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ABSTRACT

Water stagnation in dental waterlines may cause contaminating organisms 

including Legionella and amoeba to multiply to potentially hazardous levels. The 

purpose of this study was to determine the presence of Legionella in the dental 

unit waterlines at the Dental Teaching Hospital, University of the Witwatersrand 

using different techniques.

Water samples were collected from 137 water sources of which 34% were 

contaminated in the morning and 40% in the afternoon. The levels ranged from 

0,06 cfu/ml to 2 880 cfu/ml and exceeded the guidelines for Legionella in South 

African water. The levels detected in the water sources were variable which may 

be attributed to existing biofilms within the systems. In addition the municipal 

water also appeared to be a likely source of the contamination. Clinics, which 

instituted control measures, had reduced levels of Legionella. Culturing was the 

best method for detecting Legionella in water samples however it is dependent 

upon serological tests for species differentiation.
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CHAPTER 1: INTRODUCTION

Water has a profound influence on human health. Issues such as the quantity 

and quality of the water supplied are important in determining the health of 

individuals and whole communities. The increase in waterborne disease 

outbreaks, both in frequency and severity, has increased public awareness of the 

importance of water microbiology. The global burden of infectious waterborne 

disease is enormous. However, reported numbers dramatically underestimate the 

incidence of waterborne disease, particularly the low-level endemic diseases that 

are widespread in both developed and developing countries (Foran & Brosnan, 

2000).

An emerging pathogen of importance is Legionella which has made headlines 

recently being responsible for the outbreak at the flower show in the Netherlands 

and in an aquarium in Australia, resulting in 246 confirmed Legionnaires’ disease 

cases (Bartie, Venter & Nel, 2001). Reports in the scientific literature suggest that 

the microbiological quality of water used in dental treatment frequently may not be 

acceptable for dental care delivery. This issue was first reported more than 30 

years ago, and recently has resurfaced due to an increase awareness of potential 

occupational hazards and concern about the increasing numbers of 

immunocompromised patients seeking dental treatment.
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1.1 THE GENUS LEGIONELLA

The first isolation of Legionella occurred in 1947 however its importance as a 

human pathogen was not recognised until 1976, when a mysterious epidemic of 

pneumonia struck members of the Pennsylvania American Legion. Dr Joseph 

McDade isolated a bacterium from autopsy lung specimens of the victims’ that 

was different from other bacteria previously described. This lead to the creation of 

a new taxonomic family, the Legionellacea; a new genus, Legionellae; and a new 

species, pneumophila (Yu, 1990).

1.1.1 RESERVOIR

Legionellae are ubiquitous in the environment, however, water is the major 

reservoir for legionellae, and the organisms are frequent inhabitants of most water 

sources (Kurtz, et al., 1982; Watkins, et al., 1985). Legionella organisms have 

also been found occasionally in other sources such as potting soil, which was 

associated with an outbreak of Legionella longbeachae infection in California, 

Oregon, Washington, New Zealand and Australia (Koide, Arakaki & Saito, 2001). 

Legionellae have also been cultured from soil and dust samples taken at building 

sites and from industrial cutting-grinding fluid (Schofield, 1985; Muraca, et al., 

1988; Brundett, 1989).
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1.1.2 CLASSIFICATION

The number of species in the genus Legionella has increased dramatically since 

the original identification in 1976 (Yu, 1990). To date a total of 48 species and 

more than 58 serogroups of Legionella have been identified (Bartie, 2002). 

Twenty species have been associated with disease in humans especially 

Legionella pneumophila. This species is divided into at least 16 serogroups of 

which serogroup 1 ,4  and 6 are most often implicated in human infection and 

responsible for approximately 80% of infections caused by the genus (Fang, Yu & 

Vickers, 1989; Marik, 1989).

Two additional genera, Tatlockia and Flouribacter, have been suggested for the 

family Legionellaceae (Garrity, Brown & Vickers, 1980). In this classification 

L.pneumophila remained in the genus Legionella, whereas L.micdadei was 

transferred to the genus Tatlockia and the three blue-white autofluorescing 

species, L.bozemanii, L.dumoffii and L.gormanii, were transferred to the genus 

Fluoribacter. The legionellae however all show more than 25% DNA homology, 

are isolated by similar techniques and antibiotic therapy is the same for all 

species. For those reasons it is still generally accepted that the genus Legionella 

includes these three species (Garrity, Brown & Vickers, 1980).
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1.1.3 MORPHOLOGY

Members of the Legionellaceae family are Gram-negative aerobic, non-spore­

forming, unencapsulated bacilli that measure 0,3-0,9pm in width and 2,0-20pm in 

length. In tissue and clinical specimens, the organisms are coccobacillary 

measuring 1-2pm in diameter. Elongated filamentous forms may be seen after 

growth on some culture media. Colonies have a typical ground-glass surface 

appearance, with a distinctive internal appearance when visualised by a stereo 

microscope (Yu, 1990). Cells are motile by one or more polar or lateral flagellae. 

Non-motile strains are occasionally seen (Marik, 1989).

1.1.4 GROWTH CONDITIONS

Legionella is chlorine-tolerant and survives the water treatment process and may 

pass into water distribution systems. Subsequent growth and proliferation occur 

in man-made habitats, including cooling towers, air-conditioning, humidifiers as 

well as dental unit waterlines which provide favourable conditions (Yu, 1990; 

Whitehouse, et al., 1991; Shearer, 1996). Water conditions that tend to promote 

the growth of Legionella include stagnation, optimal growth temperatures between 

35°C and 46°C and pH between 5,0 and 8,5.
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1.1.5 RELATIONSHIP BETWEEN LEGIONELLA AND AMOEBAE

Sediment tends to promote the growth of commensal microflora and 

microorganisms including algae, Flavobacteria, and Pseudomonas, which supply 

essential nutrients for growth of Legionella or harbour these organism, for 

example amoebae and protozoa (Fields, et al., 1984; Barbaree, et al., 1985; 

Wadowsky, et al., 1985). In 1981 Rowbotham was the first to report an interaction 

between L.pneumophila and free living amoeba. Proliferation of L.pneumophila 

as an intracellular parasite of the ciliated protozoan Tetrahymena pyriformis was 

described by Fields and co-workers in 1984. In addition, different bacteria among 

the environmental microflora, especially Flavobacterium breve, were found to 

stimulate the growth of L.pneumophila. The work of Holden et al. (1984) showed 

that Legionella multiplied in amoebae. Tison and co-workers (1981) reported that 

algal extracellular products can be used by L.pneumophila as a source of carbon 

and energy.

The mode of infection is similar to phagocytosis (Gimenez, 1964) which is 

followed by the proliferation of Legionella in the amoebae, in a manner similar to 

their proliferation in human monocytes (Horwitz, 1983) (Figure 1.1) (van Wolferen, 

no date). The multiplication of the bacteria in the amoebae results in the 

degeneration of the nucleus and the subsequent lysis of the host cell 

(Newsome, et al., 1998).
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Amoebae not only provide an important reservoir of intracellular Legionella, 

increasing uptake of the bacteria in adverse conditions (De Jonckheere & 

van de Voorde, 1976), they can also provide a continuous supply of extracellular 

bacteria. Therefore, a few deeply inhaled Legionella-laden amoebae could cause 

infection, especially, since Legionella successfully outgrow the host cell at body 

temperature. Death of the amoebae within the lower respiratory tract would result 

in the release of large numbers of bacteria at a temperature that favours their 

rapid multiplication (‘O Brien & Bhopal, 1993). Not only the vegetative forms but 

also cysts were found harbouring L.pneumophila. Besides experiments in 

models, the association of amoebae and L.pneumophila has recently been 

described in connection with an outbreak of Legionnaires’ disease 

(Barbaree, et al., 1985). The presence of amoebae in water systems has a 

special importance, because in some cases amoebae may produce disease 

(Martinez, 1985). In addition amoebae enhances the risk of Legionella infection 

because Legionella proliferates to levels well within the infective dose within the 

amoeba cell (Seidel, et al., 1986).
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Infection in human beings

Amoebae Free Legionellae Free Legionellae

Figure 1.1 Replication of Legionellae in amoeba (left of diagram) and in macrophage (right of diagram).



1.2 LEGIONELLA INFECTION

Legionella are usually transmitted to humans via inhalation of contaminated 

aerosols. An additional unusual feature is that aerosols containing Legionella 

appear to be infective even after travelling some hundreds of metres. In contrast, 

with most pathogenic bacteria in aerosols they become non-viable. Legionellae 

are undoubtedly more robust than many other pathogens but this is not enough to 

explain how people acquire infection. Person-to-person transmission has never 

been demonstrated with Legionella. Transmission occurs occasionally via other 

routes, including direct inoculation of surgical wounds with contaminated potable 

water during placement of surgical dressings (Breiman & Butler, 1988). Aspiration 

of contaminated water into the lungs may also cause the disease. The likelihood 

of contracting the disease is related to the level of contamination in the water 

source, the intensity of exposure to the contaminated water and the susceptibility 

of the person exposed (Stout, Yu & Best, 1985). The mode of transmission, 

inoculum size, particle size and host susceptibility appear to influence the severity 

of the infection (Yu, 1990). Once Legionella has been transmitted to an individual 

and reach the alveoli, the outcome depends upon the virulent properties of the 

organism and the competence of the host in resisting infection 

(Von Graevenitz, 1977; Marik, 1989).
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1.2.1 VIRULENCE

Many of the species and serogroups appear to be more opportunistic and 

presumably less virulent than L.pneumophila serogroup 1, as they cause disease 

almost exclusively in highly immunocompromised individuals. L.pneumophila 

serogroup 1 is divided into subtypes which determines the virulence of the 

species (Fang, Yu & Vickers, 1989). These subtypes often react with a specific 

monoclonal antibody, MAb 2, which appear infrequently in environmental 

specimens. The antigenic determinant reacting with MAb 2 is a 

lipopolysaccharide. The basis for the association of strains bearing this epitope 

with epidemics is unknown. The epitope may be a marker for strains with 

increased virulence or increased ability to survive during aerosolisation. Absence 

of this marker does not rule out strain virulence because many cases of infection 

occur with strains of L.pneumophila serogroup 1 that are MAb 2 negative. 

Identifying virulence markers would be useful in efforts to control legionellosis 

because aggressive primary prevention measures could be targeted to a source 

with increased potential for transmitting disease (Breiman & Butler, 1988).

1.2.2 INFECTIVE DOSE

Although infectious dose responses have been determined for some laboratory 

animals, the dose for humans has not been determined. A reasonable 

assumption is that individuals who have more risk factors would become infected
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with lower doses than individuals who have few or no risk factors 

(ASHRAE, 1998).

However, infections are usually associated with counts >105cfu/ml and 

concentrations of L.pneumophila serogroup 1 of 103cfu/ml. The data only reflect 

characterised pathogens, potentially underestimating total number of organisms 

by orders of magnitude (Schofield, 1985; Breiman & Butler, 1988). In a potable 

water system associated with an outbreak, the reported numbers of Legionella 

averaged 160cfu/ml (range 1 to 1 500cfu/ml), while as few as 10cfu/ml in a fogger 

reservoir may have caused disease (Springston, 2001).

1.2.3 CLINICAL MANIFESTATION

Legionella species are well known as etiologic agents of respiratory disease. 

Potentially any species of Legionella may cause the disease (Yu, 1990). The 

clinical syndromes produced by members of the Legionellaceae family are 

collectively designated as legionellosis (Dowling, et a I., 1984; MacFarlane, 1989), 

which is a notifiable disease in South Africa (Epidemiological Comments, 2000). 

Legionella infection presents itself in two very different forms. An acute 

pneumonia called Legionnaires’ disease and a nonpneumonic influenza-like 

illness termed Pontiac fever. Extrapulmonary diseases such as pericarditis and 

endocarditis are rare (Winn, 1988).
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1.2.3.1 Legionnaires’ disease

The first known epidemic of Legionnaires’ disease occurred in 1965, at a general 

psychiatric hospital in Washington DC however, it had gone unnoticed until the 

discovery of L.pneumophila in 1976 (Yu, 1990).

Legionnaires’ disease refers to the pneumonia caused mainly by L.pneumophila 

and L.micdadei, which may have a sudden or a gradual onset 

(Kaplan, et al., 1980; Blackmon, et al., 1981; Kurtz, et al., 1982; Winn, 1988). 

Pneumonia is the predominant clinical manifestation in Legionnaires’ disease.

The disease encompasses a broad spectrum of illness, ranging from mild cough 

and slight fever to coma with wide spread pulmonary infiltrates and multi-system 

failure. The incubation period for Legionnaires’ disease ranges from 2 to 10 days. 

The shorter incubation periods are experienced by immunocompromised patients. 

In the first 24-48 hours of illness, patients experience nonspecific symptoms 

including fever, malaise, myalgia, anorexia, and headache. The cough is initially 

mild and only slightly productive (Yu, 1990).

1.2.3.2 Pontiac fever

Pontiac fever is an acute, self-limiting, flu-like illness without pneumonia. It occurs 

in all age groups, both sexes, and is more prevalent during summer months.

Some authors suggest that it is a hypersensitivity pneumonitis caused either by
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infection with Acanthamoeba filled with Legionella (Vandernesch, et al., 1990) or 

as a result of a toxic reaction to the organism (Muder, Yu & Woo, 1986). The 

incubation period in sporadic cases is unknown, but ranges from 5 hours to 3 

days during outbreaks (MacFarlane, 1989; Kaplan, et al., 1980). The predominant 

symptoms are malaise, myalgia, fever, chills, and headache. Non-productive 

cough, dizziness, and nausea have also been noted. The chest radiographs 

remains clear. Only symptomatic therapy is required, and recovery is complete 

within one week as a rule of thumb (Yu, 1990).

1.3 INCIDENCE OF LEGIONELLA INFECTIONS

The South African Legionella Research Laboratory founded in 1979 in 

Johannesburg, identified sixteen sporadic cases of Legionnaires’ disease by the 

early 1980’s. Among these were 2 cases from Johannesburg 

(Kaplan, et al., 1980), 8 from Port Elizabeth (Randall, et al., 1980) and one from 

Durban (Hariparsad, et al., 1981). The first Legionnaires’ disease outbreak in 

South Africa occurred in a Johannesburg teaching hospital in 1985 (Strebel & 

Kustner, 1988). However, the prevalence and incidence of the disease was low in 

South Africa during the 1990’s with 31 cases and 1 death (Department of Health, 

personal communication). Several Legionnaires' disease outbreaks were 

reported in the year 2001 around the world, including Norway, Spain, France, 

United Kingdom, United States of America and Australia (van der Heever, 2002).
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The prevalence of nosocomial infections caused by Legionella varies greatly from 

one hospital to another; however, it may be as high as 30% (Marik, 1989). Many 

cases of Legionella infection go unreported because it is difficult to distinguish 

between this disease and other forms of pneumonia. Approximately 1 000 cases 

are reported annually to the Centres for Disease Control (CDC), but it is estimated 

that over 25 000 cases of the illness occur each year and cause more than 4 000 

deaths (Marik, 1989).

1.4 PREVENTION STRATEGIES

Identification of workplace settings where the risk of infection is particularly high 

and strategies to prevent disease transmission in the workplace are important 

issues. Workers in any environment where the relative humidity is high or where 

they come into contact with any other form of water aerosols are at risk. The 

Occupational Safety and Health Act (OSHA) requires employers to consult with 

safety and health representatives, and provide information to employees. 

Employers should follow a consultation procedure that has been agreed upon by 

all parties in the management and reduction of risk arising from hazards, such as 

biological contaminants, that may cause Legionnaires' disease.

In terms of the OSHA Act no. 85 of 1993, employers are legally required to ensure 

that all workers are ‘adequately and comprehensively informed and trained to 

recognise potential risks and are aware of measures taken by the employer to



reduce the risk of exposure. In addition, workers have to be trained in good 

housekeeping at the workplace and proper personal hygiene. The importance of 

wearing personal protective equipment and the necessity of medical surveillance 

whenever necessary should be adequately explained. The Hazardous Biological 

Agents Regulation of the OSHA Act states that L.pneumophila and several other 

Legionella species are graded as level 2 biological hazardous agents (South 

Africa, 2001).

The following flow chart (Figure 1.2) provides an example of a procedure which 

employers, in consultation with employees, can adopt to address the issue of 

potential infection in the workplace. It is important that the steps implemented are 

regularly reviewed to ensure the controls in place are adequate.

14



Figure 1.2 Diagram illustrating the procedure to be taken when dealing potential infection.
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1.5 RECOMMENDED LEGIONELLA LEVELS

There are currently no laws or regulations that set specific standards for the 

quality of water used in oral healthcare in South Africa. The specified levels of 

bacteria in potable water are 100cfu/ml for total bacterial counts, 5cfu/100ml for 

coliforms with the absence of Escherichia coli for every 100ml. However, 

guidelines for Legionella levels in South African water being developed by 

Coubrough and Genthe (2002) stipulate that Legionella should not be detected in 

healthcare facilities.

The American Dental Association (ADA) recommends that water delivered to 

patients during non-surgical dental procedures contain no more than 200cfu/ml of 

aerobic mesophilic heterotrophic bacteria in the unfiltered output of the dental unit. 

For comparison, the United States Environmental Protection Agency (EPA) has 

established a heterotrophic plate count (HPC) limit of 500cfu/ml for drinking water. 

The New South Wales Health Department guidelines classify Legionella levels 

between 100 and 1 OOOcfu/ml as potentially hazardous and levels £ 1 OOOcfu/ml 

as serious requiring immediate shutdown of the system for decontamination. The 

CDC - Emerging Waterborne Infections in Health-Care Settings states that if 

regular prospective surveillance and environmental cultures are undertaken and 

low levels (<0,1cfu/ml) of legionellae are found, no action is necessary. On the 

other hand counts greater than this level on successive samples warrant a review 

of control procedures (Emmerson, 2001). This contrasts with drinking water 

standards set in Japan of <100cfu/ml, in Europe of <200cfu/ml and in America of

16



<500cfu/ml considered fit for human consumption (Pankhurst, 1998). However, 

Challacombe (personal communication) recommends a level of 50cfu/ml as 

acceptable in dental unit waterlines. Counts above this level require attention.

The Legionella count required to cause illness has not been conclusively 

established. Nevertheless, periodic monitoring of circulating water for the 

Legionella population is desired. Various researchers in the field have suggested 

guidelines on numbers of Legionella and actions to be taken (Breiman & Butler, 

1988; Shelton, Morris & Borman, 1993; Coubrough & Genthe, 2002). Shelton and 

co-workers (1993) documented the following guidelines (Table 1.1).

17



Table 1.1 Hazard levels and suggested remedial action criteria for Legionella 

(Shelton, Morris & Borman, 1993).

Hazard Levels
Legionellae / ml Cooling Towers 

and Evaporative 
Condensers

Remedial Action
Potable
Water

Humidifier/
Fogger

Detectable, but <1 1 2 3

1 to 9 2 3 4

10 to 99 3 4 5

100 to 999 4 5 5

;> 1 000 5 5 5

ACTION
1 Review routine maintenance programme recommended by the

manufacturer of the equipment to ensure that the recommended 
programme is being followed. The presence of barely detectable 
numbers of legionellae represents a low level of concern.

2 Implement Action 1. Conduct the follow up analysis after a few 
weeks for evidence of further Legionella amplification. This level of 
legionellae represents little concern, but the number of organisms 
detected indicates that the system is a potential amplifier for 
legionellae.

3 Implement Action 2. Conduct review of premises for direct and 
indirect bioaerosol contact with occupants and health risk status of 
people who may come in contact with the bioaerosols. Depending 
on the results of the review of the premises, action related to 
cleaning and/or biocide treatment of the equipment may be 
indicated. This level of legionellae represents a low but increased 
level of concentration.

4 Implement Action 3. Cleaning and/or biocide treatment of the 
equipment is indicated. This level of legionellae represents a 
moderately high level of concern, since it is approaching levels that 
may cause outbreaks. It is uncommon for samples to contain 
numbers of legionellae that fall in this category.

5 Immediate cleaning and/or biocide treatment of the equipment is 
definitely indicated. Conduct post-treatment analysis to ensure 
effectiveness of the corrective action. The level of legionellae 
represents a high level of concern since it poses the potential for 
causing an outbreak. It is very uncommon for samples to contain

________ numbers of legionellae that fall in this category.________________
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1.6 LABORATORY IDENTIFICATION OF LEGIONELLA

Detection and monitoring microbial pathogens in the environment are primary 

factors in risk assessment. Recent studies have shown that nosocomial 

legionellosis could easily exist undiagnosed, especially in hospitals lacking 

specialised laboratory methods for detecting Legionella. An important clue to its 

existence could be the presence of Legionella species in the hospital water 

supply. Thus, routine sampling of water in the absence of known cases may be 

desirable for facilities that house patients at risk for Legionnaires' disease, 

including all healthcare facilities (Yu, 1990).

Culture methods have been proposed for both detection and monitoring. 

However, microorganisms in natural systems may not always be culturable. 

Legionella in water samples can be detected by culture, microscopy, direct 

immunoflourescence, agglutination tests as well as from amoebae harbouring the 

organism (Yu, 1990).

1.6.1 CULTURE

Culture of Legionella is the most reliable method currently used (Yu, 1990). 

Legionellae can be isolated from environmental and clinical samples by 

inoculation onto artificial media.
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Legionella species, however, are often difficult to isolate because of overgrowth 

by other microorganisms and because they often are found within protozoa 

(Miller, etal., 1993).

The primary isolation medium for Legionella species is buffered charcoal yeast 

extract agar supplemented with alpha-ketoglutarate (aBCYE), iron and cysteine, 

on which grey-white colonies with a speckled (ground-glass) appearance are 

visible after 3-5 days culture at 35°C-37°C in a humid atmosphere.

Contamination by organisms such as Bacillus spp and Pseudomonas aeruginosa 

can inhibit growth of legionellae on solid media. Selectivity of the media can 

however be improved by addition of antimicrobial agents such as amphotericin B, 

colistin, cefamandole, polymixin B, vancomycin and trimethoprim, the anti-fungal 

agents anisomysin and cycloheximide and inhibitors, for example, glycine 

(Yu, 1990). Glycine will also inhibit the growth of other Gram-negative bacteria.

To increase the selectivity further, environmental samples can be pretreated with 

acid and heat. Addition of certain dyes to the media will make the colonies more 

visible (Vickers, etal., 1981).

The addition of 2,5-5% CO2 to the atmosphere is essential, except for 

L.pneumophila which will grow without the addition of C02 on aBCYE agar. 

Concentrations higher than 5% will however increase the pH of the medium, 

thereby inhibiting growth. An extracellular, water soluble compound is produced 

when the organisms are grown on aBCYE, resulting in yellow green fluorescence 

of most Legionella colonies when exposed to long wavelength ultraviolet light
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(Wood’s lamp). L.bozemanni, L.dumoffii, L.gormanii and L.parisiensis will 

however produce blue-white fluorescence, and L.rubrilucens, red fluorescence 

under the Wood’s lamp (Kurtz, et al., 1982). Dyes, added to the medium, produce 

various effects. Most species, except L.birminghamensis, produce a brown, 

melanin-like water soluble pigment on charcoal-free media containing tyrosine. 

L.micdadei and L.maceachernii form blue colonies on media containing 

bromocresol purple and bromothymol dyes. L.pneumophila will form pale green, 

and L.bozemannii, L.dumoffii, and L.gormanii, bright green colonies on these 

media. Growth is usually visible after 2-6 days, but may take longer to appear. 

Despite the high sensitivity and specificity of the culture technique, the slow 

delicate growth of the organism, contamination and the lack of suitable 

biochemical reactions make it difficult to distinguish legionellae from other 

organisms (Ager, et al., 1983).

The ability to culture bacteria has been the practical basis for determining their 

viability, and essential to assessing their presence since the time of Pasteur. 

Culture, then, has been the method of choice for detection of microorganisms in 

the environment, however these microorganisms are not always cultivable.

1.6.2 DIRECT IMMUNOFLOURESCENCE ANTIBODY (DFA) TEST

Direct immunofluorescence antibody test is very useful, detecting antigens in 

clinical samples when cultures cannot be obtained. DFA involves conjugation of 

the antibody to a fluorochrome and applying this directly to the specimen.
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Specimens are screened with polyvalent antisera and the serogroup determined 

by monovalent reagents (Ratshikhopha, Klugman & Koornhof, 1990). The 

sensitivity of the test ranges between 24% and 86%. Commercially available 

polyvalent antisera are highly specific for L.pneumophila (Yu, 1990).

Cross-reactions that may lead to false positive results have been documented 

between Legionella species and Bacillus fragilis, Pseudomonas alcaligenes, 

Pseudomonas fluorescens and Bacillus pertussisi with the DFA test. The DFA 

test should be interpreted carefully because a negative DFA does not rule out 

Legionella infection. More than 25 bacilli, morphologically comparable with 

Legionella species and reacting only with specific antiserum is regarded as 

positive and less than 5 bacilli per specimen is reported as suspicious 

(Winn, 1988).

1.6.3 AGGLUTINATION TESTS

Agglutination tests involve the clumping of antigens by reaction with specific 

antibodies that form bridges between antigenic determinants. Agglutination tests 

offer a cheap alternative to DFA, and are considered better than the enzyme 

linked immunosorbent assay (ELISA) for antibody detection. Polyvalent pools are 

used for screening purposes whereas monovalent antisera are used to identify 

serogroups. Either heat or formalin killed antigens can be used (Wilkinson & 

Fikes, 1980).
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1.6.4 AMOEBAE HARBOURING LEGIONELLA

Amoebae are natural hosts for Legionella, therefore it is logical to use these 

protozoa to facilitate the isolation of legionellae. Amoebae increases the number 

of legionellae in the sample and enables the isolation of legionellae via 

micromanipulation (Rowbotham, 1983). They also play a major role in the 

continued presence of Legionella in the environment as well as in the infectivity of 

the bacteria to humans (Harb, et al., 1998). If legionellae cannot be cultured there 

is the possibility that they may be harboured within protozoa thus culturing the 

protozoa may enable the isolation of the legionellae.

1.7 DENTAL WATER CONTAMINATION

An assessment of the various waterborne organisms that occur in dental units, 

their respective infective doses and the degree of exposure that occurs during 

dental surgery suggest that transmission of these opportunistic pathogens cannot 

be excluded, particularly in high-risk immunocompromised individuals. Both 

community and hospital based dental services treat an increasing population of 

immunocompromised patients and others that are at risk of infection from 

environmental waterborne pathogens. This includes patients with cystic fibrosis, 

AIDS / HIV and diabetes mellitus. Risk factors that are important include cigarette 

smoking (Fraser, et al., 1977), advanced age, chronic lung disease and 

immunosuppression (England & Fraser, 1981; Haley, etal., 1979).
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Studies have shown that men are more likely to be affected than women 

(Marik, 1989). Studies have shown a high prevalence of Legionella in South 

Africa (Tobiansky, et al., 1986; Bartie, 1994) however no investigations have been 

reported on infections related to dental unit waterlines. A case of Legionnaires’ 

disease at a dental teaching hospital however has been reported recently (2001). 

The evidence linking the disease to a dental unit waterline is only circumstantial 

as investigations are still in progress.

The possibility remains that dental unit associated infections have gone 

unrecognised or unreported because of the failure to associate exposure to dental 

unit aerosols with the development of specific infections. Sporadic infections not 

requiring hospital admission, such as Pontiac fever, are less likely to be 

investigated or notified to health authorities (Pankhurst, 2001).

Recently interest has been focused on the risk of exposure to contaminated water 

in the dental surgery. The provision of dental unit water that is safe for use is an 

essential issue world-wide (Pankhurst, 1998). The Florida HIV case several years 

ago has resulted in public perceptions about the potential transmission of disease 

during oral healthcare procedures (Bednarsh, Eklund & Mills, 1997). The 

elimination of possible sources of microbial infection in dental surgeries should be 

of primary importance. A frequent source of unrecognised potential danger is 

microbial contamination of the water system in dental units and accessories 

(Gross, Devine & Outright, 1976). Research has shown that microbial 

contamination in the dental unit waterlines can be hazardous to both the patient
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and the dental personnel (Shearer, 1996). Microorganisms of concern in dentistry 

are the primary respiratory environmental pathogens such as L.pneumophila 

found in dental unit waterlines that can cause pneumonia and mild flu-like 

infections.

1.7.1 OCCUPATIONAL EXPOSURE TO LEGIONELLA

The person at greatest risk of contracting a disease from a contaminated dental 

unit waterline is the dentist who is subject to long exposures. Several reports have 

demonstrated that Legionella species may colonise dental units and have 

suggested that such contamination may result in occupational exposure to the 

microorganisms through aerosolisation of contaminated water (Luck, etal., 1991; 

Davies, et al., 1994; Atlas, Williams & Huntington, 1995; Challacombe & 

Fernandes, 1995). Higher rates of seropositivity for Legionella antibodies as well 

as respiratory infections have been found among dental personnel than the 

general public or other non-medical control groups (Cuthbertson, 1954; Burton & 

Miller, 1963; Fotos, et al., 1985; Reinthaler, Masher & Stunzner, 1988;

Pankhurst, etal., 1990; Paszko-Kolva, 1991, 1993; Luck, etal., 1993). This 

suggests that aerosols generated in dental surgeries are a source of exposure to 

Legionella species. Antibody titres correlated directly with the duration of 

exposure to clinical work (Fotos, et al., 1985).
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Research has also shown that infective hazards are present in dental practice, 

because many infections can be transmitted by blood or saliva through direct and 

indirect contact, droplets or aerosols, or contaminated instruments and equipment 

(Merchant, 1991). Abnormal nasal flora in dental personnel has been linked to 

water system contamination (Pankhurst, 2001). In 1995, Atlas and co-workers 

reported a fatal case of Legionnaires’ disease of a dentist, secondary to exposure 

to dental unit water. Unfortunately, isolates were not available for molecular 

typing to confirm the link to the source. A prospective study, prompted by the 

isolation of L.pneumophila serogroupl from a dental hospital water supply, 

yielded no evidence of clinical or serological infection amongst dental personnel 

(Oppenheim, et al., 1987).

Although dentists experience occupational exposure to Legionella, in a vast 

majority of the cases there is no evidence of it leading to pulmonary infection. It 

should be noted that Legionella species are ubiquitous in the environment, and it 

is difficult to establish a definitive relationship between the presence of serum 

antibody and the source of exposure without comprehensive epidemiological 

investigations. Investigators have speculated that the higher prevalence of 

antibodies may reflect continuous exposure to small numbers of the organism, 

resulting in mild Pontiac fever or inapparent infections (Luck, et al., 1993).

A proportion of dentists may be experiencing occupational exposure to Legionella, 

although in the vast majority of cases there is no evidence of it leading to 

pulmonary infection. Legislation is ahead of the technology at the moment and is
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risk-led, being based on the small number of verified cases of dental unit waterline 

associated infections (Pankhurst, 2001).

1.7.2 DENTAL UNIT DESIGN

Dental units are equipped with plastic micro-bore tubing with an internal diameter 

of 1,5mm. The tubing supplies water to the air-water syringe, the ultrasonic 

scaler, the 3-in-1 syringe and the high-speed handpiece. The nylon or polythene 

tubing provides an ideal environment for microbial colonisation and proliferation, 

caused by the high surface to volume ratio in the tubing and the character of fluid 

dynamics in narrow waterlines (McEntegart & Clark, 1973; Shearer, 1996).

As the diameter of the tubes decreases, the surface area for any given volume 

increases. The rate of water flow is greatest in the centre of the tubing and 

decreases to near zero at the tubing surface due to a property of fluid dynamics 

known as laminar flow. This results in virtually stagnant conditions at the tubing 

wall interface even when water is flowing (Mayo, Oertling & Andrieu, 1990). 

Dental units usually operate 8 hours per day. Out of every hour of operation, 

water actually flows for about 10 minutes. The flow rate is very low, often as low 

as 5-50ml per minute. The low flow rate combined with minimal turbulence helps 

stagnation and encourages microbial replication (Pankhurst & Philpott-Howard, 

1993).
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1.7.3 CONDITIONS THAT FACILITATE AMPLIFICATION

Dental units are usually supplied with municipal water maintained at a low 

pressure of which approximately 40ml can be retained within the tubing when the 

unit is switched off. Occasional microorganisms proliferate in the prevailing 

stagnant conditions (Shearer, 1996; Allsopp, et al., 1997).

Some dental units have warming devices that heat the water to 35°C-37°C 

ensuring patient comfort (Freije, 2000). This increased temperature helps to 

select bacteria that proliferate at body temperatures. A further problem could be 

the water source. In large dental practices, particularly dental hospitals' water is 

supplied from intermediate storage tanks within the building (Pankhurst & Philpott- 

Howard, 1993). Studies have shown high total viable counts including legionellae 

in these tanks (Stout, Yu & Best, 1985). Another source of contamination of 

handpieces is aspiration during the transient negative pressure which occurs 

when the drill stops rotating. Up to 0,9ml of oral fluids may be aspirated. This 

process would amplify human microflora in the waterlines but have no effect on 

Legionella because it is not part of the human microflora (Allsopp, et al., 1997).
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1.7.4 CONTAMINATION AND BIOFILM DEVELOPMENT

Microorganisms in dental waterlines come from a variety of sources. However, 

most experts suggest that the municipal water supply is the primary source of 

contamination (Shearer, 1996). These microorganisms attach readily to the 

luminal walls of the micro bore tubing (Fitzgibbon, et al., 1984; Mayo, Oertling & 

Andrieu, 1990). The surface-attached microorganisms produce complex 

extracellular polysaccharides that envelop them in a sticky, gel-like matrix, which 

enables them to adhere to the walls of the tubing. These microorganisms multiply 

forming microcolonies. As the microcolonies and the accompanying 

polysaccharide matrix spread, they coalesce with neighbouring colonies, forming 

a film called a biofilm (Shearer, 1996) (Figure 1.3).

Biofilm accumulation on dental tubing begins within minutes after the introduction 

of municipal water into the dental unit. A biofilm will form in 8 hours in a new 

dental unit water system that is connected to municipal water even when it is not 

used for patient treatment (Tall, et al., 1995). Once formed, microorganisms are 

continuously recruited and released from the biofilm into the stagnant water 

flowing through the tubing lumen. The low flow rate of water in the dental unit 

waterlines helps remove toxins from the biofilm and brings in more fresh water, 

which in turn nourishes the microorganisms. Thus the biofilm serves as a 

reservoir significantly amplifying the numbers of free-floating microorganisms in 

the water exiting the waterlines (Whitehouse, et al., 1991; Shearer, 1996). This
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may result in gross contamination of the water supply, especially when the unit is 

not being operated and the water is stagnant.

Biofilm contamination of the dental unit water system is a universal problem with 

all dental units that receive non-sterile water (Whitehouse, et al., 1991;

Shearer, 1996). The presence of adherent microbial biofilms in dental units was 

first reported more than 30 years ago (Blake, 1963). More recently Kelstrup, 

Funder-Nielsen & Theilade (1977), Mayo, Oertling & Andrieu (1990) and 

Whitehouse et al. (1991) showed dense accumulations of bacterial biofilm along 

the luminal walls of dental tubing that supply water to the air-water syringe. This 

focused attention on bioflims as the potential primary source of contamination of 

water delivered by dental units (Mayo, Oertling & Andrieu, 1990;

Luck, etal., 1991; Whitehouse, et al., 1991; Beierle, 1993; Pankhurst & Philpott- 

Howard, 1993; Williams, et al., 1993, 1994; Atlas, Williams & Huntington, 1995; 

Challacombe & Fernandes, 1995; Shearer, 1996).
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Figure 1.3 Biofilm formation in narrow tubing. Reproduced from Shearer (1996). On adsorption of macromolecules from the 

aqueous phase and the formation of a conditioning film (A), bacteria may either associate reversibly with the surface (B), or 

adhere irreversibly (C). Subsequent division of adherent cells (D) and recruitment of planktonic cells from the bulk fluid phase 

results in biofilm formation (E).
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1.7.5 DISSEMINATION OF MICROORGANISMS

Handpieces of dental units generate high-frequency vibrations. These vibrations 

are transferred directly to the working tip and can create frictional heat if the 

instrument is not adequately cooled. To prevent heat build-up, water is circulated 

through the handpiece, exits at the tip, and produces an aerosol 

(King, et al., 1997). Many dental facilities have an air conditioning system to 

regulate the surgery environment according to prevailing weather conditions 

(Osorio, et al., 1995). Aerosols can easily spread throughout the dental surgery 

by air currents acting as vehicles, which can lead to contamination of the 

atmosphere (King, et al., 1997). It is possible to find aerosols carrying 

microorganisms, irritants, allergens and other toxic substances capable of 

producing acute and chronic respiratory problems. Depending on their size, these 

aerosols can remain airborne or settle quickly on surfaces or objects intercepting 

their fall. Aerosols with a diameter less than 50pm are invisible and remain 

airborne for long periods of time (King, et al., 1997).

Bacterial aerosols are particularly important because they may act as infective 

agents. These aerosols contain particles between 0,5pm to 10pm in diameter 

which, after inhalation, can lodge in both the terminal bronchiole and the lung 

alveoli of both patient and staff (MacFarlane, 1983). Several studies have 

confirmed that the position of the dentists or dental assistant which is 

approximately 30cm from the source of transmission, is a high risk area 

(Osorio, et al., 1995). Aerosol clouds with particles of 5pm or less have been
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implicated in transmission of potential infectious diseases through inhalation 

(King, et al., 1997; Oppenheim, et al., 1987). Several researchers have studied 

the bacterial contamination of air samples collected in dental surgeries 

(Blake, 1963; Abel, et al., 1971; Martin, 1987; Legnani, et al., 1994;

Osorio, et al., 1995; Atlas, et al., 1995; Grenier, 1995) and have found counts 

exceeding 200cfu/ml, the goal for aerobic mesophilic bacteria suggested by the 

ADA for dental surgery (Shearer, 1996). These organisms include several 

Legionella species, Pseudomonas species and less often, Bacillus, 

Flavobacterium, Klebsiella, Acinetobacter and Alcaligenes species. All these 

organisms are present in very low numbers in the municipal water supply and are 

most likely to have been acquired from that source. However, they are amplified 

within the complex network tubing of the dental unit to numbers well within the 

infective dose for some organisms including Legionella species (Blake, 1963; 

Abel, et al., 1971; Martin, 1987; Atlas, Williams & Huntington, 1995).

1.7.6 CONTROL MEASURES FOR LEGIONELLA IN DENTAL UNIT 

WATERLINES

The environmental ecology of Legionella species is particularly pertinent because 

the disease caused by the organism can be prevented by eradication of the 

organisms from its reservoir. In a number of studies the level of bacterial 

contamination of dental unit water systems were consistently above that 

recommended by the ADA (Martin, 1987; Shearer, 1996). Universal precautions
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and procedures to control infection in the dental surgery in preventing microbial 

and cross contamination is strongly supported by organisations such as the CDC, 

ADA, schools of dentistry, and many other health agencies and professional 

associations (CDC, 1993). Surveys have been carried out since the 1980’s in 

several countries, especially in North America and Europe, to investigate 

practices to control infection. Compliance with universal precautions was also 

measured during the surveys (Gerbert, 1987; DiAngelis, et al., 1989; Woo, et al., 

1992; Treasure & Treasure, 1994; Bentley & Sarll, 1995; Gibson, Mathias & 

Epstein, 1995; Gershon, et al., 1998). More recent surveys have shown improved 

compliance with recommended practices to control infection over time. In many 

cases however the results showed the need for further educational efforts to 

promote universal precautions and a high standard of hygiene in dental practice 

(Waddel, 1997; McCarthy & MacDonald, 1998). A number of methods for the 

control of microbial colonisation have been suggested and evaluated.

Independent methods or a combination of methods have been advocated to 

control dental unit water contamination (Pankhurst, 2001).

1.7.6.1 Autoclaving and handpiece replacement

There are several possible approaches to reduce the probable hazard posed by 

heavily contaminated dental water. Contaminated handpieces are believed to be 

partly responsible for high rates of respiratory disease (Martin, 1987).
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Appropriate procedures to decontaminate handpieces, including autoclaving and 

handpiece replacement between patients, have been developed and implemented 

in many dental surgeries (Abel, et al., 1971; Pankhurst & Philpott-Howard, 1993; 

Paszko-Kolva, 1991; Scheid, et al., 1982). These procedures are aimed at 

reducing the likelihood of aerosol dissemination of pathogens within dental 

surgeries and the resulting infections. However, decontamination of handpieces 

such as high speed drills and syringes does not remove the potential for exposure 

to pathogens that originate within the waterlines of dental units (Atlas, Williams & 

Huntington, 1995).

1.7.6.2 Flushing

Flushing was introduced as a simple measure that could be instituted immediately 

as a substitute procedure in all dental surgeries without the need to purchase 

additional equipment. Handpieces should be flushed for at least two minutes 

each morning to help reduce any overnight microbial accumulation. Flushing 

should be repeated for 20 to 30 seconds after the treatment of each patient.

Water flushing through the dental unit tubing during dental unit operation results in 

microbial reduction. However, the reduction is occasionally variable and always 

transient. Subsequent dental unit water stagnation from non-use of the unit could 

result in recontamination (Pankhurst, 2001).
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1.7.6.3 Antibacterial agents

Rapid recontamination following treatment of water systems with antimicrobial 

agents is a pattern typically associated with biofilms. Biocides (compounds with 

lethal activity against living organisms) are employed to remove the biofilm and 

eliminate the planktonic bacterial count. The use of biocides had a limited degree 

of success. The intrinsic resistance of the biofilm ecosystem has hampered the 

biocidal effect because bacteria within the biofilm are 3 000 fold less susceptible 

to disinfectants such as hypochlorite. Therefore biofilms are not readily degraded 

even by concentrated solutions, because the architecture of the biofilm survives 

and acts as a preformed matrix for renewal of the biofilm (Pankhurst, 2001). 

Attempts to control this contamination resulted in the use of various antibacterial 

agents. Povidone-iodine, Tween 80, hydrogen peroxide (Kelstrup, Funder- 

Nielsen & Theilade, 1977), chlorhexidine, Stericol (Blake, 1963; McEntegart & 

Clark, 1973), and sodium hypochlorite (Abel, et al., 1971; McEntegart, et al.,

1973) have been investigated with varying degrees of success. However, the 

emphasis on reducing bacteria in dental unit water without considering the source 

of the bacteria could be misdirected.

1.7.6.3 Ozone and Ultra Violet (UV) light

Bacteria from the biofilm are shed continually while the film is in contact with 

water. Thus compounds such as ozone and UV light have an advantage because
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they can be introduced continuously into the water lines during patient treatment 

thus maintaining low levels of planktonic counts throughout the working day. UV 

treatment of water has been used alone and in conjunction with ozone and other 

biocides for control of Legionella in water treatment plants (Pankhurst, 2001).

1.7.6.5 Anti-retraction devices

Retrograde aspiration of fluid from the oral cavity occurs when negative pressure 

is generated on turning the equipment off. The ADA and American National 

Standards Institute (ANSI) recommends the installation and proper maintenance 

of anti-retraction valves (Pankhurst, 2001).

1.7.6.6 High volume evacuation

High volume evacuation (HVE) during use of rotary equipment and the air/water 

syringe greatly reduces the escape of salivary aerosols and spatter from the 

patient's mouth. This reduces contamination of the dental team and nearby 

surfaces (Miller & Palenik, 1994).
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1.7.6.7 Filtration

The use of filters on the dental waterline to reduce planktonic bacteria was first 

described 20 years ago. Recent publications have demonstrated that high level 

recontamination of the dental unit water occurs within 24 hours because bacteria 

are trapped and grow on the filters. Nevertheless, prevention of planktonic 

bacteria from entering the handpiece from the waterline will reduce dental 

personnel and patient exposure. Filters should also reduce retrograde 

contamination (Pankhurst, 2001).

1.7.6.8 Independent sterile water systems

Introducing sterile water into the system even if the concentration of organisms is 

low in the municipal water, is a logical first step in initiating high quality water for 

dental unit water delivery. Dentists need to be able to maintain a constant source 

of safe water during periods of interruption to the municipal water distribution 

system. A pressurised clean water reservoir system connected directly to the 

dental water lines, bypasses the mains connection providing a suitable alternative 

supply (Pankhurst, 2001).
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1.8 PRESENT STUDY

Infection control is an important issue in the dental surgery. However, the 

potential hazards associated with contaminated dental water have received 

relatively little attention in recent years (Pankhurst & Philpott-Howard, 1993). 

Many studies have examined bacterial contamination of dental unit water 

systems, and data show that bacterial levels are significantly higher than those 

found in normal taps (Challacombe & Fernandes, 1995). Consequently the water 

used during dental procedures and the aerosol that is generated contains large 

numbers of microorganisms including Legionella (Oppenheim, et al., 1987; 

Whitehouse, etal., 1991; Pankhurst & Philpott-Howard, 1993; Atlas, Williams & 

Huntington, 1995; Williams, Baer & Kelley, 1995). The most likely source of 

contamination is the mains water supply (Fitzgibbon, et al., 1984).

Challacombe and Fernandes (1995) found that particular dental unit models 

seemed to be more prone to L.pneumophila contamination than others and 

suggest that Legionella species other than L.pneumophila may colonise dental 

units to differing degrees. They were not able to show a significant difference in 

the levels of L.pneumophila isolated from the water of the high speed outlets 

without the handpiece attached and the 3-in-1 syringes. In contrast Atlas, 

Williams & Huntington (1995) found higher levels of Legionella contamination in 

the 3-in-1 syringes than the high-speed hand drills.
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Although several international studies (Reinthaler, Masher & Stunzer, 1988; Atlas, 

Wiiliams & Huntington, 1995) have detected Legionella, no studies on dental unit 

waterline contamination in South Africa have been reported. Since high levels of 

legionellae are associated with risk of infection (Pankhurst, 2001) the levels of 

Legionella contamination were compared to acceptable limits both nationally and 

internationally.

The aims of the study were:

1. To determine the prevalence of pathogenic Legionella species in Dental 

unit water obtained from the 3-in-1 syringes in the Oral and Dental 

Teaching Hospital of the Witwatersrand, Johannesburg.

2. To compare the level of contamination in the different dental units.

3. To compare the levels of legionellae in the dental units to potable water 

collected from taps in the same buildings.

4. To assess the reliability of different Legionella detection methods.
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CHAPTER 2: MATERIALS AND METHODS

2.1 SAMPLING

Water samples were collected from the 6 clinics housed in the 3 buildings of the 

Oral and Dental Teaching Hospital of the Witwatersrand, Johannesburg. The 

sites that were sampled included 99 dental units, 22 basin taps and 16 basement 

taps. For every 7 dental units sampled one basin and one basement tap was 

sampled. Samples were collected in the morning before the clinics started 

operating and approximately 5 hours later when the clinics closed for lunch. 

These samples were tested for the presence of Legionella organisms by culture 

and direct immunofluorescent antibody (DFA) test. Legionella species 

identification was confirmed by the latex agglutination test. Positive isolates were 

grouped as Legionella pneumophila serogroup 1, Legionella pneumophila 

serogroup 2-14 and non-Legionella pneumophila species consisting of 7 

pathogenic Legionella species. Samples were also tested for the presence of 

amoebae as these pathogens harbour Legionella organisms (Figure 2.1).
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2.1.1 DENTAL UNIT WATER SAMPLES

Water samples were collected from the 3-in-1 syringes of 7 different dental unit 

models. A total of 7 Siemens units and 7 Proma units were sampled in the 

Maxillo-Facial and Oral Surgery clinic. Forty Pelton and Crane units in the 

Restorative Dentistry clinic and 9 Siemens units in the Periodontology and Oral 

Medicine clinic were sampled. These three clinics were housed in Dental 

Hospital. Eleven Siemens units, 1 Belmont unit and 5 Riter units were sampled 

in the Prosthetics clinic and 9 Siemens units in the Orthodontics clinic in 

University Corner. Samples were also taken from the Oral Health and Auxiliary 

Training clinic situated in Dental House, which had 5 Aidec units, 3 Siemens units, 

1 Belmont unit and 1 Vacudent unit (Figure 2.1). Only dental units that were 

operational at the time of sampling were included in the study.

2.1.2 BASIN TAP WATER SAMPLES

A total of 44 basin tap water samples were collected from the 6 clinics, 22 in the 

morning and 22 in the afternoon. The basin tap water samples represented the 

control group in the study and for every 7 dental units sampled 1 basin tap in the 

vicinity of the 7 was sampled (Figure 2.1).
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2.1.3 BASEMENT TAP WATER SAMPLES

Sixteen basement taps were sampled in the morning and the same sixteen in the 

afternoon. Municipal water entered Dental Hospital and University Corner through 

a complex network of plumbing in the basement of the buildings. The water in the 

basement was tested for Legionella contamination to determine if the municipal 

water was the source of contamination. For every 7 dental units, where practical, 

a basement tap, supplied by water from the same pipeline, which supplies the 7 

dental units was sampled. Most of the plumbing in the basement of Dental 

Hospital was very old therefore some taps could not be sampled. Representative 

samples, however, were collected from the tap closest to the corroded pipeline. 

Eleven samples were collected from Dental Hospital and four from University 

Corner. In addition, a sample was collected from a tap in the sterilisation room in 

the Oral Health and Auxiliary Training clinic in Dental House close to where the 

municipal water enters the building (Figure 2.1).
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Figure 2.1 Schematic representation of water supplies at the Oral and Dental Teaching Hospital. Samples were 

collected in the morning and afternoon from the basement taps, basin taps and from the 3-in-1 syringes of the dental 
units. These sites are marked in yellow in the diagram. N is the total number sampled, n is the number of sourced 
sampled
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2.2 SAMPLE COLLECTION

Plastic bottles with screw caps were used for sample collection and were pre­

treated with 0,5ml of a 3% solution of sodium thiosulphate and autoclaved at 

121°C for 20 minutes. The sodium thiosulphate dissolves trace amounts of 

residual chlorine in the water sample that may affect the results when samples are 

heat-treated. Water samples (550ml) were collected aseptically in the sterile 

plastic bottles, on Monday mornings before the clinics operations commenced and 

approximately five hours later when the clinics closed for lunch. A further 100ml 

was collected in a plastic bottle from each source and the temperature was 

measured using a thermometer. Samples were placed in a cool container and 

transported to the laboratory on the same day, where they were kept at room 

temperature until processed. An amount of 50ml of water was decanted 

aseptically from each sample and the pH was measured (Orion, Model 310, 

Labotec, SA).

2.3 CONCENTRATION

Water samples were concentrated aseptically by membrane filtration, using a 3- 

piece PVC manifold (Millipore SA, Johannesburg, RSA) and cellulose membranes 

with a pore size of 0,45pm (Millipore SA). Filter cups were sterilised by 

autoclaving for 30 minutes at 121°C prior to use. After concentration, the
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membranes were aseptically removed and cut into quarters to assist 

resuspension of attached microorganisms, placed into sterile containers with 3ml 

of the original sample. Sample concentrates were placed in an ultrasound tank 

(sonicator) for 10 minutes or until membranes appeared clean. This process 

aided in the removal of microorganisms from the membranes. When the samples 

could not be processed immediately, the concentrates were stored in the dark at 

room temperature for no longer than 2 days.

2.4 METHODS USED FOR DETECTING LEGIONELLA

2.4.1 CULTURE

The concentrated samples were divided into two portions. One portion was heat 

treated in a water bath at 50°C for 30 minutes prior to inoculation on agar medium 

while the other remained untreated. The samples were then diluted in sterile 

distilled water, up to a dilution of 10'6 and plated onto agar medium 

(ISO/DIS 11731).

The untreated and heat-treated portions of each sample were inoculated onto 

Buffered Charcoal Yeast Extract agar (aBCYE) containing alpha-ketoglutarate 

and Glycine Vancomycin Polymyxin and Cycloheximide agar (GVPC) plates 

(Bartie, 1994). The plates were inoculated with 0,1ml of each dilution, starting 

from the highest to the lowest dilution to prevent accidental carry-over of



organisms. The plates were placed in plastic bags to avoid drying out and were 

incubated aerobically at 37°C for 10 days.

Morphologically characteristic colonies on agar media were tested for cysteine 

dependence (CD), by inoculating aBCYE and nutrient agar plates with 

presumptive colonies and incubating them at 37°C until growth was observed. 

Colonies that grew on aBCYE but not on nutrient agar were regarded as cysteine 

dependent (that is, cysteine required for growth). These colonies were reported 

as presumptive Legionella.

2.4.2 DIRECT IMMUNOFLUORESCENCE ANTIBODY (DFA) TEST

A loop full of the resuspended sample concentrate was placed on a 12-well glass 

microscope slide (heavy teflon coated autoclavable, 12x4mm wells per slide, 

Sterilab Services, Johannesburg), air dried and heat fixed. DFA reagent (3pl)

(L.pneumophila serogroup 1-6 and L.micdadei polyvalent conjugate A, Scientific) 

was added to the slides and incubated at 37°C in a moist chamber for 30 minutes. 

After incubation, the slides were rinsed twice for 10 minutes in Phosphate 

Buffered Saline (PBS) (pH 7,6), air dried and mounted in buffered glycerol (Zeus 

Scientific, Raritan, USA). The slides were read on an Olympus Model BH2 

standard fluorescence microscope, equipped with an HBO-100 mercury incident 

light source. Observations were made under a dark field using 10x ocular, 100x
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objective and oil immersion lenses. Strongly yellow-green fluorescent, typical 

short rod-shaped organisms were reported as DFA positive.

2.4.3 LATEX AGGLUTINATION TEST

A commercially available Latex agglutination test kit (Oxoid DR800M) was used 

for the confirmation of cysteine dependent colonies, and DFA negative colonies. 

The kit is specific for L.pneumophila serogroup 1, L.pneumophila serogroup 2-14 

and 7 other pathogenic Legionella species (including L.longbeacheae serogroup 

1-2, L.bozemanii serogroup 1-2, L.dumoffii, L.gormanii, L.jordanis, L.micdadei and 

L.anisa). The test was carried out according to the manufacturers’ instructions.

2.4.4 THE PRESENCE OF AMOEBAE

All the water sample concentrates were tested for the presence of amoebae. 

Sample concentrates (0,1ml) were plated onto non-nutrient agar (appendix A) and 

incubated at 37°C for 48 hours to confirm the presence of amoebae pathogens. A 

representative smear was made from the cultured plates and stained using the 

Giemsa (appendix C) stain to identify intracellular bacilli resembling Legionella 

organisms.
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2.4.4.1 Giemsa stain

Amoebae were stained to determine whether Legionella were present or free in 

the cytoplasms of the amoebae. A smear was taken from the 24 hour non­

nutrient agar plate and was viewed at 1 OOOx magnification using a light 

microscope. Smears containing amoebae pathogens were reported as positive, 

irrespective of whether they were infected with Legionella or not. Samples 

containing Legionella were confirmed by using the DFA method.

2.4.4.2 Re-incubation of amoebae samples

Amoebae infected with Legionella organisms were identified using the modified 

method of Newsome et al. (1998). Amoebae samples that contained intracellular 

bacilli resembling Legionella organisms were re-incubated at 37°C for 7 days. 

After incubation, samples were serially diluted in sterile distilled water, up to a 

dilution of 10'6, plated on aBCYE and incubated aerobically at 37°C for 10 days. 

Isolates were identified as in section 2.4.1 and were confirmed using the Latex 

agglutination test.
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2.5 DETECTION OF LEGIONELLA IN WATER SAMPLES

All sample concentrates were screened for the presence of L.pneumophila 

serogroup 1-6 and L.micdadei, using the DFA technique. This is an important 

step because some samples could have contained viable but non-culturable 

Legionella organisms, which may be missed if this step is omitted. To reduce the 

number of non-Legionella, a portion of the sample concentrate was pretreated. 

Both portions were then serially diluted and inoculated onto selective and non- 

selective media. Single colonies with the appearance of Legionella after the tenth 

day incubation were tested for cysteine dependence. This was achieved by 

streaking a colony onto a aBCYE agar plate and nutrient agar plate. If growth 

appeared on the aBCYE plate and not the nutrient agar plate, then a confirmation 

test was undertaken. The CD+ colonies were confirmed using the DFA and the 

latex agglutination test. Only colonies confirmed as positive by the cysteine 

dependence test, DFA and Latex agglutination test were recorded as positive and 

were reported as cfu/ml of sample (appendix D). Plates with excessive growth 

were recorded as yielding a colony count >300. For the final calculations, plates 

containing between 30 and 300 colonies were used. If there were less than 30 

colonies, the number of colonies in the highest dilution was recorded. The highest 

count for each sample irrespective of the media or treatment process was 

recorded as a positive for that sample.

Type strains used throughout the study were obtained from the American Type 

Culture Collection (ATCC) (South African Bureau of Standards) and maintained
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under normal laboratory conditions. Strain viability and purity was tested by 

inoculation onto aBCYE agar and incubation, aerobically, at 37°C for 3-5 days. 

Type strains obtained were L.pneumophila serogroup 1 (ATCC 33152), 

L.micdadei (ATCC 33218) and L.dumoffii (ATCC 33279). Controls were used in 

the agar inoculation, DFA and Latex agglutination tests.

2.6 DATA ANALYSIS

Descriptive statistics were applied. Dr Pieter Bekker from the Statistics 

Department of the Medical Research Council was consulted for statistical advice.

2.7 HUMAN ETHICS APPROVAL

The study did not involve human subjects and as such did not raise any ethical 

issues. Therefore it was not necessary to apply for ethical clearance.
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CHAPTER 3: RESULTS

A total of 137 water samples, comprising of 99 dental unit waterline samples, 22 

basin tap and 16 basement tap samples, were collected from the Oral and Dental 

Teaching Hospital of the Witwatersrand. Water samples were collected from 6 

clinics housed in 3 buildings in the morning before work began and 5 hours later 

when the clinics closed for lunch. They were tested for the presence of Legionella 

organisms by culture, direct immunofluorescence antibody (DFA) and Latex 

agglutination. Positive isolates were grouped as Legionella pneumophila 

serogroup 1, Legionella pneumophila serogroup 2-14 and non-Legionella 

pneumophila species consisting of 7 pathogenic Legionella species. Samples 

were also tested for the presence of amoebae as these pathogens harbour 

Legionella organisms. 'The areas sampled are illustrated schematically in 

Figure 2.1.

3.1 OVERALL LEGIONELLA CONTAMINATION IN THE WATER 

AT THE ORAL AND DENTAL TEACHING HOSPITAL

Legionellae were detected in 47 (34%) of the 137 samples collected in the 

morning and 40% of the 137 afternoon samples (Table 3.1). The levels of 

contamination ranged from 0,06cfu/ml to 1 314cfu/ml in the morning and 

0,12cfu/ml to 2 880cfu/m! in the afternoon.
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All three Legionella groups were isolated from the water samples collected at the 

Teaching Hospital, however the number of samples contaminated with each 

group and the levels detected varied.

Of the 47 (34%) samples contaminated with Legionella in the morning 21 were 

contaminated with L.pneumophila serogroup 1,12 with L.pneumophila serogroup 

2-14 and 14 with non- L.pneumophila species. The former two Legionella groups 

were found on average at levels above 50cfu/ml. L.pneumophila serogroup 1 was 

the predominant species isolated at the high levels in the morning with four 

samples containing levels above 200cfu/ml. In addition two other samples were 

also contaminated with L.pneumophila serogroup 2-14 at levels above 200cfu/ml 

(Table 3.1).

An increase in the number of samples contaminated with Legionella was 

observed in the afternoon. Of the 55 (40%) contaminated Legionella samples, 21 

was contaminated with L.pneumophila serogroup 1,15 with L.pneumophila 

serogroup 2-14 and 19 with non-Lpneumophila species. An increase in the levels 

of Legionella was found in the afternoon samples with the exception of 

L.pneumophila serogroup 2-14, which showed a decrease. L.pneumophila 

serogroup 1 was the predominant species isolated in the afternoon samples 

(Table 3.1). Not all sites harboured the same Legionella species in the morning 

and afternoon.
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Table 3.1 Detection of Legionella in the water from the Oral and Dental 

Teaching Hospital of the Witwatersrand in the morning and 

afternoon.

Cfu/ml

L.pneumophila 
serogroup 1

L.pneumophila 
serogroup 2-14

Non-
L.pneumophila

species
Total

n X SD n X SD n X SD n X SD

M o r n in g  ( N = 1 3 7 )

<50 15 20 28 9 22 21 14 12 17 38 17 23

5 0 -2 0 0 2 132 17 1 104 - - - - 3 123 20

> 2 0 0 4 710 4 2 0 2 774 764 - - - 6 731 4 7 3

T o ta l 21 162 3 2 0 12 154 371 14 12 17 4 7 1 15 2 8 6

Afternoon (N=1 3 7 )

< 50 16 18 25 15 27 2 7 18 15 20 4 9 20 24

5 0 -2 0 0 2 162 8 - - - - - - 2 162 8

> 2 0 0 3 1294 1381 - - - 1 6 5 4 - 4 1134 1172

T o ta l 21 2 1 4 6 3 0 15 2 7 2 7 19 4 9 148 55 106 4 0 2

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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3.2 LEVEL OF CONTAMINATION IN THE DENTAL UNIT

WATERLINES

Ninety nine of the water samples were obtained from the 3-in-1 syringes of the 7 

different dental unit models in the morning and afternoon in the six clinics within 

the Teaching Hospital. Legionella contamination was found in 28 of the morning 

samples and 35 of the afternoon samples (Table 3.2).

Fourteen of the 28 contaminated samples contained L.pneumophila serogroup 1,

5 had L.pneumophila serogroup 2-14 and 12 had non-L.pneumophila species. 

L.pneumophila serogroup 1 was the predominant species isolated from the dental 

unit waterline samples of which 5 had levels above 50cfu/ml (Table 3.2).

L.pneumophila serogroup 1 was found in 13 of the 35 contaminated afternoon 

samples, L.pneumophila serogroup 2-14 in 7 samples and non- L.pneumophila 

species was found in 15 of the samples. The predominant species isolated in the 

afternoon was L.pneumophila serogroup 1 and was found in four samples at 

levels above 50cfu/ml. One sample contained non-L.pneumophila species with a 

level of 654cfu/ml (Table 3.2).

A comparison of the contamination in the dental units in the three buildings 

showed that all 3 Legionella groups were present in Dental Hospital, 

L.pneumophila serogroup 1 and 2-14 in University Corner and non-L.pneumophila 

species were present in Dental House.
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The dental units in Dental Hospital were more contaminated than units in the two 

other buildings with L.pneumophila serogroup 1 being the predominant species 

and were found at levels above 200cfu/ml (Table 3.3).

The three clinics housed in Dental Hospital were the most heavily contaminated 

areas. Eight dental unit samples in the Maxillo-Facial and Oral Surgery clinic 

were contaminated with levels above 50cfu/ml. One sample was contaminated 

with L.pneumophila serogroup 1 at a level of 1 260cfu/ml. Legionella levels 

above 50cfu/ml were also observed in the Restorative Dentistry and 

Periodontology and Oral Medicine clinics. The dental units in the Prosthetics 

clinic in University Corner were contaminated with L.pneumophila serogroup 1 

and 2-14 however the levels found were below 50cfu/ml. In contrast the dental 

units in the Orthodontics clinic in this building were not contaminated with 

Legionella at the time of sampling. Dental units in the Oral Health and Auxiliary 

Training clinic the only clinic in Dental House were contaminated with non- 

L.pneumophila species at levels below 50cfu/ml (Tables 3.4 and 3.5).
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Table 3.2 Legionella species found in the dental unit waterlines in the morning

and afternoon.

Cfu/ml

L.pneumophila 
serogroup 1

L.pneumophila 
serogroup 2-14

Hon-L.pneumophila
species

n X SD n X SD n X SD

Morning (N=99)

<50 9 16 29 5 6 6 12 13 18

50-200 2 132 17 - - - - - -

>200 3 866 342 - - - - - -

Total 14 215 381 5 6 6 12 13 18

Afternoon (N=99)

<50 9 18 23 7 18 30 14 17 22

50-200 2 162 8 - - - - - -

>200 2 1761 1583 - - - 1 654 -

Total 13 308 792 7 18 30 15 60 166

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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Table 3.3 Presence of Legionella in the dental unit waterlines in the different

buildings.

Time of 
sampling

L.pneumophila 
serogroup 1

L.pneumophila 
serogroup 2-14

Non-L pneumophila 
species

n X SD n SD n X SD

Dental Hospital (N=63)

Morning 9 333 438 2 13 2 5 11 10

Afternoon 12 332 823 3 32 45 8 113 220

University Corner (N=26)

Morning 5 3 5 3 2 2 - - -

Afternoon 2 14 20 3 22 28 - - -

Dental House (N=10)

Morning - - - - - - 7 15 23

Afternoon - - - - - - 7 8 11

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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Table 3.4 Presence of Legionella in the dental unit models in the different

clinics in the morning.

Model N
L.pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Non-L.pneumophila
species

n x SD n X SD n X SD
Maxillo-Facial and Oral Surgery clinic

Proma 7 3 272 369 1 11 - - - -

Siemens 7 1 1260 - 1 14 - - -

Restorative Dentistry clinic
Pelton & 
Crane 40 2 78 93 - - - 2 5 3

Periodontology and Oral fli/ledicine clinic
Siemens | 9 | 3 254 341 - - - 3 14 12

3rosthetics clinic
Belmont 1 - - - - - - - - -

Riter 5 2 0,4 0,3 2 0,9 0,2 - - -

Siemens 11 3 4 7 1 3,84 - - - -

Orthodontics c inic
Siemens | 9 | - - - - - - - - -

Oral Health and Auxiliary Trainimg clinic
Aidec 5 - - - - - - 4 2 2
Belmont 1 - - - - - - 1 34 -

Siemens 3 - - - - - - 1 0,4 -

Vacudent 1 - - - - - - 1 60 -

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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Table 3.5 Presence of Legionella in the dental unit models in the different

clinics in the afternoon.

Model N
L.pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Hon-Lpneumophila
species

n X SD n X SD n Y SD
Maxillo-Facial and Oral Surgery clinic

Proma 7 2 1445 2029 1 11 - - - -

Siemens 7 2 51 26 1 84 - - -

Restorative Dentistry clinic
Pelton & 
Crane 40 3 61 93 2 5 4,27 6 126 260

Periodonto ogy and Oral Medicine clinic
Siemens | 9 | 4 200 304 - - - 2 42 8

Prosthetics clinic
Belmont 1 - - - 1 1 - - - -

Riter 5 1 29 - - - - - - -

Siemens 11 1 0.1 - 2 9 5 - - -

Orthodontics c inic
Siemens 19 | - - - - - - -

Oral Health and Auxiliary Trainim3 clinic
Aidec 5 - - - - - - 4 2 1
Belmont 1 - - - - - - 1 29 -

Siemens 3 - - - - - - 1 1 -

Vacudent 1 - - - - - - 1 16 -

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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3.2.1 CONTAMINATION OF THE DIFFERENT DENTAL UNIT MODELS

Of the seven dental unit models sampled, 5 were Aidec, 2 Belmont, 40 Pelton and 

Crane, 7 Proma, 5 Riter, 39 Siemens and 1 Vacudent.

3.2.1.1 Aidec unit

Four of the 5 Aidec units that were housed in the Oral Health and Auxiliary 

Training clinic were contaminated with non-L.pneumophila species at levels below 

50cfu/ml in the morning and afternoon (Tables 3.4 and 3.5).

3.2.1.2 Belmont unit

The two Belmont units that were sampled had levels below 50cfu/ml. One unit in 

the Prosthetics clinic was contaminated with L.pneumophila serogroup 1 in the 

afternoon but not in the morning. The other unit in the Oral Health and Auxiliary 

Training clinic was contaminated with non-L.pneumophila species in the morning 

and afternoon (Tables 3.4 and 3.5).
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3.2.1.3 Pelton and Crane unit

L.pneumophila serogroup 1 was isolated at levels above 50cfu/ml in two morning 

and three afternoon samples from the 40 Pelton and Crane units housed in the 

Restorative Dentistry clinic. Non-L.pneumophila species were detected below 

50cfu/ml in two morning samples however, the levels were above 50cfu/ml in 6 

afternoon samples (Tables 3.4 and 3.5).

3.2.1.4 Proma unit

The 7 Proma units in the Maxillo-Facial and Oral Surgery clinic were 

contaminated with L.pneumophila serogroup 1. Levels above 200cfu/ml were 

found in three units in the morning and two in the afternoon. In addition 

L.pneumophila serogroup 2-14 was detected at a level below 50cfu/ml on both 

occasions (Tables 3.4 and 3.5).

3.2.1.5 Riter unit

Two of the 5 Riter units in the Prosthetics clinic were contaminated with 

L.pneumophila serogroup 1 in the morning whereas one unit was contaminated in 

the afternoon. The levels found in these units were below 50cfu/ml.
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L.pneumophila serogroup 2-14 was found in the morning at levels below 50cfu/ml 

in two units (Tables 3.4 and 3.5).

3.2.1.6 Siemens unit

A total of 39 Siemens units were sampled from the 5 clinics with the exception of 

the Restorative Dentistry clinic. A third of these samples were contaminated with 

Legionella organisms. In the Maxillo-Facial and Oral Surgery clinic levels of 

L.pneumophila serogroup 1 were 1 260cfu/ml and 51cfu/ml in one sample in the 

morning and afternoon, respectively. L.pneumophila serogroup 2-14 were 

detected below 50cfu/ml in the morning and above 50cfu/ml in one sample in the 

afternoon. In the Periodontology and Oral Medicine clinic which had 9 units, 

approximately one third of the morning and afternoon samples were contaminated 

with L.pneumophila serogroup 1 at levels above 50cfu/ml. Five of the morning 

and afternoon samples from this clinic had levels of L.pneumophila species below 

50cfu/ml. In the Prosthetics clinic seven of the 22 samples collected in the 

morning and afternoon from the 11 Siemens units were contaminated with 

L.pneumophila serogroup 1 and 2-14 at levels below 50cfu/ml. No Legionella was 

detected in the 9 Siemens units in the Orthodontics clinic at the time of sampling. 

Three of the Siemens units in the Oral Health and Auxiliary Training clinic were 

contaminated with non-L.pneumophila species at levels below 50cfu/ml in the 

morning and afternoon (Tables 3.4 and 3.5).
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3.2.1.7 Vacudent unit

Only one Vacudent unit was sampled in the Oral Health and Auxiliary Training 

clinic. The unit was contaminated with non-L.pneumophila species in the morning 

and afternoon, however the levels were below 50cfu/ml (Tables 3.4 and 3.5).

3.3 LEVEL OF CONTAMINATION OF THE BASIN TAP SAMPLES

Eight of the 22 basin tap samples collected from the six clinics were contaminated 

with Legionella organisms in both the morning and afternoon. They were 

contaminated with more than one Legionella group. All but two of the 

contaminated Legionella samples had levels below 50cfu/ml. L.pneumophila 

serogroup 1 was found in the one sample at a level of 240cfu/ml and the other 

sample was contaminated with L.pneumophila serogroup 2-14 at 234cfu/ml 

(Table 3.6).

A comparison of the level of contamination in the basin tap samples in the 

different buildings showed that the three Legionella groups were present in Dental 

Hospital whereas L.pneumophila serogroup 1 and serogroup 2-14 were present in 

University Corner. The mean Legionella counts in Dental Hospital was higher 

than in University Corner in the morning and afternoon. No Legionella were 

detected in the basin tap samples of Dental House at the time of sampling 

(Tables 3.7 and 3.8).
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The level of contamination in the different clinics showed that L.pneumophila 

serogroup 1 and 2-14 was found in one sample collected from the Maxillo-Facial 

and Oral Surgery clinic in the morning. However, no Legionella was detected in 

the afternoon samples. Non-L.pneumophila species was detected in one morning 

and one afternoon sample at levels below 50cfu/ml. L.pneumophila was also 

detected in two samples in the Periodontology and Oral Medicine clinic in the 

morning and in one afternoon sample. In addition non-L.pneumophila species 

was also detected in this clinic in the afternoon.

One sample in the Prosthetics clinic was contaminated with L.pneumophila 

serogroup 1 and another with serogroup 2-14. Both groups were detected at 

levels above 50cfu/ml. However, two samples in the afternoon contained 

serogroup 1 and another two samples contained serogroup 2-14. These levels 

were however found below 50cfu/ml (Tables 3.7 and 3.8).
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Table 3.6 Legionella species found in the basin tap water in the morning and

afternoon.

Cfu/ml
L.pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Non-L.pneumophila 
species

n I * SD n x SD n X SD

Morning (N=22)

<50 5 28 30 2 47 18 1 10 -

50-200 _
- - - - - - - -

>200 1 240 - 1 234 - - - -

Total 6 63 91 3 110 108 1 10 -

Afternoon (N=22)

<50 5 20 33 4 20 19 2 3 4

50-200 - - - - - - - - -

>200 - - - - - - - - -

Total 5 20 33 4 20 19 2 3 4

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation

6 6



Table 3.7 Presence of Legionella in the basin tap water in the clinics of the

different buildings in the morning.

Clinic N
L.pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Non-
L.pneumophila

species
n X SD n X SD n X SD

Maxillo-Facial and Oral 
Surgery 3 1 78 - 1 234 - - - -

Restorative Dentistry 8 - - - - - - 1 10 -

Periodontology and Oral 
Medicine 2 2 15 8 - - - - - -

Total in Dental Hospital 13 3 36 39 1 234 - 1 96 -

Prosthetics 4 1 240 - 1 60 - - - -

Orthodontics 2 2 16 21 1 35 - - - -

Total in University 
Corner 6 3 90 130 2 47 18 - - -

Oral Health and 
Auxiliary Training 3 - - - - - - - - -

Total in Dental House 3

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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Table 3.8 Presence of Legionella in the basin tap water in the clinics of the

different buildings in the afternoon.

Clinic N

L.pneumophila 
serogroup 1

L.pneumophila 
serogroup 2-14

Non-
L.pneumophila

species
n X SD n X SD n X SD

Maxillo-Facial and Oral 
Surgery 3 - - - - - - - - -

Restorative Dentistry 8 - - - - - - 1 6

Periodontology and Oral 
Medicine 2 1 78 - - - - 1 0,3 -

Total in Dental Hospital 13 3 78 - 1 70 - 2 3 4

Prosthetics 4 2 5 5 2 12 11 - - -

Orthodontics 2 2 6 0,4 2 27 28 - - -

Total in University 
Corner 6 4 5 3 4 20 19 - - -

Oral Health and 
Auxiliary Training 3

Total in Dental House 3 - - - - - . - - - -

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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3.4 LEVEL OF CONTAMINATION OF THE BASEMENT TAP

SAMPLES

Municipal water samples were obtained from taps in the basement of the Dental 

Hospital and University Corner. In addition a representative basement tap sample 

was collected from the sterilisation room in Dental House. Six of the 16 basement 

tap samples collected from the three buildings were contaminated with Legionella 

organisms in the morning and 8 in the afternoon samples (Table 3.9).

A comparison of the three buildings showed that the three Legionella groups were 

present in Dental Hospital in the morning and afternoon whereas L.pneumophila 

serogroup 2-14 was found in the morning samples in University Corner and 

L.pneumophila serogroup 1 and serogroup 2-14 in the afternoon. The mean 

Legionella levels were higher in Dental Hospital than in University Corner. No 

Legionella was detected in the basement tap samples collected from Dental 

House (Tables 3.10 and 3.11).

The results show that Legionella was not detected in the basement tap samples 

collected from the Maxillo-Facial and Oral Surgery and the Oral Health and 

Auxiliary Training clinics. L.pneumophila serogroup 1 was isolated at 360cfu/ml 

from one tap in the Restorative Dentistry clinic. L.pneumophila serogroup 2-14 

was detected at a level as high as 1 314cfu/ml in another tap in this clinic. 

Serogroup 2-14 was detected at 30cfu/ml in the morning and 54cfu/ml in the 

afternoon sample collected from the Periodontology and Oral Medicine clinic.
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Non-L.pneumophila species was detected below 50cfu/ml in this clinic in one 

afternoon sample. Serogroup 2-14 was isolated from one sample taken from the 

Prosthetics clinic in the morning, however serogroup 1 was found in two afternoon 

samples and serogroup 2-14 in one sample. Serogroup 2-14 was detected at 

levels below 50cfu/ml in the Orthodontics clinic in the morning, however the 

afternoon sample was above 50cfu/ml (Tables 3.10 and 3.11).
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Table 3.9 Legionella species found in the basement tap water in the morning

and afternoon.

Cfu/ml
L. pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Non-L.pneumophila
species

n X SD n X SD n X SD

Morning (N=16)

<50 1 13 - 2 37 10 1 0,36 -

50-200 - - - 1 104 - - - -

>200 - - 1 1314 - - - -

Total 1 13 - 4 373 628 1 0,36 "

Afternoon (N=16)

<50 2 18 25 1 32 - 2 12 17

50-200 - - - 3 59 10 - - -

>200 1 360 - - - - - - -
Total 3 132 198 4 52 15 2 12 17

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample

SD = standard deviation
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Table 3.10 Presence of Legionella in the basement tap water in the clinics of

the different buildings in the morning.

Clinic N
L.pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Non-
L.pneumophila

species
n X SD n X SD n X SD

Maxillo-Facial and 
Oral Surgery 3 - - - - - - - - -

Restorative
Dentistry 7 1 13 - 1 1314 - 1 0,4 -

Periodontology and 
Oral Medicine 1 - - - 1 30 - 0 0 0

Total in Dental 
Hospital 11 1 13 - 2 672 908 1 0,4 -

Prosthetics 3 - - - 1 44 - - - -

Orthodontics 1 - - - 1 104 - - - -

Total in University 
Corner 4 - - - 2 74 42 - - -

Oral Health and 
Auxiliary Training 1 - - - - - - - - -

Total in Dental 
House 1 - - - - - - - - -

Key:

N = total number sampled

n = number of contaminated samples

* = mean colony forming unit per ml of sample

SD = standard deviation
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Table 3.11 Presence of Legionella in the basement tap water in the clinics of

the different buildings in the afternoon.

Clinic N
L.pneumophila 

serogroup 1
L.pneumophila 
serogroup 2-14

Non-
L.pneumophila

species
n X SD n X SD n X SD

Maxillo-Facial and Oral 
Surgery 3

Restorative Dentistry 7 1 360 - 1 70 - 1 1 -

Periodontology and Oral 
Medicine 1 - - - 1 54 - 1 24 -

Total in Dental Hospital 11 1 360 - 1 54 - ■ 2 12 17

Prosthetics 3 2 18 25 1 53 - - - -

Orthodontics 1 - - - 1 32 - - - -

Total in University 
Corner 4 2 18 25 2 43 14 - - -

Oral Health and 
Auxiliary Training 1

Total in Dental House 1 -

Key:

N = total number sampled

n = number of contaminated samples

X = mean colony forming unit per ml of sample

SD = standard deviation
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3.5 COMPARISON OF THE DIFFERENT BUILDINGS

All three water sources in Dental Hospital and University Corner were 

contaminated with Legionella whereas only the dental units in Dental House 

harboured these organisms at the time of sampling. The level of contamination 

was the highest in Dental Hospital with mean Legionella levels above 50cfu/ml in 

all but the afternoon basin tap samples. Levels above 50cfu/ml were detected in 

the basin and basement tap samples collected in the morning from University 

Corner (Figure 3.1).
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Figure 3.1 The mean colony forming units per millilitre (cfu/ml) of Legionella in water taken from the different sampling 

points of the different buildings in the morning (solid) and afternoon (hatched).
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3.6 COMPARISON OF THE DIFFERENT CLINICS

L.pneumophila serogroup 1 and serogroup 2-14 were detected at levels above 

200cfu/ml in the dental units and basin taps of the Maxillo-Facial and Oral Surgery 

clinic however no Legionella was detected in the basement taps. Both species 

were also detected above 200cfu/ml in the basement taps in the Restorative 

Dentistry clinic however the levels in the units were lower. Low levels of non- 

L.pneumophila species were detected in all three sources in this clinic. 

L.pneumophila serogroup 1 was detected in the dental units and basin taps of the 

Periodontology and Oral Medicine clinic but not in the basement whereas 

serogroup 2-14 was detected in the basement but not the other sources. Once 

again non-L.pneumophila species were detected at levels below 50cfu/ml in all 

three sources.

The three water sources in the Prosthetics clinic were contaminated with 

L.pneumophila serogroup 1 at levels below 50cfu/ml with the exception of the 

morning basin samples, which had levels above 200cfu/ml. Serogroup 2-14 was 

also detected at levels below 50cfu/ml in the three water sources however, non- 

L.pneumophila species was not detected. Basin taps in the Orthodontics clinic 

were contaminated with L.pneumophila serogroup 1 and serogroup 2-14 at levels 

below 50cfu/ml. Serogroup 2-14 was also found in the basement taps however 

non-L.pneumophila was not detected in any of the water sources. Legionella was 

not detected in the dental units of this clinic at the time of sampling. Low levels of 

a blue-fluorescent non-L.pneumophila species were detected in the units of the
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Oral Health and Auxiliary Training clinic. No other water source was 

contaminated and neither were other species found (Figures 3.2 and 3.3).
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A Maxillo-Facial and Oral Surgery clinic

B Restorative Dentistry clinic

Figure 3.2 The level of Legionella species in A) Maxillo-Facial and Oral Surgery , B) 
Restorative Dentistry and C) Periodontology and Oral Medicine clinics housed in Dental 
Hospital. The different species were isolated from the ■ dental units, basin taps and 

basement taps in the morning (solid bar) and afternoon (hatched bar).
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Species

A Prosthetics clinic

Species

B Orthodontics clinic

Species

C Oral Health and Auxiliary Training clinic 

Figure 3.3 The level of Legionella species in A) Prosthetics and B) Orthodontics 
clinics in University Corner as well as C) Oral Health and Auxiliary Training clinic in 
Dental House. The different species were isolated from the ■ dental units, basin 
taps and ® basement taps in the morning (solid bar) and afternoon (hatched bar).
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3.7 IDENTIFICATION OF RISK SITES IN THE CLINICS

The basins and dental units of the Maxillo-Facial and Oral Surgery clinic (A) as 

well as the basement taps of the Restorative Dentistry clinic (B) were identified as 

high risk sites with levels of Legionella above 200cfu/ml (Figure 3.4). The dental 

units of the Restorative Dentistry clinic (B) and Periodontology and Oral Medicine 

clinic (C) were identified as moderate to high risk sites with Legionella levels 

between 50cfu/ml and 200cfu/ml (Figure 3.4). In addition, the basement taps of 

Periodontology and Oral Medicine clinic (C) and Orthodontics clinic (D) as well as 

the basin taps in Prosthetics clinic (E) were placed in this category (Figure 3.4). 

Water in the Oral Health and Auxiliary Training clinic (F) had Legionella counts 

below 50cfu/ml however this clinic was contaminated with amoebae pathogens 

(Figure 3.4). Sites with levels below 50cfu/ml were identified as low risk sites. The 

basin taps of Restorative Dentistry (B), Periodontology and Oral Medicine (C) and 

Orthodontics (D) clinics as well as the dental units and the basement taps in the 

Prosthetics clinic (E), were all identified as low risk sites (Figure 3.4).
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Figure 3.4 Identification of risk sites in the different dental clinics

81



3.8 AMOEBAE HARBOURING BLUE FLUORESCENT

HOH-L.PNEUMOPHILA

Amoebae were isolated from the Oral Health and Auxiliary Training clinic in Dental 

House (Figure 3.5). The level of contamination could not be determined by the 

techniques used in this study. Four of the 14 samples collected in the morning 

were contaminated with amoebae. This decreased to one in the afternoon 

samples. Two of 10 dental unit waterline samples were contaminated in the 

morning however, none were detected in the afternoon. In contrast amoebae 

were detected in one of three basin tap samples in the morning and afternoon. 

Only one basement tap sampled contained amoebae in the morning (Table 3.12).

A blue fluorescent non-L.pneumophila species were isolated from these samples. 

The r\on-L.pneumophila counts in the 7 positive samples from this clinic were 

below 50cfu/ml, however after re-incubation for 7 days, the four samples that were 

also contaminated with amoebae showed a 10 fold increase in the non- 

L.pneumophila levels.
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Figure 3.5 Giemsa stain showing amoebae infected with Legionella (1000x).
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Table 3.12 Presence of amoebae in the water supply of the Oral Health and 

Auxiliary Training clinic in the morning and afternoon.

Amoebae contamination
Morning (N=14) Afternoon (N=14)

N n % N n %

Dental unit 
waterline 
(3-in-1 syringes)

10 2 20 10 0 0

Basin taps 3 1 33 3 1 33

Basement taps 1 1 100 1 0 0

Total m 4 29 14 1 7

Key:

N = total number of sampled

n = number of samples contaminated with amoebae organisms

% = percentage of contaminated samples
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3.9 ENVIRONMENTAL FACTORS

3.9.1 pH MEASUREMENTS

The pH values of the 274 samples collected in the morning and afternoon ranged 

from 6,98 to 8,51 (mean and standard deviation = 8,06 ± 0,84).

3.9.2 TEMPERATURE MEASUREMENTS

The temperature values of the 274 samples collected ranged from 11 to 26 (mean 

and standard deviation = 19,20 ± 3,50).
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3.10 TECHNIQUES USED TO DETECT LEGIONELLA

ORGANISMS

The non-selective media, Buffered Charcoal Yeast Extract (BCYE) agar subjected 

to no pre-treatment yielded the highest levels of Legionella isolates than the 

selective media Glycine Vancomycin Polymyxin and Cycloheximide (GVPC).

Heat treatment and a selective media produced more positive samples than 

selective media and no treatment however, the levels were greatly reduced. A 

total of 109 of the 274 samples were identified as having presumptive isolates by 

using a combination of media and pre-treatment steps.

Culture plates were screened using a wood’s lamp. Seven percent (n=18) of the 

samples produced a blue fluorescence under ultra violet light and were identified 

as being a non-L.pneumophila species.

The raw water samples were screened using the DFA test capable of reacting to 

L.pneumophila serogroup 1-6 and L.micdadei. Twenty five percent of the 274 

samples were positive. However, 75 of the 109 presumptive Legionella isolates 

from culture tested positive. Thus 34 of the presumptive colonies from culture 

were unidentified by the DFA technique (Table 3.13).

The Latex Agglutination test successfully identified 102 of the 109 presumptive 

Legionella isolates from culture. Forty-two of the isolates were identified as 

L.pneumophila serogroup 1,27 as L.pneumophila serogroup 2-14 and 33 as non-
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L.pneumophila species. Seven presumptive isolates could not be identified using 

the Latex kit (Table 3.13).

Amoebae were also isolated from 4 of the 274 samples. These samples were 

from the Oral Health and Auxiliary Training clinic. A blue fluorescent non- 

L.pneumophila species were isolated from these samples.
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Table 3.13 Laboratory techniques used to detection of Legionella in water

samples.

Technique used to Number Number Mean cfu/ml
detect Legionella sampled positive
organisms N n X

Culture
No Treatment:

BCYE 274 41 283
GVPC

Heat Treatment:
274 26 30

BCYE 274 26 54
GVPC 274 35 39

Total presumptive 
colonies:

274 109 -

Direct fluorescent
antibody (DFA)

Raw Sample: 274 68 n/a

Presumptive colonies on 
culture: 109 75 n/a

Latex Aqglutination

Presumptive colonies on 
culture: 109 102 n/a

Key:

N = total number sampled

n = number of contaminated samples

x = mean colony forming unit per ml of sample
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CHAPTER 4: DISCUSSION

Infection control is an important issue in the dental surgery but the potential 

hazards associated with contaminated dental water have received relatively little 

attention in recent years (Pankhurst & Philpott-Howard,1993). Several studies of 

dental chairs have confirmed that the aerosol and water used during dental 

procedures contain large numbers of microorganisms including Legionella 

(Oppenheim, 1987; Whitehouse, etal., 1991; Pankhurst, Philpott-Howard, 1993; 

Atlas, Williams & Huntington, 1995; Williams, Baer & Kelley, 1995). Previous 

studies of water delivered by dental units have shown it to be extensively 

contaminated with water and soil saprophytes. The most likely source of such 

contamination is the mains water supply (Fitzgibbon, et al., 1984).

Investigation of the various waterlines in the Oral and Dental Teaching Hospital 

showed that pathogenic Legionella species were found in 42% of dental unit 

waterlines, 50% basement taps and 50% basin taps irrespective of the time of 

sampling. Since high levels of legionellae are associated with the risk of infection 

(Pankhurst, 2001), it is necessary to compare the levels of Legionella in the 

Teaching Hospital to acceptable limits both nationally and internationally.

4.1 LEGIONELLA IN DENTAL UNIT WATERLINES

Of the 99 dental unit waterlines sampled in the 6 clinics, 28% were contaminated 

in the morning and 35% in the afternoon. The mean colony count was 114cfu/ml
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and 143cfu/ml, respectively. In addition, a high percentage of Legionella 

organisms were detected at levels below 50cfu/ml, however 10 samples were 

higher than the acceptable level (Table 3.2). These levels far exceeded the 

National guidelines for Legionella in South Africa put forward by Coubrough and 

Genthe (2002), who emphasised that Legionella organisms should not be present 

in high numbers in health care facilities. These levels were also above the 

50cfu/ml level recommended by Challacombe (personal communication)

(Table 3.2).

L.pneumophila serogroup 1 and non-L.pneumophila species were the 

predominate groups isolated. The former was detected at high and the latter at 

low levels (Table 3.2). These groups are a potential source of infection because 

L.pneumophila serogroup 1 was the first species implicated in Legionnaires’ 

disease and is still responsible for over 80% of reported human infections. Non- 

L.pneumophila species and L.pneumophila serogroup 2-14 have been implicated 

in approximately 20% of the reported infections (Inglis, 2000). There is reason to 

believe that the levels of Legionella organisms isolated from the dental unit 

waterlines in the Oral and Dental Teaching Hospital could be a source of infection 

for both dental personnel and patients. The reason for the different Legionella 

groups predominating may be that the biofilms are colonised by these 

microorganisms. This suggests that the conditions present in the waterlines 

favoured their growth rather than L.pneumophila serogroup 2-14. Organisms with 

an ecological advantage for example, rapid growers or predators will dominate. A 

blue fluorescent non-L.pneumophila species was the only species isolated from
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the Oral Health and Auxiliary Training clinic whereas L.pneumophila was the only 

species isolated in the Prosthetics clinic (Tables 3.4 and 3.5). These results show 

that stable populations of Legionella species were maintained within the various 

waterlines. These organisms may have found specific niches, which promote their 

growth and survival.

The changes in the levels of Legionella as well as the different species found in 

the water supply could give an indication of the source of the contamination. 

Higher levels were found in the basement tap samples in the morning than the 

afternoon (Table 3.9). This suggests that the microorganisms may be amplified in 

the plumbing system supplying municipal water to the units during favourable 

conditions over the weekend. If the microorganisms are amplified in the 

plumbing water then the source of these microorganisms may be the municipal 

water.

4.2 PLUMBING SYSTEM AS A SOURCE OF CONTAMINATION

Identifying the source of contamination of the dental unit waterlines is important as 

this would assist in eliminating the problem. Legionellae levels were compared to 

potable water samples collected from basement taps and basin taps, which are 

connected directly to the municipal water supply to the Teaching Hospital. The 

levels of Legionella in the water supplying the basement taps in the three 

buildings and the samples from the basin taps in the 6 clinics housed in these
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buildings were different. Even though similar results were expected in the 

different municipal outlets of each building the results showed varying levels of 

contamination. Six basement tap samples contained Legionella levels above 

50cfu/ml however the basin taps supplied by the same riser only had two samples 

above this level (Tables 3.6 and 3.9). The higher levels in the basement taps at 

the point of entry of the buildings suggest that the municipal supply is the source 

of the contaminating organisms.

These results are supported by previous studies. States et al. in 1987 found that 

microorganisms survive the drinking water treatment process in the United States 

suggesting that there is continual contamination from the municipal water. Other 

studies have demonstrated microbial contamination directly from the connecting 

plumbing in large dental clinics (Kelstrup, Funder-Nielsen & Theilade, 1977; Fiehn 

& Henriksen, 1988). According to States and co-workers (1987) the water supply 

seeds the water distribution system of various buildings. These microorganisms 

enter the water distribution system as occasional contaminants of the municipal 

supply (Shearer, 1996) and find suitable niches within numerous microscopic pits 

formed in the pipes during manufacturing and ageing (Atlas, Williams & 

Huntington, 1995; Challacombe & Fernandes, 1995; Shearer, 1996). If conditions 

are favourable these microorganisms proliferate to form a biofilm.
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4.3 FORMATION OF A BIOFILM WITHIN THE PLUMBING

SYSTEM

Contamination in the Teaching Hospital could have been associated with the 

presence of a biofilm. Biofilm formation has evolved as an adaptation by the 

individual microorganisms of the microbial community as they struggle to survive. 

These microorganisms interact with each other and the local environment to form 

an ecosystem.

A property of fluid dynamics known as laminar flow results in stagnant conditions 

at the tubing wall interface even when water is flowing (Mayo, Oertling & Andrieu, 

1990; Rosa, 2001). This is important as nutrients are deposited at this interface. 

The microorganisms compete with each other for these nutrients which creates 

suitable conditions for the water microflora to establish adherent colonies that 

coalesce to form a biofilm (Shearer, 1996; Barbeau, 2001; Rosa, 2001). The 

biofilm will be colonised by microorganisms from the incoming water especially 

those that grow fast or predator species. These species will dominate for a while 

but eventually the population within a given area of the biofilm will reach a stage 

of either massive death or blooms of fastidious species (Rosa, 2001).

Blooms may also be caused by erosion, biological events, sloughing or chemical 

events. Erosion is due to rapid growth of the biofilm mass that leads to shearing 

as the biofilm extends into the dynamic water. The biological events may involve 

the release of enzymes and surfactants from neighbouring cells that may cause
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the whole structure to collapse. Sloughing is a rapid break away of large biofilm 

material that occurs for many reasons, one of which may be the formation of gas 

bubbles that weaken the substructure. Another reason may be water, which 

causes the pressure to weaken the substructure, and subsequently cause 

breaking away of the biofilm material. Thereafter these microorganisms are 

flushed through the system (Rosa, 2001). The increase in the number of samples 

contaminated with Legionella as well as the irregular levels detected in the 

morning and afternoon are evidence of the presence of such a biofilm (Tables 3.2,

3.6 and 3.9).

4.4 FACTORS INFLUENCING BIOFILM FORMATION

Several factors could have influenced the growth of the biofilm in the Teaching 

Hospital including age and usage of the system.

4.4.1 AGE OF PLUMBING

The plumbing system in Dental Hospital is very old and some of the pipes are 

corroded and on the verge of disintegration. Several pipes in this building have 

been replaced because of severe corrosion. Studies have shown that old pipes 

that are severely corroded provide a supply of nutrients, which support the growth
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of Legionella species. The growth of these microorganisms and others causes 

the biofilm to flourish and spread (Pankhurst, 2001).

The corroded material, usually rust, is a critical factor for growth of Legionella 

(Occupational Safety and Health Administration, 2001). Corroded pipes release 

iron oxide in the form of rust, which is utilised by Legionella as a nutrient source. 

This is supported by the present results, which showed that higher Legionella 

levels were found in the buildings with the older plumbing. The highest levels of 

Legionella were found in Dental hospital, which has plumbing dating back 50 

years. The newer plumbing in University Corner had lower levels, whereas Dental 

House had the most recent plumbing and was not contaminated (Tables 3.10 and 

3.11). As the biofilm is nourished by the nutrients it obtains from its surroundings 

it will continue to grow throughout the system (Shearer, 1996).

4.4.2 USAGE OF THE SYSTEM

The use of water may also influence the level of contamination. During the 

working day water was used in the different buildings and flushed through the 

system, dislodging material from the developed biofilm. This releases 

microorganisms into the water where they were attracted to new sites by chemical 

attraction or Brownian movement. This process may cause the biofilm to spread 

within the plumbing system thus increasing the level of contamination.
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The irregular levels found in the basins taps demonstrates the spread of the 

biofilm from the basement plumbing to these taps. The majority of samples 

collected from the basin taps in the morning contained higher levels of Legionella 

than the afternoon samples. This may be caused by an accumulation of 

organisms over the weekend. Commencement of work after the weekend would 

cause the microorganisms to be flushed through the system. The increase in 

water pressure when the system was used during the working day probably 

dislodged the biofilm in the basement plumbing reducing the levels of 

microorganisms present. The low Legionella levels found in the afternoon 

samples may be a result of the usage of the system which has a flushing and 

cleansing effect (Table 3.6 and 3.9).

4.5 SPREAD OF LEGIONELLA TO DENTAL UNIT WATERLINES

Legionella levels in the dental unit waterlines were higher in the afternoon than in 

the morning. This suggests that microorganisms released from the biofilm in the 

plumbing system during the working day may eventually reach the dental unit 

waterlines and begin a process of biofilm formation if conditions are favourable. 

Dental units tested in the Maxillo-Facial and Oral Surgery clinic and the Oral 

Health and Auxiliary Training clinic were contaminated whereas the municipal 

water supplying these units contained no Legionella at the time of sampling 

(Tables 3.4, 3.5, 3.7 and 3.8). This is an indication that the organisms were being 

amplified in the dental unit waterlines. More dental unit samples collected in the
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afternoon were contaminated with Legionella than in the basement and basin taps 

(Figure 3.1). The reason for the lower counts observed in the morning may be that 

the organisms present in the planktonic phase do not grow very well because they 

are vulnerable to environmental stress, biocide activity or microscopic predators 

(Barbeau, 2001). Samples collected in the morning would consist mainly of 

organisms present in this phase, and would therefore be low. Samples collected 

in the afternoon had high levels because microorganisms in the sessile phase 

grow better because there is a constant supply of nutrients from neighbouring 

cells in a biofilm. When the units were used the water currents probably sloughed 

off sessile microorganisms from biofilms developed under the favourable 

conditions over the weekend and resulted in the high numbers observed. This 

supports the suggestion by Williams et al. (1993) that high levels of Legionella 

contamination in dental unit water samples may be a reflection of the rich 

microbial biofilms that are present along the length of the fine-bore dental 

waterlines.

4.6 FACTORS AFFECTING LEGIONELLA LEVELS IN DENTAL 

UNIT WATERLINES

The microbial biofilms in the dental unit waterlines may be influenced by several 

factors such as the type of dental unit model, usage and age of the unit, as well as 

environmental factors.
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4.6.1 TYPE OF MODEL

A possible factor that may contribute to the levels of contamination in the dental 

units is the model of the unit. Units may have different sizes of tubing, which may 

increase the surface area for biofilm growth. Others may have filters in the 

system, which reduces the number of microorganisms passing through these 

tubes thus reducing the level of contamination. Seven models including the 

Aidec, Belmont, Pelton and Crane, Proma, Riter, Siemens and Vacudent were 

sampled during this study.

Five of the Siemens units in the Maxillo-Facial and Oral Surgery clinic and three in 

the Periodontology and Oral Medicine clinic contained high levels of Legionella.

On the other hand no Legionella were detected in the Siemens models housed in 

the Orthodontics clinic whereas the Siemens unit in Oral Health and Auxiliary 

Training clinic was contaminated with low levels of Legionella. Both clinics have a 

policy of flushing their units, which probably influenced the levels of contamination 

(Table 3.4 and 3.5). The results also showed that four different models housed in 

the Oral Health and Auxiliary Training clinic contained similar levels of the same 

non-L.pneumophila species (Tables 3.4 and 3.5). The irregular levels found in the 

units of the same model and the fact that different models in the same clinic had 

similar levels suggests that the level of contamination is dependent upon the 

maintenance of the units and not the type of model.
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These results contradict Challacombe and Fernandes (1995), who found that 

particular models are more susceptible to contamination by L.pneumophila 

species than others. It also suggests that other factors besides the model of the 

units may contribute to the level of contamination within these units.

4.6.2 USAGE OF THE DENTAL UNITS

The amount of hours that each unit is used as well as the amount of water used 

during treatment may have an effect on the level of contamination because this 

influences stagnation in the waterlines. Usage of the dental units was 

investigated by determining the approximate number of student hours allocated to 

each dental unit in the different clinics. Dental units, which use less water for a 

shorter period of time would be prone to stagnation resulting in high levels of 

contamination. The opposite would be expected if units are used for longer 

periods and a large amount of water is used during treatment because the water 

has a flushing effect which would reduce the microbial counts.

The lowest levels of Legionella contamination were expected in the Periodontics 

and Oral Medicine clinic and the Restorative Dentistry clinic because the highest 

number of student hours were allocated to each unit over a 10 week period.

These clinics probably use more water for irrigation procedures than the other 

clinics, which would reduce the level of contamination. This is supported by the 

observation that only 22% of the units in Periodontics and Oral Medicine clinic and
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10% of the units in Restorative Dentistry clinic had levels above the guidelines 

recommended by Challacombe (personal communication) (Tables 3.4 and 3.5). 

This confirms that the units that are used frequently for long periods have reduced 

microbial counts due to the flushing effect.

This is supported by a previous study undertaken by Coogan in 1991 who found 

that high levels of Legionella were present in the dental units in the Orthodontics 

clinic (unpublished data). This finding led to the recommendation that the clinic 

institute a policy of regular flushing of the units. This regime was adopted and 

samples taken 10 years later from the same clinic did not contain any Legionella 

organisms even though high levels were expected because few student hours 

were allocated to each unit and a small amount of water was used during 

treatment. Thus the low levels in the water may be attributed to the efficacy of a 

flushing regime and with regular use of the units and daily flushing the 

contamination levels can be reduced to levels well within the recommended 

guidelines.

4.6.3 AGE OF UNITS

The age of the units may play a major role in the level of contamination of the 

dental unit waterlines because a biofilm could form over a long period of time. 

Once established these biofilms are difficult to remove.
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Even though Restorative Dentistry clinic had the newest units amongst the 

different clinics high Legionella levels were detected in some of these units. The 

results also showed that low levels were found in the oldest units housed in Oral 

Health and Auxiliary Training clinic (Table 3.4 and 3.5). Some studies have 

suggested that the age of the unit may play a role in the level of contamination 

(Atlas, Williams & Huntington, 1995; Shearer, 1996). The results of this study and 

those reported by Challacombe and Fernandes (1995) showed that high levels 

could also be present in new units therefore the age of the units may not 

contribute to the level of contamination.

4.6.4 ENVIRONMENTAL FACTORS

There are several factors that may promote the growth of Legionella. These 

include stagnation, optimal growth temperature between 35°C and 46°C and pH 

between 5.0 and 8.5. In addition sediment promotes the growth of commensal 

microflora and the presence of other microorganisms including algae,

Flavobacteria, and Pseudomonas, which supply essential nutrients for growth of 

Legionella, and amoebae and protozoa which may harbour Legionella organisms 

(Fields, 1984; Barbaree, etal., 1985; Wadowsky, etal., 1985).

The temperature of the water samples collected ranged from 11°C to 26°C. The 

majority of the species isolated were at temperatures between 24°C and 26°C. 

Several studies have stated that Legionella organisms may survive but not
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multiply at these temperatures (Shearer, 1996; Pankhurst, 2001). This contradicts 

the findings in this study. The irregular low and high levels in the various 

waterlines indicate that a dynamic relationship exist within these waterlines to 

produce such levels. The occasional high levels found suggest that Legionella 

organisms are multiplying at these temperatures.

The pH of the water did not appear to influence the levels of Legionella because 

the pH was between 6,98 and 8,51 which is well within the optimum pH levels for 

Legionella growth.

4.7 CONTAMINATION BY AMOEBAE

Once the surfaces of the pipes and tubing are colonised by particular species, 

other microorganisms as well as protozoans may be attracted to this biofilm. The 

presence of amoebae in the various waterlines could be a source of infection.

Amoebae have also been shown to increase the uptake of bacteria in adverse 

conditions and provide a continuous supply of bacteria that are released into the 

environment (de Jonckheere & van de Voorde, 1976). This may be problematic 

because Legionella laden amoeba may contain levels well within the infective 

dose (‘O Brien & Bhopal, 1993). Amoebae parasitised by the Legionella can be 

inhaled by dental personnel and patients and cause infection. In addition
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amoebae have been frequently associated with the formation of dental unit 

biofilms in the United States (Williams, et al., 1993).

Amoebae were detected in 29% of the morning samples and 7% of the afternoon 

samples from the Oral Health and Auxiliary Training clinic. They were present in 

the municipal water as well as in one Siemens unit and one Belmont unit 

(Table 3.12). This implies that these two units had a defective filtering system, 

which allowed the passage of large amoeba organisms into the units. 

Examination of amoebae showed that they were parasitised by pathogenic non- 

L.pneumophila species (Figure 3.5). The amoebae may have increased the 

number of Legionella bacteria, which in turn increased the size of the biofilm.

4.8 DETECTION METHODS

Several techniques were employed in this study to detect the presence of 

Legionella in dental unit waterlines and municipal water. These included 

culturing, the DFA test and the latex agglutination test. Culture methods produced 

more accurate results than the DFA test (Table 3.13). However, there are 

limitations with culture because it is labour-intensive, time consuming and 

expensive. Another problem is that viable but non-culturable microorganisms may 

be missed.
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The DFA is a more rapid test but does not differentiate between species if 

polyclonal antibodies are used and it may give false positives and false negatives 

if not examined accurately. The DFA test was conducted on the original water 

samples as well as presumptive colonies. Twelve percent of the original water 

samples were reported negative however when presumptive colonies from these 

samples were tested they were positive (Table 3.13). The results show that the 

latex agglutination test is a more conclusive test because it confirmed 94% of the 

presumptive Legionella species whereas the DFA confirmed only 69%. The 

sensitivity of the Latex test may be attributed to the fact that it covers 14 

L.pneumophila serogroups and 7 additional Legionella species as opposed to the 

DFA test, which covers 6 L.pneumophila serogroups and only one additional 

Legionella species. The Latex test is however dependent upon culture methods. 

The results confirm that culture remains the method of choice, but should not be 

used independently.

4.9 CONCLUSION

The study, which is the first report of Legionella contamination of dental unit 

waterlines in South Africa, showed that these organisms enter the plumbing 

system of the dental clinics via the main municipal supply. These occasional 

contaminants find suitable niches within the municipal pipes where they may 

establish themselves within biofilms. This results in increased and irregular levels 

of contamination. Temperature, rust and pH of the water play a major role in their
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multiplication. The results showed that the levels of contamination varied in the 

different buildings. Dental Hospital plumbing pipes had the highest levels of 

Legionella organisms. The reason may be that the plumbing is old and rust 

deposits, which support the growth of Legionella is released into the water. Once 

established Legionella organisms are continually dislodged from the biofilms and 

moved by the water flow or Brownian movement in the pipes and thereby 

colonising the dental unit waterlines which results in irregular levels of 

contamination (Shearer, 1996). The levels detected far exceeded the National 

guidelines for Legionella in South Africa put forward by Coubrough and Genthe 

(2002), emphasising that Legionella organisms should not be present in health 

care facilities.

A further observation was that Legionella species were found in amoebae. This 

may be problematic because Legionella-laden amoeba may contain levels well 

within the infective dose. These can be inhaled by dental personnel and patients 

and may cause infection.

In view of the extent of exposure of patients and dental personnel to this source of 

Legionella organisms, it is surprising that no definitive clinical associations have 

thus far emerged. There may be several reasons for the lack of association of 

dental unit waters and occurrences of Legionnaires’ disease (Stout, et al., 1992). 

Although the patient is only subjected to occasional bursts of these water 

organisms, the dental personnel may be exposed for long periods and could 

develop subclinical infections in the course of their work.
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The problems associated with potable water supplies for dentistry in South Africa 

requires more intensive epidemiological investigation of sporadic cases of 

legionellosis occurring in dental personnel. Regardless of the lack of specific 

clinical association, exploration of possible preventive measures against 

Legionella species and other opportunistic waterborne pathogens (Williams, et al., 

1993) in the dental health care setting is sensible (Atlas, Williams & Huntington, 

1995).

Good clinical practice demands that preventive measures be recognised and 

implemented. The subsequent reduction or elimination of hazardous biological 

agents from the surgery area is paramount for the maintenance of quality 

assurance, in dental treatment (Wadowsky, et al., 1986). There is a need for 

control of bacterial contamination of dental unit waterlines either through 

modification of design or other means that would guarantee the sterility of the 

water introduced into the air and patient’s mouth (Gross, Devine & Outright,

1976).

It is difficult to eradicate water organisms once the dental units are colonised 

therefore the most rational solution would be to prevent colonisation of the units in 

the first place (McEntergart & Clark, 1973). These considerations indicate that 

attempts to deal with the problems of persistent bacterial dental unit 

contamination should concentrate on ways to remove biofilms or prevent their 

formation rather than the eradication of planktonic populations derived from the 

biofilms (Costerton, et al., 1987). Presently, mechanical cleaning is the simplest
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method for removing biofilms from dental units although hydrogen peroxide 

preparations can cause some reduction (Exner, 1987; Whitehouse, et al., 1991).

A further recommendation is that dental units and accessories be flushed for a 

period in excess of 2 minutes prior to the start of daily procedures (Gross, Devine 

& Outright, 1976). In the present study this was effective in the Orthodontics and 

Oral Health and Auxiliary Training clinics. Regular maintenance and servicing of 

water systems can help reduce the bacterial levels, and screening of dental units 

may be useful in monitoring the effectiveness of disinfection and maintenance 

programmes.

This research has clearly highlighted the many difficulties in the monitoring of 

pathogenic microorganisms and the need to increase knowledge of procedures to 

control contamination and comply with stipulated guidelines. Therefore, additional 

educational programmes at university and after graduating are needed to improve 

the quality of dental treatment by drawing up guidelines and educational 

programmes and in performing periodic checks on waterline contamination. The 

involvement of dentists in investigations into microbial contamination could be an 

important stimulus to promote a more realistic perception of potential microbial 

risks in the dental surgery. With the increase of immunocompromised individuals, 

it is important to ensure that hygiene standards in the dental practice, including 

water quality, are kept high.

This study was limited to one Oral and Dental Teaching Hospital. Other practices 

or dental hospitals situated in areas with a high level of bacteria in water supplies
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could contain many potential pathogens. The problems associated with 

microbiological contamination of dental equipment are complex and warrant 

further study.
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APPENDIX A

NON-NUTRIENT AGAR

COMPOSITION

Nutrient agar 15g

Amoebal saline (appendix B) 1 000ml

PREPARATION

1. Add 15g of nutrient agar to 1 000ml freshly prepared amoebal saline.

2. Heat the medium on a hot plate until the solutes dissolve.

3. Autoclave at 121°C for 20 minutes.

4. Pour medium into sterile 90mm petri dishes to a thickness of approximately 

5mm.

5. Store plate at 4-8°C until needed.
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APPENDIX B

AMOEBAL SALINE

COMPOSITION

NaCI 1 ,20g

MgS04.7H20 0,04g

CaCI2.2H20 0,04g

Na2HP04 1,42g

k h 2po 4 1,36g

PREPARATION

1. Make each chemical up to 1 000ml with sterile distilled water.

2. For the amoebal saline, combine 10ml of each and make up to 1 000ml with 

sterile distilled water.
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APPENDIX C

GIEMSA STAIN

COMPOSITION

2 drops 

1ml 

45ml

Triton X

Giemsa stain (BDH Laboratory supplies) 

Deionised water

PREPARATION

1. Add 2 drops Triton X to 1 ml Giemsa stain.

2. Make solution up to 45ml with deionised water.

STAINING PROCEDURE

1. Fix slides for 3 minutes in methanol.

2. Stain with Giemsa stain for 1 hour.

3. Carefully rinse in running tap water.

4. Air dry.

5. Read under 100x oil immersion lens.
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APPENDIX D

FORMULA FOR CALCULATING CFU/ML

CFU/ML PER PLATE = AxBxCxD
E

KEY:

A = Colony count per plate

B = Resuspended sample inoculated on plate

C = dilution factor

D = Amount of original sample in which filters were placed

E - Amount of sample collected

1 1 2
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