Heliyon 7 (2021) 07871

Contents lists available at ScienceDirect

Heliyon
Heliyon

¢ CellPress

journal homepage: www.cell.com/heliyon caress

Check for
updates

Changes in Candida albicans, Streptococcus mutans and oral health conditions
following Prenatal Total Oral Rehabilitation among underserved
pregnant women

Hoonji Jang?, Nisreen Al Jallad ?, Tong Tong Wu", Yan Zeng®, Ahmed Fadaak?,
Hans Malmstrom ?, Kevin Fiscella®, Jin Xiao ™
2 Eastman Institute for Oral Health, University of Rochester Medical Center, Rochester, NY, USA

Y Department of Biostatistics and Computational Biology, University of Rochester Medical Center, Rochester, NY, USA
¢ Department of Family Medicine, University of Rochester Medical Center, Rochester, NY, USA

ARTICLE INFO ABSTRACT

Keywords:

Pregnancy

Prenatal oral health care
Streptococcus mutans
Candida albicans

Total oral rehabilitation
Health benefits

Objectives: To assess the oral health condition and oral microbial outcomes from receiving an innovative treatment
regimen - Prenatal Total Oral Rehabilitation (PTOR).

Methods: This prospective cohort study included 15 pregnant women in the PTOR group who had a baseline visit
before PTOR and three follow-up visits (immediate after, 2 weeks and 2 months) after receiving PTOR. A his-
torical control group of additional 15 pregnant women was matched from a separate study based on a propensity
score. Along with demographic and medical background, oral health conditions and perinatal oral health literacy
were assessed. Oral samples (saliva and plaque) were analyzed to identify and quantify Streptococcus mutans and
Candida species by culturing-dependent and -independent methods.

Results: Significant reductions of salivary S. mutans were observed following PTOR, the effect remained until 2-
month follow-up (p < 0.05). The carriage of salivary and plaque S. mutans at the 2-month visit of the PTOR
group was significantly lower than that of the control group (p < 0.05). Oral health conditions reflected by BOP
and PI were significantly improved upon receiving PTOR (p < 0.05). Receiving PTOR significantly improved the
perinatal oral health literacy score, and the knowledge retained until 2-month follow-up (p < 0.05).
Conclusions: PTOR is associated with an improvement in oral health conditions and perinatal oral health literacy,
and a reduction in S. mutans carriage, within a 2-month follow-up period. Future clinical trials are warranted to
comprehensively assess the impact of PTOR on the maternal oral flora other than S. mutans and Candida, birth
outcomes, and their offspring's oral health.

US pregnant women, there is a stunning average of 4 untreated
decayed teeth per person [11]. Moreover, poor prenatal oral health re-

1. Introduction

Poor maternal and child oral health is a public health crisis with
potential intergenerational health impacts. Unmet prenatal oral health
needs are exacerbated among the minority and low-income women [1, 2,
3, 4]. Four in ten (39%) of the non-Latina black women suffer from dental
caries during pregnancy, compared to 19% of their white counterparts.
More than 40% of US pregnant women living below federal poverty
suffer from dental caries, comparing to 14% of those living above the
200% of federal poverty. Research from our team [5, 6, 7, 8, 9] and
others [10] indicate that the severity of dental caries also dispropor-
tionately affects the underserved pregnant women. Among low-income
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duces oral health-related quality of life and results in avoidable emer-
gency dental visits for orofacial pain and infections [12, 13].

Routine oral health care during pregnancy has been demonstrated to
be safe, and recommended by professional organizations, such as Na-
tional Maternal and Child Oral Health Resource Center [14, 15]. How-
ever, less than 50% of US women have not had a dental checkup, while
more than 75% have admitted to suffering from oral health problems
during their pregnancy [12]. Our recent research revealed that one of the
barriers to the utilization of prenatal oral health care is the undefined
magnitude of health benefits (medical and dental) upon receiving
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prenatal oral health care [4]. The health benefits to be demonstrated
include the impact on maternal medical and dental conditions, oral
health of offspring, maternal oral diseases-related pathogens, and
potentially vertical transmission of oral pathogens from mothers to
children since most oral diseases have a heavy microbial involvement.
Previous interventions during pregnancy focused more on pregnant
women's periodontal conditions [16, 17, 18, 19]. However, a few have
examined the health benefits and oral microbial changes upon receiving
dental restorative treatment for caries control during pregnancy [20, 21].
Dental caries is a transmissible, and biofilm (plaque)-dependent infec-
tious disease [22, 23]. Traditional microbial risk markers for caries
include Streptococcus mutans and Lactobacillus species [24]. Signifi-
cantly, in the past decade, clinical studies have also observed and sug-
gested the association between Candida albicans and dental caries in
children and adults, together with S. mutans [7, 9, 11, 25, 26, 27].
Furthermore, despite several studies have shown that children whose
mothers received prenatal oral health care had delayed S. mutans colo-
nization and a lower carriage than those whose mother did not receive
oral health care during pregnancy [28, 29, 30], changes of S. mutans in
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the oral cavity of the mothers upon receiving prenatal oral health care are
have not been assessed.

Hence, this pilot study assessed the oral health condition and oral
microbial outcomes from receiving an innovative treatment regimen -
Prenatal Total Oral Rehabilitation (PTOR). The PTOR regimen targets the
critical prenatal period and fully restore women's oral health to a “disease
free status” before the delivery. Here, we are reporting the change of oral
health conditions, oral S. mutans and Candida carriage and perinatal oral
health literacy among a cohort of women who received PTOR.

2. Results

All enrolled 15 pregnant women completed V1 and V2, 13 completed
V3 and V4. All study subjects in the PTOR and control groups were from
low-income family with edibility for New York state-supported medical
insurance determined by income level (<138% Federal Poverty Line).
The demographic-socioeconomic-medical background information are
shown in Table 1. For the baseline parameters, no statistical differences
were detected between the PTOR and control groups in terms of age,

Table 1. Demographic-socioeconomic-medical-oral characteristics.

Categories Treatment (n = 15) Control (n = 15) p-value
Baseline parameters
Age (year) 25.7 £ 7.0 279 £5.1 0.33
Gestational weeks 26.1+7.5 312+ 28 0.03
Race African American 73% (11) 47% (7) 0.14
White 27% (4) 53% (8)
Ethnicity Hispanic 7% (1) 20% (3) 0.29
Non-Hispanic 93% (14) 80% (12)
Diabetes (Yes) 7% (1) 0% (0) 1.00
Hypertension (Yes) 13% (2) 27% (4) 0.65
Smoking (Yes) 7% (1) 7% (1) 1.00
Education <High school 27% (4) 34% (5) 0.51
Associate degree 47% (7) 27% (4)
>College 27% (4) 40% (6)
Marital Status Married 7% (1) 7% (1) 1.00
Tooth brushing Twice/daily 73% (11) 60% (9) 0.44
<Once/daily 27% (4) 40% (6)
DT 2.4+ 0.9 25+ 1.5 0.77
DS 3.7 +21 3.3+1.9 0.78
DMFT 7.5+ 4.8 7.2 + 3.0 0.86
DMFS 18.3 £17.5 122+ 6.1 0.32
ICDAS 4.1+ 1.0 3.6 + 1.0 0.23
Outcome parameters Treatment (V4) Control
Plaque index 1.0+ 04 1.9+0.7 <0.001
Salivary S. mutans carriage (x10° CFU/ml) 0.6 + 0.5 10.4 + 16.4 <0.01
Salivary C. albicans carriage (x10? CFU/ml) 3.0+6.9 25.2 + 62.9 0.22
Plaque S. mutans carriage (x10°> CFU/ml) 0.7 +1.1 322 +61.3 0.03
Plaque C. albicans carriage (x10? CFU/ml) 23+6.1 85.1 + 21.9 0.62
Prenatal Total Oral Rehabilitation (PTOR) procedure
Total visits 1.3+ 0.6 NA NA
Restored teeth number 21+1.2 NA NA
Extracted teeth number 0 80% (13) NA NA
1 13% (2)
2 7% (1)
Direct pulp-capped teeth 0 93% (14) NA NA
1 7% (1)

DT/DS- Decayed teeth number/surface.
DMFT/DMEFS - Decayed, missing, filled teeth number/surface.
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race, ethnicity, medical background, smoking status, tooth brushing
habit, educational level, marital status, DMFT and caries severity
(ICDAS) (p > 0.05).

All women in the PTOR group received dental prophylaxis and res-
torations. Briefly, 93% of the women received direct pulp capping for
pulp-threatened tooth and 20% received extraction of unrestorable teeth
(detailed in Table 1). The average numbers of restored teeth were 2.1 +
1.2. All PTOR procedures were delivered within 1-2 clinical visits.

2.1. S. mutans and Candida carriage upon receiving PTOR

The changes of salivary and plaque S. mutans/C. albicans are shown in
Figure 1. Overall, the carriage of S. mutans was significantly reduced
immediately after PTOR and remained until 2-week and 2-month follow-
up visit (p < 0.05). Importantly, the mean value of salivary S. mutans
dropped below 10° CFU/ml (a threshold for high caries risk) upon
receiving PTOR and maintained throughout the rest of the study visits.
The reduction of C. albicans in saliva and plaque was detected in V2-V4
comparing to the baseline visit (V1), but no statistical significance was
detected (p > 0.05).

Salivary S. mutans and C. albicans were categorized into three levels
based on the clinical implications (Shown in Figure 2). Since 10° is
considered as threshold for high caries risk, S. mutans were scored as 0,
above 0 but <105, and >10° CFU/ml. The percentage of women in the
PTOR group who had >10° CFU/ml of salivary S. mutans reduced from
40% at V1, to 20% at V2, 15% at V3 and 15% at V4. Furthermore, we
scored C. albicans carriage as 0, 1-399, and >400 CFU/ml, where the
laboratory indication for oral candidiasis is 400 CFU/ml of salivary
Candida carriage [31]. Among the pregnant women who received PTOR,
the percentage of mothers who had >400 CFU/ml was reduced from 27%
in V1 to 13% in V2, 8% in V3, and slightly increased to 15% in V4.

When PTOR group was compared to the control group, the salivary
and plaque S. mutans carriage of women who received PTOR at V4 were

A

* Baseline Immediately 2 weeks

post PTOR post PTOR
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significantly lower than that of the control group (p < 0.01 and p = 0.03,
respectively, see Table 1). When the high risk for dental caries threshold
(10° CFU/ml in saliva) was considered, more PTOR mothers remained
below the caries risk threshold when compared to the control group
(87% vs 15%, p < 0.001).

2.2. Changes in oral health conditions upon receiving PTOR

The oral health condition changes among the women received PTOR
are shown in Figure 3. The periodontal status reflected by BOP and the
oral hygiene practice reflected by PI were significantly improved upon
receiving PTOR (shown in Figure 3A and 3B). The average number of
interproximal BOP sites were reduced from 8.1 at V1 to 4.9 at V2 (p =
0.027). This reduction of BOP remained until 2 months after PTOR (p =
0.001). The reduction of PI was also significant between the baseline and
following visits until 2 months after PTOR (V1 vs. V2, p < 0.001; V1 vs.
V3, p = 0.001; V1 vs. V4, p = 0.009). A significant lower PI was seen
among the mothers 2 months after receiving PTOR (1.0 + 0.4) compared
to the mothers in the control group (1.9 + 0.7) (p < 0.001). The average
orofacial pain score at the baseline visit was 1.5 at the baseline
(Figure 3C). Statistical difference of orofacial pain was detected between
the baseline and 2-week follow-up visit (p = 0.048), whereas, no statis-
tical difference of orofacial pain were seen between the baseline and 2-
month follow-up visit (p > 0.05).

2.3. Changes in perinatal oral health literacy upon receiving PTOR

The knowledge on perinatal oral health care was significantly
improved upon receiving PTOR, reflected by the perinatal oral health
literacy score [V1 vs. V2, p = 0.011; V1 vs. V3, p < 0.001; V1 vs. V4, p
< 0.001] (shown in Figure 3D). The knowledge for each category was
improved and retained until 2 months post PTOR (shown in Figure 4).
All pregnant women answered correctly for Q1 (importance of oral

Figure 1. Study flow and microbial carriage changes
upon receiving prenatal total oral rehabilitation. (A)
Study flow diagram. All study mothers were enrolled
before the 3™ trimester [28 gestational weeks (GA)].
Total prenatal oral rehabilitation (PTOR) was pro-
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vided with 1-2 dental sessions. The PTOR includes
oral hygiene, restorative procedures, direct pulp
capping of pulp threatened tooth and extractions of
unrestorable tooth. Study participants were followed
at three additional visits post PTOR. (B) Carriage of
salivary/plaque S. mutans and C. albicans. A significant
reduction of salivary S. mutans was observed in V2-V4
comparing to the baseline visit (V1) [V1 vs. V2, p =
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reduction of plaque S. mutans was detected signifi-
cantly in V2 and V3 compared to V1 (p < 0.001 and p
= 0.040, respectively). At V4, the plaque S. mutans
remained reduced without statistical significance (p >
0.05). Importantly, the mean value of salivary
S. mutans reduced to below 10° colony forming unit
(CFU)/ml, which is considered as the threshold for
identifying high risk individuals for dental caries.
Salivary and plaque C. albicans showed a trend of
reduction upon receiving PTOR but without statistical
significance between the baseline and follow-up visits
(p > 0.05).
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Figure 2. Changes of salivary C. albicans and
S. mutans scoring upon receiving prenatal total oral
rehabilitation. (A) Salivary S. mutans scoring. The
carriage of salivary S. mutans was scored as three
levels: no S. mutans, above 0 but less than 10°, and
equal or more than 10° in CFU/ml. 10° CFU/ml in-
dicates a threshold of high risk for dental caries. In the
treatment group, the percentage of mothers with high
risk of dental caries is significantly smaller in 2-week
follow up visits (V3) than that of V1 (p = 0.024).
Regarding the high risk for dental caries evaluated by
salivary S. mutans level, the percentage of women in
the treatment group at V4 was significantly lower that
was in the control group (15% vs. 87%, p < 0.001). (B)
Salivary C. albicans scoring. The carriage of salivary
C. albicans was scored as three levels: no Candida,
above 0 but less than 400, and equal or more than 400
CFU/ml. 400 CFU/ml indicates oral candidiasis-based
criteria using salivary candida established by Epstein
et al. [1980]. In the treatment group, the percentage
of mothers with possible diagnosis of oral candidiasis
is smaller in all follow up visits (V2-V4) than that of
V1.

2 weeks

(V3)

2 months
(v4)

Control
group

® 400 < Candida

Figure 3. Changes of oral health conditions upon
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hygiene in primary teeth) and Q7 (knowledge of microbial maternal
transmission) for all visits, regardless of receiving PTOR. Increased
knowledge was seen regarding the safety and effectiveness of fluoride
(Q4 and Q5), the association between infant oral health and overall
health (Q2 and Q6), and the importance of treating dental caries in
children (Q3). For instance, the percentage of correct answer for
fluoride water safety and effectiveness was 53% and 33% before
receiving PTOR, and 100% of the women answered correctly for these
two questions at the 2-month follow-up visit. Furthermore, at the
baseline, 33% of the pregnant women did not know the answer for Q2
“Cavity should be filled only when it hurts in children”; importantly,
100% of the women understood that cavity should be filled regardless
of the pain status and remained their knowledge by 2 months after
PTOR.

Immediate

p<0.001 perinatal oral health care upon receiving PTOR. The
knowledge retained until 2 months post PTOR with

reaching maximum score 7.

p<0 001,

2 weeks

(V3)

2 months

(V2) (v4)

3. Discussion
The highlights of our study include the followings:

1) Assessed the impact of an innovative regimen of PTOR on oral health
conditions, perinatal oral health literacy, and the carriage of cario-
genic pathogens. Prenatal dental health care is beneficial; however,
the magnitude of health benefits is undefined. PTOR aims to elimi-
nate all cavitated teeth before mothers deliver their infants. The
prenatal oral health interventions reported previously were caries
control regimens such as caries-preventive regimen with fluoride and
chlorhexidine treatment and oral environmental stabilization,
including atraumatic restorative treatment, where a caries-free status
of the mothers was not achieved before their delivery [20, 21, 29].
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Q2. Children's overall health does not
depend on their oral health

Baseline Immediate 2 weeks 2 months
(V1) (V2) (v8) (v4)

Q4. Fluoride prevents tooth decay

Baseline Immediate 2 weeks 2 months
(V1) (V2) (V3) (v4)

Q6. Tooth decay in baby can
spread and cause infection

Baseline Immediate 2 weeks 2 months
(V1) (V2) (V3) (V4)
. Disagree
B Agree

Don’t know

Figure 4. Changes of perinatal oral health literacy upon receiving PTOR. A total of 7 questions were used to collect information on women's literacy on perinatal oral
health. All women answered correctly for Q1 and Q7 (importance of oral hygiene in primary teeth and knowledge of microbial maternal transmission), regardless of
receiving PTOR. The knowledge regarding the association between infant oral health and overall health (Q2 and Q6), importance of treating dental caries in children
(Q3), safety and effectiveness of fluoride (Q4-5) was improved upon receiving PTOR. Knowledge for each category retained until 2 months post PTOR.
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2) Assessed both S. mutans and C. albicans in a 2-month follow-up period
after PTOR. No study has reported the effect of prenatal oral health
care on emerging cariogenic pathogens, such as C. albicans. In addi-
tion, previous studies [20] reported the reduction of S. mutans in the
oral cavity, which was only observed in a short follow-up period
(1-week). Our study extended the follow-up period to 2 months
post-PTOR.

3) Focused on the underserved group. With a few studies [20, 21, 29]
conducted to assess the effect of oral health care intervention during
pregnancy, no studies, to our best knowledge, have focused on the
socioeconomic disadvantaged group.

4) Demonstrated the safety of PTOR. An important finding is that the
subjects reported reduced, not increased, orofacial pain upon
receiving PTOR, which ensured the safety of PTOR among pregnant
women.

Interestingly, PTOR significantly reduced the carriage of S. mutans in
the oral cavity but not salivary C. albicans. One explanation could be due
to the difference in preferred binding sites of S. mutans and C. albicans.
S. mutans adheres to the tooth surfaces and often accumulates at the
carious lesion [32, 33]. Therefore, restoring cavitated teeth reduced the
binding sites for S. mutans in the oral cavity. On the contrary, oral
Candida invade and infiltrate mucosal surfaces and establish the presence
in the oral cavity [34, 35], therefore, PTOR alone, might not be sufficient
to reduce the salivary carriage of oral Candida. In addition, a higher risk
of yeast infection during pregnancy upon hormonal changes might
reduce the effect of PTOR on Candida reduction, which might be seen
among non-pregnant women. A combination of PTOR and antifungal
topical treatment, such as Nystatin rinse, might achieve a better reduc-
tion on both bacterial and fungal species in the oral cavity.

Oral health literacy is considered a strong predictor of an individual's
oral health, behavior, and eventually oral health outcomes. Lower liter-
acy is linked to poor self-care and management, delayed oral disease
diagnoses, and poor compliance to oral hygiene instructions [36]. Pre-
natal oral health literacy is within this scope. Maybury, Horowitz [37]
reported only 53% low-income pregnant women saw a dentist during
their pregnancy. Furthermore, they were unaware of caries prevention
strategy and did not practice oral health care to prevent oral diseases,
depicting a low rate of perinatal oral health literacy in this population.
The lower literacy level can be improved through education [38] and
obtaining knowledge thorough experience. The pregnant women in our
study improved their knowledge on perinatal oral health by their expe-
rience of receiving dental treatment. Importantly, this obtained knowl-
edge remained post PTOR, even 2 months after. In cognitive levels,
practical experience has a positive effect on theoretical knowledge [39].
We maintain the knowledge through experiences, not only through
hearing from others why and how it is essential. Therefore, more pro-
motion strategies and policies are needed to encourage underserved
pregnant women seeking prenatal oral health care to experience pro-
fessional oral health care and improve oral health-related literacy.

Studies have shown the effectiveness of prenatal oral health care on
the reduction of early childhood caries (ECC) and S. mutans carriage in
children. Giinay, Dmoch-Bockhorn [28] reported 100% of children in the
intervention for prenatal oral health care mothers group remained
S. mutans free by 3 years of age, while only 38.5% remained S. mutans
free in the control group by age 3. Brambilla, Felloni [29] also reported
that children of mothers who received prenatal oral health care had
significantly lower salivary S. mutans level than those of untreated group
mothers (p < 0.05). Our study only assessed the microbial changes in the
mothers. The impact of PTOR on children whose mothers received PTOR
remains unknown and could only be assessed with future studies that
expand the observations among the offspring.

The following limitations need to be considered when interpreting
our study results: 1) Limited sample size; 2) The study was only con-
ducted in one US city. Thus, generalization to other populations is un-
reliable due to the small convenient sample size; 3) The control group
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was a historical control from another study that enrolled pregnant
women at their third trimester. Although a propensity score was used to
match the control to the treatment group, the gestational weeks of sub-
jects in the treatment and control group were significantly different.

4. Conclusions

PTOR, a clinical regimen that targets the critical prenatal period and
fully restores women's oral health to a "disease-free status" before the
delivery, is associated with an improvement in oral health conditions,
perinatal oral health literacy, and a reduction in S. mutans carriage
among a cohort of underserved US pregnant women. Future clinical trials
are warranted to comprehensively assess the impact of PTOR on the
maternal oral flora other than S. mutans and Candida, birth outcomes, and
their offspring's oral health.

5. Materials and methods
5.1. Study population

In the treatment group, this study included 15 pregnant women who
received PTOR at the Perinatal Dental Clinic at University of Rochester
Medical Center (URMC) Eastman Institute for Oral Health (EIOH). The
EIOH Perinatal Dental Clinic provides care to approximate 250/year
socioeconomically deprived pregnant women in Monroe county of New
York State. The PTOR includes comprehensive examination, dental
cleaning, fillings to restore dental caries, tooth extractions, root canal
therapy and periodontal treatment as needed. Additional 15 pregnant
women in the control group were matched from subjects of a separate
cohort study where patients were seen at URMC Highland Family Med-
icine without receiving PTOR. The reported studies were approved by the
University of Rochester Research Subject Review Board (#4628 and
#1248). All participants were informed of the study objects and pro-
tocols, and gave written consent prior to study activities.

5.2, Eligibility

For the group where mothers received PTOR, individuals who met for
the following inclusion criteria and exclusion criteria were enrolled. The
inclusion criteria were: 1) female, older than 18 years of age; 2) pregnant
and before 28 weeks of gestation at baseline; 3) with 1-5 teeth with
untreated dental caries. 4) did not receive dental cleaning in the past 5
months. 5) with less than 4mm periodontal pocket depth for all teeth.

The Exclusion criteria were: 1) with decisional impairment deeming
incapable of making an informed decision; 2) received oral and/or sys-
temic antifungal therapy within 90 days of the baseline study visit; 3)
require premedication before dental treatment; 4) with more than 8
missing teeth, except third molars and orthodontically extracted teeth; 5)
with removable dental prosthesis that are used to restore missing teeth;
6) with orofacial deformity or tumor (e.g., cleft lip/palate); 7) with se-
vere systemic diseases (e.g., HIV infection).

The mothers in the control group met all inclusion and exclusion
criteria except that they were enrolled during their third trimester (time
period extending from the 28th week of gestation until delivery).

5.3. Data collection, examination and sample collection

The participants in the PTOR group were examined at 4 time points:
1) Baseline visit (V1) was conducted before subjects received PTOR; 2)
the second visit (V2) was immediately (within 1 week) after the
completion of PTOR; 3) the third visit (V3) and the last visit (V4) were 2
weeks and 2 months after completion of PTOR (study flow shown in
Figure 1A). The matched participants in the control group only received 1
baseline visit which was chosen to match the timing of the V4 of the
treatment group.
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At the baseline visit, data on demographics were collected using a
questionnaire. Data on the medical background and medications were
self-reported and confirmed by electronic medical records (see appendix
1-medical background data collection sheet). The medical background
included: 1) physician-diagnosed systemic diseases (Y/N), such as hy-
pertension, diabetes, asthma, anxiety, depression kidney disease, etc.; 2)
medications that subjects were taking at the baseline study visit; 3)
smoking status (Y/N). The socioeconomical background and oral hygiene
practice was collected using a questionnaire. At each study visit of the
PTOR group, the perinatal oral health care literacy score (0-7) and
orofacial pain using Numeric Rating Scale (NRS) score (0-10, with 10
being an unbearable pain) were collected [40].

A comprehensive oral examination was performed at the baseline and
each study visit by one of two calibrated dentists in a dedicated exami-
nation room at the URMC, using standard dental examination equipment,
materials and supplies. Caries were scored using DMFT (decayed, missing
and filled teeth) and the ICDAS [41]. Bleeding on probing (BOP) was
evaluated to assess the gingival inflammation. With a periodontal probe,
the periodontal tissue was assessed to the bottom of the clinical pocket or
sulcus. Interproximal sites for every existing tooth, except the third
molars, were scored both from the buccal and the lingual sides [42].
Dental plaque was assessed using the Plaque Index (PI) as described by
Loe [43]. Each of the four gingival areas of the tooth was given a score
from 0-3. A score of 0 indicates no plaque in the gingival area, a score of 1
indicates the presence of a film of plaque adhering to the free gingival
margin, a score of 2 indicates moderate accumulation of soft deposits
within the gingival pocket, on the gingival margin and or adjacent tooth,
a score of 3 indicates abundance of soft matter within the gingival pocket
and or on the gingival margin and adjacent tooth structure. Inter- and
intra-examiner agreement for the evaluated criteria was calculated by
Kappa statistics, and exceeded 90% at the calibration.

Methods used for saliva and plaque sample collection were detailed
previously [9, 11]. Approximately 2 ml of whole non-stimulated saliva
samples were collected by spitting into a sterile 50ml centrifuge tube.
Study subjects were instructed to not eat, drink or brush their teeth 2 h
before the oral sample collection prior to their study visit. Supragingival
plaques from the whole dentition were collected using a sterilized peri-
odontal scaler. The plaque samples were suspended in 1ml of a 0.9%
sodium chloride solution in a sterilized Eppendorf tube.

5.4. Identification and quantification of Candida spp. and S. mutans

The clinical samples (saliva and plaque) were stored on ice and
transferred to the lab located at the Center for Oral Biology, UR within 2 h
for laboratory testing. The saliva and plaque sample were gently vortexed
and sonicated to break down the aggregated plaque before plating. The
sonication cycle was repeated three times, with 10 s sonication and 30 s
rest onice. BBL™ CHROMagar™ Candida (BD, Sparks, MD, USA) was used
to isolate C. albicans following methods S. mutans was isolated using Mitis
Salivarius with Bacitracin selective medium and identified by colony
morphology [44, 45]. Both Candida spp. and S. mutans were incubated at
37 °C, 5% COo, for 48 h before identification. Colonies of Candida spp. and
S. mutans on each plate were counted and recorded as colony forming unit
(CFU). Additionally, C. albicans and S. mutans were further identified from
microbial colony DNA using colony polymerase chain reaction method,
detail detailed previously [9, 11]. The probes used for C. albicans were
forward primer 5'CGATTCAGGGGAGGTAGTGAC3' and reverse primer
5'GGTTCGCCATAAATGGCTACCAG 3’. The probes used for S. mutans
were forward primer 5 TCGCGAAAAAGATAAACAAACA 3’ and reverse
primer 5’ GCCCCTTCACAGTTGGTTAG 3°.

5.5. Statistical analysis
Propensity scores were used to select the 1:1 control group subjects

from an existing cohort (186 pregnancy women, described in the study
population section). The matching parameters included race, ethnicity,
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education, marital status, and the number of decayed, missing, and filled
teeth. The characteristics of the PTOR and control groups were compared
using t-test for continuous data including subjects' age, weeks of preg-
nancy, DFMT, ICDAS and PI; Chi-square or Fisher's exact tests for cate-
gorical data including demographic characteristics (race, ethnicity,
education level, marital status) and medical background. To compare the
changes of oral health conditions (BOP, PI, orofacial pain score), peri-
natal oral health literacy, and carriage of C. albicans and S. mutans
(converted to natural log value) between the visits within the PTOR
group, related-samples Friedman's Two-Way analysis was used. To
compare the carriage of S. mutans and C. albicans (converted to natural
log value) between the V4 of the PTOR group and the control group,
independent-samples Wilcoxon rank-sum test was conducted. Fisher's
exact test was used for S. mutans and C. albicans scoring distribution
comparison between groups and between PTOR V4 and the control
group. All statistical tests were two-sided with a significant level of 5%. R
was used for propensity score matching and SAS 9.3 was used for the rest
of statistical analyses.

5.6. Statement of ethics

All study subjects have given their written informed consent and that
the study protocol was approved by the institute's committee on human
research.
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