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Abstract 

The limited availability of tissue for reconstruction in cleft surgery necessitates stringent 

control of surgical site infections, as any infection can result in detrimental outcomes for the 

surgical site and fragile tissue. The type, number and antimicrobial resistance of pathogens 

present preoperatively have increased exponentially in infants with a cleft, adversely affecting 

treatment outcomes. This study aimed to determine whether the microbial composition and 

diversity could be altered during the post-obturpaedic period through the application of 

probiotics. 

A prospective study was conducted, including 75 consecutive patients scheduled for primary 

repair of the cleft in the soft palate. The average age of the patients was 8 months and 15 days, 

with a gender distribution of 36 males and 39 females. This research was conducted in a private 

practice specialising in cleft surgery. All procedures were performed by a single surgeon. 

Written consent from patients or patient’s guardian and health clearance from a paediatric 
physician were prerequisites for inclusion in the study. 

Probiotics were administered for 14 days prior to primary palatal surgery. Swabs were 

collected from the surgical site in all 75 patients before the application of the disinfectant and 

were analysed for microscopy, culture and sensitivity. The results were compared with three 

previous studies from the same facility. Pathogenic microorganisms were cultured in 63/75 

patients (84%), representing a 13% improvement compared to the study published in 2022 by 

the same institution. Additionally, the diversity of species decreased from 42 to 23. The most 

prevelant pathogen, Klebsiella pneumoniae, was identified in 30.6% of cases, reflecting a 15% 

reduction compared to the 2022 study. 

The reduction in both the number and diversity of pathogenic microorganisms, as well as in 

their resistance to antimicrobial preoperative application, is a positive outcome. These findings suggest that probiotics contribute 

to the prevention of postoperative infections and support improved surgical outcomes. 

 

Keywords: Clefts; Cleft Soft Palate; Probiotics; Infection; Microbial Contamination; Post-Obturpaedics 
  

Abbreviations 

AMR: Antimicrobial Resistance; GIT: Gastrointestinal Tract; RCT: Randomized Clinical Trials; C: Cleft; P: Palate; CLP: Cleft-Lip-

Palate; sP: soft Palate; CsP: Cleft soft Palate 

 

Introduction 

Postoperative infections at surgical sites remain a critical concern for treating professionals, particularly in the context of the 

different microorganisms with Antimicrobial Resistance (AMR), which is on the rise globally [1]. The report ‘Cleft lip and palate 

repair technique’ emphasises that infection is a predominant factor contributing to failure of a surgical procedure [2]. This is 

especially evident in cases of Cleft soft Palate (CsP) breakdown after surgical reconstruction, where such complications can 

severely impair a patient’s speech development and feeding ability. Aditionally, the loss of soft tissue due to postoperative  
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infection excaserbates morbidity, as the tissue available for subsequent repairs is often limited. These complications, which may 

result in complete or partial breakdown of the surgical site, have been researched extensively and published - with particular 

attention given to the formation of oronasal fistulas as a common outcome [3-10]. 

 

The prevention of postoperative complications is essential for ensuring favourable outcomes in speech and feeding development, 

as well as mitigating perturbation of paediatric growth during the orthopaeddontic period [11]. Repeated surgeries pose 

significant challenges to patients, surgeons, speech pathologists and orthopaeddontist particularly due to the compromised 

nature of the palatal shelves and palatal-pharyngeal region. Concerns regarding postsurgical infections have intensified as 

studies have confirmed a steady increase over time in the resistance of pathogenic microorganisms to antimicrobial drugs [12-

19]. This resistance represents an escalating global public health threat, affecting all major microbial pathogens and antimicrobial 

treatments [20]. 

 

Optimal surgical outcomes in terms of oro-palatal, oro-pharyngeal function and speech development are achieved through early 

surgical intervention, typically between 5 or 7 months of age, immediately after the obturpaedic treatment [21,22]. Preventing 

postoperative infection in this vulnerable patient group is paramount. Current preoperative protocols, including the use of 

chemical disinfectant solutions such as chlorhexidine, are condsidered standard practice. However, evidence indicated that 

chlorhexidine is insufficient in eradicating antimicrobial-resistant pathogens [23]. Of greater concern, rescent studies have 

highlighted the emergence of resistance to chlorhexidine itself, a phenomenon that is developing at an alarming rate [24-29]. 

Further evidence suggest an increase in microbial contamination and AMR pathogens, as demonstrated by laboratory findings 

[25,27,29]. In light of these findings, the authors hypothesized that preoperative probiotic application could reduce positively 

influence oro-pharyngeal microbial diversity, with potentially less severe infections in CsP patients [30]. 

  

The significance of the microbiome begins in utero, as first-pass meconium samples known to harbour microbiomes [31]. 

Colonization of microflora commences within the first hours of birth and influence various factors, including gestational age, the 

method of delivery, exposure to the mother, exposure of nearby persons, type of infant-feeding, the infant’s environment and 

possible antibiotic use by the infant [32-35]. Different studies have indicated that the composition of the microflora changes 

considerably within the first few months after birth [34,36-38]. The difference in composition of intestinal flora in the first 

days/months of life changes to an adult-like microflora by the age of one year [34]. Notably, a recent study indicated that the 

composition of microorganisms in the oral and in the nasal cavities of healthy children cleft palate, in the age group 1- to 2-years-

old [39]. Potentially explaining the higher incidence of infections in the latter group. The International Scientific Association for 

Probiotics and Prebiotics (ISAPP) issued a definition of ‘probiotics’ in 2014, stating that they are ‘live microorganisms that, when 

administered in adequate amounts, confer a health benefit on the host [40]. Extensive research, including well-designed clinical 

trials, has been conducted on the health benefits of probiotics, examining how they act, their nutritional mechanism and their 

clinical effects [41-46]. The beneficial effect of probiotics are primarily associated with the Gastrointestinal Tract (GIT), working 

against acute gastroenteritis, antibiotic-associated diarrhoea, Helicobacter pylori infection, ulcerative colitis, Crohn’s disease and 

functional constipation [47-50]. Additionally, probiotics contributes to a healthy immune system, with one of their mechanisms 

involving the inhibition of potential pathogenic microbes [40]. 

 

A meta-analysis comprising of 84 trails and 74 studies, encompassing a total of 10351 patients, concluded that probiotics are 

advantageous in the management and prevention of gastrointestinal diseases [51]. Similarly, a review of 12 Randomized Clinical 

Trials (RCTs) found that probiotics reduced the number of episodes of acute upper respiratory tract infection [52]. A systematic 

review of 23 trials spanning over 6269 children echo these findings [53]. Furthermore, a meta-analysis of 20 RCTs demonstrated 

that the use of probiotics reduced the mean acute respiratory tract infection [41]. 

 

A prospective, double-blind, randomized, placebo-controlled trial of 2015 indicated that postoperative antibiotic prophylaxis 

significantly reduces the incidence of surgical-site breakdowns [54]. However, concern about postoperative infections intesifying, 

as the resistance of both known and emerging pathogenic microorganisms to antimicrobial drugs continues to rise exponentially 

[30,55-61]. 

 

An evaluation of the CsP region revealed a relationship between peri-operative pathogenic organisms and postoperative 

infections/complications. These complications typically emerge within the week following the initial primary surgical procedure 
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of the CsP and were first documented in 2009 [62]. A wide variety of pathogenic organisms was cultured from swabs taken peri-

operatively from the patient’s oro-pharyngeal cavity. It was found that some organisms showed resistance to certain antibiotics 

included in the standard treatment protocol, potentially contributing to the progression of postoperative complications. In the 

search for alternatives in the fight against multi-drug-resistant bacteria, the following hypothesis was formulated: ‘Would 
preoperative probiotic application reduce pathogenic microbial contamination in the non-operated CsP patients?' This study 

aimed to compare the results with previous publications from 2009, 2017 and 2022 from the same institution, which documented 

the presence of pathogenic organisms and their preoperative appearances in cleft palate patients [29,61,62]. 

 

Methods 

This prospective study was approved by the Faculty of Health Science Research Ethics Committee (467/2015) of the University 

of Pretoria. Patients (N = 75) who presented for primary repair of the Cleft soft Palate (CsP) were included in the study, conducted 

between November 2019 and December 2023. The inclusion criteria required (1) written informed consent from the parents or 

their legal guardian of the patient and (2) paediatric clearance confirming the patient was systemically healthy. The exclusion 

criterion was any systemic and/or any oro-pharyngeal infections. All surgical procedure(s) were performed by the same surgeon 

in the same operation theatre to ensure consistency. 

 

Starting two weeks preoperative, a standard probiotic formulation containing Bifidobacterium lacis, Lactobacillus rhamnosus and 

Lactobacillus salivarius was administered orally. Each patient received four drops of probiotics every morning for 14 consecutive 

days leading up to the primary CsP surgical procedure. The patients were admitted to the surgical facility on the morning of 

their surgical intervention. 

 

The Copan Transystem Bacteriology Swab Collection system with Amies Agar Gel for aerobic and anaerobic cultures was used 

to collect and transport the specimens. Preoperative swabs were taken from the CsP and adjacent nasopharynx immediately after 

the induction of general anaesthesia. The swabbing procedure involved removing the swab from its sterile packaging, gently 

rubbing it over the mucosa of the indicated area, reinserting the swab in the transport tube and sealing it. Each swab was labelled 

with the date, time of collection and the patient’s information and transported to the pathology laboratory within one hour for 

further analysis. The purpose of this analysis was to culture the samples in order to identify the type of microorganisms present, 

assess colony size and determine their sensitivity to microorganisms. 

 

Specimens were inoculated onto a non-selective blood agar plate as well as onto a selective and differential MacConkey agar 

plate. These plates were incubated overnight at 35˚C. The following morning, colonies from these incubated plates were 
transferred to a target slide and processed using the VITEK MS automated mass spectrometry microbial identification system to 

identify the pathogens. The organisms were isolated using standard microbiological methods. Kirby-Bauer antibiotic testing was 

utilized to determine antimicrobial sensitivity or resistance. This analysis aided in identifying the effective antimicrobial agent 

for potential treatment if infections developed. Labaratory data received were recorded for each patient in a Microsoft Office 

Excel Database. These records were analysed and compared with previous studies conducted at the same institution [30,62,63]. 

 

Results 

The mean age of the 75 patients is calculated at 8 months 15 days (standard deviation: 6 months 9 days). However, five patients 

included in the study were referred to this institution were of older age (between 18 and 40 months) than the standard normal 

institutional protocol for primary repair of the CsP. Excluding these five patients, the average age changed to 7 months 15 days, 

with a narrower standard deviation of 2 months 9 days. The sex distribution, 36 male and 39 female patients was quite close. In 

twelve patients (12/75) no preoperative pathogenic microorganisms were cultured. A single microorganism and two different 

ones were found in the majority of patients (52/75). In 8/75 patients presented with three different pathogens and in 3/75 patients 

four different pathogens were cultured. Twenty-three (23) different pathogenic microorganisms were identified (Table 1). The 

Klebsiella pneumonia was the most prevalent one and identified in 23 patients. The second most prevalent was Streptococcus 

mitis/oralis in 19 patients, followed by Staphylococcus aureus in 11 patients and the Enterobacter cloacae and Escherichia coli both 

isolated in 10 patients. Candida albicans presented in 9 patients and Haemophilus influenza in 8 patients. A total of 122 pathogens 

were cultured from the 75 patients (Table 1). 
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Microorganism 

N (%) 

2024 

(75 patients) 

2022 

(103 patients) 

2016 

(200 patients) 

2009 

(100 patients) 

Acinetobacter baumannii 1 (1.3%) 3 (2.9%) 4 (2%) 0 

Aeromonas hydrophila/caviae/sobria 0 3 (2.9%) 3 (1.5%) 2 (2%) 

Candida albicans 9 (12%) 12 (11.7%) 3 (1.5%) 9 (9%) 

Candida dublinensis 0 2 (1.9%) 0 0 

Candida famata 0 1 (1%) 0 0 

Candida glabrata 2 (2.7%) 1 (1%) 0 0 

Candida kefyr 0 2 (1.9%) 0 0 

Candida krusei 1 (1.3%) 3 (2.9%) 0 0 

Candida lusitaniae 0 1 (1%) 0 0 

Candida parapsilosis 5 (6.7%) 4 (3.9%) 0 0 

Candida tropicalis 1 (1.3%) 3 (2.9%) 0 0 

Chryseobacterium gleum 0 1 (1%) 0 0 

Citrobacter freundii 1 (1.3%) 1 (1%) 0 0 

Citrobacter koseri 0 1 (1%) 0 0 

Edwardsiella tarda 0 1 (1%) 0 0 

Enterobacter aerogenes 0 1 (1%) 2 (1%) 1 (1%) 

Enterobacter cloacae 10 (13.3%) 18 (17.5%) 10 (5%) 5 (5%) 

Enterobacter gergoviae 0 0 1 (0.5%) 0 

Enterobacter hormaechei 1 (1.3%) 1 (1%) 0 0 

Enterobacter kobei 0 1 (1%) 0 0 

Enterococcus faecalis 0 0 1 (0.5%) 1 (1%) 

Escherichia coli 10 (13.3%) 16 (15.5%) 20 (10%) 9 (9%) 

Geobacillus thermoglucosidasius 0 1 (1%) 0 0 

Heamophilus haemolyticus 1 (1.3%) 1 (1%) 0 0 

Haemophilus influenzae 8 (10.6%) 30 (29.1%) 13 (6.5%)  

Haemophilus parahaemolyticus 0 1 (1%) 0 0 

Haemophilus parainfluenzae 0 2 (1.9%) 0 0 

Klebsiella oxytoca 7 (9.3%) 8 (7.8%) 3 (1.5%) 1 (1%) 
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Klebsiella pneumonia 23 (30.6%) 47 (45.6%) 35 (17.5%) 18 (18%) 

Kluyvera cryocrescens 0 0 1  (0.5%) 0 

Moraxella catarrhalis 3 (4%) 3 (2.9%) 12 (6%) 6 (6%) 

Neisseria subflava 0 1 (1%) 0 0 

Pluralibacter gergoviae 1 (1.3%) 0 0 0 

Proteus mirabilis 0 1 (1%) 0 0 

Pseudomonas aeruginosa 0 4 (3.9%) 4 (2%) 0 

Pseudomonas putida 0 1 (1%) 0 0 

Raoultella ornithinolytica 1 (1.3%) 0 0 0 

Saccharomyces cerevisiae 0 1 (1%) 0 0 

Serratia marcescens 0 4 (3.9%) 8 (4%) 4 (4%) 

Staphylococcus aureus 11 (14.6%) 14 (13.6%) 25 (12.5%) 22 (22%) 

Staphylococcus epidermidis 0 1 (1%) 1  (0.5%) 0 

Stenotrophomonas maltophilia 0 1 (1%) 0 0 

Streptococcus agalactiae 1 (1.3%) 0 0 0 

Streptococcus anginosus 0 0 1  (0.5%) 0 

Streptococcus mitis/oralis 19 (25.3%) 32 (31.1%) 0 0 

Streptococcus parasanguinis 1 (1.3%) 3 (2.9%) 0 0 

Streptococcus pneumoniae 4 (5.3%) 6 (5.8%) 17 (8.5%) 7 (7%) 

Streptococcus pseudopneumoniae 0 1 (1%) 0 0 

Streptococcus pyogenes 0 0 1 (0.5%) 0 

Streptococcus salivarius 1 (1.3%) 5 (4.9%) 0 0 

Streptococcus viridans 0 0 1 (0.5%) 0 

Total number of pathogens 122 244 170 85 

Pathogens/patient 1.6 2.36 0.85 0.85 

Table 1: Preoperative comparison of number of pathogens identified from Cleft of soft Palate (CsP) and nasopharynx mucosa. 

 

Antimicrobial resistance of the pathogens cultured from the swabs was determined. Resistance to different antimicrobial agents, 

against which their sensitivity was tested, was shown by 77/122 (63.1%) number of pathogens. Table 2 is depicting a summary 

of the antimicrobial resistance of the five most prevalent microorganisms that were isolated in ten or more patients. 
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         Klebsiella pneumonia (N = 23): 

Amikacin 

                     Ampicillin 

Amoxicillin-Clavulanic Acid 

Cefepime 

Ceftazidime Cefuroxime 

Ciprofloxacin Cotrimoxazole 

Gentamicin Tobramycin 

 

(1) 

(23) 

(4) 

(3) 

(3) 

(3) 

(2) 

(3) 

(1) 
(2) 

       MIC: S ≤ 

16 

128 

8 

1 

1 

4 

1 

40 

4 
64 

R > 16 

128 

32 

32 

64 

32 

4 

80 

16 
128 

Streptococcus mitis/oralis (N = 19): Pen-G 

Ampicillin 

Amoxicillin-Clavulanic Acid 

Ceftriaxone 

(7) 

(7) 

(7) 
(1) 

      MIC: S ≤ 

0.25 

0.5 

0.5 
1 

R > 

2 

8 

2 
4 

Staphylococcus aureus (N = 11): 

Azithromycin Clarithromycin 
Cotrimoxazole 

(1) 

(1) 
(1) 

      MIC: S ≤ 

1 

0.25 
2 

R > 

8 

8 
8 

Enterobacter cloacae (N = 10): Ampicillin 

Amoxicillin-Clavulanic Acid 

Cefuroxime 
                  Cotrimoxazole 

(10) 

(10) 

(4) 
(1) 

       MIC: S ≤ 

8 

8 

4 
2 

              R > 32 

32 

16 
16 

Escherichia coli (N = 10): Ampicillin 

Amoxicillin-Clavulanic Acid 

              Cefuroxime 

            Cefotaxime 

            Tobramycin 

             Ciprofloxacin 
             Cotrimoxazole 

 

(4) 

(3) 

(1) 

(1) 

(1) 

(2) 
(4) 

        MIC: S ≤ 

8 

8 

4 

1 

4 

1 
40 

              R > 32 

32 

32 

4 

16 

4 
80 

The number of cases showing resistance is given in brackets, indicating the Minimal Inhibitory Concentration (MIC) (µg/ml) 

where S = sensitive and R = resistant (According to: ‘The European Committee on Antimicrobial Susceptibility’). 
Table 2: The antimicrobial resistance profile of the most prevalent pathogens. 

 

Discussion 

Since 2009, this CLP unit has been continuously investigating the role of microbial infection in complications arising from the 

repair of facial Cleft Deformities (CLP). The growing prevelanvce of AMR raises and the question is: What alternatives are at our 

disposal in anti-infectious therapeutics to combat multi-drug-resistant bacteria? [64]. The principal hypothesis of the current 

study aimed to determine whether the prevention of post-operative infection following CsP repair could be supported by pre-

operative administration of probiotics. 

 

The results of this study on the use of probiotics preoperatively indicated that: 1) only in 63/75 (84% of patients) pathogenic 

microorganisms were cultured; 2) that there is a 13% improvement on the study published in 2022 by the same institution [30]. 

Preoperative application of probiotics reflects a positive outcome; however, it is 26% more severe than the outcome of the 

research of 2017; 3) the variety of species decreased from 42 to 23 different species, equating to the 2017 study; 4) there was one 

patient in the 2022 publication who was carrying five different pathogens and 21 patients with four different pathogens each and 

this is presently a major positive result in this study as the number of different pathogens per patient was maximum four and 

isolated only in three unconnected patients [63]. 

 

The most prevalent pathogen identified was Klebsiella pneumonia, detected in 23/75 (30.6%) cases. This represents a 15% reduction 
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compared to the 2022 findings and is slightly over half the percentage reported by Cocco, et al., who observed a prevalence of 

56% [65]. This reduction is significant, as the Klebsiella pneumonia is a known cause of community-acquired pneumonia, urinary 

tract infections and postoperative infections at a surgical site. Moreover, Klebsiella species are continuously studied for their 

development of antimicrobial resistance [66,67]. 

 

The second most prevalent pathogen, consistent with the 2022 study from this institution, was Streptococcus mitis/oralis. This 

micro-organism was not identified before 2018 as a pathogen type. The preoperative application of probiotics contributed to a 

reduction in its prevalence, from 31% (32/103 patients in 2022) to 25.3% (19/75 patients) in this study. This pathogen is significant 

due to its role in postoperative complications through macrophage and epithelial cell deaths [68]. 

 

Haemophilus influenza was the third most abundant pathogen in the 2022 study, with a prevalence of 29.1% (30/103 patients). As 

an opportunistic pathogen, Haemophilus influenza can adversely affect the outcomes of reconstructive surgical procedures [62]. 

Multiple studies have been conducted about the multi-drug resistance of this pathogen [60,67,69-72]. In the study, the application 

of probiotics reduced its prevalence to 10.6% (8/75 patients). 

 

However, the application of probiotics had no effect on the following pathogens and presented, with some showing a slight 

increase, compared to the 2022 study [30]. Candida albicans (+0.3%); Candida glabrata (+1.7%); Candida parapsilosis (+2.8%); Klebsiella 

oxytoca (+1.5%); Moraxella catarrhalis (+1.1%); Staphylococcus aureus (+1.0%). As Probiotics contains three non-pathogen 

microorganisms that suppresses pathogenic microorganisms, the slight increase may be attributed to insignificant fungal 

overgrowth. 

 

The following microorganisms (in alphabetical order) were also identified in single patients: Acinetobacter baumannii, Candida 

krusei, Candida tropicalis, Citrobacter freundii, Enterobacter hormaechei, Heamophilus haemolyticus and Streptococcus salivarius. 

However, in this research three new single pathogens were cultured in three separate patients: Pluralibacter gergoviae, Raoultella 

ornithinolytica and Streptococcus agalactiae. 

  

Conclusion 

Palatal reconstruction in facial cleft CLP deformity faces a significant challenge due to the limited availability of tissue adjacent 

to the CsP during reconstruction. The risk of tissue loss caused by infections is a major underlying concern. The results from 

previous studies conducted within a consistent setting over three separate time frames have raised serious concerns. In 100/103 

patients (2009/2022), pathogenic microorganisms were cultured preoperatively, with 22 (21.4%) of these patients harbouring four 

or more pathogens each. Furthermore, there has been a notable proliferation in both the diversity and the total number of 

pathogens: 15 species identified in 2009; 23 in 2016; 42 in 2022, with pathogen prevelance decreasing from 85% in 2009 and 2016 

to 23.7% in 2022. This research explored an alternative approach involving preoperative application of probiotics for 14 days 

preoperatively prior to primary CsP surgical intervention.The findings indicated a substandial reduction in both the total number 

and the diversity of pathogens identified presurgically. Preoperative probiotic use was effective in decreasing peri-operative 

infections, reducing the diversity of pathogenic microorganisms and mitagating AMR through a more natural method. 

Additionally, probiotics supports a healthy immune system, providing a dual benefit that creates a ‘win-win situation’ for both 
infection prevention and immune health. 

 

Ethical Approval 

A point prevalence study was designed, amended and approved by the Faculty of Health Science Research Ethics Committee 

(467/2015) of the University of Pretoria. 

 

Data Availability 

Additional data available on request. 

 

Conflict of Interest 

The authors have no conflict of interest to declare. 

 

https://doi.org/10.46889/JDHOR.2025.6103
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


8 

https://doi.org/10.46889/JDHOR.2025.6103                                                                 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/ 

   

Language Evaluation 

AC Wolmarans. 

 

Funding Source 

No funding was secured for this study. 

 

Reference 

1. Murray CJL, Ikuta KS, Saharara F, Swetschinski L, Aguilar GR, Gray A, Han C. Global burden of bacterial antimicrobial resistance in 2019: 

a systematic analysis. Lancet. 2022;399:629-55. 

2. Kilner TP. Cleft lip and palate repair technique. St Thomas's Hosp Rep. 1937;2:127-31. 

3. Amaratunga NA. Occurrence of oronasal fistulas in operated cleft palate patients. J Oral Maxillofac Surg. 1988;46:834-8. 

4. Shimizu M, Shigetaka Y, Mizuki H, Okamoto A. Oronasal fistulae in repaired cleft palates. J Craniomaxillofac Surg. 1989;17(Suppl 1):37-

8. 

5. Dec W, Shetye PR, Grayson BH, Brecht LE, Cutting CB, Warren SM. Incidence of oronasal fistula formation after nasoalveolar molding 

and primary cleft repair. J Craniofac Surg. 2013;24:57-61. 

6. Deshpande GS, Campbell A, Jagtap R, Restrepo C, Dobie H, Keenan HT, et al. Early complications after cleft palate repair: A multivariate 

statistical analysis of 709 patients. J Craniofac Surg. 2014;25:1614-8. 

7. Murthy J. Complications of cleft palate repair and how to avoid them. J Cleft Lip Palate Craniofac Anomal. 2014;1:19-25. 

8. Adesina OA, Efunkoya AA, Omeje KU, Idon PI. Postoperative complications from primary repair of cleft lip and palate in a semi-urban 

Nigerian teaching hospital. Niger Med J. 2016;57:155-9. 

9. Hardwicke JT, Landini G, Richard BM. Fistula incidence after primary cleft palate repair: A systematic review of the literature. Plast 

Reconstr Surg. 2014;134:618e-27e. 

10. Zhang Z, Fang S, Zhang Q, Chen L, Liu Y, Li K, et al. Analysis of complications in primary cleft lips and palates surgery. J Craniofac Surg. 

2014;25:968-71. 

11. Prinsloo R, Bütow K-W, du Plessis SM. Orthopaeddontics in cleft treatment. J Dent Health Oral Res. 2024;5(2):1-10. 

12. Zimmermann RA, Moellering RC Jr., Weinberg AN. Mechanism of resistance to antibiotic synergism in Enterococci. J Bacteriol. 

1971;105:873-9. 

13. Murray BE, Mederski-Samaroj B. Transferable beta-lactamase. A new mechanism for in-vitro penicillin resistance in Streptococcus faecalis. J 

Clin Invest. 1983;72:1168-71. 

14. Watanabe M, Iyobe S, Inoue M, Mitsuhashi S. Transferable Imipenem resistance in Pseudomonas aeruginosa. Antimicrob Ag Chemother. 

1991;35:147-51. 

15. Pearson A. Historical and changing epidemiology of healthcare-associated infections. J Hosp Infect. 2009;73:296-304. 

16. Amyes SGB. Vancomycin resistance in gram-positive cocci. Clin Infect Dis. 2006;42(Suppl 1):S25-34. 

17. Contreras GA, Murray BE. Management of multidrug-resistant enterococcal infections. Clin Microbiol Infec. 2010;16:555-62. 

18. Livermore DM. Fourteen years in resistance. Int J Antimicrob Ag. 2012;39:283-94. 

19. Su CH, Wang JT, Hsiung CA, Chien LJ, Chi CL, Yu HT, et al. Increase of carbapenem-resistant Acinetobacter baumannii infection in acute 

care hospitals in Taiwan: association with hospital antimicrobial usage. PLoS One. 2012;7:6. 

20. Levy SB, Marshall B. Antibacterial resistance worldwide: causes, challenges and responses. Nat Med. 2004;10:S122-S129. 

21. Bütow K-W, Zwahlen RA. Paediatric facial cleft treatment - lessons learned. J Dent Health Oral Res. 2024;5(2):1-9. 

22. Prinsloo R, Eroğlu Ç, Bithrey S, Bütow K-W. Obturpaedics in Cleft Treatment. J Dent Health Oral Res. 2024;5(1):1-10. 

23. Roode GJ, Bütow K-W. A descriptive study of chlorhexidine as a disinfectant in cleft palate surgery. J Clin Med Res. 2018;16:9-15. 

24. Tattawasart U, Maillard J-Y, Furr JR, Russell AD. Development of resistance to chlorhexidine diacetate and cetylpyridinium chloride in 

Pseudomonas stutzeri and changes in antibiotic susceptibility. J Hosp Infect. 1999;42:219-29. 

25. Vali L, Davies SE, Lai LL, Dave J, Amyes SG. Frequency of biocide resistance genes, antibiotic resistance and the effect of chlorhexidine 

exposure on clinical methicillin-resistant Staphylococcus aureus isolates. J Antimicrob Chemother. 2008;61:524-32. 

26. Wang JT, Sheng WH, Wang JL, Chen D, Chen ML, Chen YC, et al. Longitudinal analysis of chlorhexidine susceptibilities of nosocomial 

methicillin-resistant Staphylococcus aureus isolates at a teaching hospital in Taiwan. J Antimicrob Chemother. 2008;62:51417. 

27. Fuangthong M, Julotok M, Chintana W, Kuhn K, Rittiroongrad S, Vattanaviboon P, et al. Exposure of Acinetobacter baylyi ADP1 to the 

biocide chlorhexidine leads to acquired resistance to the biocide itself and to oxidants. J Antimicrob Chemother. 2011;66:319-322. 

28. Horner C, Mawer D, Wilcox M. Reduced susceptibility to chlorhexidine in staphylococci: is it increasing and does it matter? J Antimicrob 

Chemother. 2012;67:2547-59. 

29. Lu Z, Chen Y, Chen W, Liu H, Song Q. Characteristics of qacA/B-positive Staphylococcus aureus isolated from patients and a hospital 

environment in China. J Antimicrob Chemother. 2015;70:653-7. 

30. Roode GJ, Bütow K-W, Naidoo S. Microbial contamination profile change over a 4-year period in nonoperated cleft soft palate. J Appl 

Microbiol. 2022;132:665-74. 

https://doi.org/10.46889/JDHOR.2025.6103
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


9 

https://doi.org/10.46889/JDHOR.2025.6103                                                                 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/ 

   

31. Turunen J, Tejesvi M, Paalanne N, Hekkala J, Lindgren O, Kaakinen M, et al. Presence of distinctive microbiome in the first-pass meconium 

of newborn infants. Nature Sci Rep. 2021;11(1):19449. 

32. Könönen E. Development of oral bacterial flora in young children. Ann Med. 2000;32:107-12. 

33. Penders J, Thijs C, Vink C, Stelma FF, Snijders B, Kummeling I, et al. Factors influencing the composition of the intestinal microbiota in 

early infancy. Pediatrics. 2006;118:511-21. 

34. Palmer C, Bik EM, DiGiulio DB, Relman DA, Brown PO. Development of the human infant intestinal microbiota. PLoS Biol. 2007;5:e177. 

35. Nelson-Filho P, Borba IG, Mesquita KSFd, Silva RAB, Queiroz AMd, Silva LAB. Dynamics of microbial colonization of the oral cavity in 

newborns. Braz Dent J. 2013;24:415-9. 

36. Smith DJ, Anderson JM, King WF, van Houte J, Taubman MA. Oral streptococcal colonization of infants. Oral Microbiol Immunol. 1993;8:1-

4. 

37. Gross L. Microbes colonize a baby’s gut with distinction. PLoS Biol. 2007;5:e191. 
38. Ferretti P, Pasolli E, Tett A, Asnicar F, Gorfer V, Fedi S, et al. Mother-to-infant microbial transmission from different body sites shapes the 

developing infant gut microbiome. Cell Host Microbe. 2018;24:133. 

39. Zhou F, Su Z, Li Q, Wang R, Liao Y, Zhang M, et al. Characterization of bacterial differences induced by cleft-palate-related spatial 

heterogeneity. Pathogens. 2022;11:771. 

40. Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. Expert consensus document: the international scientific association for 

probiotics and prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol. 

2014;11:506-14. 

41. King S, Glanville J, Sanders ME, Fitzgerald A, Varley D. Effectiveness of probiotics on the duration of illness in healthy children and adults 

who develop common acute respiratory infectious conditions: A systematic review and meta-analysis. Br J Plast Surg. 2014;112:41-54. 

42. Szajewska H. What are the indications for using probiotics in children? Arch Dis Child. 2016;101:398-403. 

43. Oh NS, Joung JY, Lee JY, Kim Y. Probiotic and anti-inflammatory potential of Lactobacillus rhamnosus 4B15 and Lactobacillus gasseri 4M13 

isolated from infant feces. PloS One. 2018;13:e019-21. 

44. Kim B, Shynlova O, Lye S. Probiotic Lactobacillus rhamnosus GR-1 is a unique prophylactic agent that suppresses infection-induced 

myometrial cell responses. Nature Sci Rep. 2019;9:4698. 

45. Yadav M, Mandeep, Shukla P. Probiotics of diverse origin and their therapeutic applications: a review. J Am Coll Nutr. 2020;39:469-79. 

46. Kong XJ, Liu J, Liu K, Koh M, Sherman H, Liu S, et al. Probiotic and oxytocin combination therapy in patients with autism spectrum 

disorder: A randomized, double-blinded, placebo-controlled pilot trial. Nutrients. 2021;13(5):1552. 

47. Aceti A, Gori D, Barone G, Callegari ML, Di Mauro A, Fantini MP, et al. Probiotics for prevention of necrotizing enterocolitis in preterm 

infants: Systematic review and meta-analysis. Ital J Pediatr. 2015;41:89. 

48. Chau K, Lau E, Greenberg S, Jacobson S, Yazdani-Brojeni P, Verma N, et al. Probiotics for infantile colic: a randomized, double-blind, 

placebo-controlled trial investigating Lactobacillus reuteri DSM 17938. J Pediatr. 2015;166(1):74-8. 

49. Dilli D, Aydin B, Fettah ND, Ozyazici E, Beken S, Zenciroglu A, et al. The propre-save study: effects of probiotics and prebiotics alone or 

combined on necrotizing enterocolitis in very low birth weight infants. J Pediatr. 2015;166:545-51. 

50. Baglatzi L, Gavrili S, Stamouli K, Zachaki S, Favre L, Pecquet S, et al. Effect of infant formula containing a low dose of the probiotic 

Bifidobacterium lactis CNCM I-3446 on immune and gut functions in C-section delivered babies: A pilot study. Clin Med Insights Pediatr. 

2016;10:11-9. 

51. Ritchie ML, Romanuk TN. A meta-analysis of probiotic efficacy for gastrointestinal diseases. PloS One. 2012;7(4):e34938. 

52. Zhao Y, Dong BR, Hao Q. Probiotics for preventing acute upper respiratory tract infections. Cochrane Database Syst Rev. 2022;8(8):1-3. 

53. Wang Y, Li X, Ge T, Xiao Y, Liao Y, Cui Y, et al. Probiotics for prevention and treatment of respiratory tract infections in children: a 

systematic review and meta- analysis of randomized controlled trials. Medicine. 2016;95(31):e4509. 

54. Aznar ML, Schonmeyr B, Echaniz G, Nebeker L, Wendby L, Campbell A. Role of postoperative antimicrobials in cleft palate surgery: 

prospective, double-blind, randomized, placebo-controlled clinical study in India. Plast Reconstr Surg. 2015;136:59e-66e. 

55. Doern CD, Burnham CD. It's not easy being green: The viridans group streptococci, with a focus on pediatric clinical manifestations. J Clin 

Microbiol. 2010;48:3829-35. 

56. Mezzatesta ML, Gona F, Stefani S. Enterobacter cloacae complex: Clinical impact and emerging antibiotic resistance. Future Microbiol. 

2012;7:887-902. 

57. Lippmann N, Lubbert C, Kaiser T, Kaisers UX, Rodloff AC. Clinical epidemiology of Klebsiella pneumoniae carbapenemases. Lancet Infect 

Dis. 2014;14:271-2. 

58. Davin-Regli A, Pagès J-M. Enterobacter aerogenes and Enterobacter cloacae: versatile bacterial pathogens confronting antibiotic treatment. 

Front Microbiol. 2015;6:392. 

59. Foster TJ. Antibiotic resistance in Staphylococcus aureus: current status and future prospects. FEMS Microbiol Rev. 2017;41:430-49. 

60. Maddi S, Kolsum U, Jackson S, Barraclough R, Maschera B, Simpson KD, et al. Ampicillin resistance in Haemophilus influenzae from COPD 

patients in the UK. Int J Chron Obstruct Pulmon Dis. 2017;12:1507-18. 

61. Pang F, Jia XQ, Zhao QG, Zhang Y. Factors associated to prevalence and treatment of carbapenem-resistant Enterobacteriaceae infections: A 

seven years retrospective study in three tertiary care hospitals. Ann Clin Microbiol Antimicrob. 2018;17(1):13. 

https://doi.org/10.46889/JDHOR.2025.6103
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


10 

https://doi.org/10.46889/JDHOR.2025.6103                                                                 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/ 

   

62. Myburgh HP, Bütow K-W. Cleft soft palate reconstruction: prospective study on infection and antibiotics. Int J Oral Max Surg. 2009;38:928-

32. 

63. Roode GJ, Bütow K-W, Naidoo S. Preoperative evaluation of micro-organisms in non-operated cleft in soft palate: impact on use of 

antibiotics. Br J Oral Maxillofac Surg. 2017;55:127-31. 

64. Bourlioux P. Which alternatives are at our disposal in the anti-infectious therapeutics face to multi- drug-resistant bacteria? Ann Pharm 

Fr. 2013;71:150-8. 

65. Cocco JF, Antonetti JW, Burns JL, Heggers JP, Blackwell SJ. Characterization of the nasal, sublingual and oropharyngeal mucosa microbiota 

in cleft lip and palate individuals before and after surgical repair. Cleft Palate Craniofac J. 2010;47:151-5. 

66. Paterson DL, Siu KLK, Chang FY. Klebsiella species (K. pneumoniae, K. oxytoca, K. ozaenae and K. rhinoscleromatis). Antimicrobe org. [last 

accessed: February 05, 2025] http://www.antimicrobe.org/b107.asp  

67. Jacoby GA. Mechanisms of resistance to quinolones. Clin Infect Dis. 2005;41(Suppl 2):S120-6. 

68. Naji A, Houston IvJ, Skalley Rog C, Al Hatem A, Rizvi S, van der Hoeven R. The activation of the oxidative stress response transcription 

factor SKN-1 in caenorhabditis elegans by mitis group streptococci. PLoS One. 2018;13(8):e0202233. 

69. Atkinson CT, Kunde DA, Tristram SG. Expression of acquired macrolide resistance genes in Haemophilus influenzae. J Antimicrob 

Chemother. 2017;72:3298-301. 

70. Aguirre-Quinonero A, Perez Del Molino IC, de la Fuente CG, Sanjuan MC, Aguero J, Martinez- Martinez L. Phenotypic detection of clinical 

isolates of Haemophilus influenzae with altered penicillin-binding protein 3. Eur J Clin Microbiol Infect Dis. 2018;37:1475-80. 

71. Chen D, Wen S, Feng D, Xu R, Liu J, Peters BM, et al. Microbial virulence, molecular epidemiology and pathogenic factors of 

fluoroquinolone-resistant Haemophilus influenzae infections in Guangzhou, China. Ann Clin Microbiol Antimicrob. 2018;17:41. 

72. Sakata H, Watanabe A, Iwata S, Sato Y, Suzuki K, Miyashita N, et al. Surveillance on susceptibility of strains isolated from pediatric 

infections. J Infect Chemother. 2019;25:163-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

 

                                                                        

Publish your work in this journal 

Journal of Dental Health and Oral Research is an international, peer-reviewed, open access journal publishing original research, reports, editorials, reviews 
and commentaries. All aspects of dental health maintenance, preventative measures and disease treatment interventions are addressed within the journal. 
Dental experts and other related researchers are invited to submit their work in the journal. The manuscript submission system is online and journal follows 
a fair peer-review practices. 

Submit your manuscript here: https://athenaeumpub.com/submit-manuscript/  

https://doi.org/10.46889/JDHOR.2025.6103
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/
http://www.antimicrobe.org/b107.asp
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/
https://athenaeumpub.com/submit-manuscript/

