affinity 

Deletion of adenine in mtrR 
promoter  

Increases efflux ceftriaxone and 
azithromycin 

penB Decreases PorB influx ceftriaxone 
and azithromycin 

Fifer et al. N Eng J Med. 2016 Jun 23;374(25) 



Current situation 

• Low overall resistance to ceftriaxone and cefixime  

• Azithromycin resistance is easily selected and increasing 
worldwide 

• HLAziR reported from increasing number of countries 

• First dual treatment failure reported but true level of 
treatment failure unknown 

• Dual therapy may not be an effective long-term solution 

• Limited alternative options 
 

 

 



Carbapenem 
resistant 

Enterobacteriaceae 



Antibiotic Susceptibility Antibiotic Susceptibility 

Amoxicillin Resistant Ciprofloxacin Resistant 

Co-amoxiclav Resistant Gentamicin Resistant 

Cefuroxime Resistant Amikacin Resistant 

Ceftriaxone Resistant Tobramycin Resistant 

Ceftazidime Resistant Ertapenem Resistant 

Cefoxitin Resistant Meropenem Resistant 

Temocillin Resistant Tigecycline Sensitive 

Pip-taz Resistant Aztreonam Resistant 

Colistin Zone present Trimethoprim Resistant 

30 day old neonate 
 
Colonised Citrobacter 
freundii rectal swab 
 
Desaturations and 
bradycardia 
 
Needs intubation 
?sepsis 
 
 



Logan et al. The Epidemiology of 
Carbapenem-Resistant 
Enterobacteriaceae: The Impact and 
Evolution of a Global Menace. 
J Infect Dis 2017  



Logan et al. The Epidemiology of 
Carbapenem-Resistant 
Enterobacteriaceae: The Impact 
and Evolution of a Global 
Menace. 
J Infect Dis 2017  

 



Emergence of CPE in the UK  

PHE. 
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Klebsiella sp. GES-5 outbreak

Enterobacteriaceae (Other)

Escherichia coli OXA-48

Escherichia coli NDM

Klebsiella pneumoniae OXA-48

Klebsiella pneumoniae NDM

CPE screens taken

Detection of new CPE cases at ICHT by month 





How do we find them? - screening 

 

• Which patient group to screen? 

• Which anatomical site to screen? 

• How to sample patients? 

• Is serial admission screening useful? 

• Is pre-emptive isolation feasible? 

• Should we de-isolate known carriers? 

• How much does screening cost? 

• Which lab method is best? 



Which patient group to screen? 

UK PHE CPE Toolkit screening triggers: 

1. An inpatient in a hospital abroad 

2. An inpatient in a UK hospital which has had 
problems with CPE if known 

3. Previously positive cases 

 
Also consider screening admissions to high-

risk units such as ICU, and patients who live 

overseas.   



Which anatomical site to screen? 

Dyakova et al. Efficacy and acceptability of rectal and perineal sampling for identifying 

gastrointestinal colonization with ESBL Enterobacteriaceae. Clin Microbiol Infect 2017 

Paired rectal and perineal swabs from the same individuals yielded ESBL-E in 

7.8% of rectal swabs vs. 3.8% of perineal swabs, p<0.001 



How do I screen?  

• Rectal swab is the best sample 

– Insert no more than 2cm into rectum 

– Twist gently and withdraw 

– Ideally want to see faeces on swab. 

• Patient and staff education as to why this is 

needed in order to overcome taboos 

• Alternate specimen is stool sample, but have to 

wait for the patient to ‘go’ 

 



Can I swab your rectum please? 

Factors associated with patients declining to provide a rectal swab were: 

 

• younger age (odds ratio (OR) 0.99, 95% confidence interval (CI) 0.99-1.00) 

female gender (OR 1.26, CI 1.04-1.52), 

• admission before the change in study description (OR 0.39, CI 0.31-0.48)  

• the staff member who consented the patient (p<0.001); 

• ethnicity was not a significant factor. 

Dyakova et al. Efficacy and acceptability of rectal and perineal sampling for identifying 

gastrointestinal colonization with ESBL Enterobacteriaceae. Clin Microbiol Infect 2017 



Improving screening compliance 

Dyakova et al. Efficacy and acceptability of rectal and perineal sampling for identifying 

gastrointestinal colonization with ESBL Enterobacteriaceae. Clin Microbiol Infect 2017 



Universal admission screening in London 

All patients within 
the first 72 hrs of 

admission 
(excluding 

paediatrics) 

Rectal swab 

CRO cultured on 
MacConkey plus 
erta (reference 

method) 

CRE cultured on 
Chrome plate 

CPO detected by 
PCR (Check Direct 

CPE*) 

Perineal swab 

ESBL cultured on 
Chrome plate 

* PCR+ samples repeated on Cepheid PCR. 

The study was approved by the NHS Research Ethics Committee. 

Each patient approached and verbal 

consent obtained; risk factor 

questionnaire completed. Target sample 

size: 4500. 

 

Otter et al. J Antimicrob Chemother 2016;71:3556-3561. 



• 4843 patients enrolled. 

• Rectal swabs collected from 4207 patients. 

 

• CPE cultured from 5 (0.1%) patients. 

– Risk factors were overseas hospitalisation 

anywhere, or in a PHE risk country. 

 

• Samples from 2 patients were PCR+/culture negative 

by both PCR systems (Cepheid and CheckDirect).  

– CPE identified in 7 (0.2%) patients. 

 

 

 
Otter et al. J Antimicrob Chemother 2016;71:3556-3561. 

Universal admission screening in London 



Risk factor n pts % pts 

Non-UK residents 55 1.2% 

Overseas travel in the past 12 months 1524 32.4% 

Overnight hospital stay in the past 12 months - GSTT 1658 35.3% 

Overnight hospital stay in the past 12 months - within M25 1964 41.8% 

Overnight hospital stay in the past 12 months - North West 8 0.2% 

Overnight hospital stay in the past 12 months - any UK hospital 

(including London) 
2187 46.5% 

Overnight hospital stay in the past 12 months - overseas hospital (PHE 

risk countries) 
20 0.4% 

Overnight hospital stay in the past 12 months - overseas hospital (any 

country) 
49 1.0% 

Antibiotics in the past 6 months - any 2628 55.9% 

Antibiotics in the past 6 months - one course 1399 29.8% 

Antibiotics in the past 6 months - more than one course 1229 26.1% 

At least one risk factor 3618 77.0% 

At least one risk factor (excluding antibiotics) 2961 63.0% 

n=4701.  

Risk factor prevalence 

Otter et al. J Antimicrob Chemother 2016. 



Simple, stark, sobering sums 

0.5%1 x 186,393 = 932 (!) 

0.1%2 x 186,393 = 186 

0.1% x 15.892m* = 15,892 

* Admissions to NHS acute hospitals, Financial Year 14/15. NHS Confederation, Key Statistics on the NHS,  

1. Mookerjee et al. ECCMID 2016. 

2. Otter et al. J Antimicrob Chemother 2016;71:3556-3561 



Once positive, always 

positive? 

Serial CPE screens from 70 patients who 

were found to be CPE positive by screening 

cultures during June – December 2015. Red 

= positive. Green = negative. 

 Of 51 that had least three 

screens, 24 (47.1%) had a ‘+-+’ 

pattern.  

 60 / 64 (93.8%) patients had at 

least one negative surveillance 

culture during their hospital stay 

(excluding 6 patients with a 

single positive screen).  

1 - + + + - - - - + - +
2 - +
3 - +
4 + + - + +
5 + + - - - - + - + - + +
6 +
7 - - + - + - - - - - -
8 + - - + - - -
9 + - -
10 +
11 - - + + - - -
12 - - + - +
13 - + + + + + - + - - + - - + - - + -
14 + -
15 - - - - +
16 + - -
17 +
18 - - + -
19 - - - - - - - - - +
20 - + -
21 + - +
22 - + -
23 + - - +
24 + - -
25 +
26 +
27 - + - - -
28 - + - - + + - - + +
29 + + + + +
30 + - -
31 - - + + + - + +
32 + + + + + - + + - -
33 - - - +
34 - + - +
35 - +
36 - - +
37 - + -
38 - - + + -
39 + -
40 - + - - + - + + - - - - - - - - - - - -
41 - - - + - - + - - - - - - - - -
42 + - -
43 + - + - +
44 - + - -
45 - - - - + - - + + + - - - - - - - - - - - - - + - + - -
46 - - - - - - - - - - + - - - + - + + + -
47 + +
48 - - +
49 - + +
50 - - - - +
51 - - + - - + + - + -
52 + - - + + + +
53 + + - - - + + + -
54 + +
55 - - - + - - - - - - - -
56 - - + + + + + + - + +
57 +
58 - - - - - - + + - + - - -
59 - - - - + + +
60 - - - +
61 - - + +
62 + + + +
63 - - - - - - - - + -
64 - + - +
65 +
66 - +
67 - +
68 +
69 + -
70 + +



Screening cost-effectiveness 

Lapointe-Shaw et al. Eur J Clin Microbiol Infect Dis 2017;36:1047-55.  



K. pneumoniae NDM outbreak; total number of cases 

0

2

4

6

8

10

12

J
u

l-
1

4

A
u

g
-1

4

S
e

p
-1

4

O
c
t-

1
4

N
o

v
-1

4

D
e

c
-1

4

J
a

n
-1

5

F
e

b
-1

5

M
a

r-
1

5

A
p

r-
1

5

M
a

y
-1

5

J
u

n
-1

5

J
u

l-
1

5

A
u

g
-1

5

S
e

p
-1

5

O
c
t-

1
5

N
u

m
b

e
r 

o
f 
n

e
w

 c
a

s
e

s
 e

a
c
h

 m
o

n
th

 

8 cases first identified by clinical culture, 32 by screening culture; of these 32, 14 had a subsequent positive 

clinical  culture 



Cost hierarchy 
Economic evaluation of a 40 case outbreak of CPE. Error bars represent range 

0 100000 200000 300000 400000

Ward-based monitors

HPV decontamination

Anti-infective costs

Contact precautions

Bed / bay / ward closures

Screening

Additional length of stay

Staff time

Elective surgical missed revenue

Cost / £ 

Otter et al. Counting the cost of an outbreak of carbapenemase-producing Enterobacteriaceae: 

an economic evaluation from a hospital perspective. Clin Microbiol Infect 2017. 
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n cases 

K. pneumoniae (CPE) (Otter 2016) - £1m

A. baumannii (Jiang 2016) - £280k

P. aeruginosa (Bou 2009) - £260k

A. baumannii (Garlantézec 2011) - £220k

Salmonella sp. (Spearing 2000) - £72k

S. marcescens (Dik 2016) - £38k

K. pneumonia (ESBL) 1 (Dik 2016) - £28k

K. pneumonia (ESBL) 2 (Dik 2016) - £14k

Pantoea spp. (Dik 2016) - £3k

Costs in context 

£1m 

Bubble size represents the total cost of the outbreak 







Relationship between Antibiotic  
resistance and use 

AMR Local Indicator 
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ESPAUR, PHE 2016 



Relationship between Antibiotic  
resistance and use 

AMR Local Indicator Dingle et al. Effects of control interventions on Clostridium difficile infection in England: an observational study. Lancet Infect 
Dis. 2017 Apr; 17(4): 411–421.  
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Resistance in key Gram-negatives 



Correct 
treatment 

MDRO  

Right drug 

Combination 
therapy? 

PK/PD 

Duration of 
therapy 

Dosing 
strategy 

Adverse 
events 

Lab testing 





Bassetti et al. Patient specific risk stratification for antimicrobial resistance and possible treatment 
strategies in gram-negative bacterial infections. Expert Review of Anti-Infective Therapy. 2017. 



PubMed Article on Colistin 



“The” treatment option: Colistin 

• Colistin is a cationic polypeptide antibiotic of the polymyxin family 

 

• The polymyxin group of polypeptide antibiotics, discovered in the 
1940s  
– among the first antibiotics with significant activity against Gram-negative 

bacteria 

 

• Targets LPS component of Gram-negative outer membrane 

 

• Rapid bacterial killing in a concentration-dependent manner 

 

 

 

 

 

 

 

Clinical Microbiology and Infection, Volume 18 Number 1, January 2012 



TISSUE PENETRATION 
 

• Blood–brain barrier to the 
CNS is poor - estimated  5% 
 

• Enhancement of 
penetration during 
meningitis and 
inflammation has been 
reported to range between 
0 to 67% 
 

• Distribution to the biliary 
tract, pleural fluid and joint 
fluid is considered to be 
similarly poor 

TOXICITY 
 

• Nephrotoxicity is the main 
adverse effect of colistin 
– older age, pre-existing renal 

insufficiency, hypo- 
albuminaemia, and 
concomitant use of NSAIDs or 
vancomycin 
 

 
• In the last decade, 

neurologic side-effects of 
these antimicrobials have 
not been reported 
 

Clinical Microbiology and Infection, Volume 18 Number 1, January 2012 



Loading 9MU 
then 

4.5 MU BD   
OR  

3MU TDS 

? Filtration/ 
Haemodialysis 
optimal dose 

Paediatric / Neonatal 
optimal dose 



 





ESPAUR 2016, PHE 







 



FDA 
Approv 

EUCAST
Brkpt 

Enterobacteriaceae MDR 
Pseudo
monas 

MDR  
Acineto
bacter ESBL AmpC OXA48 KPC MBL 

Ceftolozane-
tazobactam 

Yes Yes 

Ceftazidime-
avibactam 

Yes Yes 

Imipenem-
relebactam 

No No If carba 
sen 

Meropenem-
vaborbactam 

Yes No If carba 
sen 

Aztreonam-
avibactam 

No No 

Cefiderocol No No 

Eravacycline No No 

Plazomicin No No 

Active Variable Not 
active Adapted from Wright et al. New agents for the treatment of infections with 

Gram-negative bacteria: Restoring the miracle or false dawn. CMI Sept 2017 





Ceftolozane-Tazobactam 

• Licensed in 2016 
– Intra-abdominal (ASPECT-cIAI CID, 2015) 

– Urinary tract (ASPECT-cUTI Lancet ID 2015) 

• Off licensed indications for MDR Pseudomonas 
–  high affinity for PSA PBPs 

• Questions over trial dosing structure 
– 3g TDS currently in phase 3 

– Stability data re: prolonged infusion 

• Learn lessons of history (dose reduction) 

http://www.medicines.org.uk/emc/medicine/31132 accessed June 17 



• Prospective, multicenter, observational study. 
• KPC-producing Klebsiella pneumoniae 
• Patients selected by consortium 
• 38 with CTZ/AVI and 99 colistin 

– Most received additional anti-CRE agents. 

• All cause hosp mortality at 30 days  
– 9% ceftaz/avi 
– 32% colistin 
– Difference 23% (95% bootstrap CI:9-35%) p=0.0012 

• Indicated uniform superiority but need RCT 
 

• Decreased efficacy in poorer renal function 
• Development of resistance in short courses of concern 

 



Meropenem-Vaborbactam 

• FDA approved Sept 2017 
 

• TANGO-1 
– Phase 3 trial in cUTI 

 
• TANGO-2  

– Multi-center, randomised, open label phase 3 trial mero-vabor 
Vs best available therapy for blood, cUTI, HAP/VAP, IAI for CRE  

– Discontinued randomisation as improved clinical cure rates 
compared to comparator 

• Also clear difference in renal toxicity 

– Continued single arm recruitment 
– Metallos and OXAs excluded 

 
ClinicalTrials.gov: NCT021689946 



Relebactam with Imipenem 

• Randomized, Double-Blind, Active Comparator-
Controlled Clinical Trial  

• To estimate efficacy and safety of Imipenem/ 
Relebactam Versus  Colistin  + Imipenem in Imipenem-
Resistant Bacterial Infection (RESTORE-IMI 1) 

• Phase 3 ongoing – est completion 29 Sept 2017 

• HAP/ VAP/ cIAI/ cUTI 

• Not UK 

https://clinicaltrials.gov/ct2/show/NCT02452047 



Plazomicin  
• Novel aminogylcoside 

• MDR Enterobacteriaceae, including CRE 
– EPIC (Evaluating Plazomicin in cUTI) 

• Plazomicin successfully met the objective of non-inferiority 
compared to meropenem  

– CARE (Combating Antibiotic Resistant Enterobacteriaceae)  
• In the Phase 3 CARE trial, a lower rate of mortality or serious 

disease-related complications was observed for plazomicin 
compared to colistin therapy. 

• FDA Q3 2017 & EMA 2018 

• Weakness against 16S rRNA methylases 

• Likely TDM will be required 

• ?good combination with ceftaz/avi 



Cefiderocol 

• Siderophore cephalosporin 

– Active transport of drug over outer membrane 

• Active against ESBL, KPC, MBL and OXAs 

• APEKS-cUTI trial 

– Met non-inferiority to imipenem for cUTI 

• CREDIBLE-CR trial 

– Best available for severe infections caused by CRE 

– Phase 3 RCT currently recruiting. 



Eravacycline 

• Novel, synthetic fluorocycline tetracycline 
• Similar to tigecycline 
• Active against KPC, OXAs, NDM 
• Not active against Pseudo or Burkholderia 
• Trials 

– cIAI and cUTI compared with ertapenem. Similar 
clinical cures but low severity and low level resistance 

– cUTI compared to levo did not reach non-inferiority 

• ?similar issue to tigecycline and higher mortality 
rates in severe infection 



MDT approach 



Take home points 

• If the MSSA bacteraemia not improving 
– ?diagnostic 
– ?management 

 

• Don’t have as much fun as the 70s as we now 
don’t have the drugs to help you 
 

• Screen at your peril… 
 

(My prediction = inevitable) 
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