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1. Executive Summary 
1.1 This study has investigated parts of water distribution systems where 

Mycobacterium spp. and Helicobacter are likely to survive if they gain access 

to water distribution systems. The study assesses the ability of these 

organisms to survive within water distribution systems and colonise biofilms 

and deposits from water mains and domestic plumbing, particularly those 

subject to intermittent flow and localised heating. The prevalence and 

significance of any Mycobacterium avium Complex (MAC), Mycobacterium 

avium subsp. paratuberculosis (MAP) and Helicobacter pylori isolated from 

distribution are reported. This is the first study to examine the survival of H. 

pylori in water supply systems in England. 

 

1.2 Three distribution systems, a treated lowland river (area EL), upland 

impounding reservoir (area NW) and groundwater source (area RG) were 

selected and domestic properties served by these distribution systems were 

examined. Water (102 samples), biofilm (43) and deposit (42) samples were 

taken, giving a total of 187 samples. The majority of samples (140) were 

taken from 18 different domestic properties (houses and school premises). In 

addition there were 36 samples taken from nine hydrants on the three 

different distribution systems, five water meters samples were taken from 

area NW and six deposit samples taken from a service reservoir in area NW.  

 

1.3 All 187 samples were analysed for Mycobacterium spp. and 151 samples 

(excluding the 36 hot water samples taken at the domestic properties, which 

would be unlikely to yield Helicobacter spp.) were analysed for Helicobacter 

spp.  

 

1.4 There were no Helicobacter spp. cultured from the 151 samples, however, 

there was evidence of Helicobacter spp. DNA in 39 (26%) samples overall. Of 

the 18 domestic properties 16 (89%) had samples positive in one or more of 

the PCR assays; 33 of 115 (29%) samples from these properties were 

Helicobacter spp. positive and six of the positives were identified as H. pylori. 

Three of these six H. pylori were confirmed by direct sequencing. By PCR H. 

pylori were only detected in biofilm or deposit samples from five properties. 

The six reservoir deposit samples and five water meter samples were 
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negative for both culture and PCR. However four of the nine water hydrants 

were DNA positive in at least one of the PCR assays, yielding six positive 

samples. Overall Helicobacter spp. and H. pylori DNA were detected more 

frequently in biofilm samples (42%) and were more prevalent in area NW 

(31%) than areas RG (26%) and EL (20%). 

 

1.5 The absence of culturable H. pylori in samples suggests that although these 

organisms can gain access to water distribution systems there is no evidence 

that they can survive disinfection. 

 

1.6 The methods for the isolation of Mycobacterium spp. were refined from those 

used for the previous project; to improve detection large volumes of water 

were sampled, decontamination procedures were optimised, Mycobacterium 

spp. were enumerated and the identification of mixed cultures of 

Mycobacterium spp. was improved. The results suggest that Mycobacterium 

spp. were only present in low numbers. Although relatively few sites yielded 

MAC and no MAP were found, other Mycobacterium spp. were isolated from 

a wide range of domestic sites. Mycobacteria were isolated from every type of 

sample, most commonly isolated from showers (67%) and least commonly 

from tap net deposits (17%). Ten samples were positive for MAC and these 

were from shower (three samples) and hot water (four samples) in properties 

and from reservoir (one sample) and water meter (two samples) deposits. 

Overall Mycobacterium spp. were more prevalent in area EL (60%) compared 

to both NW (45%) and RG (43%). However MAC appeared to be more 

common in area NW (11%) upland impounding reservoir, than the other areas 

RG (2%) and EL (2%).  

 

1.7 It is clear that there is widespread public exposure to mycobacteria in general 

and to M. avium in particular. Reported clinical cases of non-tuberculosis 

mycobacterial infections in the UK remain relatively low. There is no 

conclusive evidence for the presence of M. avium subspecies 

paratuberculosis in drinking water itself. 

 

1.8 The detection of MAC in water samples is further evidence that these 

organisms can survive water treatment and grow within distribution. It is likely 

that in some domestic and institutional settings much larger numbers of MAC 

may grow. It is also likely that the risk of acquiring MAC in an 
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immunocompromised patient is likely to be increased where the number of 

MAC present in water is increased. There is obviously widespread exposure 

of people to MAC and this does not appear to have caused a major public 

health problem. There would be no need for control measures in most cases. 

 

1.9 MAP was not detected in any samples. Its common presence in animal 

faeces suggests that it can get into source waters. The absence of MAP 

detection in any samples may reflect a genuine absence or a continuing 

problem with the technology for detecting this very slow- growing organism. 

As there is no conclusive evidence of the presence of MAP the exact public 

health consequences are unclear. 

 
1.10 These results demonstrate the strengths and inadequacies of the 

methodologies for isolating MAC, MAP and H. pylori. Further work on method 

development is required for an assured position on the significance of these 

results. 

 

1.11 The rare occurrence of MAP (0%), MAC (5%) and H. pylori (4%) within water 

distribution and properties in England are unlikely to be a major public health 

concern.  
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2. Introduction 

2.1 Background 
The previous study, “Fate of Mycobacterium avium Complex (MAC) in drinking water 

treatment and distribution” (Hunter et al., 2001) developed culture methods for MAC 

and Mycobacterium avium paratuberculosis (MAP) from water and examined treated 

water samples from six sites representing different water sources (groundwater, river 

water, impounding reservoir) and different types of treatment. The study did not 

detect MAP in any samples and MAC was only occasionally isolated. Although 

Mycobacterium spp. were detected too infrequently to draw definitive conclusions, it 

was suggested that these organisms were more common in lowland river water and 

upland impounding reservoir water.  

 

There has been little work done on the isolation of Helicobacter pylori from water. A 

study in a water supply in Scotland demonstrated the presence of H. pylori (Park et 

al., 2000). However they used methods based solely on PCR, which raises concerns 

about whether any positive results merely reflected dead organisms that are of no 

public health significance. It is important to distinguish living from dead H. pylori 

bacteria; ideally therefore a culture method is required.  

 

The current study focused on particular areas of water distribution systems where 

Mycobacterium spp. are likely to survive if they are present in treated water; such as 

in biofilms and deposits from water mains and domestic plumbing systems, 

particularly those subject to intermittent flow and localised heating. This study also 

investigated the survival of H. pylori in water supply systems, capability of surviving 

water treatment disinfection processes and colonising biofilms in supply systems. 

 

2.2 Mycobacterium spp. 
Mycobacterium avium complex (MAC) can cause serious infections, especially in 

immuno-compromised patients such as those suffering from AIDS. There is now 

strong evidence that MAC infections may be acquired by exposure to water 

contaminated with MAC (Aronson et al., 1999; Falkinham et al., 2001).  There have 

been reports of MAC bacteria isolated from up to 30% of samples from water 

supplies in developed countries. 
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Paratuberculosis (Johne’s disease) affects, cattle, sheep, goats, llamas, camels, 

farmed deer, and other domestic, exotic and wild ruminants and wild rabbits. It is a 

chronic, contagious enteritis, characterized by progressive, and persistent diarrhoea, 

debilitation, weight loss, and eventually death. The distribution of this disease is 

worldwide. Dairy animals have a drop in milk production. The disease is progressive 

and terminates in emaciation and death. Johne’s disease is caused by 

Mycobacterium avium paratuberculosis (MAP). 

 

Crohn’s disease is a chronic inflammatory disease of the gastrointestinal tract of 

humans. There is concern that MAP may be a cause of Crohn’s disease (Hermon-

Taylor et al., 2000). There is increasing evidence for this, but the hypothesis remains 

unconfirmed. Studies have demonstrated MAP in tissue from patients with Crohn’s 

disease, and it remains unclear whether these are colonising the intestines of 

patients with this disease or causing the disease. Given the severity of the disease it 

is important to investigate the possible linkage further and to investigate possible 

routes of transmission.  

 

As MAC have been isolated from water and linked to infection in AIDS patients, there 

is concern that Crohn’s Disease may also be associated with infection by MAP 

acquired by the water route. 

 

The isolation of Mycobacterium spp. from water systems is time consuming and 

complex.  There is little data in the UK about their distribution in treated water 

systems; a recent study (Hunter et al., 2001) suggests that Mycobacterium species 

are more commonly isolated from raw lowland river water and upland impounding 

reservoir water than in groundwater. Treated water samples had lower rates of 

contamination with Mycobacterium spp. than raw water samples. Such knowledge is 

essential to make a fully informed risk assessment of MAC and MAP associated with 

treated water supplies. 

 

2.3 Helicobacter 
Helicobacter pylori is probably the most common organism causing chronic infectious 

disease. It is a Gram-negative, microaerophilic bacterium associated with gastritis, 

duodenal or gastric ulcers, mucosal associated lymphatic tissue (MALT) lymphoma 

and gastric cancer in humans (Sanders et al., 2002). H. pylori may infect around half 

the worlds population and lifelong carriage is common (Axon 1997). Infections are 
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more prevalent in developing countries and are associated with overcrowded living 

conditions. Nevertheless about 30% of the UK population is infected. 

 

The evidence for and against the possible transmission routes, ie; faecal-oral, oral-

oral and gastric- oral has been reviewed (Axon, 1997; Stone, 1999). While there is no 

direct evidence to implicate any of these routes, epidemiological data fits gastric-oral 

transmission best (Axon 1997). It is suggested that H. pylori can survive well in the 

mucus of vomit, but is difficult to culture or detect in the mouth or faeces. As infection 

is thought to occur predominantly in childhood it is possible that vomiting plays an 

important role in transmission. The principal reservoir of H. pylori appears to be the 

human stomach, with transmission occurring by person-to-person passage 

(Rothenbacher et al., 2002) and although further sources have been explored, none 

have yet been found to be routes of human infection. 

 

It has been suggested that water and the associated biofilm may be an 

environmental transmission route for spreading the disease.  Although H. pylori is 

unlikely to grow in the environment, it can survive well in acidic, high moisture 

conditions (Jiang & Doyle 1998). It can also form coccoid forms that may remain 

within the environment in a viable but non-culturable form (Cellini et al., 1994). H. 

pylori has been found to survive for 192 hours as a component of the biofilm flora in a 

model distribution system (Mackay et al., 1998). H. pylori has been shown to form a 

water insoluble biofilm when grown in a 10% strength Brucella broth, and this may be 

important in its survival in the environment (Stark et al., 1999).  In 1994 Enroth and 

Engstrand used molecular detection (PCR) and immunomagnetic separation 

techniques to study spiked water samples and found that it is possible to detect the 

bacterium in the rod-shape form (Enroth& Engstrand, 1995). Further to this in 1998, 

the same team evaluated water samples from Swedish wastewater, well water and 

municipal water sources. They found nine of 24 private wells, three of 25 municipal 

tap water sources and three of 25 wastewater samples to be positive using an H. 

pylori specific PCR assay (Hulten et al., 1998). MacKay and colleagues (1998) 

followed this work with a study of water-pot biofilm in the Gambia, Africa on 65 

infants using analysis by DNA sequencing. The team successfully isolated DNA 

showing 95% homology to the 16S rRNA of H. pylori from the biofilm of water pots 

(Bunn et al., 2002). A Japanese study looked at the molecular presence of H. pylori 

in pond and river water using a nested PCR technique (Sasaki et al., 1999). They 

detected specific DNA in the water that was highly homologous (96-100%) with the 
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H. pylori sequence in the GenBank database. However, there is no evidence to 

indicate whether the organisms were viable.   

 

A study of H. pylori infection in Lima, Peru used the 13C-urea breath test to study 

infection in children (Klein et al., 1991). They found children from high-income 

families whose homes were supplied by municipal water were 12 times more likely to 

be infected than those supplied from community wells. Another study in Columbia 

found the strongest predictor of infection was the number of people, particularly 

children, who lived in the home (Goodman et al., 1996). Swimming in rivers, streams, 

or pools increased the odds of infection, as did using streams as a source of drinking 

water. Also children who frequently consumed raw vegetables or had contact with 

sheep were more likely to have the infection. Because the results did not implicate a 

single mode of transmission, the possibility of multiple pathways is indicated. A follow 

up study of the water found copies of the PCR product from the H. pylori adhesin 

gene in 24 of 48 water samples, and copies of both this and the H. pylori 16S 

ribosomal RNA gene from 11 samples (Hulten et al., 1996). 

 

Immunological detection of H. pylori in environmental samples began to increase in 

the late 1990’s; perhaps due to the increase in the specificity of DNA based detection 

methods.  Although these are highly sensitive, they may give false positive results, 

mainly due to the large amount of uncharacterised environmental DNA in samples. 

Hegarty and colleagues in 1999 adopted a staining technique using fluorescent 

antibody cyanoditoyl tetrazolium chloride (CTC) anti-H. pylori antibody and 

microscopy (Hegarty et al., 1999). This work looked at surface water in the USA and 

showed actively respiring microorganisms binding monoclonal anti-H. pylori 

antibodies in the majority of surface and shallow groundwater samples tested. The 

same staining technique was used to detect H. pylori in untreated well water samples 

in the USA (Baker & Hegarty, 2001). H. pylori was also detected using a PCR 

hybridisation technique in water systems intended for human use in Mexico City 

(Mazari-Hiriat et al., 2001). Samples were taken from wells, dams and wastewater 

sources (pre and post treatment) but did not represent water or biofilm from treated 

mains water systems (as has examined in the UK in this study). However, H. pylori 

has been detected using a nested PCR technique from a section of cast iron mains 

distribution pipe removed from an urban environment in the Northeast of Scotland 

during routine maintenance work (Park et al., 2001). 
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There is no standard method for the detection of H. pylori in environmental samples 

perhaps due to the highly sensitive nature of the bacterium and the vast amount of 

bacterial competition in such a sample. Consequently, molecular detection methods 

have been more widely used than culture based methods.  There is potential for 

appropriate culture techniques for investigating the survival of these organisms in 

biofilms and water supply systems. Lu and colleagues were the first to successfully 

isolate the bacterium by culture techniques from an untreated municipal wastewater 

canal on the US-Mexico border (Lu et al., 2002). The samples were heavily 

contaminated, as they were collected from an untreated raw sewage source in an 

area where the H. pylori prevalence was high at around 74%. Under these 

circumstances the environmental conditions may well assist the survival of H. pylori 

and are very different from those the organism might be exposed to in treated 

drinking water supplies in developed countries where prevalence rates are lower (30-

40%). 

 

H. pylori has not been isolated from mains water, and viable cells are unlikely to 

survive chlorination (Hegarty et al., 1999). A link was proposed between the 

detection of H. pylori in the drinking water, and cases of stomach ulcers in residents 

who consumed the water.  Because it is sensitive to bile salts viable H. pylori is 

unlikely to be excreted in the faeces of healthy adults. Under conditions where there 

is reduced acidity in the stomach and rapid transit through the intestinal tract viable 

organisms may contaminate faeces. This would be most likely in children with 

diarrhoea. There is little evidence from culture to implicate adequately maintained 

and disinfected public water supplies as being a significant transmission route for H. 

pylori.  Nevertheless several studies, have reported evidence of Helicobacter spp. in 

water by PCR based methods in USA (Hegarty et al., 1999), Germany (Krumbiegel 

et al., 2001), Scotland (Park et al., 2001), Mexico (Mazari-Hiriart et al., 2001) and 

Japan (Sasaki et al., 1999). 

 

This work is the first to test for the presence of Helicobacter in a public mains water 

source in the England. 
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2.4 Research Objectives 
Ø To identify and enlist the co-operation of water companies in obtaining 

samples of water, biofilms and deposits from three distribution systems fed by 

(1) treated lowland river, (2) impounding reservoir and (3) groundwater 

sources, and to analyse these for the presence of MAC, MAP and H. pylori. 

 

Ø To identify suitable domestic properties served by the same three distribution 

systems (identified in 3.1) and obtain water, biofilm and deposit samples from 

storage tanks, bathroom taps and showers within these domestic properties 

and to analyse these samples for the presence of MAC, MAP and H. pylori. 

 

Ø To improve the methodology for the isolation of MAC and MAP through 

continued development work. 

 

Ø To report on the prevalence and significance of any MAC, MAP and H. pylori 

isolated from the water, biofilm and deposit samples. 

 

Ø To carry out a programme of monitoring for MAC, MAP and H. pylori bacteria 

at each site with a view to characterising the typical concentrations and 

potential seasonal variation in these bacteria in three different distribution 

systems and in the water supplied to domestic properties from these systems. 

 

Ø To concurrently examine samples from the distribution systems and from 

consumers’ premises in order to establish whether there is any change during 

distribution of the concentrations of MAC, MAP or H. pylori.  

 

Ø To determine the potential for H. pylori cells to remain viable in the three 

distribution systems fed by treated lowland river, impounding reservoir and 

groundwater sources. 

 

Ø To assess the data and report on whether passage through the distribution 

systems causes an attenuation or increase in concentrations of MAC, MAP or 

H. pylori and to assess whether maintenance of disinfectant residuals has any 

influence on bacterial concentrations. 

 

Ø To review the literature on the association with and detection of H. pylori in 

water, with the emphasis on developing a methodology for the detection and 
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culture of H. pylori from water, biofilm and deposit samples taken from 

storage tanks, bathroom taps and showers within defined domestic and other 

properties. 

 

Ø To investigate possible culture techniques for H. pylori and advise on the 

necessity and feasibility of monitoring water supply systems for this organism.  

 

Ø To report on the effectiveness of treatment processes used in the selected 

distribution systems in removing and/or inactivating H. pylori bacteria. 
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3. Materials and Methods 
The laboratories operate under UKAS (FSML accreditation No.1595) and CPA (LEP 

accreditation No.1683) quality systems. Throughout the study known positive and 

negative controls of MAC, MAP and H. pylori were included in each set of analyses. 

3.1 Selection of Water Distribution Systems and Properties  
Water, biofilms and deposits from the three drinking water distribution systems and 

their associated domestic properties were examined. The study sites and a 

programme of sampling from each of them were agreed with the Drinking Water 

Inspectorate (DWI) in collaboration with the Water Companies. Three distribution 

systems, selected as served by a clearly defined source, were used for this study. 

The distribution systems were; a treated lowland river (area code EL), upland 

impounding reservoir (area code NW) and groundwater/borehole source (area code 

RG). Eighteen domestic properties (six from each area) served by these water 

distribution systems were recruited to the study. The recruitment was by letter 

(Appendix 1) that was sent to over 100 properties, including schools and other public 

buildings (for example, hospitals, surgeries, council offices) in each area. Those 

interested were requested to complete a short form (Appendix 1) and return it to the 

Environmental Surveillance Unit (ESU). Telephone contact was made with those 

returning forms to arrange appointments (during the agreed sampling periods) for our 

sampling officer to attend the premises and take the samples. Written confirmation 

was sent to all those agreeing to take part.   Appropriate samples of water, biofilm 

and deposit were taken.  

The participating Water Companies collected the appropriate samples at the required 

times coinciding where possible with the same day or within the same week that the 

domestic samples were collected. Water and sediment samples were taken from 

hydrants at the water supply zones on 20/11/02, 2/12/02 and 27/12/02 respectively.  

For pragmatic reasons, water and sediment samples from the same hydrants were 

taken again on 1/4/03, 29/4/03 and 15/04/03 respectively.  In addition water meter 

biofilm and reservoir sediment or deposit samples were taken from area NW. 

The samples were delivered to the Water and Environmental Microbiology Reference 

Unit (WEMRU), for sample preparation (e.g. centrifugation and filtration). Prepared 

water, biofilm and deposit samples were sent for processing (inoculation, culture, 

typing, speciation and archiving) for Mycobacterium spp. to the Mycobacterium 

Reference Unit (MRU) and for H. pylori to the Helicobacter Reference Unit (HRU).  
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3.2 Sampling from Premises 
A preliminary survey was undertaken to establish the layout of the plumbing system, 

to determine the point of entry of the public supply water into the building, identify the 

first tap off the main supply, establish the position of the header tank (if any), water 

heater and hot water outlets. At each property the sampling officer and the property 

owner completed a property survey questionnaire (Appendix 2). 

 

Water samples were collected into sterile 10L and/or 2.5L bottles containing sodium 

thiosulphate 5-hydrate (BDH, UK), which gave a final concentration of 20mg L-1.  

Unless otherwise stated, first flush water samples were collected.  Ten litre samples 

were taken from the kitchen cold tap, header tank (or bathroom cold tap) and the 

shower.  Samples of 2.5L were taken from the kitchen hot tap and the bathroom hot 

tap.  Using a sterile Jumbo Swab (Technical Services Consultant Ltd., Lancashire, 

UK), biofilm samples from the header tank, water closet cistern and the showerhead 

were collected.  An area of 100cm2 was swabbed where appropriate. A sample of 

any deposit in the household water supply was collected, by securing a sterile tap net 

pore size 2.5 �µm (Normesh Ltd., Lancashire, UK), onto a surface decontaminated tap 

and flushing for 2 minutes. 

 

A detailed protocol for sampling is given in Appendix 3. 

 

3.3 Protocol for Sampling Private Dwellings 
This protocol is applicable to detection of bacterial species in the water systems of 

private dwellings. For the water samples, 10L cold water samples and 2.5L hot water 

(for Mycobacterium spp. only) samples were taken. Tap net deposit samples and 

biofilm swab samples were also taken from properties.   

The samples taken from properties and other sites are given in Appendix 4. 

 

3.4 Storage and Transport of Samples 
Samples were protected from direct sunlight and heat during transport to the 

laboratory. Samples were analysed within 24h of collection. 
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3.5 Processing of Samples 

3.5.1 Cold water (10L) samples 
Cold water samples were taken from properties (header tank or bathroom cold tap, 

shower and kitchen cold tap) and from water hydrants.  Each water sample was 

filtered through a 142mm diameter 0.45µm pore sized nylon membrane. The 

membrane was transferred into a sterile 140mm petri dish, 25ml phosphate buffered 

saline (PBS) was added and the organisms resuspended using a cell scraper to rub 

the surface of the membrane and elute the deposit from the surface.  The 25ml 

suspension of the deposit processed from the cold water sample was divided as 

follows, where 10ml of suspension is equivalent to 4L of the initial volume: 

10ml for Helicobacter analysis  

10ml for mycobacterium analysis 

5ml stored at –80oC at WEMRU 

 

The 10ml for mycobacterial analysis was divided into two 5ml portions and treated 

using the methods previously described (Hunter et al., 2001) for both MAC and MAP. 

The procedures for sample decontamination and culture are described in full in 3.6. 

 

3.5.2 Hot water (2.5L) samples 
Hot water samples were taken from a tap closest to the boiler (usually the bathroom) 

and from a tap furthest from the boiler (usually the kitchen).  These samples were 

processed in the same way as the cold water samples (described above) but were 

only analysed for Mycobacterium spp., as helicobacter are very unlikely to survive 

under these conditions. 

 

3.5.3 Biofilm samples 
Biofilm samples from properties were swabs of a 100cm2 area from water tank, 

showerhead and toilet / water closet (WC), placed in 10ml PBS. This was further 

diluted to 25ml and biofilm was removed from swabs by gentle agitation. All samples 

were centrifuged at 600g for 30 mins at 4oC. The pellet was resuspended in 25ml 

PBS and then divided into 10ml each for the detection of helicobacter and 

mycobacterium, with the remaining suspension frozen at –80oC.  
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Biofilm swab samples were also taken from decommissioned water meters from area 

NW. The water meters arrived at the laboratory in sealed individual bags. The water 

meters were difficult to open and the screws had to be drilled out by the works 

department before being returned to the laboratory. However, at no time were the 

water meters opened up outside the laboratory, as the meters had to be prised apart 

using a screw-driver before swabs of biofilm could be taken from the inside.  These 

swabs were treated as described above. 

 

3.5.4 Deposit samples 
Tap and hydrant net samples were received as damp nets in a resealable bag. 

Deposit nets were aseptically inverted placed in a sterile 140mm diameter Petri dish 

containing 25ml PBS. The deposit was removed by manual manipulation. All 

samples were centrifuged at 600g for 30 min at 4oC. The pellet was resuspended in 

25ml PBS using a sterile cell scraper.  The 25ml suspension was divided into 10ml 

each for the detection of helicobacter and mycobacterium, with remaining suspension 

stored frozen at –80oC.   

 

Swab samples were also received from a reservoir drained down for servicing from 

area NW. The sediment or sludge at the bottom and side of the reservoir were 

sampled and these swabs were treated as described above in section 3.5.3. 

 

3.6 Mycobacterium Methods 

3.6.1 Sample Decontamination 
Each 10ml of filtered sample for mycobaterial analysis was divided into two 5ml 

portions and treated using different methods for the isolation of MAC and MAP. 

3.6.1.1 M.avium complex (MAC) decontamination 
To 5ml of the processed sample, cetyl pyridinium chloride (CPC) and Tween 80 was 

added to a final concentration of 0.05%. The sample was incubated for 15 min at 

room temperature to decontaminate and centrifuged at 4,000g for 15 min (total 

contact time 30 min).  The pellet was washed in 5ml PBS, recentrifuged for 15min at 

4,000g and resuspended in 1ml PBS. 
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A serial dilution of the selected positive control was prepared approximating to the 

turbidity of a 0.5 McFarland barium sulphate standard; 25µl of the control was added 

to 5ml PBS and treated alongside the other samples in that run as a decontamination 

and method positive control. 

 

3.6.1.2 M.avium subsp. paratuberculosis (MAP) decontamination 

To 5ml of the processed sample, CPC was added to a final concentration of 0.75%.  

The sample was incubated for 15 min and then centrifuged for 15min at 4,000g  (total 

contact time 30min).  The pellet was washed in 5ml PBS, centrifuged for 15min at 

4,000g and resuspended in 2ml PBS. 

 

A serial dilution of the selected positive control was prepared as described above for 

MAC as a decontamination and method positive control. 

 

3.6.2 Culture conditions 

3.6.2.1 M.avium complex (MAC) culture 
The 5ml suspensions treated for the isolation of MAC were used to inoculate two 

75cm2 screw-cap tissue culture flasks and two standard size single-vent petri dishes 

containing 10ml Middlebrook's 7H10 agar and cycloheximide, 250µL on each. 

Cultures were read after 10 weeks incubation at 37oC in a mixture of air and 5% CO2. 

The presence of Acid-fast bacilli was determined by modified Ziehl-Neelson staining 

of any bacterial growth. Mycobacterium spp. colonies were subject to DNA extraction 

and identification by the PCR -restriction enzyme analysis (PRA) method (see 

section 3.6.3).  

 

3.6.2.2 M.avium subsp. paratuberculosis (MAP) culture  
For the 5ml suspensions treated for the isolation of MAP, two slopes of Herrold’s Egg 

Yolk Medium (HEYM) without mycobactin J and two with mycobactin J (Becton 

Dickinson) were inoculated with 250µL each of the decontaminated material and 

incubated at 37oC for 16 weeks in an atmosphere containing 5% CO2. AFB positive 

cultures were identified using the PRA method (see section 3.6.3). 

 

The remaining 1ml was divided equally and used to inoculate 2 MB BacT 

(Biomerieux) bottles (0.5ml each). The MB BacT bottles each contained: 10ml MB 
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BacT Alert MP liquid media (supplied, Biomerieux), 0.5ml antibiotic supplement 

(made up according to the manufacturers instruction), 0.5ml egg yolk emulsion 

(Oxoid), and 20µl 1mg/ml mycobactin J (Synbiotics) at a final concentration of 0.02%. 

Samples were incubated at 37oC for a maximum of 70 days in an Organon Tecknika 

MB BacT 240 automated growth detection incubator. 

  

Bottles that flagged positive within 70 days were unloaded and a 4ml sample 

removed. The sample was spun for 15min at 4,000g and the pellet resuspended in 

~1ml of supernatant. A sterility check was performed by inoculating a LB plate with 

10µl of the suspension and incubating overnight at 37oC to check for rapidly growing 

heterotrophs. DNA extraction was then performed on 500ml of the sample for PRA. 

The remaining 500ml was used to inoculate two HEYM slopes one with and one 

without mycobactin J to obtain pure culture. The positive MB BacT bottles were 

reloaded and incubated for the full 70 days to allow time to culture any slow growing 

Mycobacterium spp. that may have been present.    

 

Powdered 7H10 agar is available commercially (Becton Dickinson): 19g were 

dissolved in 450 ml sterile water containing 5ml glycerol. The solution was allowed to 

boil for one minute and autoclaved at 121oC 10 minutes. 50ml of OADC enrichment 

(Becton Dickinson) was added aseptically prior to pouring, once the agar had cooled 

to about 50 oC. Cycloheximide or Natamycin were added to a concentration of 500 

mg ml-1 and 250 mg ml-1 respectively, prior to autoclaving if required. 

 
 

3.6.3 Molecular Methods  

3.6.3.1 DNA extraction  
A quick extract method was used on all culture types, providing DNA of sufficient 

quality for molecular analysis. Mycobacterial colonies resuspended in 250ml of sterile 

water or 250-500ml of liquid culture were incubated in an equal volume of chloroform 

for 20 min at 80oC. The reaction mix was then cooled on ice for 5 min and 

centrifuged at 12,000g for 5 min. The upper aqueous layer containing the extracted 

DNA was removed and stored at –200C. 
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3.6.3.2 PCR-Restriction Enzyme Analysis (PRA) 
Mycobacteria were identified to species level using the PRA technique. This 

technique involves the amplification of a 439bp fragment from hsp65 gene, which 

encodes a 65 kDa heat shock protein, with primers common to all mycobacteria: 

 

Tb11: 5’ ACC AAC GAT GGT GTG TCC AT 3’ 

Tb12: 5’ CTT GTC GAA CCG CAT ACC CT 3’ 

 

The reaction components were set up in the following proportions (total volume 50µl): 

Taq (5Uµl-1)   0.25µl 

Buffer    5µl 

dNTP’s (10mM)  1µl 

Tb11 (20µM)   2.5µl 

Tb12 (20µM)   2.5µl 

MgCl2 (50mM)   1.5µl 

Glycerol (50%)  10µl 

H2O     24.25µl 

Sample extract  3µl 

 

The reaction was transferred to a PE9700 thermocycler for the reaction: 

94oC   5min  initial denaturation 

93oC  30 sec 

62oC  30 sec  } 35 cycles 

72oC  1min 

72oC  10min  final extension 

 

PCR products (5µl) were run on a 1.5% agarose gel alongside 100bp markers to 

confirm amplification of the correct product. 

 

The product was subsequently digested with two separate restriction enzymes under 

the following conditions: 

10µl PCR product 

0.5µl(~5U) enzyme BstEII or HaeIII 

2.5µl restriction buffer 

11.5µl sterile distilled water 

Incubate at 60oC (BstEII) or 37oC (HaeIII) for 60min 
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The reaction was stopped by addition of a PAGE 10x loading buffer (20% Ficoll 400 

0.1M Na2EDTA, 1% SDS, 0.25% bromophenol blue). 8µl of each digestion reaction 

was run on a 10% pre-cast TBE gel (BioRad) alongside 100bp and 25bp markers. 

The BstEII and HaeIII digests for each sample were run next to each other on the 

gel. DNA was visualised with ethidium bromide. Restriction patterns were compared 

to a restriction pattern algorithm previously produced by the MRU. 

 

3.6.3.3 IS900 PCR  
PRA is unable to differentiate between M. avium subspecies, therefore IS900 nested 

PCR was performed to distinguish MAP isolates (IS900 positive) from all other  

M. avium subspecies (IS900 negative).  The first round of PCR uses the primers  

 

LIZ1: 5’ CTT TCT TGA AGG GTG TTC GG 3’ 

LIZ2: 5’ ACG TGA CCT CGC CTC CAT 3’ 

 

and the cycle conditions  94oC for 10min x1 

94oC for 1min 

58oC for 1min  }30 cycles 

72oC for 3 min 

72oC for 7min x1 

 
The second round (nesting) of PCR uses the primers 
 

AV1:5’ ATG TGG TTG CTG TGT TGG ATG G3’ 

AV2: 5’ CCG CGG CAA TCA ACT CCA G 3’ 

 
and the cycle conditions  94oC for 10min x1 

94oC for 1min 

58oC for 1min  } 40 cycles 

72oC for 3 min 

72oC for 7min x1 
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To avoid amplicon contamination, both sets of reaction mix were prepared at the 

same time: 

 

Hot star taq  2U 

Buffer with MgCl2 1x 

Primer 1  2µM 

Primer 2  2µM 

dNTP’s  100µM 

DMSO   10% 

Water   up to 50µl 

Sample  2.5µl 

 

From each primary amplification, 2.5µl was used as the template for the second 

round of PCR.  

 

The final product (5µl) was visualised on a 1% agarose gel. The IS900 nested 

product is 298bp in size. Samples containing high concentrations of template DNA 

also produced faint non-specific bands at 350bp 400bp and 700bp.  

 

A second, more specific nested IS900 PCR (TJ1-4) of a different region of the 

insertion sequence IS900 was employed to confirm all positives from the LIZ/AV 

primer PCR. 

The PCR reaction conditions were identical to the LIZ/AV PCR, except an annealing 

temperature of 60oC was required for the TJ primers. The first round of amplification 

used the primer pair 

 

TJ1: 5’ GCT GAT CGC CTT GCT CAT 3’ 

TJ2: 5’ CGG GAG TTT GGT AGC CAG TA 3’ 

 

The products of this reaction then served as the template for a second PCR reaction 

with the primer pair 

 

TJ3: 5’ CAG CGG CTG CTT TAT ATT CC 3’ 

TJ4: 5’ GGC ACG GCT CTT GTT GTA 3’ 
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3.6.3.4 16s rRNA gene Sequencing 
A number of novel restriction patterns were generated by PRA. Sequencing of the 

16S rRna gene was employed to identify these Mycobacterium spp. 

 

For each template, the following reaction mix was prepared for amplification of a 

~200bp ribosomal fragment (total volume 25µl): 

 
Purified water     21µl  

10X reaction buffer     2.5µl  

dNTP (10mM)     0.5µl  

Primer mix* (20µM each)   0.5µl 

HotStarTaq DNA polymerase (5U/µl) 0.1µl 

DNA template     1µl 

 

* primer mix :  10 µl 20mM MR5uni, 10 µl 20mM MR7rev in 80µl purified water. 

 

 

Reactions were cycled in a PE 9700 using the following programme: 

 

94oC for 15min x1 

95oC for 15sec 

60oC for 30sec  }30 cycles 

72oC for 60sec 

72oC for 5min x1 

 

PCR products were then analysed on a 1.5% agarose gel.  

 

Positive PCR reactions are diluted 1/100 in purified water and the following labelling 

reaction mix was prepared: 

 

2µl Quick start Master mix 

1µl primer 16S5F(1.0pmol/µl) OR primer 16S5R (1.0pmol/µl) 

2µl diluted PCR product 
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The tubes were then cycled in a Perkin Elmer 9700 using the following programme: 

 

96oC for 3min x1 

96oC for 20sec 

60oC for 30sec  }30 cycles 

60oC for 90sec 

             

The labelled fragments were precipitated with ethanol: 

 

Mix 20µl water + 2.5µl 3M NaOAc + 75µl ice cold ethanol + 0.1µl glycogen (20mg/ml)  

Spin at 1100 x g for 30 minutes @ 4°C. 

Drain the tray and add 200µl cold 70% ethanol then spin for 15 min at 4°C. 

Drain the tray and add 200µl cold 70% ethanol then spin for 15 min at 4°C. 

Drain the tray and pulse spin the tube inverted on a paper towel to 10 X g. 

Desiccate for 15 min. 

  

The pellet was then re-dissolved in 30µl formamide and oil overlay added. 

The tray was then loaded into a Beckman Coulter CEQ 8000 analyser operated 

according to the manufacturers instructions. 

 

3.6.3.5 HAIN Genotype strips 
Due to technical difficulties with the sequencing software, a number of the 

mycobacteria that produced novel PRA patterns were eventually identified using 

commercially available HAIN Genotype nucleic acid strips, which detect short 

sequences and will detect MAP. This was done in accordance with the 

manufacturers protocol.  

 

3.6.4 Phenotypic Testing 
To confirm the preliminary PRA identification, pure cultures isolated from all media 

were identified using a phenotypic identification panel. A suspension of each sample 

was made by inoculating 5ml liquid with a swab of culture into a bijoux bottle, which 

was then placed on a magnetic stirrer for ~5 min. The panel consisted of 10 slopes of 

Lowenstein-Jenson (LJ) media with a range of additives and 3 different liquid media. 

The slopes were inoculated with 10µl of suspension, the liquids with 20-30µl. In 
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addition, ~100µl was used to inoculate 5ml of Middlebrook's 7H09 for archive 

purposes. 

 

The panel creates a phenotypic profile based on growth on LJ slopes containing 

glycerol at 25 oC, 37oC and 44oC, presence of pigmentation in the light versus 

cultures grown in the dark, growth on the synthetic compounds PNBA (p-

nitrobenzyloxyic acid) and TSC (thiosemicarbazide), and sensitivity to TCH 

(thiophene-2-carboxylic hydrazine) and Ciprofloxacin. Aryl-sulphatase activity, Tween 

hydrolysis and nitrate reduction are biochemically assayed in the liquid media.  

 

 

3.7 Helicobacter Methods 
A protocol for the detection of H. pylori was developed for the analysis of water and 

biofilm samples (Figure 1). 

 

All samples were subject to the initial processing as described in section 3.5 and 

resuspended in PBS. The samples were cultured directly and concentrated by 

immunomagnetic separation (IMS). 

3.7.1 Culture techniques 
20µl of each sample were cultured onto Columbia base agar containing 10% (vol/vol) 

defibrinated horse blood and Dent’s medium (DENT) containing Columbia agar, 7% 

laked horse blood and Dent’s supplement (10mg vancomycin, 5mg trimethoprim, 

5mg cefsulodin and 5mg amphotericin B per litre) under microaerobic conditions (O2 

5%, CO2 5%, H2 2%, N2 88%) in a variable atmosphere incubator (Don Whitley 

Scientific) for 48-96h. 

 

Putative Helicobacter colonies were selected and subcultured onto fresh media. 

Identification was confirmed by Gram-stain, urease, cytochrome oxidase and 

catalase activity.  

 

Prior to receiving samples the initial laboratory work focused on the development of a 

protocol for the detection of H. pylori in water, and the improvement of the sensitivity 

and specificity of the protocol and its adaptation to investigation of biofilm and net 

deposit samples. 
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Figure 1 Protocol for detection of H. pylori in water and biofilm samples 
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3.7.1.1  Evaluation of a selective isolation medium. 
There is no validated selective isolation medium available for H. pylori. In 2000, 

however, a report by Yamaguchi et al. evaluated a Helicobacter selective agar (HSA) 

medium for clinical identification of H. pylori from gastric biopsy samples. We 

contacted the company (Nissui Pharmaceuticals Co. Ltd., Tokyo Japan) and they 

provided us with 20 plates free of charge and shipped them from Japan.  

 

The HSA plates were initially inoculated with H. pylori (H509) and incubated under 

microaerophilic conditions for 48hr.  The strain grew well and colonies appeared 

purple due to the uptake of tetrazolium violet as described (Yamaguchi et al. 2000).   

 
However, further experiments using cultures of Streptococcus, Salmonella, E. coli, 

Campylobacter jejuni and Staphylococcus epidermidis to determine the specificity of 

the medium indicated that all the oxidase-positive organisms, capable of growing at 

37°C in a microaerophilic environment also produced purple colonies on the medium.  

Therefore, although HSA would be a suitable medium for a clinical biopsy sample, 

where the material is rarely contaminated with other organisms, it would not be 

suitable for selective detection of H. pylori in drinking water samples or other 

environmental samples that may contain a heterogeneous microbial flora.  

 
As the HSA medium supported strong growth of H. pylori, even though it did not 

contain whole blood, we performed some experiments to determine if the base 

ingredients excluding tetrazolium violet might provide an alternative isolation 

medium.  A modification of the urease detection system Christensen medium (urea 

agar-base) was researched for possible use within our protocol.  The HSA base was 

combined with 0.012g/litre phenol red and the H. pylori strain was sub-cultured on to 

the plate and incubated for 48 hours. Urease activity is used in several diagnostic 

tests for H. pylori.  When good colony growth was observed, the plate was either 

flooded with 40% urea solution or the urea was placed in the lid of the plate.  Both 

methods produced a pink coloration of the colony and of its immediate surroundings. 

Flooding the plate, however, caused colony dislodging and removal of suspected 

colonies was difficult.  Adding 40% urea solution to the lid of a sample and incubating 

the inverted plate over 1-2 h created a vapour, which prompted a slower, but clearer 

colour change in the medium. 
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The colour change created by the phenol red indicator does not give an easily visible 

result in comparison to the result produced by the tetrazolium violet.  Further work is 

needed to find an alternative indicator that would create a vibrant colour change 

visible within the actual colony and/or the immediate surrounding medium to improve 

H. pylori colony detection.  It is possible that an indicator within the pH range of 

phenol red would produce this effect.  

 

3.7.2 Molecular techniques 
DNA was extracted directly from 1ml sample. Genus specific DNA and H. pylori 

specific DNA were detected using three PCR assays; HGS16S (Linton), 16SHP and 

VacA gene. Each assay was repeated in duplicate. 

3.7.2.1 DNA extraction and PCR amplification 
DNA was isolated from the remaining IMS conjugates and from the original samples 

using the Guanidine Silica technique (Boom). Three PCR assays were performed on 

the extracted DNA; HGS16S targeting the 16S rRNA Helicobacter genus-specific 

gene, HPVacA and 16SHP targeting the VacA and 16SrRNA H. pylori species-

specific genes respectively (Table 1). Samples were considered positive for 

Helicobacter species if one or more assays showed a band of equal molecular weight 

to the positive control.  Amplification conditions are as described in the literature.  

PCR amplicons were subject to electrophoresis on a 1% agarose gel and stained 

with ethidium bromide.  

 

Table 1 Details of Helicobacter genus and species specific PCR assays applied 

Target 

Gene 

Primer 

Name 

Sequence 

(5′′ →→ 3′′) 

Ta 

(°°C) 

Product 

size (bp) 

Reference 

Helicobacter Genus-specific  
16S rrn H297F 

H1026R 

GGC TAT GAC GGG TAT CCG GC 

GCC GTG CAG CAC CTG TTT TC 

58 749 (Logan et al. 

2000) 

H. pylori specific 
16Srrn Hp1 

Hp2 

CTG GAG AGA CTA AGC CCT CC 

ATT ACT GAC GCT GAT TGT GC 

60 109 (Ho et al. 

1991) 

VacA vac3624F 

vac3853R 

GAG CGA GCT ATG GTT ATG AC 

ACT CCA GCA TTC ATA TAG A 

53 230 (Chisholm et 

al. 2001) 
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3.7.2.2 DNA sequencing 
Sequencing was performed on all positive amplicons using the Beckman-CEQ 2000 

according to standard procedure (Owen and Xerry, 2003). 

 

3.7.3 Immunomagnetic Separation (IMS) 
Immunomagnetic Separation was used as an initial concentration step prior to PCR 

amplification. This procedure was applied as a method of contaminant reduction to 

minimise the risk of PCR inhibitors affecting results. Samples were concentrated 

using the Dynal Biotech IMS protocol.  Binding to Dynabeads pre-coated with 

antibody captured H. pylori. Monoclonal mouse anti-H. pylori Immunoglobulin G 

(Europa Bioproducts, Cambridge) was gently rotated with 1ml of Sheep anti-mouse 

Immunoglobulin G pre-coated magnetic beads (Dynabeads M-480 Dynal Biotech, 

Wirral) at 4°C for 24h. The microorganism-bead complexes were separated using a 

magnet (Dynal MPC®-M) in accordance to the manufacturer instructions and 

recommendations of a previous study using the procedure Lu et al. (2002) and the 

beads were placed on media for direct culture or subjected to DNA extraction. 

Following incubation the beads were washed five times with PBS/Tween-20 (0.01%) 

and stored at 4°C until use. 40µl of prepared beads were added to 1ml of sample and 

mixed by gentle agitation as described for 1h at 4°C. Following the attachment step, 

the beads were washed and re-suspended in 300µl PBS/BSA (0.1%) as suggested 

by the manufacturer. 50µl of this conjugate was streaked onto Columbia and Dent 

agar, incubated and identified as described. 

 

4. Sampling Details 

4.1 Distribution of Samples by Premises Type 
The rate of returns from the trawling letter requesting participants for this study was 

low (approx. 10%). There were 17 properties recruited to the study from area EL, 12 

for area NW and 9 from area RG. The types of property recruited to the study are 

shown in Table 2. The majority of the properties agreeing to take part were schools 

(20 of 38). 
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Table 2 Types of property recruited to study 

Type of property Area EL Area NW Area RG 

Flat 1 - - 

Terraced house 3 1 1 

Semi-detached house 1 1 3 

Semi-detached bungalow - 3 - 

Linked –detached house - - 1 

School 9 7 4 

Community centre 1 - - 

Doctors surgery 1 - - 

Hospital 1 - - 

 

Eighteen of the properties were sampled and the detailed questionnaires (Appendix 

2) completed at the time of sampling (Table 3). A total of seven schools, six semi-

detached houses, two semi-detached bungalows, and three terraced houses were 

sampled. Overall the average age of the properties sampled was 57 years (range 30-

114). The properties in area EL were older (average 78 years) > area RG (63y) > 

area NW (48y).  The average size (judged by number of rooms) was 22 rooms for the 

schools and 6 rooms for the houses or bungalows.  All the houses (including 

bungalows) had a bathroom with bath and two had separate showers, while four of 

the schools had showers only. Most properties reported plumbing work within the last 

five years (average 4 years; range <1 to 17 years). However, the age of the plumbing 

system for most of the properties equated to the age of the property, with the 

exception of two properties in area RG. RG4 was the oldest property sampled (114y) 

but has the newest plumbing system (17y) and RG5 is a 35-year-old property with a 

20 years old plumbing system. 
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Table 3 Details Of Properties Sampled 

 

 

Ref 
No. 

Type of 
property 

Age in 
years 

No. of 
rooms 

No. 
toilets 

No. 
bath-
rooms 

No. 
baths 

No. 
hand-
basins 

No. 
showers 

Kitchen 
/utility 
rooms 

Work on 
plumbing 
(years) 

Age of 
system 
(years) 

EL1 Semi-detached 45 6 1 1 1 1 0 1 1 45 

EL2 School 100 12 15 0 0 32 0 0 1 100 

EL3 Terraced 100 7 2 1 1 2 0 1 15 100 

EL4 School 100 17 
4 

blocks 0 0 35 0 1  100 

EL5 School 50 23 10 0 0 40 2 2 <1 50 

EL6 Terraced 75 7 1 1 1 1 1 1 4 75 

NW1 School 35 18 10 0 0 14 1 1 2 35 

NW2 School 37 30 6 0 0 30 2 blocks 1 <1 37 

NW3 Semi-detached 100 5 2 1 1 2 0 1 6 100 

NW4 Semi-detached 42 5 1 1 1 1 0 1 5 42 

NW5 
Semi-detached 
bungalow 40 6 1 1 1 2 0 1 17 40 

NW6 
Semi-detached 
bungalow 32 7 1 1 1 1 0 1 4 32 

RG1 Semi-detached 30 6 2 1 1 2 0 1 <1 30 

RG2 School 51 20 11 0 0 25 1 1 <1 51 

RG3 Semi-detached 100 6 1 1 1 1 0 1  100 

RG4 Terraced 114 5 1 1 1 1 0 1 5 17 

RG5 Semi-detached 35 6 2 1 1 2 1 1 <1 20 

RG6 School 50 35 25 0 0 30 0 4 2 50 
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4.2 Cold Water Systems at Properties 

The pipe work plumbing material used in domestic properties is predominantly 

copper or galvanised steel; twelve properties had copper pipes, four had combination 

copper and steel, one school had plastic, copper and steel, and one had steel pipes 

only (Table 4). For all the properties the mains water supply was traced from where it 

entered the property to a cold tap from the mains supply. In most properties the 

kitchen was the usual sampling point and if possible a single tap rather than a mixer 

tap was sampled. 

 

Table 4 Cold systems – mains supply at properties 

Ref. No. 
Pipes 

Cold tap from mains 
supply Tap sampled Mixer-tap? 

EL1 
Copper Kitchen Kitchen No 

EL2 
Copper School office School office No 

EL3 
Copper Kitchen & bathroom Kitchen & bathroom 

Kitchen - yes 
bath - no 

EL4 
Steel Classrooms Classroom 12 No 

EL5 
Copper & Steel Kitchen & gents toilet  Gents toilet No 

EL6 
Copper Kitchen Kitchen Yes 

NW1 
Copper Kitchen Kitchen No 

NW2 
Copper Staff room Staff room No 

NW3 
Copper Kitchen & bathroom Kitchen & bathroom No 

NW4 
Copper & Steel Kitchen & bathroom Kitchen & bathroom No 

NW5 
Copper & Steel Kitchen & bathroom Kitchen Yes 

NW6 
Copper Kitchen Kitchen Yes  

RG1 
Copper Kitchen & outside Outside  No 

RG2 Plastic, copper & 
steel Kitchen & outside 

Caretakers cleaning area & 
classroom  No 

RG3 
Copper Kitchen & bathroom Kitchen & bathroom No 

RG4 
Copper Kitchen Kitchen Yes 

RG5 
Copper 

Kitchen, bathroom & 
outside Downstairs shower room No 

RG6 
Copper & Steel 

Kitchen & caretakers 
office Caretakers office No 
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A water supply header tank was present in thirteen properties (Table 5). Six of the 

seven schools had tanks, six houses had tanks and one house probably had a tank. 

The header tanks were partially accessible for ten properties; all ten were covered 

and five were insulated. Seven of the tanks supplied cold water to taps. Where 

possible (eight properties) these were inspected and scored (0 – 3; where 0=none) 

for corrosion, dirt and biofilm. Three properties scored for corrosion, six for dirt in the 

tank and seven for biofilm. Water was sampled directly from the tank for seven and 

from the nearest cold tap for six. The water temperature at the time of sampling was 

recorded and this varied from 9.6oC to 19.6oC (mean 14.4oC, median 13.7oC).  

 

Table 5 Header tanks at properties 

Ref. 
No. 

Header 
Tank  Covered? Insulated? 

Water 
temp. 

Corrosion 
score 

Dirt in tank 
score 

Biofilm 
score 

Supplies 
cold water 
taps 

Tap or tank 
sampled 

EL1 1   13.0oC    Yes Bath cold tap 

EL2 2 Yes No 13.7oC 3 2 3 Yes 
School office 
tank 

EL3 0         

EL4 3       Yes 
Tap (stock 
room) 

EL5 2 Yes Yes 16.9oC    Yes Tap 

EL6 0         

NW1 1 Yes No 9.6oC 0 1 1 Yes?  Tank 

NW2 1 Yes Yes 10.7oC 3 2 3 Yes 
Boys toilet sink 
tap 

NW3 0         

NW4 1 Yes No 19.6oC  1 2 No Tank 

NW5 1 Yes Yes 16.4oC 0 0 0 No Tank 
NW6 2 Yes Yes 18.0oC 0 1 1 No Tank 

RG1 1 Yes Yes 12.8oC   1 Yes Bath cold tap 

RG2 0         

RG3 0         

RG4 Yes?        Bath cold tap 

RG5 1 Yes No 14.2oC 1 3 3 No Tank 

RG6 3 Yes No 13.5oC    No 
Tap in upstairs 
classroom  
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4.3 Hot Water Systems at Properties 

The hot water system (Table 6) was fed either by the cold tank (nine properties) or 

directly via the mains (nine properties). One school (EL4) used both mains and tank 

water for its hot water system.  The water was heated through the central heating (4 

properties), electricity (4), gas (15), or storage tank (11). All the hot water tanks were 

accessible; eight were insulated, one was part insulated and two had no insulation. 

Hot water samples (2.5L) were taken from the taps nearest and furthest from the hot 

tank. Some sort of deposit (scaling or crusting) was noted on the taps at nine of 

properties.  

 

Table 6 Hot Water Systems at Properties 

 Fed from Heated by  
Ref. 
No. 

cold 
tank mains 

central 
heating electricity 

directly by 
gas 

Storage 
tank Insulated? Fault? 

EL1 No Yes   Yes No  Crusty 

EL2 Yes x 2 No  Yes    Deposit 

EL3 No Yes   Yes No  None 

EL4 Yes Yes  Yes No Yes No Crusty 

EL5 Yes? No   Yes Yes x 2 Yes Crusty 

EL6 No Yes No No Yes No  None 

NW1 Yes No Yes No Yes Yes x 2 No Crusty 

NW2 Yes No   Yes Yes Yes None 

NW3 No Yes Yes  Yes Yes Part Crusty 

NW4 Yes No   Yes Yes Yes None 

NW5 Yes No   Yes Yes Yes None 

NW6 Yes No   Yes Yes Yes None 

RG1 Yes No Yes  Yes Yes Yes None 

RG2 No Yes No Yes Yes No  Crusty 

RG3 No Yes Yes  Yes No   

RG4 No Yes   Yes? Yes Yes Scaling 

RG5 Yes No   Yes Yes Yes Scaling 

RG6 No Yes  Yes  No  None 
 



Final Report-DWI/70/2/146 November 2003                                                                          37 

4.4 Showers and WC’s at Properties 
There were showers or shower fittings at 13 of the properties (Table 7). Four had a 

mixer connected to hot and cold tap on sink; seven had a separate shower and there 

were two showers not working. Eleven of the showerheads were made of plastic and 

two were made of metal. All had flexible hose shower connections. Scaling was 

observed on three (EL1, NW2, RG3) and deterioration of the hose was noted for 

NW1. The water closet cisterns were recorded as either porcelain (13) or plastic (4). 

These were scored for dirt and biofilm (scale 0-3); twelve were scored (>1) for dirt 

and sixteen were scored for biofilm. 

 

Table 7 Shower and Water Closet at Properties. 

Ref. 
No. Shower Showerhead WC cistern 

Dirt 
- score 

Biofilm - 
score 

EL1 Mixer connected to hot & cold tap on bath Plastic Porcelain 0 1 

EL2   Plastic 1 3 

EL3 Mixer connected to hot & cold tap on bath Plastic Plastic 0 1 

EL4   Porcelain 0 2 

EL5 Mixer connected to hot & cold tap on sink Metal Porcelain 1 3 

EL6 Separate shower using a mixture of hot & cold supply Plastic Porcelain 1 2 

NW1 Connected to reduced hot water supply Plastic Plastic 2 2 

NW2 

Sampled in shower block. No temp control at shower. 
Water mixed from hot/ cold water supply outside shower 
block Metal Plastic 3 2 

NW3 Instantaneous electrically heated shower Plastic Porcelain 1 1 

NW4   Porcelain 1 2 

NW5 Instantaneous electrically heated shower Plastic Porcelain 2 2 

NW6      

RG1 
Instantaneous electrically heated shower & separate 
pumped shower Plastic Porcelain 0 1 

RG2 
Shower not working – only biofilm sample of shower head 
taken  Porcelain 1 1 

RG3 
Shower not working – only biofilm sample of shower head 
taken Plastic Porcelain 1 1 

RG4 Mixer connected to hot & cold supply to bath Plastic Porcelain 2 3 

RG5 Instantaneous electrically heated shower Plastic Porcelain 1 3 

RG6   Porcelain 0 0 
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4.4 Samples collected from Properties and Distribution 
A total of 187 samples were collected and analysed for this project (Table 8 and 

Table 9). The tables show the samples collected, where they were collected from, 

and their laboratory reference numbers. 

 

During the first round of sampling (November-December 2002) a total of 72 samples 

from properties (42 water, 21 biofilm and nine deposit), 18 samples from hydrants (9 

water and 9 net deposit), and five water meter biofilm samples were collected.   

 

During the second round of sampling (March-April 2003) a total of 69 samples from 

properties (42 water, 17 biofilm and nine deposit), 18 samples from hydrants (nine 

water and nine net deposit), and six service reservoir sediment samples were 

collected.   
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Table 8 List Of Samples Taken From Non-Property Sites 

Lab No. Area code Date sample collected Sample type 
11019 EL 20.11.02 Hydrant water (10L) 
11020 EL 20.11.02 Hydrant water (10L) 
11021 EL 20.11.02 Hydrant water (10L) 
11022 EL 20.11.02 Hydrant net 
11023 EL 20.11.02 Hydrant net 
11024 EL 20.11.02 Hydrant net 
249 EL 01.04.03 Hydrant water (10L) 
250 EL 01.04.03 Hydrant water (10L) 
251 EL 01.04.03 Hydrant water (10L) 
252 EL 01.04.03 Hydrant net 
253 EL 01.04.03 Hydrant net 
254 EL 01.04.03 Hydrant net 
11051 NW 27.11.02 Hydrant water (10L) 
11052 NW 27.11.02 Hydrant water (10L) 
11053 NW 27.11.02 Hydrant water (10L) 
11054 NW 27.11.02 Hydrant net 
11055 NW 27.11.02 Hydrant net 
11056 NW 27.11.02 Hydrant net 
11086 NW 12.12.02 Water meter 1 
11087 NW 12.12.02 Water meter 2 
11088 NW 12.12.02 Water meter 3 
11089 NW 12.12.02 Water meter 4 
11090 NW 12.12.02 Water meter 5 
236 NW 03.03.03 Reservoir bottom sediment 
237 NW 03.03.03 Reservoir bottom sediment 
238 NW 03.03.03 Reservoir bottom sediment 
239 NW 03.03.03 Reservoir bottom sediment 
240 NW 03.03.03 Reservoir side swab 
241 NW 03.03.03 Reservoir side swab 
354 NW 15.04.03 Hydrant water (10L) 
355 NW 15.04.03 Hydrant water (10L) 
356 NW 15.04.03 Hydrant water (10L) 
351 NW 15.04.03 Hydrant net 
352 NW 15.04.03 Hydrant net 
353 NW 15.04.03 Hydrant net 
11066 RG 02.12.02 Hydrant water (10L) 
11067 RG 02.12.02 Hydrant water (10L) 
11068 RG 02.12.02 Hydrant water (10L) 
11069 RG 02.12.02 Hydrant net 
11070 RG 02.12.02 Hydrant net 
11071 RG 02.12.02 Hydrant net 
365 RG 28.04.03 Hydrant water (10L) 
366 RG 28.04.03 Hydrant net 
367 RG 28.04.03 Hydrant water (10L) 
368 RG 28.04.03 Hydrant net 
369 RG 28.04.03 Hydrant water (10L) 
370 RG 28.04.03 Hydrant net 
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Table 9 Samples Collected at Properties 

(Laboratory reference number shown where sample taken, *denotes missing / no swab. TOTAL= 141 samples taken, 140 samples received.) 

Sample collected  Ref. 
No. Date Time 

Header 
tank 
(10L) 

Bathroom 
cold tap 
(10L) 

Shower 
(10L) 

Kitchen or 
Mains cold 
tap (10L) 

Furthest from 
boiler or 
Kitchen hot tap 
(2.5L) 

Closest to boiler 
or Bathroom hot 
tap (2.5L) 

Biofilm 
header 
tank 

Biofilm 
shower 
head/ hose 

Biofilm 
WC 

Deposit 
tap net 

No. 
samples 
received 

EL1 12.11.02 5 pm  11111 11113 11112 11114 11118  11115 11116 11117 8 

EL2 13.11.02 10 am  11001  11002 11003 11004 11006  11007 11005 7 

EL3 13.11.02 1 pm  11008 11009 11010 11011 11012  11013 11014 11015 8 

EL4 31.03.03 3 pm  244  243 246 245   248 247 6 

EL5 01.04.03 10 am  256 257 255 259 258 261 263 262 260 9 

EL6 01.04.03 2 pm  265 266 264 267 268  270 271 269 8 

NW1 25.11.02 12 pm 11026  11027 11025 11028 11029 11033 11032 11031 11030 9 

NW2 26.11.02 9.30 am  11036 11037 11038 11034 11035 11045 11046 11044 11050 9 

NW3 26.11.02 1 pm  11041 11043 11042 11040 11039  11048 11047 11049 8 

NW4 14.04.03 12 pm 330 328  329 332 331 334  333 335 8 

NW5 15.04.03 10 am 336  337 338 340 339 343* 341 342 344 8 

NW6 15.04.03 2.30 pm 346   345 348 347 349   350 6 

RG1 03.12.02 2 pm  11061 11059 11060 11057 11058 11064 11065 11063 11062 9 

RG2 03.12.02 10 am  11075  11074 11073 11072  11078 11077 11076 7 

RG3 03.12.02 2 pm  11081  11082 11080 11079  11084 11085 11083 7 

RG4 28.04.03 3.30 pm  357 361 358 359 360  362 363 364 8 

RG5 29.04.03 10.30 am 371  372 373 375 374 385 383 384 382 9 

RG6 29.04.03 2.30 pm  377  376 378 379   381 380 6 
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4.5 Treatment Regime and Chlorine Residual of the 
Distribution Systems 
Disinfectant residuals were measured at each site and these are given below (Table 

10).  All three areas use filtration followed by disinfection. However, the disinfection is 

with chlorine for areas NW and RG whereas area EL uses chloramination.  The 

chlorine residual and total chlorine measurements were taken as part of the 

regulatory compliance-monitoring programme, where samples are taken at 

customers’ premises. The lowest chlorine residual is found in area EL and this also 

has the highest total chlorine. The NW and RG areas had similar total chlorine levels 

whilst RG has the highest chlorine residual. 

 

Table 10 Characteristics of water derived from the three distribution systems. 

 
Water supply 

source  
(Area code) 

Treatment regime Average 
chlorine 
residuals  

(free chlorine) 
mg/L 

Total chlorine 
(free and 

combined) 
mg/L 

Surface water/ 
treated lowland 
river (EL) 

First stage of filtration enables 
large solids and debris to be 

screened out and 
sedimentation of bacterial 
load.  This is followed by 

conventional primary filtration 
and secondary filter beds.  

Water is then chloraminated 
before distribution. 

 

<0.1 0.7-0.8 

Upland 
impounding 
reservoir (NW) 

Rapid gravity filtration, pH 
correction (with lime) and 
chlorine disinfection.  The 

water is re-chlorinated at the 
Service reservoir. 

 

0.16 0.25 

Groundwater/ 
borehole (RG) 

Filtration through granular 
activated carbon vessels, 

followed by super-chlorination 
then de-chlorination. 

 

0.20 0.23 
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5. Mycobacteria Results 
During the course of this study 140 samples from properties (houses and schools), 

36 samples from hydrants, five samples from water meters and six samples from a 

service reservoir were analysed for the presence of Mycobacterium spp. Of these 

there was no mycobacterial growth in 95 samples however mycobacteria were 

cultured from 92 (49%) samples.  

 

5.1 Mycobacteria Isolated 
 

Table 11 Growth of Mycobacterium spp. and other organisms in all sample types  

Sample Mycobacterium spp. Contamination No growth 

Properties (n=140) 68 61 11 

Hydrants (n=36) 18 18 0 

Water meters (n=5) 3 2 0 

Reservoir (n=6) 3 2 1 

Total (n=187) 92 (49%) 83 (44%) 12 (6%) 

 

 

Ten species of Mycobacterium were isolated during this study: M. avium,  

M. chelonae, M. fortuitum, M. gordonae, M. kansasii, M. mucogenicum, 

M. peregrinum, M. xenopi and MAIS complex. A small number of mycobacteria could 

only be identified as scotochromogen (a generic term for a group of atypical 

mycobacteria species, including M. gordonae, that produce pigmented growth in 

darkness as well as in the light). In addition, six isolates only produced scanty acid-

fast bacilli (insufficient to identify beyond Mycobacterium spp.) and a further ten 

mycobacteria cultures could not be identified by any of the methods available at the 

MRU.  

 
M. avium complex (MAC) organisms were isolated from ten samples (Table 12). 

Seven of these were from domestic properties; three from a school (NW1), two from 

the hot water system of a bungalow (NW5), one from the hot water from a terraced 

house (EL6) and one from a biofilm sample from a semi-detached house  (RG1). The 

other three came from water meters (area NW) and a sediment deposit from a 

service reservoir (area NW).  
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M. avium subspecies paratuberculosis (MAP) was not isolated from any of the 

samples analysed in this study. A provisional MAP, marked with an asterix in Table 

12, was detected in the water meter sample using the IS900 PCR primer set LIZ/AV 

(see 3.6.3.3 IS900 PCR). This PCR protocol was derived from Bull et al. (2003) who 

described a group of unidentified mycobacteria that produce a positive result with 

these MAP primers. As a result, they developed a more specific set of primers (TJ1 – 

TJ4) for a region of IS900 unique to MAP. When analysed using this second set of 

specific primers, the original extract from liquid culture was negative although it 

remained positive for the first set of primers. A culture isolated from this water meter 

sample on solid media was negative for both PCRs. In addition both the original and 

the subculture were identified as M. avium by PRA. The most likely explanation is 

that the provisional MAP, which failed to grow on solid medium, is an M. avium 

subspecies containing an IS900-like insertion sequence that was amplified by the 

LIZ/AV primers.  

 

Table 12 MAC Positive Samples 

Sample Mycobacterium spp. 

isolated 

No. Property Type MAC MAP 

11027 NW1 Shower water + - 

11028 NW1 Hot water (furthest from boiler) + - 

11032 NW1 Shower biofilm + - 

00339 NW5 Hot water (closest to boiler) + - 

00340 NW5 Hot water (furthest from boiler) + - 

11065 RG1 Shower biofilm + - 

00268 EL6 Hot water (closest to boiler) + - 

11088 NW WM3 Water meter + - 

11090 NW WM5 Water meter + -* 

00236 NW RES Reservoir sediment deposit + - 

 

Culture of Mycobacterium spp. from each sample in the study was carried out in 

duplicate, using five different methods: Middlebrook’s 7H10 agar with cycloheximide 

(Mid-CM) in tissue culture flasks and single-vent petri dishes, Herrold’s Egg yolk 

media (HEYM) slopes with mycobactin J and without mycobactin J, and liquid culture 

(7H09 media + OADC enrichment), using the automated MB BacT alert system. 

Each sample therefore, generates ten cultures. Consequently it is important to define 
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the way in which results are presented. In discussion related to the sample site, as in 

Table 11 the results are presented on a ‘site basis’ in which the number of samples 

(n) is 187. In this instance, the number of cultures for each sample that are positive 

for Mycobacterium spp. is not recorded. If one culture for one sample is positive for 

Mycobacterium spp. it has equal weighting as a sample that has ten positive cultures.  

 

Mycobacterium spp. population data, however, is presented on a ‘culture basis’, to 

reflect the fact that different numbers and species of mycobacteria, originating from 

the same sample grew on different media. The result of this, as seen in Table 11 and 

Table 17, is that although 49% of the samples were positive for mycobacteria species 

(where n=187), only 16% of all cultures were positive for Mycobacterium spp. (where 

n=1870). On a site basis, the percentage of samples contaminated with bacteria or 

fungus or that yielded no growth is 44% and 6% respectively (where n=187). 

However, overall bacteria or fungus contaminated 25% of cultures and 58% had no 

growth (where n=1870).  

 

From a total of 1870 cultures inoculated from 187 sample sites, 300 were 

Mycobacterium spp. positive. The most frequently isolated mycobacteria were  

M. chelonae, representing 48% of all the Mycobacterium spp. cultured on all five 

media or culture methods (a significant portion of this group were provisionally 

identified as M. nonchromogenicum but further investigation confirmed them as  

M. chelonae).  Two rapid-growing variants of M. chelonae, M. abscessus and  

M. mucogenicum were isolated on two occasions each. MAC accounted for 6% of 

the total number of Mycobacterium spp. cultures. 

 

Other significant Mycobacterium spp. isolated includes the “tap water 

scotochromogen” M. gordonae (23% of Mycobacterium spp. isolated), other 

scotochromogen (4% of Mycobacterium spp.), and the opportunistic pathogen  

M. fortuitum (10% of Mycobacterium spp.) and a member of the fortuitum complex 

M.peregrinum (2% of Mycobacterium spp.).  M. xenopi, M. kansasii and MAIS 

complex (a complex of M. avium intracellulare and scofulacium) were each isolated 

once. Sixteen mycobacterial isolates remain unidentified. Of these seven contained 

only scanty acid-fast bacilli; insufficient material for any of the identification methods 

available. The remaining ten isolates could only be identified as Mycobacterium spp. 

by HAIN nucleotide analysis; they generated a novel PRA profile, insufficient 

sequence data, and did not grow on traditional phenotypic identification media. It is 

unlikely that these isolates are MAC or MAP. 
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5.1.1 Enumeration of mycobacteria 

The mycobacteria could only be enumerated from the water samples, where a 

defined volume of water was used to inoculate cultures. Mycobacteria isolated from 

tap and hydrant deposits, biofilm swabs, and reservoir sediments and water meter 

samples could not therefore be enumerated. Table 13 shows the concentration of 

mycobacteria isolated from different water samples. The values in the table were 

calculated from counts achieved in the concentrates and are given as the nearest 

whole number per litre of the original water sample. Mycobacteria spp. were found in 

low numbers ranging from one to nearly 700 cfu/L. The higher concentrations were in 

hot water samples with MAC giving the highest count. M. chelonae and M. gordonae 

had higher concentrations in hot water samples compared to the cold water samples. 

M. xenopi and MAC were only isolated from hot water samples.  

  

Table 13 Concentration of mycobacteria isolated in colony forming units per 
litre (cfu/L) of original water sample 

Cold Water Myobacterium 

spp. Mains Bathroom Shower Header 

Tank 

Hydrant 

Hot water 

M.chelonae 70 19 16 - 30 330 

M.abscessus - - - - 2 - 

M.mucogenicum - - - - 1 - 

M.gordonae 35 2 2 2 2 150 

Scotochromogen 7 - - - - - 

M.xenopi - - - - - 170 

M.avium (MAC) - - - - - 698 

M.fortuitum - - 19 - 32 92 

M.peregrinum 1 - 2 - 30 - 

Unidentified 3 4 7 38 3 8 

 

 

5.2 Comparison of Methods 

5.2.1 Comparison of decontamination treatments 

Two different methodologies for the decontamination of the water samples were 

employed. Each sample was divided equally in two, with each half treated with one of 

the methods. For the isolation of M. avium complex (MAC) species, 0.05% CPC and 

0.05% Tween was used to decontaminate samples. This material was then used to 
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inoculate the single-vent petri dishes and tissue culture flasks containing Mid-CM. 

For the isolation of M. avium subspecies paratuberculosis (MAP) 0.75% CPC was 

used to decontaminate the samples. This material was then used to inoculate HEYM 

slopes± Mycobactin J and MB BacT bottles (see 3.6.1).    

 

The MAP decontamination process yielded a higher percentage of Mycobacterium 

spp. (32%) than the MAC decontamination (27%) (Table 14). In addition, MAP 

decontamination was less susceptible to growth of background fauna, which may 

explain the higher yield of mycobacteria: 123 samples contained no mycobacteria, 

but had bacterial or fungal contamination after MAC decontamination and culture 

compared with just 15 samples after MAP decontamination. 

 

Table 14 Effect of different decontamination regimens on the isolation of 
Mycobacterium spp. 

Decontamination Mycobacterium spp. Contamination No growth Total  

MAC  51 (27%) 123 13 187 

MAP  60 (32%) 15 112 187 

   

  The characterisation of the contamination, as shown in Table 15, only accounts for 

the solid media. It does not include the 18 MBBacT contaminated cultures (these 

could not be saved because of constraints on storage and so were not Gram-

stained). It also does not include cultures that contained both mycobacteria and 

contamination, because these were simply recorded as mycobacteria positives, and 

the Mycobacterium spp. removed for pure culture and identification. The majority of 

the contaminated plates and flasks (indicated by an asterix in) contained a motile 

bacillus that appeared dark red and white on 7H10 agar and white on blood agar. It 

grew overnight on both media and occasionally appeared Gram-positive on the 

smear, but was more often unstained. An example of each of the colony types grown 

on solid media has been archived at the MRU. 

 

5.2.2 Comparison of culture media 

Of the five different methods of culture employed in this study, the HEYM slopes with 

mycobactin J resulted in the highest number of Mycobacterium spp. (25%), followed 

closely by the Mid-CM plates and tissue culture flasks (both 21%) (Table 16). 

However a greater proportion of them (65% and 63% respectively) were 

contaminated with growth of other bacteria species or fungus. Although the 
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Mycobacterium spp. yields for the HEYM without mycobactin J were slightly lower at 

20%, as with the HEYM +MJ slopes, significantly lower contamination was observed 

(around 2% for both +MJ and -MJ). This resulted in more slopes with no growth 

(74%+MJ and 78%-MJ) than the plates and flasks (14% and 16%, respectively). 

 

Table 15 Primary identification of contamination on solid media 

Gram stain and 

morphology 

Number of cultures No of colony types 

Gram + cocci 68 30 

Gram – cocci 15 8 

Gram + rods 41 16 

Gram – rods 58 22 

Gram + bacilli 14 7 

Gram – bacilli 55 7 

Slime mould 5  

Fungus 65  

* 137 1 

Total 458 91 

 

 

Table 16 Comparison of methods for the isolation of Mycobacterium spp 

Culture 

method 

Mycobacterium 

spp. 

Contamination No 

growth 

Total  

Mid-CM Flasks 40 (21%). 118 29 187 

Mid-CM Plates 40 (21%) 121 26 187 

HEYM –MJ 38 (20%) 4 145 187 

HEYM +MJ 46 (25%) 3 138 187 

MB BacT 26 (14%)  *161 187 

 
* In this instance, No growth refers to false positive/negative MB BacT bottles and includes cultures that 
flagged positive due to break down of the egg yolk supplement, cultures that flagged positive due to 
growth of contamination or background fauna and cultures that were negative for growth. 
 

 

The MB BacT culture method resulted in the lowest number of Mycobacterium spp. 

recovered from samples, with just 14% of cultures positive for Mycobacterium spp. 

However, in terms of growth of MAC (Table 17) it was the most successful. Eleven of 
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19 (58%) cultures of MAC came from the MB BacT system. In contrast only a few 

MAC originated from the other media; Mid-CM tissue culture flasks (two cultures), 

Mid-CM plates (one culture), HEYM-MJ (two cultures) and HEYM+MJ (three 

cultures). MAP was not cultured from any sample on any media in this study. Positive 

MAC and MAP controls put through the decontamination regimens, incubation and 

identification steps with each set of samples were positive every time. The MAC 

positive controls used in this study were clinical isolates from the 2002 MRU archive 

(MRU reference 02/7663, 02/7631 and 02/7657). Two MAP positive controls; NCTC 

7992 (which is an equivalent strain to ATCC 19698) and a bovine strain were used in 

this study.   

 

Table 17 Mycobacterium spp. isolated through different culture media 

Mycobacterium spp. Media 

 

Mid-CM 

Flasks 

Mid-CM 

Plates 

HEYM 

 -MJ 

HEYM 

+MJ 

MB 

BacT 

All 

Media 

M. chelonae 28 26 38 45 6 143 

M. abscessus 0 0 1 0 1 2 

M. mucogenicum 2 0 0 0 0 2 

M.gordonae 22 29 6 6 6 69 

Scotochromogen 3 2 2 2 2 11 

M.xenopi 1 0 0 0 0 1 

M.kansasii† 0 1 0 0 0 1 

M.avium (MAC) 2 1 2 3 11 19 

M.fortuitum 8 2 10 6 3 29 

M. peregrinum 0 4 0 2 0 6 

MAIS complex 0 0 0 0 1 1 

Unidentified 0 4 2 6 5 17 

Total mycobacteria 66(18%) 69(18%) 61(16%) 70(19%) 35(9%) 301(16%) 

Non-mycobacteria 218 230 5 5 18 476 

No growth 90 75 308 299 321 1093 

Total  374 374 374 374 374 1870 

 

 

The diversity of Mycobacterium spp. varied depending on the method of culture and 

culture media. On all solid media, the most commonly isolated Mycobacterium spp. 

was M. chelonae. This species accounted for 42% and 38% of the Mycobacterium 
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spp. isolated on Mid-CM flasks and plates, respectively and 62% and 64% of HEYM 

slopes –MJ and +MJ, respectively.  

 

After M. chelonae, the most frequently cultured Mycobacterium spp. on the Mid-CM 

plates was M. gordonae, which was 42% of the Mycobacterium spp. on plates and 

33% on flasks. This differs significantly from the HEYM slopes; M. gordonae 

accounted for just 10% and 8% of the mycobacterial population grown on the HEYM 

slopes –MJ and +MJ respectively. In terms of Mycobacterium spp. isolated, the other 

main difference between the Mid-CM plates and flasks and the HEYM slopes is the 

isolation of M. mucogenicum, M. xenopi and M.kansasii. It should be remembered 

however that material used to innoculate the Mid-CM flasks and plates was 

decontaminated using a different method to that of the HEYM slopes and MB BacT 

bottles. Members of the Fortuitum complex, M.fortuitum and M.peregrinum, were 

isolated in approximately equal proportions on all the solid media.  

 

The liquid MB BacT media differed vastly in Mycobacterium spp. isolated. The most 

frequently cultured species was MAC, which represented 32% of the Mycobacterium 

spp. isolated. M. chelonae, M. abscesus, M. gordonae, M.fortuitum and the 

scotochromogenic MAIS complex were all isolated in small numbers.  

 

5.3 Distribution of Mycobacteria in Water Samples  

5.3.1 Geographical distribution 

Of the three geographical areas sampled in this study, areas NW and RG had similar 

proportions (~40%) of samples that were positive for Mycobacterium spp. (Table 18). 

While area EL had higher levels (60%) of Mycobacterium spp. positive samples. 

  

Table 18 Mycobacterium spp. isolated from different geographic areas 

Area Mycobacteria Contamination No growth Total 

EL 35 (60%) 19 4 58 

NW 32 (45%) 38 1 71 

RG 25 (43%) 26 7 58 

Total 92 83 12 187 

 

Table 19, details the degree of variation within each region (which includes samples 

from properties and hydrants, the five water meter and six reservoir samples are not 
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included) and serves as a reminder of the limited number of properties and hydrants 

sampled in this study. The most noticeable feature of the geographical distribution is 

that mycobacteria were isolated from 100% of the EL hydrant samples compared 

with only 17% of NW and 33% of RG hydrants. There is almost no difference in 

isolation of mycobacteria from properties between the three areas with nearly half of 

the samples from each area positive. 

 

Table 19 Mycobacterium spp. isolated from different geographic areas 

Area/ Property Mycobacteria Contamination No growth Total 

EL 1 0 4 4 8 

EL 2 5 2 0 7 

EL 3  5 3 0 8 

EL 4 2 4 0 6 

EL 5 5 4 0 9 

EL 6 6 2 0 8 

EL properties 23 (50%) 19 4 46 

NW 1 6 3 0 9 

NW 2 7 2 0 9 

NW 3 4 4 0 8 

NW 4 0 8 0 8 

NW 5 4 4 0 8 

NW 6 1 5 0 6 

NW properties 22 (46%) 26 0 48 

RG 1 9 0 0 9 

RG 2 5 2 0 7 

RG 3 3 3 1 7 

RG 4 2 4 2 8 

RG 5 0 7 2 9 

RG 6 2 2 2 6 

RG properties 21 (47%) 18 7 46 

Total properties 65 (46%) 61 11 140 

EL hydrants 12 (100%) 0 0 12 

NW hydrants 2 (17%) 10 0 12 

RG hydrants 4 (33%) 8 0 12 

Total hydrants 18 (50%) 18 0 36 

 

There was however, a marked difference in the mycobacterium populations isolated 

from the three regions (Table 20). MAC was only isolated from one EL sample and 
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one RG sample representing approximately 1% of the Mycobacterium spp. 

population. In contrast, MAC represents 10% of the Mycobacterium spp. population 

of the NW samples. In areas EL and NW, M. chelonae was the most significant 

species, representing 54% of the Mycobacterium spp. isolated. However, in area RG 

M. gordonae was more common (52% of Mycobacterium spp. isolated compared to 

34% M.chelonae). In area EL M.fortuitum was a much more significant organism, 

representing 19% of Mycobacterium spp. isolated compared to just 3% in the NW 

area and 2% in RG. M. xenopi, M.kansaii and MAIS complex were only isolated from 

EL samples.  Likewise, M. abscessus and M. mucogenicum were only isolated from 

NW samples. 

 

Table 20 Mycobacterium spp. isolated from the different geographic regions 

Mycobacteria EL NW RG 

 Prop Hyd Total Prop Hyd. Total Prop Hyd Total 

M.chelonae 35 36 71 32 5 37 27 1 28 

M.abscessus 0 0 0 1 1 2 0 0 0 

M.mucogenicum 0 0 0 0 2 2 0 0 0 

M.gordonae 16 0 16 5 0 5 40 3 43 

Scotochromogen 10 1 11 0 0 0 0 0 0 

M.xenopi 1 0 1 0 0 0 0 0 0 

M.kansasii 0 0 0 1 0 1 0 0 0 

M.avium (MAC) 1 0 1 10 0 10 1 0 1 

M.fortuitum 20 5 25 2 0 2 0 2 2 

M.peregrinum 0 2 2 2 0 2 0 2 2 

MAIS complex 0 1 1 0 0 0 0 0 0 

Unidentified 2 2 4 5 2 7 4 2 6 

Total Mycobacteria 85 47 132 58 10 68 72 10 82 

Contamination 125 43 168 149 33 182 61 45 106 

No growth 250 30 280 273 77 350 327 65 392 

Total  460 120 580 480 120 600 460 120 580 

No. samples 46 12 58 48 12 60 46 12 58 

  

5.3.2 Distribution in the water system  

The samples in the study can be categorised as originating from houses, schools, 

water hydrants, water meters or service reservoir. The samples taken from properties 
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(schools and houses) can be sub-categorised as biofilms, mains water, header tank 

water, other cold and hot water samples and are examined in the next section. 

 

Samples from schools, in contrast to houses had a much higher percentage of 

samples that were positive for Mycobacterium spp.: 60% of schools compared to 

41% of houses (Table 21). The hydrant, water meter and reservoir samples also had 

high rates of samples positive for Mycobacterium spp.: 50% of hydrant samples, 60% 

of water meter samples and 50% of reservoir samples were positive for 

Mycobacterium spp..  However, the sample number from the reservoir and water 

meters was limited. 

 

Table 21 Isolation of Mycobacterium spp. from different sites 

Property / site Mycobacteria Contamination No growth Total  

School 32 (60%) 19 2 53 

House 36 (41%) 42 9 87 

Hydrant 18 (50%) 18 0 36 

Water meter 3 (60%) 2 0 5 

Reservoir 3 (50%) 2 1 6 

 

 

The mycobacterial populations show some diversity (Table 22). M.chelonae and 

M.gordonae were isolated in approximately the same proportion (as a percentage of 

the Mycobacterium spp. population) from schools and houses at ~45% (M.chelonae) 

and 28% (M.gordonae) of the Mycobacterium spp. population. MAC is more 

significant in samples from houses compared with samples from schools. It 

constitutes 7% of the Mycobacterium spp. isolates from houses compared with 4% 

from schools. Conversely, M.fortuitum is more significant in samples from schools 

compared with samples from houses, constituting 14% of the Mycobacterium spp. 

isolates from schools compared with 7% from schools. Hydrant samples have 

different species population from those of houses and schools: 63% M.chelonae and 

5% M.gordonae and most importantly no MAC. Of the mycobacteria isolated from 

water hydrants 44% were M.gordonae, but MAC is the most significant of the 

Mycobacterium spp. isolated from water meter samples (46%), with six cultures from 

two samples.  

 

 



Final Report-DWI/70/2/146 November 2003                                                                          53 

Table 22 Comparison of Mycobacterium spp isolated from different sites 

Mycobacteria Schools Houses Hydrants Water Meters Reservoir 

M.chelonae 42 52 42 2 5 

M.abscessus 1 0 1 0 0 

M.mucogenicum 0 0 2 0 0 

M.gordonae 29 32 3 5 0 

Scotochromogen 6 4 1 0 0 

M.xenopi 1 0 0 0 0 

M.kansasii 0 1 0 0 0 

M.avium (MAC) 4 8 0 6 1 

M.fortuitum 14 8 7 0 0 

M.peregrinum 1 1 4 0 0 

MAIS complex 0 0 1 0 0 

Unidentified 4 7 6 0 0 

Total Mycobacteria 102 113 67 13 6 

Contamination 132 203 121 11 13 

No growth 296 554 172 26 41 

Total 530 870 360 50 60 

No. samples 53 87 36 5 6 

 

5.3.3 Comparison of Sample Types 
Table 23 details the isolation rate of Mycobacterium spp. from the different types of 

sample collected from properties in this study. Shower water samples and swabs of 

shower biofilms resulted in the greatest amount of Mycobacterium spp isolated (72% 

and 69% of samples were positive, respectively). In contrast, Mycobacterium spp 

were only isolated from 17% of deposit net samples from taps. Water samples 

originating from the mains supply yielded Mycobacterium spp. 57% of the time. 
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Table 23 Isolation of Mycobacterium spp. by sample type  

Sample Mycobacteria Contamination No 

growth 

Total 

(n=140) 

Header tank biofilm 5 (62%) 3 0 8 

Shower biofilm 9 (69%) 4 0 13 

WC cistern biofilm 7 (41%) 8 2 17 

Biofilm total 21 (55%) 15 2 38 

Header tank water 2 (40%) 3 0 5 

Bathroom cold water 8 (57%) 5 1 14 

Shower water 8 (72%) 2 1 11 

Kitchen or mains water 9 (50%) 8 1 18 

Cold water (10 L) total  27 (57%) 18 3 48 

Hot water (2.5 L) 17 (47%) 16 3 36 

Tap deposit Net 2 (11%) 13 3 18 

 

 

 

The overall composition of the Mycobacterium spp. population of biofilms (Table 24) 

is 46% M.chelonae, 25% M.gordonae, 17% M.fortuitum and 2% MAC. The shower 

biofilms have a slightly different population dynamic to the header tank and WC 

cistern biofilms. Shower Biofilms have 4% MAC, 40% M.chelonae, 30% M.fortuitum 

and 17% M.gordonae. Header tank and WC biofilms have 53% and 51% M.chelonae 

and 2% and 4% M.gordonae.  

 

Only two Mycobacterium spp. were isolated from tap net deposit samples: these 

were an M.chelonae and an unidentified Mycobacterium spp. 
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Table 24 Mycobacterium spp. isolated from biofilm samples taken at different 
sites within properties  

Mycobacteria Biofilm samples 

 Header tank Shower WC cistern Total 

M.chelonae 8 20 15 43 

M.abscessus 0 0 0 0 

M.mucogenicum 0 0 0 0 

M.gordonae 3 8 12 23 

Scotochromogen 0 4 0 4 

M.xenopi 0 0 0 0 

M.kansasii 1 0 0 1 

M.avium (MAC) 0 2 0 2 

M.fortuitum 1 15 0 16 

M.peregrinum 0 0 0 0 

MAIS complex 0 0 0 0 

Unidentified 2 0 2 4 

Total Mycobacteria 15 49 29 93 

Contamination 18 18 34 70 

No growth 47 63 107 217 

Total 80 130 170 380 

No of samples 8 13 17 38 

 

 

Of the water samples the shower water had the highest levels (72%) of 

mycobacteria, even so there was little overall difference in the levels of mycobacteria 

between cold water samples (57%) and hot water samples (47%). The composition 

of the mycobacterial population however does differ (Table 25 and Table 26). The 

2.5L hot water samples had the most significant population of MAC isolates, 

representing 17% of the population of Mycobacterium spp., M.gordonae and  

M. chelonae represent 47% and 30% respectively, of the Mycobacterium spp. 

isolated (Table 25). There appears to be little difference between the hot water 

samples closest to, and furthest from, the boiler. 
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Table 25 Mycobacterium spp. isolated from hot water samples taken furthest 
from and closest to the boiler at different properties 

Mycobacteria Hot water samples 

 Furthest from boiler 
or Kitchen hot tap 

Closest to boiler or 
bathroom hot tap 

Total 

M.chelonae 7 7 14 

M.abscessus 0 0 0 

M.mucogenicum 0 0 0 

M.gordonae 9 13 22 

Scotochromogen 0 0 0 

M.xenopi 0 1 1 

M.kansasii 0 0 0 

M.avium (MAC) 4 4 8 

M.fortuitum 1 0 1 

M.peregrinum 0 0 0 

MAIS complex 0 0 0 

Unidentified 1 0 1 

Total Mycobacteria 22 25 47 

Contamination 46 47 93 

No growth 112 108 220 

Total 180 180 360 

No of samples 18 18 36 
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The cold water samples have less MAC (3% of the total mycobacterial population) 

and although M.gordonae and M. chelonae are again the most common species they 

represent 22% and 48% respectively, a reversal of the prevalence in hot water 

samples. 

 

Table 26 Mycobacterium spp. isolated from cold water samples taken at 
different sites within properties 

Mycobacteria 10L water sample 

 Header 
tank 

Bathroom Shower Kithchen 
/mains 

Total 

M.chelonae 0 8 9 16 33 

M.abscessus 0 0 0 1 1 

M.mucogenicum 0 0 0 0 0 

M.gordonae 1 6 3 5 15 

Scotochromogen 0 0 2 4 6 

M.xenopi 0 0 0 0 0 

M.kansasii 0 0 0 0 0 

M.avium (MAC) 0 0 2 0 2 

M.fortuitum 0 0 5 0 5 

M.peregrinum 0 0 1 1 2 

MAIS complex 0 0 0 0 0 

Unidentified 1 1 1 2 5 

Total Mycobacteria 2 15 23 29 69 

Contamination 20 41 27 50 138 

No growth 28 84 60 101 273 

Total 50 140 110 180 480 

No of samples 5 14 11 18 48 
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6. Helicobacter Results 

6.1  Development and Evaluation of Protocol 

6.1.1 Wash methodology trial   
Helicobacter pylori (H509), Staphylococcus saprophyticus, and Escherichia coli were 

used for the trials. Briefly, 1 in 10-dilution series (neat to 10-5) in 10ml Brucella broth 

suspension (McFarlands 1.0) was prepared for each organism and the average 

colony forming units per ml (cfu/ml) calculated by Miles-Misra variable count.  

 

The wash procedure was evaluated on tubes containing 20µl of prepared magnetic 

beads with; sterile water, H. pylori alone, or a mixed suspension of Staphylococcus, 

E. coli and H. pylori. The wash solution used was either Dent (helicobacter selective 

medium) or PBS (phosphate buffer saline with 0.01% bovine serum albumin (BSA) 

and 0.05% Tween-20). The procedure was performed either using a disposable 

plastic pipette (pastette) with an up and down motion or on a multimix at room 

temperature for two minutes. All tubes were placed on the magnetic particle collector 

(MPC) while the liquid substrate was removed with a pastette and the wash process 

was repeated four times. 

 

On completion of the wash process, the beads were re-suspended in 200µl Dent 

broth or PBS (without Tween-20).  20µl of each sample was plated on to Columbia 

blood agar, Dent agar and Helicobacter selective agar (HAS) and incubated at 37°C 

under microaerophilic conditions and observed at 48 hours, 72 hours and 96 hours 

for growth. Any visible colonies were identified using urease, catalase and oxidase 

test and gram stain. 

 

No H. pylori colonies were visible after 48 hours incubation on any of the plates. 

Colonies appeared small and scanty after 72 hours incubation and identified positive 

for H. pylori by the urease, oxidase and catalase test. Gram stain showed small 

curved Gram-negative rods. Colonies were visible in four samples: H. pylori on 

multimix in Dent, H. pylori on multimix in PBS, H. pylori by pipette in PBS, and 

mixture on multimix in PBS. No colonies were present on the negative control plates 

and contamination on the plates with samples washed in Tween-20 was greatly 

reduced from those washed in Dent broth.  
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The remaining samples were used for DNA extraction by the Boom technique and 

the DNA analysed using the three PCR assays described below (6.1.4).  

 

6.1.2 Culture of Helicobacter spp. 
H. pylori survival trials to assess the viability of organism in water and various 

transport media (Brucella, Dent and Brain-Heart Infusion) found that the optimum 

medium was Dent broth in a 30ml Universal pre-reduced for 12hrs in the Mac to 

reduce oxygenated head space. Dent broth gave optimal recovery for H. pylori after 

three hours at room temperature without contamination or overgrowth and appears to 

be the most suitable broth for transportation of the samples. Samples should, 

wherever possible be transported to laboratory within three hours to avoid 

competitive organisms overtaking the fastidious Helicobacter spp.  

 

In a trial of the project protocol (Figure 1) using filtered (0.45µm) tap water and 

filtered spiked (1.19x108 cfu/ml) tap water samples; no H. pylori were detected in the 

original tap water sample by IMS or PCR and H. pylori were detected to a dilution of 

10-3, equivalent to 1.19x105cfu/ml in the spiked samples.  

 

6.1.3  Immunomagnetic Separation (IMS) 
The IMS protocol (Lu et al., 2002) used monoclonal mouse anti-H. pylori IgG coupled 

to sheep anti-mouse IgG pre-coated Dynabeads over 24hrs at 4°C. Beads were 

stored at 4°C in PBS/BSA until used. 1ml of sample was rotated with 20µl pre-coated 

beads for 1hr at 4°C. 

 

Antibody coated beads with no organism, and uncoated beads plus organism were 

used for an IMS non-specificity trial using culture and PCR assay. All controls 

containing antibody coated beads and H. pylori appeared both culture and PCR 

negative. Controls containing non-coated beads plus H. pylori showed both culture 

and PCR positive on three separate occasions suggesting non-specific binding or 

insufficient wash procedure. However, additional wash steps and increased washing 

length (30mins per wash) reduced the non-specificity.  

 

After IMS procedure on spiked autoclaved tap water H. pylori were cultured to 10-5 

dilution (1.18x103 cfu/ml) and PCR detection was possible at the lowest dilution 10-10. 
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Culture following the IMS technique shows greatly reduced colony recovery ability. 

The colony forming units in the H. pylori sample following IMS showed a 5-log 

decrease in comparison to cfu/ml prior to IMS. This implies that either the numbers of 

viable colonies within the sample decrease during the detection process or, the 

number of cells able to attach to the beads during the IMS process is low. 

 

Pipette action washing appears to have removed the contaminants from the sample 

but also a significant number of H. pylori cells from the beads. It is possible that the 

action is too severe for the fragile cells and shearing occurs. Washing with 

PBS/tween-20 wash buffer on the multimix machine appears to have produced the 

best results as the Dent produced false positive results in a negative control. 

 

6.1.4 PCR assay – DNA Detection 
Two standard DNA extraction techniques, the Guanidine silica (Boom method) and 

G. S. chloroform extraction methods were compared. The Boom methodology 

yielded more DNA for PCR assay than the G.S. chloroform technique. 

 

Three known PCR assays, HPVacA, 16SHP and HGS16S (Linton), were evaluated 

and optimised against a standard 5µl DNA sample. All three assays were used for 

this project; Linton as a genus detector while16SHP and HPVacA are species-

specific PCR assays.  

 

The Helicobacter genus detection assay (Linton) and the two Helicobacter pylori 

specific assays (VacA and 16SHP) all produced equivalent or similar results for the 

trial samples. 

 
 

6.2 Culture of Samples 
Culture techniques using 7% horse blood with antibiotic supplement and 10% 

Columbia blood agar medium failed to yield positive results for growth of Helicobacter 

from any of the 151 samples tested (water, 48; biofilms, 38; hydrants, 36; water net 

deposits; reservoir deposits,6; and water meters, 5) obtained in two separate 

sampling rounds.  Samples showed high levels of Gram-positive cocci and fungal 

contaminants within 24h when plated onto the media.  Extended incubation did not 

facilitate selection and subculture of any Helicobacter-like colonies because of heavy 

contamination. 
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The use of Immunomagnetic Separation (IMS), and other selective media 

(Helicobacter Selective Agar and Urease Detection Agar) did not improve isolation of 

Helicobacter colonies from samples.  

 

6.3 Detection of Helicobacter DNA by PCR in Samples 

6.3.1 Immunomagnetic Separation 
The IMS technique was used initially in parallel with direct DNA extraction in the first 

sampling period.  After comparison of the results obtained with the two methods, only 

IMS purified DNA was used during the second sampling period as the yield and 

quality of the DNA was improved. 

 

6.3.2 Houses 

The results on the detection of DNA from H. pylori and other Helicobacter spp. in 

samples collected from domestic properties (houses) are summarised in Table 27. 

There was evidence of Helicobacter DNA in samples from ten of the eleven 

properties investigated. Samples from six properties gave positive PCR results 

indicating presence of H. pylori. The four other properties were positive for 

Helicobacter genus DNA but not for H. pylori DNA. Overall H. pylori DNA was more 

frequent in domestic property samples than Helicobacter spp. DNA (15 vs 4) positive 

samples. 

 

Analysis by geographical location of the frequencies of positive Helicobacter DNA 

samples in properties is shown in Figure 2. H.pylori DNA was detected in samples 

from three of the four properties in area NW, from two of four houses in area RG and 

from one of the four houses in EL. Interestingly, two of the NW properties showed a 

high frequency of positive samples (>50%). By contrast, Helicobacter genus DNA 

was detected in one NW property and in two of the RG and EL properties, all at low 

frequency. The overall trend for frequency of detection of Helicobacter genus DNA in 

samples from houses was NW (40%)> RG (28%)> EL (17%). 
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Table 27 Domestic households. Results of PCR assays for detection of Helicobacter 

DNA in samples from the water distribution system.   

 

 H. pylori specific 
Helicobacter 

genus  
Property 
Code House No. 

Positive 
Sample No. 16SHP HPVacA HGS16S Total b 

EL1 House 1 11116 1a,* 1* 1 1/6 
EL3 House 2 11013 0 0 1 1/6 

EL6 House 6 00264 0 0 1 1/6 

NW3 House 3 
11041, 11043, 
11047-11049 3 3* 4* 5/6 

NW4 House 7 - 0 0 0 0/6 

NW5 House 8 00337, 00341 0 2 2 2/6 

NW6 House 9 00345, 00346 0 2 1 2/4 
RG1 House 4 11063 0 0 1 1/7 
RG3 House 5 11083 0 0 1 1/5 

RG4 House 10 00362, 00363 2 2 2 2/6 

RG5 House 11 
00372, 00383, 
00385 2 2 2 3/7 

Total 19/65 (29%) 
 
a Numbers given for each assay indicate the number of positive samples. 

b This column shows the overall number of unique positive samples as a fraction of 

the total number of samples collected at that property.  The numbers are less than 

the assay figures as some samples were positive in several assays. 

* Amplicons sequenced. 
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Figure 2 Analysis of the percentage of positive PCR samples from each house 
by geographical area 
(House numbers shown next to each plot). 
  
 

6.3 Schools 

The detection of H. pylori and Helicobacter spp. DNA in samples collected from 

schools are summarised in Table 28. There was evidence of Helicobacter DNA in 

samples from six of the seven schools investigated. Samples from three schools 

gave positive PCR results indicating presence of H. pylori.  The three other schools 

were positive for Helicobacter genus DNA but not for H. pylori DNA. Overall detection 

rates in samples for H. pylori and Helicobacter spp. DNA were similar. 

Analysis by geographical location of the frequencies of positive Helicobacter DNA 

samples in schools is shown in Figure 3.  H.pylori DNA was detected with a high 

frequency (> 50%) in samples from both schools in the NW area and with a lower 

frequency (< 50%) from one school in RG.  By contrast, Helicobacter genus DNA 

was detected at lower frequency in the three schools in EL and in one RG School.  

The overall trend for frequency of detection of Helicobacter genus DNA in samples 

from schools by location was NW (64%) > RG (22%)> EL (19%). 
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Table 28 Schools. Results of PCR assays for detection of Helicobacter DNA in 
samples from the water distribution system.   

 H. pylori specific Helicobacter genus  
Property 
Code School No. Positive Sample No. 16SHP HPVacA HGS16S Total 

EL2 School 1 11002 0 0 1 1/5 

EL4 School 5 - 0 0 0 0/4 

EL5 School 6 00256, 00261 0 0 2 2/7 

NW1 School 2 
11026, 11027, 11032, 
11033 2 2 2 4/7 

NW2 School 3 11036, 11038, 11044, 
11045, 11046 1* 1 5* 5/7 

RG2 School 4 11076 0 0 1 1/5 

RG6 School 7 00376 0 1 0 1/4 

Total 
14/39 
(36%) 

* Amplicons sequenced 

 

 

Figure 3 Analysis of the percentage of PCR positive samples from each school by 
geographical area 

(School numbers shown next to each plot). 
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6.6.4 Hydrants 

The nine water hydrants located in three water distribution areas (three hydrants in 

each area) were sampled twice, once in each sample period.  Positive Helicobacter 

DNA results were obtained for four hydrants (Table 29). Two hydrants (numbers 7 

and 9) were positive in the second sampling period for H. pylori DNA, and two 

hydrants (numbers 2 and 3) were also positive in the second sampling just for 

Helicobacter genus DNA.  For hydrant 9, there were differences between the assays 

as the first sampling period sample was also positive for Helicobacter genus DNA.  

 

Table 29 Hydrants. PCR assay results for detection of Helicobacter DNA in 
samples from the water distribution system. Two sampling periods are 
indicated as “a” and “b”. 

   H. pylori specific Helicobacter genus  
Hydrant 

code Hydrant 
Positive 

Sample No 16SHP HPVacA HGS16S Total  

E18 1a/b - 0 0 0 0/4 

E11A 2a - 0 0 0 0/2 

E11A 2b 00250 0 0 1 1/2 

E11B 3a - 0 0 0 0/2 

E11B 3b 00251, 00254 0 0 1 1/2 

N1 4a/b - 0 0 0 0/4 

N3 5a/b - 0 0 0 0/4 

N2 6a/b - 0 0 0 0/4 

R9 7a - 0 0 0 0/2 

R9 7b 00367 0 1 0 1/2 

R39 8a/b - 0 0 0 0/4 

R17 9a 11068 0 0 1 1/2 

R17 9b 00365 1 0 0 1/2 
Total                                                                                                     
6/36 (17%)     
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6.6.5 Reservoir deposits 

Reservoir net deposits (four samples), and swabs (two samples) were negative for 

Helicobacter DNA in the three PCR assays.  

 

6.6.6 Water meter samples 
Water meters swabs (five samples) were negative for Helicobacter DNA in the three 

PCR assays. 

 

6.6.7 Detection rates by sample type 

The house and school positive Helicobacter DNA results for the different sample 

types (biofilms, water and net deposits) are summarised in Table 30. Overall 

Helicobacter spp. were detected most frequently in biofilms at a rate of 41%, which 

was similar in both types of premises.  School water samples also showed a similar 

rate of positivity, mainly for samples from header tanks.  Highest detection rates for 

H. pylori were in the house shower biofilms, which accounted for 4/5 positives.   

 

Table 30 Summary of Helicobacter detection rates by sample type 

 
 Houses Schools Overall 

Biofilm 10/23 (43%) 6/15 (40%) 16/38 (42%) 

Water (10L) 7/31 (23%) 7/17 (41%) 14/48 (29%) 

Water (nets) 2/11 (18%) 1/7 (14%) 3/18 (17%) 

 
 

There were no consistent links between the types of samples that were positive in 

any given property.  So presence of Helicobacter DNA in the cold mains supply to the 

property was not a reliable predictor of DNA being present in other parts of the 

system. One notable exception was a property (NW3) where H. pylori DNA was 

amplified from mains deposit and was detected in WC/shower head/biofilms as well 

as in header tank/shower head water. Interestingly, there was overall close 

correspondence in positivity between showerhead biofilm and shower water sampling 

in several properties.   
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6.6.8 Identification of PCR products by sequence analysis 

Six PCR products from samples taken from different locations in the three water 

distribution systems were analysed by direct sequencing and were found to have 

originated from H. pylori DNA (Table 31).  Other amplicons from assays recorded as 

Helicobacter DNA positive were of unsuitable quality for automated sequence 

analysis. Three amplicons confirmed as originating from H. pylori DNA were derived 

from the species-specific 16S rDNA sequence of the product of the assay of Ho et al. 

(1996), as illustrated in the phylogenetic tree (Figure 4) - these were from samples 

from a water hydrant R17 (area RG) and from a school (mains tap water) and a 

house (shower biofilm) in the NW region. Three other amplicons derived from the 

assay of Chisholm et al. (2001) were confirmed as H. pylori vacA sequences 

although the sequences contained a number of polymorphisms some of which were 

non-synonymous as shown in the deduced amino acid alignment (figure 5) these 

were from biofilm (WC and shower head) samples from domestic properties in each 

distribution system. The presence of various amino acid substitutions indicated the 

amplicons originated from different strains of H. pylori.  The sequencing data 

confirmed H. pylori in three of the six samples that were positive in all three PCR 

assays. In addition the presence of H. pylori was also indicated in samples that gave 

positive results in one or two of the PCR assays.  

 

Table 31 Details of Sequenced Amplicons 

Location Isolation site Lab. No. Gene 
target 

Assay results 

EL1 House, biofilm, WC 11116 vacA HP/vacA/Linton 

NW1 House, biofilm 
shower head 

11032 vacA HP/vacA/Linton 

NW2 School, staff room, 
mains tap 

11038 16SHP Linton 

NW3 House, biofilm, 
shower hose 

11048 16SHP HP/Linton 

R17 Water hydrant (b) 00365 16SHP HP 

RG5 House, biofilm 
shower head 

00383 vacA HP/vacA/Linton 
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Figure 4 Phylogenetic Tree 
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Figure 5 Deduced Amino Acid Alignment of translated VacA sequences 

145rv  1  YGYDFAFFRN ALVLKPSVGV SYNHLGSTNF KSNSTNQVAL KN 42
29rv   1  --------K- ---------- ---------- ------K--- S- 42
5rv    1  ---------- ---------- ---------- ----NQK--- S- 42

145rv  1  YGYDFAFFRN ALVLKPSVGV SYNHLGSTNF KSNSTNQVAL KN 42
29rv   1  --------K- ---------- ---------- ------K--- S- 42
5rv    1  ---------- ---------- ---------- ----NQK--- S- 42
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7. Overview of Results 
A final line listing of all the samples taken and results for mycobacteria isolation 

(recorded as the presence or absence of MAC, MAP and other mycobacteria) and 

helicobacter detection (three PCR assays) are given in Appendix 5.  

 

Of the 187 samples, 107 (57%) were positive in at least one of the tests for 

mycobacteria and helicobacter. Mycobacterium spp. were isolated from 92 (49%) 

samples and Helicobacter spp. were detected in 39 (26%) of the samples tested. 

Twenty-four (13%) samples were positive for both mycobacteria and in at least one 

of the helicobacter PCR’s. There were no MAP isolated from any of the 187 samples 

tested but ten (5%) samples were MAC positive. H.pylori were detected in six (4%) of 

the 151samples tested for helicobacter. Both MAC and H. pylori were detected in one 

sample (11032), a shower biofilm taken from a school in area NW.  

 

7.1 Sample site and property type 
As shown in Table 32, ten samples were positive for MAC and these were isolated 

from three shower samples and four hot water samples in properties and from the 

sediment samples collected from the reservoir (one sample) and water meters (two 

samples). The majority (47%) of positive samples were positive for “other 

mycobacteria” and this group of organisms was isolated at least once from every 

type of sample. Mycobacteria were most commonly isolated from showers (70% of 

samples positive) and were least common from tap net deposit samples (11% 

positive).  

 

Helicobacter were detected in samples from all sites except reservoir and water 

meters (Table 32).  H. pylori  were only found in samples taken from properties 

(shower, WC and tap net). Helicobacter were most commonly detected in samples 

taken from sites where biofilm may form, e.g. header tank, shower and WC.  

 

Comparing the overall levels of mycobacteria and helicobacter found in the 47 

samples taken in distribution (hydrant, reservoir and water meter) with the samples 

taken from properties (140 samples for mycobacteria and 104 samples for 

helicobacter) there are a similar rates of MAC and other mycobacteria isolated from 

both distribution (6% and 49%) and properties (5% and 48%). However, no H. pylori 

and only 13% (6 /47) helicobacter were found in distribution, whereas higher rates of 
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helicobacter were found at properties; 6% (6 /104) were H. pylori positive and 22% 

(23/104) were helicobacter positive. 

 

Table 32 Isolation of mycobacteria and detection of helicobacter from different 
sites 

Sample Site No. Samples MAC Other 

mycobacteria 

H. Pylori Other 

helicobacter 

Mains Cold  18 0 9 (50%) 0 3 (17%) 

Header Tank 13 0 7 (54%) 0 4 (31%) 

Bath Cold 14 0 8 (57%) 0 3 (21%) 

Closest Hot 18 2 (11%) 9 (50%) NT NT 

Furthest Hot 18 2 (11%) 8 (44%) NT NT 

Shower 24 3 (13%) 17 (70%) 3 (13%) 8 (33%) 

WC 17 0 7 (41%) 2 (12%) 3 (18%) 

Tap Net 18 0 2 (11%) 1 (6%) 2 (11%) 

Properties 140 or 104 7(5%) 67 (48%) 6 (6%) 23 (22%) 

Hydrant 

EL 

NW 

RG 

36 

12 

12 

12 

0 

0 

0 

0 

18 (50%) 

12 (100%) 

2 (17%) 

4 (33%) 

0 

0 

0 

0 

6 (17%) 

3 (25%) 

0 

3 (25%) 

Reservoir 

(NW) 

6 1 (16%) 3 (50%) 0 0 

Water Meter 

(NW) 

5 2 (40%) 2 (40%) 0 0 

Distribution 47 3 (6%) 23 (49%) 0 6 (13%) 

Total No. Samples 

187 (for mycobacteria) 

151 (for helicobacter) 

10 (5%) 88 (47%) 6 (4%) 29 (21%) 
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If we look at the types of property and compare schools (53 samples) versus houses 

(87 samples): there are similar rates of MAC isolation (6% in schools and 5% in 

houses) but the levels of other mycobacteria are higher in schools (57%) as 

compared to houses (40%). For Helicobacter spp the rate is also higher in schools 

(25%) than in houses (16%) but in contrast for H. pylori there were more are found in 

houses (6%) than in schools (2%). 

 

Table 33 Comparison of schools versus houses 

Sample Site No. Samples MAC Other 

mycobacteria 

H. Pylori Other 

helicobacter 

School  53 3 (6%) 30 (57%) 1 (2%) 13 (25%) 

House 87 4 (5%) 35 (40%) 5 (6%) 14 (16%) 

 

 

7.2 Sample Type 
The samples collected during this project can be divided into three categories; 2.5L 

hot water samples (only tested for mycobacteria), 10L cold water samples and biofilm 

or deposit samples (Table 34).  MAC were most common (11%) in hot water samples 

(there was no difference between the hot water samples taken closest or furthest 

from the boiler). MAC was less prevalent in biofilm or deposit samples (6%) and rare 

(~1%) in the cold water samples. Interestingly the isolation rate from distribution 

biofilm or deposit samples was twice (10%) that of the isolation rate from property 

biofilm or deposit samples. 

 

H.pylori was detected only in biofilm samples and only from properties (11%) water 

distribution systems. In contrast evidence for the presence of Helicobacter species 

was found in both water and biofilm or deposit samples, the rates of detection were 

similar for water in properties (29%) and distribution (27%), and biofilm or deposit in 

properties showed a similar rate of detection (23%) while only one sample (3%) from 

distribution deposits samples was positive. 
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Table 34 Isolation of mycobacteria and detection of helicobacter from different 
sample types 

Sample Type No. 

Samples 

MAC Other 

mycobacteria 

H. Pylori Other 

helicobacter 

Hot Water 36 4 (11%) 17 (47%) NT NT 

Biofilm/ Deposit 

– properties 

56 2 (5%) 24 (43%) 6 (11%) 13 (23%) 

Biofilm/Deposit – 

distribution 

29 3 (10%) 11 (38%) 0 1 (3%) 

Biofilm/Deposit 85 5 (6%) 35 (41%) 6 (7%) 14 (16%) 

Cold Water – 

properties 

48 1 (2%) 27 (56%) 0 14 (29%) 

Cold Water – 

distribution 

18 0 11 (61%) 0 5 (27%) 

Cold water 66 1(~1%) 38 (58%) 0 19 (28%) 

 

 

7.3 Isolation of mycobacteria and detection of helicobacter by 
area 
Three areas were recruited for this project a treated lowland river or surface water 

source (EL), a groundwater source (RG), and an upland impounding reservoir (NW). 

In distribution RG has the highest chlorine residual and EL has the lowest chlorine 

residual.  Table 35 shows the overall detection rates for mycobacteria and 

helicobacter. No MAP were isolated from any of the 187 samples. Mycobacteria were 

most common in area EL with 60% samples positive, but MAC was most commonly 

isolated from NW. The isolation rate of 11% for MAC in NW was more than five times 

the isolation rate in either of the other areas.  Helicobacter were also more common 

in NW with a detection rate of 35%, nearly twice the isolation rate of areas EL and 

RG. However, although only a few were detected, H.pylori appears to be present at a 

higher rate in area RG (7%). 
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Table 35 Isolation of mycobacteria and detection of helicobacter in different 
areas 

Area Code No. Samples 

Myco / Helico 

MAC Other 

mycobacteria 

H. Pylori Other 

helicobacter 

EL 58  46 1 (2%) 35 (60%) 1 (2%) 8 (17%) 

NW 71 59 8 (11%) 32 (45%) 2 (3%) 16 (35%) 

RG 58 46 1 (2%) 25 (43%) 3 (7%) 9 (20%) 

 

 

7.4 Isolation of mycobacteria and detection of helicobacter by 
sampling period 
There were two sampling periods starting in November (winter) 2002 and April 

(spring) 2003. The samples taken in winter are compared to the samples taken in the 

spring in Table 36. There are similar rates for MAC, H. pylori, and other Helicobacter 

spp., however, there is an apparent reduction in other mycobacteria from 62% in 

winter to 36% in the spring.   

 

Table 36 Isolation of mycobacteria and detection of helicobacter by sampling 
period 

Sampling 

period 

No. Samples 

 

MAC Other 

mycobacteria 

H. Pylori Other 

helicobacter 

Winter 2002 95 6 (6%) 59 (62%) 3 (3%) 18 (19%) 

Spring 2003 92 4 (4%) 33 (36%) 3 (3%) 15 (16%) 
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8. Discussion 

This study advances the previous work on the “Fate of Mycobacterium avium 

Complex in drinking water treatment and distribution systems” (Hunter et al., 2001).  

In the aforementioned study suitable methods were developed for culturing MAC and 

MAP from water and applied to water samples from points along six different 

treatment and distribution systems. The isolation methods for both MAC and MAP 

used cetylpyridinium chloride (CPC) for the elimination of rapidly growing 

microorganisms. For MAC, Tween 80 was also added and the samples concentrated 

by centrifugation. The resulting pellets were resuspended and inoculated onto 

Middlebrook 7H10 medium supplemented with cycloheximide and mycobactin J for 

culture. MAP samples were concentrated by filtration followed by an elution step. The 

resultant pellets were used to inoculate Herrold’s egg yolk medium (HEYM) with and 

without mycobactin J. In addition for MAP the concentrates were used to inoculate a 

commercial liquid medium (supplemented 7H9) for the automated Organon Technika 

MB/BacT culture system. Presumptive colonies were confirmed using Gen-Probe® 

Accuprobe® MAC test, polymerase chain reaction (PCR) restriction fragment 

analysis (PRA) and PCR based IS900 analysis for the detection of MAP to assess 

the survival of MAP through the drinking water distribution system.  

 

These methods were developed and refined for this project.  The results from the 

previous project suggested that Mycobacterium spp. are only present at counts of 1-

700 cfu/L. In order to improve detection, large volumes of water were taken for 

samples and decontamination procedures, were optimised. Biofilm examination 

methods were reviewed and the methods optimised for use with biofilm and deposit 

samples. Enumeration and identification of mixed cultures of Mycobacterium spp. 

were improved to include a quantitative element and a typing strategy for 

differentiation of mycobacterium species where more than one is present.  Given the 

slow growth of these organisms, a continuing process of method development and 

improvement was required throughout the study.  

 

MAP was not detected in 170 water samples in the previous study. This may be 

because the organism was not present or was only there in very low numbers for 

which more sensitive methods are required. The method development therefore 

included the consideration of alternative methods, such as immunomagnetic 

separation (IMS) or monoclonal antibodies, for the isolation of MAP.  



Final Report-DWI/70/2/146 November 2003                                                                          76 

The conclusions of the previous report were that Mycobacterium spp. appeared to be 

more commonly isolated from raw lowland river water and upland impounding 

reservoir water than in groundwater, MAC positive samples derived from the same 

distribution system. The current study compares three distribution systems; treated 

lowland river, impounding reservoir and a groundwater source. In addition samples 

from a number of domestic properties served by the distribution systems were also 

tested. If organisms survive in treated water, they are likely to be present in biofilms 

and deposits from water mains and domestic systems. 

 

There were two periods of sampling (12th November 2002 – 3rd December 2002 and 

31st March 2003 – 29th April 2003) during which the distribution systems and 

domestic properties were sampled. Each distribution system had samples taken of 

biofilms, deposit and water. Three domestic properties served by each distribution 

system were examined during each period.  Biofilm, water and deposit (where 

applicable) samples were taken from storage cisterns (eg; hot water system header 

tank and WC), bathroom taps and shower.  Over the study period 187 samples were 

examined for the presence of MAC and MAP and 151 samples for the presence of H. 

pylori. There were fewer samples for H. pylori because the hot water samples were 

excluded, as the organism would not have survived in these. The numbers of 

samples that can be reasonably processed is limited due to the prolonged incubation 

and repeated observations required for the detection of Mycobacterium spp.. 

 

Cultures of Mycobacterium spp. were identified in the MRU in Dulwich using a 

combination of conventional and molecular methods. All cultures produced were 

identified as MAC using DNA hybridization analysis (Accuprobe, Gen-Probe, San 

Diego) (Arnold et al., 1991; Watterson and Drobniewski, 1999). The techniques 

included restriction enzyme analysis, hybridisation with MAC probes and insertion 

sequence analysis. Once formally identified using the ‘gold standard’ methodology, 

multiple isolated colonies were rapidly identified using PRA. PCR protocols were 

developed to identify and discriminate between MAC and MAP. The PCR for MAP 

was based on those developed at St Georges Hospital, Tooting, and was used to 

confirm the presence or absence of these organisms in BACTEC cultures following 

16 weeks incubation. PCR was also used for confirming the identity of colonies from 

solid media.  

 

Existing techniques of culture and species identification developed in HRU for the 

investigation of gastric biopsies were applied to water filtrates, biofilm and deposit 
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samples. However, the development of techniques to demonstrate viable H. pylori in 

water requires further development work, particularly in relation to protocols to 

minimise overgrowth by other organisms. There is no selective medium for 

Helicobacter so approaches such as immunomagnetic separation (IMS), antibiotic 

supplements and enrichment methods need to be established. An acid treatment 

technique developed for isolation from gastric aspirates could also be applied 

(Williams et al., 1999). A recent study reported the isolation and culture of H. pylori 

from wastewater using IMS and selective culture techniques (Lu et al., 2002). Direct 

PCR detection to obtain evidence for the presence of Helicobacters in prepared 

samples does give a basis for developing improved isolation techniques. If 

appropriate isolation techniques including culture on solid medium were developed 

enumeration would also be possible. Other potential methods include the Reverse 

Transcriptase approach to viability testing (although this may still detect dead 

organisms) and non-culture based approaches such as fluorescence in-situ 

hybridisation (FISH). 

 

The water, biofilm and deposit samples were processed as for the mycobacterium 

component of the study, described above. The flora was concentrated by filtration or 

centrifugation and cultured using decontamination and culture media conditions 

established for gastric biopsies. 

 

The study described by Lu et al. (2001) was of initial interest as it was the first report 

of the isolation of H. pylori by culture techniques from a water source.  This was used 

as a guideline for methodology in the present investigation, however, it became clear 

that the sample material used in that work was taken from an untreated municipal 

wastewater canal on the US-Mexico border (Redlinger et al., 2001; Dr Redlinger 

pers. Comm., 2002) so samples were very different from those tested in the present 

study.  The Mexican samples were heavily contaminated, as they were collected 

from an untreated raw sewage source in a region where H. pylori prevalence rates 

are high - such environmental conditions may well have assisted the survival of H. 

pylori.  This was in marked contrast to our study on samples taken from treated 

drinking water distribution systems in England where H. pylori prevalence rates are 

much lower. 

 

Culture directly from untreated water samples was evaluated for the isolation of 

Helicobacter pylori.  As the organism is fastidious, culture plate showed heavy 
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contamination and no visible H. pylori colonies, indicating direct culture was not 

suitable for specific colony identification. 

 

The IMS technique removed a large number of contaminants from the untreated 

water sample.  However, it is not a highly specific purification step due to a 

substantial degree of non-specific binding to the beads.  A negative control consisting 

of beads without the H. pylori specific antibody coating showed both H. pylori and 

other bacterial colonies after culture.  This may be due to the wash technique or may 

be the action of the beads and the ability of certain bacteria to stick to the bead 

surface with or without specific antibody coating.  This step is, however, a useful tool 

when highly contaminated samples (i.e. river water) are tested as it has the ability to 

reduce the number of non-H. pylori organisms in the sample substantially and is an 

effective enrichment step (reducing sample from 1ml to desired re-suspension 

volume). 

 

PCR detection on the IMS treated samples was achieved by lysing the cells whilst 

attached to the beads to avoid cell loss or damage during detachment procedures.  

This is a useful modification.  PCR detection of Helicobacter DNA and H. pylori 

specific DNA showed more sensitivity in the spiked sterile tap water samples than in 

the river water samples. That difference may be due to bacterial competition or to 

chemical inhibitors present in the river water.  

 

It was interesting that the PCR and sequencing results indicated that DNA with a high 

degree of homology to that of H. pylori could be detected in the water distribution 

systems, particularly in the biofilm samples.  These findings are consistent with 

several other recent studies in the UK although our study is the first to provide direct 

sequence comparisons.  These findings imply that at some point in time, the 

bacterium has entered the water source but it is not possible to establish if viable 

organisms are present.  It has been suggested that coccoid non-cultural but viable 

forms may be transmissable but no experimental proof has been reported.  However, 

there is recent data suggesting that free-living amoebae promote the growth and 

survival of H. pylori (Winiecka-Krusnell et al., 2002) and we suggest that this is an 

area that merits further investigation. 
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9. Conclusions 

Although Mycobacterium spp. (49%) and Helicobacter spp. (26%) were fairly 

commonly detected in the samples examined, MAC (5%) and H. pylori (4%) were 

less commonly detected. Neither MAP nor H. pylori were isolated from the samples 

examined. The occurrence of these organisms within water distribution and 

properties in England are therefore unlikely to be a major public health concern.  

 

9.1Mycobacteria 

9.1.1 Incidence of MAC and MAP 

In this study, M.avium complex (MAC) was cultured a total of 19 times from ten 

different samples.  M.avium subspecies paratuberculosis (MAP) was not cultured 

from any of the 187 samples. 

 

Three of the MAC isolates originated from the half samples decontaminated using 

0.05% CPC and 0.05% Tween, which was intended for the isolation of MAC. The 

remaining 16 originated from the half samples decontaminated with 0.75% CPC 

intended for the isolation of MAP. Of the 19 M. avium cultures, eleven grew in liquid 

culture compared to eight on solid media. The eight “solid” cultures of MAC were 

isolated on different media: three were cultured on Mid-CM plates and tissue culture 

flasks and five on HEYM slopes. HEYM slopes are considered the gold standard in 

MAP diagnosis and the presence of Mycobactin J in HEYM is known to enhance the 

growth rate of MAC and is essential for the growth of MAP. 

 

A number of possible reasons could explain the low incidence of MAC and MAP. The 

ability of viable MAC and MAP to persist in water systems may be poor. MAC and 

MAP were isolated from samples during this study, demonstrating that the sampling, 

decontamination and culture methodologies are capable of detecting MAC and MAP. 

Each set of samples decontaminated was run along side positive controls. These 

controls were 25ìl of a control MAC or MAP suspension approximated to turbidity 

equal to 0.5 McFarland barium sulphate standard, in 10ml of PBS. All positive 

controls used in the course of this study were culture positive and identified as MAC 

or MAP. 
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One weakness of the controls is that they only prove that MAC or MAP is capable of 

surviving the decontamination process and capable of growth on the culture media in 

the prescribed conditions. The results however, show that within each sample a 

number of organisms can be present, both different species of mycobacteria and 

background fauna. This raises the possibility that any M. avium present could face 

competition from other, more rapidly growing Mycobacterium spp. or other bacteria. 

In support of this, two of the most commonly identified Mycobacterium spp. found on 

the plates and flasks were the rapid grower M. chelonae, and the environmental 

scotochromogen M. gordonae. The MAP decontamination, which is more severe, 

may also suppress the rapid growers to a greater extent than the MAC 

decontamination method, thus there is less growth competition, and MAC can be 

cultured.  

 

In a single culture, a positive PCR signal was obtained using the MAP detection 

methodology developed by Bull et al. (2003). In this publication, the developers 

indicated that the L/AV IS900 primer set was not totally specific for MAP and would 

detect organism containing ‘IS900-like elements’. Subsequently, the same group 

modified their IS900 MAP detection assay to make it ‘completely’ specific for MAP. 

The new assay (TJ1-4 primer set) did not identify the original material as MAP.  

 

The fact that MAC was cultured only from samples decontaminated for the isolation 

of MAP might be due to the culture media rather than the decontamination process 

itself. Addition of Mycobactin J is essential for culture of MAP. It has also been 

reported that the addition of mycobactin J to culture media enhances the isolation 

rate of additional strains of M. avium, especially when bacilli are present in low 

numbers in the inoculum (Colins et al. Tuberculosis Bacteriology, 2nd Edition, 

Butterworth Heineman). Secondly, the material decontaminated to isolate MAP was 

used to inoculate media that contained antibiotics: amphotericin B and nalidixic acid 

and HEYM slopes and amphotericin B, nalidixic acid and vancomycin in MB BacT 

alert liquid media). The Mid-CM tissue culture flasks and plates that the MAC 

decontaminations were cultured on did not contain any antibiotics. The inclusion of 

antibiotics in culture media increases selectivity through suppression of background 

growth. Evidence that this has occurred is that samples with other growth or 

contamination on Mid-CM plates and flasks invariably had no growth on HEYM 

slopes or in liquid culture. The number of samples with growth of other bacterial 

species or fungus on the Mid-CM plates and tissue culture flasks is almost equivalent 

to the number of samples with no growth on the HEYM slopes. 
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9.1.2 Incidence of Mycobacterium spp. other than MAC or MAP  

One consequence of the use of different decontamination methods and culture media 

and conditions is that different Mycobacterium spp. were isolated from different 

cultures from the same sample site. At some sites, Mycobacterium spp. were only 

found on one of the 10 cultures for each sample (Mid-CM plates, flasks, HEYM+MJ, 

HEYM-MJ, MB BacT all in duplicate). The result show that although 49% of samples 

were positive for Mycobacterium spp., Mycobacterium spp. only grew on 16% of all 

the cultures on all media. 

 

The incidence of certain species at certain sample sites will be properly examined 

once accurate identification of the Mycobacterium spp. isolated from all samples has 

been achieved. Caution must be exercised however due to the limited sample size.  

 

The main differences between the Mycobacterium spp. population isolated on solid 

and liquid media are that MAC was more readily cultured from liquid MB BacT media 

and that in contrast M. chelonae was not readily cultured in liquid MB BacT media, 

but was frequently isolated from samples inoculated on solid media. Suppression of 

M. chelonae in liquid media may well have been due to the presence of vancomycin. 

Whilst this is to the detriment of M. chelonae, it may have been of benefit to MAC and 

MAP because of reduced competition for growth from M. chelonae. 

 

9.1.3 Direction of Future MAC/ MAP Work 

This study suggests the need for a further research in a number of areas: 

Ø Improvement of decontamination and isolation methods of MAC and MAP. 

Specifically this should be directed at the use of antibiotics in culture media 

and developing a decontamination treatment with greater ability to reduce the 

persistence of other bacteria species.   

Ø An improvement in detection and identification of MAC and MAP. The use of 

direct detection methods, such as IMS-PCR would avoid problems associated 

with attempts to detect MAC and MAP within mixtures of other more rapidly 

growing Mycobacterium spp.  

Ø The net effect and aim of such research should be to validate and ensure 

confidence in results of any future studies into the incidence of MAC or MAP 

in water systems.  
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9.2 Helicobacter 
Our results although unexpected are consistent with a number of previous reports of 

Helicobacter DNA being present in water, including water distribution systems even 

though isolation of viable organisms is very rare.  Previous work in the United 

Kingdom by Park and colleagues (2001) indicated Helicobacter DNA was present in 

drinking water biofilm sampled from a section of a cast iron mains distribution pipe in 

north-east Scotland but species origin was not established. 

 

Our study is the first to find Helicobacter DNA in domestic systems (houses) and 

schools in England and to show that several of these positives appeared to be DNA 

from H. pylori.  However, H. pylori DNA has been amplified from drinking water 

samples in Japan (Sasaki et al., 2001), and Peru (Hulten et al., 1996), untreated well-

water in USA (Baker and Heggarty 2001), from water samples taken from a delivery 

truck in the Canadian arctic (McKeown et al., 1999), and recently from drinking water 

pots in the Gambia (Bunn et al., 2002).  We also found evidence of such DNA in 

water hydrant samples but interestingly not in reservoir deposits or water meter 

samples.  Recently further evidence has been published on the presence of H. pylori 

DNA in the environment, cagA-like gene of H. pylori has been detected in 

Aeromonas spp. from India (Datta et al., 2003). 

 

We found that biofilms gave the highest detection rates for Helicobacter DNA which 

gives support to the theory that they may act as a key reservoir for such bacteria in 

the water supply chain (Mackay et al., 1998; Stark et al., 1999) including drinking 

pots in Gambia (Bunn et al., 2002).  In several properties, there was a close link 

between Helicobacter DNA in the showerhead biofilm and shower cold water.  This is 

unexpected as the showerhead is one location where the bacteria would be exposed 

to hot as well as cold water. 

 

Monitoring the cold water supply to a property did not appear to be a reliable means 

of predicting the Helicobacter status of the water distribution system in that property 

with a 1 in 6 chance of a positive link.  Whereas two properties with positive mains 

water were negative at all other sites sampled.  These studies need to be extended 

to additional properties to further investigate such associations.  It is important to 

determine if positivity for DNA of Helicobacter spp. in the domestic plumbing might be 

from a human source rather than from the water main, and also if its presence poses 

a health risk.  
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Underlying the interpretation of our results and the basis of the above comments is 

the assumption that a positive PCR amplification signal provides an accurate means 

of monitoring samples from the water distribution system.  However, that assumption 

needs to be viewed critically while an effective means of validation, such as direct 

culture, is lacking.  It remains unclear therefore if a positive PCR can be interpreted 

as direct evidence for assuming presence of viable organisms. The bacteria if 

present would be expected in small numbers and without an effective selective 

medium are quickly overgrown by more robust environmental organisms therefore 

culture is a difficult. However, the pattern of results we report is not suggestive of 

PCR artefacts due contamination problems or of poor primer specificity when 

amplifying from complex samples. We have used multiple assays, two of which were 

designed to be H. pylori specific.  There is always a risk of poor specificity with 16S 

rDNA sequences but vacA does provide a highly specific target that was validated by 

direct sequencing.  The lack of consistency between the different assays applied to 

some samples could be attributed to different levels of target and/or inhibitors that 

might affect the performance of individual assays differently. 

 

We conclude that the findings of the present study combined with the recent literature 

reports do provide an ever strengthening case for believing that Helicobacter spp., in 

particular H. pylori, are present in the water distribution system, and that the topic 

merits continued critical investigation as it remains unclear to what extent there is a 

health risk from this source.   
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Appendix 1 Letter of invitation 
 
 
                      bsaid@phls.org.uk 
 
DATE 
 
ADDRESS 
 
 
Dear Salutation 
 
I am writing to invite you to take part in a national research project looking at the quality of water 
reaching consumers. 
 
The study is funded by the Drinking Water Inspectorate (DWI) and undertaken by the Public Health 
Laboratory Service (PHLS), who are both independent of your water provider. Your address has been 
randomly selected because you are served by a supply that has been selected for this study. 
 
Taking part would involve a visit from our sampling officer who will be identified to you in advance.  He 
will take water and deposit samples from taps, showerhead and hose, tanks and WC cisterns.  This 
would not require any interference with your plumbing system other than unscrewing the showerhead 
and associated hose and screwing it back after sampling. The visit would be organised at a time 
convenient to you and should take about 1 - 2 hours.  Our sampler will be provided with photographic 
identification. 
 
Without your help this study will not be possible. Please complete and return the attached form if you 
are willing to help. Alternatively you may contact me by phone or e-mail. If you have any questions 
about this letter or the study please do not hesitate to contact the PHLS or the DWI. 
 
We very much hope that you agree to participate in this important study.   
 
Yours faithfully,  
 
 
 
Dr Bengü Said 
Project manager  
PHLS Environmental Surveillance Unit 
Tel 020 8200 6868 ex 3426 
bsaid@phls.org.uk 
 
 
Mr A. Lloyd     Mr D. Drury 
DWI     DWI 
2/E5 Ashdown House   2/F1 Ashdown House 
123 Victoria St    123 Victoria St 
London SW1E 6DE   London SW1E 6DE 
 
Tel 020 7944 8037   Tel 020 7890 5976 
Anthony.Lloyd@defra.gsi.gov.uk  David.Drury@defra.gsi.gov.uk 
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DWI/PHLS National Project 2002/3 

 
   
YES I am interested in taking part in this national project. 
Please complete and return this form in the pre-paid envelope. 
 
Thank you.  
 
 
Contact details. 

Name 

Address 

 
Telephone  (daytime) 
  (evening) 
e-mail 
 
 
Are you available during the week?  YES / NO 
When are you available?    AM / PM 
 
 

Type of property (please tick appropriate boxes)   

Domestic  
 

Commercial  
 

Detached  School  

Semi-detached  Hospital  

Terrace  Shop  

Flats  Factory  

Other  Other  

Approximate age of property? 
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Appendix 2 Property Survey Questionnaire  
 

 

Property details  

1. Contact name………………………… ………….….…..………………..………….. 

2. Address……………………………………………………………..……………………… 

………………………………………..…Postcode.…………………….…..….. 

3. Telephone Number……………………………………………..…………………….. 

4. Property code……………..……..………………………………………..…………... 

5. Type of property (please tick all that apply) Single occupancy o Multi-occupancyo Domestico 

Detachedo Semi-detachedo Terracedo Flato Purpose-built blocko Public/Commercialo 

Schoolo Hospitalo Othero 

6. Age of property……………………………………………………………………… 

7. Number of rooms……………………………………………………………………. 

8. How many toilets are there?…………………………………………………………. 

9. How many bathrooms are there?…………………………………………………….. 

10. How many baths are there?…………………………………………………………... 

11. How many wash-hand basins are there?……………………………………………... 

12. How many shower booths (as opposed to showers over baths) are there?…………... 

13. How many kitchen / utility room sinks are there?…………………………………… 

14. When was the last time any work was done on the plumbing?……………………… 

15. How old is the system? (if different give age of tank, shower, etc separately) 

…………………………………………………………………………………..……. 

16. Other relevant factors (please describe – make a schematic diagram of the system overleaf ) 

…………………………………………………………………………… 

…………………………………………………………….………………………... 

Cold system – Mains supply 

17. Water Utility supplying water……………………………………………………….. 

18. Water works…………………………………………….……………………………. 

19. Supply zone…………………………………………….…………………………….. 

20. Where does supply enter the property?….……….………………………….……….. 

21. What are the pipes made of? Plastico Coppero Steelo 

22. If plastic, specify type of plastic or describe…………………………….…………… 

23. Is there a cold tap directly off the main supply in; Kitcheno Bathroomo Outsideo  

24. Please specify tap sampled…….….………………...…………….………………..… 

25. Was it a mixer tap? Yeso Noo 
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Header tank 

26. Is there a header tank? Yeso Noo 

27. Where is the tank located…….….……………………………………………..……. 

28. What volume is it…………….….………………………………………………..…. 

29. Is the tank covered? Yeso Noo 

30. Is the tank insulated? Yeso Noo 

31. What is the temperature of the water?……………………………………………….. 

32. On a scale of 0-4 (0=none; 4=worst) score:  

      Corrosion……………………………………………………………………………. 

      Dirt in the bottom of the tank……………………………………………………….. 

      Biofilm or slime on the side of the tank near the air / water interface……………… 

33. Does it supply cold water to any taps? Yeso Noo 

34. Please specify which tap or if tank sampled…….….………………….…………..… 

Hot water system 

35. Is there a water heater fed from the cold tank? Yeso Noo 

36. Is the water heated by; 

      Hot water from central heating system with/ without electrical back-up? Yeso Noo 

      Electricity? Yeso Noo 

      Directly by gas? Yeso Noo 

37. Is there a water heater fed direct off the mains supply? Yeso Noo 

38. Does it have a storage tank? Yeso Noo 

39. If Yes, what is the approximate volume?…………………………………………… 

40. Is this water heated by; gaso electricityo indirectly through central heatingo 

41. Is it insulated? completelyo partiallyo not at allo 

42. What are the pipes made of? Plastico Coppero Steelo 

43. If plastic specify type of plastic or describe……………………………………….… 

44. Specify which hot tap sampled…………………………………………………….… 

45. Type of tap (please tick all that apply) batho sinko mixero mixer with shower attachmento single 

tapo 

46. Describe any defects……………………….………………………………………… 

Shower 

47. Was the shower sampled a…(please tick all that apply) 

      mixer connected to hot and cold tap on batho  

      separate pumped showero  

      instantaneous electrically heated showero 

48. Type of connection to shower head? Flexible hoseo Fixed heado  

49. Any faults…(please tick all that apply) drippingo scalingo mould / other growtho deterioration of 

the hoseoothero please describe…………………………………… 

50. Is the shower head… metalo or plastico 
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Water Closet cistern 

51. Is the WC cistern …(please tick all that apply)  plastico  porcelaino  metalo      low levelo high 

levelo 

52. On a scale of 0-4 (0=none; 4=worst) score: 

      Corrosion (if metal)…………..……………………………………………………… 

      Dirt in the bottom of the cistern..……………………………………………………. 

      Biofilm or slime on the side of the cistern near the air / water interface.…………… 

 

Any other comments: 

…………………………………………………………………………………………… 

…………………………………………………………….……………………………... 

Samples  

53. Samples collected at.……..…(am/pm) on (dd/mm/yy) ……./…..../.…... 

54. Samples check-list (please tick all that were taken at this property); 

      10L header tanko or 10L bathroom cold tapo 

      10L shower (mixed hot and cold)o 

      10L kitchen cold tap (mains supply)o 

      2.5L kitchen (hot tap)o 

      2.5L bathroom (hot tap)o 

      biofilm header tank (100cm2)o 

      biofilm shower heado 

      biofilm WC (100cm2)o 

      deposit sample / flushings from mains (net)o 
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Appendix 3 Sample collection protocols 
Safety Note 

Precautions should be taken during sampling to minimise the production of and avoid 

exposure to aerosols.  Taps should be run gently to reduce the amount of splashing.  

Sampling staff may have to enter roof spaces in order to sample tanks.  Care should 

be taken when using ladders that they are at a safe angle (one out for every four up.) 

and secure. In roof spaces where there are no floorboards, care should be taken to 

step only on the wooden rafters otherwise there is a high risk of falling through the 

ceiling of the room below.  Care should also be taken not to trip over wires and pipes 

or other obstructions.  Wear a hard hat where there is a risk of banging one’s head 

on overhead obstructions and always use a torch when lighting is poor. 

 

Equipment and materials 

Hard hat 

Step ladder 

Torch – rechargeable  

Sterile 1 litre containers 

Sterile 2.5 litre sample containers or new plastic containers.  These should contain 

45 – 50 sodium thiosulphate pentahydrate (18 - 20mg / l) to neutralise any chlorine or 

other oxidising biocides. 

Sterile 10 litre containers 

Sodium thiosulphate solution 2%, sterile, in 10 ml amounts (one to be used per 10 

litres of water) 

Phosphate buffered saline, sterile, in 10 ml amounts. 

Plastic bags - food grade, sealable, new 

Scissors 

Large plastic pastettes 

Sterile large mouthed containers 

Assorted spanners and screwdrivers 

Stop-watch 

Thermometer measuring from about 10°C to 1000C 

Rubber bands 

Cool box 

Disposable paper tissues or towel 

Discard bags 
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Plastic squeezy / wash bottle or suitable alternative containing a 1:10 dilution of 

sodium hypochlorite solution (bleach) or 75% ethyl or isopropyl alcohol 

Alcohol wipes 

Disposable latex or equivalent gloves 

Siphoning equipment 

Dip samplers 

Labels 

Marker pens 

Notepad and pen 

Tap sampling nets 

Swabs and templates 

Maps 

Phone card 

Camera 

Identity badge and contact letter for householders 

 
Layout of hot and cold water system 

On entering the property carry out a preliminary survey to establish the layout of the 

plumbing system. Make a schematic diagram of the system, which can be used later 

to clearly indicate where samples were collected. Determine where the mains water 

enters the building and which is the first tap off the main supply (usually the kitchen). 

Establish the position of the header tank (if any) and water heater and all hot water 

outlets on the system supplied by the hot water heater. Note the materials used for 

the piping and outlets (taps, shower heads, etc.). Determine which outlet is the 

nearest to the water heater (has the shortest length of pipe joining it to the water 

heater) and which is the furthest from the water heater (has the longest length of pipe 

joining it to the water heater). 

Complete the questionnaire in collaboration with the occupier 

Immediately before commencing sampling ask the occupier to refrain from running 

any water off until you have finished sampling the header tank at least. 

 

Header tank 

Where fitted, inspect the header tank for the domestic hot water system. BE 

CAREFUL YOU DO NOT CONFUSE IT WITH THE CENTRAL HEATING HEADER 

TANK. This tank may be in the loft. Note how well the tank is insulated, whether it is 

covered, the materials of construction, and the volume of water stored. Remove or 
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push aside the cover so that the end furthest away from the inlet is uncovered. Take 

care not to allow dirt to enter the tank. Inspect the inside noting if it is corroded, dirty 

with sediment etc. 

 

Determine if there is a cold tap connected to the header.  The pressure from a tap 

connected to the mains is usually higher than one connected to the header tank 

which will be the same pressure as the hot water.  Often the cold tap/s in the 

bathroom are connected to the header tanks.   

 

Cold water sampling 

Where there is a cold tap connected to the tank this can be used to collect a sample 

otherwise a water sample will have to be collected from the tank.  In either case the 

ball valve controlling the supply to the header tank should be tied up to prevent the 

tank refilling as you draw off the sample.  This will allow the water level to drop in 

preparation for sampling the biofilm from the sides and any deposit in the bottom.  

Having decided what samples are to be collected label the sample containers 

appropriately. 

 

Header tank (where there is no tap connected to it) 

Collect a 10L sample of water from the tank.  This can be achieved either by using a 

sterile syphoning device or a sterile dip sampler or other suitable container such as a 

1 litre sample bottle (without sodium thiosulphate) to transfer water from the tank to a 

10 litre bottle.  When sampling by dipping a vessel into the tank particular care 

should be taken to avoid a cross contamination of samples and also to ensure no dirt 

enters the tank.  Wear a new pair of disposable gloves, disinfect the outside of the 

bottle with an alcohol wipe and allow the alcohol to evaporate away before collecting 

the sample.  Collect the sample by repeatedly dipping and transferring the water to 

the 10L sample bottle.  When the whole 10 litres has been collected move the 

container to an area where it is safe to roll the bottle to and fro or shake it.  Taking 

aseptic precautions add 10ml of 2% sodium thiosulphate solution, seal the bottle and 

mix the contents.  Dry the outside of the bottle with a fresh towel if necessary and 

discard the towel.  Discard the container used for dipping into the tank.   
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Bathroom Cold Tap (connected to cold tank) 

Collect 10 litres.  If it is not possible to get the 10 litre sample bottle under the tap use 

a sterile 1 litre container and transfer the water to the 10 litre vessel.  Discard the 1 

litre container.  Aseptically add 10ml of 2% sodium thiosulphate solution, seal the 

bottle and mix the contents. Measure and record the cold water temperature. 

 
Biofilm and sediment samples 

Ensure sufficient water has been drained from the header tank to expose at least 

10cm below the water line. If not drain more water off by running a cold or hot tap.  In 

the latter case the hot water should preferably be one of the samples. Using a fresh 

sterile disposable template as a guide, remove the biofilm from a 100cm2 area.   

Resuspend the biofilm in 10 ml sterile phosphate buffered saline. 

If there is any significant amount of deposit in the tank remove some of this if 

possible with a large plastic pastette and place it in a sterile screw cap container or 

scoop it out with a sterile wide mouthed container or dip sampler. Label the sample. 

Note the temperature of the water in the tank. Disinfect the thermometer after each 

use with an alcohol wipe and allow to dry. Change gloves before collecting the next 

sample. 

Release the ball valve ensuring the water flows back in properly.  Recover the tank 

making sure not to allow dirt to enter it. 

 

Water heater 

Inspect the water heater. Note the type of heater i.e. electrical immersion; indirect 

from the central heating hot water; indirect with electrical immersion heater back-up 

etc. Note the construction materials and insulation. Follow the piping as much as 

possible and note where the taps nearest and furthest to the water heater are 

situated. 

 
Hot water sampling 

If possible select a tap that is a single tap and has no attachments (i.e. not a mixer 

tap and/or connected to a shower).  If there is more than one possibility use the one 

furthest from the hot water heater.  Record where the outlet is and its type. Label a 

sample container indicating the site etc. Record if the tap has any defects (dripping, 

leaking glands etc.). Start timing and collect two 2.5 litres of water and reseal the 

containers. Continue running the tap until 1 minute is up, if it is not already, then 

measure and record the temperature.  
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Water from showers 

Inspect the shower noting its type (mixer connected to hot and cold tap on bath, 

separate pumped shower, instantaneous electrically heated shower etc) if it has a 

flexible hose or not and if it has any faults including dripping, scaling and mould 

growth or other deterioration of the hose. 

 

Water from showers with flexible hoses 

Unscrew the showerhead and collect 10 litres of water adjusting the temperature 

control so that the water is warm (30oC – 40oC).   

 

Water from showers with fixed heads and no flexible hose 

Label a bottle and remove it's cap storing it in a clean new plastic bag. Cut the end or 

a corner off a new food grade plastic bag.  Insert the showerhead into the plastic bag 

and hold the bag closed around the shower hose behind the showerhead. Insert the 

other end of the bag into the open sample container. Keeping the bag closed behind 

the showerhead (a rubber band may be used to facilitate this), carefully turn on the 

water flow so that a gentle flow is created and the water flows into the container.  

Alternatively remove the showerhead, being careful not to lose any water that may be 

in the showerhead, and collect the sample from the shower hose.  Collect 10 litres of 

water and note the temperature after allowing it to flow for one minute as before. 

 
 

Figure 6 Method of collecting a shower sample avoiding excessive creation of aerosols 
and getting wet 
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Biofilm from showers with flexible hoses 

Disconnect the hose and remove as much biofilm from within the hose of either end 

using a sterile swab moistened if necessary with phosphate buffered saline (PBS).  

Place the swab in a bottle containing 10ml of PBS, resuspend as much as possible 

and snap the swab head or cut it off using a sterile pair of scissors leaving the swab 

head within the tube and reseal the tube and replace. 

 

Biofilm from showers with fixed heads and no flexible hose 

If possible disconnect the showerhead and then remove biofilm from within the 

showerhead and inside of any pipe attached to it.  Place the swab/s in a bottle 

containing 10ml of PBS, resuspend as much as possible and snap the swab head or 

cut it off using a sterile pair of scissors leaving the swab head within the tube and 

reseal the tube. 

 

Mains cold water 

The kitchen tap should be connected to the main water supply. Avoid collecting the 

sample through a mixer tap if possible. If there is a choice of more than one tap 

connected to the main supply try to choose one that is a single tap. Use this to collect 

a sample representative of the incoming mains water. Clean the outside of the tap 

with an alcohol wipe or hypochlorite solution and, if the tap has not already been 

sampled, run the tap for about one minute. Disinfect the inside of the tap by squirting 

the disinfectant solution up inside the orifice of the tap. Wait for two minutes, turn the 

tap on and allow it to run for a further minute and then collect a 10-litre sample 

without adjusting the flow of the water. Label it “post flush sample” in addition to 

noting its source etc. 

 
Biofilm from mains cold water 

The kitchen tap should be connected to the main water supply.  Avoid collecting a 

sample through a mixer tap if possible.  If there is a choice of more than one tap 

connected to the main supply try to choose one that is a single tap.  Use this to 

collect a sample representative of the incoming mains water.  Clean the outside of 

the tap with an alcohol wipe or hypochlorite solution and, if the tap has not already 

been sampled, run the tap for about one minute.  Disinfect the inside of the tap by 

squirting the disinfectant solution up inside the orifice of the tap.  Wait for two 

minutes, turn the tap on and allow it to run for a further minute and then collect a 10-
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litre sample without adjusting the flow of the water.  Label it "post flush sample" in 

addition to noting its source etc.  

 

Biofilm from water closets cistern 

Select a water closet cistern for sampling.  If there is a choice avoid using ones with 

disinfectant blocks immersed in the cistern.  Remove the lid of the cistern and tie off 

the ball valve.  Flush the toilet and then collect a biofilm and sediment sample as for 

the header tank above. 

 

Hydrant net and water sampling 

The hydrant pit was prepared according to local protocol.  Briefly, the hydrant cover 

was opened and excess water from the pit, covering the hydrant outlet was drained.  

Extraneous debris inhibiting the drainage of the pit or obstructing the hydrant outlet 

were removed.  A swan neck was attached to the hydrant outlet and the standpipe 

was flushed through non-aggressively to remove any debris and static water in the 

section of the pipe, until water was clear.  Alcohol wipes were used to decontaminate 

the surface of the hydrant outlet.  A sterile hydrant net with pore size of 5.7ìm 

(Normesh Ltd., Lancashire, UK) was attached to the outlet and secured with a 

drawstring (Figure 7); care was taken to avoid contact with surfaces or the ground.   

 

The sample was then collected by flushing water through the net for five minutes.  

Excess water was drained off before transferring the net sample into a sterile 

resealable plastic bag for transporting back to the laboratory.  After collecting the 

hydrant net sample, a 10L sample of hydrant water was collected into a sterile 

autoclavable Nalgene bottle.  To neutralise residual chlorine or other oxidising 

biocides a solution of sodium thiosulphate 5-hydrate (BDH, UK) was added to each 

10L of water sample to a final concentration of 20mg L-1.  All samples were kept in a 

cool dark environment at room temperature before samples were processed. 
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Figure 7 Sampling using a hydrant net 
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Appendix 4 Samples from participating properties  
1. 10L water sample from header tank and  / or 10L bathroom cold tap 

2. 10L shower (mixed / blended hot and cold)  

3. 10L kitchen cold tap (mains supply)  

4. 2.5L kitchen hot tap furthest from boiler 

5. 2.5L bathroom hot tap closest to boiler 

6. Biofilm from header tank (100cm2) 

7. Biofilm from shower head or hose 

8. Biofilm from WC cistern (100cm2) 

9. Deposit tap net sample (flushings from mains) 

 

Samples from water supplies 

1. 3 x 10L samples representing water in distribution 

2. 3 x deposit or sediment (net) samples from the hydrants 

In addition; 

3. 5 water meters from RG for biofilm / deposit samples. 

4. 6 sediment swabs (4 bottom and 2 side) from a service reservoir in NW. 

 

Number of samples collected (N=188), total number of samples 

processed = 187 

First round of sampling 2002 (Total no. samples processed = 95) 
• 72 samples from properties 

• 18 samples from hydrants 

• 5 water meter samples 

Second round of sampling 2003 (Total no. samples processed = 92) 
• 69 samples from properties (but only 68 samples received as there was no 

swab in one of the biofilm samples) 

• 18 samples from hydrants 

• 6 reservoir sediment samples 
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Appendix 5 Line Listing of Results 

NO. 
AREA 
CODE PROPCODESAMPLED 

SAMPLE 
TYPE MAC MAP 

OTHER 
MYCO 16SHP HPVacA HGS16S 

11111 EL EL1 BATH COLD 10L WATER - - - - - - 
11112 EL EL1 MAINS COLD 10L WATER - - - - - - 
11113 EL EL1 SHOWER 10L WATER - - - - - - 

11114 EL EL1 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

11115 EL EL1 SHOWER BIOFILM - - + - - - 
11116 EL EL1 WC BIOFILM - - - + + + 
11117 EL EL1 TAP NET DEPOSIT - - - - - - 

11118 EL EL1 CLOSEST HOT 
2.5L 
WATER - - - NT NT NT 

11001 EL EL2 BATH COLD 10L WATER - - + - - - 
11002 EL EL2 MAINS COLD 10L WATER - - + - - + 

11003 EL EL2 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

11004 EL EL2 CLOSEST HOT 
2.5L 
WATER - - - NT NT NT 

11005 EL EL2 TAP NET DEPOSIT - - + - - - 
11006 EL EL2 HEADER TANK BIOFILM - - + - - - 
11007 EL EL2 WC BIOFILM - - + - - - 
11008 EL EL3 BATH COLD 10L WATER - - - - - - 
11009 EL EL3 SHOWER 10L WATER - - + - - - 
11010 EL EL3 MAINS COLD 10L WATER - - - - - - 

11011 EL EL3 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

11012 EL EL3 CLOSEST HOT 
2.5L 
WATER - - + NT NT NT 

11013 EL EL3 SHOWER BIOFILM - - + - - + 
11014 EL EL3 WC BIOFILM - - - - - - 
11015 EL EL3 TAP NET DEPOSIT - - - - - - 
11019 EL E18 HYDRANT 10L WATER - - + - - - 
11020 EL E11A HYDRANT 10L WATER - - + - - - 
11021 EL E11B HYDRANT 10L WATER - - + - - - 
11022 EL E18 HYDRANT DEPOSIT - - + - - - 
11023 EL E11A HYDRANT DEPOSIT - - + - - - 
11024 EL E11B HYDRANT DEPOSIT - - + - - - 
11025 NW NW1 MAINS COLD 10L WATER - - + - - - 
11026 NW NW1 HEADER TANK 10L WATER - - + + - - 
11027 NW NW1 SHOWER 10L WATER + - + - + - 

11028 NW NW1 
FURTHEST 
HOT 

2.5L 
WATER + - - NT NT NT 

11029 NW NW1 CLOSEST HOT 
2.5L 
WATER - - - NT NT NT 

11030 NW NW1 TAP NET DEPOSIT - - - - - - 
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NO. 
AREA 
CODE PROPCODESAMPLED 

SAMPLE 
TYPE MAC MAP 

OTHER 
MYCO 16SHP HPVacA HGS16S 

11031 NW NW1 WC BIOFILM - - + - - - 
11032 NW NW1 SHOWER BIOFILM + - + + + + 
11033 NW NW1 HEADER TANK BIOFILM - - - - - + 

11034 NW NW2 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

11035 NW NW2 CLOSEST HOT 
2.5L 
WATER - - + NT NT NT 

11036 NW NW2 BATH COLD 10L WATER - - + - - + 
11037 NW NW2 SHOWER 10L WATER - - - - - - 
11038 NW NW2 MAINS COLD 10L WATER - - + - - + 

11039 NW NW3 CLOSEST HOT 
2.5L 
WATER - - - NT NT NT 

11040 NW NW3 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

11041 NW NW3 BATH COLD 10L WATER - - + - + + 
11042 NW NW3 MAINS COLD 10L WATER - - + - - - 
11043 NW NW3 SHOWER 10L WATER - - + - + - 
11044 NW NW2 WC BIOFILM - - + - - + 
11045 NW NW2 HEADER TANK BIOFILM - - + - - + 
11046 NW NW2 SHOWER BIOFILM - - + - + + 
11047 NW NW3 WC BIOFILM - - + + - + 
11048 NW NW3 SHOWER BIOFILM - - + + - + 
11049 NW NW3 TAP NET DEPOSIT - - - + + + 
11050 NW NW2 TAP NET DEPOSIT - - - - - - 
11051 NW N1 HYDRANT 10L WATER - - - - - - 
11052 NW N3 HYDRANT 10L WATER - - + - - - 
11053 NW N2 HYDRANT 10L WATER - - + - - - 
11054 NW N1 HYDRANT DEPOSIT - - - - - - 
11055 NW N3 HYDRANT DEPOSIT - - - - - - 
11056 NW N2 HYDRANT DEPOSIT - - - - - - 

11057 RG RG1 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

11058 RG RG1 CLOSEST HOT 
2.5L 
WATER - - + NT NT NT 

11059 RG RG1 SHOWER 10L WATER - - + - - - 
11060 RG RG1 MAINS COLD 10L WATER - - + - - - 
11061 RG RG1 BATH COLD 10L WATER - - + - - - 
11062 RG RG1 TAP NET DEPOSIT - - + - - - 
11063 RG RG1 WC BIOFILM - - + - - + 
11064 RG RG1 HEADER TANK BIOFILM - - + - - - 
11065 RG RG1 SHOWER BIOFILM + - + - - - 
11066 RG R9 HYDRANT 10L WATER - - - - - - 
11067 RG R39 HYDRANT 10L WATER - - + - - - 
11068 RG R17 HYDRANT 10L WATER - - + - - + 
11069 RG R9 HYDRANT DEPOSIT - - - - - - 
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NO. 
AREA 
CODE PROPCODESAMPLED 

SAMPLE 
TYPE MAC MAP 

OTHER 
MYCO 16SHP HPVacA HGS16S 

11070 RG R39 HYDRANT DEPOSIT - - + - - - 
11071 RG R17 HYDRANT DEPOSIT - - - - - - 

11072 RG RG2 CLOSEST HOT 
2.5L 
WATER - - + NT NT NT 

11073 RG RG2 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

11074 RG RG2 MAINS COLD 10L WATER - - + - - - 
11075 RG RG2 BATH COLD 10L WATER - - + - - - 
11076 RG RG2 TAP NET DEPOSIT - - - - - + 
11077 RG RG2 WC BIOFILM - - + - - - 
11078 RG RG2 SHOWER BIOFILM - - - - - - 

11079 RG RG3 CLOSEST HOT 
2.5L 
WATER - - + NT NT NT 

11080 RG RG3 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

11081 RG RG3 BATH COLD 10L WATER - - + - - - 
11082 RG RG3 MAINS COLD 10L WATER - - - - - - 
11083 RG RG3 TAP NET DEPOSIT - - - - - + 
11084 RG RG3 SHOWER BIOFILM - - - - - - 
11085 RG RG3 WC BIOFILM - - - - - - 

11086 NW N411 
WATER 
METER BIOFILM - - - - - - 

11087 NW N406 
WATER 
METER BIOFILM - - - - - - 

11088 NW N418 
WATER 
METER BIOFILM + - + - - - 

11089 NW N413 
WATER 
METER BIOFILM - - + - - - 

11090 NW N420 
WATER 
METER BIOFILM + -* - - - - 

236 NW NCH 
RESERVOIR 
BOTTOM SEDIMENT 

+ - + - - - 

237 NW NCH 
RESERVOIR 
BOTTOM 

SEDIMENT 
- - - - - - 

238 NW NCH 
RESERVOIR 
BOTTOM 

SEDIMENT 
- - + - - - 

239 NW NCH 
RESERVOIR 
BOTTOM SEDIMENT 

- - + - - - 

240 NW NCH 
RESERVOIR 
SIDE 

SEDIMENT 
- - - - - - 

241 NW NCH 
RESERVOIR 
SIDE 

SEDIMENT 
- - - - - - 

243 EL EL4 MAINS COLD 10L WATER - - - - - - 
244 EL EL4 BATH COLD 10L WATER - - + - - - 

245 EL EL4 CLOSEST HOT 
2.5L 
WATER - - + NT NT NT 

246 EL EL4 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

247 EL EL4 TAP NET DEPOSIT - - - - - - 
248 EL EL4 WC BIOFILM - - - - - - 
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NO. 
AREA 
CODE PROPCODESAMPLED 

SAMPLE 
TYPE MAC MAP 

OTHER 
MYCO 16SHP HPVacA HGS16S 

249 EL E18 HYDRANT 10L WATER - - + - - - 
250 EL E11A HYDRANT 10L WATER - - + - - + 
251 EL E11B HYDRANT 10L WATER - - + - - + 
252 EL E18 HYDRANT DEPOSIT - - + - - - 
253 EL E11A HYDRANT DEPOSIT - - + - - - 
254 EL E11B HYDRANT DEPOSIT - - + - - + 
255 EL EL5 MAINS COLD 10L WATER - - + - - - 
256 EL EL5 BATH COLD 10L WATER - - - - - + 
257 EL EL5 SHOWER 10L WATER - - + - - - 

258 EL EL5 CLOSEST HOT 
2.5L 
WATER - - - NT NT NT 

259 EL EL5 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

260 EL EL5 TAP NET DEPOSIT - - - - - - 
261 EL EL5 HEADER TANK BIOFILM - - - - - + 
262 EL EL5 WC BIOFILM - - + - - - 
263 EL EL5 SHOWER BIOFILM - - + - - - 
264 EL EL6 MAINS COLD 10L WATER - - + - - + 
265 EL EL6 BATH COLD 10L WATER - - + - - - 
266 EL EL6 SHOWER 10L WATER - - + - - - 

267 EL EL6 
FURTHEST 
HOT 

2.5L 
WATER - - + NT NT NT 

268 EL EL6 CLOSEST HOT 
2.5L 
WATER + - + NT NT NT 

269 EL EL6 TAP NET DEPOSIT - - - - - - 
270 EL EL6 SHOWER BIOFILM - - + - - - 
271 EL EL6 WC BIOFILM - - - - - - 
328 NW NW4 BATH COLD 10L WATER - - - - - - 
329 NW NW4 MAINS COLD 10L WATER - - - - - - 
330 NW NW4 HEADER TANK 10L WATER - - - - - - 

331 NW NW4 CLOSEST HOT 
2.5L 
WATER - - - NT NT NT 

332 NW NW4 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

333 NW NW4 WC BIOFILM - - - - - - 
334 NW NW4 HEADER TANK BIOFILM - - + - - - 
335 NW NW4 TAP NET DEPOSIT - - - - - - 
336 NW NW5 HEADER TANK 10L WATER - - + - - - 
337 NW NW5 SHOWER 10L WATER - - + - + + 
338 NW NW5 MAINS COLD 10L WATER - - - - - - 

339 NW NW5 CLOSEST HOT 
2.5L 
WATER + - + NT NT NT 

340 NW NW5 
FURTHEST 
HOT 

2.5L 
WATER + - + NT NT NT 

341 NW NW5 SHOWER BIOFILM - - - - + + 
342 NW NW5 WC BIOFILM - - - - - - 
344 NW NW5 TAP NET DEPOSIT - - - - - - 



Final Report-DWI/70/2/146 November 2003                                                                          108 

NO. 
AREA 
CODE PROPCODESAMPLED 

SAMPLE 
TYPE MAC MAP 

OTHER 
MYCO 16SHP HPVacA HGS16S 

345 NW NW6 MAINS COLD 10L WATER - - - - + - 
346 NW NW6 HEADER TANK 10L WATER - - - - + + 
347 NW NW6 CLOSEST HOT 2.5LWATER - - - NT NT NT 

348 NW NW6 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

349 NW NW6 HEADER TANK BIOFILM - - + - - - 
350 NW NW6 TAP NET DEPOSIT - - - - - - 
351 NW N1 HYDRANT DEPOSIT - - - - - - 
352 NW N3 HYDRANT DEPOSIT - - - - - - 
353 NW N2 HYDRANT DEPOSIT - - - - - - 
354 NW N1 HYDRANT 10L WATER - - - - - - 
355 NW N3 HYDRANT 10L WATER - - - - - - 
356 NW N2 HYDRANT 10L WATER - - - - - - 
357 RG RG4 BATH COLD 10L WATER - - - - - - 
358 RG RG4 MAINS COLD 10L WATER - - - - - - 

359 RG RG4 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

360 RG RG4 CLOSEST HOT 2.5LWATER - - - NT NT NT 
361 RG RG4 SHOWER 10L WATER - - + - - - 
362 RG RG4 SHOWER BIOFILM - - + + + + 
363 RG RG4 WC BIOFILM - - - + + + 
364 RG RG4 TAP NET DEPOSIT - - - - - - 
365 RG R17 HYDRANT 10L WATER - - - + - - 
366 RG R17 HYDRANT DEPOSIT - - - - - - 
367 RG R9 HYDRANT 10L WATER - - + - + - 
368 RG R9 HYDRANT DEPOSIT - - - - - - 
369 RG R39 HYDRANT 10L WATER - - - - - - 
370 RG R39 HYDRANT DEPOSIT - - - - - - 
371 RG RG5 HEADER TANK 10L WATER - - - - - - 
372 RG RG5 SHOWER 10L WATER - - - - + + 
373 RG RG5 MAINS COLD 10L WATER - - - - - - 
374 RG RG5 CLOSEST HOT 2.5LWATER - - - NT NT NT 

375 RG RG5 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

376 RG RG6 MAINS COLD 10L WATER - - + - + - 
377 RG RG6 BATH COLD 10L WATER - - - - - - 

378 RG RG6 
FURTHEST 
HOT 

2.5L 
WATER - - - NT NT NT 

379 RG RG6 CLOSEST HOT 2.5LWATER - - + NT NT NT 
380 RG RG6 TAP NET DEPOSIT - - - - - - 
381 RG RG6 WC BIOFILM - - - - - - 
382 RG RG5 TAP NET DEPOSIT - - - - - - 
383 RG RG5 SHOWER BIOFILM - - - + + + 
384 RG RG5 WC BIOFILM - - - - - - 
385 RG RG5 HEADER TANK BIOFILM - - - + - - 
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