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Distribution	of	Bacteria	in	Dental	Offices	and	the	
Impact	of	Hydrogen	Peroxide	Disinfecting	Wipes	
Charles	P.	Gerba,	PhD;	Gerardo	U.	Lopez,	PhD;	Luisa	A.	Ikner,	PhD

Abstract	
Purpose: The	purpose	of	this	study	was	to	characterize	the	occurrence	of	heterotrophic	plate	count	

bacteria	(HPCs),	fecal	bacterial	indicators,	and	methicillin-resistant	Staphylococcus	aureus	(MRSA)	on	
hard,	nonporous	surfaces	(fomites)	commonly	found	in	dental	offices,	and	to	assess	the	impact	of	a	hy-
gienic	disinfection	intervention	on	the	reduction	of	these	bacteria	in	the	office	setting.	

Methods:	Samples	of	various	fomites	were	collected	from	dental	offices	located	in	Arizona	(6)	and	Il-
linois	(4)	and	assayed	for	HPCs,	total	coliforms,	Escherichia	coli,	and	MRSA	in	order	to	establish	baseline	
bacterial	levels.	Dental	office	personnel	were	then	provided	with	disposable	disinfectant	wipes	containing	
hydrogen	peroxide	to	use	in	the	office,	and	the	surfaces	were	subsequently	resampled	to	assess	their	
impact	on	the	specified	bacterial	populations.	

Results: The	greatest	numbers	of	HPCs	were	found	on	the	patients’	arm	rest	and	office	phones,	with	
dental	tool	handles	and	the	dentist	examination	lights	yielding	the	lowest	levels.	Coliform	bacteria	and	E.	
coli	were	also	detected	on	those	surfaces	demonstrating	the	highest	HPCs,	and	were	cultured	from	other	
fomites	as	well.	MRSA	was	also	isolated	from	5%	of	the	fomites	tested.	The	use	of	disinfectant	wipes	
significantly	reduced	the	numbers	of	HPC	bacteria	detected	on	fomites	(p=0.002).	No	total	coliforms,	E.	
coli,	or	MRSA	were	cultured	from	disinfected	fomites	following	the	hygienic	intervention.	

Conclusion: The	use	of	hydrogen	peroxide-impregnated	towelettes	reduced	total	bacterial	numbers	
on	fomites	commonly	located	in	dental	offices.	Total	coliforms,	E.	coli,	and	MRSA	were	reduced	to	levels	
below	detection.	

Keywords: bacteria,	coliforms,	fomites,	dental	office,	disinfection,	hydrogen	peroxide
This	study	supports	the	NDHRA	priority	area,	Occupational Health and Safety:	Evaluation	of	a	hy-

gienic	disinfection	intervention	to	reduce	microbiological	ergonomic	hazards	for	dental	hygienists	(aero-
sols,	chemicals,	latex,	nitrous	oxide,	noise	and	infectious	diseases).	

research

introDuction	

In	the	dental	clinic	setting,	the	potential	for	patho-
gen	 transmission	 from	staff	 to	patients	 (as	well	as	
from	patients	 to	staff)	 is	of	chief	concern.	Sources	
of	 infectious	microorganisms	 include	 contaminated	
bodily	fluids	(e.g.	saliva	and	blood),	improperly	ster-
ilized	 equipment/instruments,	 and	 airborne	 trans-
mission.	The	invasive	nature	of	the	procedures	per-
formed	 on	 behalf	 of	 patients	 by	 both	 dentists	 and	
dental	 hygienists,	 coupled	with	 the	 high	 degree	 of	
potential	exposure	within	the	oral	cavity,	underscores	
the	need	for	pathogen	elimination	from	all	potential	
sources.	Dental	hygienists	in	particular	may	serve	as	
a	vital	link	in	the	potential	transmission	of	microbes	
in	a	dentistry,	as	they	are	in	contact	with	all	incoming	
patients,	including	those	seeking	only	routine	servic-
es	(e.g.	cleanings	and	X-rays)	and	those	who	require	
more	complex	procedures.	

In	 addition	 to	 the	 aforementioned	 sources	 of	
pathogens	 in	 the	 dental	 setting,	 inanimate	 objects	
(fomites)	may	 also	 function	 as	 reservoirs	 for	 such	
microorganisms	 within	 the	 indoor	 environment.	 In	

the	clinical	setting,	 fomite	contamination	occurs	by	
touch	 via	 infected	 patients	 or	 staff,	 and	 from	 the	
settling	 of	 aerosols	 (e.g.	 from	 sneezing)	 expelled	
from	 infected	persons.	The	subsequent	 touching	of	
contaminated	 fomites	 by	 individuals	 may	 then	 re-
sult	 in	 the	 transfer	of	 infectious	microorganisms	to	
the	hands.1,2	Self-inoculation	may	then	occur	when	
contaminated	fingers	make	contact	with	the	mouth,	
nose,	or	eyes,3	with	direct	transmission	and	coloni-
zation	of	skin	also	a	possibility	for	some	pathogens	
such	as	methicillin-resistant	Staphylococcus aureus	
(MRSA).4	 Studies	 assessing	 bacterial	 occurrence	 in	
the	dental	setting	have	focused	primarily	on	clinical	
patient-care	areas.4,5,6	However,	data	with	regards	to	
bacterial	levels	on	surfaces	commonly	found	in	den-
tal	offices	not	associated	with	corresponding	schools	
or	clinics	is	largely	nonexistent.	

The	implementation	of	disinfection-based	hygienic	
interventions	in	the	hospital	setting	has	resulted	in	
lower	levels	of	nosocomial	pathogens	such	as	MRSA	
on	 surfaces,	 with	 corresponding	 decreases	 subse-
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quently	observed	in	incident	cases	among	patients.7	
MRSA	is	also	a	bacterial	pathogen	of	great	concern	
in	 dental	 clinics,	 and	has	been	 investigated	exten-
sively	with	regards	to	aerosol	transmission,8	surface	
contamination,4,9	and	prevalence	among	dental	stu-
dents	 and	 patients.10,11	 Determination	 of	 the	 num-
bers	and	 types	of	bacteria	 [including	heterotrophic	
plate	count	bacteria	(HPCs)	and	fecal	indicators	such	
as	total	coliforms	and	Escherichia coli]	that	occur	on	
the	variety	of	surface	types	present	in	the	dental	set-
ting	will	provide	useful	information	as	to	the	general	
areas	that	might	also	serve	as	reservoirs	for	patho-
genic	 microorganisms.12	 Knowledge	 of	 the	 fomites	
commonly	found	in	dental	offices	that	are	character-
ized	by	the	highest	levels	of	microbial	contamination,	
coupled	with	 the	potential	 risks	of	pathogen	trans-
mission,	can	facilitate	the	development	of	a	strate-
gic	surface-treatment	hygienic	intervention	strategy	
employing	the	use	of	disinfectants.	

Hydrogen	 peroxide	 (chemical	 formula:	 H2O2)	 is	
a	naturally	occurring	oxidizing	agent	 that	produces	
short-lived	free	radical	ions	(HO-	and	HOO-).	These	
ions	can	damage	bacterial	cell	walls,	 thereby	com-
promising	cell	wall	 integrity	and	resulting	 in	an	 in-
creased	vulnerability	to	other	disruptive	agents	(e.g.	

detergents).	The	goal	of	this	study	was	to	determine	
the	levels	of	HPCs,	total	coliforms,	E. coli,	and	MRSA	
on	various	fomites	in	private	practice	dental	offices,	
and	to	assess	the	impact	of	a	hygienic	intervention	
on	 the	 reduction	of	 these	bacteria	 following	 fomite	
disinfection	 using	 hydrogen	 peroxide-impregnated	
disposable	wipes.	

Keyboards	in	operatories	and	offices	(33)	
Computer	mouse	in	operatories	and	offices	(24)	
Dentist	chair	arm	(39)	
Patient	chair	arm	(36)	
Dental	tool	handles	(29)	
Receptionist	countertops	(36)	
Bathroom	door	knob	(21)	
Operatory	cabinet	handles	(19)	
Dentist	light	(14)	
Office	phones	(12)	
Office	door	knobs	(6)	
Operatory	sink	faucet	(16)	

*No.	of	dental	offices:	Arizona	(6);	Illinois	(4);	No.	of	
operatories	sampled	per	dental	office	(2)	=	20	total	

Table	I:	Fomites	Evaluated	in	the	Study	
(Quantity	of	Samples	Collected)*

Figure	1:	Mean	Pre-	and	Postintervention	HPC	Values	on	Tested	Fomites	
with	Log10	and	%	Reduction	Values
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Table	II:	Geometric	Means	and	Range	Values	of	Heterotrophic	Plate	Count	
(HPC)	Bacteria	Prior	to	and	After	the	Hygienic	Intervention	
Fomite	Type	 Preintervention	(CFU/100	cm2)	

n	 GeoMean Log10±SD		 Range	Values

Keyboard	 16	 2.33E3 3.37±0.84 6.00E1—7.20E4
Mouse*	 11	 3.06E3 3.49±0.99 7.50E1—8.55E4
Dentist	chair	arm	rest*	 22	 <8.33E3		 <3.92±0.93	 <3.00E1—2.07E5
Patient	chair	arm	rest*	 20	 3.19E4 4.50±0.95 3.90E2—8.25E5
Dental	tool	handles	 16	 <2.35E2		 <2.37±0.97	 <3.00E1—3.33E4
Receptionist	countertops*	 18	 6.62E3 3.82±1.00 3.00E1—2.07E5
Bathroom	door	knob*	 12	 7.55E3 3.88±0.87 1.20E2—9.38E4

Patient	room	cabinet	handles 11 <2.98E2 <2.47±1.26 <3.00E1—2.12E5
Dentist	examination	light	 9		 <5.90E1	 <1.77±0.40	 <3.00E1—3.75E2
Office	phones	 7		 7.64E4 4.88±0.93 1.70E3—1.30E6
Office	door	knobs	 3		 8.28E3 3.93±1.24 3.30E2—7.20E4
Patient	room	sink	faucet	 8	 <2.49E2		 <2.40±1.11	 <3.00E1—1.07E5
All	Fomite	Types#	 153	 <2.91E3		 <3.46±1.26	 <3.00E1—1.30E6

Postintervention	(CFU/100	cm2)
Keyboard	 17	 2.27E2 2.36±0.42 3.00E1—8.55E2
Mouse*	 13	 1.27E2		 2.10±0.44 6.00E1—8.70E2
Dentist	chair	arm	rest*	 17	 <2.33E2	 <2.37±0.45	 <3.00E1—8.70E2
Patient	chair	arm	rest*	 16	 <2.21E2		 <2.34±0.51	 <3.00E1—1.97E3
Dental	tool	handles	 13	 <3.37E1	 <1.53±0.18	 <3.00E1—1.35E2
Receptionist	countertops*	 18		 3.28E2 2.52±0.56 3.00E1—8.40E3
Bathroom	door	knob*	 9	 <2.27E2		 <2.36±0.75	 <3.00E1—3.89E3

Patient	room	cabinet	handles	 8	 <4.51E1		 <1.65±0.29	 <3.00E1—1.95E2

Dentist	examination	light	 5	 <4.33E1	 <1.64±0.22		 <3.00E1—7.50E1
Office	phones	 5		 <2.03E2	 <2.31±0.53	 <3.00E1—7.95E2
Office	door	knobs	 3			 3.93E2 2.59±0.33 1.65E2—6.15E2
Patient	room	sink	faucet	 8		 <2.08E2	 <2.32±0.54	 <3.00E1—2.10E3
All	Fomite	Types#	 132		 <1.60E2	 <2.20±0.56	 <3.00E1—8.40E3

*Heterotrophic	plate	counts	(HPCs)	measured	post-disinfection	were	significantly	reduced	on	the	indicated	fomites	
relative	to	predisinfection	levels	[Student’s	t	test	(p<0.05)].	
#Overall	total	culturable	heterotrophic	bacteria	counts	were	significantly	different	(p=0.0002)	on	the	combined	number	
of	fomite	types	prior	to	disinfection	relative	to	those	measured	post-intervention.	Surface	Disinfectant	Wipe	Treatment

materialS anD metHoDS	

The	10	private	practice	dental	offices	selected	for	
the	study	were	located	in	Arizona	(6)	and	Illinois	(4).	
Each	dentistry	contained	a	minimum	of	two	opera-
tories,	and	 two	currently	 in	use	at	 the	 time	of	 the	
study	were	 selected	 for	 the	 sampling.	 A	 combined	
total	of	285	fomite	(surface)	samples	were	collected	
prior	 to	and	 following	 the	surface	disinfection	wipe	
treatment	between	the	hours	of	12	p.m.	to	3	p.m.	
on	 randomly	 selected	 patient	 care	 days	 (Monday	
through	Thursday)	over	a	3-month	period.	A	list	of	
the	surfaces	evaluated	and	the	number	of	samples	
collected	per	surface	type	appears	in	Table	I.	In	or-
der	 to	 determine	 baseline	 prehygienic	 intervention	

enumeration	data	for	HPCs,	total	coliforms,	E. coli,	
and	MRSA,	approximately	4	square	inches	(41	cm2)	
of	 each	 fomite	 type	 were	 swabbed	 using	 a	 sterile	
Sponge-Stick	infused	with	10	mL	of	Letheen	Neutral-
izing	Broth	by	the	manufacturer	(3M,	St.	Paul,	MN).	
For	 the	 surface	 disinfection	 intervention,	 an	 area	
measuring	 the	 same	 dimensions	 (41	 cm2)	 and	 di-
rectly	adjacent	to	the	preintervention	swab	area	was	
then	disinfected	according	to	manufacturer’s	instruc-
tions	using	Hydrogen	Peroxide	Cleaner	Disinfectant	
Wipes	(The	Clorox	Company,	Oakland,	CA),	and	held	
for	the	recommended	one-minute	contact	time.	One	
disinfectant	 towelette	 was	 used	 per	 study	 fomite,	
and	then	disposed	of	promptly.	Upon	closure	of	the	
contact	period,	the	disinfected	area	was	swabbed	to	
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obtain	a	postdisinfection	sample	using	a	fresh,	sterile	
Sponge-Stick	infused	with	10	mL	of	Letheen	Neutral-
izing	Broth.	

For	 fomites	measuring	 less	 than	8	 in2	 in	 surface	
area,	half	of	the	visible	surface	area	was	swabbed	to	
obtain	baseline	bacterial	levels.	The	remaining	non-
sampled	half	 portion	of	 the	 fomite	was	 then	disin-
fected	by	wiping	as	previously	described.	Following	
the	 one-minute	 contact	 time,	 the	 disinfected	 area	
was	 swabbed	 to	 obtain	 the	 posttreatment	 sample	
using	a	 fresh,	 sterile	Sponge-Stick	 infused	with	10	
mL	of	Letheen	Neutralizing	Broth.	After	sample	col-
lection,	the	Letheen	Broth	from	all	control	and	test	
swabs	was	expressed	and	collected	into	sterile	tubes	
(average	collected	volume	=	3	mL).	Serial	dilutions	
(1:10)	of	the	expressed	liquid	were	performed	using	
physiological	saline	(0.85%	NaCl),	and	heterotrophic	
plate	count	assays	were	conducted	by	dilution	(10-1	
thru	10-4)	and	plating	in	duplicate	onto	R2A	agarose	
medium	(Difco,	Sparks,	MD)	using	the	spread	plate	
method.	The	agar	plates	were	incubated	at	30°C	for	
5	days.	Bacterial	 colonies	were	enumerated	 to	de-	Bacterial	 colonies	were	enumerated	 to	de-
termine	the	number	of	colony-forming	units	(CFU),	
and	 values	were	mathematically	 normalized	 to	 re-
port	CFU	per	100	cm.2	

Total	 coliforms	and	E. coli	were	concurrently	as-
sayed	using	the	Colilert-Quantitray	system	(IDEXX,	
Westbrook,	ME).	The	Colilert	reagent	was	rehydrated	
using	99	mL	of	sterile	water,	followed	by	the	addition	
of	1	mL	of	sample	extract	from	the	swabs.	Upon	thor-
ough	mixing	and	pouring	of	the	contents	into	Quanti-
trays,	each	sample	tray	was	sealed	and	incubated	at	
35ºC	for	24	hours.	The	trays	were	scored	by	visualiz-

ing	and	counting	the	large	and	small	wells	that	dem-
onstrated	the	positive	color-change	signal	indicating	
the	presence	of	total	coliforms.	E. coli	was	detected	
by	 exposing	 each	 tray	 to	 UV	 light.	 The	 large	 and	
small	wells	exhibiting	both	the	positive	color-change	
signal	and	fluorescence	were	scored	as	positive	for	
the	 bacterium.	 The	 number	 of	 positive-score	wells	
each	 for	both	 total	coliforms	and	E. coli	were	 then	
converted	to	units	of	Most	Probable	Number	(MPN)	
using	a	software	calculator	provided	by	IDEXX.	Ran-
domly	 selected	 samples	 that	 tested	 positive	 for	E. 
coli	were	confirmed	using	the	API	20E	Identification	
System	(BioMerieux,	Marcy	l’Etoile,	France).	

Methicillin-resistant	 Staphylococcus aureus	
(MRSA)	was	assayed	for	using	the	spread	plate	tech-
nique	on	Tryptic	Soy	Agar	(TSA)	amended	with	5%	
sheep	blood,	10	mg/L	colistin,	and	15	mg/L	naladixic	
acid.	The	agar	plates	were	then	incubated	at	35°C	for	
24-48	 hours.	 Colonies	 demonstrating	 β-hemolysis	
(i.e.	 complete	 lysing	of	 red	blood	cells	 in	 the	zone	
surrounding	the	colony)	were	transferred	onto	stan-
dard	unamended	TSA	plates	using	the	streak	isola-
tion	method,	and	incubated	at	35°C	for	24-48	hours.	
Successfully	isolated	β-hemolytic	colonies	were	sub-
jected	to	a	series	of	 tests	 to	confirm	traits	charac-
teristic	 of	 MRSA	 including	 Gram	 staining	 for	 G(+)	
cocci	cluster	morphology,	positive	assay	results	 for	
catalase	 and	 coagulase	 production	 (both	 tube	 and	
slide	for	the	latter),	and	antibiotic	resistance	in	the	
presence	of	 polymixin	B.	 Those	 colonies	presumed	
as	MRSA	were	then	struck	onto	Methicillin-Resistant	
Staphylococcus aureus	(MRSA)-specific	CHROMagar	
(Becton	Dickinson,	Sparks,	MD),	a	selective	and	dif-
ferential	medium,	for	confirmation.	

Table	III:	Total	Coliform	Range	Values	Prior	to	and	Following	the	Hygienic	
Intervention	Surface	Disinfectant	Wipe	Treatment
Fomite	Type	(n)	 Preintervention	

(CFU/100	cm2)*	
Postintervention	
(CFU/100	cm2)#	

%	of	Positive	
Samples	

Keyboard	(33)	 1.00E2—>2.42E3	 *	 52	
Mouse	(24)	 1.00E2—>2.42E3	 *	 53	
Dentist	chair	arm	(39)	 1.00E2—>2.42E3	 *	 76	
Patient	chair	arm	(36)	 1.00E2—>2.42E3	 *	 70	
Dental	tool	handles	(29)	 <3.00E0	 *	 0	
Receptionist	countertops	(36)	 1.00E2—>2.42E3	 *	 63	
Bathroom	door	knob	(21)	 3.10E2—>2.42E3	 *	 50	
Patient	room	cabinet	handle	(19)	 1.00E2—>2.42E3	 *	 22	
Dentist	examination	light	(14)	 <3.00E0	 *	 	0	
Office	phones	(12)	 1.10E2—>2.42E3	 *	 64	
Office	door	knobs	(6)	 1.00E2—>2.42E3	 *	 67	
Patient	room	sink	faucet	handle	(16)	 1.31E3—>2.42E3	 *	 18

*Range	values	indicated	for	samples	testing	positive;	Maximum	detectable	level	(>):	2.42E3	CFU/100cm	
#	*	=	None	detected:	values	below	limit	of	detection,	<3.00E0	CFU/100cm
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reSultS	

The	geometric	means	and	 range	values	 of	HPCs	
for	each	fomite	type	sampled	both	pre-	and	posthy-
gienic	 intervention	 are	 shown	 in	 Table	 II.	 The	 av-
erage	 number	 of	 HPCs	 per	 100	 cm2	 ranged	 from	
<3.00E1	(i.e.	30)	to	1.30E6.	The	greatest	numbers	
were	found	on	the	office	phones	and	the	patient	chair	
arm	rests.	The	lowest	levels	were	recovered	from	the	
dentist	examination	light.	The	geometric	average	of	
HPCs	recovered	from	all	sites	sampled	was	<2.91E3,	
as	 several	 fomites	 including	 the	 dentist	 chair	 arm	
rests,	dental	 tool	handles,	 cabinet	handles,	dentist	
examination	 lights,	 and	 patient	 room	 sink	 faucets	
yielded	HPC	bacterial	 levels	below	detection	during	
the	 prehygienic	 intervention	 swabbing	 phase.	 Fol-
lowing	 treatment	of	 the	 fomites	with	 the	disinfect-
ing	 wipe,	 heterotrophic	 plate	 count	 bacteria	 levels	
were	reduced	by	the	disinfectant	wipes	overall	to	a	
geometric	average	of	<1.60E2,	with	a	more	exten-
sive	list	of	fomites	yielding	bacterial	levels	below	the	
limit	of	detection	(30	CFU).	The	HPC	levels	measured	
prior	 to	 the	 intervention	were	 statistically	 different	
(p=0.0002)	compared	to	the	counts	observed	post-
disinfection	 as	 determined	 by	 the	 Student’s	 t-test	
(p<0.05).	The	patient	chair	arm	rests	and	the	office	
phones,	which	exhibited	the	highest	preintervention	
HPC	 levels	 observed	 in	 the	 study,	 also	 saw	 reduc-
tions	of	>99%	when	calculated	on	a	per-fomite-type	
basis	(Figure	1).	

In	 Table	 III,	 the	 ranges	 of	 total	 coliform	 counts	
that	were	measured	prior	to	and	following	the	disin-
fectant	wipe	intervention	are	listed	according	to	the	
various	 fomites	 sampled	 in	 the	 dental	 offices.	 The	

preintervention	 occurrence	 of	 total	 coliform	 bacte-
ria	ranged	from	none	detected	(<3	CFU	per	100cm2)	
on	the	dental	tool	handles	and	dentist	examination	
light,	to	greater	than	the	maximum	detectable	level	
of	2.42E3	on	the	arm	rests	of	both	the	patient	and	
dentist	 chairs.	 No	 coliforms	 were	 detected	 on	 any	
of	the	fomites	tested	subsequent	to	the	disinfectant	
wipe	 intervention.	 Similar	 to	 the	 coliforms,	 E. coli	
was	most	 frequently	 detected	 on	 the	 patient	 chair	
arm	rests	(70%)	and	dentist	chair	arm	rests	(76%)	
as	shown	in	Table	IV.	It	was	also	detected	on	25%	of	
all	bathroom	door	knob	and	receptionist	countertop	
samples,	 as	well	 as	 on	 the	 computer	mouse	 (7%)	
and	computer	keyboards	(4%).	Dental	tool	handles,	
patient	 room	 cabinet	 handles,	 dentist	 examination	
lights,	office	phones,	office	door	knobs	and	patient	
room	sink	 faucets	 yielded	no	detectable	E. coli	 ei-
ther	 before	 or	 after	 use	 of	 the	 hydrogen	 peroxide	
disinfectant	wipes.	Overall,	and	for	all	surface	types	
evaluated,	both	total	coliforms	and	E. coli	were	re-
duced	by	the	disinfectant	wipes	>	99%.	Methicillin-
resistant	Staphylococcus aureus	(MRSA)	was	isolat-
ed	from	one	office	located	in	Illinois	and	from	one	in	
Arizona	on	a	total	of	eight	fomites	prior	to	disinfec-
tion:	one	each	of	a	dentist	chair	arm	rest,	door	knob,	
keyboard,	office	phone,	in	addition	to	two	computer	
mouse	 devices	 and	 two	 receptionist	 counters.	 No	
MRSA	was	 isolated	 following	the	hygienic	 interven-
tion	disinfectant	wipe	treatment	of	these	surfaces.	

DiScuSSion	

Bacteria	were	found	in	large	numbers	on	fomites	
located	throughout	most	of	the	common	areas	shared	
by	patients	and	staff	in	dental	offices.	These	findings	

Table	IV:	E. coli	Range	Values	Prior	to	and	Following	the	Hygienic	
Intervention	Surface	Disinfectant	Wipe	Treatment
Fomite	Type	(n)	 Preintervention	

(CFU/100	cm2)*	
Postintervention	
(CFU/100	cm2)#	

%	of	Positive	
Samples	

Keyboard	(33)	 <3.00E0—1.20E3	 *	 4	
Mouse	(24)	 <3.00E0—1.00E2	 *	 7	
Dentist	chair	arm	(39)	 3.10E1—>2.42E3	 *	 76	
Patient	chair	arm	(36)	 4.00E1—>2.42E3	 *	 70	
Dental	tool	handles	(29)	 *	 *	 0	
Receptionist	countertops	(36)	 1.00E2—1.10E3	 *	 25	
Bathroom	door	knob	(21)	 2.10E2—>2.42E3	 *	 25	
Patient	room	cabinet	handle	(19)	 *	 *	 0	
Dentist	examination	light	(14)	 *	 *	 0	
Office	phones	(12)	 *	 *	 0	
Office	door	knobs	(6)	 *	 *	 0	
Patient	room	sink	faucet	handle	(16)	 *	 *	 0	

*Range	values	indicated	for	samples	testing	positive;	Maximum	detectable	level	(>):	2.42E3	CFU/100cm	
#	*	=	None	detected:	below	limit	of	detection,	<3.00E0	CFU/100cm
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reflect	a	lack	of	(or	inadequate)	disinfection	in	these	
high	traffic	areas.	Cleaning	alone	is	merely	designed	
to	remove	dirt	and	grime	from	surfaces,	and	can	ac-
tually	 facilitate	 the	 spread	 of	 bacteria	 and	 viruses	
throughout	a	facility;	therefore,	the	use	of	disinfec-
tants	 is	 key	 in	 preventing	 exposure	 to	 pathogens.	
Guidelines	have	been	suggested	for	suitable	levels	of	
total	bacterial	numbers	in	the	health	care	setting,13	
with	 levels	 ranging	 from	 250	 to	 500	 CFU	 per	 100	
square-cm.14	 These	 values	were	 exceeded	 at	 least	
once	on	all	fomite	types	sampled	during	the	current	
study,	with	the	exception	of	the	dental	tool	handles	
and	the	dentist	examination	light.	These	guidelines	
do	 not	 reflect	 risk	 of	 infection,	 but	 serve	 as	 base-
line	recommendations	to	assess	the	effectiveness	of	
disinfection	and	cleaning	practices.	Relative	to	pre-
intervention	bacterial	 levels,	the	use	of	disinfecting	
wipes	decreased	heterotrophic	plate	count	bacterial	
numbers	significantly	(p=0.0002).	Following	the	hy-
drogen	peroxide	disinfectant	wipe	hygienic	interven-
tion,	none	of	 the	geometric	mean	 levels	calculated	
for	the	study	fomites	tested	exceeded	500	CFU	cm2,	
although	two	surface	types	demonstrated	mean	val-
ues	greater	than	250	CFU	cm2	(receptionist	counter-
tops	 and	 office	 doorknobs).	 Total	 coliform	 bacteria	
were	found	most	frequently	on	the	arm	rests	of	both	
the	dentists’	and	the	patients’	chairs	(Table	III).	Al-
though	coliforms	are	commonly	found	in	feces,	they	
may	 originate	 from	 other	 environmental	 sources	
such	 as	 certain	 foods.	While	 their	 survival	 time	 is	
limited	on	dry	surfaces,	they	can	multiply	on	clean-
ing	 materials	 such	 as	 cotton	 cloths	 and	 sponges,	
thereby	contaminating	surfaces	during	the	course	of	
their	use.15	

The	E. coli	findings	for	the	study	were	similar	to	
those	 observed	 for	 total	 coliforms	 in	 that	 levels	 of	
the	former	were	greatest	on	the	high-frequency	hand	
contact	areas	of	the	dentist	and	patient	armchairs.	
Patients	often	grip	the	handles	of	the	armchair	dur-
ing	 examinations,	 likely	 leading	 to	 the	 increased	
numbers	detected	on	this	type	of	fomite.	The	pres-
ence	of	E. coli	 indicates	 the	presence	of	 feces,	 al-
though	 they	 may	 also	 grow	 in	 cleaning	 materials	
(e.g.	sponges)	and	be	transferred	during	the	wiping	
of	surfaces.15	E. coli	also	tends	to	become	inactivated	
on	dry	surfaces	fairly	rapidly;	therefore,	their	ability	
to	 be	 readily	 cultured	 from	 fomites	 likely	 indicates	
recent	contamination	events.	

Hands	can	be	inoculated	with	coliform	and	E. coli	
bacteria	by	touching	surfaces	previously	contaminat-
ed	by	other	 individuals,	 and	 then	 remain	 contami-
nated	 following	 improper	washing	 during	 restroom	
use.	 In	 addition,	 cross-contamination	 of	 surfaces	
may	occur	when	the	sponges	and	cloth	towels	used	
to	 wash	 areas	 soiled	 with	 these	 bacteria	 are	 then	
subsequently	employed	to	clean	other	materials.	In	
a	previous	study,	our	research	group	demonstrated	
that	 the	 proper	 use	 of	 disinfectant	 cleaners	 in	 the	

home	significantly	reduces	the	occurrence	of	enteric	
bacteria.16	More	recently,	we	reported	even	greater	
antimicrobial	 efficacy	 using	 disposable	 disinfecting	
wipes.17	 The	 enhanced	 levels	 of	microbial	 inactiva-
tion	using	disinfectant	towelettes	may	be	attributed	
to	 several	 factors,	 including	 the	 excess	 liquid	 that	
tends	 to	be	 released	by	 the	 saturated	wipes	when	
used,	the	willingness	of	individual	users	to	allow	this	
liquid	to	dry	upon	the	treated	surfaces	after	wiping	
(thereby	increasing	the	antimicrobial	contact	time),	
and	the	wiping	action	itself,	which	also	serves	as	a	
mechanism	of	removal	(although	the	reductions	due	
to	wiping	alone	were	not	 conducted	 in	 the	 current	
study).	As	a	disinfectant	active,	hydrogen	peroxide	
is	 highly	 oxidative	 and	 able	 to	 inactivate	 a	 broad	
spectrum	of	microorganisms	 including	environmen-
tally	 resistant	 bacterial	 spores	 such	 as	Clostridium 
difficile,	as	well	as	enveloped	and	nonenveloped	vi-
ruses.18	This	study	has	demonstrated	that	the	use	of	
disposable	hydrogen	peroxide	towelettes	was	effec-
tive	in	reducing	HPC	levels	by	>	90%	for	most	of	the	
fomites	evaluated	(Figure	1),	while	total	coliforms,	E. 
coli,	and	MRSA	were	reduced	to	undetectable	levels.	

Although	 bacteria	 were	 found	 in	 high	 numbers	
prior	to	the	disinfectant	wipe	hygienic	 intervention,	
these	levels	were	likely	due	to	the	inadequate	disin-
fection	 of	 fomites	 located	 throughout	 the	 common	
areas	shared	by	patients	and	staff.	The	dental	offices	
sampled	in	the	current	study	reported	adherence	to	
the	Centers	for	Disease	Control	(CDC)	dental	health	
care	settings	guidelines,19	which	require	sterilization	
procedures	 for	 patient	 care	 items	 including	 instru-
ments	and	devices	depending	on	their	categorization	
as	 “critical,	 semicritical,	 or	 non-critical.”	 The	 CDC	
also	recommends	the	use	of	an	EPA-registered	hos-
pital	disinfectant	for	use	on	clinical	contact	surfaces	
(e.g.	light	handles,	faucet	handles,	and	countertops)	
and	 housekeeping	 surfaces	 (e.g.	 floors,	walls,	 and	
sinks)	when	contamination	 is	apparent.	The	dental	
offices	 participating	 in	 the	 study	 specified	 the	 use	
of	 quaternary	 ammonium	 compound-based	 disin-
fectant	 products	 (QACs)	 as	 recommended	 for	 the	
operatories	and	bathrooms,	and	a	specialized	QAC-
alcohol	 formulation	 for	 oral	 patient-care	 cleaning	
tools.	While	many	commercially	available	QACs	are	
designated	as	broad-spectrum	antibacterial	agents,	
their	 efficacy	depends	 largely	on	 the	directions	 for	
use	 indicated	 by	 the	 manufacturer	 with	 regard	 to	
maintenance	of	a	wetted	surface	over	the	course	a	
specified	contact	time.	Nonadherence	by	dentistry	or	
cleaning	personnel	to	the	label	directions	may	have	
resulted	in	low	levels	of	microbial	reduction	on	office	
and	operatory	fomites.	In	addition,	none	of	the	den-
tal	 offices	 surveyed	 reported	 regular	 wiping/clean-
ing	of	high-touch	fomites	including	door	handles	and	
computer	keyboards,	with	such	cleanings	conducted	
on	an	“as-needed”	basis.	Use	of	the	same	towels	for	
cleaning	 a	 variety	 of	 surfaces	 throughout	 different	
areas	of	the	dentistry,	even	when	conducted	incon-
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sistently,	may	also	facilitate	cross-contamination	via	
the	 spread	 of	 bacteria	 and	 other	 microorganisms.	
Therefore,	the	proper	use	of	disinfectants	and	clean-
ing	procedures	is	key	in	preventing	the	potential	ex-
posure	of	individuals	to	pathogens.	

Fomites	commonly	located	in	the	dental	office	and	
operatory	settings	may	serve	as	reservoirs	for	a	va-
riety	of	bacteria	 including	HPCs,	 total	 coliforms,	E. 
coli,	 and	pathogens	 such	as	MRSA.	 These	bacteria	
may	be	transferred	from	fomite	to	fomite	by	human	
touch,	and	during	cleaning	procedures	when	spong-
es	or	rags	are	used	to	treat	multiple	surface	types.	In	
order	to	ensure	a	hygienic	environment	that	is	safe	
for	 patients,	 operatory	 staff,	 and	 office	 personnel,	
levels	of	bacteria	and	other	microorganisms	on	sur-
faces	should	be	minimized	by	effective	cleaning	and	
disinfection	practices.	The	use	of	a	broad-spectrum	
antimicrobial	disinfectant	 towelette,	when	used	ac-
cording	to	the	manufacturer’s	instructions,	can	effec-
tively	reduce	levels	of	common	environmental	bacte-
ria	and	pathogens	present	on	inanimate	surfaces	in	
the	dental	environment.	

concluSion

The	present	study	examined	the	effects	of	a	hy-
gienic	 intervention	 employing	 disposable	 hydrogen	
peroxide	 infused	 towelettes	 for	 the	 disinfection	 of	
fomites	 commonly	 found	 in	 dental	 offices.	 The	 re-
sults	 reveal	 a	 statistically	 significant	 reduction	 in	
HPC	levels,	as	well	as	a	decrease	in	fecal-associated	
bacteria	and	MRSA	 to	 levels	below	 the	 limit	of	de-
tection	 on	 the	 evaluated	 fomite	 surfaces	 following	
the	disinfectant	wipe	treatment.	It	is	uncertain	what	
percentage	 of	 the	 reduction	 was	 attributed	 to	 the	
mechanical	action	of	wiping	alone	compared	to	the	
bactericidal	 action	of	 the	hydrogen	peroxide	active	
ingredient.	 Therefore,	 additional	 research	 may	 be	
warranted	in	order	to	further	delineate	the	sources	
of	efficacy	demonstrated	by	broad-spectrum	antimi-
crobial	wipes	that	may	be	used	by	dental	office	per-
sonnel	for	fomite	decontamination.	
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