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A microbiologists view of antibiotic resistance

• These petri dishes are inoculated with the same bacterial species
• The plate on the left contains a white disc containing the antibiotic Tetracycline
• The plate on the right contain a white disc containing the antibiotic Penicillin 
• The microorganism is resistant to penicillin and will grow in the presence of the antibiotic

Tetracycline Penicillin



Few new classes of antibiotics commercially 
produced in recent years





Resistant microbes emerge as the dominant 
microbial species antibiotics are used extensively



The presence of antibiotic resistant “mutants” 
can be visualised in the laboratory



CDC Regards the following antibiotic resistant 
microbes as significant 



Some of important names

• CRE – Carbapenem Resistant Enterobacteria
(increasing in rates of infection); inhabits 
human gut 

• C. diff - A highly resistant endospore forming 
microbe; inhabits human gut ANAEROBIC

• VRE – present in the gut also

• MRSA – also present in the gut



Antibiotic Resistant microbes in people, pipes and equipment

• associated with patients and staff

• may contaminate used medical 
instruments 

• BIOFILMS colonise water lines, drains 
and filters 

• 1988 - biofilm in detergent holding 
tank, inlet water hose, and air vents of 
an AERs

• post processing contamination may lead 
to patients being colonised or infected 
(sepsis) http://www.cdc.gov/mmwr/preview/mmwrhtml/00015286.h

tm

BIOFILMS CAN FORM IN WATER PIPES/TUBES



Surgical Site Infections

• ~ 30% of all Hospital 
Associated Infections (HAIs) 
are surgical site infections

• Not all SSIs are caused by 
contaminated instruments

• Some significant outbreaks 
implicated post-processing 
contamination

J Hosp Infect. 2012 Aug;81(4):231-8. doi: 
10.1016/j.jhin.2012.04.023. Epub 2012 Jun 15.

Surgical site infections linked to contaminated surgical 
instruments.

Dancer SJ1, Stewart M, Coulombe C, Gregori A, Virdi M.

http://www.ncbi.nlm.nih.gov/pubmed/22704634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dancer%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=22704634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stewart%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22704634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coulombe%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22704634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gregori%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22704634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Virdi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22704634


Findings from research by S. J. Dancer
• Post-sterilization contamination of 

surgical sets linked to an increased 
rate of deep surgical site infections

• Investigations revealed bacteria on 
sets survived autoclave process

• Autoclave inappropriately packed

• Moist packs removed from 
autoclave without gloves.



Hands harbour coliforms 
(Enterobacteria)

Mc Conkey agar was used here to detect 
enterobacteria (coliforms) under the 
fingernails 

Volunteers hands were dipped into the 
Mc Conkey agar “fingernails first” so as 
to rupture the agar.

As you can see most samples do not 
contain coliforms enterobacteria but 
some do!

These are the hands of some healthcare 
workers

ANTIBIOTIC RESISTANCE WAS NOT 
TESTED





Can we improve our aseptic practices in 
instrument reprocessing?  

• Do staff wear gloves when packing sets ?  Some reported to me they 
do not.

• Do staff change garb between dirty and clean areas ? 

• Do staff bring personal belongings into the clean area i.e. mobile 
phones ?  Many reported to me that they do so.



What’s on our mobile phones?

https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=https://centracare.org/florida/blog/2014/10/27/mobile-phone-germier-than-toilet/&ei=YwE4VdDqKcqu7AbV44DQDg&bvm=bv.91427555,d.ZGU&psig=AFQjCNG0lH3MpH7lSv2EaaEiCGcRyKESSg&ust=1429819960503012
https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=https://centracare.org/florida/blog/2014/10/27/mobile-phone-germier-than-toilet/&ei=YwE4VdDqKcqu7AbV44DQDg&bvm=bv.91427555,d.ZGU&psig=AFQjCNG0lH3MpH7lSv2EaaEiCGcRyKESSg&ust=1429819960503012


Microbiological Assessment of Mobile Phones



All Instrument Decontamination

• Requires staff training

• Requires adherence to good aseptic practice on the part of staff

• Clear segregation of clean and dirty areas

• Requires monitoring of microbiological condition of air, surfaces, water in the 
clean areas. 

GOOD DECONTAMINATION PRACTICES - a vital element in our efforts to prevent 
instrument related infections 



Endoscope Reprocessing 

Additional Contamination Control Considerations



Endoscopy related HAIs

• “more healthcare–associated outbreaks have been linked 
to contaminated endoscopes than to any other medical 
device”
http://www.cdc.gov/hicpac/Disinfection_Sterilization/3_0disinfectEquipment.html

• 23 years ago estimation of 1 infection for every 1.8 million 
procedures performed. 

• Can this figure be considered truly representative today?

• antibiotic resistant bacterial colonisation and infections 
associated with endoscope use 



Carbapenem Resistant Enterobacteriaceae (CRE)
• Enterobacteriaceae – a family GNBs

• 130 species, many disease causing species; E. coli, 
Salmonella, Klebsiella

• In bowel and water, soil - aka coliforms

• Carbapenem, broad spectrum (reserved for use in 
hospitals)

• NDM-1 a subtype transfers genes encoding 
resistance to other bacteria 

• Pseudomonas acquires resistance from 
enterobacteria



CRE infections associated with endoscopy

• Some patients may be colonised with CRE prior 
to the procedure

• Some infections caused by endogenous CRE 
from the microbes in the patients own bowel

• Alternatively contaminated endoscopes 
inadequately reprocessed may spread CRE to 
vunerable patients from previous patients 

• This is transmission of exogenous CRE Should patients be screened for CRE 
carriage before elective endoscopies?



Recent incidences of  CRE infections 
associated with endoscopy

• The involvement of CRE is becoming a feature of a number of HAIs 
associated with endoscopy 

• 38 infections in one hospital in Chicago in 2014

• 142 cases of CRE infection since 2010 with more than 70 occurring in one 
year between 2013 and 2014

• 13 people died, 121 had serious complications, all had potential to infect 
others



Other Multi-drug resistant bacteria

 Case control study in Illinois: 
 39 cases of exposure in 2013 in 

duodenoscopes adequately reprocessed

 Even after reprocessing endoscopes in 
accordance with guidelines studies have found 
viable multi-drug resistant bacteria present

 Use of alternatives to the current high level 
disinfection 



Endoscopes are difficult instruments to clean 
and thoroughly decontaminate



Endoscope Biofilm Simulation Study
Dr. David Lewis, Visiting Scientist, Department of Marine Sciences, University of Georgia

After removal from “patient” After manual cleaning After 10 mins contact 
with peracetic acid

Biofilm debris remains 
In the air/water channel



Removal of Biofilms
• Manual brushing assists in dislodging and fragmenting 

biofilms

• The use of high flow rates and enzymatic cleaners 
reduces biofilms

• Washing with non enzymatic cleaner (Matrix) discourages 
biofilm reformation

• Even after 20 wash cycles 10% of biofilm remains in 
endoscope channels

• Biofilms are a significant risk that may lead of disinfection 
failure



High rates of CRE infections are associated with 
duodenoscopes with elevator guidewires

Duodenoscopes more intricate than 
other endscopes used for ERCP 
procedures

ERCP procedure that allows doctors 
to evaluate and remove blockages 
from (bile and pancreatic ducts)

Very difficult to decontaminate

Should be microbiologically assessed 
between patients where possible



Biofilms also associated with water pipes and 
drains and were found in AERs 

• May be present in AERs and in drains and in 
sinks

• Biofilms are robust and adhere to plastics 
well

• Once established they can be difficult to 
remove and shed bacteria into water



Why are antibiotic associated infections likely to 
remain a feature of endoscope procedures?

The gut is a reservoir of antibiotic 
resistant bacteria

Antibiotic resistant bacteria persist in 
society

Endoscopes are typically contaminated 
with 109 CFU/cm2 when removed from 
the patient

Their cleaning is both manual and 
automated however their complex 
architecture prevents effective cleaning 



Microbiological Monitoring In Endoscope 
Decontamination Units
• High risk duodenoscopes with elevator guidewires should be evaluated for 

enterobacteria and CRE prior to elective use (where possible)

• TVC and coliform monitoring in clean areas of the endoscope unit and 
ANAEROBIC counts

• Air in drying cabinets, rinse water from AERs and surfaces within the clean 
area

• Establish microbiological limits for surfaces including TVCs, anaerobes and 
coliforms



Conclusion

• Antibiotic resistant microbes are a permanent feature of healthcare 
environments because WE carry them 

• Reducing the risk of transmission from instruments requires GOOD 
DECONTAMINATION PRACTICE   

• AND 

• Microbiological monitoring to establish working limits of TVCs, coliforms 
and ANAEROBIC bacteria in AIR, WATER, SURFACES,AERs and W/Ds and 
FINGER TIPS in “clean areas”



Automated flexible endoscope reprocessors (AFER's) should be monitored every 4 weeks.

Duodenoscopes, bronchoscopes and endoscopic ultrasound instruments should be monitored 
very 4 weeks.

All other gastrointestinal endoscopes should be monitored every 3 months.

Endoscopes that have been reprocessed through a sterilisation cycle and stored in a wrapped 
state should be monitored every 3 months.

The water used for manual rinsing of endoscopes should be monitored every 4 weeks if a filter 
bank is not in use or every 3 months where rinse water is filtered to 0.2u.

Endoscopes on loan are to be tested within 72 hours of receipt of the instrument. The loan 
instrument should then be retested according to the routine schedule for the type of endoscope 
if it remains on loan for that period of time.

Further microbiological screening may be undertaken in consultation with a Clinical 
Microbiologist if:

- there is clinical suspicion of cross infection related to endoscopy
- positive surveillance cultures occur
- alterations are made to the plumbing of the endoscopy reprocessing area
- new reprocessing protocols are introduced in the unit
- new models of equipment (endoscope or AFER) are used

            



• The inspection, assembly and packaging area (IAP) is monitored 
microbiologically. (Reference EN ISO 14698: Part 1:2003 and EN ISO 
14698 Part 2.) 
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