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The microflora on 44 toothbrushes at 4 day-care centers in the city of Goteborg have been 
investigated as a presumptive risk factor for transmission of microorganisms by children. Non- 
supervised toothbrushing without the use of toothpaste was performed at the day-care centers 
twice a day. Streptococci, predominantly S. saliuarius, S .  sanguis, and S.  mitis, were the most 
frequently recorded group of microorganisms and generally constituted the greatest part of 
the flora (on average, 50%). Beta-hemolytic streptococci were not found in any sample. 
Haemophilur species were noted in 82% of the samples, H. parainfluenzae being the most 
frequent, and H. influenzae being identified in only one sample. Anaerobes constituted on 
average a third of the microflora. Staphylococci were identified in 86% of the samples, S. 
epidermidis dominating. Fungi including molds were found in 50% of the samples, and from 
one day-care center large numbers of enteric organisms were identified. Thus this study shows 
that unsupervised toothbrushing at day-care centers can be questioned, more from a general 
hygienic point of view than from the risk of transmitting serious pathogens. I7 Day-care center; 
microorganisms; public dental health; toothbrushes 
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Day-care centers have been considered 
places presenting a possible risk for infection 
among children (1-4). In particular, out- 
breaks of group A streptococcal infections 
have been recognized (5-10). The close con- 
tact between children involving biting and 
sucking on common toys facilitates the trans- 
mission of potential pathogenic microor- 
ganisms. In a study by Falck & Kjellander 
(10) it was shown that 2 weeks after the 
diagnosis of an outbreak of respiratory tract 
infections, 61% of the children were col- 
onized with group A streptococci. 

Previous studies have reported that bac- 
terial transmission between children may 
take place through toothbrushes (11-13). In 
many Swedish day-care centers, more or less 
organized and supervised toothbrushing of 
children is carried out. Limited knowledge 
exists, however, as to what extent bacterial 
or fungal transmission occurs, and whether 

toothbrushes are a potential risk for spread- 
ing of infections in day-care centers. 

The aim of the present investigation was 
therefore to study the number and com- 
position of the microflora on toothbrushes at 
four day-care centers in the city of Goteborg. 

Materials and methods 
Four day-care centers (A-D) in Goteborg 
were included in the study during May 1991. 
At all these centers the children performed 
non-supervised toothbrushing without 
toothpaste twice a day, after breakfast and 
after lunch. The toothbrushes were supplied 
by the parents and thus were of different 
brands. The brushes were placed in jugs or 
stood apart from each other. The children in 
the study were between the ages of 4 and 6 
years. 
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Two weeks before the collection of tooth- 
brushes both the parents and the employees 
at the day-care centers were informed about 
the study and how it was to be carried out. 

The toothbrushes were not individually 
marked, and thus, only the day-care center 
could be identified. The toothbrushes were 
collected 2 h after use, enabling the tooth- 
brushes to dry before being sampled. Each 
toothbrush was transferred to a test tube 
containing 50 ml transport medium (VMG I 
(14)) with 10 glass beads 5 mm in diameter. 
The tube was vigorously shaken for 2 min. 
The samples were transported to the labora- 
tory and were processed within 1 h. 
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hlicrobioiogic examination 
The samples were inoculated on each of 

the following media: 1) Brucella agar (BBL, 
Microbiological Systems, Cockeysville, Md., 
LJSA) enriched with 5% defibrinated horse 
blood, 0.5% hemolyzed blood, and 5 mdml 
nienadione; 2)  blood agar (BBL) with 5% 
defibrinated horse blood; 3) Haemophilus 
agar (15), Staphylococcus agar (Difco 0297, 
Medium 110, Difco Laboratories, Detroit, 
Mich., USA); 4) trypticase-soy agar plates 
with 75mgh bacitracin and 5mgh van- 
comycin (Difco TSBV agar; 16); 5) Mitis- 
Salivarius (MS) agar (17); 6) Rogosa agar; 
and 7) Sabouraud-T agar (Sabouraud glu- 
cose agar, Difco 0190 with 0.01% tetra- 
zolium chloride). The Brucella agar plate 
was pre-reduced in an anaerobic glove box 
for at least 2 days. Aliquots of 0.1 ml of the 
sample were plated on all six media with a 
spiral plater (Spiral System, Spiral Systems 
Inc., Cincinnati, Ohio, USA). 

The Brucella agar plate was incubated 
anaerobically (5% H2, 10% COz, and 85% 
N2) in a chamber (37°C) of an anaerobic 
glove box for 7 days. The blood agar and 
Staphylococcus agar plates were incubated 
in air for 3 days. The Haemophilus agar, 
TSBV agar, MS agar, and Rogosa agar plates 
were incubated in 10% COz in air at 37°C 
for 5 days. The Sabouraud-T agar plates 
were incubated in air at 25°C for 5 days. 

The total viable count (TVC) was deter- 
mined as the total number of colony-forming 
units (CFU) obtained on Brucella agar 

plates. Streptococci were counted on the MS 
agar plate, and the percentage TVC was 
calculated. Species were distinguished by the 
use of colony morphology, and the pre- 
dominant morphotype was subjected to API- 
strep (API-system, S .  A. La Balme les Grot- 
tes, Montallieu, France). No distinction was 
made between S.  sanguis I and S.  gordonii, 
S .  salivarius and S.  vestibularis, and S. san- 
guis I1 was referred to as S. oralis. Further, 
streptococci were identified, and strains sus- 
pected of beta-hemolysis were tested in 
accordance with Cowan & Steel (18) The 
number of lactobacilli was calculated on the 
Rogosa agar plate but was not further 
speciated. 

Actinobacillus actinomycetemconritans 
was identified on the TSBV agar plate. usu- 
ally on the basis of colony morphology and a 
positive catalose reaction. Colonies growing 
on Haemophilus agar were tested for their 
dependence on X and V factors (Biodisc AB, 
Solna, Sweden). Staphylococcus aureus was 
identified from Staphylococcus agar plates 
as being DNase- and coagulase-posi tive. 
Enteric organisms were identified in accord- 
ance with API 20E (API System) and yeasts 
on the basis of API 20C and criteria 
described by Lodder (19). Further, 011 the 
Brucella blood agar plate special attention 
was paid to the anaerobic genera, such as 
Prevotella (formerly Bacteroides) and Fuso- 
bacterium. 

The black-pigmented gram-negative rods 
were further classified on the basis of the 
following criteria. Porphyromonas gingiualis 
exhibits no long-wave ultraviolet fluoresence 
and ferments no carbohydrates; Prevotella 
intermedia fluoresces red, produces indole, 
and ferments glucose but not lactose; and 
species belonging to the Pr. melaninogtrnica 
group’fluoresces red, does not produce in- 
dole, and ferments lactose. Other Preuotella 
isolates were confirmed by gas chroma- 
tography. Fusobacterium spp were identified 
on the basis of their nacreous-appearing col- 
onies, their gram-negative spindle-shaped 
cell morphology, and their production of 
butyric acid. Colonies of gram-negative rods 
having a pitted appearance were identified, 
and distinction was made between non- 
motile strains in phase contrast microscopy. 
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The motile forms that could not ferment 
glucose usually showed a spreading tendency 
(“dry gliders”) on the agar surface, a charac- 
teristic common for most strains of Cam- 
pybbacter (formerly Wolinella) rectur. 
Bacterial strains with a “wet gliding” motility 
and no signs of corroding or pitting of the 
agar surface were grouped as Capnocyto- 
phaga spp if they showed no motility in 
phase contrast but were long and slender 
gram-negative rods after gram staining. 
Their presence as a dominant species was 
confinned on the TSBV agar plate. Pep- 
tostreptococci were identified as gram-posi- 
tive cocci not growing in air. 
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Results 
Forty-four toothbrushes were analyzed, and 
the results are given in Table 1. The sampling 
solution contained a mean TVC of 2 x lo6 
microorganisms/ml (range, 5 X 104-3.4 x 
lo6). Two samples had a low total numbers 
of microorganisms (el@). The TVC was 
calculated on the anaerobic Brucella agar 
medium, except for 13 samples for which the 
aerobic blood agar plate constituted the basis 
for calculation of the TVC owing to the 
presence of higher number of microorgan- 
isms on the plate. Five of these showed heavy 
growth of enteric organisms, seven of Staph. 
epidermidis, and one of Staph. aureus. 

Streptococci constituted the most fre- 
quently recovered group of microorganisms 
and generally contained the greatest part 
of the flora (on average, 50%). Only four 
samples did not show the presence of strep- 
tococci, and all four contained large numbers 
of enteric organisms (all from day-care cen- 
ter A). In all samples oral streptococci, pre- 
dominantly S. salivarius, S. sanguis, or S.  
mitis, were found. In no sample were beta- 
hemolytic streptococci found. Only 41% of 
the samples showed lactobacilli, never con- 
stituting any major part of the flora. 

Haemophilus species were found in 36 
samples (82%), at a mean level of 1.2 x 105 
microorganisms/ml (range, 1 x 103-1.1 x 
lo6). In one sample Haemophilus was not 
identified owing to heavy growth of enteric 
organisms. H. parainfluenzae was the most 
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frequently found species. H .  influenzae was 
identified in one sample. A, actinomycetem- 
comituns was detected in two samples, both 
at less than lo3 microorganisms/ml. 

Next to the streptococci, anaerobes or 
microaerophils formed the most commonly 
found group (82% of the samples) and con- 
stituted on average one-third of the flora. Six 
samples with no anaerobes detected showed 
heavy growth of enteric organisms, and two 
samples had a very low TVC. There was a 
remarkable similarity between the samples 
with regard to anaerobic and microaer- 
ophobic species. Among the dominant bac- 
teria on the Brucellu agar plate, Preuotella, 
Fusobacterium, Campylobacter, Peptostrep- 
tococcus, and Capnocytophuga species were 
identified. Only one sample contained black- 
pigmented gram-negative rods, which were 
identified as Pr. intermedia. 

Staphylococci were identified in 38 
samples (86%) in various amounts, from 
single colonies to a total predominance in 
the sample (median value, 0.9 X lo6; mean, 
2.1 x 105; range, 0.5 x lo3-3 X lo6). In all 
samples showing staphylococci, Staph. epi- 
dermidis were identified as the dominant 
species, though Staph. aureus dominated in 
two samples with lower counts. 

Enteric organisms were identified in 
almost half of the samples (45%). Acineto- 
bacter calcoaceticus showed the highest 
prevalence (41%) and constituted in the 
positive samples a mean count of 1.9 x lo5, 
but in several samples it was the totally 
dominant species. Pseudornonas Euteola was 
recovered from nine samples (20%), of 
which seven were in coexistence with Acin. 
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calcoaceticus. In one sample Eduardyiella 
was identified. 

Fungi, including molds, were found in 
50% of the samples. Candida was the most 
common species (32%)-however, in com- 
parison with bacteria often in low numbers 
(mean, 2 X lo4; median, 1.5 x lo3; range, 
0.5 X 103-1.5 x lo5). Cundida albicans and 
C. quillierimondii were among the pre- 
dominant microorganisms in one sample 
each. Other fungi were isolated in seven 
samples and constituted only minor pro- 
portions of the TVC (range, 1 x lo3- 
3 x lo4). In four samples Cryptococcus 
uniguttulutus was identified, in one sample 
Crypt. laurentii, and in one sample Crypt. 
terreus. In one sample, Rhodotorula were 
identified. Molds were found in four samples 
but in small amounts, and further identi- 
fication was not undertaken. 

The frequency of the recovered micro- 
organisms from the four day-care centers is 
shown in Table 2. Day-care center A differed 
from the other three by having a markedly 
lower frequency of streptococci, Haemo- 
philus, anaerobes, and fungi-that is, all 
typical oral microorganisms-whereas the 
frequency of enteric organisms was higher. 
Six of nine samples having a high median 
value for Acin. calcoaceticus were obtained 
from center A. In four of these six samples 
no streptococci were found; in all six no 
anaerobes were found, and in four samples 
no Haemophilus were shown. From center 
A no sample had growth of staphylococci 
higher than the median value (Table 1). The 
frequency of fungi was higher from day-care 
center C. 

Table 2. Percentage frequency of various groups of microorganisms isolated from toothbrushes in 
relation to the four investigated daycare centers (A-D) 

~~~~ ~ ~ ~ 

Strepto- Lacto- Haemo- Staphylo- 
Day-care coccus bacillus philus coccus 

center Total S ~ Q .  spp. S ~ Q .  Anaerobes spp Enterics Fungi Molds 

A 8 50 63 38 25 63 86 13 0 
B 12 100 42 92 92 83 17 42 17 
C 10 100 20 90 100 90 60 80 0 

93 93 100 21 43 14 D 14 100 43 
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Discussion 
This study has shown that toothbrushes are 
heavily contaminated with microorganisms 
for up to 2 h after use. These microorganisms 
are of oral as well as environmental origin. 
The use of non-supervised toothbrushing at 
day-care centers has been considered a pos- 
sible route for transmission of microorgan- 
isms between children, perhaps explaining 
outbreaks of upper respiratory infections 
(10, 20). The moist toothbrush may hypo- 
thetically harbor potential pathogens from 
one child, which are transferred to another 
child’s mouth directly by use of the same 
brush, contact between two brushes, or 
indirectly by exchange of brushes between 
the children from one occasion to another. 
The transmission of oral bacteria from one 
child to another is therefore likely to occur, 
as shown in some previous studies (11-13). 

There was no clinical infection outbreak 
among the children at the day-care centers 
at the time for investigation. The children’s 
carrier state of these pathogens was not con- 
sidered in the present study, but it is known 
that potential pathogens of upper respiratory 
infection, such as group A streptococci, 
pneumococci, Branhamella catarrhalis, and 
H.  influence, primarily colonize the pharynx 
and tonsil region and may occasionally occur 
in the saliva and around the teeth (21, 22). 
In only one case was H .  influenzae found in 
the present study. The low recovery rate of 
potential upper respiratory pathogens does 
not mean that transmission through tooth- 
brushes does not occur. When they are 
present in the oral cavity, they would prob- 
ably be present on the toothbrushes simul- 
taneously with the oral species of the same 
genera. 

The level of microorganisms on tooth- 
brushes is probably closely related to the 
dryness achieved after use, which is depen- 
dent on time and how they are stored. It 
might be argued that 2 h is a short period for 
drying and that overnight storage may give 
a markedly lower number of rnicroorgan- 
isms. A free-hanging storage in a vented 
room appears to be the preferred method. 
The number of bacteria on toothbrushes 
stored in room air after use decreases more 

Microorgankms on toothbrushes 97 

quickly than on brushes in containers (11). 
This implies that as long as the toothbrushes 
are not dry, they will harbor microorganisms 
from the oral cavity, which may stay viable ’ 
for longer times. 

The moist toothbrush as a place for po- 
tential microbial growth was further sub- 
stantiated by the surprising finding of heavy 
growths of enterics, yeasts, and molds, which 
only occur as transients in the oral cavity (20, 
21). Unsupervised toothbrushing gives the 
children opportunities to play with the tooth- 
brushes, which may contaminate the brushes 
with environmental microorganisms. Con- 
sulting the day-care centers’ personnel also 
confirmed that brushing their toys, the wash- 
stand, and even the lavatory is common 
among the children. Even if the potential 
risk for infection by these microorganisms 
must be considered low, it is not acceptable 
hygienically, and the value of unsupervised 
toothbrushing must be questioned. On the 
other hand, if toothbrushing is supervised by 
trained personnel and fluoridated toothpaste 
is used, and if the toothbrushes are carefully 
rinsed after use and allowed to dry, free- 
hanging in vented rooms, it may be argued 
that gains in dental care are present and 
should be further encouraged. 
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