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Yet the most pertinent hazard related 
to a toothbrush is clearly its intended use. 
Probably too little attention has been paid to 
the concerns voiced by Cobb as early as 1920,4 
highlighting that the average mouth is teeming 
with bacteria. It is indeed hard to come to 
terms with the hideous, but unavoidable reality 
that brushing teeth causes considerable con-
tamination of the toothbrush bristles with oral 
pathogens,5 including foodborne Escherichia 
coli6 and Enterococcus faecalis.7

Sadly, the trouble is not confined to retention 
and survival of oral pathogens on toothbrushes. 
Usually kept in bathrooms, toothbrushes 
are constantly exposed to environmental 
pathogens as well.8 Toilet flushing is risky, as 
it produces potentially infectious aerosols in 
substantial quantities.9 E. coli aerosols report-
edly remain airborne and viable for at least 
four to six hours, and the presence of faecal 
organisms on all bathroom surfaces and items 

Introduction

There is no point denying it. Toothbrushes are 
dangerous.

There is abundant proof.
Severe oropharyngeal injuries1 are caused 

by toothbrushes, from toothbrush swallowing 
to impalement.2 Indeed, review of 31 mishaps 
involving toothbrushes found within the gas-
trointestinal tract, none of which exited spon-
taneously,3 is anything but reassuring.

Aims  It is the holiday season, but your toothbrush does not look very festive. It is damp and has been used and contaminated 

by someone else. To rectify this heinous crime, this study investigates the effectiveness of three household objects to disinfect 

toothbrushes. Design  In-vitro study performed under conditions simulating everyday life. Materials and methods  Twenty 

toothbrushes were contaminated using a mixture of saliva and trypticase soy broth containing Escherichia coli and 

Enterococcus faecalis. These contaminated toothbrushes were submerged in whisky, cooked in a microwave oven, or exposed 

to the hot air stream of a hairdryer, separately. Each treatment was performed on five toothbrushes for one minute. Untreated 

specimens (n = 5) served as controls. Toothbrushes were subsequently sonicated in sterile physiological saline, which was plated 

on selective agars. Bacterial counts were graded as low, medium, or high. Results  Residual contamination was influenced 

by the disinfectant applied, both in E. coli (p <0.001) and E. faecalis (p = 0.019). Microwave cooking achieved highest 

decontamination, while whisky had no significant effect on bacterial counts over no treatment (p = 0.8). Hot air showed some 

limited effectiveness under current conditions. Conclusions  Microwave oven cooking appears to be a simple, cheap, and 

effective way to reduce bacterial contamination of your toothbrush.

Editor’s note
This article was published as part of the 2018 BDJ Christmas issue in the spirit and fun of the festive season. 

is incontrovertible.10 It therefore comes as no 
surprise that of 26 different household objects 
examined, the toothbrush holder ranks second 
as a microbial hotspot, surpassed only by the 
dish sponge, but clearly outperforming the 
cellular phone or even the dog’s bowl.11

With overwhelming evidence that clinically 
relevant bacteria can persist on dry inanimate 
surfaces for months,12 the risks of self- and 
cross-contamination involved in tooth 
brushing are terrifying.8,13 Several decontami-
nation techniques, including chemical disin-
fectants, ultra violet toothbrush sanitisers or 
ozone toothbrushes, were indeed pompously 
introduced, fiercely promoted, vigorously 
marketed and occasionally scientifically 
assessed.14 In contrast to most of the afore-
mentioned approaches, this study focuses on 
three methods to reduce bacterial colonisation 
of toothbrushes, which are simple, accessible 
and time-effective.
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Toothbrush bristles are crammed with oral 
and environmental pathogens. Even when left 
untouched for 24 hours, toothbrushes remain highly 
contaminated.

Hairdryer heat or immersion in whisky cannot disinfect 
toothbrush bristles satisfactorily within a minute.

Microwave oven cooking seems to be an effective 
technique to overcome bacterial contamination of 
toothbrushes.

Key points
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The aim of this study was to evaluate the 
reduction of escherichia and enterococci 
colonies on contaminated toothbrushes by 
means of whisky, the microwave oven and the 
hairdryer.

Material and methods

Contamination
The heads of twenty brand-new, individually 
sealed toothbrushes with standardised dimen-
sions and bristles (Candida Sensitive Premium, 
Mibelle Group, Buchs, Switzerland) were 
immersed for contamination in a particular 
suspension consisting of 135 mL BBL Trypticase 
soy broth (Becton, Dickinson and Co., Sparks 
MD, USA), 15 mL of whole saliva (ownership 
claimed by one of the authors who prefers to 
remain anonymous) and 0.75 mL McFarland 
standard for both E. coli (ATCC 25,922) and E. 
faecalis (ATCC 29,212). Bacterial strains were 
plated before and after the immersion of the 
toothbrushes to ascertain the contamination.

After contamination, the toothbrushes were 
left untouched at ambient temperature for 
24 hours before disinfection.

Disinfection
Three experimental groups (five toothbrushes 
per group) were disinfected in one of the 
following manners, while the remaining five 
toothbrushes were saved as positive controls:

Whisky
The toothbrush heads were submerged, but 
neither shaken nor stirred, for 60 seconds in 
20 mL of 43% vol. whisky (Dalwhinnie, Single 
Highland Malt, 15-year-old Scotch whisky, 
Dalwhinnie Distillery, Dalwhinnie, Scotland, 
UK) (Fig. 1).

Microwave
The toothbrushes were cooked in a commer-
cially available microwave oven (Intertronic 
microwave, Interdiscount, Jegenstorf, 
Switzerland) on an auto-rotating glass dish 
for 60 seconds at 1400 W.

Hairdryer
The toothbrush heads were dried with a 
commercially available hairdryer (Philips 
Dry Care Prestige, Philips, Amsterdam, The 
Netherlands) from a standardised distance of 
6 cm, for 60 seconds at 2300 W.

Seeding and incubation
All test and control toothbrush heads were 
immersed in tubes containing 20 mL of sterile 
physiological saline solution and sonicated 
for 60  seconds (BactoSonic, Bandelin, 
Berlin, Germany) for microbial cell detach-
ment, using low frequency and low intensity 
ultrasound below the threshold of cavita-
tion, and subsequently diluted at a 1:20 ratio. 
For every sample (n = 20), 10 μL aliquots of 

the diluted solutions were seeded onto two 
plates (BioMérieux, Marcy–l’Étoile, France): 
MacConkey agar (MCK) to differentiate E. coli; 
and Columbia colistin nalidixin agar (CNA) to 
assess E. faecalis. After incubation for 24 hours 
at 37° Celsius, the agar dishes (n = 40) were 
examined and the amount of colony-forming 
units (cfu) was counted to establish the degree 
of contamination (<30cfu: low contamination; 
30–300 cfu: medium contamination; >300 cfu: 
high contamination).

Statistical analysis
Data analysis was performed with IBM SPSS 
Statistical Software Package (version 23; IBM, 
Armonk NY, USA). The results were descriptively 
reviewed and are presented for each culture sepa-
rately. Contingency tables were calculated and a 
Pearson’s chi-squared test was used to disclose 
whether the use of a disinfection method had an 
effect on the degree of contamination. Individual 
comparisons were made using Fisher’s exact test. 
Significance was set at p = 0.05.

Results

The bacterial strains seeded before and immedi-
ately after the contamination of the toothbrushes 
confirmed contamination of the toothbrushes of 
>105 cfu/ml for both E. coli and E. faecalis.

The three disinfection methods affected the 
two bacterial cultures differently (Fig. 2), and 
the observed degree of residual contamina-
tion was highly influenced by the disinfect-
ant applied, both in E.  coli (p  <0.001) and 
E. faecalis (p = 0.019). Generally, E. faecalis was 
more resistant than E. coli to all three investi-
gated disinfection methods. The greatest effect 
was produced by microwave cooking, followed 
by hairdryer heating. Whisky immersion did 
not have any significant influence on bacterial 
growth when compared to the untreated 
controls (p = 0.8, Fisher’s exact test).

Discussion

This investigation aimed to examine different 
methods to disinfect contaminated toothbrushes 
with devices or with an alcoholic beverage readily 
available in any ordinary household.

Entirely enteric
Some rationale may be submitted as to why 
toothbrushes were contaminated specifically 
with E.  coli and E.  faecalis. As noted in the 
introduction, these microorganisms consider 
the bathroom environment their home and 

Fig. 1  Images of the whisky bottle before (left) and after (right) the study, demonstrating 
the highly significant reduction of its content. 100 mL was used for the actual toothbrush 
immersion, while the rest was needed to keep the investigators’ spirits up during the research
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undisputed territory. But, living from hand 
to mouth, these bacteria are also residents of 
the oral cavity,5 relocated either through food 
consumption or through interactions with the 
lavatory milieu. E. coli can be found in infested 
raw food and water6 and enterococci are asso-
ciated with fermented European sausages, such 
as salami, Landjäger and chorizo, and with 
traditional European cheeses made from raw 
or pasteurised milk.7 In fact, viable E. faecalis 
were detected in French, Italian, Swiss15 and 
Irish cheese,16 leaving little hope that national 
neutrality or insular withdrawal could solve 
any crude problems.

Enterococci, intrinsically resistant to a 
number of antibiotics, are opportunistic 
pathogens and are recognised, together with 
some E. coli pathotypes, as virulent, causing 
inter alia bacteraemia, endocarditis and 
urinary tract infections.7 Virulent bacteria can 
persist on inert surfaces for an extended period 
of time,12 and the present findings demonstrate 
that toothbrush bristles are no exception. All 
control toothbrushes, which were simply left 
untouched to dry for 24 hours, were still highly 
contaminated. Based on this disturbing result, 
clear-thinking people will therefore doubtlessly 
consider toothbrush bristles a revolting and 
redolent reservoir of facultative and opportun-
istic pathogens. Or, to put it more bluntly, the 
toothbrush affords the dubious opportunity to 
reunite daily with living organisms you surely 
don’t wish to encounter again.

No time to waste, no stench or 
taste…
Some academics before us have already 
seriously endeavoured to find cheap and acces-
sible alternatives to address the issues involved 
in bacteria-contaminated toothbrushes. Most 
avenues discussed are, however, rather time-
consuming and of questionable applicability: 
Studies presenting the value of immersing 
toothbrushes for 20  min in Listerine or 
cleaning them for a whole dishwasher cycle17 
are oblivious to the time loss involved (and are 
incidentally rather peculiar for a non-Christ-
mas article). A report indicating that 3% garlic 
concentrate is a potent antimicrobial agent for 
toothbrushes18 is definitely enlightening, but 
probably of little societal benefit.

Brushing off the old approaches of tooth-
brush disinfection, our goal was to find a 
method to decontaminate a toothbrush 
within just one minute, without the use of 
ill-smelling agents.

Hairdryer disinfection – just a lot of 
hot air?
Heat kills bacterial cells by inactiva-
tion of cellular components, particularly 
membranes, proteins, and ribosomes. E. coli19 
and E.  faecalis20 are relatively heat sensitive 
organisms, so our gut-feeling was that appli-
cation of some kind of heat on this enteric 
bacteria would prove beneficial. In our study, 
we differentiated between dry (hairdryer) and 

damp (microwave) heat. Perhaps somewhat 
unexpected, the hairdryer disinfection did 
not deliver satisfactory results (irrelevant and 
of no consequence, the bristle surface was 
sleeker and frizz free). Although reaching high 
temperatures at 6 cm distance, the impact of 
hairdryer heat on microorganisms remained 
limited, particularly with the Gram-positive 
taxon (E.  faecalis) under investigation. The 
idea of using a hairdryer might be original and 
new, but the use of hot dry air for disinfection 
certainly is not. Back in 1874, correspondence 
on contaminated medical products and their 
disinfection by hot dry air was published, 
stating that ‘to make heat penetrate, we want 
time.’21 Hours are usually required to decon-
taminate products with dry air. Toothbrushes 
are no exception, rendering the hairdryer a 
dubious antimicrobial weapon.

Microwaving microorganisms?
Microwave radiation affects bacteria culture 
dramatically. On the one hand, improved heat 
penetration causes an immensely increased 
thermal effect, amplifying intracellular protein 
denaturation and cell lysis. On the other hand, 
it is also known that microwave radiation 
causes microbial damage at temperatures 
below the thermal destruction  point.22 Our 
results indicate that microwaving toothbrushes 
has a beneficial effect on decontamination, but 
60 seconds seem to be insufficient to disinfect 
a toothbrush satisfactorily, especially in regard 
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Fig. 2  The effect of different disinfection methods on the degree of contamination: E. faecalis (left) and E. coli (right)
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to Gram-positive bacteria such as E. faecalis, 
which appear to be more heat-resistant. 
Studying the pertinent literature, it becomes 
apparent that no consensus exists on whether 
Gram-positive and Gram-negative colonies 
respond differently to microwave heating. 
Future research should therefore focus on this 
heated debate.

Don’t waste your single malt!
In healthcare practice, alcohol is widely used 
(during working hours) as a disinfectant for 
hands and critical but non-sterilisable products. 
Alcohols are rapid broad-spectrum antimicro-
bial agents.23 The underlying mechanism is not 
entirely clear, but is generally believed to be 
based on membrane damage and denatura-
tion of proteins, with subsequent breakdown 
of bacterial metabolism and cell lysis.24 While 
the optimal antimicrobial activity of alcohol 
derivates ranges between 60–90%, we thought 
that – when it comes to a good whisky – it 
would be worthwhile to give it a shot. The 
finding that whisky had little to offer as a dis-
infectant is a big relief. The haunting prospect 
of upper-class hospitals offering whisky for 
hand-disinfection is just dreadful.

Limitations
An obvious limitation is the fact that a 
single malt was singled out. Most obviously, 
many variables have not been accounted for, 
including whisky maturation, cask strength or 
specifications such as smoky versus non-peated 
or Speyside versus the Highlands. Conducting 
an elaborate study on different styles of whisky 
would immensely enrich our understanding 
in this vital area, but the authors were fully 
aware that consuming so much whisky for a 
single study would be a sacrilege that no ethics 
committee with any moral sense would ever 
approve.

In order not to obscure our research with 
facts, we restricted our investigation to five 
toothbrushes per test-group. Conducting 
statistical testing on such a small sample size 
could, however, rightfully be criticised, yet the 
authors found the presentation of p-values in 
this sanitary setting rather appropriate.

The strength of this study lies in its double-
and-a-half-blinded approach. Neither the 
bacteria, nor the toothbrushes were fully aware 
of what they were exposed to and the first 
author’s daughter also turned a blind eye when 
her hairdryer was temporarily utilised for the 
crucial advancement of scientific knowledge.

Conclusions

Imagine discovering one morning that your 
toothbrush is damp and must have been 
used by someone else before you. Instead of 
resorting to swearing, this innovative inves-
tigation provides a welcome alternative by 
demonstrating that microwave cooking offers 
a simple, time-effective and cheap way to sig-
nificantly reduce the contamination of your 
toothbrush.

Acknowledgements
The authors are indebted to Mrs G. Maxwell for spoof-
reading the manuscript.

1. Kumar S, Gupta R, Arora R, Saxena S. Severe oropharyn-
geal trauma caused by toothbrush. Br Dent J 2008; 205: 
443–447.

2. Umibe A, Omura K, Hachisu T, Anazawa U, Tanaka Y. 
Life-threatening injury caused by complete impalement 
of a toothbrush: Case report. Dent Traumatol 2017; 33: 
317–320.

3. Kirk A D, Bowers B A, Moylan J A, Meyers W C. Tooth-
brush swallowing. Arch Surg 1988; 123: 382–384.

4. Cobb C M. Toothbrushes as a cause of repeated 
infections of the mouth. Boston Med Surg J 1920; 183: 
263–264.

5. Celepkolu T, Toptancı I R, Erten Bucaktepe P G et al. 
A microbiological assessment of the oral hygiene of 
24-72-month-old kindergarten children and disinfec-
tion of their toothbrushes. BMC Oral Health 2014; 14: 
94–94.

6. Amézquita-Montes Z, Tamborski M, Kopsombut U G, 
Zhang C, Arzuza O S, Gómez-Duarte O G. Genetic Relat-
edness Among Escherichia coli Pathotypes Isolated from 
Food Products for Human Consumption in Cartagena, 
Colombia. Foodborne Pathog Dis 2015; 12: 454–461.

7. Franz C M A P, Stiles M E, Schleifer K H, Holzapfel W H. 
Enterococci in foods—a conundrum for food safety. Int 
J Food Microbiol 2003; 88: 105–122.

8. Richards D. How clean is your toothbrush? Evid Based 
Dent 2012; 13: 111.

9. Johnson D L, Mead K R, Lynch R A, Hirst D V L. Lifting 
the lid on toilet plume aerosol: A literature review with 
suggestions for future research. Am J Infect Control 
2013; 41: 254–258.

10. Gerba C P, Wallis C, Melnick J L. Microbiological Hazards 
of Household Toilets: Droplet Production and the Fate of 
Residual Organisms. Appl Microbiol 1975; 30: 229–237.

11. Donofrio R S, Bechanko R, Hitt N et al. Are we aware of 
microbial hotspots in our household? J Environ Health 
2012; 75: 12–19.

12. Kramer A, Schwebke I, Kampf G. How long do noso-
comial pathogens persist on inanimate surfaces? A 
systematic review. BMC Infect Dis 2006; 6: 130.

13. Naik R, Ahmed Mujib B R, Telagi N, Anil B S, Spoorthi B R. 
Contaminated tooth brushes–potential threat to oral and 
general health. J Family Med Prim Care 2015; 4: 444–448.

14. Ankola A V, Hebbal M, Eshwar S. How clean is the 
toothbrush that cleans your tooth? Int J Dent Hyg 2009; 
7: 237–240.

15. Razavi A, Gmür R, Imfeld T, Zehnder M. Recovery of Ente-
rococcus faecalis from cheese in the oral cavity of healthy 
subjects. Oral Microbiol Immun 2007; 22: 248–251.

16. Gelsomino R, Vancanneyt M, Condon S, Swings J, Cogan 
T M. Enterococcal diversity in the environment of an Irish 
Cheddar-type cheesemaking factory. Int J Food Microbiol 
2001; 71: 177–188.

17. Basman A, Peker I, Akca G, Alkurt M T, Sarikir C, Celik 
I. Evaluation of toothbrush disinfection via different 
methods. Braz Oral Res 2016; 30.

18. Chandrdas D, Jayakumar H L, Chandra M, Katodia L, 
Sreedevi A. Evaluation of antimicrobial efficacy of garlic, 
tea tree oil, cetylpyridinium chloride, chlorhexidine, and 
ultraviolet sanitizing device in the decontamination of 
toothbrush. Indian J Dent 2014; 5: 183–189.

19. Li H, Ganzle M. Some Like It Hot: Heat Resistance of 
Escherichia coli in Food. Front Microbiol 2016; 7: 1763.

20. Clark C W, Witter L D, Ordal Z J. Thermal injury and 
recovery of Streptococcus faecalis. Appl Microbiol 1968; 
16: 1764–1769.

21. Ransom W H. Disinfection by heat. BMJ 1874; 1: 
788–789.

22. Woo I-S, Rhee I-K, Park H-D. Differential Damage in 
Bacterial Cells by Microwave Radiation on the Basis of 
Cell Wall Structure. Appl Environ Microbiol 2000; 66: 
2243–2247.

23. McDonnell G, Russell A D. Antiseptics and Disinfectants: 
Activity, Action, and Resistance. Clin Microbiol Rev 1999; 
12: 147–179.

24. Sykes G. The influence of germicides on the dehydroge-
nases of Bact. coli: I. The succinic acid dehydrogenase of 
Bact. coli. J Hyg (Lond) 1939; 39: 463–469.

RESEARCH

1010 BRITISH DENTAL JOURNAL  |  VOLUME 225  NO. 11  |  DECEMBER 14 2018

Official
 
journal

 
of

 
the

 
British

 
Dental

 
Association.


	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24



