
Bill KeevilBill Keevil 

School of Biological Sciences

Microscope assessment of surgical 
instrument cleanliness

University
of Southampton



The Cleanliness ProblemThe Cleanliness Problem
• In England, >6.5 million operations a year, producing  ~9.2 million 

surgical trays containing 110 million instruments, require decontamination
• Therefore, average sterile services department (SSD) handles 

approximately 1500 instruments per day.  Time is short.Time is short.

• All cleaning cycles have to be validated in accordance with both British 
Government (HTM2030) and European Union (ISO EN15883) guidelines; 
this includes chemical testing for protein residues with approved methods 
such as the Ninhydrin or Biuret test. 

• Once dry, instruments are visibly inspected and passed for any residue 
soiling or mechanical failure before being packaged and  sterilised. 

• However, doubts raised over the sensitivity of biochemical and visual 
procedures; can robust infectious agents such as the prion-causing 
neurodegenerative diseases, including vCJD,  pass undetected?



Iatrogenic transmission of CJDIatrogenic transmission of CJD
Continued concerns:Continued concerns:

• CNS tissue contamination
– pituitary HGH
– dura mater grafts
– corneal implants
– intracranial electrodes

• Blood  - 4 vCJD transfusions

• Spleen and muscle

• Contamination of surgical instruments 

Principle:  Prevention (decontamination) better than cure (none avail.)Principle:  Prevention (decontamination) better than cure (none avail.)



• SSDs employ automated 
washer/disinfectors to clean and 
disinfect surgical instruments 
prior to sterilisation. 

• Removal of all proteinaceous 
soiling from surgical devices is 
extremely important for the 
subsequent sterilisation process 
to be effective. 

• To facilitate this process 
instruments are washed with 
either enzymatic or detergent-
based cleaning chemistries in a 
cycle that typically lasts for 
only 5 minutes .

The Five Main Functions performed in SSDsThe Five Main Functions performed in SSDs



Contamination detection problemsContamination detection problems

• Sensitivity of current recommended protein detection test for 
instruments (Ninhydrin) has been questioned

• Surface swabbing problems:
– pits, scratches/old instruments; highly convoluted surfaces

• Problems of Western blots for the CJD agent, PrPSC:
– Sensitivity
– Epitope sensitivity (animal infection when WB-ve)
– Speed (need to assess many instruments)

• Need for rapid in situ detection of protein and PrPSC

– Assess instrument cleanliness
– Assess efficacy of  decontamination processes



EpiscopicEpiscopic
DifferentialDifferential
InterferenceInterference
MicroscopeMicroscope



Southampton EDIC MicroscopeSouthampton EDIC Microscope
• DIC prism above stage, rather than individuals below
• Improved EDIC/EF cube slider for image superimposition

• Improved non-contact lensesnon-contact lenses
• Better ergonomic configuration of polarizer, prism, zoom

• Fully automated stage for x, y and z scanningx, y and z scanning
• Automated software to focus curved imagesfocus curved images
• CCD camera imaging optics for improved 2D and 3D presentation

• Facility for confocal adaptation without laser requirement

• Rapid, sensitive, non-contact – ideal for clinical instrumentsRapid, sensitive, non-contact – ideal for clinical instruments







Calibrate with serial dilutions of infected brain homogenates / defined slices



Infected mouse brain, rubbed on surgical SS  (x 1200)



Contaminated SSContaminated SS

(x 600)(x 600)

EDIC/SYPRO RubyEDIC/SYPRO Ruby

(< 200 pg protein mm(< 200 pg protein mm-2-2))



‘Cleaned’ SS

(x 1500)

Detergent plus rubbing



Results of dilution series showing where results were positive for brain homogenate 
(N=8 observers, 12 replicates per observer) on stainless steel surfaces. The minimum 
level of detection observed by 50% of volunteers was 85 pg/mm2 (95% confidence
intervals 67–112 pg/mm2).  Lipscomb et al., JHI 2006. 

•MLD75 = 175 pg/mm2 (95% CI 104 – 286 pg/mm2)
•  ~ 5 femtomole

SYPRO Ruby Sensitivity of Protein DetectionSYPRO Ruby Sensitivity of Protein Detection



Recommendations for the assessment of Recommendations for the assessment of 
instrument cleanliness.instrument cleanliness.

• European guidelines ISO EN15883 and the British Health 
Technical Memorandum (HTM) 2030 

• Two of the techniques outlined in these documents are 
based on the Biuret and Ninhydrin chemical reactions,

• Require prior swabbing of instrument surfaces before 
chromogenic detection.



The Biuret technique The Biuret technique 
• Employs reaction of copper ions to form a complex with peptide 

bonds under alkaline conditions; i.e. in the presence of sodium 
hydroxide, such ions are reduced from Cu2+ to CuCu++.

•  The addition of bicinchoninic acid (BCA) bicinchoninic acid (BCA) causes these copper 
ions to form a purple complex that can be readily visualized.

• The Biuret test kit (Pro-tect M, Biotrace, Bridgend) consists of a 
swab and a tube containing both BCA and a copper sulphate 
solution separated by a thin film. 

• After the test region has been swabbed, the swab is placed into 
the tube firmly, breaking the film thus allowing the two 
chemicals to mix and Biuret reaction to start. Test requires 
incubation at 37°C for 45 min incubation at 37°C for 45 min to achieve the highest sensitivity.



Lipscomb et al., JHI 2006



Ninhydrin reagent Ninhydrin reagent 
• Well documented for detection of latent fingerprints and 

the assessment of surface contamination.

• The methodology is based on the reaction of amino acids, 
peptides and proteins with 1,2,3-indantrione monohydrate. 1,2,3-indantrione monohydrate. 

• Classical Ninhydrin testing involves swabbing of the test 
surface followed by application of the reagent to the swab 
before incubation for 30 min at 110°C in a dry oven. 

• Ninhydrin gel (Albert Browne Ltd, Leicester) has fewer 
complications than classical reagent ; requires incubation 
at a lower temperature of 57°C for approx. 60 min.57°C for approx. 60 min.



Lipscomb et al., JHI 2006



0.4 μg

4 μg 10 μg

Protein concentrations 
assessed by direct EDIC/EF 
microscopy

COMPARISON WITH BIURETCOMPARISON WITH BIURET
AND NINHYDRIN TESTSAND NINHYDRIN TESTS

Lipscomb et al., JHI 2006



SummarySummary
Ninhydrin TestNinhydrin Test
• A minimum level of detection for 75% correct was found to be 

to be 9.25μg (8.6 – 10.0 μg, 95% confidence limit) 

Biuret TestBiuret Test  
• A minimum level of detection for 75% correct was calculated 

to be 6.7 μg (5.4 – 8.2 μg, 95% confidence limit) 

ConclusionsConclusions
• That Pro-tect M (Biuret based) detection method appears to be 

more sensitive than the Browne Ninhydrin test for  ‘high risk’ 
neurological soiling.

• These are insensitive (~ 105 fold) compared to Southampton 
SYPRO Ruby test (MLD75 = 175 pg/mm2 (95% CI 104 – 286 pg/mm2)



Assessment of Instrument Cleanliness Assessment of Instrument Cleanliness 

Sensitivity of Microscopy assays
• Protein (SR) – <200pg/mm2 on steel 

•  MLD75 = 175 pg/mm2 (95% CI 104 – 286 pg/mm2)
•  ~ 5 femtomole 

     
•     PrpSC (Thiazoles) – 1 μm / 1pg aggregates (attamoles)
•     Same for dual label (SR/Thiazoles)

Confidential Instrument Survey
• Contamination Index 0-4

•  1 = 21 ng mm2  protein (100 x MDL)
•  4 = 21 μg mm2 protein (or gross salt deposition)



Unique features of the 
EDIC/EF microscope enable 

a range of medical 
instruments to be inspected



Spencer – Wells forceps 



x 600 x 1500

Surface plot of  x100 

Contamination 
on

Spencer – Wells 

forceps 



Deposits between forceps teeth  (x 600)

Composite EDIC/EF Image of contamination 
(x 600)

Tissue forceps tip

EF Image of contamination 
(x 600)



The Zoellner
sucker (ears, 
brain)

End cut down to 
reveal lumen 
surface



Gross 
protein staining

of the lumen
surface at the tip

of a Zoellner
sucker (x 600) 

EDIC

Composite

Fluorecence (protein)



A bladder cystoscope set   

300 scope

Obturator sheath

Obturator

700 scope





Contamination on 
700  

 cystoscope

x 150

x 1500



Flexible 
Endoscope 

Studies:

Duodenoscope



Proteinaceous deposits on SS ledge (x 600)

Composite EDIC/EF Image of SS ledge 
contamination (x 600)

Duodenoscope stainless steel ledge

EF Image of SS ledge contamination 
(x 600)



Current practice Current practice 



Staining of endoscopy biopsy forceps

Air/water

Air/water 
+ SOIL



Staining of endoscopy biopsy forceps



Staining of endoscopy biopsy forceps



Diathermy PencilsDiathermy Pencils

Lipscomb et al., JHI 2006
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Dental FilesDental Files
after cleaningafter cleaning



DoH Instrument Inspection StudyDoH Instrument Inspection Study
• Multi – Trust supplied instruments

• Double blind study

• Large variety of instruments

• Multiple samples taken

• Establishment of Contamination Index (CI) 
• defined parameters 

• Screening of instruments by applying CI 



Instrument Inspection



Index 0

EDIC image EF image

Contamination Index



Index 1

EDIC image EF image

Contamination Index (cont’d)

Surface coverage ~ 1%
Contaminants < 5μm in height
Contaminants 3 μm in diameter



Index 2

EDIC image EF image

Contamination Index (cont’d)

Surface coverage ~ 5 %
Contaminants 2 – 10 μm in height
Contaminants 3 – 10 μm in diameter



Index 3

EDIC image EF image

Contamination Index (cont’d)

Surface coverage ~ 20 %
Contaminants 5 – 20 μm in height
Contaminants 10 – 50 μm in diameter



Index 4

EDIC image EF image

Contamination Index (cont’d)

Surface coverage > 50 %
Contaminants 20 – 100 μm in height
Contaminants ≥ 50 μm in diameter 



Index 4a

EDIC image EF image

Contamination Index (cont’d)

Surface coverage > 50 %
Contaminants 20 – 100 μm in height
Contaminants ≥ 50 μm in diameter 



0 1 2

3 4

4a

Summary of Contamination Index



Doughty tongue plate 3.5” (two blades) 

Quantification example of surface protein Quantification example of surface protein 
contaminationcontamination

Index Protein per mm2 Protein per blade*
1 21.2 ng 12.5 μg
2 42.3 ng - 212 ng 25 - 127 μg
3 0.423 μg– 1.6 μg 0.25 - 0.96 mg
4 7.7 μg– 21.3 μg 4.6- 12.7 mg

* Assuming total surface coverage



Number of Instruments sampled = 265

Percentage with 
level 4 contamination = 60%

Percentage
with level 4a contamination = 1%

Average Score = 3.4

Instrument InspectionInstrument Inspection



•   2 sets of 7 instruments – 4 sites on each assessed

•  Washer 2:  average CI = 3

•  Washer 3: average CI = 3.5

•  Clearly, many more instruments need to be assessed for a 
statistical analysis

•  Why is cleaning poor?

Comparison of Instrument CleaningComparison of Instrument Cleaning  ChemistriesChemistries
in 1 SSD in 1 SSD 



Howlin et al., JIP 2009

(1) Staff do not always wear gloves when packaging instruments



Howlin et al., JIP 2009
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(2)  WET versus DRY DEBATE(2)  WET versus DRY DEBATE

Contact time (min) on 316L stainless steel prior to 5 min cleaning in water



Mediclean

Cleaning time (mins)
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Microscopy Detection SummaryMicroscopy Detection Summary
We can summarize the methods and techniques as follows:

Rapid 
User Friendly with Multi-environmental capabilities 

Simple

Sensitive Ability to detect Sub-micron (<1ρg) prion plaques
and efficacy of cleaning procedures

Quantitative

and inherently able to provide a 

Contamination Index  for medical or industrial surfaces

}



SOILING SUMMARYSOILING SUMMARY
• Soiling frequently appeared crystalline in nature - Deposits 

remaining from use of detergent or enzymatic cleansers in WDs. 
• Deposits could not be observed by eye, occurrence may have been 

more widespread than hitherto realised?  Toxicity concerns?
• Image analysis - proteinaceous material adhering on the surface of 

these non-proteinaceous crystalline deposits. 

• Many of adjacent areas displayed relatively little protein-positive 
material, suggesting that either: 
– (i) protein binds preferentially to the crystalline deposits compared to 

stainless steel; or 
– (ii) the protein is more difficult to remove from the crystalline deposits 

during the cleaning process; or 
– (iii) crystalline deposition may occur in inaccessible regions of the 

instrument that are difficult to clean. 



FINAL CONCLUSIONSFINAL CONCLUSIONS
• Consideration must be given to implementing new modes of 

instrument inspection in a busy SSD 

• how WDs are to be validated 

• the formulation of cleaning agents used in WDs  and 
recommended contact times

• the way in which WDs are operated with respect to 
temperature and rinse cycles

• Instruments must not be allowed to dry before cleaning
• Avoid bare hands
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Chemical Structures of the Thiazole compounds of interest

Amyloid Plaque DetectionAmyloid Plaque Detection



Dentate gyrus Thio-S



Sensitivity of Microscopy assaysSensitivity of Microscopy assays

• Protein (SR) – <200pg/mm2 on steel 
•  MLD75 = 175 pg/mm2 (95% CI 104 – 286 pg/mm2)
•  ~ 5 femtomole 

     
•          PrpPrpSC SC (Thiazoles) – 1 (Thiazoles) – 1 μμm / 1pg aggregates (attamoles)m / 1pg aggregates (attamoles)
     
•     Same for dual label (SR/Thiazoles)



Dual stain procedure  Dual stain procedure  (Herve et al., 2009)(Herve et al., 2009)



EDIC/EF microscopy 
of ME7-infected brain 
homogenate
contamination on 2 
different areas of 
surgical forceps

Bars: 100 μm

Approx 47 μg of tissue protein 
and 640 pg of PrPSc amyloid 
were detected per mm2 of the 
instrument surface after only 
one second contact time - 
equates to 18 femtomoles of 
PrPSc per mm2

ThT

SR

ThT/SR

EDIC/
ThT/SR



ThT

SR

ThT/SR

EDIC/
ThT/SR

High magnification 
EDIC/EF microscopy 
of ME7-infected brain 
homogenate
contamination on 2 
different areas of 
surgical forceps

Bars: 10 μm

Tissue proteins do not tend to 
aggregate around amyloid 
cores.

Contamination tended to 
aggregate in grooves or pits.



Detection summaryDetection summary

Tissue protein contamination Tissue protein contamination 
• Using SYPRO Ruby
•   MLDMLD7575 = 175 pg/mm = 175 pg/mm22 (95% CI 104 – 286 pg/mm (95% CI 104 – 286 pg/mm22)  )  

•  ~ 5 femtomole~ 5 femtomole

Prion amyloid  brain/spleen homogenates/sectionsPrion amyloid  brain/spleen homogenates/sections
•     Using Thiazole  compounds: Thioflavine S or T, BTA1 
•     PrpPrpscsc (Thiazoles) – 1  (Thiazoles) – 1 μμm / 1pg aggregatesm / 1pg aggregates

•  ~ 30 attomole~ 30 attomole
      



SummarySummary
Methods and techniques are:

Rapid 
User Friendly with Multi-environmental capabilities 

Simple

Sensitive Ability to detect Sub-micron (<1ρg) prion plaques 
(2-log more sensitive than WB)

Quantitative Determine efficacy of cleaning procedures

and inherently able to provide a 

Contamination Index  for medical or industrial surfaces

}
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