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Cross infection in the dental clinical environment remains 
a low priority in conversations around oral health care 
despite the high risk of exposure to blood and airborne 
infections. 

The aim of this study was to determine the presence of 
selected pathogens after use of disinfectants on specific 
dental environmental surfaces at a public oral health faci- 
lity in KwaZulu-Natal.

This was a cross-sectional descriptive case study with a 
non-experimental design. The dental clinical environment 
was divided into four zones and 9 dental units were sys- 
tematically selected. 

Swabs were collected from the 26 identified areas at  
specific time intervals (7.00, 9.00, 11.00, and 16.00) after  
the use of chlorine, ethanol (70% in water) and glutaral- 
dehyde (2%) as surface disinfectants. The collected swab 
samples were cultured in nutrient agar media for two days 
at 37°C. The colony forming units were then examined  
and characterized using the MALDI-TOF spectrometer. 

Out of the 312 samples taken, 262 (84%) were shown  
to be bacterial culture positive. The most contaminated 
areas in the dental environment were around the chair 
area (86.53%) and the area away from the chair (92%).  

Glutaraldehyde was found to be more effective than 
chlorine and ethanol.

The study suggests an association between the fre- 
quency of cleaning, the type of disinfectant used and the 
bacterial microbial count on the specified dental environ- 
mental surfaces at  the identified oral  health  facility. 

Infection control, disinfectants, dental environment, 
bacteria, cross-infection (contamination).

Cross-contamination in the dental clinical environment 
should be a major public health concern given the high  
risk of exposure to blood and airborne infections how- 
ever this remains a low priority in conversations around 
oral  health care.1 

The greatest potential for cross-infection is among dental 
operators, assistants and patients, due to the presence 
of a combination of blood, saliva and contaminated in- 
struments.1 Apart from these possible sources of cross 
contamination, the environmental work surfaces and water 
lines of dental units could pose a potential risk unless 
optimal infection control  measures are in  place.2 

Patients have the right to access oral health care in a  
safe and healthy clinical environment.3 Universal precau- 
tions in infection control include hand washing/disinfec-
tion; use of personnel protective equipment (e.g. gowns, 
protective eye wear, and gloves); use of disinfectants for 
clinic surface cleaning; and appropriate handling and 
disposal of contaminated sharp instruments and other 
clinical waste.4,5
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Ideally all vegetative microbes should be destroyed using 
heat sterilization procedures, however, it is neither cost 
effective nor practical to sterilize dental working surfaces 
or instruments that are heat sensitive.6 Disinfection pro- 
vides a more practical solution for ensuring prevention 
of cross contamination.1 Disinfection is characterized by 
killing, destroying or removal of all pathogenic microbes, 
except spores.6,7 

There are various disinfection methods, which include 
physical disinfection, heating and chemical disinfection.8 
The disinfectants used in most hospital settings include 
aldehyde, alcohol, Iodophors, quaternary ammonium com- 
pounds, alcohol ammonium and peroxygenated com- 
pounds.9 The effectiveness of a disinfection solution 
is dependent on factors such as the type of microbes 
present, the concentration of the chemical used, and  
its exposure time to the affected microbes.10

Environmental surfaces are classified as clinical (medical) 
contact and housekeeping surfaces.11 Clinical contact 
surfaces are those that comes in contact with contamina- 
ted devices, instruments, hands, or gloves, while house- 
keeping surfaces are not touched directly during the  
delivery of dental care.11 Damp dusting is a common  
disinfection procedure in the dental clinical environment.12 

This study arose of the need to investigate the effective- 
ness of commonly used surface disinfectants on dental 
environmental surfaces. There is paucity of published  
literature that specifically examined the efficacy or effec- 
tiveness of commonly used surface disinfectants in oral 
health clinical settings in South Africa.13 The aim of this  
study was thus to determine the presence of selected 
pathogens after use of disinfectants on specific dental  
environmental surfaces at a public oral health facility 
in KwaZulu-Natal.

 

This was a cross-sectional descriptive case study using  
a non-experimental design. Ethical clearance was ob- 
tained from the UKZN Biomedical Research Ethics 
Committee (BREC reference number: 068/16) and the 
KZN Department of  Health.
(Reference number: 26/16 KZ-2015RP12-306). 

Systematic random sampling was used to select 9 den- 
tal units for the study. All dental units in the oral health 
facility (n =17 ) were considered and those numbered:  
1, 3, 5, 7, 9, 11, 13, 15, 17 were selected for the study.  
The dental clinical environment was divided into four 
zones: 

1. Working area around the dental operator/assistant 
(chair head rest, arm rest, foot rest, dental hand pieces, 
overhead light source, air water syringe tip, spittoon, 
suction hose, base of dental chair, dental chair, foot 
pedal/control, instrument counter and handle).

2. Area behind the dental chair (wash basin, window, 
wall, table top, dust bin, taps).

3. Area away from the dental chair (computer processing 
unit, computer monitor, telephone, floor).

4. Reception area (patient chairs, reception table top). 

All of these areas added up to 26 surfaces that were 
sampled at each of the nine units. Swabs were collected 
from the identified areas at 7.00 in the morning prior to the 
normal infection control and cleaning procedures that are 
conducted in the clinic (pre-disinfection).

Disinfectants such as Chlorine, ethanol (70% in water) 
and Glutaraldehyde (2%) were applied respectively as 
indicated below.

Day 1: Chlorine:
Chair 1: 26 swabs at 7.00 am after cleaning and 
 at 9.00 am.
Chair 3: 26 swabs at 11.00 am.
Chair 5: 26 swabs at 16.00 pm. 

Day 2: Ethanol:
Chair 7: 26 swabs at 7.00 am after cleaning and 
at 9.00 am.
Chair 9: 26 swabs at 11.00 am.
Chair 11: 26 swabs at 16.00 pm.

Day 3: Glutaraldehyde
Chair 13: 26 swabs at 7.00 am after cleaning and 
at 9.00 am.
Chair 15: 26 swabs at 11.00 am.
Chair 17: 26 swabs at 16.00 pm.
  
This was done by using a spray method, as per the 
manufacturer’s instructions on the 26 sites and wiped 
with a cloth for one minute. The procedure of obtain- 
ing the swab samples was done by dipping cotton 
tipped swabs in sterile water using hand-held applicators  
(Sterilin, England), which were pre-moistened with sterile 
normal saline. These applicators were gently agitated/
rotated over the desired environmental surface. 

A pilot study was conducted on dental units that were  
not a part of the identified clinical area so as to address 
any challenges in the data collection process.

The swabs were stored below 23°C, after which they 
were taken to the microbiology laboratory for plating 
on nutrient agar and incubated at 37°C for 24 hours  
to enable microbial growth. 

Colony forming unit (C.F.U.) counts on plates were 
checked for the highest number of different colonies 
after use of the disinfectant. This resulted in 104 swabs 
being collected after use of one disinfectant, with a  
total of  312 swabs for  the three disinfectants.

The microbial colonies were differentiated by obser- 
vation and sub-culturing was done either in bacterial  
or fungal species and other criteria such as growth  
on the specific growth media used, in addition to the 
MALDI TOF (Becton Dickinson Diagnostic Instrument 
System, Sparks, MD). All bacterial isolates were stored 
at very low temperature i.e. at -80°C in Trypticase  
soy broth with 10% glycerol and recovered at 37°C in 
Nutrient Agar  medium prior  to  use. 

METHODS

Areas of sampling

Disinfectants used

Procedure for culture growth and assessment
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Primary subcultures were used for MALDI-TOF MS 
analysis. The mass spectra were deposited in triplicate 
batches for each new strain. The same experiment  
was repeated the following day to ensure reliability 
of the test. A main spectrum (MSP) of the standard  
control strain was created to ensure correct identifica- 
tion of all peaks between the genera and the recom- 
mended score of 2.9 was used as the ideal detection 
score for the genus and species detection.

The first step of the analysis involved visual assessment of 
the colonies on the agar plates. This involved identifying 
the morphology of the different bacterial growths and  
the presence of C.F.U counts. The second step of the 
analysis involved sub-culturing of a specific CFU colony. 
The colony with the highest healthy C.F.U. count was 
selected for sub-culturing.

The identified colony was picked up using the tip of a 
toothpick. Subculture colonies were grown on selective 
media such as MacConkey agar for Gram-negative 
bacteria. S. aureus was isolated using Manitol salt agar. 
Enterobacter species was isolated using Bile salt agar. 
The third step of the analysis was the species identifica-
tion of the unknown isolates through the use of MALDI 
Biotyping.

The bacterial growth in the samples was checked before 
the application of the disinfectant, and this became the 
control measurement. This data was compared with the 
four selected areas (chair side area, area behind chair,  
area away from chair and reception area).

The colonial growth on the MALDI-TOF machine was 
checked and compared with the experimental bacterial 
spectra with the regulator group spectral bacteria (Bruker 
Bacterial Test Standard (BTS) and E. coli DH5 alpha).  
The microbial count was determined and compared 
after use of disinfectant at a specific time interval (the 
7.00 am data was compared to the 11.00 am results).  

The viable colony forming unit count (C.F.U.) in the  
range of 10 to 100 was considered to create infection. 
The key quality assurance process was the identifica-
tion of each colony forming unit’s molecular mass which 
was then compared to the bio-information repositories  
in MALDI-TOF.

Univariate descriptive statistics such as frequency and 
mean distribution were conducted for all variables. An 
inferential technique such as the Pearson chi-squared  
test was used to determine a relationship between the  
use of the specified disinfectants and positive bacterial 
growth. A level of p<0.05 was established as being  
statistically significant.

Altogether 312 swabs samples were collected from vari- 
ous sites and 262 samples (84%) were found to be cul- 

ture positive.  Almost ten different species of bacteria and 
fungi were isolated, with Staphylococcus and Bacillus spp 
being the most commonly isolated. 

The most frequently isolated bacteria were Gram-posi- 
tive cocci (CoNS, Enterococcus spp and S. aureus),  
and Gram-negative enteric bacilli (Escherichia coli and 
Klebsiella pneumoniae). Other strains such as Bacillus 
megaterium, Neisseria species and Enterobacter cloacae 
were confirmed by the MALDI-TOF.
 
In total, 78 samples were taken pre-disinfection and all 
samples (100%) showed bacterial growth. After use of 
chlorine 68 samples out of 78 (87%) showed bacterial 
growth. Six different bacterial strains were observed 
(Staphylococcus, Bacillus Enterococcus spp, S. aureus, 
Escherichia coli and Klebsiella pneumoniae). 

After the use of ethanol, 61 samples out of 78 (78%)  
showed bacterial growth and two different bacterial  
strains were observed (Bacillus and Staphylococcus spe- 
cies). After the use of Glutaraldehyde, 53 samples out 
of 78 (68%) showed bacterial growth and only one  
bacterial strain was observed (Staphylococcus species). 

The contaminated areas in the dental clinical environment 
included the working area around the dental operator/as- 
sistant where 135 out of 156 samples (86.5%) had posi- 
tive bacterial growth. This was followed by the area be- 
hind the chair where 59 out of 84 (70.2%) had positive 
bacterial growth. Alarmingly, the area away from the dental 
chair had higher levels of positive bacterial growth (92%).  

The microbial count (CF.U.) for the identified areas of the 
dental clinic are presented in Table 1. The microbial count 
in the reception area before the application of disinfectants 
was high, and remained high despite the application of 
disinfectant at different time periods in the day. All samples 
in the reception area (n=24; 100%) showed positive bac- 
terial growth, which suggested that the reception area  
was more contaminated than the dental operating area. 

The percentages of microorganism growth after disinfec- 
tion procedures at specific time intervals are indicated in 
Table 2. Glutaraldehyde was the most effective disinfec-
tant at all tested times (mean=17.66, p=0.01) followed  
by Ethanol (mean = 20.33). Chlorine was the least effec- 
tive at all  tested times (mean=22.66).

The results of this study indicated that the microbial count 
on dental environmental surfaces (pre and post disinfec-
tion) was fairly high. Staphylococcus species were found  
on various surfaces of  the dental clinic. 

These findings are in contrast with Umar et al. who 
reported that Staphylococcus aureus and coagulase- 
negative Staphylococcus (CONS) constituted only 6% and 
5% respectively of  their  isolated  bacterial  strains.14

Microbiological analysis

Statistical Analysis

RESULTS
Types of pathogens identified in dental clinic 

Most contaminated areas of the dental clinic  
post-disinfection 

Level of contamination at different time intervals

DISCUSSION
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Although this study focused on surface microbial count, 
these findings are similar to those reported in studies 
that examined airborne microbial load within the dental 
operating area.15,16 The use of high-speed dental hand 
pieces (including those combined with a water spray) 
could potentially create aerosols which could increase risk 
for cross infection in the dental clinic.17,18 The presence of 
Staphylococcus species in  this study could be attributed 
to its presence in the human body and it may suggest poor 
hand hygiene procedures or disinfection procedures.19 
Mehtar et al. further observed in their study that infection 
control practices were sub-optimal despite the availability 
of related information on universal precautions for dental 
personnel.20 

This study findings also indicated that colonies of Es- 
cherichia coli and Klebsiella pneumoniae species were 
isolated. This is consistent with Umar et al. who reported 
that almost 40% of their study samples were contaminated 

by bacterial colonization and included nosocomial spe- 
cies such as Staphylococcus aureus, Klebsiella pneu- 
monia, and Enterococcus species.14 

The authors suggested that use of mobile phones by den- 
tal practitioners in the clinical environment could be re- 
sponsible for the spread of these nosocomial pathogens.14 
The fact that these microorganisms can survive in the 
hospital environment increases the risk of cross infection  
in  immuno-compromised and other patients.21 Additionally 
Molepo et al. reported Escherichia coli as the least com- 
monly isolated organism present in their study post dental 
treatment while coagulase-negative staphylococci (84%) 
was most predominant microorganism found on conta- 
minated dental  bib chains.22 

Laheij et al. pointed out that more research is required to 
assess risks of cross infection associated with viral and 
bacterial infections in dental settings.23 However Kannan 

Table 1. Microbial count (C.F.U. count) present at different surfaces after use of disinfectants.

Chlorine Ethanol Glutaraldehyde

Area/Time

Chair side area: 135 out of 156 samples (86.5%) positive for bacterial growth

Head rest 20 60 30 60 50 20 30 50 >100 1 50 50

Arm rest 30 25 >100 25 40 10 >100 70 10 50 50 50

Foot rest 20 100 >100 >100 25 25 >100 90 20 0 50 50

Air-rotor 25 0 40 20 40 0 0 20 50 0 0 3

Light source 3 0 4 40 3 0 60 20 3 5 50 10

Air water syringe tip 1 0 >100 40 3 0 50 60 20 0 20 5

Spittoon 20 20 60 20 30 30 0 30 100 10 50 60

Counter top 20 >100 0 10 30 0 0 30 10 0 0 0

Suction hose >100 0 0 >100 >100 0 20 >100 50 0 20 50

Chair base 30 >100 10 20 30 30 >100 50 50 50 10 20

Dental stool 30 20 15 30 30 25 20 20 50 10 0 10

Foot controller >100 30 70 >100 >100 20 60 >100 >100 25 20 50

Handle 4 >100 10 16 4 30 30 30 40 0 0 10

Area behind chair: 59 out of 84 samples (70.23%) positive for bacterial growth

Wash basin 25 50 50 50 30 40 20 30 10 4 10 20

Window 20 0 0 0 24 0 0 30 30 0 0 0

Wall 2 5 9 5 2 0 0 5 28 0 - 50

Table top 4 20 10 20 6 0 >100 30 50 3 - 10

Dust bin >100 20 >100 20 >100 0 >100 90 20 - 5 50

Tap 20 5 >100 5 30 0 0 50 50 0 0 10

Area away from chair:  44 out of 48 samples (92%) positive for bacterial growth 

CPU 30 40 >100 40 36 0 10 30 >100 0 5 5

Computer Screen 50 30 >100 30 50 0 10 20 50 0 0 0

Telephone 70 15 3 5 50 10 10 20 50 - 5 50

Floor >100 150 >100 150 >100 100 >100 >100 70 10 50 50

Reception area: All samples (24, 100%) positive for bacterial growth

Chair >100 40 80 >100 >100 10 60 >100 100 50 60 100

Reception table top 20 20 60 >100 20 12 50 >100 >100 60 100 60
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Table 2. Bacterial growth after use of disinfectants.

Frequency of disinfection Chlorine 70% Ethanol 2% Glutaraldehyde

7.00 am (pre-disinfection) 26 (100%) 26 (100%) 26 (100%)

9.00 am 21 (80%) 15 (56%) 13 (52%)

11.00 am 23 (88%) 21 (80%) 19 (74%)

± 16.00 pm (end of the working day) 24 (92%) 25 (96%) 21 (82%)
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et al. postulate that aerobic and anaerobic spores will 
exist in the dental clinic despite stringent disinfection  
procedures.24 Thus more research is required to isolate 
the various microbial strains that could contaminate the  
dental workplace.

Glutaraldehyde and ethanol had more effect on the iden- 
tified in vitro bacteria. Glutaraldehyde appeared to control 
most of the bacteria, except staphylococcus species.  
These findings are consistent with Almeida et al., who 
reported that 2% glutaraldehyde was the only efficient 
method in their study to control microbial growth on 
orthodontic pliers when compared to ethyl alcohol 70% or 
soap and water.25 

Ethanol also controlled most of the bacteria, except Ba- 
cillus and staphylococcus.26,27 Ethanol could therefore be a 
low-level or intermediate surface disinfectant. This finding  
is supported by Ribeiro et al. who reported that ‘disin- 
fection of semi-critical products (such as mouth mirrors  
and amalgam condensers) with alcohol 70%, or in an ap- 
proximate concentration, may be reached for both pro- 
ducts that are previously cleaned and for the ones which  
are not.28:750 

Chlorine® was not active against many bacteria, since  
six different bacterial species were isolated, which was 
higher than ethanol and glutaraldehyde. Chlorine can thus 
be considered the weaker disinfectant for bacteria, with  
its possible resistance being attributed to its prolonged  
use in  the hospital. 

Although there is much debate around the efficacy of 
Chlorine® as a disinfectant, a recent study concluded 
that surface cleaning with 0.5% chlorine solutions (using 
a 15-min exposure time) could be effective in reducing  
risk of  viral  transmission.29

Thus the selection of a disinfectant must include other  
factors such as its toxicity, chemical content, stability,  
cost, degree of microbial killing required, potential damage  
to instrument and ability to kill microorganisms rapidly.30  
More research is required to further unpack these other  
considerations.

 

In this study, almost 87% of clinical surfaces were con- 
taminated. It should be noted that the area around the  
chair had high levels of contamination levels despite the 
existing infection control procedures. 

This finding is supported by Castalia et al. who also 
observed high levels of microbial load at the beginning  
of the working day.31

This study findings indicate that disinfection processes 
at the identified oral health facility is inadequate, sub- 
optimal and could actually be contributing to the infec- 
tion chain. There is an urgent need to review the current 
infection control procedures and protocols, including a 
review of the type of surface disinfectants used. 

The frequency of disinfection (damp-dusting and house- 
keeping) should be reviewed, given the number of pa- 
tients seen at the facility. It is also imperative that simple 
procedures such as awareness of hand hygiene prac- 
tices are implemented and prioritized. In addition, there 
should be dedicated infection control monitoring and 
evaluation processes. 

Although the study provided interesting insights into the 
comparative effectiveness of surface disinfectants against 
identified bacterial growth, some limitations were noted. 
The study focused only on bacteria that were identified  
on the MADI-TOF database. 

The study did not investigate any other resistant strains 
of bacteria. The use of blood agar media to support in 
vitro pathogenic bacterial growth could be explored in 
future studies.32 The study also focused exclusively on 
bacteria and did not investigate other microbes that 
could contribute to the cross-infection chain. More re- 
search is needed to explore this  relationship further.

The study suggests an association between the frequen- 
cy of cleaning, the type of disinfectant used and the  
bacterial microbial count on the specified dental envi- 
ronmental surfaces in the identified oral health facility. 

Staff at the Catalysis and Peptide Research Unit (UKZN) 
for guidance and support in the laboratory component 
of this study. Adeola Shobo for his technical assistance  
with the MALDI-TOF machine.

The authors declare no conflict of interest.

This paper forms part of a Masters dissertation for the  
first author. A scholarship of R25, 000.00 was obtained 
from the College of Health Sciences, UKZN.

1. The protocols for infection control in the dental clinic 
needs to be reviewed.

2. The frequency of cleaning and the type of disinfectant 
used, needs to be reviewed.

3. Further research is required to identify other types of 
microbial activity on dental environmental surfaces. 

4. Infection control procedures should be further empha- 
sized in the undergraduate training programme.

5. Likewise, all members of the dental team (clinical and 
non-clinical staff) should have ongoing training in in- 
fection control.
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