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The presence of cariogenic and periodontal
pathogens in the oral cavity of one-year-old
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Abstract

Background: Recently, the dental literature has focused mainly on the microbial colonization of healthy full-term
infants and their mothers or caretakers. However, oral microbial acquisition by premature infants has not been
adequately investigated, and the correlation between pre-term birth and the presence of cariogenic and
periodontal pathogens has not been determined. The aim of this study was to identify the presence and quantities of
representative cariogenic and periodontal pathogens in the oral cavities of 12-month-old infants and compare the
occurrence of these microbes between a cohort of pre-term infants with very low birthweights and a control cohort
comprising full-term infants.

Methods: The research cohort was composed of 69 one-year-old infants, of whom 24 were born prematurely with very
low birthweights and 45 of whom were carried to full term. Information regarding the infants’ gestational age, mode of
delivery, general health status, birthweight and antibiotic use were obtained from hospital records and through oral
interviews. At 12 months of age, both groups of infants were examined, and unstimulated saliva samples from the
dorsum of the tongue and dental plaque samples were collected. The microorganisms (Streptococcus mutans,
Lactobacillus spp., Actinomyces spp., Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
forsythia, Treponema denticola, Peptostreptococcus micros, Prevotella intermedia, Fusobacterium nucleatum) were
identified and their quantities were evaluated using a PCR-based method. The chi-squared and Fisher’s factorial
tests were used for the statistical evaluations.

Results: The infants had a high prevalence of cariogenic microbes and of Fusosbacterium nucleatum and
Aggregatibacter actinomycetemcomitans. Cariogenic microbes were detected in 91.7% of the very low birthweight
infants and in all full-term infants. Periodontal pathogens were present in 83% of the pre-term infants and in 96%
of the full-term infants. A significant difference was found between the cohorts in terms of the presence of S.
mutans. Most of the very low birthweight infants had negative values of this microbe, while the full-term infants
had positive values.

Conclusions: This study confirms the early transmission of representative cariogenic and periodontal pathogens
to the oral cavity of one-year-old infants and a higher prevalence of S. mutans in full-term infants than in
premature infants.
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Background
Pre-term birth and low birthweight are major causes of
mortality and morbidity in neonates across the world. Ac-
cording to the definition of the World Health Organization
[1], a pre-term infant is defined as being born before gesta-
tional week 37 or having low birthweight. A low birth-
weight is defined as weighting less than 2500 g, regardless
of the gestational age. Low birthweight neonates are further
subdivided into very low birthweight infants (VLBW), with
birthweights < 1500 g, and extremely low birthweight in-
fants, with birthweights < 1000 g. Pre-term delivery ac-
counts for approximately 6% of all live births in developed
Western European countries [2]. Premature low birth-
weight infants have a shorter prenatal period and are
predisposed to various perinatal and neonatal complica-
tions and developmental problems that can affect their
general growth and progress during infancy and
throughout childhood. Low birthweight is closely re-
lated to infant perinatal mortality and to an increased
risk of early and late morbidity.
Premature childbirth can be linked to the occurrence

of periodontal diseases in pregnant women. It is believed
that periodontal pathogens or the inflammatory media-
tors they induce reach the maternal reproductive system
through the bloodstream and elicit an inflammatory cas-
cade that gives rise to pre-term delivery [3]. According
to some authors [4,5], certain oral Gram-negative bacteria
create a cumulative effect that is sufficient to trigger early
delivery, which represents the last step to produce a low
birthweight labor. In the studies by Ercan et al. [5] and
Gonzales-Marin et al. [6], the anaerobic microbe F. nucle-
atum was isolated from the amniotic fluid, placenta and
chorioamnionic membranes of women delivering prema-
turely. Contrary to the work of Heimonen et al. [7], a
causal linkage between a woman’s oral health status and
her experience with pre-term or full-term births cannot be
assumed.
Recently, the dental literature has focused on the mi-

crobial colonization of healthy full-term infants and their
mothers or other caretakers. Authors [8-10] have em-
phasized microbial colonization and the transmission of
cariogenic microbes in the oral cavity, as well as the role
of S. mutans in the development of early childhood car-
ies; however, oral microbial acquisition by premature in-
fants with very low birthweights has not been adequately
investigated.
We hypothesized that infants born pre-term would

have different levels of oral cavity colonization with
cariogenic and periodontal pathogens compared to full-
term infants. We predicted that the earlier microbial
colonization in the pre-term infants may be due to dif-
ferences in their immune systems. The aim of this study
was to determine the presence and values of the main
known cariogenic and periodontal pathogens in the oral
cavities of one-year-old infants without caries, and to
compare the findings in pre-term very low birthweight
infants with full-term infants.

Methods
This case control study is a part of long-term research
project supported by the Ministry of Health of the Czech
Republic performed at the Department of Dentistry and
Neonatology Faculty of Medicine in Pilsen, Charles Uni-
versity in Prague, Czech Republic. We recruited all one-
year-old infants consecutively referred from the Depart-
ment of Neonatology for examination during the study
period between 1 January 2013 and 31 December 2013.
Personal information including gestational age, mode of
delivery, general health status, antibiotic use and medical
history were obtained through oral interviews and from
hospital records. The gestational age was estimated from
the reported date of the mother’s last menstruation. The
infants were divided into two groups: group A com-
prised infants delivered pre-term with very low birth-
weight, and group B comprised full-term infants. The
presence of deciduous incisors in the oral cavity was the
inclusion criterion for all infants, in addition to gesta-
tional age < 37 weeks and birthweight < 1500 g for group
A and gestational age > 37 weeks and birthweight >
2500 g for group B. The inclusion criteria also included
middle –class socioeconomic status for both groups. In-
fants in groups A and B meeting any of the following
conditions were excluded from the study: 1) contempor-
ary antibiotic treatment; 2) antibiotic treatment within
6 months prior to the clinical and microbiological examin-
ation; 3) systemic disease or immunological deficiency in
full-term infants; and 4) any type of medication. Of the 87
examined one-year-old Caucasian infants, 69 were se-
lected based on the inclusion and exclusion criteria. A de-
finitive research cohort was composed of 69 one-year-old
orally healthy Caucasian infants, 24 of whom (case group
A) were born prematurely with very low birthweights and
45 of whom (control group B) were born at full term. The
characteristics of the infant groups are reported in Table 1.
The mean gestational age and birthweight of the infants in
group A were 29.7 wks and 1154.9 g, respectively. Group
A was characterized by polymorbidity (Table 2). Infants
in group B were healthy individuals without a history of
serious general disease with a mean gestational age of
39.8 wks and birthweight of 3254.7 g. During the neo-
natal period, all pre-term infants received antibiotic
treatment consisting of intravenous ampicillin and gen-
tamicin for 5 – 7 days.
At 12 months postnatal age, the infants were examined

using a sterile dental mirror and artificial light, prior to
which they had not received food or drink for 30 min or
had their teeth brushed. One trained examiner con-
ducted all the clinical oral examinations and collected



Table 1 Characteristics of the research groups

Group Mean
birthweight (g) SD Mean gestational

age (weeks) SD
Mode of delivery

Vaginal Caesarean section

Group A 1154.9 234.08 29.7 2.7 6 (25%) 18 (75%)

Group B 3254.7 392.7 39.8 1.0 33 (73.3%) 12 (26.7%)

Merglova et al. BMC Oral Health 2014, 14:109 Page 3 of 8
http://www.biomedcentral.com/1472-6831/14/109
the saliva samples. For every child, an unstimulated sal-
iva sample was collected from the dorsum of the tongue
and from the labial surfaces of the upper deciduous inci-
sors with a sterile cotton swab. Each swab was placed
into a sterile tube and immediately sent to the laboratory
(Protean s.r.o., Czech Republic). In the laboratory, the
target genomic region containing multiple highly vari-
able parts was amplified and labeled using polymerase
chain reaction (PCR) with a mixture of universal
primers. The denaturated product was then hybridized to
a DNA – macroarray platform with immobilized specific
probes applied in duplicates. After high – stringency
washing of non – hybridized probes, the macroarrays were
digitally evaluated. This test (Stoma Gene™, Protean s.r.o.,
Ceske Budejovice, Czech Republic) uses three independent
variable genomic regions for the detection of each patho-
gen and therefore provides very reliable results. In this
way, three cariogenic bacterial species and seven peri-
odontal species were detected. The Stoma – Gene™ test
can determine the presence of S. mutans (Sm), Lactobacil-
lus spp. (Lsp), Actinomyces spp. (Asp), Aggregatibacter
actinomycetemcomitans (Aa), P. gingivalis (Pg), Tannerella
forsythia (Tf), T. denticola (Td), Peptostreptococcus micros
Table 2 The main diseases of pre-term infants in
neonatal period

Disease Number of affected
preterm neonates

%

Respiratory distress syndrome 23 95.8

Hyperbilirubinemia 18 75.0

Anemia 16 66.6

Patent ductus arteriosus 8 33.3

Adnate infection 6 25.0

Necrotizing enterocolitis 5 20.8

Perinatal asphyxia 4 16.6

Bronchopulmonary dysplasia 4 16.6

Congenital umbilical hernia 4 16.6

Pulmonary apoplexy 3 12.5

Osteopathia 3 12.5

Congenital heart disease 2 8.3

Posthemorrhagic hydrocephalus 1 4.2

Periventricular leukomalacia 1 4.2

Intraventricular hemorrhage 1 4.2
(Pm), Prevotella intermedia (Pi), and F. nucleatum (Fn)
and evaluate their quantities as follows:

1. – undetected (with < 103 colony forming units
(CFUs))

2. + weakly positive (with 103 - 104 CFUs)
3. ++ medium positive (with CFU 104 - 105 CFUs)
4. +++ strongly positive (with > 105 CFUs).

The data were statistically analyzed using Statgraphics
software distributed by Stat Point Technologies, Inc. of
Warrenton, Virginia, USA. The chi-squared test and, when
only a few cases were assessed in some categories, Fisher’s
factorial test was used for the analyses, with p < 0.05 con-
sidered to be statistically significant. The data on the de-
tected microbes used for the statistical comparison
between the pre-term and full-term infants were reduced
to just two alternatives – negative (undetected) and posi-
tive (detected, at any level). We also evaluated the levels of
the detected microbes in both groups of infants. For this
analysis, a scale of quantities was used: undetected, weakly
positive, medium positive and strongly positive.
Ethical considerations
Ethical approval for the investigation was obtained from
the Research Ethics Committee Faculty of Medicine in
Pilsen, Charles University in Prague. The study was con-
ducted in accordance with the Helsinki Declaration of
1975, as revised in 1983. All infants were recruited from
the Department of Neonatology of the Faculty Hospital in
Pilsen, Czech Republic. Before the study, the legal guard-
ians of all infants provided informed consent for their chil-
dren to participate in the study.
Results
The examined groups of infants had a high prevalence
of cariogenic microbes (S. mutans, Lactobacillus species
and Actinomyces species) and of F. nucleatum and Aggre-
gatibacter actinomycetemcomitans. Other periodontal
pathogens were detected in a small number of cases,
and T. denticola was not detected (Figure 1). The find-
ings concerning the particular monitoring of microbes
in both groups of infants are presented in Table 3, where
the absolute frequency of the individual cases as well as
their percentages in the two subgroups are described.
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Figure 1 Prevalence of cariogenic and periodontal microbes.

Merglova et al. BMC Oral Health 2014, 14:109 Page 4 of 8
http://www.biomedcentral.com/1472-6831/14/109
The occurrence of cariogenic microbes
One or more cariogenic microbes were detected in
91.7% of the very low birthweight infants and in all full-
term infants. The most often identified microbe in the
cariogenic group was the Lactobacillus species, which
was found in 98.7% of the infants, followed by Actinomy-
ces species (83% of the infants) and S. mutans (66.7% of
the infants).

S. mutans
In group A, only 1 of the 24 children (4.2%) was positive
for S. mutans, while in group B, all 45 children (100%)
harbored this bacteria. This difference was found to be
statistically significant (chi square test-p = 0.0001).

Lactobacillus species
Both groups of infants had high rates of Lactobacillus
species colonization. Lactobacillus species were the most
often detected cariogenic microbes in the group of pre-
term infants. Lactobacillus species were detected in 22
Table 3 Prevalence of cariogenic and periodontal
bacteria in 12-month-old infants

Group A Group B Σ P - value

Cariogenic bacteria

Sm 1 (4.2%) 45 (100%) 46 (66.7%) < 0.05

Lsp 22 (91.7%) 44 (97.8%) 66 (98.7%) NS

Asp 18 (75%) 39 (86.7%) 57 (83%) NS

Periodontal bacteria

Aa 20 (83.3%) 43 (95.5%) 63 (91%) NS

Pg 0 (0%) 1 (2%) 1 (1%) NS

Tf 1 (4%) 2 (4%) 3 (4%) NS

Td 0 (0%) 0 (0%) 0 (0%)

Pm 1 (4%) 1 (2%) 2 (3%) NS

Pi 0 (0%) 1 (2%) 1 (1%) NS

Fn 14 (58.3%) 24 (53.3%) 38 (55%) NS
(91.7%) of the 24 very low birthweight infants and in 44
(97.8%) of the 45 full-term infants. Fisher’s factorial test
indicated a non-significant difference (p = 0.276).

Actinomyces species
Positive values of Actinomyces species were detected in
18 (75%) of the pre-term infants and in 39 (86.7%) of the
full-term infants. Fisher’s factorial test was used for the
statistical evaluation (p = 0.318), and the results indi-
cated that the incidence of positive values of Actinomy-
ces species in the pre-term infants differs from that of
the full-term infants could not be proven.

The occurrence of periodontal pathogens
One or more periodontal pathogens were detected in
83% of the pre-term and 96% of the full-term infants.
Aggregatibacter actinomycetemcomitans was the most
commonly present periodontal pathogen found in the
oral cavities of the infants enrolled in our study.

Aggregatibacter actinomycetemcomitans
Aggregatibacter actinomycetemcomitans was detected in
20 (83.3%) of the pre-term infants and 43 (95.5%) of the
full-term infants. The Fisher’s factorial test (p = 0.173)
indicated that the differences between the groups were
not significantly different.

Fusobacterium nucleatum
Fusobacterium nucleatum was found in the saliva of 55%
of the infants in our study. No statistically significant differ-
ences between the pre-term infants and the full-term in-
fants were found regarding the presence of F. nucleatum.
Porphyromonas gingivalis, Tannerella forsythia, Peptos-

treptococcus micros and Prevotella intermedia were
rarely found in either group of infants. The differences
between the groups were not statistically significant.

The values of the detected microbes
The weakly positive values of Lactobacillus species and Ac-
tinomyces species were the most frequent values of cario-
genic microbes in the group A. Streptococcus mutans was
strongly positive in one infant (4.2%) in group A, while it
was strongly positive in 48.9% of the group B infants. In
both groups, Lactobacillus species and Actinomyces species
were mostly found to be weakly positive (Table 4). Aggre-
gatibacter actinomycetemcomitans was found at a medium
positive level in 33.3% of the group A infants and at a
weakly positive level in 42.2% of the group B infants
(Table 5). Fusobacterium nucleatum was most frequently
weakly positive in both groups.

Discussion
The composition of the oral microbiota varies with the
age of the host. Age-related changes in the oral cavity



Table 4 Values of the cariogenic microbes

Sm Lsp Asp

Detected (d) Positivity Detected (d) Positivity Detected (d) Positivity

Group A (n = 24)

+ ++ +++ + ++ +++ + ++ +++

nd 1 0 0 1 22 19 3 0 18 13 4 1

% (n) 4.2 0 0 4.2 91.7 79.2 12.5 0 75.0 54.2 16.7 4.1

% (nd) 100.0 0.0 0.0 100.0 100.0 86.3 13.6 0.0 100.0 72.2 22.2 5.6

Group B (n = 45)

+ ++ +++ + ++ +++ + ++ +++

nd 45 12 11 22 44 32 12 0 39 24 8 7

% (n) 100.0 26.7 24.4 48.9 97.8 71.1 26.7 0.0 86.7 53.3 17.8 15.5

% (nd) 100.0 26.7 24.4 48.9 100.0 100.0 72.7 27.3 100.0 61.5 20.5 17,9

Table 5 Values of the periodontal microbes

Aa Fn

Detected (d) Positivity Detected (d) Positivity

Group A (n = 24)

+ ++ +++ + ++ +++

nd 20 6 8 6 14 11 2 1

% (n) 83.3 25.0 33.3 25.0 58.3 45.8 8.3 4.2

% (nd) 100.0 30.0 40.0 30.0 100.0 78.5 14.2 7.2

Group B (n = 45)

+ ++ +++ + ++ +++

nd 43 19 15 9 24 18 3 3

% (n) 95.5 42.2 33.3 20.0 53.3 40.0 6.6 6.6

% (nd) 100.0 44.2 34.8 20.9 100.0 75.0 12.5 12.5
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result from tooth eruption, dietary changes, hormonal
fluctuations and salivary flow. Infants are especially sus-
ceptible to microbial colonization, as specific antibodies,
such a secretory immunoglobulin A, are present at rela-
tively low levels during infancy. At birth, the oral cavity
is usually void of microbes, except in cases of chorioam-
nionitis [11]. Rapid contamination of external and in-
ternal surfaces occurs when the fetus is exposed to the
flora of the birth canal and to the external environment,
especially through contact with the mother and with
contaminated milk and water. The rate and extent of
neonatal oral cavity colonization depends on various
perinatal and neonatal factors, such as the mucosal im-
mune system, gestational age, mode of delivery,
hospitalization in an intensive care unit, type and mode
of feeding and antibiotic treatment. The mucosal im-
mune system represents the first line immune response
against oral infection. Secretory IgA present in the saliva
may control the oral microbes by preventing their adher-
ence to the oral mucosa and the teeth [12]. Salivary IgA
concentrations and IgA antibody specificities appear to
be influenced by gestational age, which may reflect the
level of the mucosal immune system [13]. Because neo-
nates are immunologically immature, they are at risk of
developing infections. Premature or low-birthweight ne-
onates are thus at a particularly high risk of infection
[14]. However, the colonization of the oral cavity after
birth could be delayed by Caesarean section delivery or
total parenteral nutrition [14,15].
Cariogenic microbe colonization, especially with the

major pathogenic microorganism associated with dental
caries (S. mutans), was found to occur during a window
of infectivity between 19 and 31 months of age. This so-
called “window of infectivity” theory of cariogenic mi-
crobe acquisition should be reevaluated using modern
molecular techniques for microbial detection. Real-time
PCR is a clinical tool for detecting and quantifying the
presence of bacterial pathogens. Compared to traditional
culturing methods, real-time PCR is fast and cost effect-
ive, but it is limited by the quality of the primers and
probes chosen. These primers and probes must be sensi-
tive enough to detect all of the target organisms yet spe-
cific enough to exclude all others [16]. Cephas et al. [17]
demonstrated that 62.2% of the edentulous infants had
Streptococcus genera in their salivary samples. Milgrom
et al. [18] studied the occurrence of S. mutans in infants
between 6 and 12 months of age and found these mi-
crobes in 48.3% of the plaque samples and in 58.3% of
the saliva samples collected from their tongues. In our
study, S. mutans was detected in all full-term one-year-
old infants.
It has been speculated that birth by Caesarean section

would decrease an infant’s early colonization by S.
mutans because the immune defense system of neonates
can avoid the extensive exposure to maternal microor-
ganisms that occurs during vaginal birth [19]. Our re-
sults did not confirm speculations about the relationship
of the delivery mode and the early colonization of the
oral cavity with S. mutans. In our study, most premature
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infants (75%) were born via Caesarean section and still
had minimal S. mutans colonization of the oral cavity.
The presence of Lactobacillus species is correlated with

both active caries and an increased predisposition for fu-
ture caries, as these bacteria interact with other microor-
ganisms during their colonization. We found very high
positive levels of Lactobacillus species (98.7%) in the saliva
samples of the one-year-old infants. However, Könönen
et al. [20] detected Lactobacillus species in only 2% of 12-
month-old infants.
Actinomyces species play an important role in the initi-

ation and progression of caries due to their aciduricity
and ability to co-aggregate with S. mutans [21]. Actino-
myces species were present in 83% of the caries-free in-
fants in our study, which is consistent with the reported
91% prevalence of this species in one-year-old infants
described by Könönen et al. [20].
Anaerobic bacterial species associated with the onset

of periodontal diseases constitute an important part of
the bacterial community of the mouth. The timing and
type of the initial oral colonization of infants is of great
importance, as it lays the groundwork for all further
colonization. According to some previous studies [22,23],
the colonization of the oral cavity in infants by periodontal
pathogens is thought to be rare, occurring most com-
monly when the mother has periodontitis. Improved
methods based on the PCR technique suggest that the ac-
quisition of some microbes associated with periodontal
disease occurs in the oral cavity earlier than was previously
supposed. Obligate anaerobes can and do begin to
colonize the oral cavities of infants prior to tooth eruption
[24]. Some authors [25-27] have detected periodontal
pathogens in young children, although the prevalence of
these microbes has been relatively low. In our earlier study
[28], periodontal pathogens (Aggregatibacter actinomyce-
temcomitans, Prevotella intermedia and F. nucleatum)
were found in the saliva of 2.9% of newborns, 63.8% of
six-month-old predentate infants and 97.8% of 12-
month-old infants. Yang et al. [25] detected periodontal
pathogens in 71% of children with an average age of
32.4 ± 7.5 months. In our recent study, we found that 91%
of full-term one-year-old infants had periodontal patho-
gens. Thus, the reported prevalence of periodontal patho-
gens in the oral cavity varies considerably across different
studies [24-27]. One of the most important periodontal
pathogens is Aggregatibacter actinomycetemcomitans. This
microbe was the most frequently detected periodontal
pathogen found in our study and was present in the saliva
of 83% of the very-low birthweight infants and in 96% of
the full-term infants. Lamell et al. [29] detected Aggregati-
bacter actinomycetemcomitans in only 25% of infants
under one year of age and, according to their work, Aggre-
gatibacter actinomycetemcomitans is usually a transient
colonizer of a child’s oral cavity.
Fusobacterium nucleatum is a quantitatively promin-
ent component of the dental plaque and is one of the
first Gram-negative species to become established in the
plaque biofilm. Fusobacterium nucleatum is the most
frequent strictly anaerobic species that exists in the oral
cavity at one year of age. This microbe has been found
to be present in the oral cavities of 91% of one-year-old
infants and of 60% of younger infants with a mean age
of 3 months [20]. Here, we found the incidence of F.
nucleatum to be low in both groups of infants.
Cortelli et al. [26] described the initial colonization by

Prevotella intermedia and Tannerella forsythia in an age
group of 6 to 12 years, and P. gingivalis was first detected
in much older individuals, aged 19 to 44 years. Cortelli
et al. [27] suggested that alterations in the oral microenvir-
onment accompanied by the eruption of teeth and the for-
mation of the gingival sulcus provide environmental
niches that are favorable for the growth of Tannerella for-
sythia, Prevotella intermedia and Prophyromonas gingiva-
lis. Könönen et al. [20] detected these microbes, including
T. denticola and Peptostreptococcus micros, in the oral cav-
ity of 12-month-old infants, but their incidence was very
low. Our findings regarding the oral colonization of these
periodontal pathogens in the same age group are consist-
ent with those of the described studies. Treponema denti-
cola was not detected in the children we examined.
Oral colonization with cariogenic and periodontal

pathogens in pre-term infants has not been adequately
investigated. The authors [30,31] focused only on a com-
parison of the S. mutans colonization of the oral cavity
in pre-term and full-term infants. Wan et al. [30] used
selective tryptone-yeast-cysteine-sucrose-bacitracin agar
for S. mutans isolation and detected S. mutans in 60% of
full-term six-month-old infants and in over 50% of pre-
term six-month-old infants. In their longitudinal study,
Wan et al. [30] found that S. mutans colonization in-
creased with infant age. At 12 months of age, 37% of in-
fants harbored S. mutans, and there was a higher
prevalence of these microbes in full-term infants than in
pre-term infants, although this difference was not statis-
tically significant. After 12 months of age, a higher
prevalence of S. mutans was reported in the pre-term in-
fants, but again, this difference was not statistically sig-
nificant. Factors associated with S. mutans colonization
included sweet liquids being taken to bed, frequent sugar
exposure, snacking, sharing of adult food and high ma-
ternal S. mutans levels. In contrast, a lack of S. mutans
colonization was connected with tooth brushing and
multiple courses of antibiotics.
Seow et al. [31] studied the presence of S. mutans in

12-month-old infants and the differences between pre-
term and full-term infants using quantitative real-time
PCR techniques. They found no significant differences
between these groups of infants. This may be related to
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the similar dietary and oral hygiene habits in both groups.
The results of this research contradict the findings of our
own study. In our study, we found a significant difference
in the presence of oral S. mutans between pre-term and
the full-term infants.
A number of factors could help explain the low observed

occurrence of S. mutans in the oral cavities of the pre-term
infants. Late transmission and colonization with S. mutans
can be considered because these infants were not in fre-
quent contact with their mothers from birth. Pre-term in-
fants are also repeatedly treated with antibiotics, which
impacts the composition of their oral microbial flora. Wan
et al. [30] found that non-colonization by S. mutans was as-
sociated with multiple courses of antibiotics. In addition
to antibiotic dosing, frequent parenteral nutrition, differ-
ences in mucosal immunity, and repeated endotracheal in-
tubations and laryngoscopies may all affect the bacterial
colonization of the oral cavities of pre-term infants. Lengthy
hospitalizations of pre-term infants in intensive care units
may also influence bacterial colonization. These factors
may not affect the periodontal pathogens, which are much
later colonizers of the oral cavity. This was confirmed in
our study, as we found that the incidence of the major peri-
odontal pathogens was similar in both study groups.
The authors are aware of certain limitations of this

study. The infants’ dietary and tooth brushing histories
were not obtained, a relatively small number of infants
were included in the research group, and only one sam-
ple was taken from each infant for microbial detection.

Conclusions
The data obtained in this study confirm the early transmis-
sion of cariogenic and periodontal pathogens to the oral
cavities of one-year-old infants. Based on the presence of
the main cariogenic microbe, S. mutans, significant differ-
ences were found between infants born prematurely with
very low birthweights and the control group. Most of the
very low birthweight infants had negative values of S.
mutans. We found no other statistically significant differ-
ences in the presence of other microbes belonging to the
cariogenic and periodontal pathogens. The presence of
cariogenic microbes in the oral cavity represents a risk factor
for the development of early childhood caries. Future clin-
ical research should focus on establishing the clinical im-
portance of periodontal pathogens in the saliva of infants.

Abbreviations
PCR: Polymerase chain reaction; VLB: Very low birth weight;
DNA: Deoxyribonucleic acid; Sm: Streptococcus mutans; Lsp: Lactobacillus
spp; Asp: Actinomyces spp; Aa: Aggregatibacter actinomycetemcomitans;
Pg: Porphyromonas gingivalis; Tf: Tannerella forsythia; Td: Treponema
denticola; Pm: Peptostreptococcus micros; Pi: Prevotella intermedia;
Fn: Fusobacterium nucleatum; CFU: Colony forming unit;
IgA: Immunoglobulin A.

Competing interests
The authors declare that there are no competing interests.
Authors’ contributions
VM and RK contributed to the design of the study. JD performed the clinical
examinations of both groups of infants. VM collected the saliva and plaque
samples. VM, RK, ZB analyzed the data. All of the authors contributed to the
preparation of the manuscript and approval of the final version. All authors
read and approved the final manuscript.

Acknowledgements
The study was supported by the IGA Health Ministry of Czech Republic grant
NT/14336.

Author details
1Department of Dentistry, Faculty of Medicine in Pilsen, Charles University in
Prague, Alej Svobody 80, 304 60 Pilsen, Czech Republic. 2Department of
Dentistry, Faculty of Medicine in Hradec Kralove, Charles University in Prague,
Sokolská 581, 500 05 Hradec Kralove, Czech Republic. 3Institute of Clinical
and Experimental Dental Medicine of Charles University in Prague, Karlovo
nam 554/32, 120 00 Prague, Czech Republic. 4Department of Neonatology,
Faculty Hospital in Pilsen, Alej Svobody 80, 304 60 Pilsen, Czech Republic.

Received: 3 May 2014 Accepted: 26 August 2014
Published: 1 September 2014

References
1. World Health Organization: International Classification of Diseases and Related

Health Problems, 10th Revision. Geneva: World Health Organization; 2004.
2. Beck S, Wojdyla D, Say L, Betran AP, Merialdi M, Requejo JH, Rubens C,

Menon R: The worldwide incidence of preterm birth: a systemic review
of maternal mortality and morbidity. Bull World Health Organ 2010,
88:31–38. doi:10.2471/BLT.08.062554 PubMed: 20428351.

3. Madianos PN, Lieff S, Murtha AP, Boggess KA, Auten RL Jr, Beck JD,
Offenbacher S: Maternal periodontitis and prematurity. Part II: Maternal
infection and fetal exposure. Ann Periodontol 2001, 6:175–182.
doi:10.1902/annals.2001.6.1.175 PubMed: 11887461.

4. Shira Davenport E: Preterm low birthweight and the role of oral bacteria.
J Oral Microbiol 2010, 2:5779. doi:10.3402/jom.v2i0.5779.

5. Ercan E, Eratalay K, Deren O, Gur D, Ozyuncu O, Altun B, Kanli C, Ozdemir P,
Akincibay H: Evaluation of periodontal pathogens in amniotic fluid and the role
of periodontal disease in pre-term birth and low birth weight. Acta Odontol
Scand 2013, 71:553–559. doi:10.3109/00016357.2012.697576 PubMed: 23638858.

6. Gonzales-Marin C, Spratt DA, Millar MR, Simmonds M, Kempley ST, Allaker
RP: Levels of periodontal pathogens in neonatal gastric aspirates and
possible maternal sites of origin. Mol Oral Microbiol 2011, 26:277–290.
doi:10.1111/j.2041-1014.2011.00616.x PubMed: 21896155.

7. Heimonen A, Rintamäki H, Furuholm J, Janket SJ, Kaaja R, Meurman JH:
Postpartum oral health parameters in women with preterm birth. Acta Odontol
Scand 2008, 66:334–341. doi:10.1080/00016350802307620 PubMed: 18720047.

8. Ushida N, Ishihara K, Kobayashi N, Matsukubo T, Yakushiji M, Okuda K: Initial
acquisition and transmission of Streptococcus mutans from Japanese
mothers to children. Pediatr Dent J 2009, 19:98–105.

9. Li Y, Caufield PW: The fidelity of initial acquisition of mutans Streptococci
by infants from their mothers. J Dent Res 1995, 74:681–685. doi:10.1177/
00220345950740020901 PubMed: 7722065.

10. Wan AK, Seow WK, Purdie DM, Bird PS, Walsh LJ, Tudehope DI: Oral
colonization of Streptococcus mutans in six-month-old predentate
infants. J Dent Res 2001, 80:2060–2065. doi:10.1177/00220345010800120701
PubMed: 11808762.

11. Gomez R, Romero R, Edwin SS, David C: Pathogenesis of preterm labor
and preterm premature rupture of membranes associated with
intraamniotic infection. Infect Dis Clin North Am 1997, 11:135–176.
doi:10.1016/S0891-5520(05)70347-0 PubMed: 9067790.

12. Russell MW, Hajishengallis G, Childers NK, Michalek SM: Secretory immunity
in defense against cariogenic mutans streptococci. Caries Res 1999,
33:4–15. doi:10.1159/000016490 PubMed: 9831775.

13. Nogueira RD, Sesso ML, Borges MC, Mattos-Graner RO, Smith DJ, Ferriani VP:
Salivary IgA antibody responses to Streptococcus mitis and Streptococcus
mutans in preterm and fullterm newborn children. Arch Oral Biol 2012,
57:647–653. doi:10.1016/j.archoralbio.2011.11.011 PubMed: 22169809.

14. Rotimi VO, Olowe SA, Ahmed I: The development of bacterial flora of
premature neonates. J Hyg (Lond) 1985, 94:309–318. doi:10.1017/
S0022172400061532 PubMed: 3891849.



Merglova et al. BMC Oral Health 2014, 14:109 Page 8 of 8
http://www.biomedcentral.com/1472-6831/14/109
15. Blakey JL, Lubitz L, Barnes GL, Bishop RF, Campbell NT, Gillam GL:
Development of gut colonisation in pre-term neonates. J Med Microbiol
1982, 15:519–529. doi:10.1099/00222615-15-4-519 PubMed: 6816935.

16. Lemmon GH, Gardner SN: Predicting the sensitivity and specificity of
published real-time PCR assays. Ann Clin Microbiol Antimicrob 2008,
7:18. doi:10.1186/1476-0711-7-18 PubMed: 18817537.

17. Cephas KD, Kim J, Mathai RA, Barry KA, Dowd SE, Meline BS, Swanson KS:
Comparative analysis of salivary bacterial microbiome diversity in
edentulous infants and their mothers or primary care givers using
pyrosequencing. PLoS One 2011, 6:e23503. doi:10.1371/journal.
pone.0023503 PubMed: 21853142.

18. Milgrom P, Riedy CA, Weinstein P, Tanner AC, Manibusan L, Bruss J: Dental
caries and its relationship to bacterial infection, hypoplasia, diet, and oral
hygiene in 6- to 36-month-old children. Community Dent Oral Epidemiol
2000, 28:295–306. doi:10.1034/j.1600-0528.2000.280408.x PubMed: 10901409.

19. Li Y, Li Y, Caufield PW, Dasanayake AP, Wiener HW, Vermund SH: Mode of
delivery and other maternal factors influence the acquisition of Streptococcus
mutans in infants. J Dent Res 2005, 84:806–811. PubMed: 16109988.

20. Könönen E, Kanervo A, Takala A, Asikainen S, Jousimies-Somer H: Establishment
of oral anaerobes during the first year of life. J Dent Res 1999, 78:1634–1639.
doi:10.1177/00220345990780100801 PubMed: 10520968.

21. Aas JA, Griffen AL, Dardis SR, Lee AM, Olsen I, Dewhirst FE, Leys EJ, Paster BJ:
Bacteria of dental caries in primary and permanent teeth in children and
young adults. J Clin Microbiol 2008, 46:1407–1417. doi:10.1128/JCM.01410-07
PubMed: 18216213.

22. Watson MR, Bretz WA, Loesche WJ: Presence of Treponema denticola and
Porphyromonas gingivalis in children correlated with periodontal disease
of their parents. J Dent Res 1994, 73:1636–1640. PubMed: 7929977.

23. Petit MD, Van Steenbergen TJ, Timmerman MF, De Graaff J, van der Velden
U: Prevalence of periodontitis and suspected periodontal pathogens in
families of adult periodontitis patients. J Clin Periodontol 1994, 21:76–85.
doi:10.1111/j.1600-051X.1994.tb00283.x PubMed: 8144737.

24. Könönen E, Asikainen S, Jousimies-Somer H: The early colonization of
gram-negative anaerobic bacteria in edentulous infants. Oral Microbiol
Immunol 1992, 31:28–31. PubMed: 1528621.

25. Yang EY, Tanner ACR, Milgrom P, Mokeem SA, Riedy CA, Spadafora AT, Page
RC, Bruss J: Periodontal pathogen detection in gingiva/tooth and tongue
flora samples from 18- to 48-month-old children and periodontal status
of their mothers. Oral Microbiol Immunol 2002, 17:55–59. doi:10.1046/
j.0902-0055.2001.00092.x PubMed: 11860557.

26. Cortelli JR, Fernandes CB, Costa FO, Cortelli SC, Kajiya M, Howell SC, Kawai T:
Detection of periodontal pathogens in newborns and children with
mixed dentition. Eur J Clin Microbiol Infect Dis 2012, 31:1041–1050.
doi:10.1007/s10096-011-1405-9 PubMed: 21928086.

27. Cortelli JR, Aquino DR, Cortelli SC, Nobre Franco GC, Fernandes CB, Roman-
Torres CV, Costa FO: Detection of periodontal pathogens in oral mucous
membranes of edentulous individuals. J Periodontol 2008, 79:1962–1965.
doi: 10.1902/jop.2008.080092 PubMed: 18834252.

28. Dort J, Stromecka M, Merglova V: DNA detection of periodontal
pathogens in the saliva of newborns, six-months and twelve-months old
infants. In Abstracts of the European Society of Paediatric and Neonatal
Intensive Care Annual Congress, November 2–5. Hannover, Germany: 2011.
Intensive Care Med 2011, 37:421 PubMed 20830836.

29. Lamell CW, Griffen AL, McClellan DL, Leys EJ: Acquisition and colonization
stability of Actinobacillus actinomycetemcomitans and Porphyromonas
gingivalis in children. J Clin Microbiol 2000, 38:1196–1199. PubMed: 10699021.

30. Wan AK, Seow WK, Purdie DM, Bird PS, Walsh LJ, Tudehope DI: A
longitudinal study of Streptococcus mutans colonization in infants after
tooth eruption. J Dent Res 2003, 82:504–508. doi:10.1177/1544059103082
00703 PubMed: 12821708.

31. Seow WK, Lam JH, Tsang AK, Holcombe T, Bird PS: Oral Streptococcus species
in pre-term and full-term children—a longitudinal study. Int J Paediatr Dent
2009, 19:406–411. doi:10.1111/j.1365-263X.2009.01003.x PubMed: 19732193.

doi:10.1186/1472-6831-14-109
Cite this article as: Merglova et al.: The presence of cariogenic and
periodontal pathogens in the oral cavity of one-year-old infants delivered
pre-term with very low birthweights: a case control study. BMC Oral Health
2014 14:109.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethical considerations

	Results
	The occurrence of cariogenic microbes
	S. mutans
	Lactobacillus species
	Actinomyces species
	The occurrence of periodontal pathogens
	Aggregatibacter actinomycetemcomitans
	Fusobacterium nucleatum
	The values of the detected microbes

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


