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Abstract

Objectives: This investigational study assessed the suppressive effect of 10
percent povidone iodine (PI) coupled with elimination of active carious lesions on
salivary mutans streptococci (MS) populations in children with severe early child-
hood caries (S-ECC). Methods: 77 children (38 females, 39 males) were treated for
S- ECC in one session; a 0.2 ml PI solution was applied to the dentition after dental
surgery was completed and immediately wiped off. The subjects aged from 2 to 5
years (mean = 3.78 years) at baseline. Whole nonstimulated saliva samples were
obtained at baseline, 30 days, 60 days, and 90 days post dental surgery. Samples
were placed on ice and processed within 2 hours. The MS level in each sample was
expressed as colony forming units (CFUs) per ml of saliva. Results: Approximately
50 percent of subjects had a >95 percent reduction in CFU/ml of saliva at each time
point after baseline. The percentages of subjects with a >50 percent reduction in MS
level were 85 percent at 30 days, 83 percent at 60 days, 84 percent at 90 days. The
median (25th, 75th percentiles) CFUs/ml of saliva counts were 8.40 ¥ 105 (1.49 ¥ 105,
5.00 ¥ 106) at baseline (n = 77), 4.12 ¥ 104 (8.40 ¥ 103, 1.89 ¥ 105) at 30 days
(n = 74), 4.62 ¥ 104 (7.00 ¥ 103, 1.36 ¥ 105) at 60 days (n = 70), and 5.09 ¥ 104

(1.16 ¥ 104, 1.00 ¥ 105) at 90 days (n = 70). The changes from baseline to 30 days,
60 days, and 90 days were statistically significant (P < 0.0001). Conclusions: PI
coupled with dental surgery has a significant suppressive effect on salivary MS
levels in the setting of S-ECC for at least 90 days. These data strongly suggest that
treatment with PI may be an important adjunct to dental surgery for S-ECC.
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Introduction
Early childhood caries (ECC), pre-

viously known by such terms as
nursing caries, baby bottle tooth
decay, and bottle mouth, is a major
public health problem (1). The
American Academy of Pediatric Den-
tistry (AAPD) has defined ECC as
“the presence of 1 or more decayed,
missing or filled tooth surfaces in any
primary tooth in a child 71 months of
age or younger” (2). Severe early

childhood caries (S-ECC) is the most
damaging form of ECC and has
reached near-epidemic proportions
among babies and young preschool
children worldwide regardless of
race or ethnicity; children living in
poverty are at very high risk (1).
AAPD guidelines differentiate S-ECC
from ECC as a consequence of a
more extensive disease process
based on age and number of carious,
filled, or missing tooth surfaces (2).

S-ECC is an infectious disease that is
most frequently characterized by an
overwhelming mutans streptococci
(MS) infection (3) and decay-
promoting feeding behaviors (4-8).
The current community standard of
care for treatment of S-ECC is usually
restricted to removal and restora-
tion of carious teeth, application of
topical fluoride, counseling regard-
ing decay-promoting feeding behav-
iors, and oral hygiene instructions.
Dental surgery has minimal impact
on oral MS reservoirs in the setting of
S-ECC (9-11), and counseling regard-
ing feeding behaviors by dental cli-
nicians, for the most part, has not
been successful (4,7). Not surpris-
ingly, approximately 40 percent of
children treated for S-ECC under
general anesthesia (GA) relapse with
new carious lesions within 6-12
months post treatment (9,12-14).
Improved clinical outcomes for
S-ECC are likely to be realized
through treatment strategies that are
not a financial burden on health
resources and focus on the infectious
aspect of this disease. Suppressing
oral MS reservoirs with an anti-
microbial agent may be a promising
approach. In this regard, the US
Food and Drug Administration has
approved 10 percent povidone
iodine (PI) as a safe presurgical dis-
infectant to the skin and mucous
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membranes of children. Results from
an earlier placebo-controlled clinical
trial showed that PI has suppressive
effects on oral populations of MS
even in the setting of S-ECC. Intra-
operative treatment (under GA) of
the subjects included restoration or
extraction of carious teeth coupled
with application of a 1.23 percent
acid phosphate fluoride (APF) gel.
The experimental group had PI
applied to their dentition and the
control subjects, a placebo. Oral MS
levels were significantly suppressed
in the experimental group relative to
baseline in the follow-up period but
not in the control group (15). This
finding indicates that one topical
application of a 1.23 percent APF gel,
coupled with dental surgery in the
setting of S-ECC, has no prolonged
effect on oral MS levels. These find-
ings, coupled with other reports on
the utility of topical iodine solutions
in suppressing MS (16, 17), strongly
indicate that a clinical trial is war-
ranted to determine the utility of PI
for prevention of relapse in children
treated for S-ECC. One critical ques-
tion relevant to the design of such a
trial is how often PI needs to be
applied post dental surgery to sup-
press oral MS populations to levels
that may be associated with a
decreased risk for relapse. Accord-
ingly, to extend the work of others,
the objective of this study was to
estimate how often PI needs to
be applied post dental surgery in
combination with the aforemen-
tioned community standard of care.

Methods
Study Design and Specific

Aims. An exploratory study design
was utilized in this investigation to
determine the time course and dura-
tion of suppression of oral reservoirs
of MS in children with S-ECC follow-
ing the removal and restoration of
carious teeth, application of a 10
percent PI solution followed by
an application of 1.23 percent APF
foam, and counseling regarding
feeding behaviors and oral hygiene
instruction. The case definition of
S-ECC was according to the guide-
lines of the AAPD (2).

Study Population. The study
population was comprised of 92 chil-
dren between the ages of 24 and 60
months who consecutively presented
to the Ambulatory Surgical Center of
Strong Memorial Hospital at the Uni-
versity of Rochester Medical Center
for dental surgery because of S-ECC.
The study participants were recruited
into the study by the study coordina-
tor (MTW) on the day of surgery.
All of the subjects were apparently
healthy and not taking sweetened
oral medications at their time of entry
into the study. Health and medication
status was determined by reviewing
the preoperative physical examina-
tion by the pediatrician as well as
interviewing the parent or primary
care taker. This assessment was
carried out by the attending surgeon
(RJB) for every subject in the study.
All of the subjects met the AAPD
criteria for a diagnosis of S-ECC. As
the objective of the study was to
assess the time course and duration of
the suppression of oral reservoirs
of MS, all subjects, following restora-
tion or extraction of carious teeth,
received an application of 10 percent
PI solution followed by an application
of 1.23 percent APF foam.

Baseline and Follow-Up
Procedures

Caries examinations. Caries exa-
minations were carried out by one
examiner (MTW) who was trained
and calibrated by another author
(RB) who has extensive experience
in caries clinical trials. The caries
examinations utilized the Dundee
Selectable Threshold Method (18,
19). The subjects were examined at
their time of entry into the study
(baseline) and at follow-up visits at
30, 60, and 90 days post baseline.
This approach for caries diagnosis
was utilized to ensure that caries
diagnosis was uniform and consis-
tent to meet criteria for entry into the
study.

Baseline procedures. Preopera-
tive counseling regarding decay-
promoting feeding behaviors and
oral hygiene instructions was given
to the parent(s) or caretaker(s) on
the day of dental surgery. Preventive
education was carried out by one of

the authors (RJB) to make certain
that a uniform message was given to
all study participants. A saliva sample
was obtained prior to administering
preoperative medications. The sub-
ject was then taken to the operating
room where dental surgery was per-
formed under GA. Prior to initiating
dental surgery; the baseline caries
examination was performed. Dental
surgery used an aggressive app-
roach, which has been reported by
our group earlier (9). After comple-
tion of dental surgery, 0.2 mL of PI
was applied to the dentition with a
cotton ball and immediately wiped
off with a gauze sponge. Finally, 1.23
percent APF foam was applied to
the dentition and immediately wiped
off after digital application prior to
emergence from GA.

Follow-up procedures. Each sub-
ject was recalled at 30, 60, and 90
days post dental surgery. At the time
of each follow-up visit, a saliva
sample was obtained. A $30 volun-
teer fee per follow-up visit was
given to enhance compliance with
follow-up.

Sampling and Bacteriologic
Procedures

Sampling procedures. Whole,
nonstimulated saliva samples were
obtained through a disposable saliva
ejector attached to a 15 mL sterile
centrifuge tube, which in turn was
attached to a vacuum pump (20).
Approximately 2 mL of saliva was
collected for each sample. After col-
lection, the saliva was immediately
transported on ice to the laboratory
and processed within 2 hours.

Bacteriologic procedures. Each
saliva sample was subjected to soni-
cation (on ice to prevent over-
heating) by a Branson Sonifier
150 (Branson Ultrasonics Corp.,
Danbury, CT, USA) (three 15-second
pulses with 30-second intervals at 7
watts) to disperse cell clumps and
initiate dechaining of streptococci.
This dispersion technique results in
cell survival rates that maximize
MS counts (21). The saliva samples
were then serially diluted and plated
onto mitis salivarius agar (Becton,
Dickinson, and Co., Sparks, MD,
USA) with bacitracin (Sigma-Aldrich
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Co., St. Louis, MO, USA) (MSB) as
described earlier (22). The MSB
plates were then incubated in 5
percent CO2 at 37 °C for 48 hours
when the number of colony forming
units (CFUs) was determined. The
number of MS in each saliva sample
was expressed as CFUs/mL of saliva.

Statistical analysis. The signifi-
cance of the mean change from base-
line to each follow-up visit (30, 60,
and 90 days) as well as the mean
changes between the three follow-up
visits in log10-transformed MS levels
was assessed by using a repeated
measures analysis of variance model
that used all available data from each
subject. Results from this model are
expressed as the geometric mean per-
centage reduction from baseline level
and associated 95 percent confidence
interval (CI) and P value. The analy-
ses were performed only for subjects
who had MS levels obtained at base-
line and at least one follow-up visit.

Protection of human subjects.
This study was approved by the
Research Subjects Review Board of
the University of Rochester Medical
Center. Written informed consent
was obtained from the parent
(or legal guardian) of all subjects
enrolled.

Results
Characterization and Disposi-

tion of Subjects. Ninety-two sub-
jects were enrolled in the study and
treated with PI post dental surgery.
Fifteen (16 percent) of these subjects
were excluded from the analyses
because of loss to all follow-up visits
(n = 9) or MS baseline levels that were
not available (n = 6). Among the 77
subjects that were included in the
analyses, there were 39 boys and 38
girls with a mean age of 3.78 years
(standard deviation: 0.77 years). A
majority of the subjects were African
American (53 percent), 32 percent
were Caucasian, 8 percent were of
mixed race, 3 percent were Asian, and
4 percent were other. A total of 18
percent of the children were Latino. A
total of 66 subjects (86 percent) were
present at all 4 visits. For the 77
subjects included in the analyses, MS
levels were obtained for 291 of the
308 possible subject visits (94
percent): 77 at baseline, 74 at Day 30,
70 at Day 60, and 70 at Day 90.

Baseline Caries Data. Using the
Dundee Selectable Threshold Me-
thod, it was found that the study
sample (n = 77) had an average of
6.9 white spot, 3.0 brown stain, 12.2
dentinal, and 0.8 pulp exposure

lesions per subject out of a median of
88 tooth surfaces per subject exam-
ined at baseline.

Analyses of MS Levels. The
medians and interquartile ranges of
the distributions of MS level (CFU/mL
of saliva) at each visit are presented in
Table 1. A marked reduction in MS
levels was apparent for each post
baseline follow-up visit. The geomet-
ric mean percentage reductions from
baseline in MS levels were 96.0
percent (95 percent CI, 92.9 percent
to 97.7 percent, P < 0.0001) at Day 30,
96.0 percent (95 percent CI, 92.5
percent to 97.9 percent, P < 0.0001) at
Day 60, and 95.7 percent (95 percent
CI, 92.1 percent to 97.7 percent,
P < 0.0001) at Day 90. There were no
significant differences in the mean
percentage reductions among the
follow-up visits (P > 0.79 for all com-
parisons). The magnitude of the
decrease in MS levels was associated
with the number of surfaces extracted
at baseline. For example, at 30 days,
the mean reduction in log10 trans-
formed was 0.91 in subjects with 0-4
surfaces extracted (n = 35), 1.78 in
subjects with 5-20 surfaces extracted
(n = 30), and 2.03 in subjects with >20
surfaces extracted (n = 9); these
values were consistent at 60 and 90
days. All of these reductions,
however, remained highly statistically
significant (P < 0.0001). Figure 1 pro-
vides a graphic display of the MS
levels for individual subjects at each
visit. The distributions of the percent-
age reduction from baseline in MS
level at each follow-up visit are
shown in Table 2. The percentages of
subjects with >50 percent reduction in
MS level were 85 percent at 30 days,
83 percent at 60 days, and 84 percent
at 90 days.

Adverse Events. Five subjects
experienced an adverse event. Of
these, 3 subjects required antibiotic
therapy for upper-respiratory tract
infections during the 90-day follow-
up, one subject had his IV infiltrate
the soft tissues during GA, and one
subject developed ringworm during
the 90-day follow-up period. It is
also important to report that no
adverse events secondary to the PI
exposure were observed.

Table 1
Distributions of MS Level (CFU/mL of Saliva) at Each Visit

Days post
surgery Sample size

CFU/mL of Saliva

Median 25th percentile 75th percentile

0 77 8.40 ¥ 105 1.49 ¥ 105 5.00 ¥ 106

30 74 4.12 ¥ 104 8.40 ¥ 103 1.89 ¥ 105

60 70 4.62 ¥ 104 7.00 ¥ 103 1.36 ¥ 105

90 70 5.09 ¥ 104 1.16 ¥ 104 1.00 ¥ 105

MS, mutans streptococci; CFU, colony-forming unit.

Table 2
Distributions of Percentage Reduction from Baseline in MS Level

(CFU/mL of Saliva) at Each Follow-Up Visit

Days post
surgery

Sample
size

Percentage reduction from baseline in CFU/mL of saliva

<50% 50-80% 80-90% 90-95% >95%

30 74 14.9 14.9 10.8 10.8 48.6
60 70 17.1 11.4 11.4 8.6 51.4
90 70 15.7 11.4 11.4 11.4 50.0

MS, mutans streptococci; CFU, colony-forming unit.
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Discussion
We found that elimination of

active carious lesions, topical appli-
cation of 1.23 percent APF, and one
application of PI significantly sup-
pressed salivary MS populations for
at least 90 days relative to baseline.
These findings corroborate and
extend the findings of an earlier
report (15), which showed that MS
levels declined initially but then
rose toward baseline by 90 days.
The magnitude of the suppression
observed in this report appeared to
be sustained for the entire 90-day
study period (Figure 1). One possible
explanation for the sustained sup-
pression is that demineralized human
enamel is permeable to iodine (23).
Results from earlier studies have also
demonstrated the utility of topical
iodine solutions in suppressing MS. A
single 2-minute topical application of
0.2 percent I2-KI solution to the teeth
of 9- to 13-year-old children elimi-
nated MS from accessible human
tooth sites for up to 13 weeks (16).
Another study demonstrated that a
single prophylaxis followed by
topical application of a 2 percent
I2-KI solution immediately after the
prophylaxis and again at 3 and 5
days after the prophylaxis signifi-

cantly reduced MS levels in subjects
18-23 years of age (17). The reduc-
tion in MS populations in smooth
surface plaque and saliva persisted
for 20-24 weeks. However, it must be
emphasized that MS level is only a
biologic marker for susceptibility to
dental caries and that the utility of
topical iodine in preventing the
disease would be a more accurate
indicator of its therapeutic efficacy.
In this regard, another investigation
assessed the efficacy of bimonthly
topical PI in a double-blind, placebo-
controlled clinical trial in prevent-
ing the development of white spot
lesions on the maxillary primary inci-
sors of Puerto Rican babies (24).
These babies were at high risk for
S-ECC as they were all colonized by
MS and had decay-promoting fee-
ding behaviors. A PI solution was
applied bimonthly to the dentition of
the experimental group for 1 year,
and a placebo solution was applied
bimonthly to the dentition of the
control group for 1 year. Kaplan–
Meier estimates (+/- standard error)
of the probabilities of disease-free
survival at 12 months were 91(+/-5)
percent in the experimental group
(n = 39) and 54 (+/-9) percent for
the control group (n = 44); P =
0.0013. In a pilot clinical trial (25)
on 25 children with S-ECC treated
under GA, the children were rando-
mized into experimental and control
groups. The experimental group rec-
eived three topical applications of PI
at bimonthly intervals during the first
4 months of the study, and the
control group did not receive PI.
Examination of the subjects at 6
months post dental surgery demon-
strated that 18 percent of the children
in the experimental group had dental
caries as compared with 63 percent
of the children in the control group.
Collectively, these studies support
the potential of PI in preventing
dental caries.

The magnitude of the reduction
of salivary MS reservoirs in our study
participants is likely associated with
a decrease in caries risk (Table 1).
Earlier studies (26-29) demonstrated
that salivary magnitudes of MS �
104CFU/mL are associated with mod-

erate to low caries risk. As illustrated
in Table 1, 50 percent of our study
participants had a salivary magnitude
of MS � 5.1 ¥ 104CFU/mL at 30, 60,
and 90 days post dental surgery. Our
study also documented the effect of
teeth extracted at baseline on the
suppression of MS. Our data showed
that the magnitude of the decrease in
MS levels was associated with the
number of tooth surfaces lost. That
is, the greater the number of surfaces
lost, the greater the magnitude of MS
suppression. Although all of the
reductions in MS levels remained
highly statistically significant, these
data revealed a potential confounder
that should be considered when
assessing the efficacy of antibacterial
agents on the reduction of MS fol-
lowing tooth extraction for S-ECC.
This finding has been reported
earlier where a reduction in MS
levels in the setting of S-ECC was
positively correlated to the number
of extracted teeth (11). A median of
8 dental surfaces (interquartile range
0-16 surfaces), typically carious
primary maxillary incisors, were
extracted per subject in our study.

Our exploratory study, coupled
with earlier studies, indicate that
adjunctive chemotherapy utilizing PI
is a treatment strategy that holds
promise for the treatment of children
with S-ECC. There is reason to
expect that recurring administration
in a public health venue would also
reduce the risk for ECC/S-ECC before
its onset in high-risk babies and pre-
school children. Further, as noted
earlier, approximately 40 percent of
children treated for S-ECC under
GA relapse with new carious lesions
post treatment. Frequent, postsurgi-
cal application of PI has the potential
to reduce substantially the pro-
portion of children who relapse
following treatment. Accordingly,
randomized double-blind, placebo-
controlled trials are needed to deter-
mine the utility of PI for prevention
of ECC/S-ECC and for relapse in chil-
dren treated for S-ECC. In such trials,
repeated applications of PI over a
longer period of time would be
required. The results of our study
suggest that reapplication of PI treat-

Figure 1
Distributions of

log10-transformed MS level
(CFU/mL of saliva) at each

visit. MS, mutans streptococci;
CFU, colony-forming unit
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ment would need to be repeated at
least every 90 days.
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