
Nail biting is a common oral habit in
children and young adults (41). Nail biting
is rarely noted in children younger than 3–
6 years, whereas it is quite common
around puberty (4, 24, 37). It is estimated
that 20–33% of children between the ages
of 7 and 10 years and 45% of adolescents
are nail-biters (21).
The etiologies suggested for nail biting

include stress, imitation of other family
members, heredity, transference from the
thumb-sucking habit, and poorly mani-
cured nails. Nail biting is usually confined
to the fingernails and most nail-biters bite
all of the fingers equally rather than
selectively (21).

In most cases, it is of cosmetic concern
only; however, if not controlled, it can lead
to serious morbidity (41). Complications
of nail biting include damage to the
cuticles and nails (21), dermatological
problems of fingers such as melanonychia
(32), self-inflicted gingival injuries and
gingival swelling (7, 19, 28), dental prob-
lems such as increased incisal wear and
apical root resorption (21, 26, 27). In
addition, osteomyelitis has been reported
in a phalanx as a result of chronic nail
biting (39, 41).
Dentists and/or dental specialists are

usually interested in dental and gingival
problems as a result of chronic nail biting.

However, the habit of nail biting can result
in autoinoculation of pathogens and trans-
mission of infection to distant body parts
(40). For children with inadequate and
poor toilet hygiene, enteric bacteria can
pose a potential threat and danger by
penetrating the body via the mouth as a
result of nail biting; so they can lead to
various infections there.
Members of genera belonging to the

Enterobacteriaceae family have earned a
reputation that places them among the
most pathogenic and most frequently
encountered organisms in clinical micro-
biology. These families consist of gram-
negative, non-sporulating, rod-shaped
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bacteria and can be found in almost all
natural habitats (3, 25). They are the
causative agents of such diseases as men-
ingitis, bacillary dysentery, typhoid fever
and food poisoning. Escherichia coli is the
most frequently encountered bacterium in
clinical microbiology. Not only is E. coli
the primary cause of human urinary tract
infections, but it is also linked to diseases
in almost every other part of the body. The
infections caused by E. coli include intes-
tinal infections, bacteremia, pneumonia,
cholecystitis, appendicitis, peritonitis,
post-surgery infections, meningitis and
sepsis in premature and neonatal babies,
hemolytic uremia and traveler’s diarrhea
(1–3, 9, 10, 14, 15, 17, 34, 36, 38).
These findings suggest that E. coli and

other enteric bacteria ingested through a
chronic nail-biting habit could cause local
and systemic infections. Therefore, deter-
mination of the prevalence of Entero-
bacteriaceae in the mouths of chronic
nail-biters may be useful for clinicians.
The aim of the present study was to

determine and compare the prevalence of
E. coli and other Enterobacteriaceae in the
saliva samples of children with and with-
out chronic nail-biting habits.

Material and methods

The study group consisted of 25 subjects
(eight boys and 17 girls) who had a
chronic fingernail-biting habit. The sub-
jects were selected from patients who
applied to the Department of Orthodontics
for orthodontic treatment. The age of the
patients showing nail biting ranged from
11.9 to 16.5 years, with an average of
14.05 ± 1.17 years for girls and 13.99 ±
1.46 years for boys. In addition, 34 sub-
jects (16 boys and 18 girls) who had no
oral habits were chosen as a control group.
The age of the patients with no oral habit
ranged from 12.4 to 16.9 years, with an
average of 13.94 ± 1.02 years for girls and
14.16 ± 1.34 years for boys.
Ethical requirements were met; the

procedure was explained to the patients
and their parents, and their verbal consent
was obtained. All the patients in both
groups were given standard oral hygiene
instructions, including toothbrush use, and
then they were called for an appointment
1 week later. However, no instruction was
given to the patients in the study group
concerning their nail-biting habit before
their saliva samples were obtained. Sub-
jects who had used antibiotics and anti-
septic mouthwashes within the last
3 months were not included in this study.
On the visit 1 week later, a Quigley &

Hein plaque index as modified by Lobene
et al. (22) was recorded.

Microbiological sampling and laboratory

techniques

The oral coliform carriage rate of the
subjects was evaluated using the oral rinse
technique. This technique, described by
Samaranayake et al. (33), was used for the
quantification of Enterobacteriaceae in the
sample. In brief, the subjects were instruc-
ted to rinse their mouths with 10 ml
phosphate-buffered saline (0.1 m; pH 7.2)
for 60 s. The rinse was then expectorated
back into a universal container, on ice, and
concentrated by centrifugation at 17,000 g
for 10 min. Supernatant was discarded,
and the deposit was re-suspended in 1 ml
phosphate-buffered saline to obtain a con-
centrated oral rinse which was then inocu-
lated on to MacConkey’s agar, and blood
agar (Oxoid Ltd, Basingstoke, UK) using
the spiral plater system (Spiral System
Marketing Ltd, Bethesda, MD) to assess
coliform bacteria. The oral Enterobacteri-
aceae in a rinse sample were ascertained
by incubating MacConkey’s agar and
blood agar plates at 37�C for 24 h. The
Enterobacteriaceae that grew in MacCon-
key’s agar were examined using a Gram
stain. The organisms were purified by
subculture on blood agar and identified
using the commercially available API 20E
method, which is the standard identifica-
tion system for Enterobacteriaceae and
other gram-negative rods. The same inves-
tigator performed all the microbiological
assessments.

Statistical analysis

Student’s t-test was used to compare the
differences in the plaque index between
both groups. Pearson’s chi-squared test for
trend was applied to compare the differ-
ences in prevalence of Enterobacteriaceae
saliva samples of subjects with and with-
out a nail-biting habit, and P-values were
obtained. The data were subjected to 2 · 2
comparisons. The chi-squared test is
known to be inaccurate for expected

frequencies of less than five in a cell.
Where this situation arose, Fisher’s exact
test was used as an alternative analysis.

Results

The mean values of the Quigley & Hein
plaque index were 1.952 for the study
group and 2.038 for the control group.
Student’s t-test indicated that there were no
statistically significant differences in the
plaque index between these two groups
(t ¼ 0.396; P ¼ 0.696).
The microbiological findings are listed

in Table 1. Enterobacteriaceae were detec-
ted in 19 of 25 subjects (76%) for the
group of nail-biters, whereas Enterobacte-
riaceae were isolated in only nine of 34
subjects (26.5%) for the control group.
Four species of Enterobacteriaceae, E. coli,
Enterobacter aerogenes, Enterobacter
cloacae and Enterobacter gergoviae were
identified in the saliva samples of the
subjects in both groups. In the study group
E. coli was isolated in 15 subjects and
Enterobacter species (E. aerogenes,
E. cloacae and E. gergoviae) in four
subjects. For the control group, however,
E. coli and Enterobacter species (E. aero-
genes and E. cloacae) were found in only
seven and two subjects, respectively.
In addition, pathogenic microorganisms

such as methicillin-resistant coagulase-
negative Staphylococcus (MRCNS),
b-hemolytic streptococcus, methicillin-
resistant Staphylococcus aureus (MRSA)
and Candida species were isolated, to-
gether with Enterobacteriaceae, in the
saliva samples of some subjects in both
groups. However, only the Enterobacteri-
aceae were considered in the present study.
The results of a Pearson chi-squared test

for trend indicated that there were statis-
tically significant differences in the pre-
valence of E. coli (P < 0.01) and total
Enterobacteriaceae (P < 0.001) between
the study and control groups. According
to the result of the Fisher’s exact test,
however, no statistically significant differ-
ences were found in the prevalence of
Enterobacter species between these two
groups (Table 2).

Table 1. Enterobacteriaceae isolated from the saliva samples in both groups

Groups Species
No. of
patients %

Study group (with nail biting) n ¼ 25 Escherichia coli 15 60
Enterobacter spp. 4 16
Total Enterobacteriaceae 19 76

Control group (with no oral habit) n ¼ 34 Escherichia coli 7 20.6
Enterobacter spp. 2 5.9
Total Enterobacteriaceae 9 26.5
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Discussion

Oral habits like thumb sucking and nail
biting can damage the oral and dental
structures and lead to the spread of infec-
tious diseases (40). A nail-biting habit is
associated with injury of the nail beds and
gingiva. Gingival injury occurs when a
nail fragment accidentally lodges in the
gingival sulcus, causing inflammation and
abscess formation on occasion (7). Inad-
vertent gingival injury can also occur if the
child’s hand slips and the fingernail
scrapes the oral mucosa. Nail-biters who
are inflicted with trauma around the unguis
or nail create a portal of entry for micro-
organisms, leading to periungual infections
(5, 32).
On the other hand, chronic nail biting

can result in autoinoculation of pathogens
and transmission of infection to other parts
of the body. Pinworms are commonly
found in school-age children. These chil-
dren will have perianal irritation as a result
of the infection. Children scratch to relieve
the itching and Enterobacteriaceae, viruses
and pinworm eggs lodge under their nails
(40). The hand-to-mouth behavior in chil-
dren who are fingernail-biters with inad-
equate or poor hand hygiene leads to many
illnesses and infections with a fecal–oral
route of transmission. Enterobacteriaceae
and viruses are spread by the fecal–oral
route through contaminated hands or envi-
ronmental objects and are the major causes
of morbidity and mortality worldwide (6,
30). Transmission may occur either by
direct contact with an infected person and
object or by ingestion of contaminated
food or water.
The Enterobacteriaceae are usually con-

sidered to be only transiently present in the
human oral cavity but oral structures are
still known to become infected with them,
although other sites of the body are much
more frequently involved (25). Among the
clinical conditions of oral structures invol-
ving enteric bacteria, there have been
reports of post-extraction cellulites of the
floor of the mouth and neck caused by
Salmonella choleraesuis and an infection

of a maxillary epithelial cyst caused by
Salmonella typhimurium (18, 31). In some
cases, an infection may involve gram-
positive cocci in addition to the enteric
bacteria. Osteomyelitis of the mandible,
for example, by a mixed flora with
E. aerogenes as the predominant organism
and E. coli also present has been reported
(23).
It has been reported that there are wide

regional and ethnic variations in the oral
carriage of Enterobacteriaceae (35). The
study by Philpot et al. (29) from the Asian
regions shows a coliform carriage preval-
ence of 4% for Malaysian children. This is
in agreement with data from Hable et al.
(12), who studied 490 healthy Minnesota
children under the age of 16 years and
found a 4.7% prevalence for Enterobacte-
riaceae. In an investigation of coliform
prevalence in the plaque of 105 subjects in
Scotland among young Caucasian stu-
dents, the isolation rate was 5% (20). In
addition, Hägg et al. (13) found an 11.1%
coliform prevalence rate before the inser-
tion of fixed orthodontic appliances. How-
ever, the coliform prevalence rates in the
present study were higher in control sub-
jects with no oral habit, and these differ-
ences in prevalence rates may be explained
by the variations in geographical location,
ethnicity and age.
The findings of the present study

indicated that there were statistically sig-
nificant differences in the prevalence of
E. coli (P < 0.01) and total Enterobacter-
iaceae (P < 0.001) between the subjects
with and without a nail-biting habit.
Enterobacteriaceae were found in the
saliva samples of 19 of 25 subjects for
the study group, whereas Enterobacteria-
ceae were isolated in the saliva samples
of only nine of the 34 subjects in the
control group. On the other hand, E. coli
was detected in 15 subjects with chronic
nail biting while E. coli was isolated in
seven subjects with no oral habit. There-
fore, it can be said that there is a higher
fecal–oral contamination risk for the nail-
biting subjects in comparison with the
subjects with no oral habit.

Management of patients who are at risk
of the development of infection is crucial
in all fields of dentistry. A transient
bacteremia that occurs after various dental
manipulations such as extraction, root
scaling, endodontic treatment and some
orthodontic procedures may lead to the
development of infective endocarditis
unless appropriate precautions are taken
(8, 11). Nail biting is considered to be the
cause of trauma to the gingival margin
and/or oral mucosa. Therefore, it should be
considered that a nail-biting habit might
increase the risk of infection during dental
procedures in particular.
In addition to the above points, fixed

orthodontic appliances and space main-
tainers especially tend to retain bacterial
plaque and food debris, resulting in mild-
to-moderate gingivitis in most patients (13,
42). It has been shown that the mean
population of bacteria in the oral cavity
increases with the placement of orthodon-
tic bands (13, 16). Hägg et al. (13) indi-
cated that treatment with fixed orthodontic
appliances might alter the ecology of the
oral cavity by introducing new stagnant
areas available for colonization by and
retention of Enterobacteriaceae. For this
reason, one could speculate that higher
bacterial prevalence would be recorded on
removal of the fixed orthodontic appli-
ances and space maintainers compared to
the pre-treatment period. Therefore, it can
be said that the prevalence of the Entero-
bacteriaceae in the oral cavity of patients
with chronic nail biting may increase more
during fixed orthodontic and/or pedodontic
applications. However, further longitudinal
investigations with carefully designed
methods are needed to clarify this hypo-
thesis.
Recognition and elimination of an oral

habit such as thumb sucking and nail
biting is of utmost importance in the
treatment of orthodontic and other dental
problems. The treatment of a chronic nail-
biting habit should be directed at any
precipitating cause of stress. Reminders
should only be used with the child’s
consent. Care of the nails and cuticles,
behavioral modification techniques, posit-
ive reinforcement and regular follow-up
are important aspects of the treatment (21).
In conclusion, the present study sug-

gests that there is a significant increase in
the prevalence of Enterobacteriaceae in the
saliva samples of subjects with a chronic
nail-biting habit compared with the sub-
jects with no oral habit. Therefore, it can
be said that the chronic nail-biters have a
higher contamination risk than the patients
with no oral habit. Dental specialists

Table 2. The results of a Pearson chi-squared test for trend

Chi-squared
for trend1 d.f. P-value

Escherichia coli 10.0482 1 0.002
Enterobacter spp. 1.7143 1 0.223
Total Enterobacteriaceae 14.8162 1 0.000
1Computed only for a 2 · 2 table.
2No cells (0.0%) have expected count < 5. The minimum expected count is 9.17 for Escherichia coli
and 11.67 for total Enterobacteriaceae.
3Two cells (50.0%) have expected count < 5. The minimum expected count is 2.50.
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should take into consideration the increase
in prevalence of Enterobacteriaceae in
patients with chronic nail biting during
dental manipulations and, whenever
required, should seek consultation with
the patient’s medical specialist.
In addition, patients who are chronic

nail-biters should be given proper hand
and oral hygiene instructions; the treating
dental specialists must also decide whether
psychiatric intervention is needed and
should provide guidance concerning the
various methods available to stop the
undesirable habit.
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