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As part of the UK’s preparedness to manage patients with
suspected high consequence infectious diseases (HCID) such
as Ebola Virus, healthcare workers in surge hospitals
adopted variations in personal protective equipment (PPE)
to suit the equipment and facilities that were available at
the time. There was a lack of evidence to demonstrate that
existing PPE ensembles were wholly effective.
HSE specialists, in collaboration with the Sheffield Teaching
Hospitals, developed the ‘VIOLET’ (Visualising Infection
with Optimised Light for Education and Training) method to
test PPE and train healthcare workers. Volunteers took part
in a simulated care scenario with a manikin adapted to
deliver surrogate bodily fluids with different coloured
fluorescent markers. Results showed that infected bodily
fluids from a patient could be transferred to the healthcare
worker when wearing or removing HCID PPE currently in
use.
Key stakeholders from the National Health Service, HSE and
Public Health England developed and agreed a single ‘HCID
assessment PPE’ model for use across the UK, together with
pr ocedures for safely putting it on and taking it off. This
model combined the strengths of existing PPE and results
showed that it would be protective if worn when assessing
a patient with a suspected HCID, even with minimal training
provided to the wearer.

Thi s report a nd the work it describes were funded by the Health a nd
Sa fety Executive (HSE). Its contents, i ncluding a ny opinions a nd/or
concl usions expressed, are those of the a uthors a lone a nd do not
necessarily reflect HSE policy.

2

Evaluation
of existing
PPE worn
by NHS staff
Lorem ipsum
dolor
sit amet
for
assessment of a patient
with a elit
suspected
consectetuer
adipiscing
high consequence infectious disease
Samantha Hall, Brian Crook, Paul Roberts, Claire Bailey and
Catherine Makison Booth
Health and Safety Executive
Harpur Hill
Buxton
Derbyshire SK17 9JN

3

Acknowledgements
Our special thanks go to Jenny Poller, Sam Gregory, Cariad Evans and Anne Tunbridge from Sheffield
Teaching Hospitals (STH) NHS Foundation Trust who gave their own time and expertise to help
deliver this research. It would not have been possible without them.
The authors would like to thank all of the volunteers who gave their time to participate in this study ,
to Richard Clark, and The Medical Education Department of the Royal Hallamshire Hospital for their
support in the use of the simulation suite facility. We are also grateful to David Equeall, Medical
Videographer at STH, for film and photography support.
Our grateful thanks go to all members of the High Consequence Infectious Diseases Project Working
Group: STH NHS Foundation Trust, Royal Liverpool and Broadgreen University Hospitals NHS Trust,
The Newcastle upon Tyne Hospitals NHS Foundation Trust, Royal Free London NHS Foundation Trust,
NHS Greater Glasgow and Clyde, and also to Public Health England and Health and Safety Executive.
Each hospital trust shared invaluable experience, assisted with training of volunteers and provided
PPE protocols. The PPE used was provided mostly by STH Infectious Diseases Unit through their
funding as an Ebola Surge Unit, along with some PPE items from Royal Liverpool Hospital and
Newcastle upon Tyne Hospitals.
Thanks also to Paula Romano and Fiona Jones from KIT Design, Sheffield for their advice and support
in developing a bespoke hood.

4

KEY MESSAGES
Variations existed across the UK in the choice of personal protective equipment (PPE) worn by
healthcare workers (HCW) when caring for patients with suspected high consequence infectious
diseases (HCID) such as Ebola Virus Disease. There was a lack of evidence to demonstrate that
existing PPE ensembles and safe removal procedures were effective.
VIOLET (Visualising Infection with Optimised Light for Education and Training) was developed by HSE
specialists to test PPE and train HCW. It involved the use of a manikin adapted to deliver surrogate
bodily fluids with different coloured fluorescent markers. The research identified the following.


Basic PPE worn by HCW for protection against Norovirus and Flu was not protective if worn
to assess a patient with an HCID.



Infected bodily fluids from a patient could be transferred to the HCW when wearing or
removing HCID PPE currently in use across the UK. Other weaknesses with this PPE were also
observed.

The strengths of existing PPE were combined to create one ‘HCID assessment PPE’ model for use
across the UK, together with procedures for safely putting it on and taking it off. This was developed
and agreed by key stakeholders from the National Health Service, HSE and Public Health England.
The results of this research indicate the following.


The HCID assessment PPE would be protective if worn when assessing a patient with a
suspected HCID, even with minimal training provided to the wearer.



Supervision when removing PPE is advantageous. To minimise the number of people at risk
of exposure to infected bodily fluids, the supervisor should only observe and instruct, and
not physically assist the person removing their PPE.



VIOLET was an effective PPE training method. All doctor and nurse paired volunteers stated
that they felt more confident in the use of PPE and caring for an HCID patient af ter
completing the simulation training exercise.

The findings of this research have been shared with the wider scientific, healthcare , and
infection control communities through peer reviewed publications and presentations at national
and international conferences.
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EXECUTIVE SUMMARY
Background
In 2014-2016, there was an outbreak of Ebola Virus Disease (EVD) in West Africa. UK healthcare
workers (HCW) were deployed to treatment centres in Sierra Leone . Simultaneously in the UK,
emergency preparedness plans were made in case visitors returned from West Africa with EVD
symptoms.
Variations currently exist across the UK in the choice of personal protective equipment (PPE) used by
HCW when caring for patients with suspected High Consequence Infectious Diseases (HCID). At the
time of the outbreak there was no systematic, evidence -based assessment that existing PPE
ensembles and safe removal procedures were effective.
The Department of Health and Public Health England’s HCID programme proposed the development
of a national unified suspected case PPE ensemble and doffing procedure, suitable for both contact
and airborne transmissible infections.
Aim
The aim of this project was to ensure the correct selection and use of PPE to protect front
line medical staff against HCID such as EVD and Middle Eastern Respiratory Syndrome. This was to
be achieved by evaluating existing HCID PPE ensembles, developing a training package , and
publishing and disseminating the findings.
Methodology
A manikin was adapted to simulate a patient and to deliver bodily fluids containing different
coloured fluorescent markers. Whilst wearing PPE, doctor and nurse paired volunteers participated
in a simulated clinical scenario to assess a patient suspected of having an HCID. Contamination of
PPE was visualised, photographed and recorded on a body map under UV light after the simulation
and again after doffing. Observational findings and participant feedback, around its use as a training
exercise, were also recorded. The exercise was named VIOLET “Visualising Infection with Optimised
Light for Education and Training”.
One basic level PPE ensemble and five existing HCID PPE ensembles were evaluated , and strengths
and weaknesses identified. A maximum of eight volunteers completed the exercise wearing each
ensemble.
Review of the data at a workshop with an expert stakeholder group, allowed collaborative
development and agreement of and a unified PPE ensemble, referred to as the “HCID assessment
PPE”. This ensemble was then tested using VIOLET by forty volunteers.
Results
Each body map area could contain contamination from four bodily fluids. One of the bodily fluids
noted in one body map area was described as a ‘contamination event’/ When evaluating a basic level
PPE ensemble, eight volunteers had 147 post-simulation and 31 post-doffing contamination events.
For the five existing HCID PPE ensembles, each tested by a maximum of eight volunteers, 1584 postsimulation contamination events were recorded, from a possible maximum of 5110. Twelve post-
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doffing contamination events were also observed (face, two; neck, one; forearm, one and lower legs,
eight).
Forty volunteers completed the simulation exercise wearing the HCID assessment PPE, developed by
the expert stakeholder group. This resulted in 1267 contamination events from a possible 5600
occurring post-simulation. Only one post-doffing contamination event occurred, on the neck of a
less-experienced volunteer due to them reaching beneath the ir visor.
When questioned, all volunteers stated that they felt more confident in the use of PPE and caring for
an HCID patient after the experience.
Conclusions


A basic level PPE ensemble does not afford adequate protection in a clinical scenario such as
the one simulated for this research.



Testing of the existing HCID PPE ensembles resulted in either post-doffing volunteer
contamination or revealed other significant disadvantages associated with their use.
Breaches were related either to protocol failure or complications in PPE doffing.



An HCID assessment PPE ensemble was developed and agreed by key stakeholders. Results
showed that it would be protective if worn when assessing a patient with a suspected HCID,
even with minimal training provided to the wearer.



Supervised doffing is advantageous. To minimise the number of people at risk of exposure,
the buddy should only observe and instruct but not physically assist.



VIOLET was developed as an effective tool for PPE evaluation. Volunteer feedback also
showed that it could be implemented as an effective training method.



Research outcomes have been shared with the wider scientific, healthcare , and infection
control communities through peer reviewed publications and presentations at national and
international conferences.

7

CONTENTS
KEY MESSAGES////////////////////////////////////.. 5
EXECUTIVE SUMM!RY////////////////////////////////.. 6
1 INTRODUCTION////////////////////////////////////.. 10
1.1

Aim............................................................................................................................. 10

1.2

Objectives ................................................................................................................... 10

1.3

Background................................................................................................................. 10

2 METHODS//////////////////////////////////////// 15
2.1

Ethics.......................................................................................................................... 15

2.2

Simulation Exercise Description and Evaluation of Existing PPE Ensembles...................... 15

2.3

Workshop - Network of HCID Contact Transmission Centres........................................... 17

2.4

HCID assessment PPE................................................................................................... 17

2.5

Volunteers with Limited PPE ExPerience and Volunteer Feedback .................................. 17

2.6

Blood Sample Tube Contamination ............................................................................... 17

3 RESULTS///////////////////////////////////////// 19
3.1

Enhanced Precautions and Existing PPE Ensembles........................................................ 19

3.2

HCID Assessment PPE................................................................................................... 21

3.3

Volunteers with Limited PPE Experience........................................................................ 21

3.4

Blood Sample Tube Contamination ............................................................................... 22

3.5

Volunteer Questionnaires............................................................................................. 22

4 DISCUSSION//////////////////////////////////////.. 24
4.1

VIOLET ........................................................................................................................ 24

4.2

Existing HCID Contact Transmission Network PPE .......................................................... 24

4.3

Consensus HCID Assessment PPE.................................................................................. 25

4.4

Blood Sample Tube Contamination............................................................................... 26

4.5

Training....................................................................................................................... 26

4.6

Dissemination of Data.................................................................................................. 27

5 CONCLUSIONS/////////////////////////////////////

28

6 REFERENCES//////////////////////////////////////

29

7 APPENDIX///////////////////////////////////////.

30

8

7.1

Appendix 1 HCID Assessment PPE Ensemble, Front and Back.......................................... 30

7.2

Appendix 2 Final Hood Design ...................................................................................... 30

9

1
1.1

INTRODUCTION

AIM

The aim of this project was to ensure the correct selection and use of personal protective equipment
(PPE) to protect front line medical staff against High Consequence Infectious Diseases (HCID) .
Primarily these are viral haemorrhagic fevers (VHF) transmissible via direct contact such as Ebola
Virus Disease (EVD), but also airborne transmissible diseases, for example those caused by Middle
Eastern Respiratory Syndrome Coronavirus (MERS-CoV).

1.2

OBJECTIVES
1.

To evaluate different PPE ensembles, and develop and validate fit-for-purpose protection
against any infection hazard.

2.

To develop a training package using whole body fluorescence visualisation for safe removal
of potentially contaminated PPE.

3.

To publish and disseminate findings.

1.3

BACKGROUND

Public Health England (PHE) defines an HCID as an acute infectious disease with an ability to spread
in the community and within a healthcare setting. They have a high case fatality rate and are difficult
to recognise and detect rapidly. There is a lack of effective specific treatment for HCIDs and
coordination at a national level is required to ensure an effective and consistent response
(PHE, 2018).
EVD is a VHF which can cause acute, serious illness which is often fatal if untreated. The virus is
transmissible by direct contact with bodily fluids from another infected animal or human, or indirect
contact with a contaminated environment (ACDP, 2015). Symptoms include:


Fever fatigue



Headache



Sore throat



Rash



Impaired kidney and liver function



Muscle pain



Fatigue



Diarrhoea



Vomiting



Internal and external bleeding (e.g. oozing from the gums, blood in the stools) (WHO, 2018)
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In 2014-2016, an outbreak of EVD in West Africa affected Guinea, Liberia and Sierra Leone. In total,
28,616 cases and 11,310 deaths were reported, of which 14,122 cases and 3,955 deaths were in
Sierra Leone (WHO, 2016). As part of the humanitarian aid effort, UK healthcare workers (HCW)
were deployed to treatment centres in Sierra Leone. Simultaneously in the UK, emergency
preparedness plans were made in case visitors returned from West Africa with EVD symptoms.
As a result, a network of HCID contact transmission centres was established across the England led
by Royal Free London Hospital (RFL) and supported by Ne wcastle-upon-Tyne Hospitals (NTH), Royal
Liverpool Hospitals (RLH) and Sheffield Teaching Hospitals (STH).
All of these UK acute care providers were expected to implement appropriate PPE ensembles for the
safe assessment of high risk patients such as febrile travellers. However, at the time of the outbreak,
no systematic, evidence-based assessment had been undertaken to prove the effectiveness of the
existing PPE ensembles and safe removal procedures.
Expert bodies such as the World Health Organization, PHE and the Centers for Disease Control and
Prevention were drivers for the choice of PPE ensembles, as well as cost and availability of stock.
However, urgency of the decision making and the lack of hard evidence for any single PPE ensemble
led to local differences and variations around the UK in PPE choices for HCW protection while
assessing suspected Ebola patients. A questionnaire survey, conducted by STH through Infection
Prevention and Control leads at acute trusts in the UK, emphasised this as it revealed that 28 of the
29 respondents had different PPE protocols (Poller et al, 2018a).
Since the outbreak, HSE has been contributing to a UK Government HCID emergency response
programme which aims to provide a more rapid and controlled response to future emergencies
overseas and in the UK. As part of the review of future outbreak preparedness, the HCID programme
proposed the development of a national unified PPE ensemble and doffing procedure to protect
HCW assessing suspected HCID cases, suitable for both VHF and airborne transmissible infections.
This would also simplify stafftraining, and allow standards and competency in PPE use to be set and
nationalised.
HSE and the Virology and Infectious Diseases Departments at STH, worked together to develop a
method for evaluating existing PPE ensembles used when assessing a suspected HCID patient. The
method involved adapting a medical training manikin to deliver surrogate bodily fluids with
fluorescent markers in a simulated clinical scenario.
In total, six existing PPE ensembles were tested. Firstly, a basic level PPE ensemble, usually worn for
enhanced precautions such as when assessing a patient with suspected Norovirus infection, was
tested (Figure 1). This was to test the belief that this PPE was insufficient to provide protection for
the initial assessment and care of a suspected HCID patient, thereby justifying the need for a more
extensive ensemble.
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Figure 1 PPE worn for enhanced precautions
Five existing ‘suspected case’ PPE ensembles were also tested (Figure 2); four from the HCID contact
transmission centres and one from NHS Greater Glasgow and Clyde’s ID unit in Scotland, as they had
experience of managing patients with EVD and Crimean-Congo haemorrhagic fever. Some key
differences included whether the ensemble consisted of a:




gown or coverall
hood or surgical cap
wellies or boot covers

Advantages and disadvantages across the PPE choices were considered in determining either the
strongest existing ensemble or a new hybrid ensemble supported by evidence of its safety for future
use at all centres.
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Figure 2 Existing PPE ensembles worn for assessment of a patient with a suspected HCID at the five UK NHS centres
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Integral to the safe implementation of any PPE ensemble is the competence of the wearer in i ts use
and when doffing. Therefore, an exercise was developed which could be used not only to evaluate
the PPE but was also designed to demonstrate a potentially effective method of training.
This research has been published in peer reviewed publications w here more details are described
(Poller et al, 2018a, 2018b and Hall et al, 2018). This report is a summary of the research with
reference to those publications throughout.
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2
2.1

METHODS

ETHICS

Prior to the commencement of this research, the project details were submitted to and approved by
HSE’s Ethics Subcommittee, which is overseen by the University of Sheffield Medical School Research
Ethics Committee.

2.2

SIMULATION EXERCISE DESCRIPTION AND EVALUATION OF EXISTING PPE ENSEMBLES

A multifunctional nursing skills manikin used for healthcare training (Quirumed, Valencia, Spain) was
adapted to show symptoms consistent with EVD including the bodily fluids sweat, diarrhoea and
vomit (Figure 3).

Figure 3 Two volunteers undertaking the simulation exercise as the manikin vomited
It was decided that if a unified ensemble could be developed, it should also protect the HCW when
assessing a patient suspected of an airborne transmissible infection. Therefore a mechanism for the
manikin to cough was also incorporated. Standard simulants of these bodily fluids contained
fluorescent dyes which were invisible under standard lighting but fluoresced under ultraviolet (UV)
light. Importantly, different coloured fluorochromes were used in each bodily fluid simulant so that
it was possible to differentiate between the sources of contamination.
The exercises were conducted in the simulation training suite in the Medical Education Department
at STH, which provided a mock-up of an infectious diseases ward and video photography facility. The
exercise was overseen by the project delivery team via a control room behind obscured glass
observation windows. Doctor and nurse pair volunteers, with previous high-level PPE training,
completed a simulation exercise based on clinical assessment of the manikin ‘patient’/ This close
interaction with the simulated patient resulted in contamination of the PPE worn by the volunteers
with the bodily fluids of the patient, either through direct contact with sweat and diarrhoea while
assessing the patient or changing her incontinence pad, or exposure to cough and projectile
vomiting. Sweat and diarrhoea simulants were applied to the manikin before each exercise, while
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cough and vomit simulants were delivered via mechanisms built into the manikin and operated
remotely from the training suite control room at suitable points in the exercise.
On completion of the exercise, volunteers would doff the PPE following the prescribed procedure for
that ensemble whilst under the supervision of a buddy. The integrity of the PP E during the
simulation and/or any weaknesses in the doffing procedure could have resulted in cross contamination of the volunteer.
A dodecahedron of UV strip lights from the Fluorescence Interactive Video Exposure System (FIVES)
developed by HSE (Roff, 1997) was used inside a blackout tent to qualitatively screen the volunteers
for fluorescence, to show any evidence of contamination, at four stages of the exercise:
1.
2.
3.
4.

Prior to donning PPE to screen for any background fluorescence
After donning PPE again to screen for any background fluorescence
After completion of the simulation exercise to assess the level of contamination
After doffing PPE to check for cross-contamination onto the volunteer’s skin or base layer
uniform

For each volunteer at each stage, any contamination, indicated by the presence of fluorescence, was
noted on a 35-grid body map shown in Figure 4 (excludes soles of feet). Photographs were also taken
from the front and back.

Figure 4 Body map template for recording contamination on volunteers
As each bodily fluid had a different coloured fluorescence, it made it possible to trace its origin:





vomit = blue
sweat = orange
diarrhoea = yellow
cough = red

Each simulation and doffing task was filmed so that the footage could be viewed retrospectiv ely if
necessary, to establish the cause of a contamination event.
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In total, four simulation runs were conducted per ensemble (only three runs could be conducted for
one ensemble due to volunteer availability).
The entire exercise was named VIOLET (Visualising Infection with Optimised Light for Education and
Training) and is described in more detail in a published peer reviewed article in the Journal of
Hospital Infection (Poller et al, 2018b).

2.3

WORKSHOP - NETWORK OF HCID CONTACT TRANSMISSION CENTRES

The results of the tests were presented collectively to representatives from each of the HCID contact
transmission centres plus Glasgow and Clyde at a workshop in March 2017, organised by HSE. The
workshop was chaired by a representative from PHE, and HSE regulatory inspectors were also
present. The results were summarised by body area as opposed to a direct comparison between the
ensembles developed by each centre. The evidence gathered from the testing was discussed and
combined with the knowledge and experience from each centre to collaboratively develop a
consensus on a unified PPE ensemble (Appendix 1).
2.4

HCID ASSESSMENT PPE

All PPE items in the ensemble agreed at the workshop (Appendix 1) were already available in the
NHS supply chain apart from the hood. It was determined that no suitable hood existed in the NHS
supply chain so a bespoke design was created by KIT Design, Sheffield (A ppendix 2).
The ensemble was tested by the same method as previously (Poller et al, 2018b). Twenty volunteers
completed the VIOLET simulation exercise whilst wearing the ensemble, which was more than for
any of the existing suspected case PPE (maximum 8). The results were shared with the group at a
second workshop in November 2017. This allowed for discussion and agreement about any further
adjustments to be made to the ensemble itself and the donning and doffing protocols, developed by
the STH team/ !t this meeting, the unified PPE ensemble was named the ‘HCID assessment PPE’/

2.5

VOLUNTEERS WITH LIMITED PPE EXPERIENCE AND VOLUNTEER FEEDBACK

To further validate the HCID assessment PPE ensemble, another round of volunteer trial testing was
undertaken in 2018 with 20 volunteers who were less experienced with wearing this level of PPE and
had not completed the simulation exercise before, therefore results and volunteer feedback from
this group was less likely to be biased. These tests provided a further challenge for how protective
the PPE was and evaluated its usability, the training protocols and the training package through
feedback questionnaires. Such feedback was systematically collected by pro forma.

2.6

BLOOD SAMPLE TUBE CONTAMINATION

When the volunteers with limited PPE experience completed the testing (Section 2.5), a fifth
fluorescent bodily fluid (blood) was added to the simulation. Volunteers were further required to
take ‘blood’ samples from the patient. The blood simulant was a 0.01% aqueous solution of sodium
fluorescein (Sigma-Aldrich Inc.) which was loaded in to an ante cubital fossa (ACF) pad designed for
training in venepuncture (00140 ACF Pad – Venepuncture, Limbs & Things Limited). The aim of this
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addition to the test protocol was to investigatewhether blood contamination could be observed on
the sample packaging and thus posed a potential risk to the laboratory staff that receives them.
Volunteers took two blood samples from the manikin into purple and gold capped vacutainers,
which they placed inside separate sample bags then dropped into secondary sample bags. No
decontamination of the tubes or bags e.g. wipes were used. Instruction cards with the written
protocol were situated in the room but no volunteers were observed using this reference material.
The vacutainers, bags and other accessories used to take the samples were screened for
contamination using a UV torch following the exercise.
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3
3.1

RESULTS

ENHANCED PRECAUTIONS AND EXISTING PPE ENSEMBLES

Each body map section (Figure 5) could contain contamination from four bodily fluids. One of the
bodily fluids noted in one body area was described as a ‘contamination event’/ To si mplify reporting
of the results, some reported body areas incorporated a collection of body map sections e.g. legs =
front, back, left and right leg body map areas. The total number of possible contamination events
was calculated for each body area by multiplying the number of volunteers by the number of subareas within the body region, then by the number of bodily fluids.
When evaluating the enhanced precautions PPE ensemble, 147/980 post-simulation contamination
events were noted. Significantly, 31 post-doffing contamination events were observed across the
four simulations. The ensemble left regions of skin exposed, such as the arms (Figure 1) and this
often resulted in contamination occurring directly to the skin during the simulation. An example is
shown in Figure 5. Some cross-contamination also occurred during doffing as the exposed skin came
into contact with contaminated PPE.

Figure 5 Contamination on the PPE and exposed skin of a volunteer, wearing the enhanced
precautions PPE ensemble, after the simulation exercise
When evaluating the existing suspected case PPE ensembles, 1584/5110 post-simulation
contamination events were noted (Table 1). Twelve post-doffing contamination events were
documented: face (2), neck (1), forearm (1) and lower legs (8). Examples are shown in Figure 6.
Table 1 Post-simulation contamination whilst wearing existing suspected case PPE (denomination
values show the maximum number of potential contamination events) , (Hall et al, 2018)
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a
)

b
)

c
)

d
)

Figure 6 Examples of post-doffing contamination on volunteers wearing existing suspected case PPE
a) cough fluid on the forearm b) vomit on the ear c) vomit on the lower leg d) sweat on the neck
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Footage of the simulation and doffing was reviewed in each case to determine the caus e. Analysis of
the results showed that breaches were related either to protocol failure or complications in PPE
doffing. Examples included:





Exposed skin e.g. the neck, allowing direct contamination during the simulation or secondary
contamination through contact with contaminated PPE such as gloves.
Fluid repellent surgical gown allowing contamination through the sleeve material at close
range.
Gaps between the top of the wellies and bottom of the gown allowing contamination to drip
down in to the wellies.
Difficulty in removing boot covers resulting in contaminated gloves, scissors or contaminated
boot covers touching the legs, or the boot cover slipping down to expose the leg.

Other key findings were:



Having a buddy to observe and instruct was beneficial. However, buddies physically assisting
in doffing could be unnecessarily exposed to contamination.
Protocols with many individual PPE elements and/or requiring many donning and doffing
steps offered more opportunities for mistakes and confusion.

The results are described in more detail in a peer reviewed article published in the Journal of
Hospital Infection (Hall et al, 2018). The results provided conclusive evidence of the need for PPE
and procedural improvements.
3.2

HCID ASSESSMENT PPE

Following the workshop with the network of HCID contact transmission centres (summarised in
Section 2.3) to share and discuss the results described in Section 3.1, a consensus was reached on a
unified PPE ensemble referred to as the “HCID assessment PPE” (Appendix 1).
The first round of testing of the HCID assessment PPE included 20 volunteers who had previous
experience in the use of PPE worn for assessment of a suspected HCID patient. This resulted in
639/2800 contamination events post-simulation. No post-doffing contamination was observed on
any of the volunteers.
Detailed results and reasoning leading to the PPE choices in the HCID assessment PPE ensemble was
peer reviewed and published in the Journal of Infection (Poller et al, 2018a).
3.3

VOLUNTEERS WITH LIMITED PPE EXPERIENCE

Of the further twenty volunteers with limited PPE experience who completed the VIOLET simulation
exercise using the HCID Assessment PPE ensemble,628/2800 post-simulation contamination events
were observed. Nineteen volunteers showed no post-doffing contamination. One volunteer
presented post-doffing contamination on the neck.
Prior to post-simulation screening, this volunteer spoke to one of the project team to express that
they had “touched their chin” and that they were “pretty damn contaminated”/ They also explained
that they believed contamination to be on their skin as well as their PPE. This conversation was
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confirmed by review of the video footage, as well as the suspected moment at which the volunteer
reached beneath their visor.

3.4

BLOOD SAMPLE TUBE CONTAMINATION

The contamination observed on the vacutainers, sample bags and other accessories used for taking
the samples are summarised in Tables 2 and 3, showing twelve contamination events on the ten
samples and 18 events on accessories. The italic values indicate how many times each type of
contamination was found e.g. three of the ten film backings were contaminated: two of the three by
sweat, two by blood and one by cough.
Table 2 Summary of contamination observed on the vacutainers and sample bags
Contamination
Vacutainer
Gold

Secondary
sample bag
0
0

Purple

Primary
sample bag
1
Sweat (1)
2
Sweat (1)
Blood (1)

Cap

Film

Label

Tube

2
Blood (2)
4
Cough (1)
Blood (3)

1
Blood (1)
1
Blood (1)

0

1
Blood (1)
0

0

Table 3 Summary of contamination observed on the accessories used to take the blood samples
Outside of
bowl
0

3.5

Inside of
bowl
2
Blood (2)

Needle/cup

Tourniquet

1
Blood (1)

9
Sweat (9)
Diarrhoea (1)
Vomit (1)
Blood (1)

Film
backing
3
Sweat (2)
Blood (2)
Cough (1)

Instruction
card
0

Butterfly
packaging
3
Sweat (3)
Blood (1)

VOLUNTEER QUESTIONNAIRES

Twenty volunteers completed questionnaires to feedback on their PPE experience and their views of
the exercise. This included answering a number of questions prior to the exercise regarding their
training and knowledge of HCID PPE. Following the exercise, volunteers reviewed their experience
and reflected on how the training may influence their future behaviour when caring for a patient
with a suspected HCID. Nine of the volunteers reported that they had not received training in the
last 12 months and one of these had received no training at all.
The top two motivational factors leading to individuals using PPE correctly were ‘protecting
themselves’ and ‘protecting others’ which included responses such as protecting colleagues, family,
other patients and other onward transmission responses. The top three obstacles listed as factors
resulting in incorrect use of PPE were. ‘lack of training and real life use’- ‘equipment availability and
compatibility’- and jointly voted third were ‘comfort’ and ‘time pressures’/ When asked about the
doffing process itself, nineteen of the twenty would prefer to have a buddy leading the process , the
other response was neutral.
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Feedback on the usefulness of the exercise for training was extremely positive. All volunteers felt
more confident in the use of PPE and caring for an HCID patient after the experience.
Ninety percent of volunteers agreed that having visually observed the contamination w ould impact
on their behaviour when doffing HCID PPE in future. Reasons given included:


Knowing how easy it is to become contaminated



Awareness that every surface has a possible contamination



Reassurance that following the procedure works

Factors identified as strengths of the session included:


Practical, ‘real’ exposure in a safe environment



A good way to illustrate the potential risks



Instant feedback



Fun, interactive, educational, informative and interesting

A suggested area for improvement made across different responses on the questi onnaire was to
incorporate a way to visualise environmental as well as personal contamination.
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4
4.1

DISCUSSION

VIOLET

The VIOLET method used a clinical scenario to create exposure to fluorescent simulant body fluids. It
was shown to provide an effective, standardised way to evaluate the protectiveness of PPE
ensembles worn for assessment of a suspected HCID patient.
The four different coloured fluorochromes tagged to each body fluid allowed identification of the
contamination source and recording this on body maps allowed semi-quantification of the results.
Filming each exercise also enabled retrospective review of footage to identify mechanisms of
contamination events, providing vital information to enable PPE evaluation.
Some limitations are recognised in using UV markers, such as their ability to mimic viral load, or
dynamics such as the effect of disinfection. However, there are limited data on minimum infective
dose of HCID pathogens through cross-contamination, therefore presence or absence of
contamination is a valid basis of safety assessment.
Using a qualitative fluorescence approach had numerous advantages such as the ability to have
instant visual results and timely, simple and comprehensive screening of the environment.

4.2 EXISTING HCID CONTACT TRANSMISSION NETWORK PPE
4.2.1 Key weaknesses of existing ensembles
The results demonstrated a range of weaknesses across multiple components of the tested
ensembles. Some of these resulted in the skin and/or underclothes of the volunteers becoming
contaminated during the clinical scenario and therefore can be attributed to the following failings of
individual PPE items and/or the collective ensemble:


Some ensembles left areas of skin exposed e.g. wearing a surgical cap instead of a hood.



Fluid from the cough simulation was able to penetrate the gown material of the sleeve at
close proximity.



A gap between the bottom of the gown and the top of the wellies resulted in liquid dripping
in to the boots as the patient vomited.

Other key weaknesses were attributable to the donning and doffing protocols:


Doffing boot covers was difficult and caused multiple lower leg contamination events.



Complicated donning and doffing steps were more likely to cause confusion and mistakes.



Wearing the Filtering Face Piece (FFP) 3 mask straps i n positions that differed from the
manufacturers’ instructions could compromise respiratory protection and cause confusion
about when it is appropriate to wear the straps in a particular way.

In all cases FFP3 masks were part of the ensemble, but not all of the PPE protocols were designed for
both splash protection and to protect against an airborne pathogen. Consequently, the mask type,
donning/doffing order and strap positioning were often determined due to perceived compatibility
with other PPE e.g. providing structure to a hood, or not being able to ‘fit’ under a hood theref ore
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straps placed over the hood. Respiratory protective equipment should be worn appropriately and
consistently to ensure correct use, even if being used for splash protection alone.
Based on the experience of the centres choosing to include a hood, and the results of the
experimental work, it was agreed that none of the hoods available on the NHS Supply Chain could be
deemed suitable. HSE worked with KIT Design and the HCID contact transmission network to
develop and trial a bespoke hood (Annex 2). After many iterations, the final model is now in the
process of being added to the NHS Supply Chain.
Although the sample size for each ensemble was not large enough to produce any statistically robust
data, the results did provide vital and sufficient information to inform the development of a new
ensemble.
4.2.2

Doffing buddy

Having a buddy to instruct the process was beneficial to ensure protocol compliance or provide
necessary intervention, and to provide reassurance. Although not an objective of this research, for
interest, on a couple of occasions after the buddy had physically assisted in doffing, they moved in to
the blackout tent to see whether any cross-contamination had occurred. Cross-contamination was in
fact observed. To reduce the number of workers at risk of contamination, the buddy should ideally
be an observer and instructor, but should not physically assist in doffing. This was a factor in
agreeing the consensus HCID assessment PPE ensemble, as some of the previous PPE ensembles
based on coveralls required physical assistance to doff.

4.3

CONSENSUS HCID ASSESSMENT PPE

The evidence gathered during testing of the existing PPE ensembles showed that improvements
could be made across all models. The results were used to develop a PPE ensemble incorporating
elements from all existing protocols to develop an evidence-based PPE ensemble agreed across the
HCID contact transmission network. A peer reviewed paper was published in the Journal of Infection
presenting the final PPE ensemble and outlining the justification of choices for the model. This was
jointly authored by: the HSE project team including regulatory and scientific colleagues; each of the
HCID contact transmission network centres; NHS Greater Glasgow and Clyde’s ID unit- and PHE
(Poller et al, 2018a).
Even with minimal experience in use of the ensemble the results show that the ensemble was
protective (Section 3.3). Forty volunteers completed the VIOLET exercise wearing the agreed HCI D
assessment PPE and 1267/5600 contamination events were recorded post-simulation. Only one
post-doffing contamination event was observed across all of these tests and was due to volunteer
behaviour and a breach in protocol as opposed to a limitation of the PPE or flawed procedure.
Having a unified PPE ensemble will provide significant advantages:
1. One ensemble for both contact (e.g. EVD) and airborne (e.g. MERS-CoV) transmitted
pathogens would remove uncertainty about which is the correct PPE to be used.
2. Unified training means that staff moving to work in different areas of the UK would not need
retraining in PPE donning and doffing. This would prevent errors from mixing of protocols,
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plus a robust PPE training assessment process would ensure a standardised practice in
donning and doffing could be maintained.
3. Staff would have confidence that they were using PPE with an evidence base for its safety
and that the evidence was obtained through multi-centre participation.
The HCID contact transmission centres have collectively agreed to implement use of the consensus
HCID assessment PPE ensemble. Some of these centres are also in the recently agreed HCID
respiratory transmission network and discussions are ongoing to adopt the PPE ensemble more
widely across all HCID centres. There are other areas of the UK health care system where it may be
appropriate to also consider use of this PPE ensemble, such as the ambulance service and other first
responder teams.

4.4

BLOOD SAMPLE TUBE CONTAMINATION

Contamination was observed on the vacutainers, sample bags and other accessories used for taking
the samples indicating that there could be a potential risk to the laboratory staff that receives them.
It is important to note that there was no sample tube decontamination step included in the
simulation. This was omitted so as to consider a worst case if decontamination was ineffective. The
venepuncture pad contained a smaller volume of blood simulant than would usually be taken in total
by multiple samples in a real scenario of suspected HCID patient assessment. The pad also leaked,
and it was agreed by the project team to consider the results as indicative and discontinue use of the
blood simulation during the final round of PPE testing with the less-experienced volunteers.

4.5

TRAINING

Volunteer feedback provided evidence to support the use of VIOLET as an effective training method.
All volunteers felt more confident in the use of PPE and caring for an HCID patient after the
experience and 90% agreed that the visual feedback, showing the extent and areas of
contamination, will impact on their behaviour when doffing HCID PPE in future.
The strength of this visual feedback was observed in the behaviour change of one volunteer with
limited PPE experience who reported that they had knowingly breached protocol (Section 3.3).
Before entering the blackout tent to observe their PPE contamination, the volunteer is seen on the
video footage moving around a lot and reached beneath their visor to touch their chin. A stark
contrast in behaviour occurred after the volunteer saw the extent to which they were contaminated.
Upon leaving the tent, the volunteer moved in a very controlled manner, clasping their hands
together and stood static in the doffing area waiting for instruction from the buddy. This bre ach was
the only occurrence of personal contamination whilst wearing the HCID PPE and emphasises the
importance of effective training. Observing the contamination instantaneously produced a positive
attitude and behaviour change.
This research developed the VIOLET method for the purpose of PPE assessment and concept
validation for its use as a training tool. Further development would be required to increase the
usability and efficiency of the equipment. The method would also benefit from additional pre -course
and debriefing content.
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4.6

DISSEMINATION OF DATA

During the course of this project, opportunities have been created to share the research outcomes
with the wider scientific, healthcare, and infection control communities, as follows:






Three papers have been published describing the development of the methodology (Poller
et al, 2018b), the results of the initial PPE evaluation (Hall et al, 2018) and the development
of the unified PPE ensemble (Poller et al, 2018a).
Two review papers have been published including details of fluorescence visualisation
techniques for training and ensuring worker safety during an EVD outbreak (Crook et al,
2018a and 2018b).
Presentations have been delivered at national and international conferences and meetings:
o Infection Prevention Society: "Don't Panic!" Practical aspects of infection control
2017
o Federation Infection Societies Conference 2017
o Advisory Committee on Dangerous Pathogens 2017
o HSE’s Chief Scientific !dvisor Seminars 2017
o European Congress of Clinical Microbiology and Infectious Diseases 2018
o Healthcare Infection Society Annual Conference 2018 (2 presentations)
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5

CONCLUSIONS



!n ‘enhanced precautions’ PPE ensemble used by hospital staff to protect the wearer from
cross-infection does not afford adequate protection in a clinical scenario such as the one
simulated for this research.



Testing of the existing PPE ensembles across the HCID network resulted in either
post-doffing contamination or revealed other significant disadvantages associated with their
use. Breaches were related either to protocol failure or complications in PPE doffing.



An HCID assessment PPE ensemble was developed and agreed by key stakeholders. When
tested, evidence showed that it would be protective if worn when assessing a patient with a
suspected HCID, even with minimal training provided to the wearer.



Supervised doffing is advantageous. To minimise the number of people at risk of exposure,
the buddy should only observe and instruct but not physically assist.



Volunteer feedback showed that VIOLET could be implemented as an effective training
method, with all volunteers stating that they felt more confident in the use of PPE and caring
for an HCID patient after the experience.



Research outcomes have been shared with the wider scientific, healthcare , and infection
control communities through peer reviewed publications and presentations at national and
international conferences.
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APPENDIX

7.1

APPENDIX 1 HCID ASSESSMENT PPE ENSEMBLE, FRONT AND BACK

7.2

APPENDIX 2 FINAL HOOD DESIGN

30

Published by the Health 4
& Safety Executive 12/19

Evaluation of existing PPE worn by NHS staff
for assessment of a patient with a suspected
high consequence infectious disease

!s part of the UK’s preparedness to manage patients with
suspected high consequence infectious diseases (HCID) such
as Ebola Virus, healthcare workers in surge hospitals
adopted variations in personal protective equipment (PPE)
to suit the equipment and facilities that were available at
the time. There was a lack of evidence to demonstrate that
existing PPE ensembles were wholly effective.

HSE specialists, in collaboration with the Sheffield Teaching
Hospitals, developed the ‘VIOLET’ (Visualising Infection
with Optimised Light for Education and Training) method to
test PPE and train healthcare workers. Volunteers took part
in a simulated care scenario with a manikin adapted to
deliver surrogate bodily fluids with different coloured
fluorescent markers. Results showed that infected bodily
fluids from a patient could be transferred to the healthcare
worker when wearing or removing HCID PPE currently in
use.
Key stakeholders from the National Health Service, HSE and
Public Health England developed and agreed a single ‘HCID
assessment PPE’ model for use across the UK, together
with procedures for safely putting it on and taking it off.
This model combined the strengths of existing PPE and
results showed that it would be protective if worn when
assessing a patient with a suspected HCID, even with
minimal training provided to the wearer.
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of
the authors alone and do not necessarily reflect HSE policy.
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