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Infection transmission in dentistry 

Dental health care workers (e.g. dentist, dental hygienist, dental nurse) are in close 

contact to a large number of different patients every day. They perform activities that 

bring them in contact with body fluids from patients such as saliva and blood. And 

they work in spats and aerosols, produced during working with water cooled dental 

handpieces. So, various infectious diseases, from bacterial, viral or fungal origin, can 

be transmitted in the dental clinic. Therefore, infection control in dentistry is an im-

portant issue. In national guidelines on hygiene and infection prevention, directives 

concerning for instance disinfection and sterilization of used instruments, surfaces 

and equipment, have been formulated to take care that transmission of infectious 

agents is prevented as much as possible. These guidelines, however, have been 

mostly made based on logical thinking or interpretation from the medical field, while 

they should be based on scientific evidence. Therefore, it is important to obtain more 

evidence about risks of infection transmission and benefits of infection control 

measures [1].  

 

The dental clinic is a potential location for infection transmission between  

 the patient and the dental healthcare worker  

 patient and patient 

 dental health care worker and patient 

 dental unit and patient or dental health care worker 

 

The modes of infection transmission in the dental clinic are:  

 direct contact with blood, saliva and water from the dental unit 

 indirect contact through contaminated objects such as used dental instruments 

or contaminated surfaces 

 indirect through inhalation of airborne micro-organisms from the patient or 

dental unit waterlines (DUWL) [1, 2]  

 

Infection transmission occurs in a chain consisting of 6 different links as presented in 

figure 1 [3]. The first chain of infection consists of the microorganisms (bacteria, vi-

ruses, fungi, yeasts, protozoa and helminths). The number of microorganisms and 

their virulence factors are important determinants of infectivity. In dental practices, 
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the main pathogen reservoirs (the second chain) are the water from the dental unit, 

the air and humans (dental health care workers and patients). The portal of exit (third 

chain), or the site from where the pathogen leaves, is the oral cavity, the pharyn-

gonasal cavity, and the dental unit. The modes of transmission (fourth chain) are de-

scribed above. The portal of entry (fifth chain) is the site of entry of the microorgan-

isms into the host. The entry site could be the respiratory tract (inhalation of airborne 

pathogens), the gastrointestinal tract (ingestion of contaminated water), mucous 

membranes of the oral cavity, nose or eyes, the bloodstream and the skin. However, 

not every transmission of micro-organisms result in an infection. Whether infection of 

transmitted microorganisms occurs depends on the susceptibility of the host for infec-

tion. The immune status, age, medication and immunological deficiencies of the host 

are the last chain in the chain of infection. [3]. An infected host is able to transmit the 

pathogen to other people and therefore the chain of infection continues. The chain of 

infection can be broken at any part of the cycle by using hygiene and infection control 

strategies. Standard infection control precautions include [3, 4]: 

 Hand hygiene 

 Personal hygiene 

 Personal protective equipment: goggles, gloves, mouth nose masks  

 Cleaning, disinfecting and sterilization of used dental instruments 

 Disinfection of surfaces that are contaminated during treatment  

 Safe use of sharp instruments  

 Disinfection of water from the dental unit  

 Proper routing and use of rooms in the dental practice 

 Proper disposal of waste 

 

 

 

 

 

 

 

 

 

143556_Zemouri_BNW.indd   9 20-05-20   08:28



 10 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 1: chain of infection 

 

Dental unit water 

The dental unit waterline (DUWL) system contains several meters of plastic tubing to 

supply water to the air water syringe, ultrasonic scaler and hand pieces on the dental 

unit. The water is used to cool and irrigate the hand pieces and ultrasonic scaler, and 

to rinse the mouth during dental procedures [5]. The high surface-area-to-water vol-

ume promotes the formation of biofilm [5]. Water passing the DUWLs has a maxi-

mum laminar flow at the center of the lumen. At the substrate surfaces the volumetric 

flow rate is minimal and almost stagnant facilitating the formation of biofilm [5, 6]. The 

zone towards the surface is called the hydrodynamic boundary layer. Planktonic cells 

reach the hydrodynamic boundary layer and attach to the substratum [7]. Bacteria 

with cell-surface-associated adhesins are capable of initiating biofilm formation [8]. 

The adhesion is promoted by mineral deposits in the DUWL and attached bacteria 

produce extracellular polymeric substances to form a matrix. This matrix allows sec-

ondary colonizers to attach and form a multi-species biofilm [7, 9]. The biofilm ma-

tures, parts of the mature biofilm detach, enter the water flow as clumps containing 

bacteria, biofilm matrix and bacterial products and are released into the effluent water 

[7].  
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DUWL of new dental units can be covered by biofilm within 8 hours after connection 

to the municipal water system. Within 6 days the DUWLs can be fully covered with 

biofilm [6]. The presence of this water derived biofilm enables bacteria from human 

origin, that may enter the water lines through recoil from non-functioning anti-retrac-

tion valves, to adhere and to actively take part of the biofilm ecology. Most bacteria 

found in DUWLs biofilms are aerobic Gram-negative bacteria, thereby being a source 

for pro-inflammatory agents such as endotoxins [5, 10-12]. DUWL with biofilm con-

taining a high load of microorganisms may contain nontuberculous mycobacteria 

(NTM) or free-living amoeba. They may act as a reservoir for pathogenic Legionella 

and Pseudomonas species [13-15].  

 

Bio-aerosols  

Bio-aerosols are formed by diffusing a bulk of liquid into gas by high velocity air-

stream containing (parts of) infectious agents [16]. These bio-aerosols may contain 

biological material, such as proteins, viruses and bacteria, dependent of the place 

and the situation where they were formed. Bio-aerosols consist of droplets (spats) 

and droplet nuclei [17, 18]. Droplets are >100 m and settle rapidly onto surfaces in 

the immediate proximity of the source [17]. Smaller droplets can evaporate within a 

few milliseconds and the residue can remain in the air for hours before settling [17-

19]. The residue of a droplet, from which most of the liquid has evaporated, is named 

a droplet nucleus and has a size of <10 m [17]. The droplet nuclei, however, can re-

main present in the air for hours and be transported by flow of the air [20, 21]. Droplet 

nuclei are of respirable size and penetrate the lungs down the alveolar space (<5 

m). Larger particles can deposit in the upper airways or trachea-bronchial region of 

the respiratory tract [16]. Droplets are too large to inhale and are less likely to cause 

lower respiratory tract infections [21]. Another route transmission via bio-aerosols is 

through fomites (figure 2 panel D). Fomites are objects that transfer infectious micro-

organisms to another host. They are formed by the settlement of large droplets on 

surfaces and instruments [17, 20]. Figure 2 visualizes the spread of bio-aerosols gen-

erated by humans. 
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Figure 2: Different bio-aerosol transmission routes and illustration of droplet sizes 

(large dots >100 m, medium dots 5 to 100 m, small dots <5 m). Illustration 

adapted from Wei et al (2016) [18]. 

 

Bio-aerosols as infectious source in dental practice 

Bio-aerosols in the dental practice are produced by dental instruments connected to 

the dental unit such as the ultrasonic scaler, air rotor or air/water syringe [22]. Manual 

scaling or the use of other instruments can also produce bio-aerosols [23]. The bio-

aerosols can contain micro-organisms, calculus, blood, saliva, dental restauration 

material, and pieces of enamel or dentine [22]. The patient’s oral cavity is a major 

contributor to the microbial profile of bio-aerosols in dental clinics, as is the water 

from the DUWL [22]. High microbial contamination of (opportunistic) micro-organisms 

and bacterial endotoxins are the most important health risk factors transmitted by wa-

ter from dental units [6, 10, 24, 25]. Examples of pathogenic waterborne bacteria in 

DUWLs are non-tuberculous Mycobacteria, Pseudomonas aeruginosa and Le-

gionella pneumophila, but also methicillin resistant Staphylococcus aureus or Can-

dida albicans have been found in DUWLs [26-30]. These DUWL micro-organisms 

can be transmitted through contact with (breached) (oral) mucosa, via contaminated 
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surfaces or equipment, or by inhalation of the produced aerosols [31, 32]. The micro-

organisms in the aerosols can cause occupational associated respiratory complaints 

in dental staff but also infections in the patient, as has been reported for L. pneu-

mophila [7, 33]. Survival of pathogens in bio-aerosols depends on factors like tem-

perature, humidity, ultraviolet radiation and atmospheric pollutants [34]. 

 

Besides exposure to bio-aerosols generated through dental intervention, the dental 

health care worker can also be exposed to bio-aerosols generated from the patient 

through speech, exhaled breath, sneezes or coughs. The patient can transmit respir-

atory pathogens like Streptococcus pneumoniae, Klebsiella pneumoniae, Haemophi-

lus influenza, Chlamydia pneumonia, and Methicillin-resistant S. aureus (MRSA) [35]. 

In high prevalence tuberculosis areas, the dental health care worker is at risk for ac-

quiring tuberculosis during close contact with the infected patient [36]. Seasonal epi-

demics or disease outbreaks with for instance the severe acute respiratory syndrome 

(SARS), Middle East respiratory syndrome (MERS) or SARS-CoV-2 (causative agent 

for coronavirus disease), may reach the dental practice and infect dental health care 

workers or other patients [16, 37-41]. Infectious disease may be the results of the 

transmission of airborne pathogens [20]. The occurrence of disease depends on the 

microorganism’s infectious dose, virulence, and the ability to overcome the physical 

and immunological defense of the host [2, 21]. Increased and long term exposure in 

combination with decreased immune function further increases the likelihood of ac-

quiring an infection [17].  

 

Management of transmission risk  

In the dental practice the produced aerosols are associated with risk of cross-con-

tamination [18, 21]. Therefore, surfaces surrounding the dental unit and the instru-

ments that were used are cleaned and disinfected after dental treatment. The dental 

health care workers can protect themselves through personal protection equipment 

such as goggles, gloves and mouth-nose masks. Surgical mouth-nose masks pro-

vide a direct barrier between the oral cavity and the nose of the dental health care 

worker and droplets produced during treatment. The inhalation of droplet nuclei can 

be mostly prevented by the use of tight fit respiratory protection mask (FFP2-mask). 

An FFP-2 mask is recommended in case of high risk settings such as patients with 
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active tuberculosis [1]. Since water from the dental unit can contribute to cross-con-

tamination, chemical disinfection of dental unit waterlines is part of infection preven-

tion strategies. Chemical disinfection consists of applying biocides in different doses 

to remove and prevent biofilm formation [10]. In general, a high dose aims to remove 

the biofilm from the unit and a low concentration is applied to prevent biofilm growth, 

and to kill free floating bacteria in the DUWL [32].  

 

Rationale and thesis structure 

Biofilm formation in the DUWL leads to the contamination of water from the dental 

unit. This water is aerosolized during dental treatment. Bio-aerosols in the dental 

practice contain micro-organisms originating from the oral cavity, respiratory tract, the 

skin of humans and the DUWL biofilm. Bio-aerosols function as carriers for (oppor-

tunistic) pathogens, contribute to cross-infection and put dental health care workers 

and patients at risk for infection. However, control of biofilm in DUWL and the bio-

aerosol characteristics; and related infectious risks in the dental clinic are poorly 

studied. Therefore, this thesis addresses the characteristics of bio-aerosols in rela-

tion to the DUWL biofilm and the presence of infectious patients in the treatment 

room. The presented work provides insight in properties of the DUWL biofilm, in bio-

aerosols and in risk of infection transmission. It focuses on understanding the relation 

between the bio-aerosol and the DUWL or patient as source of contamination. A bet-

ter understanding of DUWL biofilms and bio-aerosols in dental clinics will help in as-

sessing risk of infection transmission and helps in formulating strategies for infection 

prevention. The conducted research focuses on studying characteristics of bio-aero-

sols, and water biofilms which contribute to cross-contamination and might put both 

dental staff as patient at risk for acquiring an infection 

 

The thesis starts with a review of the literature on bio-aerosols in dental clinics and 

other health care settings (chapter 2). Chapter 3 describes the spatial distribution, the 

microbial load and microbial origin of bio-aerosols in four dental clinics in the Nether-

lands. Chapter 4 reports on the effect of the in vitro application of different chemical 

disinfectants for DUWL on biofilm viability. The microbial composition after a disinfec-

tion challenge on water derived biofilms is presented in chapter 5. Chapter 6 pre-

sents a mathematical model by which the probability for transmission of airborne 

pathogens is estimated. Chapter 7 summarizes the thesis in English, and Dutch. 
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“Je moet tien keer harder werken om quitte te staan” 

Abderahman Zemouri 
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Chapter 2 A scoping review on bio-aero-
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This chapter is published as: 

Zemouri C, de Soet H, Crielaard W, Laheij A (2017) A scoping review on bio-aerosols in 

healthcare and the dental environment. PLoS ONE 12(5): e0178007. 

https://doi.org/10.1371/journal.pone.0178007 
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Abstract 

 
Background: Bio-aerosols originate from different sources and their potentially patho-

genic nature may form a hazard to healthcare workers and patients. So far, no exten-

sive review on existing evidence regarding bio-aerosols is available.  

 

Objectives: This study aimed to review evidence on bio-aerosols in healthcare and 

the dental setting. The objectives were 1) What are the sources that generate bio-

aerosols; 2) What is the microbial load and composition of bio-aerosols and how 

were they measured; and 3) What is the hazard posed by pathogenic micro-organ-

isms transported via the aerosol route of transmission? 

 

Methods: Systematic scoping review design. Searched in PubMed and EMBASE 

from inception to 09-03-2016. References were screened and selected based on ab-

stract and full text according to eligibility criteria. Full text articles were assessed for 

inclusion and summarized. The results are presented in three separate objectives 

and summarized for an overview of evidence. 

 

Results: The search yielded 5,823 studies, of which 62 were included. Dental hand 

pieces were found to generate aerosols in the dental settings. Another 30 sources 

from human activities, interventions and daily cleaning performances in the hospital 

also generate aerosols. Fifty-five bacterial species, 45 fungi genera and ten viruses 

were identified in a hospital setting and 16 bacterial and 23 fungal species in the den-

tal environment. Patients with certain risk factors had a higher chance to acquire Le-

gionella in hospitals. Such infections can lead to irreversible septic shock and death. 

Only a few studies found that bio-aerosol generating procedures resulted in transmis-

sion of infectious diseases or allergic reactions.  

 

Conclusion: Bio-aerosols are generated via multiple sources such as different inter-

ventions, instruments and human activity. Bio-aerosols compositions reported are 

heterogeneous in their microbiological composition dependent on the setting and 

methodology. Legionella species were found to be a bio-aerosol dependent hazard to 

elderly and patients with respiratory complaints. But all aerosols can be hazardous to 

both patients and healthcare workers. 
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Introduction 

Aerosols are defined as liquid or solid particles suspended in the air by humans, ani-

mals, instruments, or machines. Bio-aerosols are aerosols consisting of particles of 

any kind of organism [1, 2]. The characteristics of bio-aerosols differ depending on 

environmental influences such as humidity, air flow, and temperature. Aerosols, 

which are responsible for the transmission of airborne micro-organisms by air, con-

sist of small particles named droplet nuclei (1-5μm) or droplets (>5μm). Droplet nuclei 

can stay airborne for hours, transport over long distances and contaminate surfaces 

by falling down [42]. It has been proven that droplets can contaminate surfaces in a 

range of 1 meter (3ft) [43]. The droplets are capable of penetrating deep into the al-

veoli, offering a potential route of infection [44]. The susceptibility of acquiring an in-

fectious agent is determined by factors such as: virulence; dose; and pathogenicity of 

the micro-organism; and the host’s immune response [44-46]. Humans generate bio-

aerosols by talking, breathing, sneezing or coughing [42]. Based on the infectious 

status of a person, the bio-aerosols are proven to contain influenza or rhinoviruses 

[47, 48], Mycobacterium tuberculosis [44], Staphylococcus aureus, Varicella Zoster 

Virus, Streptococcus spp. or Aspergillus spp. [49]. Moreover, bio-aerosols can be 

generated by devices such as ventilation systems, showers and high energetic in-

struments running on tap water. Showers and instruments cooled with tap water are 

able to spread environmental microbes such as Legionella spp. or other bacteria 

originating from water sources or water derived biofilms from tubing [45, 46, 50].  

 

Due to the nature of their profession, healthcare workers (HCWs) are at higher risk to 

acquire pathogenic micro-organisms. Their risk of exposure is in line with the infec-

tious nature of their patients, interventions or instruments that produce bio-aerosols. 

HCWs working in wards with patients suffering from pneumonia, who produce high 

virulence bio-aerosols, or HCWs exposed to bio-aerosol sources in dental practices, 

are at higher risk for developing disease or allergies [51, 52]. According to a risk as-

sessment study, conducted in a hospital with HCWs exposed to high risk procedures, 

a risk ratio (RR) of 2.5 was found for acquiring viral or bacterial infection [53]. Multiple 

studies have found that HCWs were at higher risk to acquire an infectious disease, 

observing a high serological status of Legionella spp. and high rates of asymptomatic 

tuberculosis in dental practitioners and hospital staff [51, 54-56]. It is plausible that 

other diseases could also be acquired via bio-aerosols. Finally, evidence shows that 
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patients with cystic fibrosis, who are immunosuppressed, are highly susceptible to 

airborne agents like Pseudomonas spp. [57]. Knowing this, we can assume that bio-

aerosols with a high load of micro-organisms are a threat to immunocompromised 

patients suffering from leukemia, psoriasis, aplastic anemia and others [58]. Thus, 

the risk of acquiring pathogenic agents by bio-aerosols may be a hazard to both 

healthy and immunosuppressed patients as well as to HCWs. 

 

To our knowledge, no detailed summary of the evidence regarding bio-aerosols in 

dental and hospital settings is available. Therefore, we chose to perform a scoping 

review on the present body of evidence regarding bio-aerosols. This results in an up-

to-date summary of the literature, allowing us to make recommendations for future 

research by identifying gaps in current knowledge, and to underline the risks for 

HCW and immunocompromised. Since this is a scoping review, our objectives are 

broad and cover three areas concerning bio-aerosols in hospital and dental settings 

[59, 60]: 

 What are the sources that generate bio-aerosols? 

 What is the microbial load and composition of bio-aerosols and how were they 

measured? 

 What is the hazard posed by pathogenic micro-organisms transported via the 

aerosol route of transmission? 

Methods 

Design and search strategy 

A scoping review was performed systematically according to the PRISMA statement 

for transparent reporting of systematic reviews and meta-analysis [61] and JBI Briggs 

Reviewers Manual [62]. Three search strings were run in PubMed and EMBASE from 

inception to 09-03-2016. In PubMed the following strings were combined: Hospitals 

[Mesh] OR hospital OR hospitals OR "health care category" [Mesh] OR "health care" 

OR "Cross infection" [Mesh] OR "cross infection" OR cross-infection OR nosocomial 

OR "health facilities"[Mesh] OR "health facility" OR "health facilities" AND aerosols 

[Mesh] OR aerosol OR aerosols OR bioaerosol OR bio-aerosol OR "bio aerosol" OR 

bio-aerosols OR "bio aerosols" AND bacteria [Mesh] OR bacteria OR bacterial OR 

bacteremia OR bacteraemia OR sepsis OR septicaemia OR septicemia OR virus OR 

viruses OR viral OR viridae OR viral OR viruses [Mesh] OR Amoebozoa [Mesh] OR 
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amoebozoa OR amoebe OR amoebas OR amoebic OR fungi [Mesh] OR fungus OR 

fungal OR fungi OR fungating OR parasites [Mesh] OR parasitic OR parasite OR par-

asites OR parasitemia OR parasitemias OR “micro organism” OR “micro organisms” 

microorganism OR microorganisms OR micro-organism OR micro-organisms OR 

“health care associated infections” OR infections OR infection OR infectious. For EM-

BASE we used the following strings combined: ‘hospitals/exp OR hospitals OR 

(health AND care AND category) OR healthcare OR ‘cross infection’OR ‘health facil-

ity’ OR ‘health facilities’ AND Infection/exp OR microorganism/exp OR fungi/exp OR 

virus/exp OR sepsis/exp OR bacteria/exp AND Aerosol OR aerosols/exp OR bioaer-

osol OR bio-aerosol OR bioaerosols OR aerosols. 

 

Screening process and inclusion criteria 

References yielded from the search strategy were imported in Covidence, an online 

web application for screening systematic reviews, and duplicates were removed. C.Z. 

and A.L. screened and scored the relevance of the hits independently, based on their 

title and abstract. The full text manuscripts were retrieved via Endnote, Google, Re-

search Gate or by addressing the corresponding and/or first author. Subsequently, 

the studies were assessed on their eligibility for inclusion based on the full text. A 

study was included for final data extraction and summary when it met one of the fol-

lowing criteria: bio-aerosol composition; pathogenicity; sources; conducted in 

healthcare or the dental setting; published in English, German, French, Spanish or 

Dutch. Discussion papers, letters to the editor, animal studies, protocols, prevention 

of bio-aerosols, technical studies, reviews without pooled data, narrative reviews, de-

velopment of drug therapy, or studies conducted in other settings besides healthcare 

were excluded. Additionally, a reference check and search through grey literature 

was conducted and included in the flowchart termed ‘snowballing’.  

 

Data extraction and summary 

Data on the origin of bio-aerosols was categorized based on sources. Studies on the 

microbial composition of the bio-aerosols were summarized based on the colony 

forming units (CFU). References that reported sampling time were recalculated for a 

sampling time of 10 minutes and finally Log-transformed to make comparison possi-

ble between studies. These studies are presented in figures. References not report-
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ing sampling time were not summarized and are presented in the study of character-

istics table. The micro-organisms reported in individual studies were summarized per 

type of organism and setting. Potential hazard for patients and HCWs were summa-

rized narratively. 

 

Results 

A total of 5823 studies were retrieved, of which 678 duplicates and 4797 irrelevant 

studies were removed. After reading 311 abstracts, 201 full text studies were as-

sessed for eligibility. This eventually resulted in 62 studies including references from 

snowballing (figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: PRISMA flowchart of screening and selection procedure of the literature. 
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Generation of bio-aerosols 

One study reported solely on the generation of bio-aerosols [63]. Therefore, we ex-

tracted data on the generation of bio-aerosols from papers selected for the other ob-

jectives [64-85]. The sources of bio-aerosols in dental clinics were: ultrasonic scalers, 

high speed hand pieces, air turbines, three in one syringe, and air water syringes. 

Studies conducted in hospitals reported 30 different bio-aerosol generating sources. 

Humans produced aerosols by coughing, and sneezing. Patients with cystic fibrosis 

positive for Burkholderia cepacia were also capable of producing pathogenic aero-

sols. Interventions conducted by HCWs that produced aerosols were: colonoscopy, 

tracheal intubation, suction before and after intubation, manipulation oxygen mask, 

bronchoscopy, non-invasive ventilation, insertion of nasogastric tube, defibrillation, 

chest physiotherapy, and washing the patient. Bed making, ward rounds, tea trolley 

round, activity at bed, floor mopping, moving furniture, lunch time, drugs round, even-

ing meal, vacuum cleaner, toilet use, cold-mist humidifier, shower, cleaning patients 

room and the nebulizer were found to be other activities in a hospital to produce aer-

osols [86]. 

 

Hospital environment 

Thirty-one studies analyzed the microbial composition of bio-aerosols in the hospital 

environment [52, 71, 76-78, 80, 82-85, 87-107]. The studies combined identified a to-

tal of 111 organisms by using culture techniques (see table 1 for overview of micro-

organisms identified and table 2 study characteristics hospital setting). Fifty-six bac-

terial species (23 Gram-negative and 32 Gram-positive; 1 mycobacteria), 45 fungal 

genera and ten viral species were identified [52, 71, 76-78, 80, 82-85, 87-94, 96, 98-

108]. Most bacteria originated from human skin or the human gut, the environment or 

water. The identified viruses originated from the human respiratory tract. The meth-

ods for collecting air samples from the bio-aerosols and the methods for culturing mi-

cro-organisms were heterogeneous. The method most frequently used to actively 

collect micro-organisms was the Andersen air sampler (N=9). Four studies used pas-

sive collection of micro-organisms by placing Petri dishes with agar. In all studies, 21 

different culture methods were used, wherefrom tryptic soy agar (N=7) was most fre-

quently used. 
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Table 1: Overview of micro-organisms identified in hospital setting. 

Bacteria (N=56) 
Gram negative Gram positive 

Achromobacter 
xylosoxidans 

Moraxella Bacillus cereus Rodococcus spp Staphylococcus 
saprophyticus  

Acinetobacter 
baumannii 

Neisseria spp Bacillus spp Staphylococcus au-
reus 

Staphylococcus 
schleiferi 

Acinetobacter 
calcoaceticus 

Ochrobactrum 
 anthropic 

Bacillus sutilis 
 

Staphylococcus au-
riculans 

Staphylococcus 
sciuri 

Branhamella  
catarrhalis 

Pantoea agglom-
erans 

Brevibacterium 
casei 

Staphylococcus 
capitis 

Staphylococcus 
werneri 

Burkholderia 
\cepacia 

Proteus Clostridium  
difficile 

Staphylococcus 
caprae 

Staphylococcus 
xylosus 

Enterobacter 
spp 

Pseudomonas ae-
ruginosa 

Corynebacterium Staphylococcus 
chromogenes 

Sterptococcus 
pyogens 

Escherichia coli 
 

Pseudomonas  
fluorescens 

Diphtheroid spp Staphylococcus 
cohnii 

Streptococcus 
spp. 

Flavobacterium 
spp 

Pseudomonas 
putida 

Kocuria kristinae Staphylococcus  
epidermidis 

Viridans Strepto-
cocci 

Klebsiella  
oxytoca 

Rahnella aquatilis Kocuria varians 
 

Staphylococcus 
haemolyticus 

Other strain: 
Mycobacterium 
tuberculosis 

Klebsiella pneu-
monia 

Shigella Micrococcus 
 luteus 

Staphylococcus 
hominis 

 

Legionella pneu-
mophila 

Strenotrophomo-
nas maltohilia 

Micrococcus lylae Staphylococcus 
 lentus 

 

Neisseria fla-
vescens 
 

 Micrococcus spp Staphylococcus 
 saprophyticus 

 

Fungi (N=45) 
Absidia spp Candida spp Epicoccum spp Nigrospora spp Scopulariopsos 

spp 
Acremonium 
spp 

Chaetomium 
spp 

Exserohilum spp Paecilomyces spp Sepedonium 
spp 

Alternaria spp Chrysonilia spp Fusarium spp Penicillium spp Sporotrichum 
Aspergillosis  
fumigatus 

Chrysoporium 
spp 

Geotrichum can-
didum 

Phoma spp Stemphylium 
spp 

Aspergillus  
flavus 

Cladosporium 
spp 
 

Geotrichum spp Pithomyces spp Syncephalas-
trum spp 

Fungi (N=45) 
Aspergillus niger Conidiobulus 

spp 
Gliocladium spp Rhinocladiella spp Trichoderma  

album 
Aspergillus spp Curvalaria spp Monilia spp Rhizopus nigricans Trichosporon 
Aureobasidium 
spp 

Dactylaria spp Mucor spp Scedosporium spp Ulocladium spp 

Bipolaris spp Emonsia spp Myclia sterilia Scopulariopsis 
brevicaulis 

Verticillium spp 

Viruses (N=10) 
Human metap-
neumovirus 

Human adenovi-
rus 

Influenza A H1N1 Influenza B virus Influenza virus 

Parainfluenza 
virus 1-3 

Picornavirus Respiratory syncyt-
ial virus 

Rhinovirus Toque teno vi-
rus 

Parasites N=0 
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Table 2: Study characteristics hospital setting. 
Study Set up Findings 
Anderson 
1996 [76] 

Setting  
Pediatric hematology and oncol-
ogy ward 
 
Sampling method  
Air dust sampler L100; 
100L/min; 10 min before and af-
ter vacuum cleaning; 0.5m 
above cleaner. Fungal isolates 
by morphology. Sampling: Be-
fore and after vacuuming 

Fungi: 
Aspergillosis fumigatus 
Before: 24 CFU/m3  
After: 62 CFU/m3  
 

Augustowska 
2006 [87] 

Setting: Pneumological ward, 
hospital 
 
Sampling method  
Air sampled with a custom-de-
signed particle-sizing slit sam-
pler; 20L/min; daily at 9:00 and 
13:00h. Blood and sabouraud 
agar. 

Mean monthly CFU/m3 range of airborne bacteria: 
257.1 - 436.3  
Mean monthly CFU/m3 range of fungi: 
9.9 - 96.1 
 
Bacteria: 
Gram positive cocci: 34.4-46.4%  Staphylococcus 
epidermidis; Micrococcus; Streptococcus. 
Gram negative: 11.8 - 27.5% 

 Flavobacterium spp; Acinetobacter calcoaceti-
cus; Pantoea agglomerans; Escherichia coli; Enter-
obacter spp; Klebsiella oxytoca; Pseudomonas au-
ruginosa; Branhamella catarrhalis; Neisseria fla-
vescens; Corynebacterium; Rodococcus spp; Bacil-
lus spp. 
 
Fungi:  
Range: 7.6 - 42.5% 
Aspergillus fumigatus: 77% 
Aspergillus niger; Aspergillus flavus; Aspergillus 
spp; Penicillium spp; Geotrichum candidum; Tricho-
derma album; Mucor spp; Rhizopus nigricans. 

Best, 2012 
[88] 

Setting:  
Toilet, hospital 
 
Sampling method: Air sampled 
using AirTrace Environmental 
portable sampler placed at toilet 
seat height; 250-500L, 10cm 
above seat and 25 cm at handle 
height; 28.3L/min. Selective agar 
plate placed around the toilet; 
placed before flushing and re-
mained for 90 min. 

Mean CFU: 
After flushing: 36 
Recovery of C. difficile mean CFU: 
Toilet lid closed vs open  
0-30 min: 4 vs 16 
30-60 min: 4 vs 3 
60-90 min: 0 vs 1 
 
Bacteria: 
C. difficile 

Cabo Verde, 
2015 [89] 

Setting 
OT, SW, ES hospital 
 
Sampling method 
Air sampler MAS-100 100L/min; 
1m above floor when possible. 
Tryptic soy agar; malt extract 
agar; gram staining.  

CFU/m3 range bacteria: 
ES: 240 - 736  
SW: 99 - 495  
OT: 12 - 170 
Total % bacteria 
Staphylococcus aureus, capitis, hominis, epidermis, 
werneri: 51% 
Micrococcus luteus, lylae: 37% 
Neisseria: 4% 
Brevibacterium casei: 1% 
Shigella: 0.3% 
Proteus: 2% 
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CFU/m3 range fungi: 
ES: 27 - 933  
SW: 1- 32  
OT: 0 - 1 
 
Total % fungi 
Penicillium spp: 41% 
Aspergillus spp: 24% 
Cladosporium spp: 14% 
Chrysonilia spp: 5% 
Chrysoporium spp: 3% 
Scopulariopsis brevicaulis: 3% 

Chen, 2008 
[91] 

Setting 
TB and non-TB area; hospital 
 
Sampling method  
Air sampled using Nucleipore fil-
ter; 20L/min; 2x4h a day; 1.2-
1.5m height. DNA isolation 
qPCR 

Average concentration: 
TB area: 
3.8 x 103 ± 1.7 x 103 copy/m3 

 
Non-TB area: 
3.9 x 10 ± 2.1 x 10 copy/ m3 

 
Emergency department: 
4.0 x 103 ± 2.6 x 103 copy/m3 
 
Ward area medical department: 
102 ± 5.5 x 101 copy/m3 

Chen, 2007 
[90] 

Setting 
TB and non-TB area; Hospital 
 
Sampling method 
Air sampled using Nucleipore fil-
ter; 22L/min; 8h sampling; 1m 
from patients’ bed at 1.2 - 1.5m 
height. DNA isolation qPCR 

Range concentration: 
1.43 x 10 copy/m3 to 2.06 x 105 copy/m3 

Fekadu, 2015 
[92] 

Setting 
MW, SW hospital 
 
Sampling method 
Air samples were taken by pas-
sive method. Petri dishes placed 
1m above the floor in room’s 
center. Samples collected in the 
morning and evening time of ex-
posure: 30, 60, 90 min. Nutrient 
and Sabouraud agar plates.  

Mean CFU/m3 (range): 
Bacteria: 5583 (3106 - 9733) 
Fungi: 3008 (2123 - 4168) 
 
 

Fennelly, 
2012 [82] 

Setting 
TB and non-TB area; Hospital 
 
Sampling method 
Cough bio-aerosol sampling sys-
tem method used to collect bio-
aerosols in TB positive patients. 
Andersen six-stage sampler with 
7H11 agar. 

TB median CFU (range): 
16 (1 - 710) 

Humphreys, 
1994 [84] 

Setting 
Hospital 
 
Sampling method 
CF patients colonized with B. ce-
pacia. Air sampled with Surface 
Air System air sampler, 900 L for 

Bacteria:  
B. cepacia  
 
During stay CFU/m3: 
Range: 1 - 158 
Mean: 32 
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5 min; 100 cm from patient. 
Samples taken 15 min intervals 
for one hour after patient had left 
the room and 18 h after vacat-
ing. Selective B. cepacia agar 
medium.  

After stay CFU/m3: 
Range: 3 - 53 
Mean: NR 

Huynh, 2008 
[93] 

Setting 
Laboratory 
 
Sampling method 
Reading aloud (20 min), quiet 
breathing (20 min), 20 voluntary 
coughs over a 3 - 5 min period in 
a separate sampling mask.  

Virus: 
Influenza virus; para influenza virus; Rhinovirus; In-
fluenza A virus 
 
 
 
 
 

Heimbuch, 
2016 [80] 

Setting 
Hospital 
 
Sampling method 
No direct bio-aerosol sampling. 
Viable bacteria found on mask 
was measured. Tryptic soy agar; 
Gram staining. 

Mean CFU/cm2 
Mask 1 external layer: 24.15 
Mask 2 external layer: 3.33 
 
Bacteria: 
Kocuria kristinae, varians; Micrococcus spp.; Staph-
ylococcus aureus, S. auriculans, S. capitis, S. 
caprae, S. chromogenes, S. cohnii, S. epidermidis, 
S. haemolyticus, S. hominis, S. lentus, S. sapro-
phyticus, S. schleiferi, S. sciuri, S. warneri, S. xy-
losus; Acinetobacter baumannii; Ochrobactrum an-
thropic; Pesudomonas fluorescens /putida; Rahnella 
aquatilis; Stenotrophomonas matophilia. 

Knibbs, 2014 
[85] 

Setting 
Children’s hospital 
 
Sampling method 
CF patients colonized with B. ce-
pacia. Cough bio-aerosols col-
lected by Andersen Impactor 
(28.3L/min); chocolate bacitracin 
agar for B. cepacia and isolates 
by RT-PCR. 

Total mean CFU/m3 (range) per distance: 
1m: 52.6 (40.9 - 67.6) 
2m: 37.3 (28.9 - 48.0) 
4m: 24.8 (19.2 - 32.0) 
 
Total mean CFU/m3 (range) per duration: 
5 min: 14.6 (11.0 - 19.2) 
15 min: 11.9 (8.9 - 15.7) 
45 min: 7.7 (5.4 - 11.0) 
Subjects positive for bacteria (%): 
P. aeruginosa: 100 
Mucoid P. aeruginosa: 78.9 
Non-mucoid P. aeruginosa: 94.7 
S. aureus: 26.3 
Strenotrophomonas maltohilia: 10.5 
 
Subjects positive for fungi (%): 
Trichosporon: 15.8 
Aspergillus spp: 15.8 
Scedosporium spp: 10.5 
Candida spp.: 5.7 

Kulkarni, 2016 
[94] 

Setting 
Infant nursing bay, hospital 
 
Sampling method 
Air sampled with Westech six-
stage Microbial sampler; 
28.3L/min for 30 min; 1m dis-
tance from infected infant. PCR 

Mean PFU of RSV: 
315.189; range: 82.600 - 1.120.000 
 
2h after discharge: 
6.175 PFU 
 
 

Kumar, 2010 
[109] 

Setting 
GW, PW, OT, ICU, hospital 
 

Bacteria %: 
S. aureus: 43.8 
Escherichia coli: 17.9 
Klebsiella pneumonia: 16 
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Sampling method 
Air sampled by passive settling 
plate technique. Nutrient, blood, 
and MacConkey’s agar 5 min ex-
posure. 

Sterptococcus pyogens: 13.2 
Pseudomonas aeruginosa: 8.9 

Lindsley, 2015 
[96] 

Setting 
Laboratory 
 
Sampling method 
Bio-aerosols collected using 
SKC BioSampler with 5ml vessel 
containing viral transport media: 
Hank Balanced Salt Solution. 
qPCR, Influenza A 

Influenza A virus mean (SD) and range PFU 
142 (125), 5 - 538 
 

Li, 2003 [97] Setting 
ICU, hospital 
 
Sampling method  
Air was sampled using Andersen 
six stage sampler; 28.3L/min; 
1m height. Sampling time 20-30 
min. Tryptic soy and malt extract 
agar. 

Range of mean CFU/m3 Fungi:  
0 - 3115 
 
Range of mean CFU/m3 Bacteria:  
0 - 423 

Martins-Diniz, 
2005 [98] 

Setting 
SW, ICU, hospital 
 
Sampling method 
Air samples taken by Andersen 
sampler. 80L of air sampled on 
Sabouraud agar and chloram-
phenicol culture medium. Sam-
ples taking during the morning 
and immediately after cleaning, 
late afternoon and end of regular 
shift, monthly collections. 

Mean total fungi CFU/m3 
SC morning: 13,362 
SC afternoon: 20,939 
ICU morning: 16.925 
ICU afternoon: 16,392 
 
Total CFU/m3 SW & ICU morning/afternoon: 
Cladosporium spp.: 6,338/16,587 11,587/11,192 
Fusarium spp: 2,350/900 514/612 
Pencillium spp: 912/813 1,425/950 
Chrysosporium spp.: 401/562 637/950 
Aspergillus spp.: 362/289 775/413 
Aureobasidium spp.: 562/200 238/476 
Myclia sterilia; 350/300 64/237 
Monilia spp.: 325/100 62/250 
Paecilomyces spp.: 89/275 162/175 
Curvalaria spp.: 262/200 26/75 
Chaetomium spp.: 275/12 75/212 
Stemphylium spp.: 162/100 38/63 
Rhinocladiella spp.: 75/38 137/0 
Exserohilum spp.: 25/0 87/38 
Epicoccum spp: 0/75 88/150 
Phoma spp.: 100/25 201/125 
Alternaria spp.: 26/26 137/88 
Nigrospora spp.: 162/25 13/100 
Syncephalastrum spp.: 51/87 137/25 
Bipolaris spp.: 25/25 0 
Dactylaria spp.: 12/0 37/37 
Acremonium spp: 25/12 87/26 
Conidiobulus spp.: 0 12/112 
Verticillium spp.: 12/0 87/0 
Gliocladium spp.: 62/37 87/0 
Pithomyces spp.: 0/25 100/0 
Sepedonium spp.: 0 0 
Scopulariopsos spp.: 0/25 25/12 
Sporotrichum: 0/12 50/0 
Ulocladium spp.: 0/12 0/25 
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Scedosporium spp.: 25/0 0 
Emonsia spp.: 0 0/12 
Geotrichum spp.: 12/0 0 

Menzies, 2003 
[99] 

Setting 
Screening center for TB 
 
Sampling method 
Sputum induction by ultrasonic 
nebulizer for 15 min. Samples 
taken with Andersen six stage 
sampler 15L/min blood agar, at 
the height of the therapists 
breathing zone. 

Average airborne viable CFU/m3 at induction: 
Before: 233 
During: 351 
After: 106 

Mirhoseini, 
2015 [52] 

Setting 
OT, ICU, SW, IM, hospital 
 
Sampling method 
Air sampled with AGI 12.5L/min 
180-240 min. Tryptic soy agar 
culture. 

Total mean CFU/m3: 
OT: 396 
ICU: 222 
SW: 537 
IM: 524 
Total: 420 

Mirzeai, 2014 
[100] 

Setting:  
OR, ED, Hospital 
 
Sampling method:  
Air samples taken by eight step 
Andersen 28.1L/min. Once a 
month for a year every morning 
before start of the shift. Plates at 
1m height and 1m from obsta-
cles exposed for 10 min. Blood, 
BHI, and McConkey agar. 

Total mean CFU/m3 ED 
& OR: 
Total ER: 103.88 (33.84) 
Total OR: 63.32 (32.94) 
  
Micrococcus: 
14.85/16.09 
Streptococcus A: 
1.26/2.19 
Viridans Streptococci: 
2.92/1.72  
Pneumococcus: 
7.81/3.81 
Escherichia coli: 
6.91/2.0 
Bacillus sutilis: 6.64/1.63 
S. aereus: 14.17/10.92 
S.epidermis: 10.95/5.72 

 
 
 
 
Bacilluscereus: 
7.14/1.73 
Diphtheroid spp: 
5.28/2.27 
Pseudomonas spp: 
4/3.47 
Klebsiella: 4.19/1.09 
Enterobacter: 1.17/0.27 
Citrobacter: 0.77/1.62 
S. saprophyticus: 
11.35/5.45 

Nasir, 2013 
[101] 

Setting 
Orthopedic ward, hospital 
 
Sampling method 
Air samples taken with Andersen 
six stage sampler, 28.3L/min 
height of 1 to 1.5m for 5 min, 
morning; evening, at laminar and 
conventional flow. Nutrient agar 
and MacConkey agar.  

Bacterial, 20 C CFU/m3 mean (range): 
Conv. Flow morning: 141 (42-325) 
Conv. Flow evening: 82 (49-141) 
Lam. Flow morning: 25 (0-92) 
Lam. Flow evening: 82 (7-233) 
Bacterial, 30 C CFU/m3 mean (range): 
Conv. Flow morning: 49 (14-92) 
Conv. Flow evening:77 (35-170) 
Lam. Flow morning: 110 (14-572) 
Lam. Flow evening: 11 (0-42) 
Gram negative CFU/m3 mean (range): 
Conv. Flow morning:2 (0-14) 
Conv. Flow evening: 0 
Lam. Flow morning: 0 
Lam. Flow evening: 0 
Fungi CFU/m3 mean (range): 
Conv. Flow morning: 22 (0-71) 
Conv. Flow evening: 38 (0-99) 
Lam. Flow morning: 5 (0-21) 
Lam. Flow evening: 80 (0-455) 
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Ortiz, 2009 
[102] 

Setting 
General hospital 
Sampling method 
Air sampler MAS-100 100L/min; 
petri dish. Total aerobic count; 
rose-bengal agar, microscopy 
and staining. 
Sampling: Before and after inter-
vention. 2 years. Plate count 
agar; Rose Bengal agar 

Average 2 years TAC: 
OT: 25.6 CFU/m3  
MW: 67 CFU/m3  
HR: 124.4 CFU/m3  
 
Average 2 years FL: 
OT: 0.05 CFU/m3  
MW: 6.9 CFU/m3  
HR: 10.6 CFU/m3  
Fungi: 
Aspergillosis fumigatus, flavus: 89%, 11%. 
Bacteria:  
not specified. 

Sudharsanam, 
2012 [103] 

Setting 
OW, Hospital 
 
Sampling method 
Passive air sampling and active 
by active using filter and im-
pinger. Petri dishes at 60-70 cm 
height, exposed for 30 min. 
3.5L/min of air for 20 min. Sam-
ples taken in multiple months. 
Blood, Sabouraud’s Dextroser, 
and MacConkey agar. 

Total range of bacteria: 
45 - 150 CFU/plate. 
Bacteria: 
Coagulase negative staphylococci; micrococci; En-
terobacter; Pseudomonas. 
 
Total range of fungi: 
0-13 CFU/plate  
Fungi: 
Aspergillus fumigatus; flavus; niger.; Absidia spp. 
 

Stelzer-Braid, 
2009 [104] 

Setting 
Hospital 
 
Sampling method 
Bio-aerosols collected with face 
mask. RT-PCR 

Virus: 
Influenza A; Influenza B; parainfluenza 1, 2, 3, res-
piratory syncytial virus, human metapneumovirus, 
picornavirus. 

Thompson, 
2013 [74] 

Setting 
Hospital 
 
Sampling method 
Air sampled with Glass May-
3stage impingers at 55L/min at 
1m height; 1m from patients’ 
head; 40 min collection. RT-
PCR. 

Influenza A H1N1 median RNA copy no/L (IQR): 
Baseline: 7.913 (2.436 - 11.613) 
Bronchoscopy: 148.805 (12.735 - 284.875) 
Airway suction: 1.852 (1.543 - 2.7521) 
Intubation: 2.838 (2.838 - 2.838) 
 
 

Vavricka, 
2010 [71] 

Setting 
Endoscopy unit, hospital 
 
Sampling method 
Air sampled with MAS-100; 
100L/min; before first colonos-
copy and end of evening; 30 
sec; 1.2m height; 0.3m distance. 
Colombia agar.  

Staphylococci spp. mean CFU/m3 (range) with air 
suction: 
Before: 4 (1 - 7) 
End: 16 (9 - 22) 
 
Staphylococci spp. mean CFU/m3 (range) without 
air suction: 
Before: 14 (0 - 142) 
End: 7 (1 - 88) 

Vélez-Pereira, 
2014 [106] 

Setting 
ICU, hospital 
 
Sampling method 
Air sampled with cascade im-
pactor; 28.3L/min; 1.5m height; 
mannitol salt; pseudomonas 
agar. 

Range mean (SD) CFU/m3: 
Staphylococcus spp 67.3 (1.7) - 277 (59.2) 
Pseudomonas spp 6.4 (1.7) - 204 (9.2) 
 
Bacteria %: 
Staphylococcus spp.: 71.5 
Pseudomonas aeruginosa: 64.6 

Verani, 2014 
[77] 

Setting 
Nephrology, hospital 
 

Mean concentration/cm2 (SD): 
Human adenovirus 

143556_Zemouri_BNW.indd   30 20-05-20   08:28



 31 

Sampling method 
Air sampled with microflow im-
pactor sampler; 1,000L for virus 
and 180L for bacteria sampled; 
tryptone soy agar; samples be-
fore and after disinfection toilet. 
RT-PCR 

Before disinfection: 1,371 (49) 
After disinfection: 349 (51) 
 
Total viruses %: 
Human adenovirus: 77 
Toque teno virus: 15 
Norovirus: 0 
Combination: 7 
 
Total bacteria %: 41 
Before disinfection: 1.57 
After disinfection: 1,371 (49)  

Wainwright, 
2009 [83] 

Setting 
Children’s Hospital 
 
Sampling method 
Air sampled with cough bio-aero-
sol sampling system and Ander-
son six stage impactors for 5 min 
in children with CF positive for 
Pseudomonas aeruginosa. 
Chocolate agar. 

Voluntary cough range CFU: 
0 - 13,485 
 
Mean CFU settle plate:  
6 (95%CI 3 - 14)  
 
Bacteria: 
Pseudomonas aeruginosa; Strenotrophomonas 
maltophilia; Achromobacter xylosoxidans. 

Wan, 2011 
[107] 

Setting 
OR, hospital 
 
Sampling method 
Air sampled with Andersen one-
stage viable impactor at 
28.3L/min volume for 3 min; 1.2-
1.5m height; 1.5m from opera-
tion tables. Tryptic soy agar. 

Median CFU/m3 (range): 
Transplantation room: 76.0 (9 - 477) 
Trauma room: 121.5 (13 - 756) 
Cardiovascular surgery: 13 (0 - 163) 
Colon surgery: 73.5 (0 - 567) 
Orthopedic surgery: 89 (4 - 243) 
 
Bacteria % in transplantation, trauma, cardiovascu-
lar surgery, rectal and orthopedic surgery room: 
Bacillus spp: 32; 24; 16; 16; 34 
Micrococcus spp: 35; 25; 26; 39; 9 
Staphylococcus spp: 16; 20; 33; 26; 23 
Acinetobacter spp: 0; 8; 3; 0; 6 
Moraxella spp: 1; 0; 6; 0; 0;  
Pseudomonas spp: 1; 0; 0; 0; 0 

Woo, 1986 
[78] 

Setting 
Hospital 
 
Sampling method 
Air sampled by passive tech-
nique placing plates in different 
places within a hospital shower. 
Buffered charcoal yeast extract 
agar. 

Legionella pneumophila colonies/plate: 
Adaptor / adaptor + extension: 
0 cm: 3 / 3 
1 cm: 10 / 5 
4 cm: 7 / 5 
10 cm: 4 / 2 
20 cm: 2 / 1 

AMHB = aerobic mesophilic heterotrophic bacteria; BHI = blood heart infusion; CFU = Colony forming 

units; CF = cystic fibrosis; cm = centimeters; ED = emergency department; ER = emergency room; ES 

= emergency service; FL= fungal load; GW = general ward; HR= hospital room; IM = internal medi-

cine; IQR = inter quartile range; L= liters; min= minutes; m= meters; MW = maternity ward; NR = not 

reported; NTM = nontuberculous mycobacteria; OR= operation room; OT = operation theatre; OW = 

operation ward; PFU = plaque forming units; PW= pulmonary ward; RSV= respiratory syntical virus; 

SC = surgical center; SD = standard deviation; SW = Surgical Ward; TAC = total aerobic count; TB = 

tuberculosis; qPCR = quantitative polymerase chain reaction. 
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Fourteen studies analyzed the bacterial load of the bio-aerosols [52, 80, 82, 83, 87-

89, 92, 97, 100, 102, 103, 106, 107]. The mean Log-10 of CFU/m3 ranged from 0.8 to 

3.8 (figure 2). Additionally, five studies analyzed the bio-aerosol contamination before 

and/or after treatment, intervention or of a room when a patient with an infectious dis-

ease was present. The measured bacterial or fungal load ranged from Log 0.6-4.2 at 

baseline to Log 1.2-4.3 after the second measurement (figure 3) [71, 76, 84, 98, 99]. 

Seven studies reported on the fungal load in bio-aerosols during the day when pa-

tients were present in a hospital room. Fungal loads ranged from Log 0.8-3.5 CFU/m3 

in various hospital wards [87, 89, 92, 98, 101, 103, 108]. Multiple studies quantified 

the air in patient specific areas or via specific methods. 

 

 
Figure 2: Bacterial or fungal loads in mean Log10 CFU/m3 in hospitals, measured 
twice. 
* = passive sampling method; # active sampling method. 
 

Two studies identified multiple viruses in bio-aerosols after patients with symptoms of 

a cold coughed, however both studies did not report on the viral load [93, 104]. Viral 

loads in the bio-aerosol ranged between Log 2.2 plaque forming units /m3 in the air of 
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an infant nursery positive for RSV and Log 5.5 PFU/m3 in the air contaminated by pa-

tients positive for Influenza A virus [94, 96]. Another study reported the RNA copy/L 

and found Log 3.3-5.2 in aerosols produced by patients positive for Influenza A virus 

[74]. 

 

 
Figure 3: Bacterial or fungal loads in mean Log10 CFU/m3 in hospitals  
* = passive sampling method; # active sampling method. 
 
Dental environment 

Seventeen studies analyzed the microbial composition of dental clinics [33, 65-70, 

110-119]. The studies cumulatively identified 38 types of micro-organisms by using 

culture techniques (see table 3 for complete overview of micro-organisms identified 

and table 4 for study characteristics in dental setting). Wherefrom nineteen bacteria 

(7 Gram-negative and 12 Gram-positive) and 23 fungal genera were detected. The 

bacteria originated from water, human skin and the oral cavity. None of the included 

studies looked for viruses or parasites. Similar to the hospital setting, the active An-

dersen air sampler (N=4) and the passive culturing method by placing petri dishes 

with agar (N=6) were the most frequent used air sampling techniques. Thirteen differ-

ent culture methods were used to identify the collected micro-organisms, of which 

tryptic soy agar (N=3) and blood agar (N=3) were used most often. 
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Table 3: Complete overview micro-organisms identified in the dental setting. 
Bacteria (N=19)  
Gram negative Gram positive   

Acinetobacter 
wolffii 

Staphylococcus 
capitis 

Staphylococcus  
chromogenes 

Micrococcus luteus Diphteroids 

Legionella spp. Staphylococcus len-
tus 

Staphylococcus  
haemolyticus 

Micrococcus spp. Corynebac-
teria 

Pseudomonas 
aureus 

Staphylococcus 
 xylosus 

Staphylococcus  
epidermidis 

Micrococcus lylae Bacillus spp. 

 Staphylococcus  
aureus 

Staphylococcus fominis Bacillus pumilus Actinomy-
cetes 

Fungi (N=23) 
Alternaria 
 alternata 

Aspergillus flavus Cladosporium  
cucumerinum 

Geotrichum spp 
 

Stemphylium 
spp 

Alternaria  
brassicicola 

Aspergillus  
fumigatus 

Cladosporium  
ramotenellum 

Monocillim indicum Stemphylium 
spp 

Alternaria  
citri 
 

Aspergillus niger Cladosporium  
sphaerospermum 

Monodictys glauca Ulocladium  
alternariae 

Arthrinium 
phaesospermum 

Botrytis spp Cladosporium spp Pencillium 
spp 

 

Aspergillus 
 

Cladosporium 
cladosporiodias 

Cladosporium 
 spongiosum 

Penicillium 
chryso-
genum 

 

Viruses N=0; Parasites N=0 
 
Table 4: Study characteristics in the dental setting. 

Study Set up Findings 
Al Maghlouth, 
2007 [119] 

Setting 
Dental clinic 
 
Sampling method 
Passive air sample: Blood agar and Brain 
Heart agar culture plates. 15-20 min expo-
sure during; 30 min in advance and 2h after 
treatment. 

Before: Diphteroids spp; Micrococcus 
spp 
 
During: Diphteroids spp; Micrococcus 
spp; Staphylococcus epidermidis. 
 
After: Diphteroids spp; Micrococcus 
spp; Staphylococcus epidermis,  
aureus. 

Bennett, 2000 
[120] 

Setting 
Dental clinic 
 
Sampling method 
Air sampled with The Casella slit sampler; 
30L/min; 2 min during treatment; 1m from 
patients mouth at bench height. Andersen 
sampler 28L/min 5 min; during treatment; 2m 
from patient; at foot of dental chair. Tryptone 
yeast extract Cystine agar; Columbia blood 
agar. 

Range max peak CFU/m3 
Winter: 6.3 x 103 – 8.7 x 103 
Summer: 3.0 x 103 – 6.2 x 103 

 
Bacteria: 
EPS producing streptococci: 50% 
 

Barlean, 2010 
[121] 

Setting 
Dental clinic 
 
Sampling method 
Passive air sample: Tryptone soy agar, 
sheep blood; Sabouraud agar; exposed 15 
min; 30cm and 2.5m distance from dental 
unit. 

Mean (range) CFU/m3 mesophilic bac-
teria: 
Before: 129 (42-273) 
After: 429.6 (105-1018) 
 
Bacteria: 
Mesophilic bacteria: Staphylococcus 
aureus: 6.6% 
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Range CFU/m3 fungi: 
Before: 21 - 29 
After: 52 - 808 
 
Fungi: NR 

Cellini, 2000 
[112] 

Setting 
Dental clinic 
 
Sampling method 
Air sampled with Air Microbial index, plate 
method; placed prior to exposure; 1h expo-
sure at 1m height and 1m from wall; before 
and after 

CFU/m3 range: 
4-18 

Dutil, 2007 [27] Setting 
Dental clinic 
 
Sampling method 
IOM patient breathing zone; wall treatment 
room. 4h during the day. qPCR 

NTM mean CFU/m3:  
327 & 113. 
Legionella mean CFU/m3:  
490 & 517. 
 

Dutil, 2008 [33] Setting 
Dental clinic 
 
Sampling method 
Andersen six-stage air sampler; 28.3L.min 
during 20 min; 2h before; during and 2h after 
dental treatment. 30cm from patients mouth. 
R2A and blood agar. 

Mean endotoxin in air CFU/m3: 
Before: 0.34 
During: 0.54 
After: 0.33 

Duell, 1970 [65] Setting 
Dental clinic 
 
Sampling method 
Andersen six stage air sampler; petri dishes; 
30 cm from patient; air sampling 15min. 

TB (not found) 

Grenier, 1995 
[66] 

Setting 
Dental clinic, closed and multi-chair 
 
Sampling method 
Air sampled with Slit-to-agar biological air 
sampler, 20L/min; 30 min before, during, af-
ter treatment duration of 30 min; 122cm from 
patient at 91 cm height. 
Three settings: 
1. Closed dental operatory using ultrasonic 
scaler. 
2. Operative treatments in closed dental op-
eratory. 
3. Multi-chair 

Mean CFU/m3 (SD) 1: 
Before: 12 (4) 
During: 216 (75) 
After: 44 (14) 
2h after: 10 (1) 
4h after: 6 (2) 
 
Mean CFU/m3 (SD) 2: 
Before: 14 (4) 
During: 75 (22) 
After: 51 (22) 
2h after: 12 (4) 
4h after: 9 (4) 
 
Mean CFU/m3 (SD NR) 3: 
Before: 13.5 
After: 97.75 
3h after initiation: 82.75 
7h after: 9 

Guida, 2012 
[113] 

Setting 
Dental clinic within a hospital 
 
Sampling method 
Air sampled using Surface Air System; 
180L/min 500L volume; 1m height; 1m from 

Active sampling CFU/m3 (SD) 
Before: 86.6 (50.6) 
During: 82.3 (48.3) 
After: 86.5 (64.8) 
 
 
Passive sampling CFU/m3 (SD): 
Before: 38.3 (21) 
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unit. Passive sampling with petri dish ex-
posed for 1h. Before; during and after treat-
ment. Tryptone soy agar. 

During: 39.6 (28.2) 
After: 20 (11.5) 

Kadaifciler, 
2013 [122] 

Setting 
Dental clinic 
 
Sampling method 
Air sampled with HiAirflow, 100L/min, 1.4 m 
height, near to dental unit, before; during and 
after treatment. Tryptone soy agar for 
AMHB; Sabouraud and RB-agar for fungi. 

AMHB range mean CFU/m3 (SD): 
Before treatment: 10 (0) - 453 (21) 
After treatment: 10 (0) - 2.477 (57) 
 
Bacteria: 
Micrococcus spp.; Staphylococcus 
 xylosus; Staphylococcus lentus; 
Staphylococcus chromogenes. 
 
Fungi range mean CFU/m3 (SD): 
Before treatment: 0 - 42 (23) 
After treatment: 0 - 94 (95) 
 
Fungi %: 
NSF: 27.30 P. chrysogenum: 21.27; 
Pencillium: 11.11; C. Cucumerinum: 
5.55; Alternaria brassicicola: 4.96; 
Cladosporium spp : 4.49; Aspergillus 
flavus: 3.86; Alternaria alternata: 2.83; 
Alternaria citri: 2.60; C. Cladospori-
odias: 2.48; C. spongiosum: 2.48; As-
pergillus: 1.93 Aspergillus niger: 1.30; 
Ulocladium alternariae: 0.82; Arthrin-
ium phaesospermum: 0.82; Stem-
phylium spp .: 0.82; Acremonium  
zonatum: 0.82; Botrytis spp .: 0.82; 
Cladosporium sphaerospermum: 0.82; 
Monocillim indicum: 0.82; 
Cladosporium ramotenellum: 0.82; 
Monodictys glauca: 0.82. 
 
Yeast range mean CFU/m3 (SD): 
Overall: 3-25 
 
Yeast %:  
Geotrichum spp: 12.62 

Kimmerle, 2012 
[123] 

Setting 
Dental clinic, multi chair 
 
Sampling method 
Air sampled with Andersen biological air 
sampler total of 100L at different time points. 
Colombia blood agar plates and enterococci-
selective bile esculin agar; 16S RNA gene 
sequencing; Gram staining. 

Bacteria average CFU/m3: 
Micrococcus luteus: 188.8; Staphylo-
coccus epidermidis & haemolyticus: 
114.5; Micrococcus lylae: 16.6; Pseu-
domonas: 10.6; Chrysemona luteda: 
0.5; Staphylococcus hominis: 9.0; Aci-
netobacter wolffii: 5.1; Pseudomonas 
stutzeri: 0; Staphylococcus capitis: 
3.7; Bacillus pumilus: 6.8 
 
Fungi %: 
Aspergillus fumigatus: 4.8; Aspergillus 
niger: 0.9; Aspergillus flavus: 0.2 

Kedjarune, 
2000 [116] 

Setting 
Multi chair dental clinic 
 
Sampling method 
Air sampled with Slit-to-agar air sampler 
75cm height and 30 - 35cm from dentists. 

Total mean (SD) CFU/m3: 
Before: 177.41 (211.14); During: 
232.49 (163.35) 
After: 44.58 (46.82) 
 
Total mean (SD) before/ during 
CFU/m3: 
Endodontic: 264.16 (143.53) / 270.29 
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(158.33) 
Operative: 188.28 (114.74) / 186.23 
(69.26) 
Scaling: 245.10 (134.55) / 182.57 
(63.99) 
 
Bacillus total mean (SD) CFU/m3: 
Before work: 10.89 (9.9); during work: 
9.84 (20.14); after work: 3.34 (7.41) 
Total mean before and during (SD) 
CFU/m3: 
Endodontic: 11.15 (9.39) / 6.32 (4.98) 
Operative: 16.20 (32.39) / 6.17 (7.58) 
Scaling: 17.05 (11.74) / 8.69 (4.78) 

Pankhurst, 
1995 [69] 

Setting 
Dental clinic 
 
Sampling method  
CF patients colonized with B. cepacia. Air 
sampled before, during and after treatment 
by Surface Air System sampler, 540L per pa-
tient, 0.25m from patient. Selective culture 
for B. cepacia. 

Bacteria: 
B. cepacia (not found) 

Pasquarella, 
2012 [118] 

Setting 
Dental clinic 
 
Sampling method 
Passive air sample placing Tryptone Soya 
Agar for 1 hour, 1 m above the floor. Active 
air sampling using SAS sampler, 180L/min 
volume 500 L. 

Total mean bacteria CFU/m3before 
and after treatment: 
Passive sampling: 78/110 
Active sampling: 12/14 

Rautemaa, 
2006 [67] 

Setting 
Dental clinic 
 
Sampling method 
Passive air sample: Horse blood chocolate 
agar; 6 locations; 0.5m -  2m from patient. 
Gram staining. Sampling 1.5 and 3 hours ex-
posure at start of treatment 

High speed: 
<1m: mean CFU 823/m2  

>1.5m: mean CFU 1120/m2 
Periodontal: mean CFU 598/m2 

 
Bacteria: 
Gram positive cocci; Gram negative 
cocci; Gram positive rods; Gram nega-
tive rods. 

Szymanska, 
2008 [124] 

Setting 
Dental clinic 
 
Sampling method 
Air samples collected with portable Air Sam-
pler RCS plus, placed 25 cm distance from 
patient, 100L air per sample. Tryptic soy 
agar and GP2 microplate. Sampling before 
and after disinfection (H2O2) of DUWL. 

Total bacteria % before disinfection: 
Gram negative: 1.31; Staphylococci 
and other catalase positive cocci: 
15.70; Streptococci and other catalase 
negative cocci: 79.23; Endospore 
forming bacilli: 1.45%; Corynebacteria 
and related organisms: 2.30; 
Actinomycetes: 0.01% 
 
Total bacteria % after disinfection: 
Gram negative: 1.08; Staphylococci 
and other catalase positive cocci: 
61.19; Streptococci and other catalase 
negative cocci: 24.28; Endospore 
forming bacilli: 7.92; Corynebacteria 
and related organisms: 4.18;  
Actinomycetes: 1.35 
 
Mean CFU/m3 before disinfection: 
Gram negative: 52; Staphylococci and 
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other catalase positive cocci: 624; 
Streptococci and other catalase nega-
tive cocci: 480; Endospore forming ba-
cilli: 50; Corynebacteria and related or-
ganisms: 30; Actinomycetes: 0 
 
Mean CFU/m3 after disinfection: 
Gram negative: 0; Staphylococci and 
other catalase positive cocci: 640; 
Streptococci and other catalase nega-
tive cocci: 90; Endospore forming ba-
cilli: 50; Corynebacteria and related or-
ganisms: 30; Actinomycetes: 0 

Timmerman 
2003 [117] 

Setting 
Dental clinic 
 
Sampling method 
Passive air sampling by placing Petri dishes 
during ultrasonic scaling. Baseline measure 
for 10min exposed dishes in middle of opera-
tory. 2 plates on tray table over patient’s 
chest 40cm away from mouth. Two plates on 
cart 150cm from patient’s mouth next to wall, 
behind patient and dentist at 100cm height 
exposed for 20min. BHI agar. 

Total CFU during high volume evacua-
tion: 
Before: 0.2 (0.4) 
0-5 min 40cm: 0.4 (0.7) 
20-25 min 40cm: 1.6 (1.3) 
0-20 min 150cm: 5.4 (8.3) 
20-40 min 150cm: 2.7 (3.2) 
0-40 min 150cm: 8.1 (11.3) 
 
Total CFU during conventional dental 
suction: 
Before: 0.6 (0.7) 
0-5 min 40cm: 2.5 (2.9) 
20-25 min 40cm: 1.8 (1.6) 
0-20 min 150cm: 4.3 (3.5) 
20-40 min 150cm: 6.3 (5.9) 
0-40 min 150cm: 4.0 (4.1) 

BHI = brain heart infusion; TB = tuberculosis; CFU = colony forming units; cm = centimeters; 

DUWL = dental unit waterline; h = hours; m = meters; min = minutes; SD = standard deviation. 

The mean bacterial load in the bio-aerosols ranged from Log 1-3.9 CFU/m3 (figure 4). 

Furthermore, six studies analyzed the bio-aerosol contamination before and after 

treatment. The bacterial or fungal load ranging from Log -0.7-2.4 CFU/m3 at baseline 

and from Log 1-3.1 CFU/m3 after treatment (figure 5) [66, 111, 113, 114]. Only one 

study reported on the relation between the distance from the bio-aerosol generating 

source and the bacterial load. They found a higher bacterial load in the bio-aerosols 

at 1.5 meter from the oral cavity of the patient than in the bio-aerosols within 1 meter 

from the patient [67]. One study screened for B. cepacia and one screened for M. tu-

berculosis, however both studies could not retrieve these organisms after regular pa-

tient treatment [65, 69].  
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Figure 4: Bacterial or fungal loads in mean Log10 CFU/m3 in dental clinics. 
* = passive sampling method; # active sampling method. 

 

 
Figure 5: Bacterial or fungal loads in mean Log10 CFU/m3 in dental clinics. 
* = passive sampling method; # active sampling method. 
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Hazard of a bio-aerosol 

Seven studies reported on the hazard of micro-organisms to HCWs and/or patients, 

see table 5 study characteristics hazard in healthcare and the dental setting [72, 75, 

87, 125-128]. Three studies looked into the risks for patients when exposed to Le-

gionella pneumophila containing sources that may produce bio-aerosols [75, 79, 

127]. They reported that cooling towers, air conditioning or mechanical ventilation 

systems could be a source of L. pneumophila. Kool et al. concluded that patients had 

an increased risk to acquire L. pneumophila in hospitals when they used corticoster-

oids (OR=13; 95CI% 1.6-102) and when intubated (OR=10; 95%CI 1.3-73) [75]. An-

other study identified smoking, drinking alcohol, having chronic lung disease and 

cancer as risk factors for getting an infection with L. pneumophila [127]. For the den-

tal clinic there is one case study reported that reported of irreversible septic shock 

and died after two days in a patient that was infected with L. pneumophila [128].  

 

Table 5: Study characteristics hazard in healthcare and the dental setting. 
Study Set up Findings 
Augustow-
ska, 2006 
[87] 

Study the variability of airborne 
microflora of a hospital ward in 
pneumological department. 
 
Micro-organism 
Mesophilic bacteria; fungi 
 
Study design 
Cross-sectional study with micro-
biological examination of the air 
and the lung function in asthmatic 
patients. 

Decrease of lung function: 
- Decrease spirographic indices in asthmatic 
patients at increase of bacteria/fungi in air: 
37.5% 
- Decrease of vital capacity. 
- Decrease of forced expiratory volume in 1 
sec. 
 

Browning, 
2012 [125] 

Awareness of the risks involved 
in treating active herpes labialis 
in a dental clinic 
 
Micro-organism 
HSV-1  
 
Study design: 
Case series, N=4 

Dental hygienist got both eyes infected with 
HSV-1. Three possibilities: 1) high exposure to 
active herpes patients; 2) ultrasonic scaling 
producing HSV-1 bio-aerosol; 3) rubbing eyes 
while working. 

Kool, 1998 
[75] 

Investigate a clustered of cases 
of legionnaires disease among 
patients at a hospital. 
 
Micro-organism 
L. pneumophila  
 
Study design: 
Case-control study N=74 
 

Exposure factors OR univariate: 
- Corticosteroids: 5.1 (1-50) SIG - Intubation: 
4.6 (1.1-27) SIG 
- Showering: 0.1 (0-1.3) NS - Medication nebu-
lizer: 1.5 (0.3-6.8) NS 
- Drinking tap water: 1.3 (0.3-5.4) NS 
 
Exposure factors OR multivariate: 
- Walking in hallway 1-3 days: 0.07 (0.01-0.6) 
NS 
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- Corticosteroids: 13 (1.6-102) SIG. 
- Walking in hallway >3 days: 0.3 (0.03-2.6) 
NS  
- Intubation: 10 (1.3-73) SIG. 

MacIntyre, 
2014 [73] 

Description of the range of expo-
sure to HRP in HCWs. 
 
Micro-organism 
Adenovirus; human metapneu-
movirus; corona virus; parainflu-
enza virus; influenza virus A, B; 
rhinovirus A,B; streptococcus 
pneumonia; mycoplasma pneu-
monia; B. pertussis; Legionella 
spp.; chlamydophilia; Haemophi-
lus influenza type B.  
 
Study design: 
Prospective study, participants 
recording following procedures 
on a daily basis: Provision of 
nebulizer medications; suction; 
intubation; bio-aerosol-generating 
procedures; chest physiotherapy. 
N=481 

RR infection high risk procedure performed vs 
not performed: 
Clinical respiratory infection: 2.5 (1.3-6.5) 
P<0.01 
Confirmed virus: 2.8 (0.9-8.7) P=0.07 
Virus or bacteria: 2.6 (1.4-5) P<0.01 
Influenza: 1.5 (0.2-13) NS 
 
RR bacteria of virus in HCWs: 
Influenza vaccine: 1.3 (0.56-2.8) NS 
Hand washing: 0.7 (0.3-1.63) NS 
HRP performed: 2.9 (1.37-6.22) P=0.01 

Ricci, 2012 
[129] 

Description infection source of le-
gionella 
 
Micro-organism 
L. pneumophila  
 
Study design 
Case control 

An 82-year-old woman admitted to intensive 
care unit with fever and respiratory distress. 
The woman was positive for L. pneumophila. 
The woman has acquired the infection from 
the contaminated DUWL biofilm and died 2 
days after diagnosis. 

Tran, 2012 
[72] 

Risk of transmission of acute res-
piratory infections to HCWs ex-
posed to bio-aerosol generating 
procedures  
 
Micro-organism 
SARS  
 
Study design 
Systematic review and meta-
analysis 

OR per procedure: 
- Tracheal intubation: 6.6 (2.3-18.9) – SIG 
- Non-invasive ventilation: 3.1 (1.4-6.8) SIG 
- Suction before intubation: 3.5 (0.5-24.6) NS 
- Suction after intubation: 1.3 (0.5-3.4) NS 
- Nebulizer: 0.9 (0.1-13.6) NS 
- Manipulation oxygen mask: 4.6 (0.6-32.5) NS 
- Bronchoscopy: 1.9 (0.2-14.2) NS 
- Insertion of nasogastric tube: 1.2 (0.4-4.0) 
NS 
- Chest compression: 1.4 (0.2-11.2) NS 
- Defibrillation: 2.5 (0.1-43.9) NS 
- Chest physiotherapy: 0.8 (0.2-3.2) NS 

Palusinska-
Szysz, 2009 
[127] 

Description of the pathogenicity 
of legionella 
 
Micro-organism 
L. pneumophila  
 
Study design 
Review 

Symptoms: 
Early: mild cold; low fever; malaise; anorexia; 
muscles aches; puss forming sputum; blood 
streaked sputum; cough blood. 
Later: high fever; bronchiolitis; alveolitis; lung 
damage with infiltrated regions. 
 
Risk factors instruments: 
Air conditioning; cooling towers; whirlpool 
spas; water delivery systems; contaminated 
birth bathtub; intubation; mechanical ventila-
tion; aspiration; respiratory equipment. 
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Risk factors in human: 
neonates; elderly; diabetes; chronic lung dis-
ease; chronic severe renal failure; hematologic 
malignancies; lung cancer; male gender; alco-
hol; gluco-corticosteroids; immunosuppres-
sion; high iron; smokers. 

HCWs = healthcare workers; HSV-1 = herpes simplex virus-1; HRP = high risk procedures; NS = not 

significant; OR = odds ratio; RR = risk ratio; SARS = severe acute respiratory syndrome; SIG = signifi-

cant; N = number of subjects. 

One systematic review reported on the pooled odds ratio (OR) for the transmission 

and exposure to Severe Acute Respiratory Syndrome (SARS) in HCWs during bio-

aerosol generating procedures. Tracheal intubation (OR=6.6; 95%CI 2.3-18.9) and 

noninvasive ventilation (OR=3.1; 95%CI 1.4-6.8) were risk factors for acquiring 

SARS. Other bio-aerosol generating interventions such as manipulation of an oxygen 

mask were not significant risk factors [72]. Another study calculated that the risk ratio 

for acquiring clinical respiratory infections was 2.5 (95%CI 1.3-6.5) for HCWs per-

forming a high risk procedure [126]. Augustowska et al. studied the effect of bacteria 

and fungi on asthmatic patients. They reported a decrease in maximum breathing ca-

pacity due to the increase of bacterial or fungal load in the air [87]. A case-study in a 

dental clinic described the risk of acquiring Herpes Simplex Virus (HSV)-1 for the 

dentist and the dental hygienists when they treated a patient with active HSV-1. One 

member of the treatment team became infected with HSV-1, probably by the bio-aer-

osol containing HSV-1, induced by ultrasonic scaling or by rubbing her eyes while 

working. The infected HCWs manifested recurrent HSV-1 infections [125].  

 

Discussion 

By conducting a scoping review, we were able to summarize existing evidence on the 

generation, composition, load and hazards of bio-aerosols in hospital and dental en-

vironment. We found that bio-aerosols are generated via multiple sources such as 

machines, different types of interventions; instruments; and human activity. The com-

position of bio-aerosols depended on the method of sampling (active versus pas-

sive), microbiological techniques (culture based versus DNA-based, different culture 

plates used) and the setting of the study (specific clinics versus general dental clin-

ics). Bio-aerosols can be hazardous to both patients and HCWs. Multiple studies de-

scribed the threat of Legionella species to elderly and patients with respiratory com-

plaints.  
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The composition of bio-aerosols was extensively studied in hospital environments 

(N=31) compared to dental environments (N=16). Regarding the micro-organism 

composition of bio-aerosols, we conclude that bio-aerosols contain a high variety of 

bacterial and fungal strains from different sources such as the human skin and intes-

tine; and the environment such as soil and water. Based on the sampling and cultur-

ing techniques, fungi and Gram-positive bacteria were found most often. Pathogens 

such as Legionella and Pseudomonas species were found in bio-aerosols that were 

distributed by instruments using tap water. Few studies looked for viruses, and in to-

tal only ten different viruses were identified, because no open-ended detection or 

identification methods are available for viruses. Therefore, only specific targeted 

techniques were used. Moreover, none of the studies conducted in dental practice 

have used methods to identify the presence of viruses in the generated aerosols. 

Therefore, we must keep in mind that the yielded results were dependent on the 

methodology of the individual study. The results of the individual studies, and the het-

erogeneity we found in this review, are dependent on the methods leading to an 

over- or under estimation of the complete bio-aerosol profile. The same inconsistency 

is discussed in previous studies in which the researchers compared two main sam-

pling methods [130]. The methodological variety between studies, e.g. differences in 

method of sampling and culturing or sequencing, differences in sampling time and 

sampling area; and differences in distance to the bio-aerosol generating source 

caused difficulties in comparing results. When a study used selective medium or agar 

it results in an overview of selected micro-organisms. This leaves out other micro-or-

ganisms that were present at that moment. The same accounts for duration of sam-

pling or passive versus active sampling. In passive sampling, the researcher waits for 

a certain amount of time for micro-organisms to fall on a Petri dish, while other micro-

organisms were still floating in the air and take more time to fall on surfaces. The 

spread in a bio-aerosol is heterogeneous, so whatever is ‘caught’ on that moment 

may vary from the second, third or even fourth sampling attempt. So, the method 

chosen (active or passive) should be dependent on the aim of the air quantification 

[130]. Furthermore, in many studies variables in the experimental setup were not de-

scribed, like sampling time, distance and sampling location. Also, no standard devia-

tions of the microbiological loads were reported consistently. Besides, the data might 

be an underestimation of reality since studies looked for specific micro-organisms, in 
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specific settings by selective sampling and culture dependent techniques, thereby 

missing other micro-organisms present in the bio-aerosols. Also, there was very little 

data available on the persistence of micro-organisms in the air over time and the spa-

tial distribution. None of the included studies looked for parasites, although it has 

been reported that these are present in many tap waters dependent bio-aerosol pro-

ducing systems with plastic tubing [131, 132].  

 

We found little evidence to state the presence or absence of direct threats or health 

risks for patients or HCWs with regards to bio-aerosols. In the hospital setting, two 

studies reported on the hazard for the staff [72, 126], and four on the hazard for pa-

tients [75, 87, 127, 128]. The search yielded one study for this objective assessing 

the hazard of an infectious disease to dental staff [125]. However, it is known that on 

average, dental practitioners carry elevated levels of Legionella antibodies [15], but 

the hazard to non-healthy HCWs and patients remains, based on our findings, un-

known. An estimation of the hazard of bio-aerosols is usually made based on the mi-

crobial content and load of the bio-aerosols. We conclude that bio-aerosols can be 

hazardous to certain populations that are extensively exposed to bio-aerosol generat-

ing procedures or immunocompromised people.  

 

Limitations 

The search yielded 40 references that were to be screen based on full text. However, 

we could not recover these 40 full text manuscripts to assess their eligibility for inclu-

sion, even though we tried to contact the first and/or corresponding author, by retriev-

ing his/her email via the abstract or Google. We assume that the body of evidence for 

each objective would have been larger if all 40 studies, or at least a part, would have 

been available and included. Another limitation was that the outcomes and methods 

were inconsistent throughout all included studies. Also, there was little data on the 

hazard of bio-aerosols, thus no strong conclusions could be drawn. 

 

Recommendation for future research 

We recommend that future research on bio-aerosols should create an extensive and 

complete methodology for the quantification of air contamination. Time and frequency 

of air sampling, distance from sources, location of sampling in both passive and ac-
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tive air sampling techniques should be described thoroughly. Furthermore, the identi-

fication of micro-organisms should be done by both selective and non-selective meth-

ods and cover organisms that find their origin in water, human, and environment. 

Also, we believe that infections due to a bio-aerosol should be structurally reported 

so that the risk for HCWs and patient can be analyzed. Finally, the risks for HCWs, 

especially dentists, working in an environment in which they are continuously ex-

posed to bio-aerosols, and to their patients remain unclear and therefore need further 

research. This is needed in order to comprehend the risks of bio-aerosols generated 

in clinical settings to attention to staff and patients to improve awareness, hygienic 

standards, risks, and prevention methods. 

 

Conclusion 

Bio-aerosols are generated via multiple sources such as different interventions, in-

struments and human activity. Bio-aerosols have different microbiological profiles de-

pending on the setting and the used methodology. Bio-aerosols can be hazardous to 

both patients and healthcare workers. Legionella species were found to be a bio-aer-

osol dependent hazard to elderly and patients with respiratory complaints. 
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“Sui-le, il te fuit!” 

Naima Moussati 
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Chapter 3 Dental aerosols: microbial com-
position and spatial distribution 
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143556_Zemouri_BNW.indd   47 20-05-20   08:28



 48 

Abstract 
 

Background 

High-speed dental instruments produce aerosols, which can contribute to the trans-

mission of pathogenic microorganisms. The aim of this study is to describe the micro-

bial load and - composition and spatial distribution of aerosols in dental clinics. 

 

Methods 

In four dental clinics active and passive sampling methods were used before, during 

and after treatment and at different locations in the treatment room. Retrieved colony 

forming units (CFU) were sequenced for taxon identification.  

 

Results 

The samples contained up to 655 CFU/plate/30 minutes and 418 CFU/m3/30 minutes 

during dental treatment for active and passive sampling respectively. The level of 

contamination after treatment and at 1.5m distance from the patient’s head was simi-

lar to the start of the day (control). The highest contamination was found at the pa-

tient’s chest area. The aerosols consisted of 52 different taxa originating from human 

origin and 36 from water.  

 

Conclusion 

Contamination in dental clinics due to aerosols is mainly low, although high level of 

contamination with taxa from both human and water origin were found within 80cm 

around the oral cavity of the patient. Our results stress the importance of infection 

control measures on surfaces in close proximity to the head of the patient as well as 

in dental water lines. 
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Introduction 

In dental clinics, aerosols are produced while using dental hand pieces, such as ul-

trasonic scalers, air rotors, micromotors and/or air-water syringes [22]. These bio-

aerosols consist of droplets, also known as spatters, and droplet nuclei [17, 18]. 

Droplets, sized >100 m, settle rapidly onto surfaces in the immediate proximity of 

the source. Droplet nuclei, <10 m, are lighter and, therefore, can remain in the air 

for hours before settling on(to) a surface [17]. These aerosols contain microorgan-

isms originating from the patient’s oral cavity and from dental unit waterlines (DU-

WLs) [2]. The release of microorganisms into aerosols increases the microbial bur-

den in the air and can lead to the contamination of all surfaces in a dental treatment 

room. Because of the frequent aerosol generating procedures in dental practice, 

these aerosols can function as an important mode for infection transmission in dental 

clinics [2]. 

 

Since dental instruments are the generating source of aerosols, the microbial con-

tamination of DUWLs plays an important role. The biofilm in DUWLs may harbour op-

portunistic pathogens, such as Pseudomonas spp and Legionella pneumophila, while 

both species have been found in air samples [2, 129, 133, 134]. In addition, DUWL 

water with a high load of Gram-negative bacteria harbours endotoxins, which can 

lead to respiratory complaints when inhaled [122, 133, 135]. Oral microorganisms, 

such as Micrococcus spp and Corynebacteria spp, were also found in aerosols indi-

cating the presence of oral microorganisms in the droplets and droplet nuclei [119, 

122-124]. Settled aerosols, containing microorganisms from water and the oral cav-

ity, are likely to carry infectious microorganisms and may lead to cross-transmission 

and infection in susceptible patients and dental staff [17, 20, 21]. However, evidence 

on the microbial characteristics of aerosols in dental clinics are limited [136]. So far, 

only 19 bacterial species were reported to be present in the aerosols around the pa-

tient, wherefrom most were Staphylococcus spp. The spatial distribution of aerosols 

is reported in cross-sectional studies [136]. Yet, results and conclusions differ be-

tween studies. This might be due to different sampling methods, sampling strategies 

and to differences in culturing the microorganisms [136]. 
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Aerosol formation in dental clinics is unavoidable [2], yet the release of water and 

oral microorganisms into the generated aerosols increase the risk of cross-contami-

nation. Therefore, the patients and dental healthcare workers are at risk for acquiring 

infections [55, 122, 135]. The present study aimed to quantify the spatial distribution 

of aerosols in dental clinics as well as its microbial load and composition. The pre-

sented findings increase the awareness into the risks of cross-contamination in den-

tal clinics and could have direct implications on infection control measures. 

 

Materials and methods 

Ethical approval 

Air was sampled before, during and after patient treatment in four dental clinics in 

The Netherlands; three dental private clinics (referred to as clinic 1, 2, and 3) and a 

treatment room at a university dental treatment centre (clinic 4). The Institutional Re-

view Board of ACTA approved the study protocol (reference number 2018024). 

 

Air sampling 

The microbial load in the air of the dental clinics was measured using passive and 

active sampling methods. Passive sampling was conducted by exposing 90 mm di-

ameter petri dishes containing either blood agar (Colombia blood agar base, (Hach, 

Loveland, USA), supplemented with 5% sheep blood) or R2A agar (Hach) to the air 

for 30 minutes at 80 cm height from the floor. The air was sampled at three moments 

during a normal day of patient treatment: 1) 30 minutes before the first treatment. 

The room was unoccupied for at least 12 hours; 2) during the dental treatment; and 

3) 30 minutes after the final treatment (the room was unoccupied during that time). 

The plates were placed on three locations 1) on the patient’s chest, at 30 cm from the 

oral cavity; 2) next to the dental instruments on the unit; 3) at 150 cm from the pa-

tient’s oral cavity (figure 1).  

 

To determine the microbial load per cubic meter, the air was sampled actively using 

the BioSampler® (SKC Inc, Eighty-Four, Pennsylvania, USA). The pump in the Bio-

Sampler® was calibrated with a rotameter (SKC Inc., Eighty-Four, Pennsylvania, 

USA) according to manufacturer’s instruction, to maintain a flowrate of 12.5 L/min. Air 

was drawn into a 5 mL vessel with phosphate buffered saline (PBS). PBS allows 

longer sampling time, less bacterial loss and 91% sampling efficiency compared to 
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the use of sterile water [137-139]. The sampler was wrapped in an icepack to avoid 

liquid evaporation and overheating from the pump. The BioSampler® was placed left 

of the patient’s mouth, at 50 cm distance from the oral cavity and at 80 cm height 

from the floor. Sampling time was recorded to allow calculation of CFU/m3. Prior to 

the experiment, the BioSampler® was tested in vitro to determine the detection limit. 

The detection limit was determined at 100 CFU per plate/m3 for active sampling. Af-

ter pilot testing with passive sampling, active sampling was only conducted during 

treatment. 

 

Both the passive and active sampling experiments during patient treatment were per-

formed 16 times per clinic during 4 to 5 days, depending of the schedule of the practi-

tioner. 

 

Microbial contamination of dental unit water 

Samples from DUWLs were taken from the air-water syringe of the dental units of 

every location on each sample day before the first treatment took place. The syringe 

was flushed for 30 seconds prior to sampling. A universal tube of 50mL was filled 

with water, marked and stored at 4  upon transportation to the laboratory.  
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Figure 1: Floor plan sampling in four dental clinics 
The placement of agar plates during treatment (passive sampling) and the location of the Bio-       

Sampler® during active sampling. Passive sampling and active sampling were not performed on the 

same day. The dental assistant was present in clinic 1 and 3. 

 

Laboratory analyses 

Agar plates from passive sampling were incubated immediately upon arrival to the la-

boratory at the same day. The medium from the BioSampler® was vortexed for 30 

seconds, 500 Lof medium was plated on blood agar plates in quadruplicate and in-

cubated aerobically and anaerobically at 37 . Another 500 L was plated in dupli-

cate onto R2A plates and incubated aerobically at 23 .  

 

The sampled DUWL water was vortexed for 30 seconds, 100 μl and 500 μl were 

plated on R2A agar in triplicate and plates were incubated aerobically at 23  to de-

termine the CFU/mL heterotrophic bacteria. The number of colonies was counted af-

ter 7 days of incubation. Plates with more than 500 CFUs per plate were assigned as 
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TTC; too many colonies to count. For the determination of the average CFU, plates 

with TTC were conservatively designated as 500 CFU / plate. All colonies of each 

plate where scraped off with a cotton swab, suspended in Eppendorf tubes contain-

ing 500 L PBS. The aerobic, anaerobic and R2A samples were pooled per location 

and per time point and stored at -80  for sequencing.  

 

Sequencing 

For DNA isolation Eppendorf tubes with sample were thawed and centrifuged at 

13000 rpm for 5 minutes. Supernatant was removed and the pellet was resuspended 

with 200μl of Tris-EDTA buffer. The supernatants were transferred to assigned wells 

in deep well plates and DNA was extracted and purified according to Volgenant et 

al.[140]. The 16S rRNA V4 gene amplicons were prepared according to Koopman et 

al. [141], with as exception that the 16S rRNA gene amplification was done with 30 

cycles. The final Amplicon was sequenced on an Illumina MiSeq system (Illumina, 

San Diego, CA, USA) using the MiSeq Reagent Kit V3 (2 x 251 nt) at the department 

of Core Facility Genomics, Amsterdam UMC. The flow cell was loaded with 10 pmol 

and 50% PhiX. 

 

The paired-end reads were processing using USEARCH v.8.0.1623 [142]. Due to a 

collapse in quality towards the end of the reverse read, the reverse read was trun-

cated to 150 nt. Next, the pairs were merged using a maximum expected error of 1 

and a merged sequence length between 249 and 258 nt. The merged sequences 

were dereplicated and sorted by abundance using a minimum occurrence of 8. 

 

These sequences were searched against the SILVA rDNA database v.132, 16S 

rDNA sequences, clustered at 99% with majority consensus taxonomies produced by 

the QIIME team [143, 144]. Searching was carried out with USEARCH (-usearch_lo-

cal -strand plus -maxrejects 4096 –maxaccepts 256 –maxhits 50 –id 0.90 -query_cov 

0.90). The USEARCH output was parsed to construct a 90% majority consensus tax-

onomic lineage of the (max.) 50 hits per query using a query coverage of  95% and 

sequence similarity of  95%. Finally, all merged sequences were searched against 

this dereplicated set (using USEARCH –search_exact) as to construct an “OTU” ta-

ble listing the counts of each unique sequence (instead of an OTU) in each sample 

[144]. 
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Data analyses 

CFU counts were log transformed. The mean CFU values for both sampling methods 

were calculated for each location and time point. The Kruskal-Wallis test and the 

Mann-Whitney U test were applied to assess the differences in CFU counts. An 

abundance of < 20 of each unique sequence was considered noise. Therefore, these 

sequences were removed. The number of taxa were counted per location/timepoint. 

The source of the taxa was assigned, either human or environmental / water, based 

on the best available evidence (see appendix 1). 

 

The mean differences in number of taxa between clinics were analysed using the 

Kruskal-Wallis test followed by post-hoc analyses. The mean differences between all 

samples per clinic were analysed using the Friedman test. The mean difference be-

tween two samples was analysed using the Mann-Whitney U test. All values were 

adjusted using the Bonferroni correction for multiple testing. Correlations between 

CFU counts from different locations or samples were calculated using the Spearman 

correlation coefficient (Bonferroni correction for multiple testing). A p-value < 0.05 

was considered statistically significant. All statistical analyses were conducted using 

SPSS Statistics for Windows (version 25.0, Armonk, NY, IBM Corp.). 

 

Results 

DUWL microbiology 

On average, the dental unit water in clinic 1 consisted of 2.7 (SD 2.4) log10 CFU/mL, 

water from clinic 2 consisted of 3.4 (SD 3.1) log10 CFU/mL, and water from clinic 3 

consisted of 3.6 (SD 3.5) log10 CFU/mL. No bacteria were recovered from water sam-

ples from clinic 4. The water samples contained between 2 to 6 different taxa (mean 

of 4.6 taxa per sample). The number of taxa in the water samples differed signifi-

cantly between the clinics (Kruskal-Wallis test 6.93; p=0.031). Water from clinic 2 

contained significantly more taxa compared to water from clinic 1 (p=0.009). The wa-

ter samples contained mainly Sphingomonas, Delftia and Caulobacter, while Pedo-

bacter, Stenotrophomonas, and Pseudomonas were identified only in the water of 

clinic 3. The number of DUWL bacteria correlated significantly with the number of wa-

ter bacteria found on the R2A plates on the chest area (r=0.56, p=0.031). 
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Microbial load in the air, passive sampling 

During sampling, the air-water syringe, ultrasonic scaler, air polisher and high-speed 

drills and hand pieces were used while treating the patients, depending on the indi-

vidual treatment plan. All clinics used a high-volume evacuator and a saliva ejector 

simultaneously. The mean CFU/plate are reported in Table 1. The average CFU per 

plate ranged from 0.1 to 2.8 log10. Lowest CFUs were found before and after treat-

ment and at 150 cm distance from the head of the patient in all clinics. Therefore, 

150 cm from the head of the patient was considered a control site for all passive air 

measurements. 

 

Highest CFUs were retrieved from the chest and instrument area during treatment, 

and there were no significant differences between aerobic and anaerobic plates for 

these locations (p>0.05). In contrast, before and after treatment, the aerobic counts 

were significantly higher than anaerobic counts (p<0.05, Wilcoxon singed rank test 

on pairs). Also, at the control sites, the aerobic counts were higher compared to the 

anaerobic counts (p<0.05, Wilcoxon signed rank test on pairs). The bacterial counts 

on the chest area were significantly higher compared to all other sampled locations 

(p<0.001). The bacterial counts next to the instruments were significantly higher com-

pared to before and after treatment, and the control location in all clinics (p<0.01). 

The microbial load in the air of clinics 1, 2, and 3, as measured on the control loca-

tions 18 hours after the last treatment, was comparable (p>0.05), but significantly 

higher compared to clinic 4 (p<0.001). 

 

Microbial load in the air, active sampling 

The mean CFU/m3 counts are reported in Table 1. The average CFU/m3 ranged from 

0 to 2.6 log10. The microbial load in the air from clinics 1, 2, and 3 was significantly 

higher on R2A plates compared to clinic 4 (p<0.05). Based on the aerobic counts, 

only clinic 2 and 3 had a significantly higher count compared to clinic 4 (p<0.05). No 

significant difference was found on the microbial load in the air between all clinics on 

the anaerobic plates (p=0.18).  
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Table 1: Mean (SD) Log10 of bacterial counts per growth method per location and mo-

ment. 

a= significant higher count compared to baseline; b= significant higher count com-

pared to follow up (Mann-Whitney U-test, p<0.05). Aer = Aerobe, An = Anaerobe 

 

Microbial composition 

The mean, modus, and ranges of the number of retrieved taxa per time point and per 

location are reported in Table 2. Bacteria from either human or water origin were 

found on all sampled locations and moments. A total of 52 human derived taxa (oral 

and/or skin, HDT), and 36 water derived taxa (WDT) were identified. The HDT Acti-

nomyces, Corynebacterium, Staphylococcus, and Streptococcus and the WDT Aci-

netobacter, Enhydrobacter, and Sphingomonas were present in all sampled locations 

and at all moments. The number of HDT ranged from between 0 to 25 taxa per loca-

tion or time point, and between 0 to 9 for WDT. An overview of taxa per location and 

time point is presented in Appendix 1. The clinics did not differ from each other in 

 Clinic 1 Clinic 2 Clinic 3 Clinic 4 

mean CFU/plate (SD) mean CFU/plate (SD) mean CFU/plate (SD) mean CFU/plate (SD) 

Aer An R2A Aer An R2A Aer An R2A Aer An R2A 

Passive sampling 

Time point 

Before 

treat. 

1.1  

(0.5) 

1.0  

(0.7) 

1.3 

(1.1) 

0.8  

(0.5) 

0.7 

(0.7) 

0.9 

(0.9) 

1.1  

(0.9) 

1.0  

(1.0) 

1.3 

(1.0) 

-0.1  

(-0.4) 

0.1  

(-0.3) 

0.1  

(-0.3) 

After 

treat. 

1.1  

(0.8) 

0.8  

(0.6) 

1.0 

(0.7) 

1.0  

(0.8) 

0.9  

(0.6) 

1.1 

(1.1) 

1.4  

(1.1) 

1.3  

(1.1) 

1.3 

(0.9) 

0.5 

 (0.2) 

-0.1  

(-0.1) 

0.2  

(-0.3) 

Location (during treatment) 

Chest  

30 cm 

2.8  

(2.7) 

a,b 

2.8  

(2.7) 

a,b 

2.6 

(2.6) 

a,b 

2.4  

(2.4) 

a,b 

2.1  

(1.1) 

a,b 

1.4 

(2.7) 

a,b 

2.7 

 (2.7) 

a,b 

2.6  

(2.7) 

a,b 

2.7 

(2.7) 

a,b 

1.2  

(1.2) 

1.4  

(15) 

0.5  

(0.4) 

Instru-

ment 

plate 

1.4  

(1.1) 
a,b 

1.4  

(1.0) 
a,b 

1.3 

(0.9) 
a,b 

1.6  

(1.9) 
a,b 

1.3  

(1.0) 

a,b 

1.5 

(1.9) 

a,b 

1.5  

(1.9) 

a,b 

1.5  

(1.9) 
a,b 

1.4 

(1.9) 

a,b 

0.3 

 (0.2) 

0.7  

(1.0) 

-0.1  

(0) 

Control 

150 cm 

1.2  

(1.0) 

1.2  

(1.1) 

1.3 

(1.0) 

1.2  

(0.9) 

1.1  

(0.9) 

1.1 

(0.9) 

1.3 ( 

1.3) 

1.2  

(1.3) 

1.0 

(0.9) 

0.2  

(-0.2) 

0.2  

(0.2) 

0.1  

(-0.1) 

Active sampling (during treatment) 

50 cm 

from 

mouth 

2.4  

(2.7) 

1.8  

(2.2) 

2.1 

(2.5) 
a,b 

2.2  

(2.0) 
a,b 

1.9  

(2.0) 

2.2 

(2.0) 

2.5  

(2.5) 
a,b 

1.9  

(2.1) 

2.6 

(3.3) 
a,b 

1.6  

(1.4) 

1.4 

 (1.6) 

0 (0) 
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mean number of HDT (Kruskal-Wallis 7.80; p=0.05), but there was a difference in lo-

cations and sample moments per clinic (Friedman test clinic 1: X2=12.81, p<0.001; 

clinic 2: X2=5.32, p=0.022; clinic 3: X2=11.52, p=0.001; clinic 4: X2=9.52, p=0.002). 

The sampling area on the chest had a higher number of taxa compared to before 

treatment (p=0.014), and the control site (p=0.028).  

 

The number of WDT in air samples differed significantly between clinics (Kruskal-

Wallis test 31.0; p<0.001). The air from clinic 4 contained a significantly lower num-

ber of WDT taxa compared to the other clinics (no bacteria were retrieved from 

DUWL of clinic 4). No significant differences were found in number of taxa between 

different locations and sample moments (p>0.05). The samples retrieved from active 

sampling at the patient’s chest had a significantly lower number of taxa compared to 

passive sampling (p<0.001).  

 

Table 2: Mean, modus and range of number of different taxa identified per sampling 

time or sample moment. Values are based on all clinics grouped together. 
 Before treat-

ment 

After treat-

ment 

Control Chest Instru-

ments 

Active 

samples 

Human derived taxa (HDT) 

Mean 5 5 6.13a 9 6.64 4.97a 

Modus 5 7 4 7 4 5 

Range 1-9 0-10 1-25 1-21 1-15 2-11 

Water derived taxa (WDT) 

Mean 2.1 2 2.5 2.7 2.57 1.43a 

Modus 1 2 2 2 2 1 

Range 1-4 0-7 0-6 0-7 0-6 0-9 

*= significant higher number compared to chest sampled area (post-hoc analyses, Bonferroni cor-

rected p <0.05).  

 

Discussion 

A large proportion of the air samples, from our study, that were taken before treat-

ment, after treatment and during treatment at the control location did not meet the cri-

teria for clean air (guidelines for clean air: SS EN ISO 14698-1:2003). Only the uni-

versity clinic met these criteria (< 2 CFU/plate in 30 minutes exposure time). In-
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creased microbial air contamination was particularly found during treatment at the pa-

tient’s chest. This zone also contained the highest number of taxa, mainly from hu-

man origin. Close to the treatment site aerobic bacteria were present in equal 

amounts to anaerobic bacteria. Locations further away from the patient contained 

significantly more aerobic bacteria than anaerobic bacteria, suggesting their origin is 

less likely to come from the dental treatment. The results of our study indicate that 

contamination of the aerosols from both human and water origin during treatment 

mostly settle in the close proximity of the head of the patient. This is in line with a 

previous study [120], although other studies reported no difference in microbial 

counts near the patient’s head and at further distance from the treatment zone [117, 

123].  

 

The air in the university clinic contained significantly lower numbers of water-derived 

bacteria, as measured on R2A agar, compared to clinics 1-3. The air in clinic 2 and 3, 

both with the highest bacterial counts in the effluent DUWL water, had the highest mi-

crobial counts on R2A plates and the highest number of WDT during patient treat-

ment. The university clinic, however, had the lowest contamination of the DUWL, low 

levels of DUWL in this clinic were reported previously [11, 145]. The air ventilation 

rate in the university clinic was optimal, while it seemed suboptimal in the other clin-

ics. Our results indicate that when infection control measures, such as good air venti-

lation and good control of microbial contamination of the DUWL, are optimal the 

spread of bacteria through aerosols is acceptably low.  

 

So far, this is the first study to provide an assessment of the microbial composition of 

dental aerosols using next-generation sequencing. The microbial load of the air in the 

dental clinics turned out to be too low for reliable DNA-isolation and the subsequent 

sequencing procedure of the original samples. Thus, unfortunately, a cultivation step 

was needed to enable identification of the bacteria. Therefore, it was impossible to 

determine the relative number of taxa per sample. In addition, the culturing step intro-

duced bias since all unculturable bacteria could not be counted/sequenced.  

 

The obtained bacterial sequences were assigned a taxonomy on genus level and 

categorized into human-derived bacteria or water-derived bacteria. No distinction 

was made between oral and skin bacteria, since genera such as Staphylococcus and 
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Streptococcus can be found in the oral cavity as well as on the skin. For infection 

control, it is not essential to make this distinction, because transmission of both oral 

bacteria and skin bacteria from the patient should be prevented.  

 

As expected, a relatively high number of different human taxa was found on the chest 

area of the patient and on the instrument area, corresponding with a high number of 

CFU/plate on these locations. Human and water-derived bacteria were found in all 

samples, which indicates that droplet nuclei containing these bacteria remain present 

in the air of the clinic after they become airborne. However, the contamination level 

was low when no patient was treated in the room. Staphylococci were identified in all 

samples, which indicates human contamination [121, 123, 124]. 

 

The presented findings were consistent within each clinic, indicating that the two 

sampling methods used were reproducible. However, both methods missed part of 

the bacterial community. Only viable bacteria that can be cultured could be retrieved. 

The passive sampling method missed microorganisms that did not settle on the 

plates, that needed a specific growth medium or that became inactive when dis-

persed in the air [146]. The active sampling method missed microorganisms because 

a culturing step was necessary. Thus, the results from our study are an underrepre-

sentation of the actual contamination rate.  

 

In conclusion, the microbial contamination caused by droplets and droplet nuclei is 

only of concern during dental treatment and tends to concentrate around the head of 

the patient. No increase in microbial contamination was found at 1.5 meters from the 

oral cavity. Both human- and water-derived bacteria were found throughout the treat-

ment room. These results stress the importance of infection control measures on sur-

faces in close proximity to the head of the patient. Adequate air ventilation and a low 

level of contamination of DUWLs likely lead to lower levels of microbial contamination 

of the air in dental clinics. 
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Appendix 1 
Bacterial genera identified as originating from the human microbiome (oral; skin) per sample 

30 min before first treatment 
Actinomyces Aerococcus Arthrobacter Bacillus Brevibacterium 
Capnotytophaga Clostridium Corynebacterium Dermabacter Dermacoccus 
Dietza Enterococcus Fastidiospilia Kocuria Micrococcus 
Nesterenkonia Pantoea Paracoccus Rhodococcus Rothia 
Staphylococcus Streptococcus    

30 min after end of treatment 
Actinomyces Aerococcus Arthrobacter Bacillus Brachybacterium 
Brevibacterium Clostridium Corynebacterium Dermabacter Dermacoccus 
Fastidiospilia Frigoribacterium Gordonia Granulicatella Kocuria 
Macrococcus Micrococcus Nesterenkonia Paracoccus Rhodococcus 
Selenomonas Staphylococcus Streptococcus Veillonella  

During treatment, at 150 cm from head of the patient 
Actinomyces Aerococcus Anaeroglobus Arthrobacter Bacillus 
Brachybacterium Brevibacterium Campylobacter Corynebacterium Dermacoccus 
Dialister Dietza Eikenella Fastidiospilia Fusobacterium 
Gemella Granulicatella Kocuria Lactobacillus Macrococcus 
Micrococcus Neisseria Nesterenkonia Pantoea Paracoccus 
Parvimonas Peptostreptococcus Prevotella Prevotella Serratia 
Staphylococcus Streptococcus Veillonella   

During treatment, on chest area 
Actinomyces Aerococcus Anaeroglobus Arthrobacter Bacillus 
Bifidobacteria Brachybacterium Brevibacterium Campylobacter Capnocytophaga 
Corynebacterium Dermabacter Dermacoccus Dialister Eikenella 
Enterobacter Enterococcus Fastidiospilia Frigoribacterium Fusobacterium 
Gemella Granulicatella Haemophilus Kocuria Lactobacillus 
Megasphaeara Micrococcus Negativicoccus Neisseria Neomicrococcus 
Nesterenkonia Oribacterium Paeniglutamicibac-

ter 
Pantoea Paracoccus 

Parvimonas Pasteurellaceae Peptostreptococcus Prevotella Rhodococcus 
Selenomonas Staphylococcus Stomatobaculum Streptococcus Veillonella 

During treatment, instrument area 
Aerococcus Anaeroglobus Arthrobacter Bacillus Bifidobacteria 
Brachybacterium Brevibacterium Campylobacter Capnocytophaga Corynebacterium 
Dermabacter Dermacoccus Dialister Eikenella Enterobacter 
Enterococcus Fastidiospilia Frigoribacterium Fusobacterium Gemella 
Granulicatella Haemophilus Kocuria Lactobacillus Megasphaeara 
Micrococcus Negativicoccus Neisseria Neomicrococcus Nesterenkonia 
Oribacterium Paeniglutamicibac-

ter 
Pantoea Paracoccus Parvimonas 

Pasteurellaceae Peptostreptococcus Prevotella Rhodococcus Selenomonas 
Staphylococcus Stomatobaculum Streptococcus Veillonella  

During treatment, active sampling 
Actinomyces Aerococcus Arthrobacter Bacillus Brachybacterium 
Corynebacterium Dermabacter Dermacoccus Dolosigranlum Enterobacter 
Enterococcus Fastidiospilia Gemella Gordonia Granulicatella 
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Kocuria Micrococcus Neisseria Nesterenkonia Pantoea 
Paracoccus Rhodococcus Serratia Staphylococcus Streptococcus 
Streptomyces Veillonella    

 
Bacterial genera identified as originating from the water microbiome per sample 

30 min before first treatment 
Acinetobacter Brevundimonas Caulobacter Cutibacterium Enhydrobacter 
Moraxella Sphingomonas Sporosarcina Virgibacillus  

30 min after end of treatment 
Acinetobacter Bacilus Brevibacillus Chryseobacterium Cutibacterium 
Enhydrobacter Finegoldia Hymenobacter Roseomonas Sphingomonas 
Sporosarcina     

During treatment, at 150 cm from the head of the patient 
Acinetobacter Brevibacillus Brevidumonas Chryseobacterium Cutibacterium 
Deinococcus Delftia Enhydrobacter Finegoldia Flavobacterium 
Hymenobacter Massilia Paenibacillus Pseudomonas Psychrobacter 
Roseomonas Solibacillus Sphingomonas Stenotrophomonas Virgibacillus 

During treatment, on chest area 
Acinetobacter Caulobacter Chryseobacterium Delftia Enhydrobacter 
Finegoldia Hymenobacter Lysinibacillus Massilia Pedobacter 
Pseudomonas Roseomonas Sphingomonas Sporosarcina Stenotrophomo-

nas 
During treatment, instrument area 

Acinetobacter Anaerococcus Brevibacillus Brevudimonas Chryseobacterium 
Cutibacterium Delftia Enhydrobacter Fictibacillus Hymenobacter 
Lysinibacillus Lysobacter Paenibacillus Pedobacter Promicromono-

spora 
Pseudomonas Psychrobacter Roseomonas Solibacillus Sphingomonas 
Stenotrophomo-
nas 

    

During treatment, active sampling 
Acinetobacter Brevudimonas Chryseobacterium Cutibacterium Elizabethkingia 
Enhydrobacter Exiguobacterium Finegoldia Hymenobacter Paenibacillus 
Pseudomonas Pseudoxanthomo-

nas 
Roseomonas Sphingomonas Stenotrophomo-

nas 
Virgibacillus     

Dental unit waterline effluent water 
Bosea Brevudimonas Caulobacter Delftia Elizabethkingia 
Flavobacterium Methylobacterium Sphingomonas Stenotrophomonas  
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“Komt goed niffo!” 
Yassine Bousaid 
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Abstract 
 

Background  

Circumstances in dental unit waterlines are favourable for biofilm growth. Several 

pathogenic microorganisms are present in the effluent water from dental units and 

can pose a health risk for dental staff and patients. Despite the use of chemical disin-

fectants, control of biofilm growth may not be successful in all dental units. 

 

Aim  

The aim of this study was to assess the effect of several chemical disinfectants on 

bacteria in a biofilm model. 

 

Methods  

Water-derived biofilms were grown in a static biofilm model (Amsterdam Active At-

tachment model), using two growth media. Biofilms were challenged with 

Alpron/Bilpron, Anoxyl, Citrisil, Dentosept, Green & Clean, ICX and Oxygenal in 

shock dose and maintenance doses.  

 

Findings  

The application of a single shock dose of disinfectant followed by a maintenance 

dose of the same disinfectant resulted in the highest reduction of bacteria. Exposure 

to Citrisil and ICX did not lead to successful disinfection. The application of low con-

centrations of Alpron resulted consistently in a successful reduction of the number of 

bacteria in the biofilms. 

 

Conclusion  

To conclude, the concentration and the composition of the chemical disinfectants in-

fluenced the amount of culturable bacteria in the biofilms. The application of a single 

shock dose followed by a low dose of the same chemical disinfectants resulted in the 

highest suppression of viable bacteria in the biofilms. Exposure to Citrisil and ICX 

consistently resulted in failure of control of the biofilms, while Alpron/Bilpron had a 

substantial and relevant effect on the number of bacteria in the biofilms. 
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Introduction 

Dental units are equipped with several meters of plastic tubing to provide dental in-

struments with the necessary cooling water. The conditions inside these dental unit 

waterlines (DUWL) are favourable for microbial growth and biofilm formation. The 

combination of a very low flow of the water near the wall of the tubing (resulting in a 

low shearing force), a small diameter of the tubing (approximately 2-4mm), the mate-

rial of the tubing, the temperature in the treatment room and the long periods of stag-

nation together inevitably lead to biofilm formation in DUWL [7]. The microorganisms 

in these biofilms originate from the incoming water. Moreover, due to failure of anti-

retraction valves, microorganisms from saliva and blood of patients will also colonize 

the DUWL-biofilm [147]. Parts of the DUWL-biofilm will be released into the water 

when hand pieces or the air-water syringe are used.  

 

If a DUWL is heavily contaminated with biofilm, large amounts of microorganisms will 

shed from the biofilm into the water. This contaminated water comes in contact with 

the dental staff and patients via spatters and aerosols [148]. Common pathogenic mi-

croorganisms in biofilm from the DUWL are Legionella spp, Pseudomonas spp, 

Streptococcus spp, Aspergillus spp, Staphylococcus spp and Candida spp [136]. 

There are, however, many more species that cannot be cultured routinely in the la-

boratory. Moreover, the release of endotoxins from Gram-negative bacteria can lead 

to respiratory complaints and exacerbation of asthmatic complaints in dental staff 

[149]. (Inter)national guidelines regarding the quality of effluent water from DUWL set 

the norm of microbial contamination at 100-500 CFU/mL aerobic bacteria [4, 150]. 

However, the contamination of water from dental units can be as high as 20.000 

CFU/mL and even bacterial counts of over a million CFU/mL have been incidentally 

found [26, 151, 152]. Such high contamination levels can lead to severe infectious 

diseases in vulnerable individuals [51]. 

 

The microbial contamination in DUWL can be reduced by controlling the biofilm using 

chemical disinfectants. Chemical disinfection results in a lower microbial load of the 

effluent water, which reduces the risk of transmission of pathogenic microorganisms 

[24, 51, 133]. These chemical disinfectants are commercially available and advo-

cated worldwide by manufacturers of dental units. Chemical disinfectants can be ap-

plied in DUWLs in two ways; (1) intermittently in shock doses and (2) in low doses for 
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maintenance [153]. A shock dose aims to remove the biofilm from the DUWL sur-

faces. A maintenance dose of chemicals is added to the water in the dental unit to 

prevent biofilm (re)growth and to kill planktonic microorganisms. Often, a combination 

of both the intermittent application of a shock dose and a continuous application of a 

maintenance dose of chemical disinfectants is recommended to control the microbial 

load in effluent water. 

 

Although chemical disinfectants are recommended by manufacturers of dental units, 

this procedure does not always lead to the adequate control over the microbial load 

of the effluent water [26]. Furthermore, while several studies tested the effect of one 

or two chemical disinfectants on the microbial load from the DUWL effluent water 

[108, 154-163], so far no studies compared the effect of multiple chemical disinfect-

ants on DUWL biofilms. Therefore, the aim of this study was to assess the effect of 

multiple chemical disinfectants on bacteria in biofilms derived from water bacteria.  

 

Methods 

Biofilm model 

The Amsterdam Active Attachment -biofilm model was used as described by Exter-

kate et al, [164]. In short, 24-wells plates with 10 mm polyurethane discs (surface 

area of 157 mm2 (both sides); ODV Rubber en Kunststoffen, Zaandam, The Nether-

lands) as substratum for biofilm formation were used. To mimic the dental clinic, a 

concentrate of tap water was used to inoculate the discs. To obtain this concentrate, 

20 L of Amsterdam chlorine free tap water, containing less than 100 CFU/mL hetero-

trophic bacteria, was filtered using a filter for liquids with a pore size of 0.2 m. The 

bacteria that were then collected on the filter were dispersed in 30mL of sterile water 

and glycerol (60% final concentration), aliquoted and stored at -80  until use. Each 

aliquot contained 103 cultivable bacteria in total. Each 24-wells plate was inoculated 

with one aliquot, corresponding with 45 bacterial cells per well as to mimic slightly 

contaminated tap water. 

 

Growth medium 

The biofilms were grown using two different growth conditions. The first growth con-

dition was based on the standard test for the disinfection of DUWL: Test methods for 
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dental unit waterline biofilm treatment from the International Organization for Stand-

ardization (ISO) 16954:2015 [165]. The ISO growth medium consisted of 10mg/L 

tryptic soy broth, 0.133 g/L CaCl2, 57.1 mg/L MgCl2, and 0.224 g/L NaHCO3. Biofilms 

were grown in this filter sterilized medium at room temperature. In this study, ISO-

medium is used to reflect the situation of a relatively new DUWL with a low amount of 

biofilm. 

 

Secondly, biofilms were grown in sterile R2A broth medium at a temperature of 30 . 

R2A is widely used to culture the slower growing water bacteria and contains 0.5 g/L 

casein acid hydrolysate, 0.5 g/L glucose, 0.5 g/L proteose peptone, 0.5 g/L yeast ex-

tract, dextrose, 0.5 g/L soluble starch, 0.3 g/L dipotassium phosphate, 0.024 g/L 

magnesium sulphate and 0.3 g/L sodium pyruvate. It is considered a low nutrient me-

dium, although it is richer in growth factors compared to the ISO medium. In this 

study, R2A medium is used to mimic a situation in which more biofilm is present. 

 

Disinfection products and procedures 

The biofilms derived from water bacteria were subjected to seven commercially avail-

able (in the Netherlands) chemical disinfectants at the concentrations as recom-

mended by the manufacturers, for shock dose and maintenance dose respectively. 

The disinfectants with their active compounds as used in this study are listed in Table 

1. In all experiments, biofilms that were not subjected to any chemical disinfection 

served as control (figure 1). 

 

Water-derived biofilms were challenged with one of three different disinfection proce-

dures (figure 1). The first procedure aimed to assess the sole effect of the mainte-

nance dose of each of the seven chemical disinfectants on culturable bacteria in the 

biofilms. Four biofilms were sampled 72 hours after inoculation to determine biofilm 

growth at baseline. The remaining biofilms were continuously exposed to the mainte-

nance dose in the presence of slightly contaminated tap water. Biofilm growth was al-

lowed for four weeks with weekly sampling of five biofilms and weekly refreshment of 

the medium containing the inoculum and the maintenance dose of the chemical disin-

fectant.  
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The second procedure aimed to assess the sole effect of the shock dose of the six 

available chemical disinfectants on culturable bacteria in the biofilms. In this proce-

dure, biofilms were grown for four weeks followed by one shock dose of a chemical 

disinfectant according to the instructions of the manufacturer. The effect of one shock 

dose was assessed by sampling the biofilms straight after exposure. Thereafter, the 

remaining biofilms were placed in sterile medium to assess the regrowth of residual 

biofilm. Biofilm samples were taken weekly, just before refreshment of the medium. 

 

The third procedure aimed to assess the effect of the combination of the shock dose 

and maintenance dose according to the instructions of the manufacturer. Procedure 

three consisted of the same protocol as procedure two, with one difference. After the 

shock dose, the biofilms were continuously exposed to the maintenance dose of the 

same chemical disinfectants (table 1), instead of sterile medium, in the presence of 

slightly contaminated tap water. In procedure three, biofilm growth was allowed for 

four weeks with weekly sampling of biofilms just before refreshment of the medium 

and disinfectants.  
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Table 1: Characteristics of the chemical disinfectants. 
Products for low dose disinfection Products for high dose disinfection 

Product 

brand  

Active com-

pounds 

End con-

centration 

Product brand Active com-

pounds 

End con-

centration 

Applica-

tion time 

Alpron 

mint, 

Alpro 

Tosylchlo-

ramide1 

biguanide 

0.002%2 

0.002% 

Bilpron, Alpro biguanides,  

tosylchlo-

ramide1 

0.2%3 Overnight  

Anoxyl, 

SKW Bio-

systems 

BV 

Chlorine  

 

0.0005% Anoxyl, SKW 

Biosystems 

BV 

chlorine  

 

0.05% 5 min 

Citrisil 

blue, Ster-

isil 

Silver 0.00007% Citrisil orange, 

Sterisil 

Silver1 

 

0.0002% Overnight  

Den-

tosept, Si-

rona 

H2O2 

 

0.0114% Dentosept, Si-

rona 

H2O2 

 

1.14% 30 min 

Green & 

Clean 

WK, 

Metasys 

H2O2 

 

0.024% Green & Clean 

BR, Metasys 

H2O2 

 

4% 30 min  

ICX,  

A-dec4 

Sodium 

carbonate 

peroxy-

hydrate, 

silver nitrate 

0.001% 

0.00006% 

- - - - 

Oxygenal, 

KaVo 

H2O2 

 

0.019% Oxygenal, 

KaVo 

H2O2 

 

0.12% 30 min 

1= concentration of active compounds not reported by the manufacturer. 2= concentration of active 

compound not available, end concentration could not be estimated. This study used 1:100 solution as 

prescribed by manufacturer. 3= concentration of active compound not available, end concentration 

could not be estimated. This study used 1:1 solution as prescribed by manufacturer. 4= A-dec does not 

provide a high dose variant of ICX. 

 

Biofilm sampling 

At the time of sampling, four (baseline) or five discs (experimental/control) with bio-

film were removed from the models. The biofilms rinsed in Phosphate Buffered Sa-

line (PBS) twice and dispersed in 1 mL of sterile water by sonicating the disc for 1 
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min. Tenfold serial dilutions were made in PBS and the samples were plated immedi-

ately on R2A agar and incubated for 7 days at 37 . The whole plating procedure 

lasted less than 1 hour and, as found in a pilot, the absence of an inhibitor of the 

chemical disinfectants did not influence the growth of the biofilm bacteria. No less 

than 20 CFU/mL (log10 1.3) per disc could be detected, i.e. 1 CFU per plate. If a disc 

contained <100 CFU/biofilm (log10 2.0), disinfection was regarded as successful.  

 

Statistical analysis.  

Possible differences in the number of bacteria between the disinfected group and the 

corresponding control group at week 4 was tested using the chi-square test followed 

by Fisher’s exact tests and a post-hoc Bonferroni correction to correct for multiple 

comparisons (SPSS version 24: IBM, New York, NY, USA). A p-value <0.005 was 

considered statistically significant.  

 

Results 

ISO medium 

The effects of all three procedures on the biofilms are presented in Figure 2. Continu-

ous application of a maintenance dose for 4 weeks resulted in statistically significant 

differences between the various disinfectants ( 2= 24.9, df=7, P<0.01; chi-square). 

Post-hoc analyses revealed that Alpron, Dentosept, and Oxygenal (all 2= 10.0, 

P=0.002, Fisher’s exact) lowered the number of viable bacteria in the biofilm signifi-

cantly more often than the other disinfectants.  

 

A shock dose of the several different chemical disinfectants applied to 4-week-old 

biofilms resulted in less than 100 viable bacterial cells per biofilm, except for Citrisil 

(Figure 2B). The number of viable bacteria in the biofilms slightly increased in the 

presence of sterile medium after another four weeks of undisturbed growth. At week 

4, biofilm regrowth was significantly different between the groups ( 2= 25.5, df=6, 

P<0.01; chi-square). Posthoc analyses of the results showed that disinfection by 

Dentosept, Alpron, Anoxyl and Green and Clean was significantly better compared to 

the other biofilms ( 2= 8.0, P=0.005 for all 4 disinfectants; Fisher’s exact). 
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A shock dose followed by a maintenance dose of the same disinfectant resulted in 

comparable results ( 2= 31.0, df=6, P<0.001; chi-square; Figure 2C). All disinfect-

ants, except Citrisil inhibited the growth of bacteria in the biofilms significantly com-

pared to control. After 4 weeks, the level of disinfection was successful for these dis-

infectants ( 2= 8.0, P=0.005 for all 5 disinfectants; Fisher’s exact). 
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Figure 2: Effect of chemical disinfectants in ISO medium.  
Bars represent means of 5 independent biofilms ± SD. A: continuous maintenance dose, B: shock 

dose followed by sterile medium, C: shock dose followed by maintenance dose. * Marks significant dif-

ferences. 
 

R2A medium 

The effects of all three procedures on the biofilms grown in R2A medium are pre-

sented in Figure 3. The R2A-medium resulted in about 1-2 log10 more viable bacteria 

in the biofilms compared to the ISO-medium. The continuous application of a mainte-

nance dose resulted in statistically significant differences between the various disin-

fectants after 4 weeks ( 2= 37.0, df=7, P<0.001; chi-square). Posthoc analyses re-

vealed that only Alpron successfully disinfected the biofilms ( 2= 8.0, P=0.005; 

Fisher’s exact). Only a shock dose of Bilpron successfully reduced the biofilm viability 

immediately its application (Figure 3B). Bacteria in all biofilms increased in number in 

the first week after shock dose, indicating that the high dose of chemical disinfectants 

did not kill all bacteria in the biofilms, and that the remaining bacteria grew out ( 2= 

5.8, df=6, P= 0.45; chi-square). 

 

C 

143556_Zemouri_BNW.indd   74 20-05-20   08:28



 75 

Biofilms exposed to a shock dose followed by a maintenance dose of Anoxyl, Citrisil, 

Dentosept, and Oxygenal reached the same number of bacteria as the control bio-

films after four weeks (Figure 3C). Only exposure to Alpron/Bilpron and Green & 

Clean led to a persistent lower number of viable bacteria in the biofilms, however no 

disinfectants led to less than 100 CFU/biofilm ( 2= 11.6, df=6, P= 0.07; chi-square). 
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Figure 3: Effect of chemical disinfectants in R2A medium.  
Bars represent means of 5 independent biofilms ± SD. A: continuous maintenance dose, B: shock 

dose followed by sterile medium, C: shock dose followed by maintenance dose. * Marks significant dif-

ferences. 

 
Discussion 

The aim of this study was to assess the effect of multiple chemical disinfectants on 

bacteria in biofilms derived from water bacteria. The concentration and composition 

of the chemical disinfectants had an influence on the amount of culturable bacteria in 

the biofilms. In general, exposure to a higher dose of chemical disinfectants led to 

more killing of bacteria in the biofilms than exposure to a low dose. The application of 

a single high dose of chemical disinfectants followed by a low dose of the same 

chemical disinfectant resulted in the highest suppression of bacteria in the water-de-

rived biofilms. Exposure to Citrisil (silver-ions) and ICX (H2O2) consistently resulted in 

failure of control of the biofilms, while Alpron/Bilpron (biguanides and chloramine) 

had a substantial and relevant effect on the number of bacteria in the biofilms. 

 

When no chemical disinfectant was applied to the water-derived biofilms, the existing 

biofilms grew to the maximum number of bacteria that was possible within the limita-

C 
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tions of the model. Other researchers confirmed that undisturbed growth of the bio-

film in DUWLs leads to a high bacterial load in biofilms after several weeks which 

may result in a high concentration of bacteria in the effluent [154, 159]. 

 

In the present study the AAA-model was used. This high throughput model proofed 

its value for testing substances on in-vitro biofilm growth with a high validity [166]. Alt-

hough this model is a static model, it should be noticed that in DUWL with a laminar 

flow, the flow at the surface of the tubing is zero, meaning that the static active at-

tachment is a meaningful model, enabling testing a substantial number of chemical 

substances and incubation parameters. Growth of the biofilms in ISO-medium re-

sulted in about 10-100 times less bacteria then in R2A-medium. This ISO-medium is 

the standard medium for evaluating the effectiveness of treatment methods intended 

to prevent or inhibit the formation of water derived biofilms or to remove biofilm that is 

present in procedural water delivery systems under laboratory conditions. This me-

dium contains only tryptic soy with an organic carbon concentration of only 4 mg/L 

and salts to mimic the hardness of the water. The results obtained from the ISO-me-

dium reflect a situation of a relatively new DUWL with a low amount of biofilm. R2A-

medium was developed to stimulate growth of slow-growing bacteria in potable wa-

ter, and is also low in nutrients, although it has a much higher organic carbon con-

centration. The R2A-medium reflected a DUWL with more biofilm present, because 

existing biofilm can act as a carbon source. Under R2A circumstances most chemical 

disinfectants were not able to kill a large part of the bacteria in the biofilm, while un-

der ISO-medium conditions most chemical disinfectants had a substantial effect on 

the bacteria in the biofilms.  

 

These differences may partly be explained by the number of bacteria in the biofilms, 

which is 10 to 100 times higher compared to ISO-medium. The active compounds of 

the chemical disinfectants react with the bacteria in the biofilm, thereby reducing the 

actual concentration of the reactive compounds. It may be possible that in these situ-

ations, the number of active compounds drops below the minimal inhibiting concen-

tration for these biofilms and the bacteria can grow. So, a biofilm with more bacteria 

(R2A, or an old DUWL biofilm) is more difficult to eradicate than a biofilm with lesser 

bacteria (ISO-medium, or a new DUWL biofilm), as is shown in our results. Although 

several studies have been performed using (confocal) microscopy to directly study 
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the biofilms in DUWL [167-169], most other studies reported the effect of chemical 

disinfectants on effluent water and not on the biofilm itself [108, 159, 161]. The micro-

organisms in the effluent water come into contact with the patient and the dental staff 

and therefore the quality of the effluent water is an important parameter in preventing 

infection. However, since microorganisms in the effluent water originate from the 

DUWL biofilm, insight into the control of the biofilm leads to control over the whole 

process of microbial contamination of DUWL and therefore to control over the efflu-

ent water. By sampling micro-organisms of the effluent water from DUWLs, it is diffi-

cult to determine the effect of chemical disinfectants on the biofilm and only the sec-

ondary outcome, the micro-organisms in the effluent water, can be studied. This 

AAA-biofilm model, although with its limitations, provides insight into the effect of dis-

infectants on the biofilm itself. 

 

Linn et al. [154] studied the effect of H2O2 on biofilms and on effluent water in DU-

WLs. They found that a 3% and 7%, but not a 2%, concentration of H2O2 significantly 

reduced biofilm mass. In vitro susceptibility testing of selected water bacteria in sin-

gle species biofilms revealed that concentrations of H2O2 between 0.03% and 4% 

were needed to kill the bacteria, depending on the species tested [170]. Also, in our 

study, the H2O2 based chemical disinfectants in concentrations between 0.014% and 

4% successfully reduced the number of viable bacteria in biofilms. It was reported 

that a low concentration of Oxygenal (0.4%) may completely remove the biofilm pre-

sent in dental tubing after 16 hours of incubation [171], but we could confirm this only 

when biofilms were grown in the ISO-medium. So far only one study reported about 

the effects of Citrisil on water from dental units. Bowen et al. [159] applied a shock 

dose to DUWLs using Sterilex followed by a low continuous dose of either ICX or Cit-

risil [159]. They found that there was no difference in treatment efficacy between ICX 

and Citrisil with respect to the bacterial load of effluent water. However, neither ICX, 

nor Citrisil was able to maintain the levels of microbial load in effluent water under the 

norm for several weeks and repeated shock doses were necessary. Although we 

studied the biofilms instead of effluent water, we did not find a significant effect of ei-

ther chemical disinfectant.  

 

The combination of Bilpron (shock dose) and Alpron (maintenance dose) resulted 

consistently in low levels of bacteria in the biofilms in our study. In a large Swedish 
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study, the application of Bilpron/Alpron led to bacterial contamination levels of efflu-

ent water lower than 100 CFU/ml in 83% of units that used these disinfectants [160]. 

The use of Alpron only seemed effective in a large number of dental units (87%) in a 

European study [108]. Others found a subsequent positive effect of Alpron on effluent 

water as well [162, 163]. A long contact time of Alpron to biofilms in dental tubing 

may even completely remove the biofilm and all bacteria [171]. 

 

These days, several manufacturers of dental units are developing disinfection sys-

tems containing hypochloric acid, either made on location or delivered in bottles. One 

of the brand names for such agents used in The Netherlands is Anoxyl. Both Alpron 

and Anoxyl contain chlorine as active disinfecting compound. In the circumstances of 

the AAA-model, Alpron turns out to be more successful in reducing biofilm viability 

compared to Anoxyl. The variability between the amount of CFUs per biofilm were 

fairly high. The variability in our study was probably caused by the low number of 

bacteria in the inoculum. It meant that in some biofilms, bacteria were present that 

could grow easily under the circumstances in the model, while for others the circum-

stances were less favourable. Yet, this situation represents the real situation in dental 

practice as municipal water also contains low numbers of bacteria. Sufficient re-

peated measurements in our study ensured valid results. The cut-off value of 100 

CFU/biofilm is chosen since that is only a just above the actual detection limit. Other 

models for mimicking DUWLs were described previously, such as harvesting biofilms 

directly from DUWLs [172], creating a system of dental tubing connected to water 

pumps [173, 174] and inoculating dental tubing with microorganisms from used DU-

WLs [175]. Each model has a specific purpose. The big advantage of our model is 

the ability to grow a large number of biofilms simultaneously, allowing testing of multi-

ple disinfectants with different disinfection regimes.  

 

Conclusion 

The concentration and the composition of the chemical disinfectants influenced the 

amount of culturable bacteria in the biofilms. The application of a single high dose of 

chemical disinfectants followed by a low dose of the same chemical disinfectants re-

sulted in the highest suppression of viable bacteria in the biofilms. Exposure to Citrisil 

and ICX consistently resulted in failure of control of the biofilms, while Alpron/Bilpron 

had a substantial and relevant effect on the number of bacteria in the biofilms. 
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“Ik hou van jou chocolata!” 
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Chapter 5 Chlorine-based DUWL disin-
fectant leads to a different microbial com-
position of water-derived biofilms com-
pared to H2O2 based chemical disinfect-
ants in vitro 
 

 

 

Submitted for publication 

  

143556_Zemouri_BNW.indd   82 20-05-20   08:28



 83 

Abstract  
 

Background 

Biofilm formation in dental unit waterlines (DUWL) may lead to health risks for dental 

staff and patients. Therefore, dental unit waterlines need to be disinfected, for in-

stance by using chemical disinfectants. However, the application of chemical disin-

fectants may lead to the selection of specific microorganisms. Therefore, the aim of 

our study was to assess the microbial composition of water-derived biofilms, after a 

continuous exposure to maintenance doses of commercially available chemical disin-

fectants, in vitro. 

 

Methods 

The AAA-model was used to grow water derived biofilms. The biofilms were sub-

jected to the maintenance dose of each disinfectant. To determine the microbial com-

position, the V4 hypervariable region of the 16S rRNA gene was sequenced. The se-

quences were clustered in operational taxonomic units (OTUs).  

 

Results 

The bacterial composition of biofilms in all treatment groups differed significantly 

(PERMANOVA F=4.441, p=0.001). Pairwise comparisons revealed Anoxyl treated 

biofilms were significantly different from all groups (p=0.0001). In the Anoxyl-treated 

biofilms, the relative abundance of Comamonadaceae and Sphingopyxis was high 

compared to the Dentosept, Green and Clean and Oxygenal groups.  

 

Conclusion 

We concluded that exposure to low doses of the chlorine-based chemical disinfectant 

Anoxyl led to a substantially different composition of water derived biofilms compared 

to biofilms exposed to H2O2-based chemical disinfectants. 
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Introduction 

Dental unit waterlines (DUWL) consist of narrow lumen tubing [176] where low flow 

velocity favors microbial adhesion and biofilm formation [7]. Parts of the biofilm will 

detach and microorganisms can end up in the patient’s oral cavity, the surfaces sur-

rounding the dental unit and in the air of the treatment room through aerosols [5]. 

High microbial load of effluent water, possibly containing pathogenic bacteria, poses 

a potential risk of infection for patients and dental staff [5]. 

 

Chemical disinfectants can be added to the dental unit water to reduce further prolif-

eration of biofilm, the microbial load and thus the risk of infection transmission. How-

ever, DUWL effluent water can still contain microbial loads above the safe water limit. 

This may be due to non-compliance with disinfection protocols [145], but also due to 

tolerance of the remaining biofilm to the used disinfectants. The latter may result in a 

shift in microbial composition, depending on sensitivity or resistance to the active 

component of the disinfectant. Until now, only the effect of some chemical disinfect-

ants for DUWL on specific biofilm pathogens was studied [177]. Therefore, the aim of 

this study was to assess the microbial composition of water-derived biofilms, after a 

continuous exposure to maintenance doses of commercially available chemical disin-

fectants, in vitro. 

 

Materials & Methods 

Biofilms and disinfection protocol 

Biofilms were grown in the Amsterdam Active Attachment-model containing 24-wells 

plates with polyurethane discs as substratum [164]. The discs were inoculated with 

103 of bacteria concentrated from tap water by filtration using a 0.2 μm pore-size fil-

ter system. Biofilms were grown in 10% of R2A-broth in sterile water at 30  for 72h. 

The chemical disinfectants Anoxyl (end concentration 0.005% chlorine), Citrisil (end 

concentration 0.00007% silver), Dentosept (end concentration 0.01% H2O2), Green 

and Clean (end concentration GAC; 0.02% H2O2), Oxygenal (end concentration 

0.02% H2O2) and ICX (end concentration 0.001% H2O2 and 0.00006% silver), all 

commercially available in The Netherlands, were diluted in 10% R2A containing 103 

bacteria from stock added to mimic the clinical situation. The chemical disinfectants 

were applied to the biofilms in the maintenance dose as recommended by the manu-

facturer and refreshed weekly for four consecutive weeks. 
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Biofilm sampling, DNA extraction, sequencing 

Three discs were removed from the model every week and the biofilms on these 

discs were dispersed in 1mL sterile water by sonicating the discs for 1 minute, pel-

leted for 15 minutes at 4500 rpm and stored at -80  for sequencing. The DNA of all 

samples was extracted and purified according to Cieplik et al. [178]. Quantitative 

PCR was used to determine the bacterial DNA concentration in the biofilm samples, 

using universal primers specific to the bacterial 16S rRNA gene [179]. The V4 hyper-

variable region of the 16S rRNA gene was amplified using 1 ng DNA with 1 μM of 

each primer and 30 amplification cycles [144]. Paired-end sequencing of the DNA 

was conducted on the MiSeq platform (Illumina, San Diego, CA, USA) with a MiSeq 

Reagent kit v3 and 2x251 nt at the VUmc Cancer Center Amsterdam (Amsterdam, 

the Netherlands). 

 

Statistical analysis and data processing 

The sequences of 16S rRNA gene amplicons were clustered in operational taxo-

nomic units (OTUs) at 97% similarity as described previously [178]. All microbiome 

analyses were conducted using PAST software version 3.16 [180]. Possible differ-

ences in microbial composition within the procedure was tested using Permutational 

Multivariate Analysis of Variance (PERMANOVA). Pairwise comparisons were re-

ported using Bonferroni corrected p-values. Principal Component Analysis (PCA) 

was performed to reduce data ordination into principal components (PC). OTUs were 

reported at genus level. A p-value <0.05 was considered statistically significant. 

 

Results 

Microbial composition of untreated biofilms. 

The control biofilms after 72h of growth consisted on average of 20 OTUs (range 16-

27), mainly Cupriavidus (OTU_79, 27%), Comamonadaceae (OTU_3, 26%), and 

Sphingobium (OTU_6, 14%). After four weeks, the biofilms consisted mostly of 

Sphingomonadales (OTU_5, 36%), Mycobacterium (OTU_1, 19%) and Comamona-

daceae (OTU_3, 6%). 
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Microbial abundance in biofilms exposed to chemical disinfectants. 

The bacterial composition of biofilms in all treatment groups differed significantly 

(PERMANOVA F=4.441, p=0.001). Pairwise comparisons revealed that Dentosept, 

GAC, and Oxygenal differed significantly from the control biofilm (p=0.003; p=0.009; 

p=0.007). Anoxyl treated biofilms were significantly different from all groups 

(p=0.0001). PCA analyses revealed that the samples from Anoxyl clustered sepa-

rately from the rest, indicating that the bacterial community in the Anoxyl group had 

changed by the treatment (fig. 1). 

 

The microbial composition of biofilms treated by Anoxyl differed 61.9% from the con-

trol biofilm (SIMPER). Other biofilms differed between 45% and 51.7% from the con-

trol group.PC1 explained 23% of the variance. PC1 had positive loadings for Sphin-

gopyxis (OTU_4) and Sphingomonadales (OTU_9), while PC1 had negative loadings 

for Mycobacterium (OTU_1) and Sphingomonadales (OTU_5). In the Anoxyl-treated 

biofilms, the relative abundance of Comamonadaceae (OTU_3) and Sphingopyxis 

(OTU_4) was high compared to the Dentosept, GAC and Oxygenal groups. The pro-

portion of Mycobacterium (OTU_1) increased in the Dentosept, GAC and Oxygenal 

groups, while it was absent in the Anoxyl-treated biofilms (fig. 2). The same trend for 

Mycobacterium (OTU_1), though less pronounced, was observed in the control bio-

films. Anoxyl-challenged biofilms were dominated by Comamonadaceae and Sphin-

gopyxis and lacked genus Mycobacterium. H2O2-challenged biofilms were most simi-

lar to the control biofilms, where Mycobacterium and Sphingomonadales species 

were more abundant. 
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Figure 2: Relative abundance 

Figure 1: PCA plot 
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Discussion 

The presented study showed the microbial composition of the treated and untreated 

water derived biofilm over 4-week time period. The diversity of the biofilms was rela-

tively low, dominated by Mycobacterium, Sphingomonadales, Sphingopyxis, and Co-

mamonadaceae. The microbial composition between the untreated biofilms and 

those exposed to biocides containing H2O2 did not differ. The latter might also be due 

to the small sample number. Exposure to chlorine-based biocide (Anoxyl) led to a 

substantially different composition of the biofilm compared other treatment groups. 

Untreated biofilms and those exposed to H2O2 were dominated by Mycobacterium 

and Sphingomonadales. Biofilms exposed to chlorine consisted mainly of Comamon-

adaceae and Sphingopyxis. The presented results show that the relative abundance 

of Mycobacterium increased weekly in the H2O2-group. Mycobacterium was found to 

be resistant in water treatment to H2O2 [181]. If Mycobacterium was exposed to chlo-

rine treatment, the bacteria was fully absent in all taken samples which is in line with 

treatment results in waste water studies [182, 183]. Furthermore, a chlorine-based 

DUWL disinfectant proved to be successful in reducing the number of aerobic bacte-

rial counts in effluent water [184]. Mycobacterium has been previously isolated from 

DUWL and can be retrieved from aerosol samples [26, 147]. The presence of this 

species is of a public health interest since it can cause infections in immunocompro-

mised patients. 

 

The absence of sample clustering in the PCA-plot might be due to the low diversity of 

the baseline biofilm which could be a result of the low inoculum. However, biofilms 

are unique ecosystems which microbial composition depends on the inoculum and 

exposure to biocides. Differences in microbial composition endorse the argument that 

biofilms in a particular DUWL, even when treated with the same disinfectant agent, 

are unique and may differ from other similar units in the same clinic [185]. A high rel-

ative abundance of a single species decreases the diversity which might lead to a re-

sistant biofilm. One study on microbial shifts in waste water treatment suggests that a 

combination of different biocides may be the most powerful strategy for treatment ef-

ficiency [181]. 
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Conclusions 

The study of changes in biofilm microbiome composition is important for improved in-

fection risk assessment and infection control strategies targeting the DUWL. Pro-

longed application of the same chemical disinfectant to DUWL may lead to tolerance 

and selection of the bacteria in the remaining biofilm. This may result in ticker bio-

films and a potential risk for patients and staff. Biofilms with a dominance of a single 

species might be aerosolized through dental instruments and cause pulmonary infec-

tions as in case of Mycobacterium. 
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Chapter 6 Modelling of the transmission of 
SARS-corona viruses, measles, influenza, 
tuberculosis, and Legionella. 
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Abstract 
 
Background: Dental healthcare workers are in close contact to their patients and are 

therefore at higher risk for contracting airborne infectious diseases. The transmission 

rates of airborne pathogens from patient to dental healthcare workers are unknown. 

With the outbreaks of infectious diseases, such as seasonal influenza-virus, occa-

sional  

outbreaks of measles and tuberculosis, and the current pandemic of the corona virus 

disease COVID-19, it is important to estimate the risks for dental healthcare workers. 

Therefore, the transmission probability of these airborne infectious diseases was esti-

mated using mathematical modelling. 

 

Methods: The transmission probability was modelled for Mycobacterium tuberculosis, 

Legionella pneumophila, measles-virus, influenza-virus, and coronaviruses using a 

modified version of the Wells-Riley equation. This equation incorporated the indoor 

air quality using carbon dioxide as a proxy and added the respiratory protection rate 

from surgical masks and N95-respirators. Scenario-specific analyses, uncertainty 

analyses and sensitivity analyses were run to produce probability rates. 

 

Results: A high transmission probability was characterized by a high patient infec-

tiousness, absence of respiratory protection, and poor indoor air quality. The highest 

transmission probabilities were estimated for measles virus (100%), SARS-CoV-virus 

(99.4%), influenza virus (89.4%) and M. tuberculosis (84.0%). The low-risk scenario 

leads to transmission probabilities of 4.5% for measles-virus and 0% for the other 

pathogens. According to the sensitivity analysis, the transmission probability is 

strongly driven by the indoor air quality, followed by patient infectiousness, and the 

least by respiratory protection from mask use. 

 

Conclusion: Airborne infection transmission of pathogens like measles and SARS-co-

rona viruses are likely to occur in the dental practice. The risk magnitude, however, is 

highly dependent on specific conditions in each dental clinic. Improved indoor air 

quality by ventilation, which reduces the indoor carbon dioxide, is the most important 

factor that will either strongly increase or decrease the probability of the transmission 

of a pathogen. 
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Introduction  

The epidemic of the coronavirus disease (COVID-19) caused by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), has a global impact on public 

health and healthcare workers [186]. Pandemics are unique, but seasonal regional 

outbreaks of highly contagious airborne pathogens have occurred in previous years. 

Most frequently reported infectious agents causing airborne infections are influenza-

virus, Mycobacterium tuberculosis and measles-virus. Dental healthcare workers 

(i.e., dentists, dental hygienists and dental nurses) are frequently in close contact 

with a large number of patients. These patients may, unknowingly, carry airborne 

transmitted infectious diseases so they may infect dental healthcare workers during 

dental treatment. This may lead to the transmission of infectious diseases to the den-

tal healthcare workers during dental treatment [187, 188]. Sneezing, coughing, talk-

ing and breathing by the patient induces the production of spatters and aerosols. Es-

pecially during seasonal epidemics or disease outbreaks, airborne pathogens are 

likely to reach the dental practice and to contaminate dental healthcare workers. In 

addition to exposure to potentially infected patients, dental healthcare workers are 

also at risk of acquiring infections from dental unit waterlines. Dental unit waterlines 

can harbour pathogens such as non-tuberculous Mycobacterium spp., Pseudomonas 

aeruginosa and Legionella pneumophila [27]. These pathogens can be transmitted 

through aerosols and splatters produced by dental instruments like the ultrasonic 

scaler, air rotor or air/water syringe [22]. 

 

The transmission of airborne pathogens to dental healthcare workers can be pre-

vented by applying infection control strategies. A face mask, for instance, functions 

as a physical barrier against splatters arising from dental unit water and blood and 

saliva from patients [189]. A face piece respiratory mask prevents the inhalation of 

part of the aerosols. The proportion of filtered pathogens, however, depends on the 

filter efficiency of the mask and its face fit. Additionally, the microbial contamination of 

air can be reduced by improving ventilation or by removing the infectious source, 

meaning to postpone the treatment of patients with respiratory symptoms that may 

be associated with an infectious disease. The transmission probability of airborne 

pathogens in healthcare and non-healthcare settings was the subject of previous 

studies [190].  
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One way of estimating this probability is to build a model with the use of relevant pa-

rameters and available aerobiology data. Mathematical modeling provides an estima-

tion of the probability for transmitting specific pathogens under different ‘what if´ sce-

narios. The latter is currently of relevance concerning the COVID-19 outbreak. Air-

borne infection transmission can be modelled with the aid of the Wells-Riley equation 

as proposed by Rudnick and Milton [191]. This equation has been extensively used 

in the literature to understand the dynamics of the transmission of airborne patho-

gens and to estimate the probability of the transmission of these airborne pathogens 

in a confined setting [191, 192]. The equation allows, amongst others, to estimate the 

probability based on differences in indoor CO2-values, number of infectious particles, 

and different levels of respiratory protection. Since the risk of transmission of air-

borne pathogens in the dental field is unknown, the aim of this study was to model 

the probability of the transmission of coronaviruses, measles, M. tuberculosis, influ-

enza and L. pneumophila using a modified version of the Wells-Riley equation.  

 

Methods 

The model 

We adopted the Wells-Riley equation as proposed by Rudnick and Milton, see Equa-

tion 1 [191]. This is a carbon dioxide-based infection transmission risk equation. We 

extended the model by adding a respiratory protection factor [192]. 

 1 exp           (1) 

Here, P represents the transmission probability of a specific microorganism for one 

person per hour, I is the number of infectious sources in one space, t is the time of 

exposure to a certain microorganism in hours, q is the quanta generated per hour, f is 

the equivalent of the fraction of indoor air that is exhaled breath, which is also called 

the rebreathed fraction, and n is the number of people exposed to the infectious 

source. R represents the respiratory protection e.g., the fraction of airborne particles 

that do not penetrate a mask. Parameter f is calculated using Equation 2. 

             (2) 

Here, C is the CO2 concentration in indoor air, Co is the CO2 concentration in outdoor 

air, and Ca is the CO2 concentration in exhaled breath all in parts per million (ppm). 
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Parameterization 

Selected pathogens 

The risk of transmission was assessed for four person-to-person transmitted airborne 

pathogens: Mycobacterium tuberculosis, severe acute respiratory syndrome-related 

coronavirus (SARS), influenza virus, and measles virus. The choice for these patho-

gens was based on the availability of estimated quanta/hour in the literature; the se-

verity of the associated infectious disease and the plausibility of exposure of dental 

healthcare workers to a patient that is positive for any of the latter described patho-

gens. From environmentally acquired airborne pathogens we chose L. pneumophila, 

based on clinical relevance. 

 

Quanta estimation 

A quantum is a hypothetical infectious dose estimated from estimated from epidemio-

logical studies describing the outbreak of a pathogen with a known infectious dose 

[192-195]. One quantum presents the amount of bacteria or viruses in an airborne 

particle that is required to infect 63.2% (1-e-1) of susceptible people per hour, also 

described as 1.25 x ID50 (infectious dose of 50%) [193]. The input values for parame-

ter q in Equation 1 were extracted from studies that estimated quanta from out-

breaks. In the model it is assumed that a quantum (infectious dose) is randomly dis-

tributed throughout the air of confined spaces and that each quantum has an equal 

chance of being anywhere within the space [195, 196]. It is also assumed that the 

quantum concentration remains constant over time [197].  

 

For this study, quanta for the most important airborne pathogens in dental clinics 

were obtained from previous studies (table 1). At this moment, quanta for the novel 

SARS-CoV-2 virus cannot be estimated. Although definite evidence has yet to be es-

tablished, the current causative agent of COVID-19 is expected to be transmitted in a 

similar way as other coronaviruses [186, 198, 199]. Moreover, epidemiological data 

of 2003 SARS-CoV and SARA-CoV-2 are not different (see supplementary file), so 

with the best available evidence we used the quanta data from the 2003 SARS-CoV-

virus as a proxy for the current SARS-CoV-2. The quanta for L. pneumophila were 

not estimated previously and was therefore calculated based on the ID50 and the 

number of Legionella colonies sampled in air of dental clinics. The ID50 of L. pneu-

mophila was 11.7 colony forming units (CFU) [200]. One quanta would contain 14.6 
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CFU (1.25 x 11.7). An air sampling study conducted in a dental practice measured an 

average of 122.5 CFU/m3/h of L. pneumophila [27]. By dividing the number of meas-

ured CFUs per hour by the number of CFU in one quanta (122.5/14.6), we estimated 

a quanta generation rate per hour of q = 8.39. To create a scenario with high and low 

level of quantum generation from L. pneumophila, the q ±35% was calculated.  

 

Rebreathed fraction of air that is exhaled breath 

The Wells-Riley equation as proposed by Rudnick and Milton assumes a non-steady-

state condition of airborne pathogens [192]. Rudnick and Milton incorporated the con-

centration of CO2 in the room that is exhaled breath as parameter f in the equation to 

estimate the probability of transmission [192]. The input values of f are adapted from 

literature. Data for parameter f were extracted from the literature. In the model, it is 

assumed that the indoor air, the outdoor air and the fraction of CO2 in exhaled breath 

are steady over time. The outdoor CO2 concentration (Co) of 400 ppm is based on 

the ASHRAE standard for outdoor air quality [201]. The value for the fraction of CO2 

in exhaled breath (Ca) was previously estimated by Rudnick and Milton (see table 1) 

[191]. The measured range and average indoor CO2 (C) values were adapted from a 

study conducted in a dental clinic (see table 1) [202]. The highest reported indoor 

CO2 values were labelled as poor indoor air quality, the lowest as good and the mean 

CO2 value as average value, based on the ASHRAE standard [201]. We assumed 

that the values from the study of Helmis et al. (2007) can be generalized to a treat-

ment room in an average dental clinic since no other evidence was available on in-

door CO2 values in dental clinics [202]. 

 

Respiratory protection 

We modelled the transmission prevention effect of a mouth-nose mask by incorporat-

ing the respiratory efficiency from different masks. In case of no respiratory protection 

(no mask or a mask not covering the nose) R = 0. From literature it is known that a 

regular surgical mouth-nose mask has an efficacy of 24%, meaning that 24% of the 

airborne particles < 2.0 m are prevented from inhalation by the user of the mask 

[203]. For an FFP-2 mask, it was reported that 85% of the airborne particles are pre-

vented from inhalation [203]. In the model, it is assumed that the mask respiratory ef-

ficiency remains stable over time i.e., is replaced before its efficacy decreases.  
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Number of susceptible persons and infectious sources 

We based the number of infectors and susceptible persons on an average general 

dental clinic in The Netherlands. We assumed that the number of susceptible per-

sons in a closed single chair room would be the dentist and dental nurse. We added 

one infectious source that was either the patient, for the human transmitted patho-

gens, or the dental unit, for the transmission of environmental pathogens.  

 

Plan of analyses 

Modelled scenarios 

We created three scenarios to assess the probability of pathogen transmission. The 

input values per described scenario are presented in table 1. 

 We present a low-risk scenario in which the dental healthcare worker is ex-

posed to an infectious source (patient/chair) that generates the lowest quanta. 

The dental healthcare worker is placed in low risk conditions wearing an FFP-

2 mask and works in good indoor air quality (400 - 800 PPM CO2).  

 We present an intermediate-risk scenario in which the dental healthcare 

worker is exposed to an infectious source (patient/chair) that generates the 

middle value quanta. The dental healthcare worker wears a surgical mouth-

nose mask and works in average indoor air quality (1100 – 1500 PPM CO2). 

 We present a high-risk scenario in which the dental healthcare worker is ex-

posed to an infectious source (patient/chair) that generates the highest value 

quanta. The dental healthcare worker does not wear a mouth-nose mask, or 

does not cover the nose with the mouth-nose mask and works in poor indoor 

air quality (>1500 PPM CO2). 

 

Uncertainty and sensitivity analyses 

The mean transmission probability and the 95% uncertainty interval (95%UI) around 

the mean transmission probability were estimated by conducting a multivariate uncer-

tainty analysis. The analysis was performed using the Monte Carlo simulation which 

calculates possible probabilities of transmission within the range of input parameter 

values (see table 1). The simulation uses different random combinations of input pa-

rameter values, a total of 5000 combinations, from a triangular distribution. The trian-

gular distribution was chosen because it allows for the definition of the minimum, the 

maximum and the most likely values. A triangular distribution assures that the most 
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likely values have the highest frequency in the simulation. Additionally, a sensitivity 

analysis was conducted to reveal which parameter mainly drove variations in the esti-

mated transmission probability. The sensitivity analysis was conducted by individually 

varying one of the parameters from the model over the sensitivity interval. The sensi-

tivity interval was calculated as ±75% of the middle values of the input parameters as 

presented in table 1. 

 

Table 1: Overview of the parameter values.  
Para-

meter 

Description Input parameter values Sensitivity analysis val-

ues 

Refs 

  Low risk Intermedi-

ate risk 

High risk Lower limit 

(-75%) 

Upper 

limit 

(+75%) 

 

R Mask protection 

factor 

85% 24% 0% 6% 42% [203] 

C Indoor CO2 774 ppm 1135 ppm 2375 ppm 283.8 1986 [202] 

Co Outdoor CO2 400 ppm 400 ppm 400 ppm .. .. [201] 

Ca Fraction of CO2 in 

exhaled breath 

37500 

ppm 

37500 

ppm 

37500 

ppm 

.. .. [191] 

f Fraction of indoor 

air that is exhaled 

breath 

0.00997 0.0196 0.0526 .. .. [191] 

qm Quanta for Mea-

sles-virus 

106 124 480 31 217 [194, 

196, 

204] 

qs Quanta for SARS-

corona viruses 

11.4 28.9 296 7.23 50.7 [204, 

205] 

qi Quanta for Influ-

enza-virus 

15 76.2 128 19 133 [191, 

197, 

204] 

qt Quanta for Myco-

bacterium tubercu-

losis 

1.27 8.2 12.7 2.05 14.4 [206, 

207] 

ql Quanta for 

Leugionella pneu-

mophila 

5.45 8.39 11.3 2.1 14.7 [27, 

200] 

CO2: carbon dioxide, SARS: severe acute respiratory syndrome, ppm: parts per million 
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Results 

The transmission probability for each scenario and the estimated mean transmission 

rates with the corresponding 95% UI are reported in table 2. The highest transmis-

sion probability was found in the high-risk scenarios for measles virus (100%), 

SARS-corona viruses (99.4%), influenza virus (89.4%) and M. tuberculosis (84.0%). 

The probability of the transmission of all modelled pathogens was low in the low-risk 

scenario, there was only a small risk for transmitting measles virus (4.5%). The trans-

mission probabilities were higher for viral airborne pathogens compared to the bacte-

rial pathogens. The transmission probabilities were higher in the intermediate- and 

high-risk scenarios (figure 1).  

 

Dental healthcare workers had an increased risk of acquiring measles virus as soon 

as the patient infectivity, and indoor air CO2 value increased. The transmission prob-

ability remained >20% once the indoor air CO2 reached intermediate values, regard-

less of respiratory protection and patient infectivity. In certain situations, the transmis-

sion risk was as high as 90% (figure 1). When a dental healthcare worker was ex-

posed to a patient that generates low influenza virus quanta, the transmission risk re-

mained 0% when the room had low indoor CO2 concentration, regardless of respira-

tory protection. A high transmission probability of 89.4% at most for influenza virus 

occurred in case of intermediate to high quanta generation and high indoor CO2 con-

centration. The transmission of SARS-corona viruses remained <20% when the den-

tal healthcare worker was exposed to a patient with low infectivity, regardless of the 

mask protection and indoor air CO2. However, once the infectivity of a pathogen and 

the indoor air CO2 concentration increased, the transmission risk increased to 52.6% 

and 99.4%, respectively. 

 

The transmission probability for M. tuberculosis was as high as 84.0% when dental 

healthcare workers were exposed to a patient with high quanta production (q=12.7) in 

a space with high indoor CO2. However, in case of exposure to a patient with low 

quanta generation the transmission risk remained <3.0% regardless of respiratory 

protection. Moreover, if the indoor air CO2 remained low, the probability of transmis-

sion of M. tuberculosis would be <3.5% regardless of the quanta and used respira-

tory protection. The highest infection transmission probability of L. pneumophila was 
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18.0% in a high-risk scenario. As long as the indoor air quality was good, the risk re-

mained <3% regardless of quanta generation and respiratory protection. 
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E 

 
 

Figure 1: The probability of infection transmission of Measles virus (A), SARS-coro-

navirus (B), influenza virus (C), M. tuberculosis (D) and L. pneumophila (E) in several 

scenarios. 

 

Table 2: Pathogen transmission probability for each modelled pathogen presented in 

mean (95% UI) and for each scenario. 
 Infection transmission probability 

Pathogen Mean (95% UI)* Low-risk Intermediate-risk High-risk  

Measles-virus 41 % (5.9 – 46.6) 4.5% 42.2% 99.9% 

SARS-corona viruses 28.6 % (1.3 – 45.2) 0.0% 13.1% 99.4% 

Influenza virus 27.8 % (1.8 – 36.0) 0.0% 29.8% 89.4% 

M. tuberculosis 3.8 % (0 – 6.7) 0.0% 4.0% 84.0% 

L. pneumophila 4.1 % (0 – 6.8) 0.1% 4.08% 18.0% 

*= estimated from uncertainty analysis 

 

From the sensitivity analysis it was calculated that changes in indoor air quality had 

the strongest influence on the probability of pathogen transmission. An improvement 

of indoor air quality resulted in 0% probability of transmission, if all other parameters 

remained fixed at intermediate-risk values. A decrease of the indoor air quality led to 

the highest probability of transmission for all pathogens (table 3). 
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Table 3: Sensitivity analysis 

Pathogen 

Mean 

Proba-

bility 

(P) 

(%) 

Mask protection 

factor (R) 

Quanta (q) Indoor CO2 (f) Time (t) 

Lower 

limit 

(%) 

Upper 

limit 

(%) 

Lower 

limit 

(%) 

Upper 

limit 

(%) 

Lower 

limit 

(%) 

Upper 

limit 

(%) 

Lower 

limit 

(%) 

Upper 

limit 

(%) 

Measles-

virus 

41.0 32.2 52.2 13.9 57.6 0.0 62.8 13.9 57.6 

SARS- 

corona  

viruses 

13.1 9.9 16.2 3.5 21.4 0.0 25.4 3.5 21.4 

Influenza 

virus 

27.8 17.3 31.4 8.9 44.2 0.0 50.0 22.7 44.2 

M. tuber-

culosis 

3.8 3.1 4.1 0.96 6.6 0.0 8.0 1.0 6.7 

L. pneu-

mophila 

4.1 1.1 1.5 0.4 2.6 0.0 3.2 0.4 2.6 

Output of the sensitivity analysis presenting the transmission probability calculated from the lower and 
upper limit (±75%) if only one parameter, from the middle-risk scenario, was changed at the time. 
 
 
Discussion 

In the dental clinic, spatters and aerosols are generated by patients when coughing, 

sneezing and talking; and using high speed dental equipment. About 20 to 30 differ-

ent patients visit a dental room every day, making the transmission of infectious dis-

eases plausible. However, until now, the relative risk of the transmission of several 

airborne pathogens in the dental clinic was not known. Our study suggests that the 

probability of transmission of airborne pathogens depends on the circumstances in 

the dental clinic and the pathogen involved. For M. tuberculosis and L. pneumophila 

the probability of transmission was low, while for the measles-virus the probability 

was high. The CO2 concentration of the air in the dental practice had the highest in-

fluence on the transmission risk.  

 

The CO2 concentration of indoor air acts as an indicator for poor air quality and venti-

lation. Improved ventilation, leading to a decrease of CO2, will therefore reduce the 

transmission probability. The importance of the indoor air quality in the prevention of 

transmission of airborne pathogens is supported by a previous study that associated 

a low ventilation rate to an increased transmission rate of M. tuberculosis [208]. The 
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importance of continuous air changes was stressed previously in healthcare and non-

healthcare settings [20, 34, 209, 210]. Nevertheless, the transmission of particularly 

the measles virus is very likely to occur in case of high quanta, even when the indoor 

air quality is good.  

 

The level of respiratory protection had a minor influence on the probability of trans-

mission, because the protection level is fairly low. Regular surgical mouth-nose 

masks filter about 24% of particles larger than 2.0 m. This protection rate is only ap-

plicable for closely fitting masks, while face seal leakage leads to reduced respiratory 

protection [149, 211]. A mask that is saturated with moist, what occurs usually after 

20-30 minutes of use, provides no protection against bacteria or viruses. If the trans-

mission probability was modelled using an FFP-2 mask, a decrease of transmission 

probability was visible. However, using FFP-2 masks in the dental clinic is not prac-

ticed because of low average risk for pathogen transmission and difficulty breathing 

while wearing such a mask. Virus particles, that are smaller than 2.0 m, are able to 

penetrate the mask and be inhaled by the wearer. However, a proportion of released 

viruses can be trapped in large aerosol particles and be prevented for inhalation 

through a surgical mask [212]. 

 

The transmission probability was modelled based on direct available quanta or esti-

mated based on evidence allowing calculation. These quanta were derived from dis-

ease transmission rates from small studies in different environments, such as hospi-

tals, public markets and aircrafts. The specific circumstances in these environments 

had an influence on the derived quanta and are the best currently available. The 

same applies to quanta estimation of SARS (2003), which was used as a proxy for 

SARS-CoV-2. Although SARS and COVID-19 are similar in many ways, there are 

also differences. The transmissibility, the infectious period and the fatality rate seem 

to differ slightly, but exact data are not available yet [199, 213, 214]. Extrapolation of 

the data generated for the SARS-CoV into assumption for SARS-CoV-2 should be 

done with caution.  

 

In this study, we assessed the transmission probability in case a dental healthcare 

worker is exposed to an infectious patient, regardless of the local disease prevalence 

rates. However, the risk of meeting an infected person is higher in disease endemic 
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areas. The odds for a dental healthcare worker in the developed world to come into 

contact with a contagious patient for certain diseases are small. So, the actual risk of 

contracting an infectious disease for dental healthcare workers is higher in disease 

endemic areas. Moreover, the virulence of each pathogen varies between strains, 

also influencing the infection risk for dental healthcare workers. 

 

Besides the transmission risk, virulence differences and the number of contagious 

persons in the direct environment, the risk of acquiring an infectious disease also de-

pends on the individual immune status. Immune compromised people, such as peo-

ple with HIV, cancer, and Crohn’s disease are more susceptible for acquiring an in-

fectious disease. There is currently not sufficient data available to include these con-

founders in the calculation of transmission probabilities.  

 

The applied Wells-Riley equation comes with a number of limitations [192]. The 

equation assumes that the infectious dose (quanta) is constant over time and has a 

homogenous spatial distribution. Yet, the number of infectious particles is higher in 

close proximity to the infectious patient and dilutes in time and further away from the 

source. Additionally, each pathogen has its own survival time depending on the in-

door humidity and temperature [215]. This would influence the average produced 

quanta over time, and result in an under or over estimation of the transmission proba-

bility. Other pathogens, such as non-tuberculous mycobacterium and Pseudomonas 

aeruginosa, may be transmitted in the dental clinic. Unfortunately, quanta values are 

not available for these airborne pathogens.  

 

We conclude that the risk for the transmission of the bacteria M. tuberculosis and L. 

pneumophila in the dental clinic was low, while the risk for the measles-virus was 

high. Risk for transmission of SARS-corona viruses was comparable to influenza. 

The CO2 level in the dental clinic had the strongest influence on the transmission 

probability.  
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Supplementary file 

Characteristics of SARS CoV and SARS CoV 2

Variables SARS CoV 1 SARS CoV 2 (COVID 19)
Original reservoir Bats [216] Bats [198]
Main transmis
sion mode

Person to person through drop
lets [217]
Fomite [199]

Person to person through droplets
[198]
Fomite [199]

Virus behavior
outside host

Both viruses have half lives in aerosols of 1.1 to 1.2 hours.
Similar infectious titer of viable viruses to 3 hours in aerosols, and up to
24 48 hours on cardboard, stainless steel, and plastic. Viruses show the
same stability in experimental conditions [199]

Genome The conserved replicase domains of SARS CoV 2 are 94.6% identical to
SARS CoV implying the two belong to the same species [186].

Cell entry Both viruses use the same cell entry receptor (ACE2).
SARS CoV 2 has 10 20 folds higher affinity with ACE2 than SARS CoV
resulting in higher infectiousness [186].

Incubation time Estimated from China [216]:
Mean: 4.6 days (3.8 5.8)

Estimated from China [218]
Mean: 4 days (2 7)

Estimated fromWuhan, China
[219]
Mean: 5.2 days (4.1; 7.0)

Basic R0 Estimated from modelling [220]:
Range from 2.2 – 3.6

Estimated worldwide [214]:
Range 2 – 5

Estimated from cases in Wuhan
[219]
2.2 (1.4 – 3.9)

Average and range reported in re
view [221]
3.28 (1.4 6.49)

Estimated from modeling [222]:
2.68 (2.48 – 2.86)

Progression to se
vere disease

8 20 days [214] 8 20 days [214]

Case Fatality rate Estimated from modelling [222]
Worldwide: 9.6%
Mainland China: 6.4%
Hong Kong: 17%

Estimated from hospital cases in
Bejing [223]
< 20 years: 0.5%
20 64 years: 4.8%
> 65 years: 27.7%

Estimated from mainland China 1st
week of epidemic [226]: 0.15%
(0.12 0.18)

Estimated from Hubai province
(not Wuhan) [226]:
1.41 % (1.38 – 1.45)

Estimated fromWuhan city [226]
5.25% (4.89 – 5.51)

143556_Zemouri_BNW.indd   107 20-05-20   08:28



 108

  

Estimated from Hong Kong de
partment of health database
[224]
< 60 years: 6.8% (4.0; 9.6)
> 60 years: 55.5% (45.3; 64.7)

Estimated from CDC China [225]
Overall: 6.4%
20 39 years: 2.4%
40 59 years: 8.9%
60 79 years: 25.5%
80 93 years: 17.7%

Estimated from multiple sources
[186]
Wuhan: 4.42%
Rest of Hubai: 3.09%
Hubei: 4.07%
Rest of China: 0.84%
China: 3.53%
International 46 countries: 1.83%
Total: 3.46%
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Chapter 7 Summary, limitations and future 
directions 
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Summary, limitations and future directions: Infection control in dentistry microbial 

contamination of dental unit water and aerosols.  

The general aim of this thesis was to study the microbial contamination of dental unit 

water and the characteristics of bio-aerosols as a vehicle for cross contamination in 

dentistry. In chapter 2, this thesis starts with a literature review concerning bio-aero-

sols in health care and dentistry. Bio-aerosols are generated via multiple sources 

such as different interventions, instruments and human activity. The microbial com-

position of bio-aerosols that was reported was heterogeneous depending on the set-

ting and the methodology used to determine the present micro-organisms. Legionella 

species were found to be a bio-aerosol dependent hazard to elderly and patients with 

respiratory complaints. Yet, all aerosols can be can be hazardous to both patients 

and healthcare workers. Compared to the hospital setting, the characteristics of bio-

aerosols in dentistry are not extensively studied.  

 

In chapter 3 the microbial characteristics of the air in four dental clinics in The Neth-

erlands were reported. The air got contaminated with micro-organisms during treat-

ment. As soon as the treatment ended, the microbial load of the air was reduced to 

baseline values. The air contained bacteria from human and water origin. The high-

est microbial load of the air was found in the direct proximity of the patient’s head. At 

a greater distance from the patient’s head, the microbial load of the air was compara-

ble to baseline values. The microbial load of the water from the dental unit and from 

the air were positively correlated. Clinics with a higher count of colony forming units 

(CFU)/mL of water from the dental unit, also had a higher microbial load in the air.  

 

In chapter 4, the effect of different commercially available chemical disinfectants on 

viable bacteria in biofilms from water were tested in vitro. A single application of a 

high dose of chemical disinfectants reduced the number of bacteria in the biofilms 

more than a continuously applied low dose. A combination of a single high dose fol-

lowed by a continuous application of the corresponding low dose led to the lowest 

number of bacteria in the biofilms. The disinfection brands containing hydrogen per-

oxide (Alpron, Dentosept, Oxygenal, Green and Clean) or chlorine (Anoxyl) reduced 

the number of bacteria in the biofilms the best. In chapter 5 the microbial composition 

of the biofilms treated with the same chemical disinfectants as in chapter 4 were 
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studied. Exposure of the biofilms to chlorine significantly changed the microbial com-

position compared to the untreated biofilms and biofilm exposed to hydrogen perox-

ide. In all hydrogen peroxide groups, the relative abundance of Mycobacterium in-

creased over time. Mycobacterium, a water pathogen, was not retrieved from chlo-

rine treated biofilms. Instead the latter biofilm was dominated by Comamonadaceae.  

 

The risk of transmission of several pathogenic airborne microorganisms in dental 

practice was estimated in chapter 6. The probability of transmission of an airborne 

pathogen after a one-hour exposure to a patient contaminated with measles virus, in-

fluenza virus, SARS-virus, Mycobacterium tuberculosis, or exposure to a dental unit 

positive for Legionella pneumophila was calculated. The risk for the transmission of 

the bacteria M. tuberculosis and L. pneumophila in the dental clinic was low, while 

the risk for the measles-virus was high. The CO2 level in the dental clinic had the 

strongest influence on the transmission probability. Good air quality leads to a lower 

probability for the transmission of airborne pathogens. However, regular protective 

surgical mouth-nose masks have a limited influence on the probability of transmis-

sion. 

 

In conclusion, bio-aerosols produced by patients or from dental unit water in dental 

clinics form a risk of cross-infection. However, hygiene and infection prevention strat-

egies such as control over the biofilm in the dental unit waterlines and ventilation of 

the air lower this risk for dental clinics. Failure to comply to infection control protocols 

may lead to higher risk for cross-contamination and a higher risk for infectious dis-

eases for patients and dental health care workers. 

 

Limitations 

In the clinical studies, no discrimination was made between droplets and droplet nu-

clei. A particle size meter would provide evidence on droplet versus droplet nuclei 

production during dental treatment [43]. If the aerosol would mainly consist of drop-

lets (spats) it would explain why the microbial contamination of air dropped immedi-

ately once the treatment stops. However, additional measurements using a particle 

size meter were too difficult to perform in the clinical situation. Therefore, it remains 

unknown which of the two are most produced in dental clinics.  
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As an addition to passive sampling of the air, active sampling (air actively drawn onto 

culture medium) was performed to estimate the microbial load of a certain amount of 

air. Active sampling disturbs the airflow in the room, can induce bias on the charac-

terization of 16s RNA, and may damage a portion of the total collected bacteria.  

 

Another limitation was related to chapter 4. The composition and formation of the in 

vitro biofilms depends on the inoculum. Since the inoculum contained low numbers of 

bacteria, every biofilm that grew from it became unique and might reacted differently 

when subjected to the same treatment. This led to quite some variation in the results 

of the study.  

 

Chapter 6 calculated the probability of the transmission of airborne pathogens. Work-

ing with a model, leads to the need to make assumptions that do not always render 

justice to the actual clinical situation. However, a model can point out differences be-

tween different assumptions, making good interpretation of the data possible for the 

clinical situation. 

 

Future directions for research 

Future research can focus on the prevention of biofilm formation in dental unit water-

lines, removal of pathogenic bacteria in the air, breaking the chain of transmission by 

preventive strategies. For this matter, bio-engineers can be consulted for producing 

dental unit waterline material that prevents biofilm formation and the production of in-

struments that produce less aerosols. It is recommended to investigate what lining 

material for dental unit waterlines will prevent the adhesion of bacteria and the for-

mation of biofilm, while it remains safe for humans. It is important to continue studies 

on the proliferation of pathogenic biofilms and biofilm resistance against chemical 

disinfectants. Resistant biofilms might lead to selection of pathogenic microorgan-

isms in dental unit water and bio-aerosols, and to a higher risk for infection for pa-

tients and dental health care workers. However, much is unknown about resistance. 

For future research and infection control prospects, one can consider a multidiscipli-

nary team approach including bio-engineers, public health scientist, dental profes-

sionals, and mathematicians. 
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Samenvatting: infectie controle in de tandheelkunde: microbiële belasting van water 

uit de tandheelkundige unit en aerosolen.  

Het doel van dit proefschrift was het bestuderen van de microbiële besmetting van 

water uit de tandheelkundige unit en van de eigenschappen van bio-aerosolen als 

kruiscontaminatie middel in de tandheelkunde. Dit proefschrift start in hoofdstuk 2 

met een literatuurstudie omtrent bio-aerosolen in ziekenhuizen en in tandartspraktij-

ken. Bio-aerosolen ontstaan door verschillende interventies, instrumenten en mense-

lijke activiteiten. De gerapporteerde microbiologische samenstelling van bio-aeroso-

len was heterogeen en hangt af van de setting en de methodologie voor het meten 

van micro-organismen. Legionella bacteriën in bio-aerosolen bleken een gevaar te 

zijn voor ouderen en patiënten met longklachten. Maar alle bio-aerosolen kunnen 

een gevaar vormen voor de patiënten en gezondheidsmedewerkers. In tegenstelling 

tot ziekenhuizen, zijn de eigenschappen van bio-aerosolen in tandartspraktijken niet 

uitgebreid bestudeerd. 

 

Hoofdstuk 3 beschrijft de microbiële eigenschappen van lucht in vier tandartspraktij-

ken in Nederland. Behandelingen leiden tot besmetting van de lucht met micro-orga-

nismen. Zodra een behandeling stopt, daalt het aantal micro-organismen in de lucht 

naar baseline waardes. De lucht bevat bacteriën van water en humane oorsprong. 

Dichtbij het hoofd van de patiënt is het aantal aan micro-organismen het hoogst. Op 

een langere afstand van de patiënt is de microbiële lading hetzelfde als de baseline 

waardes. De microbiële lading in het water van de behandelunit en de luchtwaardes 

waren positief gecorreleerd. Praktijken met een hoger aantal kolonie vormende een-

heden (KVE)/mL aan behandelunit water, hadden ook een hogere microbiële lading 

in de lucht. 

 

Hoofdstuk 4 beschrijft het effect van verschillende chemische desinfectantia op de le-

vensvatbaarheid van biofilms in water wanneer deze in vitro zijn getest. Het aantal 

bacteriën in de biofilms reduceert sterk wanneer een eenmalige dosis aan desinfec-

tans wordt toegevoegd in tegenstelling tot een constante lage dosis. Het laagste aan-

tal aan bacteriën in biofilms wordt behaald als er eerst een eenmalige hoge dosis 

aan desinfectans wordt toegepast gevolgd door de bijbehorende lage constante do-

sis. Desinfectans merken die waterstofperoxide (Alpron, Dentosept, Oxygenal, Green 

and Clean) of chloor (Anoxyl) bevatten, reduceren succesvol het aantal bacteriën in 
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biofilms. In hoofdstuk 5 zijn de behandelde biofilms van hoofdstuk 4 bestudeerd op 

microbiële samenstelling. Blootstelling van biofilms aan chloor verandert de samen-

stelling significant ten opzichte van biofilms blootgesteld aan waterstofperoxide of 

geen behandeling. Biofilms die zijn blootgesteld aan waterstofperoxide hebben een 

relatieve toename aan Mycobacterium. Mycobacterium, een water pathogeen, was 

niet aanwezig in met chloor behandeld biofilms. In plaats daarvan, werden die bio-

films gedomineerd door Comamonadaceae. 

 

In hoofdstuk 6 is de kans op transmissie van lucht overdraagbare aandoeningen in 

tandartspraktijken geschat. De kans op transmissie na een uur blootstelling aan een 

patiënt met mazelen-virus, influenzavirus, SARS-virus, Mycobacterium tuberculosis, 

of blootstelling aan een behandelunit met Legionella pneumophila is berekend. Het 

transmissie risico voor M. tuberculosis en L. pneumophila was laag, terwijl het trans-

missie risico van mazelenvirus hoog was. Het koolstofdioxide niveau in de behandel-

kamer had de sterkste invloed op de transmissiekans. Chirurgische mond-neusmas-

kers hadden een beperkte invloed op de transmissiekans.  

 

Concluderend, bio-aerosolen geproduceerd door patiënten of de behandelunit in 

tandheelkundige praktijken vormen een risico op kruisbesmetting. Maar, hygiëne en 

infectiepreventie strategieën toegepast op waterleiding biofilm en ventilatie van de 

lucht, verminderen het risico op de transmissie van infecties. Het niet opvolgen van 

protocollen voor infectiepreventie leidt tot een verhoogd risico op kruisbesmetting en 

een hoger risico op infectieziekten voor patiënten en mondzorgmedewerkers. 
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