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ABSTRACT

Cross-infection involves the transmission of microorganisms through secretions, bodily
fluids and excreta, as well as undisinfected surfaces and medical equipment. In the dental
office, diseases are transmitted via various routes, e.g. from patient to dentist or other
member of dental team, from doctor or dental team member to patient, from patient to
another patient, from dental office to community and from community to patient. The
study was conducted to evaluate the effectiveness of infection control in dental practices
based on the qualitative and quantitative assessment of microbiological contaminants
detected on the surface of filling material packaging used in dental offices. The material
for research were 9 packages containing dental materials during their use in 3 dental
settings. The packages were placed in sterile flasks and rinsed to wash microorganisms
from the surfaces. The washes were filtered through membrane filters and cultured under
proper aerobic and anaerobic conditions, and at elevated CO, concentration. Microbial
growth on TIO and TSB media was observed. The contamination of most samples
remained low as indicated by the growth from one to a maximum of five colonies on
TSA. The contamination remained at the level of 10-50 CFU/package, i.e. <100 CFU/
single package. The tests evaluating the contamination of dental package surfaces with
aerobic bacteria confirmed high hygiene standards observed in dental offices from which
the packages were brought.
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INTRODUCTION

Cross-infection involves the transmission of microor-
ganisms, including viruses, bacteria and fungi, through
secretions, bodily fluids and excreta, as well as by way of
undisinfected surfaces and medical equipment. In dental
offices, diseases are transmitted via various routes, e.g. from
the patient to dentist or other member of dental team, from
doctor or dental team member to patient, from patient to
patient, from dental office to community and from com-
munity to patient [1]. Chances of infection transmission
can be divided into: high risk — transcutaneous and contact
infections, moderate risk — infections due to the inhalation
of aerosols or droplets containing pathogens, and low risk
— indirect contact with infectious material [2].
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Pathogenic microorganisms that reside in the oral cavity
and airways likely to be transmitted during dental procedures
include: cytomegalovirus (CMV), hepatitis C virus (HCV),
hepatitis B virus (HBV), herpes simplex virus (HSV1
and HSV2), human immunodeficiency virus (HIV) and
many bacteria e.g. Mycobacterium spp., Pseudomonas spp.,
Legionella spp., Staphylococcus aureus, group A strepto-
cocci (GAS), Streptococcus pneumoniae, Haemophilus
influenzae, Neisseria meningitidis, Corynebacterium diph-
theriae and Bordetella pertusis [3-5]. Viral infection can
cause a specific disease, however, not all bacteria can lead
to developing infection since some of them are opportunistic
microorganisms [4].

Considering the various possibilities of infection trans-
mission in dental office, it is justified to prevent cross-infec-
tions and minimize the risk of their occurrence as early as
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during clinical training in educational institutions. Preven-
tion of pathogen transmission is a key issue not only for
dental practitioners in clinical practice, but also in the educa-
tion of dental students. Educational institutions take much
effort to ensure that student-dentists are aware of the require-
ments of cross-infections monitoring in dentistry [6]. Despite
the importance of teaching cross-infection protocols in
medicine and dentistry, there are some challenges that hinder
proper practice. This mainly applies to dental procedures that
require tools and materials that cannot be sterilized [7-9],
e.g. composite resins commonly used in restorative dentistry
as an aesthetic material for dental restorations [10]. While
the material is packed in light-impervious syringes, during
practical classes, resin syringes are commonly used by many
students learning how to perform dental treatment. This may
increase the risk of cross-infection due to the contamination
of the outside surfaces of syringe-packages [11].

AIM

The study was conducted to evaluate the effectiveness
of infection control in dental practices based on the qualita-
tive and quantitative assessment of microbiological contami-
nants detected on the surface of filling material packaging
used in dental offices.

MATERIAL AND METHODS

The material for research were 9 packages containing
dental materials during their use in 3 dental settings, i.e.
The Chair and Department of Conservative Dentistry with
Endodontics, Medical University of Lublin and two ‘anony-
mous’ dental offices. The products were brought packed
in a sterile paper-foil sleeve (samples 1-3, unit-packaging),
in a sterile paper envelope (samples 4-6, bulk packed),
or in a sterile foil zipper bag (samples 7-9, bulk packed)
(Figure 1).

The packages were placed in sterile flasks, one in each,
then rinsed with three portions of wash, each containing 100
ml of buffer with peptone and surface-active Tween 80 to
facilitate washing of microorganisms from the surface. The
washes were filtered through membrane filters ¢ = 0.45 pm.
1:10 volume of wash fluid was used to determine the popula-
tion of mesophilic aerobic microorganisms on the surface
of packages. The filters were then placed on casein-soy agar
medium and incubated at 30°C for 5 days. The remaining
volume of washes was divided into 2 equal portions and
filtered separately. Next, the filters were placed in microbio-
logical media for sterility testing of medicinal and medical
products. One filter was placed in thioglycolate broth — TIO
medium and the other in tryptic soy broth — TSB and were
incubated at 35°C for 3 days. After the incubation, 0.1 ml of
the media (which yielded microbial growth) was placed on
Columbia Agar with 5% sheep blood, and incubated under
aerobic and anaerobic conditions and at elevated CO, con-
centration. Microbial growth on TIO and TSB media was
observed. Species identification of all the microorganisms
was performed using the Vitek 2 Compact (bioMérieux).
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1 - XR V Herculite A1
2 - Filtek 22503

3 - XR V Herculite A3

4 - Charisma OA3

5 - Gradia Direct A3,5

’iluu‘nm

6 - Gradia Direct AO3

7 - Reflectys
8 - Mosaic A2

9 - OLREVO OA2

Figure 1. Packaging (syringes with composite resin) from 3 dental
settings: a) Chair and Department of Conservative Dentistry with
Endodontics, Medical University of Lublin, b) dental office No 1,
¢) dental office No 2

RESULTS

In the washes of samples 5 and 9, no microbes were
detected in either the quantitative test on agar or the quali-
tative test in liquid medium. Absence of microbial growth
in the sterility assessment (qualitative test) indicated
the lack of germs capable of multiplication on the surface
of both packages.

Two samples demonstrated growth in qualitative testing,
i.e. sample 6 in TIO medium intended for the growth
of aerobic and anaerobic bacteria, and sample 8 in TSB
intended for aerobic bacteria and fungi.

Quantitative assessment found low levels of surface
contaminants. According to the research methodology, the
culture of 1/10 volume of the obtained washes corresponded
to 10 CFU (colony forming units). This indicated the level
of contaminant detection.

The contamination of most samples remained low,
as indicated by the growth from one to a maximum of five
colonies on TSA (tryptic soy agar). Considering the filtered
volume of washes, it can be stated that the contamination
remained at the level of 10-50 CFU/package, i.e. <100 CFU/
single package.
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Legend: sample 5 - no growth in TSB and TIO, sample 6 — no growth in TSB,
sample 8 - no growth in TIO, sample 9 - no growth in TSB and TIO

TSB - tryptic soy broth

TIO - thioglycolate broth

Figure 2. Packages of microbiological media after completed
incubation in which no growth was observed.

Table 1. Microbiological contamination of package surfaces with
dental filling materials

off s’:r?\ple CFU/package Microorganism
Sphingomonas paucimobilis
1 10 . .
Bacillus pumilus
> 10 Sphingomonas paucimobilis
Rhizobium radiobacter
3 20 Sphingomonas paucimobilis
Bacillus licheniformis
4 10 Staphylococcus warneri
Pseudomonas koreensis
5 - -
Sphingomonas paucimobilis
6 <10 Staphylococcus warneri
Micrococcus spp.
Bacillus subtlis
7 50 Bacillus pumilus
Corynebacterium spp.
Paenibacillus glucanolyticus
Bacillus megaterium
8 <10 Bacillus pumilus
Kocuria palustris
9 - -

Both Gram-positive and Gram-negative bacteria were
isolated from the package surfaces of the sampled medical
products. Identified Gram-positive bacteria included micro-
organisms commonly found in the air (Micrococcus spp.),
soil and water (Kocuria spp., Bacillus spp., Paenibacillus
spp.), and the microbiota of human skin (Staphylococcus
warneri) and upper respiratory tract (Corynebacter spp.).
Gram-negative bacteria included those found in soil and
not forming spores: Pseudomonas koreensis, Sphingomonas
paucimobilis and Rhizobium radiobacter.

DISCUSSION

The study analyzed microbiological contamination of
syringes with composite filling materials brought from
three different settings of dental practice. Comparison of
the results found that in two dental offices, no bacteria were
found on the surface of one composite package, however,
a relatively small growth of microorganisms was detected
on the surfaces of all other samples tested.

Although dental facilities follow the highest hygienic
standards, some authors indicate a high risk of cross-infec-
tion when using syringes containing composites. Consider-
ing dental surroundings, the highest concentration of micro-
organisms in dental office is in the patient’s mouth [12].
Oliveira et al. [11] and Batista et al. [9] indicated a high
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risk of contamination of composite resins through direct
contact, where the operator could transfer the infectious
agent from the patient through gloves or dental tools. The
hands of dentists, often contaminated with patient’s saliva or
blood, are the main carriers of etiological agents to various
surfaces, including syringes with composite resins.
Ferreira et al. [13] carried out research in dental clinics at
the University of Manaus and observed the growth of Gram-
positive and Gram-negative bacteria, yeasts and molds on
the surfaces of 12 (92.3%) syringes with composites used by
students during dental procedures. Also Almeida et al. [8]
assessed the contamination of 55 composite resin samples
used in various dental offices, of which 44 (80%) samples
were contaminated by coagulase-negative Staphylococcus
spp. (47.2%), coagulase-negative Staphylococcus spp. and
Bacillus spp. (16.3%), and Bacillus spp. (12.7%) and Asper-
gillus spp. (3.6%). In addition, the study by Aleixo et al. [14]
showed enhanced contamination of the external surfaces of
52 (86.6%) syringes with composites. Moreover, Batista et
al. [9] observed contamination of 46.15% of syringes with
composites, while, Cardoso et al. [15] found 100% contami-
nation of resin samples detected as early as the first use of
the filling. Only studies by Oliveira et al. [11] showed no sta-
tistically significant contamination of composite materials.
The results of conducted analyses confirm the possibility
of cross-infection spread in dental offices and draw atten-
tion to the need of using protocols to deal with potentially
infectious materials. Compliance with the disinfection and
sanitization rules allows the spread of microorganisms to be
limited. Indeed, Silva and Jorge [16] confirmed that disinfec-
tion can help reduce microbial contamination of the materi-
als that cannot be sterilized. Still, it is extremely important
to be aware of the risk of cross-infection in dental offices
and dental educational facilities, as well as their prevention.

CONCLUSIONS

The tests evaluating the contamination of dental package
surfaces with aerobic bacteria confirmed high hygiene
standards observed in the dental offices from which the
packages were brought. No microbiological contamination
was found in 2 out of 9 packages tested. On the surfaces
of other packages, several to several dozen microbes were
found, but at less than 100 CFU/unit package. This value is
a conventional value considered as an acceptable level of
contamination for packaging containing non-sterile phar-
maceutical products.

The microbiological media used for testing, among
others, thioglycolate broth for sterility testing of medici-
nal and medical products on which most microorganisms
can grow, found no microorganisms representing oral or
nasopharyngeal microbiota. The transmission of etiological
infectious agents in dental offices was effectively reduced
due to following the rules of disinfection and sanitization.

Cross-infection control is based on continuous analysis
and monitoring of potential sources of infection. The system-
atic development and implementation of detailed protocols
for dealing with potentially infectious materials prevents
the spread of infectious diseases and ensures health safety
for medical personnel and patients.
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