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Prevalence of legionella waterline contamination
and Legionella pneumophila antibodies in general
dental practitioners in London and rural Northern
Ireland
C. L. Pankhurst,1 W. Coulter,2 J. J. Philpott-Howard,3 T. Harrison,4 F. Warburton,5 S. Platt,6 S. Surman7 and 
S. Challacombe8

Objectives To determine the prevalence of legionellae in dental unit
waterlines (DUWL) in general dental practices in London and rural Northern
Ireland and whether the organism occurs at a high enough frequency and
magnitude in DUWL to represent a threat to dentists’ health. 
Materials and method Two hundred and sixty six (166 London, 100
Northern Ireland) randomly selected dental surgeries were recruited.
Standardised 250 ml water samples were taken from the DUWL and 1 litre
samples from the surgery cold water tap to measure the prevalence of
legionellae. The dentists provided a blood sample for legionella serology.  
Results The prevalence of legionellae was very low (0.37%). Legionellae
were not isolated from DUWL or surgery basin taps in Northern Ireland.
Legionella spp were isolated from the DUWL and surgery basin of one
practice in London and from the cold water supply of a further three
practices. The prevalence of Legionella pneumophila antibodies was less
than that seen in a comparable group of London blood donors.
Conclusion The risk to dentists’ health from potential exposure to
legionellae in this cohort of dentists was very low and this was confirmed
by the very low seroprevalence and antibody titres to legionella detected in
the dentists.
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Legionellae are commonly found in environmental water sources
such as rivers, lakes and reservoirs where they generally occur in low
numbers and may eventually colonise water cooling plants and hot
and cold plumbing systems fed by municipal water supplies. Typi-
cally legionellae enters the dental unit waterlines (DUWL) from the
mains drinking water where they are able to proliferate in the
biofilm.1 Biofilm formation occurs on the inner surface of the water-
lines as a result of water stagnation in microbore tubing and inter-
mittent patterns of water use, combined with poor waterline man-
agement, which culminates in the generation of contaminated
aerosols.2,3 In order to multiply, legionellae need other microorgan-
isms and a supply of nutrients and temperatures in the range of
20–45°C;4 they will not proliferate in sterile water. Sludge at the base
of water storage tanks and the micro-habitat within the DUWL
biofilm provide favourable conditions for the colonisation and
growth of legionellae within plumbing systems.5 The organism is
protected from the bactericidal action of biocides by growth intra-
cellularly in amoeba and/or within the biofilm matrix,6 and under
suitable growth and temperature conditions legionellae can be
amplified in the DUWL biofilm to potentially reach high concentra-
tions (>103 per litre). Infection is by aerosol droplet inhalation or
rarely, aspiration of contaminated water by susceptible individuals.8

Aerosol droplets generated by dental handpieces are of sufficient
size and stability to enter the alveolae of the lungs. The Legionel-
laceae comprises more than 45 species but Legionella pneumophila
is isolated from ≥90% of culture proven clinical cases with L. pneu-
mophila serogroup 1 being the most common cause of Legionnaires’
disease.8 Approximately 250 cases per year of Legionnaires’ disease
occur in the UK but this is considered to be an underestimate of the
true number.9 Legionellosis can present either as an atypical pneu-
monia or as a milder flu-like illness, known as Pontiac fever.9 Many
clinical cases occur sporadically and are not linked to a definite
source but outbreaks of infection have been associated with cooling
water systems, water fountains, spa pools and hot and cold water
systems in public buildings.9 Fortunately, the attack rate is low at 2-
5% for infections resulting in Legionnaires’ disease although
approximately 12% of cases are likely to be fatal. Even higher death
rates are reported in nosocomial cases and in susceptible immuno-

● Compared with previously reported prevalence rates of legionella spp. in dental hospitals in
Europe and North America the prevalence of legionellae in dental unit water samples taken
from general dental practices in London and rural Northern Ireland was very low.

● A correspondingly low level of legionella antibody was detected in the recruited dentists,
which were comparable to background levels in blood donors.

● It cannot be assumed that all GDP dental unit waterlines will be free of legionellae as
environmental conditions may prevail in an individual surgery that promotes the growth of
legionellae.

● In order to provide safe DUWL water that complies with drinking water quality standard,
dentists are advised to follow Health and Safety Commission and BDA infection control
guidelines for water management.
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compromised individuals.9 Risk factors known to be associated with
contracting Legionnaires’ disease include male sex, age greater than
50 years, smokers, alcoholics, diabetics and people with chronic res-
piratory or renal disease and cancer.10

It has been suggested that legionellae within DUWL may con-
tribute to respiratory illness amongst the dental team.11,12 The
reported prevalence of legionellae in DUWL varies widely from
0–68% depending, in part, on the isolation procedures.13-15 Varia-
tions in recovery rates are seen with different geographic locations,
presence of large cold-water tanks and complex plumbing systems,7

thermal conditions and the type of dental equipment.16 Much of the
data on legionellae in DUWL has derived from hospital-based stud-
ies where the plumbing and environmental conditions may not
replicate those found in general practice. Extrapolation of these data
to general practice is likely to be unsatisfactory and may be poten-
tially misleading.13,15 Information on the colonisation of DUWL sys-
tems in general dental practice, and the health risk to the dental
team who are subject to prolonged daily exposure to DUWL contam-
inated with legionellae, is limited.

The aim of this study was to try and answer these questions by
firstly determining the prevalence of Legionella spp. in DUWL in
general dental practices located in rural and metropolitan areas.
Secondly, to evaluate whether legionellae are found at a high
enough frequency and magnitude in DUWL to represent a threat to
the health of the dental team, by determining whether dentists in the
UK exhibited serological evidence of increased exposure to L. pneu-
mophila above that expected in the background population.

MATERIALS AND METHODS
Sample Group
Ethics committee approval was obtained from the Multicentre
Ethics Committee. A total of 266 principal dentists (270 dental
practices) were recruited into the study; 100 practices from rural
Northern Ireland and 170 from the Greater London postal area.
Rural practices were supplied by rural water sources including
bore wells, loch and upland water sources managed by one of the
four water boards which serve the province. In London all the den-
tists received supplies from Thames Water Utilities to their premis-
es. Names of principal dentists located in the areas supplied by the
five water boards were obtained from local health authority lists of
NHS registered dentists. They were randomly selected using com-
puter generated random numbers.

Dentists were initially contacted by letter and then telephoned.
The research nurse visited dentists wishing to enrol in the study
and written consent was obtained. The dentists completed a self-
administered respiratory health questionnaire with questions per-
taining to their general health, risk factors for infection with respi-
ratory pathogens and evidence of current and past serious
respiratory illness. Known lifestyle risk factors that could poten-
tially confound the prevalence rates of L. pneumophila antibody
titres were recorded. A blood sample (10 ml) was collected for
legionella serology.

Ambient room, waterline and surgery tap water temperatures
were recorded with a digital thermometer. The dentist was supplied
with water sample bottles containing sufficient sodium thiosulphate
to neutralise any remaining residual chlorine in the water sample
and trained by the nurse in the method of water collection. Water
sample collection was standardized to a single period of overnight
water stagnation. On the designated water collection day, before the
equipment was used at the start of morning surgery, the dentists col-
lected the first 250 ml of water flushed through the dental unit from
the air/water syringe and airturbine hand piece. One litre of water
was sampled from the surgery basin cold-water tap. The latter sam-
ple acted as a microbiological control of the incoming mains water
into the surgery. Water samples were stored in the dark, in a fridge
prior to collection by the nurse and transported in a cool box to the

laboratory. Collection of water samples by the dentist and transport
to the receiving laboratory took less than six hours. 

Legionellae isolation and identification 
Processing of water samples for legionellae counts was undertaken
in United Kingdom Accreditation Service accredited laboratories,
according to a standard operating procedure based on methods
specified in the British Standard Institute, 1992.17 100 ml of the
water sampled from DUWL and 450 ml of water obtained from the
surgery basin tap were filtered through a 0.2 µm polyamide mem-
brane filter. The sample concentrate was suspended in 10 ml of
Page’s saline and centrifuged at 3,000 g for 30 minutes. The super-
natant was removed aseptically to leave 1 ml of fluid in which the
deposit was resuspended and 0.1 ml of the suspension was inocu-
lated onto GVPC (Glycine, Vancomycin, Polymixin, Cyclohex-
imide agar, Oxoid) selective agar and incubated at 36°C for 2-14
days. Legionellae only grow in the presence of cysteine so pre-
sumptive legionellae colonies were confirmed by subculturing
onto buffered charcoal yeast extract agar with and without L-cys-
teine. A legionella latex agglutination kit Oxoid was used to con-
firm and further identify the legionellae. Positive cultures were
then sent to the Respiratory and Systemic Infection Laboratory for
definitive identification. Identification was undertaken by
immunofluorescent antibody staining using L. pneumophila
species-specific monoclonal antibody (MONFLUOR, Bio-Rad Ltd),
and further subtyping with L. pneumophila serogroup 1 specific
monoclonal antibody. All L. pneumophila non-serogroup 1 iso-
lates were characterised using a hyperimmune rabbit antisera
against all recognised serogroups and species of legionella.18

Legionella serology
The prevalence and concentration of L. pneumophila antibodies in
the dentists’ blood was used as evidence of previous or recent expo-
sure to legionellae and thus acted as a surrogate marker of the den-
tists’ risk from respiratory disease caused by Legionella spp.
Detectable antibody against any individual antigen at a dilution of
1:16 is considered positive: no detectable antibodies at this dilution
is considered a negative result. Positive sera were further titrated to
determine the endpoint and a titre to ≥128 is interpreted as being
suggestive of infection at an undetermined time. Using an indirect
immunofluorescent test (IFAT) with monovalent antigens,19 the
presence or absence in dentists’ blood of antibodies against L. pneu-
mophila serotypes 1-6 and 8, was quantified. These results were
compared with the antibody titres derived using the same antigens
from a cohort of 500 London blood donors. 

Statistical analysis 
The Chi square test was employed to demonstrate whether there
was a statistically significant association between the presence of
legionellae in the DUWL and the corresponding species-specific
antibody titres. The data were analysed using the statistical pack-
age SPSS.

RESULTS 
The response rate for recruitment was 64.4%. A separate question-
naire was used to evaluate dentists not wishing to enrol in the
study. Dentists from London were less likely to consent to take part
in the study than their Northern Ireland counterparts (OR 0.43,
95%CI 0.25 to 0.72, p=0.001). Non-recruited dentists had been
qualified for longer (recruited dentists: mean time 18.44 yrs (sd
9.37) versus non-recruited dentists: mean time 20.61 yrs (sd 8.77);
p=0.04). There was no significant difference for any of the other
variables (smoking, chronic respiratory disease, number of surger-
ies, whether water was taken directly from the mains, held in a
tank or an independent bottled water system installed) between
enrolled and non-enrolled dentists.
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mophila serogroup 1. One dentist had a titre of 1:128 to L. pneu-
mophila serogroup 3 but this was not associated with any clinical
symptoms. A blood sample was obtained from three out of the four
dentists where the surgery plumbing was positive for Legionella
species: the fourth dentist refused permission. All three dentists
had negative serology. 

The prevalence of L. pneumophila antibodies in this study’s
population of dentists did not exceed the background levels seen
in London blood donor control group. In fact the titres were signif-
icantly lower for the dentists compared with the blood donors for
the following serogroups L. pneumophila serogroup 2 (p=0.0002),
L. pneumophila serogroup 3 (p=0.005), L. pneumophila serogroup
6 (p=0.012) and L. pneumophila serogroup 8 (p=0.035).

DISCUSSION
The prevalence of legionellae in DUWL in the Greater London
postal area was very low (1/166 practices, 0.6%). Legionellae were
not isolated from DUWL or surgery basin taps in Northern Ireland.
Legionellae were isolated from the DUWL and surgery basin of one
practice in London. The circumstances in this case were unusual.
The practice was situated in a large building with a communal
cold-water tank supplying the entire building. Although the den-
tist had installed an independent water reservoir system, the den-
tist used tap water from the surgery basin to fill the reservoir. The
surgery basin tap water was subsequently found to be contaminat-
ed with L. pneumophila serogroup 14.

This study was designed as a cross sectional prevalence survey
rather than a longitudinal design. It could be argued that this
might account for the low prevalence rate recorded in the study as
Challacombe et al.16 found only 23 of 49 contaminated units to be
positive on more than one occasion over a 44 month period.
Whereas, Pankhurst et al.7 repeatedly sampled a dental unit water-
line colonised with L. bozemanii on nine occasions over a period of
15 weeks and the water samples were consistently positive. Results
obtained from a 13-year retrospective survey of a hospital water
system concluded that specific strains of L. pneumophila can per-
sistently colonize a hospital water supply and cause recurrent clus-
ters of nosocomial infection.20 The persistence of legionellae in
plumbing systems would support the appropriateness of the cross-
sectional design. 

We had expected to find a much higher prevalence of L. pneu-
mophila as previous studies had reported frequencies of 8% in the
USA,13 21.8% in Italy,15 and 25% in London.16 Atlas et al.13

employed a polymerase chain reaction (PCR) to identify all species
of legionellae in DUWL and reported a prevalence of 68% in
waters sampled from hospital and dental practices. However, a
recent cross sectional survey by Walker et al.14 looking exclusively
at general dental practices (in the South West of England) found
only 1 of the 55 surgeries examined was culture positive for L.
pneumophila; a similar prevalence rate to that obtained in this
study. In general, higher recovery rates of legionellae have been
associated with water samples taken from dental hospitals and
other large institutions. Storage of water in large tanks acts as a
reservoir for repeated seeding of the plumbing system and com-

Practice visits took place throughout the year, 9.2% of water
samples were collected in the spring, 15.8% in the summer, 36.9%
in the autumn and 38.1% during the winter months. All enrolled
dentists used municipal water supplies in their surgeries, 80.4%
used mains drinking water to supply the dental waterlines, but in
10% of cases, the water was not taken directly from the mains but
was held in a storage tank. An independent water reservoir system
had been fitted to the airturbine waterline by 27.85% of dentists but
the reservoirs were filled with mains tap water in 35.7% of cases.
Only 17.2% of the practices filled the reservoir with sterile water
and the remainder of dentists used non-sterile distilled water to fill
the reservoir. The median number of hours when the dental unit
was not in use and the water in the DUWL was stagnant was 131
hours per week. The mean ambient air temperature of the surgeries
was 21.6°C (range 16.2-27.2°C), mean airturbine water temperature
was 20.6°C (range 12.7- 32.3°C) and the mean temperature of water
from the surgery basin was 18.1°C (range 6.4-31.1 °C). 

Legionella isolation from dental waterlines
Legionellae were not isolated from DUWL or surgery basin taps in
Northern Ireland. In one practice in London L. pneumophila
serogroup 14 was isolated from the surgery basin tap (8 x 102

colony forming units (cfu) L-1) and the DUWL (10.8 x 10 4cfu L-1).  
Initial samples from the cold water surgery basin tap from three

other practices in London were positive for legionellae. In none of
these three practices were legionellae isolated from the DUWL. 
L. pneumophila serogroup 1, was only recovered from the surgery
basin tap water in one dental practice and only in low numbers
(5.2 x 102 cfu L-1). However on further water sampling the organ-
isms were isolated from the hot water plumbing. All three practices
had sinks fitted with mixer taps and crossover between the hot and
cold supply may have occurred within the mixer tap.

Dentists’ legionella serology
Blood samples were obtained from 246 of the 266 dentists recruited
into the study. The dentists recruited into the study were either the
principal or senior partner in the practice and had been qualified for
a mean of 18.4 years and had spent a mean of 10.8 years working in
the inspected dental surgery. The male:female ratio was
84.2%:15.8% and the mean age was 42.3 years. London blood
donors were used for comparison. They had been selected by age
and sex with an excess of males. The age range of the 500 blood
donors was 30 – 59 years and 166 of the donors were aged between
40 and 49 years. Although the blood donors were not matched to the
dentists the overall demographic parameters were comparable.

Smokers accounted for 12.5% of the dentists and ex-smokers
22.6%. Two (0.75%) of the dentists suffered from diabetes mellitus
and one from renal disease. No dentists reported experiencing
Legionnaires’ disease or Pontiac fever although one dentist was
diagnosed with pneumonia (cause unknown) in the last year and
14% reported asthma and 7.6% bronchitis and one dentist (0.37%)
suffered from Sarcoidosis.

The results of the L. pneumophila serology can be seen in Table
1. Only one dentist had a positive antibody titre 1:16 to L. pneu-

Table 1 Comparison of titres obtained with L. pneumophila monovalent antigens using sera from London and Northern Ireland Dentists and North London blood donors
Legionella pneumophila Serogroups

Sero-prevalence Sgp 1 Sgp 2 Sgp 3 Sgp4 Sgp5 Sgp 6 Sgp 8 Any Sgp
GDP (BD) GDP (BD) GDP (BD) GDP (BD) GDP (BD) GDP (BD) GDP

Titre <16 99.6 (97.6) 100 (94) 98.7 (93.8) 99.6 (98.4) 97.9 (96.4) 99.6 (96) 100 (98.2) 96.7
Titre 16 0.4 (2.4) 0 (6.0) 0.8 (6.2) 0 (1.6) 2 (3.6) 0 (3.8) 0 (1.8) 2.4
Titre 32 0 (0.4) 0 (0) 0(0) 0.4 (0) 0 (0.2) 0 (0.6) 0 (0) 0.4
Titre 64 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0.4 (0.2) 0 (0) 0
Titre 128 0 (0) 0 (0) 0.4  (0) 0 (0) 0  (0) 0  (0) 0  (0) 0.4

(A18) (GDP)= General dental practitioners (total sampled 246)
(BD) = North London blood donors (total sampled 500) results expressed as percentages
Antigen validation data supplied by Dr T. Harrison CPHLS 
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plex plumbing systems found in large institutions are more prone
to colonisation with legionellae.7 Whereas the vast majority of
dentists in this survey took their surgery water supply directly
from the mains water and only 10% used an intermediary cold-
water storage tank, which may in part explain the low numbers of
legionellae positive samples. 

Thermal control is recommenced as an infection control meas-
ure in hot and cold plumbing systems.9 Water temperatures in the
range 20-45°C favour the growth of legionellae, temperatures
below 20°C inhibit proliferation and the organism cannot survive
for more than a few seconds above 60°C. Temperatures between
20-25°C are associated with lower concentrations of bacteria and
reduced virulence of the organism.21 The recorded temperature of
water sampled from the handpieces in the present study was in the
range 12.7- 32°C with a mean of 20.8°C. However, Zanetti et al.15

who found that 16.7% of the samples taken from ten private dental
surgeries contained L. pneumophila, reported similar water tem-
perature means and ranges. 

The majority (73%) of the water samples were collected in London
and Northern Ireland in the cooler autumn and winter months.
Although the ambient air temperature range is fairly steady in the
dental surgery thought the year, the temperature of the municipal
water held in reservoirs, lochs or taken from rivers will vary marked-
ly throughout the year with lower temperatures expected in the win-
ter months. Temperature differences may explain some of the geo-
graphic variations seen in previously published results in Europe and
North America. Other environmental factors such as a higher organic
content in surface compared with ground waters22 and water hard-
ness15 are also know to favour the prevalence of legionellae. 

In this defined cohort of dentists, the results from a single blood
specimen indicate that serological evidence for exposure to L. pneu-
mophila is minimal and there is no evidence of an excess of positives
above background levels resulting from occupational exposure
whilst practicing dentistry. The low seroprevalence levels of L. pneu-
mophila antibodies in this study parallel the low isolation rate of the
bacterium from the dental surgery samples. In a previous study a
high prevalence of legionellae seropositivity was recorded in 34% in
the dental team compared with 5% of the control non-medical popu-
lation.11 Eleven per cent of the dentists and dental nurses had strong
antibody titres of >1:128 suggestive of possible recent infection.
Positive results were associated with working in the dental surgery
for more than 1.5 years.11 Similar results were found in dental per-
sonnel working in a dental hospital in the USA.12 No cases of
Legionnaires’ disease or Pontiac fever were reported amongst the
study volunteers but unfortunately the DUWL were not tested for the
presence of Legionellae. Presumably one would have expected to see
heavy contamination of the system. The authors concluded that the
data represented a requirement for repeated exposure to the antigen
before serconversion occurred11 suggesting that low concentrations
of legionellae in the DUWL may be insufficient to precipitate frank
infection but may ‘immunise’ the dentist. 

These results were not confirmed in publications from two of the
London dental schools who reported legionellae in the DUWL but
found no correlation with respiratory illness or legionella serconver-
sion in their staff.7,23 A single fatal case of legionella pneumonia in a
dentist caused by L. dumoffi has been reported. L. dumoffi and other
Legionella spp were recovered from his surgery waterlines after his
death, but only in low numbers from his domestic water supply.13

There are no other substantiated cases of occupational Legionnaires’
disease linked to dentistry. UK epidemiological surveillance data
from notified cases of Legionnaire’s disease revealed a small number
of dentists who had contracted Legionnaires’ disease but investiga-
tion of their DUWL were not performed. The dentists had other
recognised risk factors for legionellosis and no causal occupational
association was made by the authors of the report.24

The very low seroprevalence of raised antibody titres to L. pneu-

mophila detected in the dentists establishes that the risk to the den-
tists’ health in general dental practice in London and Northern Ire-
land from potential occupational exposure to legionellae was mini-
mal. If there was a risk from long-term exposure to legionellae then
it would be expected to be seen first in the dental team as they have
the highest and most prolonged risk of exposure. However, the lack
of any evidence of long-term exposure in the dentists, strongly sug-
gests that patients would also be at minimal risk of serious respirato-
ry illness. 

Nevertheless there is no room for complacency25 and dentists are
required to comply with the Health and Safety at Work Act 1974 and
the Control of Substances Hazardous to Health Regulations 1999 and
implement the water management guidance described in the Heath
and Safety Commission’s Approved Code of Practice: The control of
legionella bacteria in water systems which came in to force in 2001.9

This work was supported by a grant from the NHS National Primary Dental Care
Research and Development Programme RDO/90/08. The assistance of Mrs Mary
McCartney research nurse is gratefully acknowledged.
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