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Summary Regulations recommend the routine application of biochemical
tests, such as the Ninhydrin or Biuret tests, to confirm the efficacy of hos-
pital sterile service department (SSD) washer-disinfector cycles in remov-
ing proteinaceous material, particularly with respect to prions. The
effectiveness of these methods relies on both the effective sampling of
the instruments and the sensitivity of the tests employed. Two commer-
cially available contamination assessment tests were evaluated for their
sensitivity to ME7 brain homogenate on surgical-grade stainless steel sur-
faces. Controls were visualized by the application of episcopic differential
interference contrast Epi-fluorecence microscopy (EDICEF) combined with
the sensitive fluorescent reagent, SYPRO Ruby, which has been shown pre-
viously to rapidly visualize and assess low levels of contamination on med-
ical devices. The Ninhydrin test displayed a minimum level of detection
observed by 75% of volunteers (MLD75) of 9.25 mg [95% confidence interval
(95% CI) 8.6e10.0 mg]. The Biuret test provided better sensitivity, with
a MLD75 of 6.7 mg (95% CI 5.4e8.2 mg). However, much lower concentrations
of proteinaceous soiling (pg) were visualized using the EDIC/EF microscopy
method. From these findings, it is clear that these approved colorimetric
tests of cleaning are relatively insensitive. This investigation demonstrates
how large amounts (up to 6.5 mg) of proteinaceous brain contamination
could remain undetected and the instruments deemed clean using such

* Corresponding author. Address: Environmental Healthcare Unit, School of Biological Sciences, University of Southampton,
Southampton SO16 7PX, UK. Tel.: þ44 023 8959 2034.

E-mail address: i.lipscomb@soton.ac.uk

0195-6701/$ - see front matter ª 2006 The Hospital Infection Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jhin.2006.07.007
Please cite this article as: I.P. Lipscomb et al., The sensitivity of approved Ninhydrin and Biuret tests in the assessment of protein
contamination on surgical steel as an aid to prevent iatrogenic prion transmission, Journal of Hospital Infection (2006),
doi:10.1016/j.jhin.2006.07.007

mailto:i.lipscomb@soton.ac.uk
http://www.elsevierhealth.com/journals/jhin


ARTICLE IN PRESS

2 I.P. Lipscomb et al.
methods. The application of more sensitive cleanliness evaluation methods
should be applied to reduce the risk of iatrogenic transmission of prion
disease in ‘high-risk’ instruments such as neurosurgical devices.
ª 2006 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.
Introduction

In 1999, a ‘snapshot’ survey of the decontamina-
tion services within the National Health Service
(NHS) found that 109 of the 249 (44%) hospital
sterile service departments (SSDs) in England did
not meet acceptable decontamination standards.1

Following this sample study, a comprehensive
survey of the NHS in England was commenced in
October 2000 and a health service circular was is-
sued.2 As a consequence of these reports, the UK
Department of Health issued revised guidelines
on the decontamination of instruments, and the
British Government announced a £200 million
investment programme to modernize all NHS
decontamination/sterilization facilities.3e5

Over 6.5 million operations are performed each
year in England alone.6 These procedures produce
approximately 9.2 million surgical trays that
require decontamination.7 With an average of 12
instruments/set, this means that approximately
110 million instruments require decontamination
each year, or in real terms, two million instru-
ments/week spread over the 249 hospitals with
SSDs.8 Therefore, the average SSD, which handles
approximately 50 000 trays/year, processes in
excess of 1500 instruments/day. When surgical
instruments have been taken into an SSD, either
after surgery or new, they are cleaned and disin-
fected in a mechanical washer-disinfector with
the application of an enzymatic or alkaline deter-
gent, which may include sonication. Once dry, the
instruments tend to be inspected by visual
methods and passed for any residual soiling or me-
chanical failure before being packaged and sent
for sterilization. It has been recommended that
visual inspections should be performed daily in
order to verify the efficacy of cleaning.9

Although it has been reported that haem
pigment levels of 10 mg/cm2 can be detected, it
has also been reported that bodily fluids without
pigments are difficult to visualize, even in large
quantities.9,10 This is an important parameter be-
cause, for example, human cerebral spinal fluid
is both colourless and odourless but has been
shown to be a carrier of infection of prion diseases;
a group of neurodegenerative and invariably fatal
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conditions that include variant Creutzfeldt-Jakob
disease.11

As such, the need for sensitive assessment
measures that ensure the highest standards of
cleanliness are maintained is paramount. European
guidelines ISO EN15883 and the British Health
Technical Memorandum (HTM) 2030 provide recom-
mendations for the assessment of instrument clean-
liness. Two of the techniques outlined in these
documents are based on the Biuret and Ninhydrin
chemical reactions, requiring prior swabbing of
instrument surfaces before chromogenic detection.
The Biuret technique employs the 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 Cu2þ

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

The Biuret test kit (Pro-tect M, Biotrace,
Bridgend, UK) applied within this investigation
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
the Biuret reaction to start. The test requires
incubation at 37 �C for 45 min to achieve the highest
sensitivity.12

Application of the Ninhydrin reagent in the
detection of latent fingerprints and the assessment
of surface contamination is well documented.13e15

The methodology is based on the reaction of
amino acids, peptides and proteins with 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.16 The Ninhydrin kit (Albert Browne
Ltd, Leicester, UK) tested in this investigation uti-
lizes Ninhydrin gel, which has fewer complications
than the classical reagent and requires incubation
at a lower temperature of 57 �C for approximately
60 min.

The present study was carried out to inves-
tigate the ability of the ISO-EN-15883- and HTM-
2030-approved colorimetric tests to detect low
pproved Ninhydrin and Biuret tests in the assessment of protein
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levels of prion-infected brain material on surgical
stainless steel surfaces.

Methods

Tissue

Prion-infected brain material was obtained from
female C57BL/6J mice that had been injected with
1 mL of 10% (w/v) ME7-infected brain homogenate
into the dorsal hippocampal region of the brain,
as described elsewhere.17 All animals were killed
19e21 weeks post inoculation. The tissue was
frozen in liquid nitrogen, subsequent ME7 10%
(w/v) brain homogenate was produced, and the
protein concentrations were assessed by the appli-
cation of a total protein assay (Bio-Rad, Hercules,
USA).

Stainless steel tokens

The tokens (25 mm� 75 mm) were made from 316L
surgical-grade stainless steel and had passed through
a previously described two-step cleaning process to
produce a ‘pristine’ surface free from any residual
soiling prior to artificial contamination.18

Soiling and testing

The tokens were soiled with 4-mL drops of serial
dilutions of ME7-prion brain homogenate; these
were allowed to dry at 37 �C for 30 min before be-
ing assessed with the protein detection test kits.

Positive controls for all the dilutions were ob-
tained by staining with SYPRO Ruby (Invitrogen,
Paisley, UK) and observation using the episcopic
differential interference contrast Epi-fluorescence
(EDIC/EF) light microscopy method.18 All of the dilu-
tions were clearly visible using this procedure. Nega-
tive controls were soiled with distilled water alone.
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Swabs were moistened with four drops of
distilled water and swabbing of the test area was
carried out by rotating the swab, as per the
manufacturer’s guidelines.

For the Ninhydrin test (Albert Brown Ltd,
Leicester, UK), the swabs were placed into the
Ninhydrin gel vials provided and incubated at 57 �C
for 60 min. The vials were then inspected and
scored: 0, no colour (negative); 1, slight purple
colour; and 2, dark purple colour.

For the Biuret test (Biotrace, Bridgend, UK), the
swabs were pressed firmly into the test solution
until it clicked, in accordance with the manufactur-
er’s instructions. The test vials were incubated at
37 �C for 45 min, inspectedandscored:0,green (neg-
ative); 1, grey colour; 2, light purple colour; and 3,
dark purple colour.

The tests were then repeated (N¼ 6) and
a mean resultant score was obtained for each of
the serial dilutions.

Results

The prion-infected brain homogenate controls
were placed on to stainless steel tokens and
examined under the EDIC/EF microscope. The
photomicrographs obtained show that low levels
of proteinaceous contamination can be observed
readily on the tokens, down to a level below 0.4 mg
(Figure 1).

The Ninhydrin protein assessment techniques
were then applied to known samples with the results
obtained from the test, indicating a minimum level
of detection observed by 75% of volunteers (MLD75)
sensitivity level of 9.25 mg [95% confidence interval
(CI) 8.6e10.0 mg] (Figure 2).

Similar results were obtained from the assess-
ment of the Biuret test, with a resultant MLD75

sensitivity level of 6.7 mg (95% CI 5.4e8.2 mg) being
recorded (Figure 3).
Figure 1 Photomicrographs of control tokens using episcopic differential interference contrast microscopy/
epi-fluorescence in conjunction with SYPRO Ruby. The presence of homogenate can be visualized clearly at levels
of (a) 10 mg, (b) 4 mg and (c) 0.4 mg.
approved Ninhydrin and Biuret tests in the assessment of protein
enic prion transmission, Journal of Hospital Infection (2006),
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Discussion

There are approximately 6.5 million surgical pro-
cedures performed within England each year.19

These procedures are spread across the 182 acute
NHS trusts, which themselves cover the 249 hospi-
tals with SSDs in England.20 The emergence of ev-
idence that highly robust infectious agents such
as the prion protein, a characteristic of variant
and sporadic Creuztfeldt-Jakob disease, may re-
main viable following standard hospital decon-
taminating procedures led the Department of
Health to issue revised guidelines on the decon-
tamination of instruments (HSC 178_1999 and
179_1999) in August 1999.3,4,11,21e23 However, it
is clear that subsequent and ongoing monitoring
of cleaning standards must be maintained in order
to ensure that the highest decontamination

Figure 2 Ninhydrin test sensitivity results giving a min-
imum level of detection observed by 75% of volunteers
(MLD75) sensitivity level of 9.25 mg (95% confidence inter-
val 8.6e10.0 mg).

Figure 3 Biuret test sensitivity results giving a mini-
mum level of detection observed by 75% of volunteers
(MLD75) sensitivity level of 6.7 mg (95% confidence inter-
val 5.4e8.2 mg).
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standards are reached and maintained, and thus
reduce any possibility of nosocomial infection.

The efficacy of the cleaning process is tradi-
tionally assessed using visual inspection of the
instruments. Time constraints and the sheer num-
ber of instruments involved must cast doubt on
both the ability and the validity of visual inspec-
tion to ensure that effective cleaning is achieved.
In 1995, a study found that although over 90% (29/
32) of the visually inspected instruments looked
clean, over 84% possessed some residual soiling.24

This study did not attempt to identify the origin
of the debris. Recommendations of both the Euro-
pean Union (ISO EN 15883) and the British Govern-
ment (HTM 2030) outline the regular application of
approved biochemical assessment methods to be
performed on instruments in addition to the day-
to-day visual inspection.

The recent emergence of highly robust infectious
agents such as the prion protein that can resist
conventional inactivation cycles has increased the
need to validate cleaning procedures and ensure
that instruments are indeed clean.25 The present
study was carried out to test two of the ISO-EN-
15883- and HTM-2030-approved colorimetric tests
(Ninhydrin and Biuret), and assessed their ability
to detect low levels of prion-infected brain material
on surgical stainless steel surfaces.

The findings from this investigation indicate
that MLD75 values for the Ninhydrin test and the
Biuret test were 9.25 and 6.7 mg, respectively. As-
suming a minimum sample area of at least 1 cm2,
this would equate to a sensitivity of detection of
9.25 and 6.7 mg/cm2, respectively. Consider the
average prion molecule to be approximately
30 kDa in mass, and 1 infectious unit to be 105 PrPsc

molecules, then around 1x106 IU could be present
before a positive, ‘instrument dirty’, result would
occur; a situation which is clearly unacceptable.26

The cause of this insensitivity, however, may not
be directly related to the colorimetric tests them-
selves but more to the sampling method used.
Swabbing has long been reported to produce unreli-
able surface soil recovery, and, in some instances,
as little as 19% of the surface contamination was
recovered.18,27 As such, any system that is based on
this sampling technique must suffer from inherent
inaccuracies. Indeed, this sensitivity problem may
be compounded by the fact that actual surgical in-
struments can remain in service for over 10 years,
and although there is little work published in this
area, it is logical to assume that this continued use
is likely to age an instrument and hence increase
the amount of pitting and scratches present on its
surface. Such markings will consequently add to
the overall surface roughness and, in turn, increase
pproved Ninhydrin and Biuret tests in the assessment of protein
nic prion transmission, Journal of Hospital Infection (2006),
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the number of sites to which soil can adhere. It is
also worth noting that a large number of surgical in-
struments such as tissue forceps possess both ser-
rated areas and box joints, both of which are likely
to add to the degree of contamination adhering to
the instrument, presenting a greater challenge to
the cleaning protocol.

In conclusion, this study’s findings indicate that
the sensitivity level of these tests is relatively
poor, with negative findings resulting from tokens
where proteinaceous contamination was clearly
visible by the application of the EDIC/EF micros-
copy and the SYPRO Ruby protein stain.18 There-
fore, although they may represent a useful tool
for the assessment of general instrument cleanli-
ness, the application of more sensitive detection
methodologies should be applied for ‘high-risk’ de-
vices such as neurosurgical instruments to reduce
the risk of iatrogenic infection.

Acknowledgements

The authors would like to thank Dr N. Khammo for
her assistance. This work was funded by the
Department of Health (Contract DH 0070073).
The views expressed are not necessarily those of
the Department of Health.

References

1. NHS Estates. The decontamination of surgical instruments
in the NHS in England e update report. ‘A step change’.
London, UK: Department of Health; 2005.

2. Department of Health. Decontamination of medical
devices. Health Service Circular HSC 2000/032. London,
UK: Department of Health; 2000.

3. Department of Health. Variant Creutzfeldt-Jakob disease
(vCJD): minimising the risk of transmission. Health Service
Circular HSC 1999/178. London, UK: Department of Health;
1999.

4. Department of Health. Controls assurance in infection con-
trol: decontamination of medical devices. Health Service Cir-
cular HSC 1999/179. London, UK: Department of Health; 1999.

5. The Parliamentary Office of Science and Technology. v-CJD
in the future. London, UK: The United Kingdom Parliament;
171, 2002.

6. Department of Health. Hospital Episode Statistics England:
financial year 2003e04. London, UK: Department of Health;
2004.

7. NHS Estates. NHS decontamination project, background and
expectations. London, UK: Department of Health; 2003.

8. NHS PASA. Paper on individual instrument and surgical tray
identification. London, UK: Department of Health; 2004.
Please cite this article as: I.P. Lipscomb et al., The sensitivity of a
contamination on surgical steel as an aid to prevent iatroge
doi:10.1016/j.jhin.2006.07.007
9. Quality task group. Cleaning (part 2) e validation of clean-
ing efficacy. Zentral Steril 2002;10:60e66.

10. Quality task group. Verification of the performance of
washer-disinfectors used for thermal disinfection. Zentral
Steril 2003;11:295e296.

11. ACDP/SEAC. Transmissible spongiform encephalopathy
agents: safe working and the prevention of infection.
London, UK: The Stationery Office; 2003.

12. Biotrace International. Central sterile service department
and Pro-Tect: a new tool for validation. Application note.
Bridgend, UK: Biotrace International; 2003.

13. Hansen DB, Joullie MM. The development of novel ninhydrin
analogues. Chem Soc Rev 2005;34:408e417.

14. Schulz MM, Wehner HD, Reichert W, Graw M. Ninhydrin-
dyed latent fingerprints as a DNA source in a murder
case. J Clin Forensic Med 2004;11:202e204.

15. Worthington T, Adams N, Elliott TS. Diathermy pencils e

a potential vector for the transmission of prions? J Hosp
Infect 2001;47:332e333.

16. NHS Estates. Washer disinfectors, Hospital Technical Mem-
orandum (HTM) 2030. London, UK: Department of Health;
2001.

17. Betmouni S, Perry VH. The acute inflammatory response in
CNS following injection of prion brain homogenate or nor-
mal brain homogenate. Neuropathol Appl Neurobiol 1999;
25:20e28.

18. Lipscomb IP, Sihota A, Botham M, Harris KL, Keevil CW.
Rapid method for the sensitive detection of protein con-
tamination on surgical instruments. J Hosp Infect 2006;62:
141e148.

19. Department of Health. Hospital episode statistics, England:
financial year 2002e03. London, UK: Department of Health;
2004.

20. NHS Estates. Comprehensive report: a review of the decon-
tamination of surgical instruments in the NHS in England.
London, UK: Department of Health; 2001.

21. Taylor DM, Fernie K, McConnell I, Steele PJ. Observations on
thermostable subpopulations of the unconventional agents
that cause transmissible degenerative encephalopathies.
Vet Microbiol 1998;64:33e38.

22. Taylor DM. Inactivation of prions by physical and chemical
means. J Hosp Infect 1999;43(Suppl.):S69eS76.

23. Brown P, Rau EH, Johnson BK, Bacote AE, Gibbs Jr CJ,
Gajdusek DC. New studies on the heat resistance of ham-
ster-adapted scrapie agent: threshold survival after ashing
at 600 degrees C suggests an inorganic template of replica-
tion. Proc Natl Acad Sci U S A 2000;97:3418e3421.

24. DesCoteaux JG, Poulin EC, Julien M, Guidoin R. Residual
organic debris on processed surgical instruments. AORN J
1995;62:23e30.

25. ACDP/SEAC. Transmissible spongiform encephalopathy
agents: safe working and the prevention of infection.
London, UK: The Stationery Office; 1998.

26. Sparrer HE, Santoso A, Szoka Jr FC, Weissman JS. Evidence
for the prion hypothesis: induction of the yeast [PSIþ] fac-
tor by in vitro-converted Sup35 protein. Science 2000;289:
595e599.

27. Angelotti R, Wilson JL, Litsky W, Walter WG. Comparative
evaluation of the cotton swab and Rodac methods for
the recovery of Bacillus subtilis spore contamination
from stainless steel surfaces. Health Lab Sci 1964;1:289e296.
pproved Ninhydrin and Biuret tests in the assessment of protein
nic prion transmission, Journal of Hospital Infection (2006),


	The sensitivity of approved Ninhydrin and Biuret tests in the assessment of protein contamination on surgical steel as an aid to prevent iatrogenic prion transmission
	Introduction
	Methods
	Tissue
	Stainless steel tokens
	Soiling and testing

	Results
	Discussion
	Acknowledgements
	References


