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Evaluation of oral care using MA-T gel B

for high-risk patients: a pilot study
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Abstract

Background Oral care with gel is a common method for preventing aspiration in high-risk patients. An oral care gel
is used to clean and moisturize the oral cavity. However, the effects of gel care on the oral bacteria remain unclear. In
this pilot study, we described a matching transformation system (MA-T) for elderly high-risk patients. MA-T is an on-
demand aqueous chlorine dioxide solution that provides excellent safety and has various antimicrobial activities, even
in the presence of abundant organic compounds. This study investigated the effects of MA-T gel in patients requiring
nursing care.

Materials and methods Patients who were hospitalized for nursing care were included in this study. No drugs and
foods were administered orally. Oral bacteria and intraoral humidity were examined by daily care using MA-T gel.
Moreover, oral membranous substances were analyzed and material from the oral cavity was cultured on selective
media for identifying opportunistic organisms.

Results Membranous substances were present in the oral cavities of all patients. The number of bacteria decreased,
and oral moisture improved, after treatment with MA-T gel. Moreover, oral humidity was also controlled with the
continued use of MA-T gel. MA-T gels should be used not only for professional care but also on a daily basis for better
oral care. Furthermore, the results of bacterial cultures showed that MA-T controls the propagation of opportunistic
bacterial infections.

Conclusion Membranous substances may be observed in the oral cavity of individuals requiring nursing care for
tube feeding. The results of this pilot study suggest that MA-T, a novel disinfectant, can be used for oral care in the
elderly to reduce the risk of aspiration-pneumonia.

Keywords Bacteria, Oral hygiene, Xerostomia, Opportunistic infection, Infection control, Dysphagia

*Correspondence: 8 Institute for Open and Transdisciplinary Research Initiatives, Osaka
Hitomi Ono-Minagi University, Osaka, Japan

hitomiono1216@gmail.com 7 Division of Advance Pharmaco-Science, Osaka University Graduate
Takayoshi Sakai School of Pharmaceutical Sciences, Osaka, Japan
sakai.takayoshi.dent@osaka-u.ac.jp 8 Department of Cytology and Histology, Faculty of Medicine, Dentistry
! Department of Cytology and Histology, Okayama University Graduate and Pharmaceutical Sciences, Okayama University, Okayama, Japan

School of Medicine, Dentistry and Pharmaceutical Sciences, 2-5-1,
Shikata-Cho, Okayama 700-8558, Japan

2 Division of Hospital Dentistry, Central Clinical Department, Okayama
University Hospital, Okayama, Japan

3 Research Fellow of Japan Society for the Promotion of Science, Tokyo,
Japan

4 Department of Oral-Facial Disorders, Osaka University Graduate School
of Dentistry, 1-8, Yamadaoka, Suita, Osaka 565-0871, Japan

® Department of Cytology and Histology, Okayama University Medical
School, Okayama, Japan

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-023-02779-5&domain=pdf

Ono-Minagi et al. BMC Oral Health (2023) 23:108

Background

Dysphagia is a symptom of swallowing dysfunction that
is caused by a variety of conditions such as cerebrovas-
cular disorder [1]. Dysphagia was observed in 55% of
elderly patients admitted with care-associated pneumo-
nia (CAP) [2]. Loeb et al. [3] conducted a case—control
study and demonstrated that dysphagia was observed
in 14.3% of elderly patients hospitalized for pneumonia.
Oral hygiene is critical for the prevention of aspiration.
Oral bacteria may be an important reservoir for CAP in
institutionalized elders who are on parenteral nutrition
and are at high risk for developing aspiration pneumonia
[4]. Although oral care is important for the prevention
of aspiration pneumonia, there are many cases in which
it is difficult to clean smooth tissues or teeth surfaces.
The oral cavities of patients on parenteral nutrition are
dry, and their care is time-consuming due to the risk of
bleeding. Moreover, special care has to be taken because
of the risk of aspiration. Such patients are more likely to
develop severe diseases or complications after infection.
Adequate oral care using a safe method is important for
preventing dysphagia and reducing the risk of aspiration.
Oral care for the elderly is different from that for healthy
people, and it is necessary to manage oral hygiene,
including moisturizing, in addition to brushing the teeth.
In these cases, membranous substances may be observed
in the oral cavity of patients receiving Ryle’s tube-feeding.
All membranous substances were composed of kerati-
nous material derived from the stratified squamous epi-
thelium of the oral mucosa. It has been reported that
parenteral intake and dryness of the oral mucosa are
important factors for its formation [5]. Despite the fact
that a lot of bacteria are present in membranous sub-
stances, it is not clear whether intraoral bacteria decrease
on temporarily cleaning membranous substances.

A common method of oral care in high-risk patients is
using gels [6]. Oral care gels are also effective in patients
with xerostomia [7]. In practice, xerostomia can impair
swallowing, speech, and oral hygiene; if left unchecked,
symptoms such as dysphagia and dysarthria can dimin-
ish patients’ quality of life (QOL). Xerostomia is one of
the factors contributing to dysphagia [8]. The principal
idea of these salivary substitutes is to provide a long-
continuous coat over oral soft tissues using an oral care
gel [9]. Xerostomia is often observed in hospitalized or
older adults requiring long-term care [10]. Tube-feeding
and mechanical airways decrease the auto-purification of
saliva. In cases of xerostomia, membranous substances
observed on the tongue and palate are risk factors for
halitosis and aspiration pneumonia.

In this study, we evaluated the effectiveness of oral
care gel using a matching transformation system (MA-
T). MA-T is an on-demand aqueous chlorine dioxide
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solution with the generation of aqueous radicals con-
trolled by a catalyst [11]. MA-T exhibits excellent safety
and various antimicrobial effects [12]. MA-T showed suf-
ficient antimicrobial effects at 100 ppm in all the media.
Additionally, MA-T is not inflammable, volatile, or cor-
rosive; therefore, it is widely used in medical care. In this
study, we focused on the effects of MA-T in high-risk
patients. Based on the hypothesis that MA-T is effective
for improving oral hygiene, we prospectively tested its
efficacy against these pathogens.

This study aimed to investigate the effect of MA-T gel
on patients who were on parenteral nutrition. The effec-
tiveness of oral care provided by the gel was examined at
the bedside and in the laboratory side by assessing oral
bacterial counts and oral moisture.

Methods

Study design

This interventional study assessed the efficacy of MA-T
gel. Patients included in the study were hospitalized in
Okayama Prefecture, Japan. This study was conducted
between April and June 2022. Patients who underwent
medical examination and treatment and were put on par-
enteral nutrition were included in the study. The exclu-
sion criteria were as follows: patients who could not
provide consent and those with a relatively good oral
environment. The oral environment was assessed using
the Oral Assessment Guide score [13]. A flowchart of the
patient selection process is shown in Additional file 1:
Figure S1. All patients required nursing care and under-
went medical examination and treatment. The patients
were managed by tube feeding and assisted respiration
using a mechanical ventilator. They had been receiv-
ing nasal feeding for at least 1 year. They were followed
up for several years, so their dental treatment had been
completed, and they continued to receive professional
care prior to the study. Five participants were included in
the study. However, two patients died during this study,
as a consequence of a critical underlying disease. Three
patients were included in the study. All sampling was
repeated three times using the same method. None of the
patients developed severe pneumonia during the study
period. Informed consent was obtained from the rela-
tives for inclusion of the patients in the study. The clinical
characteristics of the patients are presented in Table 1.

Study protocol for the research participants

The two phases of MA-T gel and control were compared
in the same patient during the investigation period.
Pure water was used as a control instead of the MA-T
gel. Continuous professional care was provided dur-
ing the investigation period. The first intervention was
performed with pure water and without any oral care
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Table 1 Participant characteristics

Patient Age Sex Nutritional Type of Primary disease
intake ventilation

A 64 Female NG TR Cerebral hemor-
rhage

B 71 Male NG TR Cerebral infarction
Diabetes

C 87  male NG NPPV Cerebral hemor-
rhage
Cerebral infarction
Diabetes

Chronic hepatitis

NG nasogastric intubation ventilation, TR tracheostomy, NPPV noninvasive
positive-pressure ventilation

products. The next period of investigation involved care
with MA-T gel. During the MA-T gel investigation, the
gel was placed at the bedside and used for daily care.
Before each investigation period, a month reset periods
was set up. During the reset period, the patients did not
receive professional care. Daily care was consistently pro-
vided throughout the reset and study period. Daily care
was done using the same type of oral swab sponge and
toothbrush, and that was provided by ward nurses three
times a day, between 6:00 and 10:00, 12:00 and 16:00, and
18:00 and 20:00. During investigation periods, daily care
was not provided at noon. Instead, dental hygienists with
more than 20 years of experience in dentistry cleaned the
oral cavity with 2.0 g pure water or MA-T gel. The dura-
tion of the oral care was not limited. Because the patient’s
position was limited owing to contractures and pressure
ulcers, oral care was provided keeping the patient’s com-
fort in mind. The same types of new oral swab sponges,
toothbrushes, tufts, and interdental brushes were used.
The following basic information was extracted from med-
ical records: age, sex, nutritional intake, type of ventila-
tion, and primary disease. In all cases, physical conditions
were checked before the investigation. Body temperature
was measured using a thermometer, and blood oxy-
gen saturation was measured using a pulse oximeter. In
addition, blood pressure was measured to check for any
changes in the daily status.

Oral care gel

MA-T gel; N.act oral removal gel® is available from
Earth Corporation (Tokyo, Japan). The chief ingredi-
ent of MA-T gel is chlorous acid ion. Other ingredients
included solvent, water, viscosity conditioner, hydroxy-
propyl methylcellulose, flavoring materials, xylitol, pH
conditioner, sodium phosphate, disodium phosphate, and
sodium hydroxide; cleaning materials, sodium chlorite;
and preservative, benzalkonium chloride. The mouth gel
contained 100 ppm MA-T. The control gel for the cultural
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experience was provided by the Earth Corporation. The
control gel consisted of a base material in the MA-T gel
and did not contain MA-T. Although water was used as a
control in the patient surveys, we used similar quantities
of water and the MA-T gel. MA-T mouthwash; A2Care
mouthwash® (Earth Corporation and a2care Corpora-
tion, Tokyo, Japan) has been commercially available with-
out any adverse events for 7 years since 2016. There have
been no reports of harmful effects caused by the use of
MA-T gels since the beginning of 2022.

Study methods

The research was conducted at the bedside and lab-
oratory-side. Bacterial count measurements, oral
moisture tests, and opportunistic bacterial count meas-
urements were performed in the bedside study. Histolog-
ical and bacterial culture analyses were performed in the
laboratory.

Bacterial count measurement

Bacterial counts were performed using an oral bacte-
rial counter® (Panasonic, Tokyo, Japan). The bacteria
counter measures all the living bacteria. It collects bac-
teria in the liquid by dielectrophoretic on the electrode,
measures the impedance change, and converts it into the
bacterial concentration (CFU) in 1.0 mL of the sample,
thus quantitatively measuring the number of bacteria.
Samples were collected from the oral mucosa using cot-
ton swabs. The number of bacteria is affected by intraoral
humidity [14]. The oral cavity was wiped using a sponge
brush soaked in a small amount of water before profes-
sional care. The samples were measured before swabbing,
after swabbing, and after professional care a total of three
times.

Oral moisture test using Mucus®

Moisture levels of the oral mucosa were measured using
an oral moisture-checking device (Mucus®, LIFE Co.,,
Saitama, Japan). The device analyzes water maintenance
of the mucous membrane [15]. The oral moisture score of
the buccal mucosa was repeated thrice, and the median
value was selected. Scores<27.9 were categorized as
xerostomia. Scores between 28.0 and 29.5 are consid-
ered borderline between normal and xerostomia, and a
score > 29.6 is considered normal.

Opportunistic bacterial count measurement

Opportunistic bacterial infections were corrected
prior to swabbing and professional care. All oppor-
tunistic bacterial counts were measured by BML, Inc.
(Tokyo, Japan). Nutrient medium with the samples was
cultured at 35.0+1.0°C for 18-24 h under 5.0% CO,.
Colonies of the desired bacteria were identified using
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a confirmation nutrient medium and an identification
kit. For opportunistic infection analysis, we assessed 10
types of pathogens: methicillin-resistant Staphylococ-
cus aureus (MRSA), methicillin-sensitive Staphylococcus
aureus (MSSA), Haemophilus influenzae (H. influenzaw),
Streptococcus agalactiae (S. agalactiae), Pseudomonas
aeruginosa (P. aeruginosa), Streptococcus pneumoniae (S.
pneumoniae), Klebsiella pneumoniae (K. pneumoniae),
Serratia marcescens (S. marcescens), Moraxella catarrha-
lis (M. catarrhalis), and Candida species. The opportun-
istic infection bacterial score was set as follows: (—): No
growth of bacteria, (1+): The growth of bacteria accepted
to be one-third of the nutrient medium (approxi-
mately 1.0 x 10> CFU/mL), (2+): The growth of bac-
teria accepted to be two-thirds of the nutrient medium
(approximately 1.0 x 10* CFU/mL), (3+): The growth of
bacteria accepted by the whole nutrient medium (above
1.0 x 10° CFU/mL).

Histological analysis

Histological analysis was performed to confirm the struc-
tures of the membranes. The membranes used in the
laboratory study were samples obtained after the reset
period and before the intervention began. Samples were
obtained from the patients’ palates by dental hygienists.
The membranes were blindly selected as a sample of mid-
dle softness and sectioned by the technical staff. After
intraoral photographs were taken, the adherent material
of the palate was collected and immersed in 4.0% neutral
buffered formalin solution. Paraffin sections of the col-
lected membranous material were prepared according to
the standard method, and hematoxylin and eosin staining
was performed [16].

Bacterial culture analysis

The control gel and MA-T gel were used to compare
reactivity to bacteria. Most gram-positive and gram-
negative bacteria were cultured on cetrimide agar (Nis-
sui, Tokyo, Japan). MRSA and P. aeruginosa-selective
media were used for culture of the respective organisms.
Oral film of 0.5 g and 1.0 mL of sterilized distilled pure
water were mixed by vortex for 1 min after being left for
10 min at 28 °C. Half of the liquid part of the mixed oral
epithelium was mixed with gel and spread in the culture
medium prepared in 9-cm diameter plates. Three experi-
ments were performed. After culturing the cells for 24 h,
the number of bacteria was evaluated.

Ethical approval and consent

The Institutional Ethical Review Board of Osaka Uni-
versity Graduate School of Dentistry approved the study
protocol (Approval Number: R2-E40-4). All methods
were performed in accordance with relevant guidelines
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and regulations. Informed consent was provided by the
patients’ families because all the patients were unable
to communicate. We confirmed that informed consent
described the conditions of donation of materials for this
research, such as oral membranous substances.

Statistical analysis

Data are presented as mean values and standard devia-
tions. We used the paired ¢ test to compare the MA-T
gel and water. The Bonferroni correction was used for
multiple comparisons (Before, Swab, and Care). Spear-
man rank correlation coefficients were used to determine
the relationship between the moisture score and bacte-
rial count. Fisher’s exact test was used for opportunistic
infection bacterial score analyses.

Results

Patient demographics

This study consisted of clinical surveys from the bedside
to basic laboratory research. The aim of this study was to
identify the efficacy of MA-T for high-risk patients. The
mean age of the patients was 74.0 6.8 years (minimum
64 and maximum 87 years).

None of the patients could not communicate because
of past cerebrovascular accidents. They were unable
to ingest orally and were fed by Ryle’s tube. During the
investigation period, none of the patients had a fever or
other symptoms suggestive of pneumonia.

Study design

The oral environment of the patients in this study was
dry, and membranous substances were attached to their
oral cavities. No change was detected in the number
of bacteria before and after swabbing using a bacterial
counter (Fig. 1). However, there were no differences in
the preliminary research. The black triangle represents
the single administration data that carried out daily care
with water, and MA-T gel was used for professional care.
(Additional file 2: Figure S2A, B, C).

Oral condition and care

The palatal area was the most common site of membra-
nous substances in both groups. The back of the tongue
was the second most common site. Membranous sub-
stances often adhere to the oral mucosa and cannot be
easily eliminated using a sponge brush (Fig. 2A, B, D, E).
Dental hygienists performed and completed professional
care when all visually observed debris was eliminated
(Fig. 2C, F). There was no significant difference in the
care time between the usual water care and MA-T care
groups (data not shown). The number of bacteria was
compared before and after professional care.
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Fig. 1 Flow diagram. The patients received daily oral care during the
following week. Matching transformation system (MA-T) gel: Oral care
is provided daily by nurses using MA-T gel. Control: Oral care with
water was provided daily. Daily oral care included tooth brushing
twice daily by the nurses. Dental hygienists provided professional
oral care. First, the total oral bacterial count, opportunistic bacterial
count, and oral moisture score were measured (before). The oral
cavity was gently swabbed with a sponge brush soaked in water.
After swabbing, the total oral bacterial count and oral moisture score
were measured (swabs). Furthermore, MA-T gel or water is applied

to the lips, tongue, palate, and buccal mucosa once and cleaned
using tufts and interdental brushes. After assisted brushing of the
teeth, membranous material was removed using tweezers and
gauze. Finally, the total oral bacterial count and oral moisture score
were measured (Care). The MA-T gel was applied to the tongue and
buccal mucosa. Thus, professional oral care consists of “assisted tooth
brushing + removal of exfoliated epithelial film + application/no
application of MA-T gel!”

Effect of MA-T gel on patients

We evaluated the differences in oral wetness and total
bacterial count between water and MA-T gel care. The
moisture content of oral mucous membranes was meas-
ured using a sensor device. When MA-T gel was used
for daily care, high oral moisture levels were noted. After
professional care, the moisture content was higher for
those treated using the MA-T gel than for those treated

Before

Palate

Tongue

yerd
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with water (Fig. 3A). Additionally, we investigated the
effects on the bacterial count. The bacterial count was
normal before swabbing. Before professional care, there
was no significant difference between the two groups;
however, the total bacterial count was significantly
reduced after professional care (Fig. 3B, non-normalized
data in Additional file 3: Figure S3). When only water
was used for oral care, the number of bacteria before
and after treatment was similar. However, the number of
bacteria decreased by one-tenth or less when perform-
ing daily care using the gel. Furthermore, the relationship
between intraoral humidity and the number of bacteria
was important in this study and was extensively analyzed.
In all sampling data, the intraoral humidity and number
of bacteria did not correlate (R>=—0.08) (Fig. 4A). The
oral moisture score and the number of bacteria showed
a mild positive correlation when using water (R?>=0.20)
(Fig. 4B). However, the oral moisture score and the
number of bacteria during MA-T care showed a nega-
tive correlation, contrary to the results with water care
(R?=—0.45) (Fig. 4C).

Effect of MA-T gel on opportunistic bacteria

Opportunistic infection is a condition in which the path-
ogen does not show pathogenicity in the normal host,
but manifests when host resistance is weakened. For
opportunistic infection analysis, we assessed 10 types of
pathogens: MRSA, MSSA, H. influenzae, S. agalactiae, P
aeruginosa, S. pneumoniae, K. pneumoniae, S. marces-
cens, M. catarrhalis and Candida species. Opportunistic
bacterial infections were corrected prior to swabbing and
professional care. MRSA, S. agalactiae and S. marcescens
were detected in the oral cavity; however, other bacteria
were not isolated. Differences in opportunistic bacte-
ria between the water and MA-T gel groups were com-
pared. The opportunistic bacterial score multiplied by

Care

s

&)

Fig. 2 Intraoral photographs during oral care. Upper occlusal view (A-C), Intra-frontal view of the tongue (D-F)."Before” means before treatment
(A, D). White arrows indicate the exfoliated epithelial membranes.”Swab" means after swabbing with a sponge brush (B, E), and “Care” means after
professional care (C, F)
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Fig. 3 Difference in counts of oral moisture and total bacteria between water care and MA-T gel care groups. The bar graphs show oral moisture
sampling data from three participants, three times each. *P <0.05. Changes in oral moisture during oral care, between care with water and
using moisture gels (A). Changes in the number of bacteria during oral care with water and moisture gels. Data were normalized based on prior

information among the individuals. *P < 0.05; **P<0.01 (B)

the number of samples denoted the opportunistic infec-
tion bacterial expansion score. Data were collected prior
to swabbing and professional care. The graph shows the
results of the sampling data from three patients three
times. Although the bacterial scores tended to decrease
with MA-T gel care, no significant difference was
observed between water and MA-T gel care (Fig. 5 and
Additional file 4: Figure S4).

Furthermore, we analyzed the laboratory findings to
investigate the effects of the MA-T gel. First, histologi-
cal analysis of the membrane substances was performed.
Membranous substances were sampled from two patients.
Membranous substances were mainly composed of acido-
philic stratified structures and inflammatory cells, such as
neutrophils and lymphocytes. The acidophilic stratified
elements were squamous epithelium-derived keratino-
cytes (Fig. 6A—F). The effects of MA-T on these mem-
branes are shown in Fig. 6G-L. The solution was mixed
with the bacterial dissolution liquid in half quantity using
MA-T gel, control gel and water. The mixed solution was
inoculated in the MRSA or S. agalactiae selective media
and cultured. Differences in the number of colonies are
shown in Fig. 6I-L. Colony formation was significantly
decreased in cells cultured on the MA-T gel. No differ-
ence in colony formation was observed between water
and control gels. In summary, oral care with MA-T gels
decreased opportunistic bacterial infections and main-
tained oral moisture. The MA-T gel was effective in pre-
venting aspiration-related pneumonia.

Discussion

None of the patients in this study could take oral feeds
and breathing was by mechanical ventilation, due to
cerebrovascular disease. High-quality care is necessary
because of the difficulties in communicating with such
patients. Additionally, daily care should be simple and
safe. Oral care must be performed several times a day to
protect the oral cavity from bacterial invasion. Although
oral care of the elderly is important, physical and mental
burdens occur owing to changes in posture and breathing
patterns and choking due to aspiration and mental stress
[17]. Moreover, aspiration should be prevented dur-
ing oral care in high-risk patients. Silent aspiration eas-
ily occurs when oral hygiene is poor and infected saliva
causes aspiration-related pneumonia [18]. Therefore, oral
care can prevent aspiration-related pneumonia in older
receiving nursing care. Although it is well known that
oral care is important, challenges in hospitals and facili-
ties exist because there are fewer staff members. Oral
care gels are often used for ease of care and moisturiza-
tion. This study showed that the use of MA-T gel not only
improved moisture retention but also reduced the total
bacteria in the oral cavity. Bacterial culture experiments
showed that the gel was effective against opportunistic
bacteria. This study focused on the membrane substances
of high-risk patients who were not taking oral medica-
tion. Membranous substances were always detected in
patients who did not ingest them orally if their oral cavity
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Fig. 5 Differences in opportunistic bacterial counts between water
and MA-T gel groups. The opportunistic infection bacteria score
multiplied by the number of samples was used as the opportunistic
infection bacteria expansion score Differences between MRSA, P
aeruginosa and S. marcescens isolates

were regularly cared for. A previous study showed that
membranous substances consist of secretory mucins
(Muc5B) from the palatine gland, dried viscous liquid,
and bacteria [19]. Tearing a film from the oral mucosa
is challenging. The MA-T gel consisted of MA-T and
base material. MA-T directly reduced the total bacterial
count in the oral cavity by inactivating bacteria, includ-
ing opportunistic organisms that cause pneumonia.
In addition, the base material of the gel was shown to
improve the oral humidity. The improvement in intraoral
humidity makes it easier to remove dirt, which indirectly
reduces the number of intraoral bacteria. Furthermore,
the formation of the epithelial film is caused by interfer-
ence in the turnover of the mucosa [20]. The improve-
ment in oral humidity leads to normal turnover of the
oral mucosa and prevents the formation of membrane
substances, which are the breeding grounds for bacteria.
Therefore, it is necessary to reduce intraoral bacteria
while maintaining high oral humidity. Moreover, oral
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moisture was high with few bacteria when daily care was
continued using the MA-T gel. Our results showed that
oral care using MA-T gel was ideal in terms of humid-
ity and hygiene. In this study, we evaluated several bacte-
rial species by using various methods. Many bacteria may
exist, even if there is no overt evidence of infection. The
medical staff should objectively evaluate the oral cavity of
the patient by measuring the number of bacteria. Den-
tists can recognize changes in general health conditions
by evaluating the intraoral state of patients.

It should be noted that MA-T is effective against
a variety of bacteria without side effects. This study
confirmed the efficacy of the MA-T gel in targeting
opportunistic infectious bacteria that cause pneumo-
nia. Pneumonia is the leading cause of death among the
elderly [21]. According to data released by the World
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J) Colonies. The difference in colony counts in MA-T gel, control gel, and water with MRSA (K) and P aeruginosa infection (L) colonies. **P<0.01
respectively using the Bonferroni method
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Health Organization, pneumonia was the third lead-
ing cause of death in 2019, causing 2.5 million deaths
worldwide [22]. The emergence of coronavirus disease
2019 (COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has caused
a global pandemic [23]. Pneumonia caused by oppor-
tunistic bacteria presents symptoms similar to those
caused by SARS-CoV-2 [23]. It is important to provide
an agent for the treatment and prevention of fungal
infections such as opportunistic infections and SARS-
CoV-2. Several transmission routes for SARS-CoV-2
have been proposed, including direct and contact trans-
mission. Importantly, recent studies have proposed that
saliva is a potential reservoir for COVID-19, a sympto-
matic infection [25, 26]. MA-T also has a high bacte-
rial killing ability against SARS-CoV-2 virus [12]. MA-T
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has the potential to prevent xerostomia with candidia-
sis and Sjogren syndrome. MA-T gel could be useful for
the maintenance of the oral mucosa in patients whose
dentures need removal.

The main component of MA-T is chlorine acid. Sodium
chlorite is used as a water disinfectant in Europe and the
USA as well as in the food industry [27]. In an aqueous
solution containing acid (H+), sodium chlorite forms a
semi-stable chlorous acid that exhibits disinfectant prop-
erties against bacteria and viruses. Although alcohol
degrades bacteria, it is difficult to volatilize. Chlorine diox-
ide is widely used as a disinfectant in laboratories, hospi-
tals, and public spaces because it does not produce toxic
by-products unlike chlorine [28]. Noguchi et al. [29] inves-
tigated the safety of MA-T ingestion in mice. Mice that
were provided drinking water containing 0-3000 pg/mL
MA-T for 7 days did not show any changes. Recent studies
have indicated the safety of MA-T. This study also demon-
strated that MA-T gel is effective and safe for oral care.

Therefore, it is necessary to reduce intraoral bacteria
while maintaining high oral humidity. Moreover, oral
moisture is high with a few bacteria when daily care was
continued using MA-T gel. Our results showed that oral
care using the MA-T gel maintains an ideal state in terms
of humidity and hygiene. In this study, we evaluated sev-
eral bacterial species by using various methods. Many
bacteria may exist, even if it appears visually clean. It is
thought that care from the medical staff should objec-
tively evaluate the oral cavity of the patient by measuring
the number of bacteria. Dentists can recognize changes
in general health conditions by evaluatively their intraoral
state extensively.

This study has some limitations. First, the sample size
was extremely small. At the beginning of the study, we
tried to recruit more patients; however, some patients
could not complete the study because they died. Dur-
ing the COVID-19 pandemic, it was critical to conduct
research on high-risk patients. For studies with small
sample sizes, cross-sectional studies are common and
require examination of the effects of appliances. We
had to complete this study within the shortest possi-
ble time because high-risk patients were being studied.
A 1-month blank was established before the period of
professional care with water and MA-T gel. Second,
the base material of MA-T was used as the control in
the laboratory, but the control gel was not used on the
patients to investigate the effect of MA-T. Our ethical
committee and patients could not accept that we used
unknown gels that are not commercially available for
the purpose of oral care. Although water was used as
a control in the patient surveys, we used similar quan-
tities of water and the MA-T gel. Glycerin is used for
xerostomia because it is included in various oral care
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gels [30]. Glycerin was also used in cosmetics for skin-
care products, hair conditioning agents, and body
creams [31]. However, glycerin was not used in this
study. The molecular weight of glycerin (92.1 g/mol) is
higher than water (18.0 g/mol). Glycerin has a high abil-
ity to absorb oral moisture; however, it remains in the
oral cavity when dried because it has a large molecular
weight. Most tube-feeding patients experience oral dry-
ness [32] and glycerin is easily retained in the oral cav-
ity when dried. The MA-T gel did not include Glycerin
to keep humidity and is able to avoid membrane sub-
stances or oral infection. Thus, MA-T gel could be an
ideal product for oral hygiene.

Conclusions

This study focused on changes in the number of oral
bacteria when using MA-T gel and demonstrated the
medium-term results of continuing care for 1 month. In
the future, it will be necessary to verify the clinical effects
of the long-term implementation of using MA-T gel. In
this study, we investigated the usefulness of MA-T gels
for continuous care. Oral care with MA-T gel improves
the oral environment by reducing the number of bacte-
ria and upregulating moisture. Saliva secretion in elderly
patients is decreased, and the dry oral cavity could be a
reservoir for bacteria causing pneumonia. Therefore, oral
care gels with MA-T may prevent opportunistic infec-
tions in high-risk patients. MA-T extends healthy life
expectancy in high-risk patients.
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Additional file 1. Figure S1. Flow-chart of patient selection. Twenty-
eight patients are approached to participate in this study. However, 25 are
excluded for several reasons.

Additional file 2. Figure S2. Flow-chart of the investigation of patients
with a single administration. “Single administration”indicates professional
care using MA-T gel and daily care with water. The black triangle shows a
single administration of professional care using MA-T gel and daily care
with water (A). Differences in oral moisture counts between water and
MA-T gel care for each patient (B). Normalization data of total bacteria
between water and MA-T gel care for each patient. The black triangle
shows a single administration of professional care using MA-T gel and
daily care with water (C).

Additional file 3. Figure S3. Differential counts of total bacteria between
water and MA-T gel care. Non-normalized data of Figure 3B and App (Fig-
ure 2C). The difference in the total number of oral bacteria between water
and MA-T gels. These data are sampled from three participants, three
times each. *P < 0.05, **P < 0.01 respectively using the Bonferroni method
(A). Differences in total bacterial counts between water care and MA-T gel
care in each patient. The black triangle shows a single administration of
professional care using MA-T gel with daily water care (B).

Additional file 4. Figure S4. Differences in total bacterial counts between
water care and MA-T gel care in each patient. MRSA (A), P aeruginosa (B),
and S. pneumoniae (C) Vertical axis shows opportunistic infection bacterial
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scores. The opportunistic infection bacteria  expansion score is set as fol-
lows: (-): No growth of bacteria, (14): Bacteria grow up to one-third of the
nutrient medium (approximately 1.0x 10> CFU/mL), (2+): Bacteria grow
up to two-third of the nutrient medium (approximately 1.0x 1 0% CFU/mL),
(34): Bacteria grow to the whole nutrient medium (above 1.0x10° CFU/
mL). The large circle indicates that there are many cases.
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