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These pathogens include, but are not limited to, 
Staphylococci, Streptococci, Mycobacterium tuberculosis, 
HIV, hepatitis viruses, and other microbes.[2] 
Therefore, proper implementation of strict infection 
control measures is critical for both patients and 
dentists’ safety.

INTRODUCTION

Microbes contaminating the environment of dental 
clinics represent a major source of transmission 
of healthcare‑associated infections.[1] In the dental 
clinics, infections can be acquired through the 
aerosols, blood, saliva, and respiratory secretions. 
Organisms residing in the oral cavity or respiratory 
tract can be transmitted during dental practice. 
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As part of the routine infection control measures, 
cleaning of the surfaces in the dental clinic is 
recommended before and after treating each 
patient. The use of regular chemical cleaning 
products has adverse health effects, especially on 
those exposed to the chemical disinfectants very 
frequently, including nurses and dentists spending 
long hours in the clinics and being exposed to the 
chemical disinfectants through inhalation or direct 
contact with the skin or eyes.[3] Continuous use of 
regular chemical disinfectants and detergents in 
cleaning the dental clinics may not remove all the 
pathogens completely. In addition, the persistent 
use of disinfectants may lead to the selection 
of drug resistant organisms “superbugs” in the 
environment.[1]

Recently, an innovative approach, based on 
biotechnology cleaning products has been 
adopted to eliminate the growth of several 
pathogens contaminating hospital surfaces.[4] These 
biotechnology cleaning products contain probiotic 
bacteria, mostly from the Bacillus family. Bacillus 
subtilis is one of the commonly used Bacillus species in 
probiotic cleaning. It is a Gram‑positive, rod‑shaped 
bacterium, producing heat‑resistant spores, and 
commonly found in the soil.[5] These nonpathogenic 
bacteria are considered as a GRAS  (generally 
recognized as safe) organism as they do not deemed 
to cause human diseases, with no impact on plants 
or animals.[6] B.subtilis can produce antimicrobial 
components active against many dangerous 
pathogenic bacteria.[6,7] Due to their safety and 
activity on pathogens, biotechnology products have 
been used in hospitals.[4] Many studies have been 
conducted on the efficacy of probiotic sanitation, 
specifically using strains from the Bacillus family, 
demonstrating a significant reduction in microbial 
contamination with a stable effect over time.[1,8] 
These studies were conducted in medical hospitals; 
however, probiotic cleaning in dental clinics was not 
investigated previously.

The growth of nosocomial pathogens on different 
surfaces of the dental clinics has been documented 
in many studies, whereby ordinary chemical 
disinfectants were used to clean different surfaces.[9,10] 
In our study, we aimed to test the antibacterial effect of 
a probiotic solution on the pathogens in different parts 
of a dental clinic at a University Dental Hospital in 
Sharjah (UDHS), UAE, compared to regular chemical 
disinfectants being used in routine infection control 
guidelines at the same hospital.

MATERIALS AND METHODS

Study setup
This study was conducted at the UDHS, Sharjah, 
UAE, from February to May 2017. Dental clinics 
are routinely cleaned using regular chemical 
cleaning solutions. The floor is routinely cleaned 
with a chemical solution containing sodium lauryl 
ether sulfate and diethanolamide every day. Dental 
surfaces not covered by barriers are usually sterilized 
with a commercial disinfectant containing ethanol, 
1‑propanol, and quaternary ammonium compounds 
before and after treating each patient.

Swabs were collected from 11 sites in the dental clinics, 
including:
A:	 Floor:
	 A1:	 Floor at the side of the dental chair
	 A2:	 Floor below spittoon
B:	 The keyboard inside the clinic
C:	 Spittoon
D:	 Patients head rest  (hidden area between the 

headrest and back of the dental chair)
E:	 Sides of patients’ chair
F:	 Dentist chair:
	 F1:	 Back of the dentist chair
	 F2:	 Junction of back and seat
G:	 Drainage
H:	Wires of handpieces
I:	 Around the sink for handwashing.

Surface swabbing was done in three selected dental 
clinics cleaned using regular chemical cleaning 
solutions. Two sterile swabs were collected from 
each of the 11 sites for 3 consecutive days at exactly 
the same time (12 pm) per clinic (3 times × 1 week × 11 
sites × 2 swabs/site × 3 clinics = 198 swabs). Then, one 
clinic (with the most microbial growth) was selected 
for the application of the new probiotic cleaning 
solution, which contains bacteria from the species 
B.  subtilis  (Innu Science, Canada). The sanitization 
steps for each site were carried out by the same trained 
person in order to minimize any variations in the 
procedure adopted. Cleaning of all the surfaces was 
done at the same time in each day (4 pm). After each 
patient visit, the surfaces of dental chair were cleaned 
using the probiotic cleaning solution as part of the 
routine protocol in the dental hospital.

The probiotic cleaning product was applied for a total 
duration of 3 weeks. In the 1st week, all surfaces were 
thoroughly cleaned with the product without swabbing. 
At the 2nd and 3rd week of the product application, 
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swabs were collected from all the cleaned surfaces, 
whereby two sterile swabs were collected from each of 
the 11 sites for 3 consecutive days (at 12 pm) per week 
over a duration of 2 weeks (3 times × 2 weeks × 11 
sites × 2 swabs/site × 1 clinic = 132 swabs).

Microbiology methods
The swabs were spread on the surface of selective 
media for the purpose of colony counting and 
differentiation. Tryptone Soya Agar (Himedia, India) 
was used as a nonselective media for colony counting 
for the assessment of contamination level of the 
surfaces. Baird–Parker Agar supplemented with Egg 
Yolk Tellurite Emulsion (Himedia, India) was used 
for the isolation and enumeration of Staphylococci. 
HiCrome UTI Agar (Himedia, India) was used as a 
differential medium for Gram‑negative coliforms. 
Mitis Salivarius Agar supplemented with 1% 
potassium tellurite  (Himedia, India) was used for 
the isolation of Streptococci, particularly oral species 
of Streptococcus mitis and Streptococcus salivarius.

The plates were incubated at 37°C for 24–48 h to check 
the microbial growth. At the end of the incubation 
period, colonies were counted. Representative colonies 
were picked from each agar plate, subcultured into 
a new plate, and then Gram stained and visualized 
under the light microscope. Identification was based 
on the colony color and morphology over the surfaces 
of selective media. Colonies of Staphylococcus aureus 
on Baird–Parker Agar looked gray–black shiny with 
opaque zone around the colony indicates coagulase 
positive reaction. Other species of Staphylococcus 
looked smaller, black or gray without any zone around 
the colonies. Identity of S. aureus was confirmed by 
polymerase chain reaction (PCR) for selected isolates 
using the primers published in the literature.[11] Other 
Staphylococcus species were tested by biochemical 
identification for selected isolates using commercially 
available kits  (KB004 HiStaph™ Identification Kit, 
Himedia, India).

Colonies of Gram‑negative bacteria looked with 
different colors on the chromogenic UTI agar. Escherichia 
coli looked purple–magenta, Klebsiella pneumoniae 
looked blue to purple, mucoid, Pseudomonas sps. 
looked colorless (greenish pigment may be observed). 
Biochemical test kit (KB002 HiAssorted Biochemical 
Test Kit for Gram‑negative rods, Himedia, India) was 
used for identification of Gram‑negative rods.

For streptococci, identification was based on the ability 
to grow on the media “Mitis Salivarius Agar” which 

is selective for the oral streptococci, especially S. mitis 
and S. salivarius. Thus, biochemical identification was 
not done for these bacteria.

Antibiotic susceptibility testing
Bacteria were grown on Mueller‑Hinton agar 
plates with the following antibiotic discs (Himedia, 
India): ceftriaxone  (30  µg), cefoxitin  (30  µg), 
cefepime (30 µg), cefpodoxime (10 µg), cefpodoxime/
clavulanic acid  (10  µg/5  µg), meropenem  (10  µg), 
gentamicin  (50  µg), ciprofloxacin  (30  µg), and 
trimethoprim/sulfamethoxazole  (1.25/23.75  µg). 
After overnight incubation at 37°C, the diameters 
of the inhibition zones were measured to the 
nearest millimeters and interpreted in comparison 
with the standard values for Staphylococcus spp. 
and Enterobacteriaceae provided in the Clinical and 
Laboratory Standards Institute guidelines.[12] Cefoxitin 
was used as a surrogate marker for the detection of 
methicillin resistance.[13] 

Statistical analysis
Chi‑square test or Fisher’s exact test were used to 
compare antibiotic sensitivity results. Paired sample 
t‑test was used to compare colony counts. All tests were 
two‑tailed and P < 0.05 was considered statistically 
significant. All statistical analyses were performed by 
PASW software version 18 (SPSS, Chicago, IL, USA). 
Reduction rates (%) of bacterial counts were calculated 
as ([mean colony‑forming unit (CFU) using regular 
cleaning–mean CFU using probiotic cleaning]/mean 
CFU using regular cleaning) *100.

RESULTS

The growth of microbes on different surfaces in 
3 clinics was accessed and the colony count was 
recorded. On Tryptone Soya Agar, the maximum 
colony count was observed on the floor at the side of 
the dental chair and at the drainage (mean CFU ± SD: 
240 ± 10 and 266.7 ± 15.3, respectively). Spittoon and 
floor below spittoon were also highly contaminated 
in the three clinics  (mean CFU  ±  SD: 159.3  ±  35.5 
and 161.1 ± 34, respectively). The same results were 
observed on Baird–Parker Agar, whereby the floor 
at the side of the dental chair and drainage had 
the highest count  (mean CFU  ±  SD: 80.6  ±  6.7 and 
64.3  ±  7.4, respectively). Bacterial counts on those 
surfaces were also high on the chromogenic UTI 
agar (mean CFU ± SD: 80.6 ± 5.9 and 74.4 ± 11.7 for 
the floor at the side of the dental chair and drainage, 
respectively); however, spittoon exhibited the highest 
count on this media (mean CFU ± SD: 118.0 ± 17.1) 
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and also on Mitis Salivarius Agar (mean CFU ± SD: 
125.7 ± 22.7). The least contaminated surfaces in all the 
clinics were area around the sink for handwashing and 
back of the dentist chair (mean CFU ≤10 on all media). 
The keyboard also gave bacterial growth on most of 
the tested media (mean CFU ≤60 on all media).

The probiotic product was applied on all the surfaces of 
the clinic with most microbial growth for a duration of 
3 weeks. The reduction rate (%) of the bacterial counts 
on all surfaces after the application of the probiotic 
cleaning solution is shown in Table 1. Figure 1 shows 
the bacterial counts on the surfaces cleaned with the 
new probiotic cleaning solution compared to regular 
chemical cleaning solution.

As shown in Figure  1 and Table  1, there was 
significant reduction of the bacterial counts from 
almost all the surfaces in the dental clinic after the 
application of the probiotic cleaning solution. As 
shown in Table  1, reduction rates of mean CFU 
counts on all media were  <50% from spittoon  (C) 
and keyboard (B). For the spittoon (C), no reduction 
was observed for Gram‑negative rods on HiCrome 
UTI Agar and Streptococci on Mitis Salivarius Agar. 
For the drainage (G) and floor below spittoon (A2), 
reduction in Staphylococci on Baird‑Parker Agar was 
also <50%. For the area around the sink (I), reduction 
in Staphylococci on Baird–Parker Agar was also low; 
however, bacterial growth was minimal using both 
probiotic and regular cleaning solutions [Figure 1a]. 
More than 50% of the bacteria grown over the surface 
of Baird–Parker Agar were coagulase positive with the 
characteristic color of S.aureus. Identity was confirmed 
by PCR for 15 selected isolates. Identity of another 

15 coagulase‑negative staphylococci isolates was 
confirmed by the biochemical tests. Staphylococcus 
saprophyticus and Staphylococcus haemolyticus 
were isolated from different surfaces using both 
regular  (n  =  3 and 3 of each species, respectively) 
and probiotic cleaning solutions (n = 4 and 2 of each 
species, respectively). Other Staphylococcus species 
were Staphylococcus hominis, Staphylococcus simulans, 
and Staphylococcus epidermidis  (n  =  1 each) isolated 
from around the sink (I), drainage (G), and floor (A1), 
respectively.

Table 2 provides the antibiotic resistance rate (%) of 50 
Staphylococcus strains isolated from different surfaces 
cleaned with each of regular and probiotic cleaning 
solutions.

As shown in Table 2, a higher number of Staphylococcus 
strains isolated from surfaces cleaned with probiotic 
cleaning solution were resistant to ciprofloxacin, 
cefpodoxime, cefepime, and meropenem. For the 
rest of the antibiotics, resistance rates were higher 
among the Staphylococcus strains isolated from the 
surfaces cleaned with the regular cleaning solution. 
However, the difference in the resistance rates of 
all the antibiotics was nonsignificant  (P  >  0.05) for 
Staphylococcus strains isolated from the surfaces 
cleaned with the regular cleaning solution compared 
to the probiotic cleaning solution.

HiCrome UTI Agar was supportive for the growth 
of Gram‑negative rods. Biochemical identification of 
the bacteria with different colony size, morphology, 
and color revealed the detection of multiple species. 
Identity of 15 Gram‑negative rods was confirmed by the 

Table 1: Reduction rates of the mean colony‑forming unit of bacterial growth on different media after the 
application of the probiotic cleaning solution
Surface Percentage reduction of mean CFU

Baird‑Parker Agar
(Staphylococcus)

HiCrome UTI Agar
(Gram‑negative rods)

Mitis Salivarius Agar
(Streptococcus)

A1 51.4 68.0 49.2
A2 27.3 70.3 54.7
B 43.7 18.9 39.4
C 44.4 0.0# 0.0#

D 87.7 84.2 NG
E 55.0 77.4 75.0
F1 69.2 48.1 100.0
F2 77.1 58.3 NG
G 38.4 73.7 67.5
H 63.2 67.2 NG
I 6.3 65.2 NG
#Heavy growth was obtained from C (spittoon) after using both probiotic and regular cleaning solutions. NG: No growth was obtained from these surfaces while 
using both probiotic and regular cleaning solutions thus reduction rate was 0. CFU: Colony‑forming unit
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biochemical tests. Bacteria with blue to purple mucoid 
colonies on the HiCrome UTI Agar were identified 
as K.pneumoniae  (n  =  7) which was recovered from 
different surfaces cleaned with both regular (n = 3) 
and probiotic cleaning solutions  (n  =  4). Three 
subspecies were identified including K.pneumoniae 
subsp. rhinoscleromatis  (n  =  4) recovered from the 
floor  (A1 and A2), drainage  (G), and keyboard (B), 
K.pneumoniae subsp. ozanae  (n  =  2) recovered from 
the floor  (A1 and A2) and K.pneumoniae subsp. 
pneumoniae  (n = 1) recovered from the spittoon (C). 
Bacteria with colorless to yellow–green colonies on 
the HiCrome UTI Agar were identified as belonging 
to Pseudomonas species  (n  =  6), equally recovered 

from surfaces cleaned with both regular (n = 3) and 
probiotic cleaning solutions  (n  =  3). Four species 
were identified including Pseudomonas putida (n = 3); 
one recovered from the floor  (A2) and two from 
keyboard  (B), Pseudomonas luteola  (n  =  2) from the 
floor (A1 and A2), and Pseudomonas aeruginosa (n = 1) 
from drainage  (G). Bacteria with brown to purple 
magenta colonies on the HiCrome UTI Agar were 
identified as E. coli (n = 2), recovered from the floor (A2) 
and drainage (G) cleaned with regular and probiotic 
cleaning solutions, respectively.

Of note, HiCrome UTI Agar was also supportive for 
the growth of B. subtilis present in the cleaning product 
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which looked large white or blue in color based on the 
strain of the B. subtilis present in the product.

Table  3 provides the antibiotic resistance rates of 
40 strains of Gram‑negative rods isolated from the 
surfaces cleaned with the regular and probiotic 
cleaning solutions (n = 20 for each group).

As shown in Table 3, a higher number of Gram‑negative 
rods isolated from surfaces cleaned with probiotic 
cleaning solution were resistant to trimethoprim/
sulfamethoxazole, cefoxitin, and ceftriaxone. 
However, the difference in the resistance rates for 
these antibiotics was nonsignificant  (P  >  0.05) for 
strains isolated from the surfaces cleaned with the 
regular cleaning solution compared to the probiotic 

cleaning solution. For cefepime, resistance rates were 
significantly higher  (P  <  0.05) among the strains 
isolated from the surfaces cleaned with the regular 
cleaning solution compared to probiotic cleaning 
solution (60% and 25%, respectively). None of the tested 
strains were resistant to ciprofloxacin, gentamicin, and 
meropenem. Extended‑spectrum beta‑lactamases 
production was not significantly different in strains 
isolated from the surfaces cleaned with the regular 
cleaning solution compared to probiotic cleaning 
solution.

DISCUSSION

New alternatives to the chemical disinfectants 
are biotechnology cleaning products containing 
environment‑friendly probiotic bacteria. B.  subtilis 
is one of the commonly used species in probiotic 
cleaning. They are nonpathogenic, ubiquitous in 
nature as they are found in soil, water, vegetables, 
and in human gut. These spore‑forming bacteria are 
suitable for addition to eco‑sustainable detergents, as 
the spores can stay viable in the concentrated cleansers 
and can produce the vegetative bacteria when diluted 
in water and seeded on surfaces.[14]

In this study, we have applied one of the probiotic 
biotechnology cleaning solutions on different surfaces 
in a selected dental clinic for 3  weeks. Despite the 
short duration of this study, we noticed significant 
reduction in the microbial counts on most of the tested 
surfaces. Our results are in agreement with recent 
reports indicating that probiotic‑based sanitation had 
stronger effect on surface pathogens compared to 
conventional disinfectants.[4] It is worth mentioning 
that previous studies were all done in medical‑surgical 
hospitals.[1,8] To the best of our knowledge, application 
of cleaning solution with probiotic bacteria in a dental 
hospital or clinic was not reported before our study.

The probiotic cleaning solution was effective against 
various bacterial species (Staphylococci, Streptococci, 
and Gram‑negative rods), which were significantly 
reduced from almost all the surfaces in the dental 
clinic after the application of the cleaning product. 
It is not surprising to detect bacteria of oral origin 
in the dental clinic environment which are probably 
disseminated from the aerosol generated during 
different dental procedures.[15] After contaminating the 
environment, transmission of these bacteria can occur 
through contact with contaminated surfaces such as 
door handles, benches, towels, and taps.[16] Some of 
these bacteria represent serious risk to human health. 

Table 2: Antibiotic resistance rates of 
Staphylococcus strains isolated from the surfaces 
cleaned with the regular and probiotic cleaning 
solutions
Antibiotic Resistance rate % (n) P

Regular 
cleaning 
(n=25)

Probiotic 
cleaning 
(n=25)

Ciprofloxacin 16 (n=4) 24 (n=6) 0.725
Trimethoprim/sulfamethoxazole 32 (n=8) 20 (n=5) 0.52
Cefoxitin* 56 (n=14) 44 (n=11) 0.572
Ceftriaxone 40 (n=10) 40 (n=10) 1
Cefpodoxime 76 (n=19) 68 (n=17) 0.754
Cefepime 24 (n=6) 40 (n=10) 0.364
Meropenem 16 (n=4) 28 (n=7) 0.496
Gentamicin 4 (n=1) 0 1

Table 3: Antibiotic resistance rates of the strains 
of Gram‑negative rods isolated from the surfaces 
cleaned with the regular and probiotic cleaning 
solutions
Antibiotic Resistance rate % (n) P

Regular 
cleaning 
(n=20)

Probiotic 
cleaning 
(n=20)

Ciprofloxacin 0 0 NA
Trimethoprim/sulfamethoxazole 0 10 (n=2) 0.487
Cefoxitin 50 (n=10) 70 (n=14) 0.197
Ceftriaxone 25 (n=5) 35 (n=7) 0.731
Cefpodoxime 95 (n=19) 90 (n=18) 1
Cefepime 60 (n=12) 25 (n=5) 0.025*
Meropenem 0 0 NA
Gentamicin 0 0 NA
ESBL@ 55 (n=11) 55 (n=11) 1
*Significant difference, @ An increase in the inhibition zone diameter of >5 mm 
for a combination disc of cefpodoxime with clavulanic acid versus cefpodoxime 
disc alone confirmed ESBL production. NA: Not applicable, no statistics 
was done as all the strains were sensitive to the antibiotic tested. ESBL: 
Extended‑spectrum beta‑lactamases
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methicillin‑resistant S. aureus (MRSA) is a pathogenic 
bacteria causing wide range of infections ranging from 
skin infections to life‑threatening pneumonia and 
sepsis.[17] Some studies reported the oral carriage of 
S. aureus, sometimes MRSA, in healthy children and 
adults as well as in patients with oral diseases such as 
periodontitis, gingivitis, failing dental implants, and 
patients with acrylic dentures.[18] Staphylococci from 
different species were also isolated from the oral cavity 
of immunocompromised patients like elderly and 
children with hematological malignancies and patients 
with rheumatoid arthritis.[18] We have detected several 
Gram‑negative pathogens, including K. pneumoniae, 
Pseudomonas, and E. coli, in different parts of the dental 
clinic. Some of these bacteria can exist as colonizers 
in the oral cavity;[19,20] however, many of them are 
potentially pathogenic and responsible for various 
types of infections, especially nosocomial infections.[21] 
Probiotic cleaning is a promising approach for the 
eradication of these bacteria to minimize their health 
risks.

In general, we did not detect any significant difference 
in the antibiotic resistance rates of strains isolated from 
the surfaces cleaned with the regular cleaning solution 
compared to probiotic cleaning solution. Some 
studies reported reduction in the antibiotic resistant 
bacteria after the application of probiotic‑based 
cleaning products, but this effect probably needs 
long duration of application as reported in a study 
done in a hospital in Italy, whereby the Bacillus‑based 
probiotic product was applied for several months. 
After this long duration, significant decrease in the 
antibiotic resistance genes was evident in the bacteria 
isolated from the surfaces cleaned with the probiotic 
product compared to the original bacteria that were 
existing while the same surfaces were cleaned using 
chemical disinfectants.[1]

We found that probiotic cleaning is better than using 
chemical disinfectants which usually eliminate 
surface pathogens immediately; however, they 
are ineffective in preventing recontamination 
and pathogens regrowth occurring within a few 
hours after cleaning.[4] Another disadvantage of 
using chemical disinfectants is that they enhance 
the selection of antibiotic‑resistant strains. It has 
been reported that long exposure of K. pneumoniae 
to chlorhexidine‑containing disinfectants led to the 
development of resistance to multiple commonly used 
antibiotics due to the development of mutations in 
these bacteria.[22]

The effectiveness of probiotic cleaning and the 
reduction in bacterial count were mostly related to 
the mechanism of action of the probiotic bacteria 
“B. subtilis” in the biotechnology cleaning solution, 
as it can reach to hidden areas that are hard to clean. 
Probiotic bacteria are able to disturb biofilms that 
function as a shelter for other pathogens; thus, 
facilitate their killing and elimination from hard to 
reach areas. In addition, they are able to kill other 
bacteria by competing with them for the space and 
nutrients.[8,24] Thus, the replacement of the pathogenic 
bacteria by B. subtilis in the cleaning product was 
observed obviously on HiCrome UTI Agar which 
allowed the growth of B.  subtilis in addition to 
Gram‑negative bacteria. Based on several studies, 
B. subtilis is well known for the ability to produce 
multiple compounds with antimicrobial properties. 
For example, bacteriocins, lantibiotics  (peptide 
antibiotics), and lantibiotic‑like peptides.[23,24] It is 
possible that the antimicrobial compounds produced 
by the B. subtilis present in the probiotic cleaning 
product may also contribute to the killing effect 
observed in our study.

CONCLUSIONS

The application of probiotic cleaning solution was 
found effective in limiting bacterial growth in different 
parts of the dental clinic. They are eco‑friendly; thus, 
they can reduce the exposure to chemical disinfectants 
and will reduce the selection of resistant bacteria. It 
is necessary to establish a new biosafety protocol in 
dental clinics which includes adequate disinfection 
of surfaces by appropriate cleaning products. The 
information obtained from this study can be used to 
develop proper interventions to improve cleaning and 
disinfection practices in dental institutions.
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