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Abstract
Purpose: The purpose of this study was to compare the results of commercial chairside
microbial tests (CT) and conventional selective media (GS, gold standards) for mutans
streptococci (MS) and lactobacilli (LB) using oral specimens from young children with
and without visible dental caries.
Methods: Using cotton swabs to collect oral microbial specimens from children 10 to 36
months old, microbial counts of CT and GS were compared with caries experience of the
subjects. Contamination levels by non-MS or non-LB isolates on CT and GS were also
determined. The CT employed were: (1) CRT bacteria for MS and LB; (2) CarioCheck
Plus for MS and LB; and (3) Dentocult SM and Mucount for MS.
Results: All CT and GS for MS represented caries status of the participants (P<.001, Fisher
exact test; P<.015 linear regression), whereas only GS for LB showed significant association
with caries status (P<.001, Fisher exact test; P<.001, linear regression). Non-MS or non-
LB isolates were observed on most media, and CT usually exhibited higher contaminant
levels than GS. Dentocult SM and Mucount did not harbor contaminants.
Conclusions: Despite contamination, CT and GS for MS and GS for LB exhibited
satisfactory outcomes based on cross-sectional caries experience of infants and toddlers.
(Pediatr Dent 2006;28:363-368)
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icrobial tests for caries risk assessment have been 1. in clinical research;
I \ / I employed since the 1940s, when Snyder devel- 2. in public health evaluations to determine the need for
oped methods to approximate the quantity of services;
lactobacilli (LB) in saliva'. During the past 40 years, the 3. for patient/parent dental education; or
emphasis has been on salivary or plaque levels of mutans 4. to assess caries risk with individual patlents

streptococci (MS) detected with selective agar media or
commercial chairside microbiological screening tests (re-
viewed by van Houte, 1993, and Krasse, 1988).>* Several
chairside tests (CT) are commercially available and have
been extensively utilized:
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A limitation of some microbial screening systems when
applied to children younger than 3 years old is the require-
ment for stimulated salivary specimens, which are often
difficult to obtain. This has been remedied by direct inocu-
lation of agar media by tongue depressors used to collect
salivary specimens from the tongue (tongue blade/Rodac
plate assessment method)*> Another limitation is selectiv-
ity of the CT. Assuming that most dental practitioners will
interpret colony forming units (CFU) which appear on a
CT as target bacteria (ie, either MS or LB), presence of non-
MS or non-LB contaminants may lead to misinterpretation
of the results and possibly misdiagnoses. Although CT
evaluations or comparisons have appeared in the scientific
literature,*!> some of the products examined are no longer
available or widely utilized and few, if any, inter-test com-
parisons or evaluations of selectivity have been reported. In
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a companion study, CT counts of
MS from young children showed

Table 1. Quantitative Data of Microbiological Systems Relative to Caries Experience

(Presence or Absence of Cavitated Lesions)

significant correlation with MS Total Subjects with Subjects with no
counts on conventional selective subjects visible cavitated visible cavitated
media for MS (GS, gold standards) mean+(SD*)  lesions meanz(SD) lesions mean+(SD)
despite presence of contaminants. n=50 n-25 n-25
The CT utilized for LB, however, MS systems
did not correlate with GS counts MSKB (total) 43194+ 61282 26103
for LB due to presence of contami-
nants.'© Dentocult (total) 67+159 81+102 52+200
The purpose of the present CarioCheck (total) 74£105 107100 43102
study was to examine the asso-
ciation between visible cavitated CRT (total) 72+105 102+100 44102
dental lesions in infants and tod-
. - Mucount (total) 58+143 60+43 56+200
dlers vs CT counts (with or without
microbial contaminants) and GS MSKB (MS) 43193 60+81 26102
counts. Assc_)aanons were appralsed Dentocult (MS) 674159 81+102 52200
by sensitivity and specificity us-
ing threshold microbial counts to CarioCheck (MS) 59482 98195 2041
signify presence or zllbsence of cavi- CRT (MS) 58483 93498 Vhsdd
tated lesions,'” and linear regression
analysis. Mucount (MS) 58+143 60+43 56+200
LB syst
Methods R
. . Rogosa (total) 54+202% 108+282 1.2£2.9
Population and sampling proce-
dure CarioCheck (total) 267+398 417+447 126+282
A convenience sample of 50 sub- CRT (total) 222+388 427+479 29+66
jects was recruited from children Rogosa (LB) 33:161 66229 1.245.9
entering the Pediatric Dentistry
clinic at the University of Maryland CarioCheck (LB) 62+242 126+339 1.4+2.0
Dental School, Baltimore, Md. The CRT (LB) 44+200 874282 2.6£10
sample inclusion criteria were: (1)

dentate children between 10 and
36 months old; and (2) parental
consent. Exclusion criteria were:
1. children older than 36 months;
2. systemic antibiotics within 14 days; and
3. professional fluoride treatment within 48 hours of the
microbial specimen collection.

The investigation received approval from the Insti-
tutional Review Board of the University of Maryland,
Baltimore, Md. Caries was diagnosed without radiographs
using a mouth mirror and air and recorded if visible cavi-
tated lesions were present. A cotton swab specimen of all
dental surfaces was collected from each child. Clinical data,
consisting of number and location of teeth present and dmfs
scores,'® was also recorded. The swab was dispersed in 1.0
ml of sterile saline,"” which was employed as the microbial
specimen.

*SD=standard deviation

Microbiological procedures

Each CT was inoculated with a uniform aliquot of dispersed
fluid from the sample-collection vial of the subject. The
following CT were employed:
1. CRT bacteria (CRT; Ivoclar Vivadent Inc, Amherst,
NY) containing 1 culture surface for MS and 1 for
LB;
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tMicrobial counts for MS systems x 10*
$Microbial counts for LB systems x 10°

2. CarioCheck Plus (Hain Diagnostika, Nehren, Ger-
many) containing 1 culture surface for MS and 1 for
LB;

3. Dentocult SM (Orion Diagnostica, Espoo, Finland)
for MS only; and

4. Mucount (Showa Yakuhin Kako Ltd, Toyko, Japan)
for MS only.

CT were processed according to manufacturers’ di-
rections, with the exception that culture surfaces were
inoculated with the dispersed microbial specimen instead
of saliva, and were incubated at 37°C in air for 72 hours.
The GS employed were:

1. Mitis Salivarius Kanamycin Bacitracin agar (MSKB)"
for MS; and

2. Rogosa SL agar (Difco, Detroit, Mich) for LB.

With the latter, the dispersed specimens were serially
diluted 1:10 in normal saline prior to plating and the plates
were incubated at 37°C in air containing 5.0% carbon
dioxide (CO,) for 72 hours.

On all media except Mucount, wherein colonies were not
accessible to isolation, representative colony-forming units
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Table 2. The Ability of Mutans Streptococci (MS) Counts to Signify Presence or Absence of Cavitated Lesions Using A

Threshold Risk Value For MS Counts (1x10°/ml)

Visible carious Visible carious .. P Fisher exact . CIs* for
lesions present lesions absent Sensitivity  Specificity test (P) Odds ratio odds ratio
MSKB+ (total)f 15% 2
0.60 0.92 .001 17.3 3.3-90.0
MSKB- (total)$§ 10 23
MSKB+ (MS) 15 2
0.60 0.92 .001 17.3 3.3-89.0
MSKB- (MS) 10 23
Dentocult+ (MS)|| 19 5
0.79 0.80 .001 15.2 3.8-61.0
Dentocult- (MS) 5 20
CarioCheck+ (total) 22 9
0.71 0.89 .001 24.4 4.7-127.0
CarioCheck- (total) 2 20
CarioCheck+ (MS) 22 6
0.79 091 .001 36.7 6.6-203.0
CarioCheck- (MS) 2 20
CRT+ (total) 22 8
0.73 0.89 .001 23.4 4.4-124.6
CRT- (total) 2 17
CRT+ (MS) 19 6
0.76 0.79 .001 12.0 3.1-46.3
CRT- (MS) 5 19
Mucount+ (MS)|| 19 6
0.76 0.79 .001 12.0 3.1-46.3
Mucount- (MS) 5 19

*ClIs=95% confidence intervals
F+=counts=1x10°/ml

$No. of samples
§-=counts<1x10°/ml

[IMS count=total count

(CFUgs) of all colony types which constituted greater than
5% of CFUs were picked with sterile wire needles or loops
and streaked for purification on CDC Anaerobic Blood agar
(Becton-Dickinson, Sparks, Md). After incubation for 48
hours at 37°C in air containing 5.0% CO,, isolates were
identified with Becton-Dickinson (BD) BBL Crystal Iden-
tification Systems (Becton-Dickinson, Sparks, Md). Yeasts
were tentatively identified by Gram stain and cultivation on
CHROMagar (Becton Dickinson; Sparks, Md). Mucount
colonies, which were attached to interior surfaces of small
glass vials, were examined with a stereomicroscope, but were
not identified by Gram stain or biochemical tests.

Data analysis

CT CFUs were enumerated from density charts furnished
with the systems and recorded as:
1. total counts (ie, target bacteria [MS or LB] plus con-
taminants); and
2. counts of only the target bacteria.
GS were also recorded as total and as MS or LB counts.
Using 1x10° as a threshold value for microbial counts of
MS systems and 1x10° as the threshold value for LB sys-
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tems,'” sensitivity and specificity of both total and MS or
LB counts vs presence or absence of visible carious lesions,
were determined. The latter findings were further evaluated
using the Fisher exact test and odds ratios with a 95% con-
fidence interval (CI). Associations between cross-sectional
visible carious lesions (dmfs scores, dependent variable) and
microbial counts (independent variables) were evaluated
by linear regression. Statistical evaluations were conducted
using the Sigma Stat 2.0 statistics program (Jandel Corpora-
tion, San Rafael, Calif).

Results

The mean age of the population was 26.5 (6.5 SD)
months, and the average number of teeth present was 17.6
(+3.4). Twenty-five children presented with dmfs=0 and 25
with dmfs=1.0. The mean dmfs score of subjects with caries
was 17.9 (£11.9), represented by 15.7 (£11.8) unrestored
carious, 1.2 (+4.4) extracted, and 1.0 (+4.0) filled surfaces.
Mean counts of CT and GS are presented in Table 1. All
media recovered non-MS or non-LB contaminants except
Dentocult and Mucount systems.
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Table 3. The Ability of Total Lactobacilli (LB) Counts to Signify Presence or Absence of Cavitated Lesions

Using A Threshold Risk Value For LB Counts (1x103/ml)

. . e . ;. Fisher exact Odds CIs* for
Caries+ Caries— Sensitivity Specificity test (P) ratio odds ratio
Rogosa+ (total) 13+ 4
0.76 0.66 .008 6.2 1.6-24.0
Rogosa- (total)$§ 10 19
Rogosa+ (LB) 7 1
0.88 0.61 .019 11.0 1.2-99.3
Rogosa- (LB) 14 22
CarioCheck+ (total) 21 20
0.51 0.63 .700 1.75 .37-8.3
CarioCheck- (total) 3 5
CarioCheck+ (LB) 4 1
0.80 0.56 .180 5.05 .52-49.0
CarioCheck- (LB) 19 24
CRT+ (total) 19 9
0.68 0.76 .004 6.76 1.9-24.3
CRT-=- (total) 5 16
CRT+ (LB) 7 3
0.70 0.67 171 3.02 .68-13.4
CRT- (LB) 17 22

*ClIs=95% confidence intervals
T+=counts=1x10%/ml

$No. of samples
§-=counts<1x10%/ml

Association of microbial counts
with caries status

With the sensitivity and specificity
determinations (Table 2), counts
greater than or equal to the desig-
nated threshold value signified a
presence of visible carious lesions.
Counts below the value, meanwhile,
signified absence of visible carious
lesions. All media (CT and GS)
for MS demonstrated statistically
significant outcomes (P<.001, Fisher
exact test). Sensitivity ranged from
0.60 for MSKB to 0.79 for Dento-
cult. Specificity ranged from 0.89
for CarioCheck (total) and CRT
(total) to 0.92 for MSKB. Odds
ratios ranged from 12 for Mucount
(total and MS; CI=3.1, 46.3) and
12 for CRT (MS; CI=3.1, 46.3) to
36.7 for CarioCheck (MS; CI=6.6,
203). With LB systems, only Ro-
gosa (P<.019, Fisher exact test) and
CRT total (P<.004, Fisher exact test)
showed significant association with
caries status (Table 3). Sensitivities
ranged from 0.51 for CarioCheck
(total) to 0.80 for CarioCheck (LB),
and specificities ranged from 0.56

366 Tanabe et al.

Table 4. Linear Regression Analysis of Counts of Mutans Streptococci (MS)

or Lactobacilli (LB) Vs Presence or Absence of Cavitated Lesions

R2+(SE) R cocfficient  TroPability
MS systems
MSKB (otal)* 0.28+0.66 2.87 001
Dentocult (total) 0.20£0.62 211 001
CarioCheck (total) 0.24:0.62 2.37 001
CRT (total) 0.22+0.65 2.36 001
Mucount (total) 0.12:0.71 1.78 015
MSKB (MS) 0.3240.62 213 001
Dentocult (MS) 0.20£0.62 211 001
CarioCheck (MS) 0.36:0.51 2.63 001
CRT (MS) 0.29:0.52 226 001
Mucount (MS) 0.12:0.71 1.78 015
LB Systems
Rogosa (total) 0.27+0.75 2.95 001
CarioCheck (total) 0.11£0.94 2.8 019
CRT (total) 0.27+0.65 2.68 001
Rogosa (LB) 0.36:0.89 4.42 001
CarioCheck (LB) 0.230.99 3.72 001
CRT (LB) 0.0720.99 1.83 070

*Total=counts of MS (MS media) plus non-MS contaminants

tMS=counts of only MS

}Total=counts of LB (LB media) plus non-LB contaminants

Microbial Screening for Caries in Young Children
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for CarioCheck (LB) to 0.76 for CRT (total). Odds ratios
ranged from 1.75 for CarioCheck total (CI=0.37, 8.3) to
11 for Rogosa LB (CI=1.2, 99.3).

Associations between cross-sectional caries status (dmfs
scores, dependent variable) and microbial counts (indepen-
dent variables) were evaluated by linear regression (Table
4). Counts of all media for MS (MS and total) yielded
significant association with dmfs (P<.016). The same test
applied to counts of media for LB (total and LB) also yielded
significance (P<.02) for all evaluations except CRT (LB),
which was not significant.

Selectivity of CT and GS media

Details of microbial contamination of the CT has been
reported.'® In summary, contaminants appeared on 36%,
34%, and 22% of specimens using CRT (for MS), Cario-
Check (for MS), and MSKB, respectively. Dentocult and
Mucount specimens did not harbor detectable contami-
nants. On LB systems, contaminants were recovered on
82% of CarioCheck, 50% of CRT, and 40% of Rogosa
specimens. The mean percentage of contaminants relative
to TVC of the medium was highest for CarioCheck (for
LB), followed in order by CRT (for LB), Rogosa SL, CRT
(for MS), CarioCheck (for MS), and MSKB. On MS sys-
tems, prominent contaminants were Candida spp (mainly
Candida albicans and Candida parapsilosis) followed by
Staphylococcus epidermidis and Klebsiella pneumoniae. On
LB systems, Candida spp followed by Streptococcus and
S epidermidis were the major contaminants. Although
identifications of MS colonies on MS systems were mainly
intended to verify that they were not contaminants, Strep-
tococcus mutans isolates were found to exceed Streptococcus
sobrinus.

Discussion

Since timing of MS colonization in infants and toddlers may
influence the onset of future caries in the child,”®?' microbial
screening of young children is highly recommended. The
CT offers a convenient approach to screening, but when sal-
ivary specimens are required, sampling is often difficult with
young children. As an alternative, cotton swab collection of
specimens from teeth is a simple and atraumatic method
and increases the chance that cariogenic bacteria will be
recovered from the mouth if low levels are present.'” The
present investigation addressed comparison of commonly
used CT and GS using cross-sectional caries experience of
infants and toddlers as a parametric tool (ie, dmfs scores vs
microbial counts)."”*? Longitudinal trials would be the ideal
experimental method, however, since prediction of future
caries risk is the usual objective of CT.

Two variables which might affect microbial counts
vs dmfs scores—since both may influence MS coloniza-
tion—especially in young children, are: (1) age of subjects;
and (2) number of teeth present. These variables were not
addressed in this investigation, however, since 90% of the
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children were older than 19 months and presented with
more than 16 teeth. In addition, correlations between both
age and number of teeth vs MS counts on all MS media were
insignificant when presence of dental caries was controlled.
This investigation, furthermore, did not include precarious
white spot lesions as part of the caries scores. The rationale
for this was that carious and noncarious white spots could
not be definitively differentiated by visible means.?® While
most white spots were observed in children with caries,
some subjects with no visible carious lesions did exhibit
white spots. If the latter were precarious, the evaluations
may have been affected.

Despite the relatively high level of contaminants on the
agar-based systems (GS, CRT, CarioCheck), statistical tests
showed significant associations between visible carious le-
sions and counts of MS on all media (Tables 2, 3, and 4).
The latter finding is interesting in that the contaminants
(primarily Candida species) may have been positively
associated with caries status along with the MS counts,
as has been found in previous studies.?** The less-than-
satisfactory outcomes of LB media counts vs dmfs scores
may have been due to high contamination by oral yeasts,
which exceeded that of MS media. Other reasons may be
that LB is not as strong a predictor of caries risk as MS in
this age population'” or that the low pH of the LB systems
stimulated yeast growth.

The relatively high levels of contaminants on all media,
except Dentocult and Mucount, may also reflect the par-
ticular population utilized in the study. High yeast recovery
appears to be age related, since both Hannula et al (1999)*
and Mattos-Graner et al (2001)¥ reported abundant yeast
colonization in infant and toddler mouths. Hannula et al
found C parapsilosis to be the predominant yeast isolate,
and both research teams implicated pacifiers as a related
factor. Nonindigenous bacteria also are often found in oral
cavities of young children and even newborns.” Common
isolates have been Klebsiella pneumoniae, Pseudomonas ae-
ruginosa, and noncoagulase-positive staphylococcus (ie, S
epidermidis). Reasons offered for this finding are that they
may be transient colonizers that can withstand stresses
of the early oral biofilms, or that they survive due to an
underdeveloped immune system.” Makhoul et al (2002)%°
found S epidermidis frequently in the mouths of neonates
who received antibiotics. They suggested that S epidermidis
may be transmitted from mothers, possibly via birth canals
during delivery, and become enriched during antibiotic
treatments.

In summary, Dentocult and Mucount appeared to be
the systems of choice for MS since they did not recover
contaminants (that the authors were able to detect) and
appeared to adequately represent the subjects’ caries status.
Although Rogosa was the best media for LB, clinicians
should be aware that non-LB colonies appear on it and are
often difficult to differentiate from streptococcal isolates by
colonial morphology.
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Conclusions

Based on this study’s results, the authors conclude that all
media for mutans streptococci (MS) exhibited satisfactory
outcomes (even with contaminants). Based on the clinical
parameters used in this research, this MS media may be
useful for microbial screening of infants and toddlers. Media
for lactobacilli were not as effective, due in part to a high
recovery of yeast contaminants.
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