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Cold water cleaning:
No additives, no heating





The Centre for Disease Control recommends hands be 
washed for 20 s in warm soapy water.

In the UK the average wash is 
for 6s, often in cold water.








Before…                 Water wash…          StarStream (cold water and no additives)
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Methods
• Two in vitro wound models used, pig 

trotter (A) and (B) pre-wounded 
cultured human skin model 
(Epiderm™ FT, Mattek Inc, USA).

• Early stage biofilms cultured within 
wounds (E-MRSA-16, P. aeruginosa 
PAO1 pmf230).

• Wound models cleaned with either a 
saline wash or saline delivered via 
StarStream, and residual bacteria 
visualised by direct in situ 
epifluorescence microscopy.   
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Preliminary – Planktonic MRSA removal 

Untreated 
control

Saline control Saline and UAS 
(1 minute)

Planktonic MRSA was pre-stained so unlikely to adapt to the 
environment to form biofilm (waiting for red tagged rfp). 










Biofilm removal – pig trotter
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Direct EDIC/EF micrographs of GFP 
tagged Pseudomonas aeruginosa 
pMF230. 

Error bars represent SEM (N=3), One way 
ANOVA/Tukey post hoc test *** = p ≤ 0.001  
compared to non-treated controls. 
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Biofilm removal – EpiDerm™ FT
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Control

1 min saline wash 

1 min Starstream

10µm. 

Error bars represent SEM (N=3), One way 
ANOVA/Tukey post hoc test *** = p ≤ 0.001  
compared to non-treated controls.
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Control (No treatment) +7d

Saline (2 min) +7d

UAS (2 min) +7d

Haematoxylin and Eosin 
(H&E) stained sections 
from the Epiderm full 
thickness wound models

Example H&E stained 
sections (4µm) taken from 
the EFT wounds 7 days post 
cleaning

StarHealer
StarHealer wash with 
cold water for 2 mins 
after injury, then 
wait 7 days



Re-epithelialisation in the Epiderm full thickness wound models, image analysis results 
demonstrating the distance of re-epithelialisation from the wound edge 7 days post cleaning

Error bars represent the standard error of the mean (N=3), T-test demonstrated * = p ≤ 0.05 
when compared to the non-treated controls. 


Chart1

		Control		177.1951215782		177.1951215782

		Saline		274.8468260282		274.8468260282

		UAS/Saline		89.698259614		89.698259614



*

EFT re-epithelialisation  (µm)

EFT re-epithelialisation  (µm)
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trotters

												361920

																						ng

										45																				60

										P. Aeruginosa 1min														P. Aeruginosa 2min

										Control		saline		SS saline		Control		saline		SS saline				Control		saline		SS saline		Control		saline		SS saline

										198553		361920		184013		54.9		100.0		50.8				361920		361920		72		100.0		100.0		0.0

										160180		361920		1080		44.3		100.0		0.3				361920		361920		39		100.0		100.0		0.0

										214001		361920		2154		59.1		100.0		0.6				361920		361920		3434		100.0		100.0		0.9

										361920		361920		3386		100.0		100.0		0.9				361920		361920		3287		100.0		100.0		0.9

										361370		361920		7380		99.8		100.0		2.0				361920		361920		3287		100.0		100.0		0.9

										361920		361920		280095		100.0		100.0		77.4				361920		361920		5533		100.0		100.0		1.5

										361714		361920		345214		99.9		100.0		95.4				361920		361920		11191		100.0		100.0		3.1

										347059		361920		356114		95.9		100.0		98.4				361920		361920		600		100.0		100.0		0.2

										329091		361920		354094		90.9		100.0		97.8				361920		361920		2845		100.0		100.0		0.8

										361883		361920		355185		100.0		100.0		98.1				361920		361920		2238		100.0		100.0		0.6

										361909		361920		20204		100.0		100.0		5.6				361920		361920		314268		100.0		100.0		86.8

										351386		361920		10069		97.1		100.0		2.8				361920		361920		224911		100.0		100.0		62.1

										359229		361920		8083		99.3		100.0		2.2				361920		361920		95171		100.0		100.0		26.3

										361920		361920		5505		100.0		100.0		1.5				361920		361920		2756		100.0		100.0		0.8

										361920		361920		37423		100.0		100.0		10.3				361920		361920		23436		100.0		100.0		6.5

										361920		361920		11851		100.0		100.0		3.3				361920		361920		5060		100.0		100.0		1.4

										361920		361920		30		100.0		100.0		0.0				361920		361920		1		100.0		100.0		0.0

										361920		361920		1058		100.0		100.0		0.3				361920		361920		3527		100.0		100.0		1.0

										361920		361920		25		100.0		100.0		0.0				361920		361920		41932		100.0		100.0		11.6

										361920		361920		637		100.0		100.0		0.2				361920		361920		287748		100.0		100.0		79.5

										361920		361920		648		100.0		100.0		0.2				361920		361920		0		100.0		100.0		0.0

										361920		361920		17463		100.0		100.0		4.8				361920		361920		29		100.0		100.0		0.0

										361920		361920		62		100.0		100.0		0.0				361920		361920		2		100.0		100.0		0.0

										361920		361920		95		100.0		100.0		0.0				361920		361920		18		100.0		100.0		0.0

										361920		361920		78		100.0		100.0		0.0				361920		361920		25		100.0		100.0		0.0

										361920		361920		141		100.0		100.0		0.0				361920		361920		31		100.0		100.0		0.0

										361920		361920		240266		100.0		100.0		66.4				361920		361920		0		100.0		100.0		0.0

										361920		361920		193708		100.0		100.0		53.5				361920		361920		27662		100.0		100.0		7.6

										361920		361920		339192		100.0		100.0		93.7				361920		361920		1833		100.0		100.0		0.5

										361920		361920		150553		100.0		100.0		41.6				361920		361920		9568		100.0		100.0		2.6

								mean		342761.833333333		361920		97526.8666666667		94.706518936		100		26.9470785441		0		361920		361920		35683.4666666667		100		100		9.8594901267		0

								SEM		9569.7031490591		0		25370.6075476587		2.6441487481		0		7.0100042959		0		0		0		15403.480231677		0		0		4.2560455989		0

								ST Dev		52415.4228336787		0		138960.540514635		14.4825991472		0		38.3953748106		0		0		0		84368.3358697437		0		0		23.3113218031		0

								N		30		30		30		30		30		30		0		30		30		30		30		30		30		0

								% Remaining		94.706518936		100		26.9470785441										100		100		9.8594901267		0.0276304156		0.0276304156		0.0027242181		0

								% Removal		5.293481064		0		73.0529214559										0		0		90.1405098733		99.9723695844		99.9723695844		99.9972757819		0
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EFT Healing

												361920

																						ng

										P. Aeruginosa post clean														P. Aeruginosa 24 hours post clean

										Control		saline		SS saline		Control		saline		SS saline				Control		saline		SS saline		Control		Saline		UAS/Saline

										250684		337027		960		69.3		93.1		0.3				199704		271982		3		55.2		75.1		0.0

										361920		293135		1543		100.0		81.0		0.4				150652		361919		57		41.6		100.0		0.0

										361920		301566		344		100.0		83.3		0.1				303939		295893		203		84.0		81.8		0.1

										361920		354896		1594		100.0		98.1		0.4				315296		328998		134		87.1		90.9		0.0

										361920		271996		553		100.0		75.2		0.2				171001		336873		15		47.2		93.1		0.0

										361920		349854		299		100.0		96.7		0.1				95059		167435		373		26.3		46.3		0.1

										361920		361896		223		100.0		100.0		0.1				93426		265016		97		25.8		73.2		0.0

										361920		361920		4722		100.0		100.0		1.3				87348		182005		472		24.1		50.3		0.1

										361920		355629		774		100.0		98.3		0.2				130520		294447		57		36.1		81.4		0.0

										361920		361687		1567		100.0		99.9		0.4				257613		361895		138		71.2		100.0		0.0

										361920		361920		4258		100.0		100.0		1.2				336592		111399		74		93.0		30.8		0.0

										361920		361920		9631		100.0		100.0		2.7				222145		132900		188		61.4		36.7		0.1

										361920		361920		662		100.0		100.0		0.2				314479		120828		559		86.9		33.4		0.2

										361920		361920		6924		100.0		100.0		1.9				177035		253446		100		48.9		70.0		0.0

										361920		361920		15364		100.0		100.0		4.2				205569		284344		100		56.8		78.6		0.0

										361920		361919		2680		100.0		100.0		0.7				288452		318190		75		79.7		87.9		0.0

										361919		361920		1713		100.0		100.0		0.5				124925		206733		267		34.5		57.1		0.1

										329109		361920		5374		90.9		100.0		1.5				290624		235932		324		80.3		65.2		0.1

										361182		361920		6555		99.8		100.0		1.8				320576		226102		200		88.6		62.5		0.1

										361916		361920		2748		100.0		100.0		0.8				157470		185141		133		43.5		51.2		0.0

										259663		358730		205		71.7		99.1		0.1				124007		88215		342		34.3		24.4		0.1

										359627		361920		711		99.4		100.0		0.2				18745		218380		96		5.2		60.3		0.0

										361676		361919		379		99.9		100.0		0.1				26552		278538		123		7.3		77.0		0.0

										353711		325412		135		97.7		89.9		0.0				23926		196251		252		6.6		54.2		0.1

										287533		357585		1931		79.4		98.8		0.5				18072		173381		323		5.0		47.9		0.1

										256261		361920		85		70.8		100.0		0.0				14574		159252		150		4.0		44.0		0.0

										309234		356427		4010		85.4		98.5		1.1				14937		233534		679		4.1		64.5		0.2

										359491		360060		1921		99.3		99.5		0.5				14343		220855		423		4.0		61.0		0.1

										359925		335187		3258		99.4		92.6		0.9				16798		220737		439		4.6		61.0		0.1

										317931		334995		92		87.8		92.6		0.0				22225		175839		364		6.1		48.6		0.1

								mean		343955.4		349432		2707.1666666667		95.036306366		96.5495137047		0.7480013999		0		151220.133333333		230215.333333333		225.3333333333		41.7827512526		63.6094532862		0.0622605364		0

								SEM		6407.2448605098		4216.969669455		617.3451224328		1.770348381		1.1651662438		0.1705750228		0		20653.3222226805		13479.6017495771		31.1230163319		5.7065987574		3.7244699794		0.0085994187		0

								ST Dev		35093.9254156024		23097.2941227561		3381.3384932223		9.6965974292		6.3818783496		0.9342778772		0		113122.904687849		73830.819444295		170.4677810257		31.2563286604		20.3997622249		0.0471009563		0

								N		30		30		30		30		30		30		0		30		30		30		30		30		30		0

								% Remaining		98.432713661		100		0.7747334722										43.2759831193		65.8827277792		0.0644856033		0.011957334		0.0182036715		0.0000178176		0

								% Removal		1.567286339		0		99.2252665278										56.7240168807		34.1172722208		99.9355143967		99.988042666		99.9817963285		99.9999821824		0





EFT Healing
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P. Aeruginosa post clean
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						EFT Macro Wound diameter (mm)

								Control		Saline		SS Saline

						1		2.451		2.476		2.212

						2		2.487		2.525		2.287

						3		2.429		2.423		2.171

						Mean		2.4556666667		2.4746666667		2.2233333333

						SEM		0.0169049631		0.0294524098		0.0339623975

						ST Dev		0.029280255		0.0510130702		0.058824598

						N		3		3		3

						EFT re-epithelialisation  (µm)

								Control		Saline		UAS/Saline

						1		579		0		1211

						2		0		934		929

						3		466		627		1183

						4

						5																																5

						Mean		348.3333333333		520.3333333333		1107.6666666667

						SEM		177.1951215782		274.8468260282		89.698259614

						ST Dev		306.9109534268		476.0486669799		155.3619430019

						N		3		3		3
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Wound diameter (mm)
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				274.8468260282		274.8468260282

				89.698259614		89.698259614
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Improved healing rate in StarStream 
treated wounds.
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Wound diameters 7 days post cleaning; with no treatment (Control), after a 2 min saline wash at a 
flow rate of 2 L/min (Saline) and after a 2 min UAS/Saline treatment at a flow rate of 2 L/min 
(UAS/Saline). Error bars represent the standard error of the mean (N=3), One way ANOVA/Tukey post 
hoc test demonstrated ** = p ≤ 0.01 when compared to the non-treated controls. 
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Surgical Site Infection

• Cause of increased healthcare cost and patient suffering
• Disproportionate burden for low and middle income countries1

• Treatment difficult and long duration
• This new ultrasonic technology could improve treatment

1 Surgical site infection after gastrointestinal surgery in high-income, 
middle-income, and low-income countries
Lancet Infectious Diseases 2018

https://doi.org/10.1016/S1473-3099(18)30101-4

Surgical wound 
infection after 
abdominal surgery

https://doi.org/10.1016/S1473-3099(18)30101-4


Superficial Bacterial Infections
• Infections on skin, mucous 

membranes, open wounds
– Open traumatic wounds, 

– Burns, 

– Diabetic leg ulcers

– Vascular Insufficiency Ulcers

• Bacteria exist in protective biofilm 
– makes treatment difficult

• This new ultrasonic technology can 
remove biofilm

• No mechanism for AMR
25

Water

StarHealer

10 μm



Handwashing and wound cleaning 

Leighton, T. G. (2017) To stop AMR once and for all: stop killing the 
bugs!  EPSRC Blog: https://www.epsrc.ac.uk/blog/stopamr/

https://www.epsrc.ac.uk/blog/stopamr/
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