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Abstract:
Background: Enterobacteriaceae are human intestinal bacteria that are also found in soil, plants and 
animals. An oral carriage of these bacteria is a common occurrence following thumb sucking and/or 
nail-biting habits, resulting in local and systemic infection.
Objective: To study the effect of habit intervention appliance on oral inoculation of 
Enterobacteriaceae in chronic thumb sucking and nail-biting habits. The antibiotic susceptibility of the 
microbes was also investigated.
Materials and Methods: Sixty-four healthy co-operative children with chronic thumb-sucking and 
nail-biting habits were enrolled. The saliva and swab samples were streaked using an inoculating 
loop on MacConkey agar and studied microbiologically before and after habit intervention. Gram 
staining and biochemical tests were conducted. Antibiotic susceptibility of microbes was performed by 
disk diffusion assay using Mueller Hinton agar medium.
Results: Enterobacteriaceae was present in all children. The oral carriage of E. coli was significantly 
more than Klebsiella in both habits. At baseline, E. coli and Klebsiella were 81.3% (52/64) and 18.8% 
(12/64) respectively which after habit intervention, reduced to 29.7% (19/64) and 3.1% (2/64) 
respectively and the results were statistically significant (p-value <0.001). 87.5% of the bacterial 
samples demonstrated sensitivity to amoxicillin. Cephalexin was the most resistant of all antibiotics 
(62.5%).
Conclusion: Enterobacteriaceae was evident in nail-biting and thumb sucking habits. A statistically 
significant reduction in the oral carriage of E. coli and Klebsiella was observed after habit intervention 
appliance, emphasizing its importance in minimizing and/or preventing the spread of infection. Both 
microbes were most sensitive to amoxicillin and were resistant to cephalexin.
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I. Introduction
The natural oral microbiota that develops in childhood continuously evolves during life1. The 

delicate equilibrium of oral microflora is affected by changes in the environment such as diet1, 
dentition2, oral hygiene1,3, and saliva4. A shift in the microbial community profile indicates a pathogenic 
activity. The transition of normal flora to a pathogenic form in the oral cavity is a predisposing and/or 
aggravating factor for many oral and systemic diseases5. One of the common modes of disruption of 
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oral flora in children is through parafunctional habits such as nail-biting and thumb sucking wherein 
an autoinoculation of microbes often occurs by members of the Enterobacteriaceae family6.

Enterobacteriaceae is an extensive microbial family consisting of Gram-negative, facultative 
anaerobes with multiple genera and species7. Among the genera, the most prominent ones are 
Escherichia coli (E. coli) and Klebsiella. These gut bacteria, which also exist in in soil, water and food, 
pose significant health risks when introduced into the oral cavity through contaminated foods, 
improper hand hygiene practices coupled with thumb sucking and nail-biting habits increase the oral 
carriage of these microbes. Since oral cavity is the gateway to the body, debilitating systemic 
conditions such as endocarditis, pneumonia, septicaemia, and meningitis can occur (8), necessitating 
antibiotic use. Chronic habits like thumb sucking and nail-biting facilitate their transmission, making 
early intervention critical.

Nail biting or onychophagia occurs in 28-33% of children between the ages of 7-10 years9. 
Although rare in children below 3 years, the prevalence increases between the ages of 3-6 years10 
and peaks thereafter till adolescence, approximating 45% in the pubertal period9. Thumb-sucking 
habit ranges from 30-40% among preschoolers11 to 50% in all children12.

Timely intervention of such habits is essential to minimize the detrimental effects of these 
microbes on local and systemic health. Counselling, behavioural modification techniques, stimulus 
control therapy, habit reversal training, habit-breaking appliances, and pharmacotherapy are some of 
the methods employed for the interception of habits13. Among the habit-breaking appliances, pre-
orthodontic trainers have gained popularity because of their removable, light, and flexible features. 
The prefabricated myofunctional appliance trains the muscles, restores balance and function, guides 
tooth eruption, and encourages tooth alignment14.

The present study aimed to investigate the influence of habit intervention appliance on the 
oral carriage of Enterobacteriaceae among children with chronic thumb sucking and nail-biting habits. 
The study also aimed to record the species susceptibility of these microbes to various antibiotics.

II. Materials And Methods
Study Design: One-group pretest-posttest quasi-experiment study was designed.

Ethical Approval: The cross-sectional study was approved by Panjab University Institutional Ethical 
Committee (PUIEC201210149/A-1/01/03).

Study Duration: The study was conducted between January to December 2021

Sample size: Sixty-four children

Sample size calculation: The convenience sampling method was used because of the vicinity, 
accessibility and feasibility of the trial during pandemic times.  The sample size was estimated based 
on the study by Kamal and Bernard (α=0.05 and β=0.2)6.

Inclusion Criteria: Co-operative and healthy children, aged 5-10 years, with chronic thumb sucking 
and/or nail-biting habits were recruited in the trial.

Exclusion Criteria: Children with systemic disorders, infection, cleft lip/palate, skeletal jaw 
discrepancies, trauma/surgery in the orofacial region, undergoing orthodontic intervention, using 
mouthwash/antibiotics, and uncooperative patients were excluded.

Procedure methodology:
After written informed consent was obtained, the patient’s demographic details, oral hygiene 

practices, thumb sucking and nail-biting habits were recorded. A general physical examination along 
with complete extra-oral and intra-oral examination was conducted.

The children were asked to report in the morning with instructions to refrain from eating or 
drinking at least 30 minutes before sample collection to avoid contamination. They were made to sit 
with the head tilted forward to facilitate spitting of saliva. Five ml of unstimulated saliva was collected 
in a sterile wide-mouth container and closed with a tight lid to prevent leakage or contamination. The 
container was clearly labelled and immediately transported to the microbiology laboratory of the 
Institute for processing and identification.

https://www.scribbr.com/methodology/non-probability-sampling/
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A sterile swab was moistened with normal saline and gently rubbed on the pre-identified area 
on the digit/nail with light pressure. The swab was used in a rotating motion to maximize contact with 
the skin. A moistened swab is known to improve collection efficiency by increasing the adherence of 
microorganisms to the swab. It was then, placed in a labelled, sterile collection tube containing 
normal saline and transported to the microbiology laboratory for processing and identification. 
Transportation of the swab in normal saline prevents desiccation of the sample and maintains 
viability.

Saliva and swab samples were collected and handled following aseptic procedures. Both 
samples were streaked using an inoculating loop on MacConkey agar and incubated at 37º C for 24-
48 hours. Gram staining was performed from the colonies obtained on the MacConkey agar plate 
(Figure 1a-1b) and biochemical testing was done for identification of bacteria. Confirmatory 
biochemical tests such as indole, citrate, urease, and TSI (Triple Sugar Iron) agar test were 
conducted for the final identification of bacterial isolates (Figures 2a-2d).

Among the salivary Enterobacteriaceae, E. coli tested positive for the indole test by forming a 
red-coloured ring near the surface of the medium whereas citrate and urease tests were negative. 
Klebsiella showed a positive urease test by forming a pink colour and a positive citrate test by turning 
the slant into a blue colour whereas indole test was negative. For the TSI agar test, both E. coli and 
Klebsiella showed fermentation of all three sugars (glucose, lactose, and sucrose).

Additional testing for antibiotic susceptibility of E. coli and Klebsiella, isolated from saliva and 
swab samples of children, was performed using disk diffusion assay following the Clinical and 
Laboratory Standard Institute guidelines. The effect of amoxicillin, ampicillin, azithromycin, 
cephalexin, and ceftriaxone on the isolated bacteria was evaluated. Mueller Hinton agar medium was 
used for the disk diffusion test (Figure 3). Based on the zone of inhibition measurements, the isolates 
were classified as “susceptible,” “intermediate,” or “resistant”.

The subjects were made to wear a prefabricated orthodontic trainer appliance T4K-First 
Phase (Pre-Orthodontic Trainer, Myofunctional Research Co., Queensland, Australia) and were duly 
instructed about its use and cleanliness (Figure 4). The initial advisory was to wear the device for 15 
minutes a day, then gradually increase the duration of wear to 1 hour each in the morning, afternoon, 
and evening hours. These hours were specifically chosen to coincide with the timings of stressful 
activities. The children with thumb-sucking habits were further instructed to wear the appliance 
overnight.  On the follow-up visit after 6 months, the same procedure of saliva and swab collection 
was followed, and the specimens were sent for microbiological and biochemical analyses as 
described above.

Statistical analysis
The data was statistically analysed using SPSS version 22.0 (IBM SPSS Statistics Inc., 

Chicago, Illinois, USA). Categorical variables were reported as counts and percentages. Group 
comparisons were made with the Chi-Square test if all expected cell frequencies were more than 5 
and Fisher’s Exact test when expected cell frequencies were less than 5. McNemar test was 
conducted for comparison between categorical values of pre- and post-intervention (comparison of 
variables of baseline data with FU variables). p-value < 0.05 was considered significant.

III. Results
In Table 1, of the 64 subjects studied, 48.4% were males and 51.6% were females. Most 

subjects were in the nail-biting group (46.9%) followed by the thumb sucking group (32.8%) and the 
combined group (20.3%). The prevalence of both habits was significantly higher in the 7-9 year-age 
group. However, there was no significant gender difference.

In this study Enterobacteriaceae were observed in all children indulging in nail-biting and/or 
thumb-sucking habits. E. coli was significantly more (81.3%-52/64) than Klebsiella (18.8%-12/64-
Table 1) in both males and females and in the 7–9-year age group.

Among the habits (Table 2), E. coli was highest in the combined group (92.3%-12/13) 
followed by the nail-biting group (86.7%-26/30) and the thumb sucking group (66.7-14/21Klebsiella 
was predominant in the thumb sucking group (33.3%-7/21) followed by the nail-biting group (13.3%-
4/30) and the combined group (7.7%-1/13). These findings indicating a trend that highlights the need 
for habit intervention.

The oral carriage of salivary Enterobacter (E. coli and Klebsiella) reduced from 100% (64/64) 
in the pre-intervention period to 32.8% (21/64) in the post-intervention period and the result was 
statistically significant (p-value <0.001-Table 2). Among these microbes, E. coli reduced from 81.3% 
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(52/64) to 29.7% (19/64) respectively and Klebsiella from 18.8% (12/64) to 3.1% (2/64) respectively 
after habit intervention appliance. The results were statistically significant (p-value < 0.001). However, 
swab samples on the thumb/nail showed bacterial growth in only 20.3% subjects (13/64) in the pre-
intervention period which reduced to 12.5% (8/64) in the post-intervention phase.

The antimicrobial susceptibility tests showed that most bacterial isolates were susceptible to 
amoxicillin, ampicillin, azithromycin, and ceftriaxone. Overall, amoxicillin was the most effective 
antibiotic against these Gram-negative bacteria, with 87.5% of the samples demonstrating sensitivity 
to this drug. The least effective antibiotic was cephalexin, with only 14.1% of the samples 
demonstrating sensitivity to this drug which was also the most resistant of all antibiotics (62.5%)-
Table 3.

IV. Discussion
Children are particularly vulnerable to faeco-oral contamination because of inadequate 

knowledge and awareness about hygiene, improper toilet, and hand hygiene practices, frequent 
contact with contaminated soil, ingestion of contaminated food and water, and low immune systems. 
Gut microbes have a symbiotic relationship with the host in healthy individuals15. However, these 
microbes enter the oral cavity through chronic digit sucking and nail-biting habits, commonly 
observed in children. Such habits are detrimental to the dentofacial complex resulting in infections 
and a host of other adverse systemic consequences. Our study's use of microbiological techniques to 
isolate and analyse Enterobacteriaceae provides valuable insights into the prevalence and behaviour 
of these pathogens. Continuous surveillance and research are vital to monitor resistance patterns 
and develop effective treatments.

The present study observed no statistically significant gender difference pertaining to both 
habits. Similar observations on nail-biting habit were observed by Ghanizadeh et al in 743 nail-biting 
primary school children16. Malone and Massler17 also reported comparable findings till 10 years of 
age, but an increase of 10% in boys thereafter. The reason for insignificant gender predilection could 
be the active participation of boys and girls in sports and academics respectively, both of which are 
competitive and stress-inducing. On the contrary, Kharbanda et al18 observed that thumb sucking was 
significantly more in girls (1.0%) as compared to boys (0.4%) among 5554 Delhi children, aged 5-13 
years. The present study observed no gender predilection, possibly because of its common aetiology 
which often follows imitation, psychological issues, and feelings of pleasure or insecurity.

In the present study, both nail-biting and thumb-sucking habits predominated the older 7–9-
year age group. This could be attributed to pandemic times when health issues, loss of loved ones, 
financial loss, child abuse, and isolation occurred, resulting in feelings of loneliness (away from 
school and friends), sibling imitation, stress and/or ability to relate more to parental feelings of 
insecurity.

The present study observed that Enterobacteriaceae was present in all children. The oral 
carriage of salivary Enterobacteria was most in the nail-biting group (46.9%) followed by the thumb 
sucking group (32.8%) and the combined group (20.3%). The study is in accordance with the findings 
of Kamal and Bernard6 who found 42% cases of salivary Enterobacteria in the nail-biting group 
compared to 30% in the thumb sucking group and 10% in the control group of 8-15-year-old children. 
However, Baydas et al19 observed still higher carriage of salivary Enterobacteria (76%-19/25) in the 
nail-biting group compared to the non-nail-biting controls (26.5%-9/34) in children with a mean age of 
13.5±1.9 years which they had attributed to poor oral and general hygiene.

Biochemical analysis was conducted on isolated bacterial colonies to determine the oral 
carriage of E. coli and Klebsiella using indole, citrate, urease, and TSI agar tests. Comparable 
techniques of isolation were employed by Reddy et al20 for the isolation of specific Enterobacteriaceae 
bacteria.

The present study noted that among all isolated salivary Enterobacter, 81.3% were E. coli, of 
which 92.3% were in the combined group followed by 86.7% in the nail-biting group and 66.7% in the 
thumb sucking group. A similar study done by Reddy et al20 showed a significantly higher (p < 0.001) 
carriage of salivary Enterobacteria among nails biters (65.6%) compared to controls (8.2%) with E. 
coli being the most common (53.3%) isolated microbe. The study also mirrors the findings of Kamal 
and Bernard6 wherein saliva samples of 8–15-year-old children showed a higher carriage of 
Enterobacteriaceae (42%), with more E. coli in the nail biters group (58.8% or 10/17). However, their 
thumb sucking group showed a predominance of Klebsiella (41.7% or 5/12). Similar findings were 
reported in the present study where E. coli predominated all groups, but a higher oral carriage of 
Klebsiella was observed in the thumb sucking group (33.3%) compared to the nail-biting group 
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(13.3%) and the combined group (7.7%). An increased oral carriage of Klebsiella in the latter group 
may be the mode of transmission through person-to-person contact, contact of contaminated 
equipment/surfaces, or wounds, all of which involve frequent contact by hand/touch.

Chinnasamy et al21 observed that girls had higher E. coli because of frequent indulgence in 
the habit due to their more sensitive and expressive nature. However, the present study observed no 
gender predilection (p-value 0.447). But significantly more E. coli was observed in the 7–9-year age 
group. This can be because of the frequent performance of habits in this age group, possibly because 
of increased academic pressure, imitation, tackling fear and coping with challenges in pandemic 
times. It is thus, essential to implement educational programs in schools and communities to teach 
children about proper hygiene practices and the risks associated with nail-biting and thumb sucking. 
Enhancing such awareness can play a crucial role in preventing initial microbial colonization and 
reducing infection risks. Additionally, providing psychological support and counselling for children can 
help reduce stress-induced habits.

To discourage oral habits and restrict oral microbial infection, the present study used a 
prefabricated T4K habit breaking appliance. Instructions on cleanliness and non-sharing of the 
appliance were provided. The appliance, being a mechanical barrier, prevents access of digit into the 
mouth, assists in elimination of habit, and restricts the entry of microbes. It is prefabricated, flexible, 
less bulky and encourages patient compliance. The present study observed a statistically significant 
reduction in the oral carriage of Enterobacteriaceae (E. coli and Klebsiella) from 100% to 32.8% (p < 
0.001) with appliance use. Studies have consistently proved that an appliance, particularly the fixed 
one, encourages plaque deposition and harbours bacterial growth, especially Enterobacteriaceae 
colonization. Hagg et al22 in his study used oral rinse, pooled plaque, and imprint culture methods to 
evaluate the prevalence of Enterobacteriaceae during fixed orthodontic therapy and observed an 
increase in the prevalence of Enterobacteriaceae after initiation of therapy (25.9%) as compared to 
baseline (11.1%). Though removable, the T4K appliance has an added advantage in that it favours 
tooth alignment, assists in correction of malocclusion, and hence, minimizes plaque accumulation 
and microbial colonization.  Furthermore, regular dental check-ups and microbial monitoring can help 
identify and address any re-emergence of these habits or infections early.

E. coli and Klebsiella are notorious for causing both community and hospital-acquired 
infections, which can lead to life-threatening diseases such as genito-renal infections, septicaemia, 
meningitis and pneumonia23. These infections pose a significant public health challenge due to the 
microbes' ability to produce extended spectrum beta-lactamase (ESBL) enzymes, which confer 
resistance to multiple antibiotics24. Our findings are particularly relevant in South-East Asia, especially 
India, where the high population density, ease of availability of substandard drugs, and unregulated 
antibiotic use exacerbate antibiotic resistance25. Such blood-stream infections often extend for 
prolonged periods, causing increased fatality rates, more so in children because of low immunity.  
The emergence of antibiotic-resistant bacteria is a critical public health issue worldwide. Our study 
adds to the growing body of evidence that underscores the importance of targeted interventions to 
curb the spread of resistant pathogens. The high resistance levels observed in Enterobacteriaceae 
align with global concerns about the misuse and overuse of antibiotics, which contribute to the 
development of resistant strains.

Our study revealed a significant reduction in the oral carriage of these microbes following 
habit intervention appliance. This finding emphasizes the urgent need for effective habit interventions 
to minimize microbial carriage and spread of infections. However, our results also highlighted high 
levels of antibiotic resistance among these pathogens, particularly their resistance to cephalexin 
(62.5%), while they remained sensitive to amoxicillin (87.5%). To address the rise in antibiotic-
resistant infections, comprehensive strategies are essential. These include promoting personal and 
oral hygiene to prevent initial colonization and implementing stringent regulations on the sale and use 
of antibiotics to prevent misuse and overuse. Continuous surveillance and research are necessary to 
monitor resistance patterns and develop effective treatments. Public health interventions should 
encourage the use of mechanical barriers, such as the T4K habit-breaking appliance, which our study 
found to be highly effective in reducing microbial entry and colonization. By adopting these targeted 
strategies and promoting prudent antibiotic use, we can significantly improve public health outcomes 
and reduce the risk of infection spread.

V. Conclusion
The oral carriage of Enterobacteriaceae was evident in both nail-biting and thumb-sucking 

habits. E. coli was significantly more than Klebsiella in both genders and predominated the 7–9-year 
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age group. A statistically significant reduction in the oral carriage of these microbes was observed 
after habit interception. The study highlights the dual function of myofunctional appliance in reducing 
microbial load, through restriction of microbes and correction of malocclusion. Additionally, it is crucial 
for practitioners to implement educational programs that raise awareness about proper hygiene 
practices related to thumb sucking and nail-biting to further reduce infection risks. Our study not only 
addresses a local health concern but also aligns with global efforts to combat antibiotic resistance. By 
implementing targeted interventions and promoting prudent antibiotic use, we can mitigate the threat 
posed by resistant pathogens and improve public health outcomes.

References
[1]. Sampaio-Maia B, Monteiro-Silva F. Acquisition And Maturation Of Oral Microbiome Throughout Childhood: An Update. 

Dent Res J (Isfahan). 2014 May;11(3):291-301. PMID: 25097637; PMCID: PMC4119360.
[2]. Mason MR, Chambers S, Dabdoub SM, Thikkurissy S, Kumar PS. Characterizing Oral Microbial Communities Across 

Dentition States And Colonization Niches. Microbiome. 2018;6(1):1- 10. Https://Doi. Org/10.1186/S40168-018-0443-2
[3]. Shang Q, Gao Y, Qin T, Wang S, Shi Y, Chen T. Interaction Of Oral And Toothbrush Microbiota Affects Oral Cavity 

Health. Front Cell Infect Microbiol. 2020 Feb 4;10:17. Doi: 10.3389/Fcimb.2020.00017. PMID: 32117797; PMCID: 
PMC7011102.

[4]. Nagakubo D, Kaibori Y. Oral Microbiota: The Influences And Interactions Of Saliva, Iga, And Dietary Factors In Health 
And Disease. Microorganisms. 2023; 11(9):2307. Https://Doi.Org/10.3390/Microorganisms11092307

[5]. Chowdhry A, Kapoor P, Bhargava D, Bagga DK. Exploring The Oral Microbiome: An Updated Multidisciplinary Oral 
Healthcare Perspective. Discoveries (Craiova). 2023 Jun 30;11(2):E165. Doi: 10.15190/D.2023.4. PMID: 37554313; 
PMCID: PMC10406501.

[6]. Kamal FG, Bernard RA. Influence Of Nail Biting And Finger Sucking Habits On The Oral Carriage Of 
Enterobacteriaceae. Contemp Clin Dent. 2015 Apr-Jun;6(2):211-4. Doi: 10.4103/0976-237X.156048. PMID: 26097357; 
PMCID: PMC4456744.

[7]. Janda JM, Abbott SL. The Changing Face Of The Family Enterobacteriaceae (Order: "Enterobacterales"): New 
Members, Taxonomic Issues, Geographic Expansion, And New Diseases And Disease Syndromes. Clin Microbiol Rev. 
2021 Feb 24;34(2):E00174-20. Doi: 10.1128/CMR.00174-20. PMID: 33627443; PMCID: PMC8262773.

[8]. Tilahun M, Kassa Y, Gedefie A, Ashagire M. Emerging Carbapenem-Resistant Enterobacteriaceae Infection, Its 
Epidemiology And Novel Treatment Options: A Review. Infect Drug Resist. 2021 Oct 21;14:4363-4374. Doi: 
10.2147/IDR.S337611. PMID: 34707380; PMCID: PMC8544126.

[9]. Wechsler D. The Incidence And Significance Of Finger-Nail Biting In Children. Psychoanal Rev 1931;18:201-8.
[10]. Leung AK, Robson WL. Nailbiting. Clin Pediatr (Phila). 1990 Dec;29(12):690-2. Doi: 10.1177/000992289002901201. 

PMID: 2276242.
[11]. Watson TS, Meeks C, Dufrene B, Lindsay C. Sibling Thumb Sucking. Effects Of Treatment For Targeted And 

Untargeted Siblings. Behav Modif. 2002 Jul;26(3):412-23. Doi: 10.1177/0145445502026003007. PMID: 12080909.
[12]. Lubitz L. Nail Biting, Thumb Sucking, And Other Irritating Behaviours In Childhood. Aust Fam Physician. 1992 

Aug;21(8):1090-4. PMID: 1530488.
[13]. Baghchechi M, Pelletier JL, Jacob SE. Art Of Prevention: The Importance Of Tackling The Nail Biting Habit. Int J 

Womens Dermatol. 2020 Sep 17;7(3):309-313. Doi: 10.1016/J.Ijwd.2020.09.008. PMID: 32964094; PMCID: 
PMC7497389.

[14]. Pujar P, Pai SM. Effect Of Preorthodontic Trainer In Mixed Dentition. Case Rep Dent. 2013;2013:717435. Doi: 
10.1155/2013/717435. Epub 2013 Dec 4. PMID: 24368946; PMCID: PMC3867871.

[15]. Li M, Wang B, Zhang M, Rantalainen M, Wang S, Zhou H, Zhang Y, Shen J, Pang X, Zhang M, Wei H, Chen Y, Lu H, 
Zuo J, Su M, Qiu Y, Jia W, Xiao C, Smith LM, Yang S, Holmes E, Tang H, Zhao G, Nicholson JK, Li L, Zhao L. 
Symbiotic Gut Microbes Modulate Human Metabolic Phenotypes. Proc Natl Acad Sci U S A. 2008 Feb 12;105(6):2117-
22. Doi: 10.1073/Pnas.0712038105. Epub 2008 Feb 5. PMID: 18252821; PMCID: PMC2538887.

[16]. Ghanizadeh A, Shekoohi H. Prevalence Of Nail Biting And Its Association With Mental Health In A Community Sample 
Of Children. BMC Res Notes. 2011 Apr 11;4:116. Doi: 10.1186/1756-0500-4-116. PMID: 21481256; PMCID: 
PMC3082216.

[17]. Malone AJ, Massler M. Index Of Nailbiting In Children. J Abnorm Psychol. 1952 Apr;47(2):193-202. Doi: 
10.1037/H0060287. PMID: 14937953.

[18]. Kharbanda OP, Sidhu SS, Sundaram K, Shukla DK. Oral Habits In School Going Children Of Delhi: A Prevalence 
Study. J Indian Soc Pedod Prev Dent. 2003 Sep;21(3):120-4. PMID: 14703220.

[19]. Baydaş B, Uslu H, Yavuz I, Ceylan I, Dağsuyu IM. Effect Of A Chronic Nail-Biting Habit On The Oral Carriage Of 
Enterobacteriaceae. Oral Microbiol Immunol. 2007 Feb;22(1):1-4. Doi: 10.1111/J.1399-302X.2007.00291.X. PMID: 
17241163.

[20]. Reddy S, Sanjai K, Kumaraswamy J, Papaiah L, Jeevan M. Oral Carriage Of Enterobacteriaceae Among School 
Children With Chronic Nail-Biting Habit. J Oral Maxillofac Pathol. 2013 May;17(2):163-8. Doi: 10.4103/0973-
029X.119743. PMID: 24250072; PMCID: PMC3830220.

[21]. Chinnasamy A, Ramalingam K, Chopra P, Gopinath V, Bishnoi GP, Chawla G. Chronic Nail Biting, Orthodontic 
Treatment And Enterobacteriaceae In The Oral Cavity. J Clin Exp Dent. 2019 Dec 1;11(12):E1157-E1162. Doi: 
10.4317/Jced.56059. PMID: 31824597; PMCID: PMC6894907.

[22]. Hägg U, Kaveewatcharanont P, Samaranayake YH, Samaranayake LP. The Effect Of Fixed Orthodontic Appliances On 
The Oral Carriage Of Candida Species And Enterobacteriaceae. Eur J Orthod. 2004 Dec;26(6):623-9. Doi: 
10.1093/Ejo/26.6.623. PMID: 15650072.

[23]. Costa FSL, Bezerra CCR, Neto RM, Morais CLM, Lima KMG. Identification Of Resistance In Escherichia Coli And 
Klebsiella Pneumoniae Using Excitation-Emission Matrix Fluorescence Spectroscopy And Multivariate Analysis. Sci 
Rep. 2020 Aug 3;10(1):12994. Doi: 10.1038/S41598-020-70033-X. PMID: 32747745; PMCID: PMC7400627.

https://doi.org/10.3390/microorganisms11092307


Influence Of Habit Intervention Appliance On The Oral Carriage Of Enterobacteriaceae

DOI: 10.9790/0853-2403022229                     www.iosrjournals.org         
7 | Page

[24]. Park S, So H, Kim MN, Lee J. Initial Empirical Antibiotics Of Non-Carbapenems For ESBL-Producing E. Coli And K. 
Pneumoniae Bacteremia In Children: A Retrospective Medical Record Review. BMC Infect Dis. 2022 Nov 21;22(1):866. 
Doi: 10.1186/S12879-022-07881-7. PMID: 36404302; PMCID: PMC9677890.

[25]. Hu YJ, Ogyu A, Cowling BJ, Fukuda K, Pang HH. Available Evidence Of Antibiotic Resistance From Extended-
Spectrum Β-Lactamase-Producing Enterobacteriaceae In Paediatric Patients In 20 Countries: A Systematic Review 
And Meta-Analysis. Bull World Health Organ. 2019 Jul 1;97(7):486-501B. Doi: 10.2471/BLT.18.225698. Epub 2019 
May 14.

Table 1: Distribution of sample n (%)
Distribution n=64 Habit Microbe

TS 21 
(32.8%)

NB 30 
(46.9%

)

TS+NB 
13 

(20.3%)

p-
value

E.coli             
52 (81.3)

Klebsiell
a          

12 (18.8)

p-value

Gender Males 31 (48.4) 10 
(32.3)

15 
48.4)

6 (19.4) 0.9704 24 (77.4) 7 (22.6) 0.002*

Female
s

33 (51.6) 11 
(33.3)

15 
45.5)

7 (21.2) 28 (84.8) 5 (15.2) <0.001*

Age in 
years

5 6 (9.4) 4 (19.0) 2 (6.7) 0 0.008** 3 (5.8) 3 (25.0) 1.000
6 6 (9.4) 2 (9.5) 4 (13.3) 0 4 (7.7) 2 (16.7) 0.414
7 11 (17.2) 1 (4.8) 3 (10.0) 7 (53.8) 9 (17.3) 2 (16.7) 0.035*
8 19 (29.7) 9 (42.9) 9 (30.0) 1 (7.7) 16 (30.8) 3 (25) 0.003*
9 20 (31.3) 5 (23.8) 11 

36.7)
4 (30.8) 18 (34.6) 2 (16.7) <.001*

10 2 (3.1) 0 1 (3.3) 1 (7.7) 2 (3.8) 0 -
TS: Thumb sucking; NB: Nail-biting

Table 2. A comparison of the oral carriage of E. coli (n=52) and Klebsiella (n=12) pre- and post-habit 
intervention

Table 3. Antimicrobial susceptibility of E. coli and Klebsiella
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Figure 1a-1b – Colonies obtained on the MacConkey agar plate; Photomicrograph revealing Gram staining of 
Enterobacteriaceae colonies

Figure 2 a-2d - Confirmatory biochemical tests - indole, citrate, urease, and TSI (Triple Sugar Iron) agar test
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Figure 3 – Antimicrobial efficacy on Mueller Hinton agar medium through disk diffusion test

Figure 4 – Subject wearing a prefabricated orthodontic trainer appliance T4K-First Phase for
habit interception

Figure Legends
Figure 1a-1b – Colonies obtained on the MacConkey agar plate; Photomicrograph revealing Gram staining of 
Enterobacteriaceae colonies
Figure 2 a-2d - Confirmatory biochemical tests - indole, citrate, urease, and TSI (Triple Sugar Iron) agar test
Figure 3 – Antimicrobial efficacy on Mueller Hinton agar medium through disk diffusion test
Figure 4 – Subject wearing a prefabricated orthodontic trainer appliance T4K-First Phase for habit interception

Table legends
Table 1: Distribution of sample n (%)
Table 2: A comparison of the oral carriage of E. coli (n=52) and Klebsiella (n=12) pre- and post-habit 
intervention
Table 3: Antimicrobial susceptibility of E. coli and Klebsiella


