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Abstract 

Objectives: The purpose of this study was to compare the disinfection efficacy of sodium-

hypochlorite and peroxygenic-acid (Virkon) solutions for dental stone casts contaminated 

with microbial strains.  

Materials and Methods: A total of 960 spherical stone beads with diameters of 10mm 

were prepared and used as carriers of bacterial inoculums. They were individually inocu-

lated by soaking in broth culture media containing each of the four selected microorgan-

isms. Different concentrations of Virkon and hypochlorite solutions were prepared using 

distilled water and were sprayed on the surfaces of dental casts contaminated with Staphy-

lococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis and Candida albicans. Pour-

plate technique was used to evaluate the antimicrobial efficacy of each solution. Microbi-

cidal effect was calculated according to the log10 of control colony counts minus the 

log10 of the remaining colony counts after the antimicrobial procedure. Statistical differ-

ence was assessed using the Kruskal Wallis and Man Whitney-U tests (P<0.05).  

Results: We observed different bactericidal effects of Virkon at various concentrations; 

1% Virkon killed S. aureus, P aeruginosa, and C. albicans, while 3% Virkon solution was 

required to kill B. subtilis. For S. aureus, P. aeruginosa, and C. albicans, no significant dif-

ference was observed between 1% Virkon and 0.525% sodium hypochlorite (P >0.05). For 

B. subtilis, the efficacy of 3% Virkon and 0.525% sodium hypochlorite was not signifi-

cantly different (P >0.999).  

Conclusion: According to the obtained results for Virkon and based on its low toxicity 

and good environmental compatibility, it may be recommended as an antimicrobial disin-

fectant for dental stone casts as non-critical items.   

Keywords: Infection Control; Dental Gypsum; Disinfectants; Sodium Hypochlorite; 

Monoperoxysulfate 
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INTRODUCTION 

Oral cavity is a potential source of infection as 

it harbors many microorganisms. Unsuccessful 

or inadequate cleaning, disinfection or sterili-

zation of dental instruments or impressions 

contaminated with pathogenic microorganisms 

may lead to cross-contamination. Cross-

contamination refers to the transfer of patho-

genic microorganisms, resulting in cross-

infection [1,2]. 
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Routine infection control and disinfection pro-

tocols have been developed in prosthodontics 

with particular emphasis on the disinfection of 

impressions and casts used for the fabrication 

of prostheses [3,4]. Leung and Schonfeld [5] 

indicated potential cross-infection between 

patients and dental personnel via contaminated 

dental casts. Porous structure and highly hy-

drophilic nature of dental casts enable deep 

penetration of microorganisms, rendering the 

surface disinfection techniques ineffective [6]. 

Cross-contamination via stone casts is possible 

due to the risk of transfer of infectious agents 

from blood and saliva to the casts via impres-

sions, record bases, occlusion rims and trial 

dentures [7,8]. Despite effective disinfection 

of impressions, a cast from a properly disin-

fected impression may alternatively become 

contaminated by a technician or clinician [9]. 

According to Stern et al, it may be necessary 

to disinfect the definitive cast at least seven 

times with disinfectants from the time of fab-

rication to delivery of complete or removable 

partial denture [7].  

There are studies searching for the best tech-

nique to disrupt this cycle [6-8,10]. Therefore, 

an efficient infection control protocol is neces-

sary for dental offices and laboratories. The 

most frequently applied disinfection technique 

is via the use of chemicals. However, the crite-

ria for an efficient disinfection are not often 

met. Mansfield and White [11] investigated 

the antimicrobial properties of sodium hypo-

chlorite and reported that this agent reduced 

the bacterial count in experimental stone casts 

to that of negative controls in one hour. Sodi-

um hypochlorite is known as the reference dis-

infectant for disinfection. However, it has sev-

eral disadvantages including toxicity to hu-

mans and environment, difficult daily prepara-

tion of fresh solution, adaptation and re-

sistance to biocides and inability to eliminate 

persistent pathogens in the oral cavity and en-

vironment, which is the most important draw-

back of this agent [10,12,13]. 

Virkon, a peroxygen-containing compound 

(Antec International, Sudbury, Suffolk, UK), 

is used as a disinfectant because of its wide 

spectrum of action against all major human 

pathogens, such as hepatitis B and HIV virus-

es; 1% Virkon solution is generally used to 

clean and disinfect medical equipment and 

remove blood and body fluid spillages from 

the skin. Virkon has been efficiently used for 

disinfection of impressions, burs and tooth-

brushes [1,14]. It can be used in laboratories, 

dental offices and hospitals. Optimal proper-

ties of Virkon allow the thorough cold disin-

fection of medical and surgical instruments 

with this agent in a short time, without the risk 

of toxicity or other problems, no toxic vapor 

phase and no generation of chlorine, which is 

harmful for the technicians in direct contact 

with the waste materials. This solution is sta-

ble for seven days, but should be discarded 

when the pink color fades. Other advantages 

of Virkon include pleasant odor and insignifi-

cant corrosive effect [14-16]. This experi-

mental study aimed to test the hypothesis that 

type III stone casts contaminated with S. aure-

us, P. aeruginosa, B. subtilis and C. albicans 

can be efficiently disinfected with convention-

al chemical disinfectants. Sodium hypochlorite 

and Virkon solutions were used in different 

concentrations to disinfect the dental stones. 

 

MATERIALS AND METHODS 

Fabrication of samples:  

Acrylic dental arches were prepared with 10 

unique spherical metal extensions 10 mm in 

diameter in the place of teeth (Fig. 1). Then, 

stone casts were prepared by duplicating the 

acrylic models using irreversible hydrocolloid 

impression material (Tropicalgin, Zhermack, 
Badia Polesine RO, Italy) to make impressions 

and a type III dental stone (Elite Model, 

Zhermack, Badia Polesine RO, Italy) to pour 

the casts, both mixed with sterile distilled wa-

ter according to the manufacturer’s instruc-

tions. 
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The casts were separated from the impressions 

30 minutes after pouring and then left for two 

hours at ambient conditions. Then, the stone 

spherical extensions were separated from the 

casts by a sterile rongeur to be used as test and 

control samples. A total of 96 stone casts were 

prepared by duplicating the acrylic model ac-

cording to the manufacturer’s instructions. 

Steel trays, bowls and other mixing tools were 

disinfected with 70° ethanol (Behvazan, Teh-

ran, Iran) solution. The stone and irreversible 

hydrocolloid powder were not sterilized and 

dispensed from original manufacturing pack-

age. The acrylic models, trays, bowels, spatu-

las, and rongeurs were disinfected with 70° 

ethanol.  

 

Bacterial strains:  

The standard strains of P. aeruginosa (ATCC 

9027), S. aureus (ATCC 6538), B. subtilis 

(9372) and C. albicans (ATCC 10231) used in 

this project were obtained in lyophilized form 

(purchased from the Pasture Institute of Iran). 

These strains were activated by culturing in 

Luria Bertani (LB) agar medium (Hi Media 
Laboratories Pvt. Ltd., Mumbai, India) and 

incubated at 37°C for 24 hours. Next, 4 mL of 

LB medium was used to obtain individual col-

onies. Then, it was incubated over night at 

37°C while being shaken at a speed of 200 

rpm. The cells were separated using centrifu-

gation at 4°C and 3000 rpm for 15 minutes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then, they were cleaned by washing twice be-

fore re-suspending in Ringer’s solution to 

achieve bacterial concentrations ranging be-

tween 107–108 colony forming units 

(CFU)/mL. 

 

Disinfectants: 

Virkon (Antec International Ltd., Sudbury, 

Suffolk, UK) was obtained and various disin-

fectant solutions with different concentrations 

including 3, 2, 1, 0.5, 0.25 and 0.125% were 

prepared by dissolving appropriate amounts of 

Virkon in sterile distilled water. Sodium hypo-

chlorite (Pakshoo Chemical & Manufacturing 

Co., Tehran, Iran) was also obtained. The dilu-

tions of 0.525%, 0.262%, 0.131%, 0.065%, 

0.0325% and 0.016% were prepared using 

sterile distilled water [14,17].  

 

Antimicrobial testing:   

Susceptibility testing was performed accord-

ing to the Association of Official Analytical 

Chemists (AOAC) Use-Dilution Method [18]. 

Stone cast samples in the same shape and size 

used as the carriers of bacterial inoculum were 

inoculated by soaking in broth cultures con-

taining 107-108 CFUs/mL of each bacterial 

strain for 15 minutes, yielding approximately 

5×106 CFUs/mL. The carriers were removed 

with a sterile hooked inoculating needle and 

left to dry for 40 minutes at 36 ± 1ºC in a Petri 

dish matted with two filter paper sheets.  

 

Fig. 1. Dental arches with (A) metal and (B) acrylic spherical extensions 10 mm in diameter. 
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After drying, sodium hypochlorite and Virkon 

solutions were sprayed individually on the sur-

faces of the inoculated carriers and left at 

room temperature for five minutes to dry.  

Samples were then removed carefully and 

placed in sterile tubes containing 10 mL of 

neutralizing broth (Letheen Broth/DIFCO). 

After 20 minutes, each carrier was removed 

and placed in new sterile tubes containing the 

sterile nutrient broth culture medium. One-

milliliter of nutrient broth from each tube was 

then transferred into 20 cm Petri dishes and 

topped up to 20 mL with nutrient agar culture 

medium (pour plating method). After 24 hours 

of incubation at 37°C, the total number of col-

onies in each plate (duplicate counts) was 

counted and expressed as mean CFUs/mL.  

All experiments were performed on three sep-

arate occasions.  

In each test, positive (containing microbial 

inoculum without exposure to the disinfectant) 

and negative samples (without microbial inoc-

ulums) were used as controls.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Overall, 16 dental cast samples were used for 

each disinfectant group (six different concen-

trations and two controls to be tested in dupli-

cate) against each microorganism. Results of 

the test were expressed as the microbicidal 

effect (ME), which is the log10 value of the 

counts after exposure to the test biocide sub-

tracted from the log10 value of the counts 

without exposure to the disinfection procedure 

as the positive control. The efficacy of the in-

activation fluid was examined by performing 

parallel counts of positive controls [18,19]. 

The comparisons were made based on the 

mean ME values. ME values equal to or more 

than five were considered as effective. Statis-

tical assessments were performed by SPSS 

version 13 (Microsoft, IL, USA). The Kruskal 

Wallis test was used to analyze the microbi-

cidal effect of sodium hypochlorite and Vir-

kon against the microbial strains. The Mann 

Whitney U test was used to compare the mi-

crobicidal effect of hypochlorite on Virkon. 

Statistical significance was set at P < 0.05. 

 

 

Fig. 2. Microbicidal activity of Virkon with different concentrations against microbial strains 
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RESULTS 

The microbicidal activity of Virkon in differ-

ent concentrations against P. aeruginosa, S. 

aureus, B. subtilis and C. albicans is shown in 

Figure 2. The mean total number of microor-

ganisms in inoculated casts was approximately 

5×106 CFUs/mL for all tested microorgan-

isms. The corresponding counts before and 

after Virkon spray at different concentrations 

were also indicated in Table 1 for P. aerugino-

sa, S. aureus, B. subtilis and C. albicans.  As 

seen in Table 1, spraying Virkon in the con-

centration of 0.125% and above successfully 

disinfected the samples inoculated with C. al-

bicans compared to untreated samples. Virkon 

in the concentration of 1% caused complete 

disinfection of samples inoculated with S. au-

reus and P. aeruginosa. The concentration of 

1% of Virkon did not have any effect on B. 

subtilis (var. niger). The acceptable microbi-

cidal effect with ME more than five was only 

observed in the concentration of 3%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 and Table 2 indicate the results of 

antimicrobial tests, which were carried out to 

determine the minimum microbicidal concen-

tration of sodium hypochlorite against the se-

lected bacterial strains.  According to the re-

sults, aqueous 0.062% sodium hypochlorite 

spray disinfected all samples inoculated with 

P. aeruginosa, S. aureus, B. subtilis and C. al-

bicans.  

Consistent with Virkon spray results, P. aeru-

ginosa and B. subtilis were the most resistant 

species in the chemical disinfection procedure 

compared to S. aureus and C. albicans, as 5 

log10 reduction in microbial counts of S. au-

reus and C. albicans was achieved even after 

exposure to 0.016% dilution; whereas this re-

duction just happened after exposure to 

0.131% and 0.262% for B. subtilis and P. ae-

ruginosa, respectively. In order to precisely 

assess the results, we used several statistical 

tests. 

 

Fig. 3. Microbicidal activity of sodium hypochlorite at different concentrations against microbial strains 
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Table 1.  Microbicidal effect of Virkon against the microbial strains and their mean counts before and after treatment 

 

MO* 

Untreated 

Mean 

Count 

ME** 

3% 

Mean 

Count 

ME 

2% 

Mean 

Count 

ME 

1% 

Mean 

Count 

ME 

0.5% 

Mean 

Count 

ME 

0.25% 

Mean 

Count 

ME 

0.125% 

Mean 

Count 

B. subtilis 5 × 106 5.02 4.6 × 101 4.85 6.8 × 101 4.49 1.55 × 102 4.4 1.66 × 102 0 5 × 106 0 5 × 106 

P. aeruginosa 5 × 106 6.69 0 6.69 0 6.69 0 4.49 1.56 × 102 4 4.89 × 102 0 5 × 106 

S. aureus 5 × 106 6.69 0 6.69 0 6.69 0 6.69 9 × 101 4.73 2.78 × 02 4.24 5 × 106 

C. albicans 5 × 106 6.69 0 6.69 0 6.69 0 5.83 0.7 × 101 5.52 1.4 × 101 5.41 1.9 × 101 

* Mi 

 

 

 

* Microorganism 
** Microbicidal effect 
 

 

 

MO* 
 

Untreated 

Mean 

Count 

ME** 

0.525% 

Mean 

Count 

ME 

0.262% 

Mean 

Count 

ME 

0.131% 

Mean 

Count 

ME 

0.065% 

Mean 

Count 

ME 

0.0325% 

Mean 

Count 

ME 

0.0162% 

Mean 

Count 

B. subtilis 5 × 106 6.69 0 6.2 0.3 × 101 6.1 0.4 × 101 5.02 4.5 × 101 0 5 × 106 0 5 × 106 

P.  aeruginosa 5 × 106 6.69 0 6.69 0 4.66 1.1 × 102 3.94 5.59 × 102 0 5 × 106 0 5 × 106 

S. aureus 5 × 106 6.69 0 6.69 0 6.69 0 6.08 0.4 × 101 5.08 4 × 01 0 5 × 106 

C. albicans 5 × 106 6.69 0 6.69 0 6.38 0.2 × 101 5.69 1 × 101 5.15 3.4 × 101 0 5 × 106 

* Microorganism 
** Microbicidal effect 

 

Table 2.  Microbicidal effect of hypochlorite against the microbial strains and their mean counts before and after treatment 
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Using the Kruskal Wallis test, we found that 

antibacterial efficacy of Virkon and hypo-

chlorite disinfectants with different concentra-

tions had significant differences for the four 

types of microbial strains.   For P. aeruginosa, 

antibacterial efficacy of 0.262 and 0.525% so-

dium hypochlorite was not significantly dif-

ferent (P>0.999); while significant differences 

were noted with concentrations less than 

0.262% (P=0.01). For the same bacteria, anti-

bacterial efficacy of 1, 2 and 3% Virkon was 

not significantly different (P>0.999); while the 

mentioned concentrations had significant dif-

ferences with 0.25% and 0.5% Virkon in this 

regard (P<0.001). The same pattern as ob-

served for P. aeruginosa was noted for the an-

tibacterial activity of the disinfectants against 

C. albicans.  

For S. aureus, 0.065%, 0.131%, 0.262% and 

0.525% sodium hypochlorite were not signifi-

cantly different in terms of antibacterial effi-

cacy (P>0.999); while concentrations less than 

0.065% showed a significantly different ac-

tivity (P=0.04). For Virkon, 0.5%, 1%, 2% and 

3% concentrations did not have significantly 

different antibacterial efficacy (P>0.999); 

while concentrations less than 0.5% showed 

significantly different activity (P<0.001). 

For B. subtilis, 0.525% sodium hypochlorite 

and 3% Virkon were the only disinfectants 

that exhibited antibacterial activity in each 

group and therefore were significantly differ-

ent from other concentrations (P=0.01). In ad-

dition, there was no significant difference be-

tween these two disinfectants at the above-

mentioned concentrations (P>0.999). 

 

DISCUSSION 

Dental patients and dental health-care person-

nel may be exposed to a variety of microor-

ganisms transmitted via blood or oral and res-

piratory secretions. Potential sources of mi-

crobial transmission are dental impressions 

and casts made from impressions [20]. Infec-

tion may be transmitted to dental clinicians via 

different routes including: (i) direct contact 

with blood, oral fluids or other secretions and 

(ii) indirect contact with contaminated instru-

ments, casts, equipment and so on [1]. The 

aim of this study was to determine the effec-

tiveness of two disinfectants for disinfection 

of the gypsums contaminated with microbial 

strains. Both sodium hypochlorite and Virkon 

caused a great reduction in colony counts. 

However, the impact of sodium hypochlorite 

was slightly greater than that of Virkon. There 

were differences in bactericidal effect of Vir-

kon at different concentrations. One percent 

concentration of Virkon killed S. aureus, P. 

aeruginosa, and C. albicans, but was not effec-

tive on B. subtilis. This particular bacterium 

was killed using 3% Virkon. The difference 

between sodium hypochlorite and Virkon was 

only on their effectiveness against the B. sub-

tilis, which forms resistant spores [15]. As a 

rule of thumb, the antimicrobial efficacy is 

satisfactory when the tested chemical disin-

fectant causes a reduction of 105 or more 

CFUs/mL in viable counts (ME≥5). Evalua-

tion of the antimicrobial effect of Virkon spray 

on P. aeruginosa showed no growth in 3%, 2% 

and 1% concentrations. But ME was 4.49 in 

its 0.5% concentration. Therefore, 1% Virkon 

was totally effective against P. aeruginosa. On 

the other hand, observations of the effective-

ness of sodium hypochlorite indicated no 

growth in 0.525% and 0.262% concentrations 

of sodium hypochlorite after application on P. 

aeruginosa, but 0.131% sodium hypochlorite 

decreased ME to 4.66 in bacterial colonies. 

Hernndez et al, [15] using the suspension tests 

showed that 1% Virkon was effective against 

S. aureus and P. aeruginosa in five minutes. 

These results were also seen in a study by 

Gasparini et al [21]. They found that S. aureus 

was more susceptible to the disinfectant than P. 

aeruginosa. A reason for this can be the differ-

ence in the composition of cell wall of the Gram-

positive and Gram-negative bacteria. The lipo-

polysaccharide layer in Gram-negative bacteria 

such as P. aeruginosa confers a high resistance 

against chemical agents and toxins [15,21].  
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In the current study, 0.525% sodium hypo-

chlorite solution was observed to kill all the B. 

subtilis colonies. In 0.262%, 0.131% and 

0.062% concentrations of sodium hypo-

chlorite, the colonies decreased to less than 5 

log10. In 0.0325% concentration, there was no 

decrease in the colony count; 3% Virkon 

caused a reduction of 105 log10. In 2%, 1%, 

0.5% and 0.25% concentrations, ME was less 

than 5. Therefore, 1% solution of Virkon is 

not effective against spores due to the same 

reason described above. Spores are highly re-

sistant to the environmental fluctuations such 

as lack of humidity, toxic chemicals, radia-

tions and high temperatures [15]. Previously, 

Hernandez et al. [15] showed remarkable effi-

cacy of 1% Virkon on bacteria but not on 

spores [9]. These results were also observed 

by Gasparini et al [21]. In a study by Angelillo 

et al [22], Virkon was effective on spores after 

18 hours. Also, ME of hypochlorite on C. al-

bicans in 0.262% and higher concentrations 

was greater than 5. Our data showed that ME 

of 1% and higher concentrations of Virkon 

was higher than 5. Thus, the fungicidal effect 

of Virkon was acceptable. The above-

mentioned results are convincing in view of 

the fact that the study was intentionally de-

signed in such a way that maximum amounts 

of bacteria were transmitted to the casts. In the 

clinical setting, irrespective of the microbio-

logical aspects, the impression is rinsed prior 

to eventual chemical disinfection, which leads 

to a significant reduction in the bacterial count 

and an increase in the efficacy of subsequent 

disinfection [9]. The choice of a specific disin-

fectant depends on a number of factors that 

should be considered, including toxicity for 

patients and the staff, possible damage to 

equipment, costs, stability, the required mag-

nitude of antimicrobial efficacy and the capa-

bility of quick removal of microorganisms. 

The disinfectant must have fast bactericidal 

activity in presence of blood and biological 

fluids [22]. For the clinical use, some differ-

ences may be considered with respect to the 

claimed disadvantages of sodium hypochlorite 

including its bleaching effect, denture and 

metal corrosion, and odor [23,24]. Mos-

lehifard et al. [25] evaluated the effect of 

0.525% hypochlorite and 1% Virkon on hard-

ness of dental gypsum casts. They found that 

the formation of micropores is responsible for 

the reduction of hardness, which is the least in 

the dental stones disinfected with Virkon. In 

another study, Moslehifard et al. [26] evaluat-

ed the effect of 0.525% hypochlorite and 1% 

Virkon on mechanical properties of dental 

gypsum casts such as compressive and tensile 

strengths. They found that Virkon disinfectant 

only slightly decreased the mechanical 

strength. Considering other advantages of Vir-

kon as a disinfectant as well as minimal reduc-

tion in the mechanical strength of gypsum, it 

may be preferred for the disinfection of stone 

casts in the clinical and laboratory settings.  

 

CONCLUSION 

Antibacterial efficacy of Virkon and sodium 

hypochlorite was examined and compared for 

dental casts. Virkon at various concentrations 

showed different bactericidal effects, as 1% 

Virkon killed S. aureus, P. aeruginosa, and C. 

albicans, while 3% Virkon solution was re-

quired to kill B. subtilis. Also, 0.062% sodium 

hypochlorite spray disinfected all samples in-

oculated with P. aeruginosa, S. aureus, B. sub-

tilis and C. albicans.  Based on our results, 

Virkon can be considered as an appropriate 

disinfectant for dental casts, which have not 

been in direct contact with the saliva and are 

not considered critical dental items. Based on 

the low toxicity and good environmental com-

patibility of Virkon, it may be used as an an-

timicrobial agent for disinfection of dental 

stone casts as non-critical items.   
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