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BIOMATERIALS ACCUMULATE 
BIOFILM -

INFECTION RISK



Antibiotic resistance in biofilm
 Reduction of antibiotic susceptibility by x 10-1000 based 

on MIC

WHY?
 ?biofilm prevents penetration of antibiotic

 ?biofilm slows down antibiotic distribution

 ?biofilm inactivates antibiotics

 Biofilm organisms are metabolically down-regulated



Pathogens which produce biofilm…

 Staphylococcus aureus

 Coagulase negative staphylococci

 Candida sp

 Pseudomonas 

 E. coli/Klebsiella

 Enterococcus



Staphylococci

Coagulase positive – S. aureus
Coagulase negative – other staphylococci



S. aureus

Around 30% of people carry S. aureus
Can be highly pathogenic
Seeding and recurrence are a feature



S. aureus bacteraemia
 S. aureus in blood cultures is very rarely a contaminant 

and can be life-threatening

 Management in a nutshell:

 high-dose iv flucloxacillin if sensitive

 If MRSA, iv vancomycin/teicoplanin instead

 Treat for 14 days, or more if complicated

 Identify source

 If source is a biomaterial, needs to come out

 watch out for endocarditis as a complication

 Echo



Coagulase negative staph in a BC
 Coagulase negative staphylococci are opportunists and even then 

are low-grade pathogens
 Usually when they cause infection the source is a biomaterial
 In blood cultures they are a frequent contaminant (‘skin flora’)
 ...but they can signify an intravascular line infection
 May be possible to keep line in with antibiotic treatment
 If remove line, can stop antibiotics sooner
 If endocarditis a possibility, do Echo
 ?? Significance ?skin flora - clinical assessment
 repeat BC – persistent?
 Does the patient have

 iv line?
 Prosthetic/diseased heart valves?



Candida sp

 Yeast

 Candida albicans vs non-albicans species (others)

 Non-albicans tend to be more drug resistant esp. azoles



Candida in blood cultures: 
candidaemia

 Very rarely a contaminant

 Critical care

 Source is usually an iv line

 Haematology/oncology

 Source is usually either an iv line or the gut



Management of candidaemia
 Antifungal treatment

 Manage line

 Further investigations



Antifungal options in candidaemia
Fluconazole Liposomal amphotericin

Caspofungin (an echinocandin)

 If not had azoles before

 If species is albicans

 Non-neutropaenic and stable

 Species is non-albicans

 Neutropaenic

 Critically ill

 (Take advice from team or 
microbiologist)



Candidaemia – further 
investigations 

Daily blood cultures until negative –treat for 14 days after BC 
negative
ophthalmoscopy for eye lesions
Exclude endocarditis – Echo is advisable



Candida - line management

Non-neutropaenic - remove line asap (consult 
team)

Neutropaenic
remove line if at all possible - d/w team
Gut source is possible but v difficult to 
distinguish



Candidaemia – useful guidance
 Infectious Disease Society of America 2016 update

cid.oxfordjournals.org/content/early/2015/12/15/cid
.civ933.full.pdf

 European Society of Clinical Microbiology and Infectious 
Diseases 2012

https://www.ncbi.nlm.nih.gov/pubmed/23137135

https://www.ncbi.nlm.nih.gov/pubmed/23137135


Febrile Neutropaenia
 Febrile neutropenia (FN) is defined as an oral 

temperature >38.5°C or two consecutive readings of 
>38.0°C for 2 h and an absolute neutrophil count <0.5 ×
109/l, or expected to fall below 0.5 × 109/l.



Catheter related blood-stream 
infection: diagnosis

 Gold standard involves quantitative culture of catheter tip
 Many unnecessary catheter removals

 Pragmatically, if catheter is still needed, take two blood 
culture sets:
 through the line

 peripherally



US Centers for Disease Control



Consequences of allergy ‘mis-labelling’
 best antibiotics may be withheld unnecessarily, with data 

showing effect on clinical outcomes

 increased healthcare costs

 increased drug resistant bacteria.



Types of hypersensitivity/allergy
 4 types

 Type 1 – immediate (within 1 hour), IgE mediated

 Type 4 – delayed (days or weeks), T-cell mediated

 Type I hypersensitivity is of most concern - it may proceed 
to anaphylaxis. 



Characteristics of an IgE-mediated 
(Type 1) reaction
 Occur immediately or usually within one hour

 Urticaria (hives)

 Angioedema

 Wheezing and shortness of breath

 Anaphylaxis

 Can be predicted by skin tests

 Incidence of Type I penicillin hypersensitivity is <0.05%

 Up to 20% of drug-related anaphylaxis deaths in Europe are 
caused by penicillin



Prognosis
 Approximately 80% of patients with IgE-mediated 

penicillin allergy lose their sensitivity after 10 years. 

 clinical history of penicillin allergy in the distant past (>15 
years) is associated with only a very low risk (0.4%) of 
reactions



Delayed (Type 4) penicillin 
hypersensitivity reactions

 Rash 

 Destruction of RBC, WBC, platelets

 Generally develops days to weeks into drug

 NOT predicted by skin tests



Stevens Johnson Syndrome (SJS)

 A Type IV hypersensitivity reaction that typically 
involves the skin and the mucous membranes.

 A serious systemic (body-wide) allergic reaction with 
a characteristic rash involving the skin and mucous 
membranes, including the buccal mucosa (inside of 
the mouth), conjunctiva, and genital areas.

 appears 1 to 3 weeks after exposure

 Medical emergency and can be life-threatening

 Reported with beta-lactams, sulphonamides and 
other drugs



Penicillin antibiotics
 Penicillin V

 Benzylpenicillin

 Flucloxacillin

 Amoxycillin/ampicillin

 Co-amoxiclav (Augmentin) – amoxycillin +clavulanic acid

 Piperacillin

 Piperacillin – tazobactam (Tazocin)



Approach to the patient with 
reported penicillin allergy
 Questions to ask:

 How long after taking penicillin did the reaction occur?

 Was there any wheezing, throat or mouth swelling, 
urticaria, or angioedema? 

 If a rash occurred, where was it and what did it look like?

 Was the patient on other medications at the time of the 
reaction?

 Since then, has the patient ever received another penicillin 
or cephalosporin (ask about trade names like Augmentin)? 



Penicillin allergy and other beta-
lactam antibiotics
 Cephalosporins: around 8-10% overlap usually cited

 Carbapenems: 1-6% overlap is cited



Managing beta-lactam allergy
 Patients who have experienced a type I allergic reaction 

with penicillins should not be prescribed beta-lactam 
agents including penicillins, cephalosporins, or 
carbapenems.

 Cephalosporins and carbapenems: can use with caution 
in patients that do not have a history of a type I mediated 
allergic reaction.



Antibiotics prescribed
 Meropenem 1g iv 8hrly

 Gentamicin 300mg iv



Addition of Gram-positive cover
 Addition of G+ antibiotic cover to standard empiric 

therapy did not reduce all-cause mortality in febrile 
neutropaenic cancer patients (Cochrane review 2014)

 Vancomycin is not recommended as standard part of the 
initial empiric regimen unless:
 Suspected catheter-related infection

 Skin or soft tissue infection

 Pneumonia

 Haemodynamic instability/severe sepsis

 Blood cultures with Gram positive bacteria
 (Freifeld et al CID 2011 (IDSA guidelines))



Infection Catheter removal 

generally 

recommended

Recommended 

Antibiotics

Length of treatment

S aureus (Methicillin-

sensitive)

Yes – failure to remove 

catheter leads to 

significant morbidity

Penicillinase-resistant 

penicillin

At least 14 days a

S aureus (Methicillin-

resistant)

Yes – failure to remove 

catheter leads to 

significant morbidity

Glycopeptide, linezolidb (if 

glycopeptide resistance), 

daptomycin 

At least 14 days a

Coagulase-negative 

staphylococci

No Penicillinase-resistant 

penicillin

Glycopeptide c if methicillin 

resistance

5-7 days after 

defervescenced

If line retained treat 

for 10-14 days

Enterococci No Aminopenicillin ±

aminoglycoside 

Or glycopeptide ±

aminoglycoside if ampicillin 

resistance

5-14 days after 

defervescence

Candida albicans Yes Azole, echinocandin or 

amphotericin –b lipid based 

formulation 

Treat for 14 days 

following first 

negative blood 

culture a

Others Dependent on pathogen As per sensitivity Dependent on 

pathogen

Guidelines for the systemic treatment of catheter infections by pathogen 

UK Medicines Information 2011

aConsider treatment for 4-6 weeks in patients at risk of endocarditis.or with persistent bacteremia or fungemia 72 hours after 

initiation of appropriate antimicrobials, or removal of the catheter.  In confirmed endocarditis or osteomyelitis consider up to 8 

week’s antimicrobial therapy .
bLinezolid should not be used for empirical therapy c Vancomycin is preferred if there is local teicoplanin resistance 

d defervescence – return to normal temperature



Catheter related blood-stream 
infection: CR-BSI

 catheter-BSI are the most frequent infections in critical 
care units in UK. 

 Catheter-BSI increase length of stay (LOS) in hospital and 
risk of complications 

 Annual costs to the NHS estimated at £19.1–36.2M. 

 Most catheter-BSI are thought to be preventable using 
evidence-based educational interventions



Clinical presentation
 exit site reactions

 cellulitis along the subcutaneous tract

 Bacteraemia/sepsis

 a combination of the above

true CRBSIs involve systemic infection and evidence 
implicating the catheter as its source.



Risk factors
 Catheter-BSI most often result from inadequate hygiene and 

suboptimal catheter management procedures, including:

 inadequate hand hygiene by hospital staff

 inadequate skin hygiene at the site of patients’ catheter 
insertion

 suboptimal location of catheters

 unnecessary placement of catheters

 patient’s age

 underlying disease

 duration of catheterisation



Recommended evidence-based 
practices
 Selection of an appropriate catheter type

 Avoid the femoral insertion site

 antimicrobial cleansing of the insertion site

 maximal sterile barrier precautions and aseptic technique 
(gloves, mask, hat, patient drapes) during catheter insertion

 use of a sterile semipermeable transparent dressing to allow 
observation of the insertion site

 NHS has developed ‘Saving Lives’ tools, which include ‘high-
impact’ care bundles for CVCs and peripheral intravenous 
cannulae



Monotherapy vs dual therapy in 
neutropaenic sepsis
 Need bactericidal antibiotic

 Clinical trials have shown equivalent outcomes for  
monotherapy with an antipseudomonal beta-lactam
compared with two-drug regimens as empirical treatment 
for febrile neutropaenia1,2,3, with fewer adverse events4

1. Pizzo et al NEJM 1986 2. Cometta et al AAC 1996 3. 
Leyland et al JAC 1992 4. Paul et al Cochrane review 2003


