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A Pilot Study Assessing the Effect of Livionex Dental Gel on Dental Hygiene, Mucositis, 

and Bloodstream Infection in Pediatric BMT Patients 

Ariel Y Tsao 

Purpose: To investigate the effects of Livionex Dental Gel use on oral hygiene, oral 

bacterial loads, and incidence of mucositis and bloodstream infections (BSI) in pediatric 

Human Stem Cell Transplant (HSCT) recipients.  

Methods: This was a prospective, double-blinded, randomized-controlled trial pilot 

study. Twenty-six Subjects were randomized to Livionex or control (PreviDent 5000 

Plus for children ≥6 years or Tom's and Maine Children's Toothpaste for children <6 

years) groups in a 2:1 ratio (19 in Livionex and 7 in control). Gingival index (GI), plaque 

index (PI), mutans streptococci (MS), total streptococci (TS), Lactobacilli (LB), and total 

viable count (TVC), mucositis and BSI were evaluated at days 0, 7 and 44 after the start 

of HSCT conditioning. The data was analyzed using linear mixed effect models across 

timepoints. Brushing compliance and experience was assessed with a questionnaire 

and the responses were analyzed using Wilcoxon rank sum test.  

Results: MS counts decreased significantly in both groups over time. GI, PI, incidences 

of mucositis and BSI, and brushing compliance and experience were not significantly 

different between the two study groups. However, BSI incidences were lower in the 

Livionex and PreviDent 5000 group than non-study patients. 

Conclusions: There is possible benefit from using Livionex in this population. Studies 

with larger sample-sizes are needed to further confirm the effect of Livionex on bacterial 

counts and BSI occurrences in HSCT patients. 
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Introduction 

Cancer is the second most common cause of fatalities in children in the United 

States, after accidents (Hong & daFonseca, 2008). Leukemia and solid tumors 

comprise the majority of cancers affecting children, with an incidence of 29% and 22% 

respectively in patients under 15 years of age (Fischer, Petriccione, Donzelli, & 

Pottenger, 2016). Hematopoietic stem cell transplantation (HSCT) is a standard 

treatment after disease relapse and failure of conventional treatments for cancer in 

childhood, or as a first line treatment for high-risk cancer. Other treatment modalities 

include chemotherapy and radiation therapy, which often immunosuppresses the child. 

Combined with the need for an indwelling catheter, this population is at higher risk of 

blood stream infections (BSI). According to the literature, approximately 35% of BMT 

patients develop a severe blood stream infection within 60 days of transplant, and 55% 

of these infections were caused by an oral pathogen (Mikulska et al., 2009). In the 

population of UCSF pediatric allogeneic stem cell transplant recipients treated between 

July 2012 and April 2015, 36% developed a severe blood stream infection within 60 

days of transplant, and 35% of these infections were caused by an oral pathogen 

(unpublished data).  

Besides BSI, these patients often develop mucositis as another complication 

from their treatment. Approximately 80% of patients who received high dose 

conditioning regimens prior to HSCT developed mucositis, the presence of which is 

associated with significantly worse clinical and economic outcomes in blood and marrow 

transplantation cases (Vera-Llonch, Oster, Hagiwara, & Sonis, 2006). It is thought that 

the oral mucosal microenvironment is a specific ecological niche in which bacterial 
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regulation of inflammatory pathways and pro-inflammatory cytokines may contribute to 

oral mucositis (Ajdaharian et al., 2014; Vasconcelos et al., 2016). It is possible that 

chemotherapy may inhibit the commensal bacteria within the oral cavity and induce an 

ecological shift of oral microbiota (Sahni, Khashai, Forghany, Krasieva, & Wilder-Smith, 

2016). In addition, bacterial colonization increases as mucosal injury progresses, which 

will result in further damage of epithelial tight junctions and increased permeability to 

bacteria (Al-Dasooqi, Wardill, & Gibson, 2014). This leads to increased likelihood of 

bacteremia during routine oral hygiene habits and places the patient in greater risk of 

developing BSI (Lark et al., 2001).  

Buildup of dental plaque is the primary etiological factor associated with 

moderate and severe gingival inflammation that persists before and after transplantation 

in adult allogenic HSCT recipients (AAPD 2017) and oral mucositis (Coracin et al., 

2013). Maintaining excellent oral hygiene is imperative for decreasing plaque levels and 

mucositis; however, children undergoing chemotherapy and radiation therapy (Naidu et 

al., 2004) or HSCT have significant difficulties achieving good oral hygiene and dental 

plaque control because of sensitivity of oral tissues leading to intolerance of tooth 

brushing with a conventional dentifrice. Additionally, mechanical plaque removal by a 

professional (i.e. dental prophylaxis, scaling) is usually deferred in children with 

indwelling central venous catheters due to the outdated concern that transient 

bacteremia may lead to central line infections. For these reasons, pediatric cancer 

patients have substantial plaque buildup and moderate to severe gingival inflammation.  

In addition to gingival inflammation, children undergoing HSCT are at increased 

risk of developing caries. Due to decreased salivary function, patients have impaired 
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ability to buffer pH and remineralize incipient lesions. Because patients often have 

impaired taste and loss of appetite, they are given high-caloric meals more frequently to 

achieve adequate nutrition. These meals are generally cariogenic, which places them at 

an increased risk of developing dental caries (Dentistry, 2017). Current 

recommendations for dental decay prevention in this population include the use of high 

concentration fluoride toothpaste for children over 6 years old at least twice daily, 

sodium bicarbonate rinsing 4-6 times daily, and diet control. In children younger than 6 

years old, a lower concentration fluoride toothpaste is recommended (Dentistry, 2017; 

Young & Featherstone, 2013). Higher levels of fluoride and added bicarbonate help in 

the repair of tooth structure and buffer the acid attack on teeth, but do not effectively 

decrease the cause of tooth decay – dental plaque. 

New and effective means to maintain oral hygiene are needed and may have 

been achieved by targeting the ability of bacteria to form a biofilm. Formation of biofilm 

is a survival strategy for bacteria to adapt to their living environment. Under the 

protection of biofilm, microbial cells become tolerant and resistant to the immune 

environment and antibiotics (Wu, Moser, Wang, Høiby, & Song, 2015). Oral biofilm, also 

known as plaque, consists of a group of microorganisms embedded in an extracellular 

polysaccharide matrix attached to the tooth surface. Plaque is the primary etiological 

factor in the initiation of caries, gingival inflammation and subsequent destruction of 

periodontal tissues (Bowen & Koo, 2011; Haffajee & Socransky, 1994). Effective oral 

hygiene eliminates microbial plaque leading to resolution of gingival inflammation.  

Cations such as calcium and iron are essential to microbial adhesion, biofilm 

formation, and bacterial growth. By binding cations, the chelator edathamil (EDTA) has 
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the capability to inhibit biofilm and disrupt its adhesion to surfaces (Raad et al., 2008). 

This property of edathamil has been used in the novel Livionex dentifrice, which 

contains 2.6% of proprietary formulation of activated edathamil. This Livionex Dental 

Gel has been shown to be superior to Colgate Total in reduction of biofilm and gingival 

inflammation in healthy subjects (Ajdaharian et al., 2014; Dadkhah et al., 2014). Since 

the Livionex Dental Gel toothpaste is effective in reducing plaque while not containing 

the additives found in other toothpastes that can cause increased gingival irritation, the 

overall goal of this study is to determine whether the incorporation of Livionex Dental 

Gel in the oral hygiene regimen of pediatric cancer patients and HSCT recipients could 

reduce dental plaque, thus decreasing bacterial load.  

 

Significance 

If proven more effective at decreasing plaque, gingivitis, bacterial load, and 

incidences of mucositis and BSI, Livionex may replace PreviDent 5000 as the standard 

of dental preventive care in pediatric cancer patients. This would provide more evidence 

in support of creating EDTA-based oral hygiene products and a greater impetus to 

further investigate nuances in the relationship between life-threatening BSI and choice 

of dentifrice.  

 

Hypothesis 

In this study, we propose to characterize the effect of Livionex Dental Gel in 

pediatric cancer patients. We hypothesized that Livionex provided better plaque control 

and improved gingival health, thereby reducing the oral microbial load in pediatric 
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Human Stem Cell Transplant (HSCT) recipients compared against baseline and 

compared to the control toothpastes (PreviDent 5000 Plus and Tom's of Maine 

Children's Toothpaste). As a result of this improved hygiene and decreased bacterial 

load, we expected to see a decrease in incidence of mucositis and SBI in participants 

using Livionex.  

The aim of this study was to compare the performance of Livionex Dental Gel 

against the control toothpastes in four categories: oral hygiene status (plaque and 

gingival indices), bacterial load (culturing plaque swabs for total viable counts, total 

streptococci, Mutans streptococci and Lactobacilli), incidence of oral adverse effects 

(mucositis and BSI), and patient toothbrushing experience and compliance 

(questionnaire).  

 

Materials and Methods 

1. Study Design  

This is prospective, double-blinded, randomized controlled trial pilot study. After 

the approval of the study by the UCSF Human Research Committee (IRB Study #15-

18297), subjects were recruited from the UCSF Pediatric Bone Marrow Transplant 

(BMT) Unit. Inclusion criteria were patients of any age, admitted to the BMT unit for 

either allogeneic or autologous HSCT procedures, and willing to participate. Exclusion 

criteria were language barriers and known allergies to edathamil or multiple hygiene and 

cosmetic products. Twenty-eight BMT patients were initially enrolled in and consented 

to the study. 
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Upon obtaining informed consent from parents and/or patient’s assent from 

minors, subjects were randomized in a 2:1 ratio to the test group (Livionex Dental Gel), 

as opposed to the control group (PreviDent 5000 Plus, 1.1% Sodium Fluoride for 

subjects 6 years of age and older and Tom’s of Maine Children’s Toothpaste, 0.13% 

Fluoride for subjects under 6 years of age). All toothpastes were packaged by Livionex 

with identical appearance but different lot numbers. Only the study coordinator knew the 

code key determining the assignment of the dentifrices. All other researchers, 

assistants, and subjects were blinded. 

Dental exams were conducted at three timepoints: day 0 (any time before 

conditioning), day 7 ± 2 days (or before transplant, whichever came first), and 44 ± 14 

days (or before discharge, whichever came first). The exam consisted of gingival index, 

plaque index after disclosing solution, clinical photos, stimulated saliva samples (only on 

day 0), and plaque swab samples. Oral hygiene instructions were given as well as a 

demonstration of brushing techniques. Surveys of the patient’s experience with the 

dentifrices was conducted at the day 7 exam and at the day 44 exam. The incidences of 

mucositis and BSI were tracked from day 0 until day 44 ± 14 days (Table 1). 

Subjects were informed to only use the study dentifrices between day 0 and day 

7 and to brush twice daily for 2 minutes. Adherence to the oral hygiene protocol was 

documented by hospital nurses on a bed-side log.  After the initial 7 days, subjects were 

encouraged to continue use of the study dentifrices but not if it was a deterrent to 

regular brushing.   

2. Demographic Data 
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Age, sex, race and ethnicity, type of transplant, donor type, medical diagnosis, 

conditioning regimens, use of antibiotics, antivirals or antifungals were retrieved from 

patient medical records. Type of transplant was divided into allogeneic and autologous. 

If the patient received an allogeneic transplant, donor type was recorded as related or 

unrelated. Since there was a large variation in conditioning medications used, the 

subjects were grouped into three conditioning regimen categories depending on how 

myeloablative the effect was: myeloablative (MA), non-myeloablative (NMA), and 

reduced intensity conditioning (RIC). Antimicrobial usage was considered present if the 

subject received medication one week prior to admission until the discharge date. 

3. Dentifrices  

The control group was given PreviDent 5000 Plus (1.1% Sodium Fluoride, water, 

sorbitol, hydrated silica, PEG-12, tetrapotassium pyrophosphate, sodium lauryl sulfate, 

mint flavor, xanthan gum, sodium benzoate, sodium saccharin, titanium FD&C Blue #1) 

if the subjects were older than 6 years old. Sodium fluoride is well established as an 

anti-cariogenic compound. Sodium lauryl sulfate is a common detergent and surfactant 

in personal care products, giving their foaming properties. Xanthum gum is a common 

thickener and stabilizer. Subjects who were 6 years old and younger or who were 

unable to expectorate were given Tom’s of Maine Children’s Toothpaste (0.75% Sodium 

Monofluorophosphate, glycerin, water, calcium carbonate, hydrated silica, strawberry 

juice, carrageenan, sodium lauryl sulfate). These dentifrices were provided by Livionex. 

Any differentiating markings were removed with only a lot number to identify the 

different control dentifrices. 
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The test group was given Livionex Dental Gel (sulfonylbismethane, 2.6% 

activated edathamil, stevia, peppermint, menthol, FD&C Blue 1 and natural gums and 

stabilizers). Sulfonylbismethane is commonly used as a temperature stable solvent. 

Edathamil, or EDTA, is the calcium chelator. 

4. Gingival Index 

Gingival health was graded according to the modified Silness-Löe scale (Loe, 

1967). Six sentinel teeth were chosen to minimize patient discomfort (#A/3, #E/8, #J/14, 

#K/19, #O/24 and #T/30) and were assigned scores of 0 to 3 (Figure 1). Due to the 

great discomfort to the subjects at the height of their conditioning treatment, 

manipulation of tongue and mucosal surfaces was minimized by using the buccal 

surfaces of mandibular first molars instead of their lingual surfaces. 

5. Plaque Index 

Plaque index scores was graded after disclosing solution was applied to the 

buccal surfaces of the same six sentinel teeth used in the gingival index. Scores were 

assigned from 0 to 3 according to the Simplified Oral Hygiene Index (OHI-S) (Greene & 

Vermillion, 1964) and were again modified by using buccal surfaces of all mandibular 

first molars instead of lingual surfaces (Figure 2).   

6. Stimulated Saliva and Plaque Samples 

Stimulated saliva samples were obtained by having subjects chew on sterile 

paraffin wax for 1 minute. The saliva was then collected in a 5mL sterile tube for the first 

8 subjects. During the study, it became apparent that saliva samples were difficult to 

obtain even in older participants due to severe nausea, which only worsened with 

chewing paraffin wax. Therefore, plaque swab samples were obtained for subsequent 
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subjects. Plaque samples were obtained by using a sterile cotton swab to collect dental 

plaque from buccal surfaces of non-disclosed teeth. The sample was then placed in a 

5mL sterile tube with 2mL of PBS.  

Both saliva samples and plaque samples were kept on ice until processing within 

24 hours. Samples were sonicated and plated on Mitis Salivarius agar plates for total 

streptococci enumeration, on Mitis Salivarius Sucrose Bacitracin agar plates for Mutans 

streptococci enumeration, Rogosa tomato juice agar plates for lactobacilli enumeration, 

and Rabbit Blood Brain Hearth Infusion Agar plates for total viable bacterial 

enumeration. The remaining samples were stored at -80°C for evaluation for future 

studies.  

The bacterial counts from stimulated saliva samples were converted to plaque 

sample equivalents based on a previous pilot study assessing the correlation of bacteria 

levels between the aforementioned two sampling methods (data not published). After 

this adjustment, the absolute bacterial counts from the converted and original plaque 

swabs were transformed to a logarithmic scale. 

7. Incidence of Mucositis 

Nurses in the BMT unit are trained to look for mucositis and track its progression 

every day. This provided a reliable and consistent measure, and thus this data was 

retrieved from patient medical records. The grade of mucositis was not recorded, only 

presence or absence which was defined by an occurrence at any point between day 0 

and day 44 ± 14. 

8. Incidence of BSI 
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The BMT Unit tracked BSI occurrences throughout the patient’s admittance. If a 

patient developed BSI, blood was drawn and cultured to determine the infection’s origin. 

If blood cultures were positive for Streptococci mitis, they were recorded as BSI of 

dental origin. If the cultures were positive for staphylococcus or enterobacteria, they 

were recorded as BSI of non-dental origin. Presence of BSI was defined by its 

occurrence between day 0 and day 44 ± 14. 

To determine whether study subjects experienced lower rates of BSI as 

compared to patients who were not enrolled in the study, a statistical report of non-study 

patients was provided to the investigator by the BMT unit. The report did not include 

patient identifiers and only provided a total number of patients admitted to the hospital 

during the time frame of the study, as well as a percent of patients who developed BSI 

from dental and non-dental origins. Any hiatus of the study was accounted for by 

excluding non-study patients admitted within the hiatus. Furthermore, the control group 

was subdivided into the two dentifrices, PreviDent 5000 and Tom’s of Maine, since the 

ingredients differed between them. 

9. Survey Responses 

Surveys were given at day 7 and day 44. For children who were too young to 

answer the questions, their parents answered in their stead. Children old enough to 

answer for themselves filled out the forms directly. The investigator was present during 

this process to address any questions about the survey (Figure 3). 

10. Statistical Analysis 

Sample size was determined using the average observed within-patient changes 

in plaque index scores from previous studies between treatment groups and using a 
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two-sample t-test assuming a 2:1 ratio of treated to control patients. Based on 

preliminary data, it was assumed that the plaque index measurement would have a 

standard deviation of 0.5 units in both groups, and that the correlation between 

successive measurements will be approximately 0.5. With these assumptions, it was 

estimated that a sample of 40 patients would provide 80% power to detect changes in 

plaque index as small as 27% with statistical significance at 5%.  

Means, standard deviations, frequencies and percentages were used to 

summarize the patients’ demographic and clinical variables. Patients’ brushing 

experience was compared between groups with Chi-square or Fisher’s exact test. 

Generalized linear mixed effect models were fitted to evaluate: 1) if there was significant 

difference between groups on bacterial levels and 2) if dental outcomes significantly 

changed over time and were significantly associated with BSI and mucositis, while 

controlling for the correlation among repeated measurement over time within a patient. 

 

Results 

1. Demographics 

Twenty-eight subjects were initially enrolled in the study; however, two subjects 

were excluded because the study samples could not be collected prior to initiating their 

conditioning regimens. Ultimately 19 (mean age 12.5 years old) and 7 (mean age 13.7 

years old) subjects were recruited to the test and control groups respectively. Donor 

type was only relevant to subjects who received allografts during their BMT admission. 

No significant differences were noted the demographic variables except for race and 

ethnicity as well as medical diagnosis (Table 2). More subjects in the Livionex group 
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were White, Hispanic, or unknown while more subjects in the control group were Asian 

and mixed. There were more diagnoses of solid tumors in the Livionex group versus 

leukemia and other in the control group. 

2. Oral Hygiene Status 

GI scores increased in the Livionex group over time; whereas they decreased in 

the control group. Generally, the Livionex group tended to have higher GI scores at day 

7 and day 44; however, the differences were not statistically significant between the two 

groups at any timepoint. There also was no significant difference in GI scores within 

each treatment group across the three timepoints. 

The Livionex group tended to have higher PI scores than the control groups with 

borderline statistical significance (P=0.08). Compared to day 0, both groups had 

reduced PI scores at day 7 but increased scores at day 44. The difference in PI 

between day 7 and 44 was not statistically significant within a given group over time nor 

between the two groups within a timepoint (Figure 4, Table 3). 

3. Oral Bacterial Load  

No significant differences were detected in the average logarithmic bacterial 

count between the two groups at each timepoint for MS, TS, LB and TVC. Compared to 

day 0, both groups had significantly reduced average MS counts at day 44 (P=0). 

Additionally, compared to day 7, both groups had significantly reduced average MS 

counts at day 44 (P=0.05) There were no statistically significant changes in TS, LB and 

TVC as compared to baseline; however, it is worth noting that average LB increased 

almost inversely to average log MS counts but was not significant (P=0.85) (Table 4 and 

5, Figure 5). 
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4. Incidence of Oral and Systemic Adverse Effects 

To date, no significant difference in mucositis incidence was found between the 

Livionex and control groups (Figure 6).  

The observed dental-originated (S. mitis) and non-dental-originated BSI 

incidences during the study period (from day 0 to 44) were low across all study groups 

and non-study subjects treated at the UCSF BMT Unit except for Tom’s of Maine control 

subgroup (Table 5). Though not statistically significant, it appears that the Livionex 

group had lower incidences of total and non-dental-originated BSI but higher incidence 

of dental-originated BSI than the control (PreviDent 5000 and Tom’s of Maine) and non-

study subject groups. There were only two subjects in the Tom’s of Maine subgroup, but 

one had dental-originated BSI and the other non-dental-originated BSI. 

5. Patient Experience and Compliance 

Most subjects reported the taste, texture, and feeling of using all 3 dentifrices as 

acceptable or positively. The majority would recommend other patients to use their 

respective toothpastes at day 7 and 44 with no statistical significance. No significant 

difference was found in the response frequencies for the survey questions between the 

Livionex and control groups at day 7 and day 44. Though it is interesting to note that 

there was a tendency for patients to report disliking the toothpaste texture for the 

Livionex group (Table 7). 

 

Discussion 

Current literature reports that 22 to 55 % of patients undergoing HSCT therapy 

developed BSI (Mikulska et al., 2009). In an unpublished study by Horn et al., it was 
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found that a third of UCSF BMT patients with allogeneic transplants developed BSI and 

a third of those were caused by the oral pathogen S. Mitis. This alarming statistic was 

the driving force behind the collaboration between the medical center and the dental 

center, resulting in this pilot study to help identify strategies to reduce the incidence of 

BSI from dental origins. We aimed to investigate whether use of Livionex Dental Gel 

and greater emphasis on dental care routines would improve oral hygiene, reduce oral 

inflammation and oral and systemic adverse effects in HSCT recipients. We also 

surveyed the subjects for the brushing experience with the dentifrices. 

All study subjects were randomly assigned to the dentifrice groups. The 

significant differences seen in race/ethnicity and diagnosis may have been due to 

random chance especially since two subjects dropped out after enrolling. It is known 

that racial/ethnicity affects childhood cancer risks (Spector et al., 2015). For example, 

acute leukemia incidence is 10% higher in Hispanic children compared to white 

children; however, the exact relationship between genetic and environmental and 

cancer incidence has not been determined. Our results do not reflect this. 

This study could not conclude any improvement in PI or GI scores due to 

Livionex usage although two previous studies found evidence that Livionex performed 

better than Colgate Total in reducing biofilm and gingival inflammation (Ajdaharian et 

al., 2014; Dadkhah et al., 2014). The difference in our conclusions may have been due 

to decreased compliance from our study subjects due to their fragile medical status. 

Both investigative groups enrolled older subjects that were healthy and thus did not face 

obstacles to their dental care either from oral pain or nausea. Though our study protocol 

emphasized twice daily toothbrushing, it could not be strictly enforced. An improvement 
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for future studies would be the implementation of a smart toothbrush with remote 

tracking capabilities of brushing quality, frequency, and duration instead of using reports 

from hospital staff. With this data, it would be possible to determine the efficacy of 

Livionex relative to the frequency of its use. 

The analysis of oral bacterial load revealed that MS counts on both day 7 and 44 

were significantly decreased as compared to day 0; LB counts inversely increased in 

both experimental groups but were not significantly different from day 0. This 

phenomenon seems contrary to what one would expect. An in vitro study showed that 

co-cultures of S. mutans and L. caseii did not augment biofilm formation compared to 

mono-cultures of each, demonstrating that they did not compete nor have a synergistic 

relationship (Wen, Yates, Ahn, & Burne, 2010). The inverse relationship between MS 

and LB counts in our study suggests other mechanisms may be involved. Additionally, it 

is known that MS is associated with the initiation of caries and LB with its progression. 

This is further confirmed by the fact that MS produces lactic acid, creating a favorable 

environment for itself and LB to flourish. The significant decrease in MS counts may 

have resulted from increased placements of nasogastric (NG) tubes to maintain caloric 

intake in post-transplant patients with severe nausea and severely reduced appetite. 

Dietary carbohydrate restriction results in a shift in the oral microbiome, leading to a 

decrease in MS counts (de Stoppelaar, van Houte, & Backer Dirks, 1970). 

The difference in mucositis incidences between the Livionex and control groups 

was not statistically significant.  Mucositis occurs as a result of the host's inflammatory 

response to free radicals produced by chemo- or radiotherapy (Sonis, 2004). The 

affected tissues ulcerate, losing the protective epidermis, and allow bacterial 
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colonization within the ulcer. This further feeds into the inflammatory response in which 

calcium plays a significant role in increasing endothelial permeability (Tauseef et al., 

2012). It follows that Livionex should limit inflammation because it sequesters calcium. 

Moreover, Livionex Dental Gel is formulated without the typical detergents, surfactants, 

and abrasives that are in PreviDent 5000 and Tom’s of Maine. These ingredients have 

been shown to irritate the mucosal lining and epithelium in the oral activity, leading to 

epithelial cells detachment due to decreased expression of E-cadherin (Neppelberg, 

Costea, Vintermyr, & Johannessen, 2007). However, the results from this study do not 

support that conclusion. This could be a result high rates of patient non-compliance, 

which was self-reported, and a tendency to dislike Livionex Dental Gel texture 

compared to control toothpastes because of its slippery consistency. 

During the study period, the BSI incidences were low compared to previous 

observations in the UCSF BMT Unit. Our study observed a lower incidence of total and 

non-dental originated BSI but higher incidence of dental-originated BSI in the Livionex 

group compared to the PreviDent 5000, and non-study groups. It is worth noting that the 

two subjects in the Tom’s of Maine subgroup either had BSI of dental or non-dental 

origin which may further support the recommendation to avoid using over-the-counter 

toothpastes in cancer patients with mucosal inflammation; however, we are reluctant to 

make any conclusion about these differences due to the small sample sizes in multiple 

groups being a limitation of the study. A study with a larger sample size is needed to 

draw definitive conclusions.  

Mucosal injury is a known risk factor of BSI since it can lead to bacteremia. 

Especially in an immunocompromised host, there is more difficulty preventing 
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bacteremia from becoming BSI (Gudiol et al., 2014; Kelly et al., 2011). We conjectured 

that Livionex Dental Gel’s anti-inflammatory effect would help decrease the incidence of 

mucositis and therefore of BSI; however, since antibiotics were given to almost all 

patients prophylactically as part of the BMT Unit’s protocol during the study period, it is 

likely they minimized the effect dentifrice type had on incidence of BSI. Furthermore, 

brushing non-compliance may have confounded the study results since a borderline 

statistically significant difference was found in attitude toward dentifrice texture. 

Subjects tended to dislike Livionex, and it may have deterred them from brushing more 

frequently, which may be reflected in the trend of higher GI and PI at day 7 observed in 

the Livionex group. Better monitoring of compliance would help to resolve this issue. 

The relationship between gut microbiome and an individual’s systemic health is 

becoming recognized. As the gut and oral cavity belong to one continuous system, 

there is mounting evidence that a well-balanced microbiome in gut and oral cavity 

decreases the chance of chronic diseases such as allergies, atherosclerosis, colorectal 

cancer, diabetes, inflammatory bowel disease, neurological disorders, and obesity 

(Kodukula et al., 2017). Dysbiosis is a perturbation of that fine balance and recent 

literature is beginning to unravel how dysbiosis can influence complications after 

allogenic stem cell transplants, leading to GvHD or disease relapse (Shallis, Terry, & 

Lim, 2018). Therefore, we must find all avenues of control over the microbiome of the 

oral cavity, if not to influence gut microbiome, then to indirectly decrease BSI through 

improving gingival inflammation and mucositis and perhaps even GvHD. 

We hope to strengthen existing literature regarding the use of Livionex and the 

relationship between oral hygiene, bacterial load, mucositis and BSI. We are optimistic 
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of the results thus far but recognize that we must be cautious when interpreting the data 

from a small sample. Further investigation is warranted since the complications of BSI in 

pediatric BMT patients are far too lethal to disregard any method of improving 

outcomes. We propose continuing enrollment to achieve a larger sample size, relying 

on smart toothbrush technology to better track compliance and quality of toothbrushing, 

and expanding our IRB protocol to include non-study subjects admitted during the 

enrollment period. 
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Appendix 
 
Table 1: Summary of Study Procedures  

  Timepoint  

Study Procedure  Day 0 (any time 
before conditioning)  

Day 7 ± 2 or before 
transplant  

Day 44 ± 14 or before 
discharge  

Consent/assent  x      

Randomization  x      

Demonstration of 
proper toothbrushing  

x      

Stimulated Saliva 
Sample  

x      

Gingival Index  x  x  x  

Plaque Index (with 
disclosing solution)  

x  x  x  

Clinical photograph  x  x  x  

Plaque swab sample  X  x  x  

Survey    x  x  
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Figure 1: Gingival index form  
 
 
 
 
 
 
 
 
 
 
 
 



21 
 

Figure 2: Plaque index form 
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Figure 3: Questionnaire 
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Table 2: Patient Demographics 

Characteristics Livionex (n=19) 

PreviDent 5000 
+ Tom's of 

Maine (n=7) P-value 

Age (yrs) 12.5±7.4 13.7±8.5 0.60 
Sex (male/female) 53%/47% 43%/57% 0.31 
Race/Ethnicity (%) 
(White/Asian/Hispanic/unknown/mixed) 26/16/42/11/5 17/33/33/0/17 0.03 
Allograft/Autograft 63%/37% 71%/29% 0.34 
Allograft donor type n=12 n=5  
  (unrelated/related) 42%/58% 60%/40% 0.33 
Diagnosis (%) 
(histiocytic/leukemia/lymphoma/aplasti
c anemia/solid tumors/other) 5/37/5/11/37/5 0/57/0/14/0/29 0.00 
Conditioning Regimens    

  

Myeloablative 50% 29% 0.23 
Reduced intensity conditioning 39% 57% 0.25 
Non-myeloablative 11% 14% 0.47 

No Antibiotic Usage 67% 29% 0.09 
No Antiviral Usage 72% 71% 0.37 
No Antifungal Usage 67% 57% 0.32 
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Table 3: Average Index Scores 

Variables 

Experimental Groups 

P-values 
Livionex 
avg (SD) 

PreviDent 5000 
+ Tom's of Maine 

avg (SD) 

gingival index   0.23 

  

Day 0 0.34 (0.58) 0.36 (0.48)   
Day 7 0.67 (0.78) 0.11 (0.17)   
Day 44 0.65 (0.68) 0.28 (0.44)   

plaque index    0.08 

  

Day 0 1.07 (0.80) 0.67 (0.75)   
Day 7 1.03 (0.76) 0.44 (0.76)   
Day 44 1.54 (0.86) 0.86 (0.60)   

 
 
 
 
 

 
Figure 4: Average index scores 
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Table 4: Average logarithmic bacterial counts between groups 

Variables 

Experimental Groups 

P-values 
Livionex  
avg (SD) 

PreviDent 5000 + 
Tom's of Maine  

avg (SD) 

Mutans Streptococci (MS)    0.90 

  

Day 0 2.5 (2.54) 3.20 (3.13)   
Day 7 1.76 (2.24) 1.39 (2.09)   
Day 44 0.93 (1.26) 1.77 (2.02)   

Total Strep (TS)     0.62 

  

Day 0 6.00 (2.12) 6.03 (2.79)   
Day 7 5.09 (2.81) 5.73 (1.70)   
Day 44 5.76 (2.22) 5.77 (3.00)   

Lactobacilli (LB)     0.85 

  

Day 0 1.88 (2.35) 1.48 (2.53)   
Day 7 2.44 (2.56) 1.98 (2.74)   
Day 44 2.88 (2.56) 2.99 (3.00)   

Total Viable Count (TVC)     0.15 

  

Day 0 7.04 (1.97) 7.68 (0.85)   

Day 7 6.71 (1.92) 7.42 (0.79)   

Day 44 7.22 (1.25) 7.68 (0.87)   
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Figure 5: Average logarithmic bacterial counts 
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Figure 6: Mucositis incidence 
 
 
 
 
 
 

Table 5: Bloodstream infection incidences 

BSI (CLABSI and 
CLAMBI) 

Non-Study 
Group 
(n=85) 

Study Groups (n=25) 

Livionex 
(n=18) 

Control (n=7) 

PreviDent 5000 
subgroup (n=5) 

Tom's of Maine 
subgroup (n=2) 

Children < 6yo     

     Dental origin n/a 0 (0%) n/a 1 (50%) 

     Non-dental origin n/a 0 (0%) n/a 1 (50%) 

Children ≥ 6yo     

     Dental origin n/a 1 (8%) 0 (0%) n/a 

     Non-dental origin n/a 1 (8%) 1 (20%) n/a 

All age groups     

     Dental origin 2 (2%) 1 (6%) 1 (14%) 

     Non-dental origin 9 (11%) 1 (6%) 2 (29%) 

     Total 11 (13%) 2 (11%) 3 (43%) 
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Table 6: Questionnaire response frequencies 

Questions 
Livionex 

PreviDent 5000 + 
Tom's of Maine 

P-values 

Did not like toothpaste 
taste    

  

Day 7 3 (27%) 1 (20%) 1 
Day 44 2 (25%) 0 (0%) 0.75 

Did not like toothpaste 
texture    

  
Day 7 4 (36%) 0 (0%) 0.29 
Day 44 5 (63%) 0 (0%) 0.08 

Did not feel clean after 
brushing    

  
Day 7 1 (9%) 1 (20%) 1 
Day 44 2 (25%) 1 (25%) 0.76 

Hurt when brushing    

  

Day 7 2 (18%) 1 (20%) 1 

Day 44 2 (25%) 0 (0%) 0.75 

Bled a lot with brushing    

  
Day 7 0 (0%) 0 (0%) 0.51 
Day 44 0 (0%) 0 (0%) 1 

Did not recommend the 
toothpaste    

  
Day 7 3 (27%) 1 (25%) 1 
Day 44 0 (0%) 0 (0%) 0.58 

Never use sodium 
bicarbonate rinse daily    

  

Day 7 4 (50%) 3 (75%) 0.53 

Day 44 5 (56%) 3 (60%) 0.78 
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