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Contamination level of unused
gloves in King Saud University

dental clinics
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Alrasheed?, Reem M Aldosary?, Tala M Alsulaim?

ABSTRACT

Objective: The present study aims to measure the contamination level of gloves
contained in an open box during dental procedures in the clinics of King Saud
University, Dental Hospital, Riyadh, Saudi Arabia. Methods: a prospective in-
vitro study for evaluating the contamination level of unused non-sterile latex
gloves in dental clinics. Distance between the glove box and the dental chair
was measured and grouped into two categories. The boxes were numbered
and swabbed before opening. Two additional swabs were collected from the
unused gloves at the beginning and end of each clinical session. The sample
was then evaluated to identify type of bacteria and number of colonies.
Results: 57.5% of contaminated second gloves were within 135cm distance
while 70.83% of non-contaminated second gloves were located further than
135cm of the dental chair. For any given second glove placed more than
135cm, there is a decrease of 1.34cfu/ml compared to second gloves placed
within 135cm. Conclusion: the study findings necessitate the importance of
placing exposed glove boxes no less than 135cm from the source of aerosols to

reduce the risk contaminating unused gloves.

Keywords: microbiology, dental, infection control, aerosols, contamination

1. INTRODUCTION

Microorganisms contaminating objects and surfaces are responsible for
causing various types of infections (Fauci and Morens, 2012; Scott and
Bloomfield, 1990). Many of these infections are transmissible through different
modes including contact with contaminated objects (Antonovics et al., 2017;
Fauci and Morens, 2012; Scott and Bloomfield, 1990). Overall, the rate of
communicable diseases in Saudi Arabia is decreasing due to the major
advances in healthcare services. However, there is a current emergence of new
infections that are requiring greater efforts for preventing these infections
(Memish et al, 2014). Hospitals and clinical settings are particularly
considered a more favorable environment for infection transmission.
Furthermore, pathogens could live on contaminated surfaces and instruments
for up to months in the absence of infection control measures (Kramer et al.,
2006). This is especially true in dental clinics, in which aerosols are products of

air-driven devices and ultrasonic scalers that are routinely used in dentistry
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(Castiglia et al., 2008; King et al., 1997). Microbial aerosols are usually less than 50um in diameter suspended in the air during many
dental procedures, particularly dental scaling (Micik et al., 1969; Bennett et al., 2000). Thus, aerosol contamination is a major source
of infection not only to patients but also to dental staff members (Micik et al., 1969). These droplets can contain saliva, blood,
restorative materials or dental plaque (Bennett et al., 2000).

Respiratory diseases such as tuberculosis and Methicillin-resistant Staphylococcus aureus (MRSA) are common examples of
diseases that can be transmitted through these mediums (Harrel and Molinari, 2004; Bentley et al., 1994). It has been found that
those aerosols can travel in an upward vertical way and form a cloud of small droplets that extends to the operator. Moreover, fine
aerosolcan reach surfaces more than ahalf-meter (60cm) away from the procedure (Bentley et al.,, 1994). The use of an antiseptic
mouth rinse before dental procedures has been reported to reduce the number of microorganisms in the spreading aerosols and
hence decrease their ability to cause infections (Marui et al., 2019). Other precautions recommended by the “Centers for Diseases
Control” (CDC) include the use of disinfectants and avoiding direct contact through the use of masks and gloves. These
recommendations, if properly implemented, can effectively reduce the spread of infectious diseases (Kohn et al., 2003). It is worth
noting that glove boxes are kept open in some dental clinics, thereby being exposed to the environment that is usually contaminated
with air-prone aerosols (Chuang et al., 2014). This can make them vectors spreading infectious microorganisms from one patient to
another rather than a protective measure (Hughes et al., 2013).

Previous studies have investigated the contamination rates of unused non-sterile gloves contained in an open box in different
hospital settings (Ferreira et al., 2011; Hall et al., 2014; Diaz et al., 2008). It was documented that unused non-sterile gloves exposed
to the hospital environment are contaminated and have a serious role in transmitting infections. Moreover, recommendations such
as modifying glove withdrawal techniques and improving hand hygiene were suggested (Hughes et al., 2013). However, in another
study when aseptic and typical glove withdrawal techniques were compared, it was found that there is no statistical significance in
the difference of microbial quantity implying that their exposure to the environment is the main source of contamination (Ferreira et
al., 2011).

Despite that, evaluating the effectiveness of infection control measures although not mandatory, but yet, would still help in
improving them (Bracher et al., 2019). Little information is available in the literature regarding the contamination level of open box
gloves in a dental environment. Due to the nature of the dental procedures, gloves in an exposed box may be at greater risk of
contamination (Chuang et al., 2014). Therefore, this study aims to investigate the level of microbial contamination of unused boxed

examination gloves in the clinics of King Saud University dental hospital in Riyadh, Kingdom of Saudi Arabia.

2. MATERIALS AND METHODS
The study was conducted during the academic year 2020-2021 starting in July 2020 and concluded during September 2021. This is a

prospective in-vitro study for evaluating the contamination level of unused non-sterile latex gloves (Topamm, Malaysia) in the
dental clinics at King Saud University Dental Hospital, Riyadh, Kingdom of Saudi Arabia. Institutional Review Board and Ethical
clearance were obtained from the institutional ethical committee at College of Medicine, King Saud University No. (E-20-4925). A
sample size of 128 gloves (64 pairs) was swabbed in this study prior and after glove exposure to dental setting. This sample size was
chosen conveniently and with covid-19 clinical and laboratory restrictions. At that time period in the dental clinics of Kind Saud
University, the sample size was limited to 64 pairs. Additionally, the external surface of each of the 64 glove boxes was swabbed to
verify if it had any prior contamination due to shipping or storage.

The distance between the glove box and dental chair was measured and grouped into two categories: more than 135 cm and
equal or less than 135 cm. All boxes were placed on the same height of 125cm above ground level. The nature and intent of the
study were not disclosed to the dental staff to avoid any changes to the standard employed routine. The boxes were numbered and
swabbed before opening. The swabbing technique was conducted by using a sterile dry cotton applicator dipped in sterile distilled
water and rolled over the intended surface. Two additional swabs were collected from the unused gloves at the beginning and end
of each clinical session. Proper hand hygiene was done before taking the gloves to avoid contaminating the gloves prior to
swabbing.

All collected swabs were rolled over plates that have brain heart infusion agar (BHI) (HiMedia, India) and were incubated at
37C° for 24-48 hours. Any bacterial growth after the incubation period was considered as contamination. The sample was then
evaluated to identify the type of bacteria and the number of colonies. Statistical analyses used in this study include descriptive
statistics, Chi square, two-sample t-test, and linear and logistic regression models. P-values less than 0.05 were considered
statistically significant. All statistical analyses were conducted using Statal4 statistical package.
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3. RESULTS

A total of 64 glove boxes were used in this study, in which 3 swabs were taken from each sample. These include swabbing the outer
surface of the box, the first glove when opening the box, and the exposed glove after the procedure. 46.88% of samples were placed
within 135 cm distance of the dental unit while 53.12% were placed further than 135 cm distance of the unit. The average levels of

contamination measured at each swab are shown in Table 1.

Table 1 The average levels of contamination measured at each swab for the total
sample of 64 boxes and 128 gloves.
. Second glove
Box outer surface | First glove
(After procedure)

N of samples with no

17 (26.6%) 28 (43.8%) 24 (37.5%)
growth (%)
N of samples with
bacterial/fungal growth | 47 (73.4%) 36 (56.2%) 40 (62.5%)
(%)
Average CFU\ml 3.19 cfu\ml 2.60 cfu\ml 3.01 cfu\ml

While the first glove contamination had no association with distance, the contamination level varied for the second glove that
was placed within 135 cm from the dental chair compared to those that were placed further away than 135 cm. 57.5% of
contaminated second gloves were placed within 135 cm distance while 70.83% of non-contaminated second gloves were placed
further than 135 cm of the dental chair (y*(1, N= 64) =4.83, p-value=0.028). Both linear regression model and two-sample t-test
showed a significant association between the distance and average cfu/ml for the second glove. For any given second glove placed
more than 135 cm, there is a decrease of 1.34 cfu/ml compared to second gloves placed within 135 cm from the dental chair (p-
value=0.04). Logistic regression indicating 70% decreased odds for second gloves to be contaminated when placed further than 135
cm compared with second gloves when placed within 135 cm (p-value=0.031). The average levels of contamination measured for

each glove by distance are shown in Table 2.

Table 2 The average levels of contamination measured at each swab for the total
sample of 128 gloves (64 pairs) by distance.
) Second glove
First glove
(After procedure)*

Distance <135 cm >135 cm <135 cm >135 cm
N of samples with no

13 (46.4%) 15 (53.6%) | 7 (29.2%) 17 (70.8%)
growth (%)
N of samples with
bacterial/fungal growth 17 (47.2%) 19 (52.8%) | 23 (57.5%) 17 (42.5%)
(%)
Average CFU\ml

i Ref -0.1cfu\ml | Ref -1.34cfu\ml**

Difference
*p-value<0.05 for chi square test of independence
**p-value<0.05 for two-sample t-test

The bar chart in Figure 1 shows a comparison between first and second gloves average contamination level by distance. The bar
chart in Figure 2 demonstrates the number of after procedure glove samples for each range of colony-forming units collected within
different distances of the dental unit. 12 out of 64 boxes sampled had fungal growth which accounts for 18.25%, while only 5 out 128
gloves had fungal contamination. Fungal organisms identified and weremainly Aspergillus Fumigated and Rhizopus. Types of

microorganisms found are illustrated in Figure 3.
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Il First Glove
Bl Second Glove

Avarage CFU/ml

<135¢m >135¢m
Distance
Figure 1 A comparison between first and second gloves average contamination level by distance. Average CFU/ml in varying
distances of first glove is similar (2.7CFU/ml, 2.5CFU/ml) compared to differences noted in the second gloves in which distances
less than 135cm had more average CFU\ml (3.7CFU/ml, 2.3CFU/ml).

20

I <135cm
15 I >135cm

N. of after procedure gloves
=

0-2 3-5 6-8 9-11
CFU count

Figure 2 Contamination burden of after procedure gloves sampled. Bar chart demonstrating the number of after procedure glove

samples for each range of colony forming units collected within different distances of dental unit.

Type of Organism

B 405% Pseudomonas stutzeri

B 43.93% Staphylococcus warneri
B /4.45% Unidentified

B 72.72% Unidentified

[ 9.83% Staphylococcus lentus

B 7.51% Fungus

[ 7.51% Sphingomonas paucimobilis

Figure 3 Pie chart on types of microorganisms found in all swabbed samples
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4. DISCUSSION

Aerosols contamination in dental clinics is a result of using high-speed hand-driven devices. Most of these instruments are used
heavily in restorative dentistry and hygienist clinics. It was reported that ultra-sonic scalers used for dental scaling produce the
highest amount of aerosol compared to other instruments (Bennett et al., 2000; Harrel and Molinari, 2004). In this study, clinics that
have been selected used either ultra-sonic scalers or high-speed hand pieces. According to the results, 73% of the boxes were
contaminated before use or exposure; this contamination could have arisen in the manufacturing, shipping or storage process of
these boxes (Berthelot et al., 2006). Accordingly, the contamination of the boxes has affected the first glove sample immediately after
opening the box without being exposed to any dental working environment, this also confirms that the contamination is mostly due
to manufacturing contamination (Ferreira et al., 2011; Berthelot et al., 2006). Additionally, this could also result from handling
techniques despite proper hand hygiene before sampling. The testing of the first glove was made to act as a baseline before
subjecting the box to the dental environment.

It was noted that the distance at which the gloves were placed had a significant association with average CFU\ml. A recent
study found that 1.5m and beyond had no association or increase in bacterial contamination (Zemouri et al., 2020). Moreover,
another study have reported that any object within <100cm from dental scaler had a risk of contamination (Chuang et al., 2014). This
finding necessitates the importance of placing the glove box, if not covered, at a distance more than 135 cm from the patients” head.
The obtained microorganisms were analyzed and were categorized into fungal or bacterial microorganisms. Both fungal and
bacterial microorganisms can cause devastating effects on patients especially immunosuppressed or medically compromised.
Fungal contamination was mostly noted in either the box outer surface or on the first glove. Upon examination they consisted
mainly of Aspergillus Fumigatus and Rhizopus. According to the British society for immunology, Aspergillus Fumigatus can cause an
array of diseases when inhaled including chronic lung diseases (chronic pulmonary aspergillosis). Regarding Rhizopus, it canlead
to rare diseases such as Rhinocerebral Mucormycosis. These two organisms are well known to be naturally appearing in nature but it
can also be seen as an occupational risk for the patients or the staff. A similar study reported similar fungal contamination when
sampling private dental clinics in Riyadh (Almutairi et al., 2019).

Regarding bacterial contamination, all species mentioned in Figure 3 are widely found in nature especially water and soil, but
they can act as an occasional human pathogen. Staph, species detected were Staphylococcus warneri and staphylococcus lentus, both
have been reported to cause serious infections (Kamath et al., 1992; Naik et al., 2015). Sphingomonas paucimobilis was also present in
8% of the sample and is known to be infectious in immunocompromised patients (Bennett et al., 2014). On the other hand,
pseudomonas stutzeri rarely leads to serious community or nosocomial acquired infections, but in cases where it affects patients, they
usually have a serious underlying disease but generally respond to treatment with antibiotics (Noble and Overman, 1994). These
bacteria types were seen in other studies which indicate their abundance in the environment (Kimmerle et al., 2012; Zemouri et al.,
2020).

A limitation of this study is that only bacterial and fungal contaminations were measured, viruses were not. Viruses are much
smaller and could travel greater distances and in light of the COVID-19 virus, there is a high possibility of transmission through
droplets to a higher distance than what is measured in this study. Taking in hand the new recommendation by the”Centers for
Disease Control” (CDC), proper room ventilation is advised. In addition, keeping gloves boxes unexposed to the dental
environment could potentially reduce the risk of gloves contamination. Moreover, there was a lack of randomization in clinic
allocation; clinics used in the study were chosen according to their availability at that time. The inability to maintain a sterile clinical
environment also needs mentioning in this regard. Future randomized trials investigating both bacterial and viral contamination

including dental clinics operating different specialties are needed in the future.

Clinical Relevance

Scientific rationale of the study: aerosols contamination in dental clinics is a result of using high-speed hand-driven devices; most of
these instruments are heavily used in restorative dentistry and hygienist clinics. We wanted to measure the level of contamination
of unused gloves in dental clinics due to aerosols generating dental procedures. Principal findings: the study findings necessitate
the importance of placing the exposed glove box at a further distance than 135cm from the source of aerosols to reduce the risk of
contamination. Practical implications: hospitals and dental clinics have to assure strict protocols and guidelines for placing glove
boxes inside dental clinics as well as for handling and storing gloves as newly collected boxes from stores or gloves from newly

opened boxes might get contaminated prior to dental procedures.
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5. CONCLUSION
A total of 64 glove boxes and 128 gloves were sampled from dental clinics at King Saud University Dental Hospital. 57.5% of

contaminated second gloves were placed within 135cm distance while 70.83% of non-contaminated second gloves were placed
further than 135cm of the dental chair. For any given second glove placed more than 135cm, there is a decrease of 1.34cfu/ml
compared to second gloves placed within 135cm. 70% decreased odds for second gloves to be contaminated was found when placed

further than 135 cm compared with second gloves when placed within 135 cm.
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