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EXECUTIVE SUMMARY 
 

 
The aim of the study was to improve understanding of the role of amoebae in the 

protection and proliferation of pathogens in distribution systems. Although ‘amoebae’ was used 
in the request for proposal (RFP), free living protozoa (FLP) is a more appropriate term that the 
research team has used throughout this report. Strictly, amoebae are only part of the FLP that 
interact with bacteria and are likely to be present in distribution systems. Considering all FLP 
gives a more complete picture. 

 
OBJECTIVES  

 
1. To provide a critical review of the current literature surrounding the interactions between 

FLP and opportunistic pathogens with special reference to distributed drinking water. 
2. To examine current methods for amoeba/protozoan detection and use appropriate means to 

conduct an occurrence survey of protozoa. A survey was conducted at full-scale treatment 
facilities at multiple locations within distribution networks that were exposed to either 
chlorine or chloramine as residual disinfectant. This included a method for storage of FLP 
isolates to permit reculture. 

3. To examine the samples for the presence of Legionella pneumophila and mycobacterial 
species to look for obvious correlations between presence of these opportunistic bacterial 
pathogens and that of FLP, especially acanthamoebae or Hartmanella vermiformis.  

4. To examine how different FLP, specifically amoebae, respond when confronted with 
alternate prey species as potential food sources. We concentrated on mycobacteria since their 
interactions are less well understood than those of legionellae. 

5. To undertake disinfection trials relevant to distributed water and specifically targeted to 
understanding differences that exist between the sensitivities of the two major FLP groups 
associated with legionellae ― Hartmanella and Acanthamoeba ― to chlorine and 
chloramine.  

 
BACKGROUND 

 
FLP are ubiquitous where bacteria, their main food source, are found. That they are 

present in distributed water is not a surprise, and it would be logical that the types and numbers 
of active FLP in distributed water relate directly to the quality and quantity of their food source 
present in infrastructure biofilms, and perhaps to a lesser extent in the bulk water. Over many 
years, water has been implicated as a source of opportunistic pathogens in healthcare and 
community disease outbreaks, particularly for the opportunistic respiratory pathogens Legionella 
spp. and Mycobacterium spp. Epidemiological data, along with laboratory reports of pathogens 
resisting digestion by amoebae, replicating inside amoebae, and dispersed by amoebae, have 
raised the specter of FLP as Trojan horses delivering pathogens throughout distribution 
networks, and hence being real villains in the battle to provide safe drinking water.  

It is necessary to understand the true extent and importance of FLP and their interactions 
with bacteria in the field. What are the most probable scenarios for FLP-pathogen interactions 
and where are these most important? How many and what types of FLP are found in distributed 
water? Are they found co-occurring with opportunistic pathogens in distributed water, and, if 

©2014 Water Research Foundation and Drinking Water Inspectorate. ALL RIGHTS RESERVED.



 xx

they are, does this imply direct interaction or simple co-occurrence? The epidemiological data 
strongly supports a role for premise plumbing in FLP-pathogen interactions. Under what 
circumstances is this most likely to occur, and which sites are likely to be most impacted? If it is 
clear that specific FLP are implicated in supporting certain pathogens, how can they be 
controlled? 

APPROACH USED FOR EACH OBJECTIVE 

Objective 1: Literature Review 

Interest in the interaction of FLP with opportunistic bacterial pathogens is growing 
exponentially. For this study, the biggest focus was on those areas most directly related to 
potable water, and discussing those questions that are still unanswered. It was important to 
consider the source to tap paradigm rather than only isolated segments of the treatment and 
distribution train. In addition to potentially supporting the persistence, distribution, and/or 
replication of certain opportunistic bacterial pathogens, FLP almost certainly provide significant 
benefits to drinking water by removing/digesting bacteria in biofilms and bulk water. Though 
there has been very little attempt to demonstrate this in distributed water, it can be inferred from 
FLPs’ proven role in ecological studies performed in surface waters or microcosms. This study 
attempts to describe the complexity of the FLP-bacteria (predator-prey) relationships that might 
exist in distributed water and in infrastructure. Informed speculation is also included where it 
adds to the overall picture and might explain some of the complexities involved. Where 
discussion of the literature is speculative, it is acknowledged as such. Some of the unresolved 
issues and knowledge gaps are also highlighted. The core of the review on FLP interactions with 
bacteria is presented in Chapter 1, but is also continued in other chapters where the material is 
the best logical fit.  

Objective 2: Occurrence Survey  

Three types of devices were used to collect samples from up to six locations in each 
distribution system. Distribution system participants were selected based on a) geographic 
location (south or north) and thus water temperature (warm or cold); b) disinfection regime 
(chlorine or chloramine); and c) source water (ground or surface). The basic approach used a 
combination of direct examination and morphological reports coupled with culture on bait 
bacteria to amplify viable FLP followed by molecular techniques to identify them. Further details 
on the approach and methodology used are given in Chapter 2 with the results reported in 
Chapter 3. Since we believe there are important issues in understanding and evaluating these data 
relative to pathogen protection and dispersal, further discussion of this area of research is 
presented in Chapter 4 as a means to improve future work.  

Objective 3: Correlations of the Presence of L. pneumophila and Mycobacteria With FLP 

Samples were tested with a commercial quantitative PCR kit specific for L. pneumophila. 
and PCR for the HSP 65 gene to detect mycobacteria. The results are found in Chapter 4. 
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Objective 4: Interaction Between FLP and Mycobacteria 

To test how FLP react to the presence of mycobacteria as food or to alternate food 
sources, we used bench-scale feeding studies to present various amoebal isolates (laboratory 
strains as well as isolates from this study) with E. coli or a mycobacterium or a choice of the two 
and observed the outcomes. Details of experimental approaches and results are given in Chapter 
5. The focus on mycobacteria was selected because we know relatively little about their value as
a food source for FLP or whether they are likely to be replicated in FLP hosts.  

Objective 5: Disinfection Studies on FLP 

Disinfection of the two main FLP groups implicated in the presence/amplification of 
legionellae (acanthamoebae and hartmanellae) was studied under conditions relevant to the 
distribution system. This was achieved by suspending the FLP with E. coli-coated glass beads in 
dialysis sacs prior to dynamic disinfectant exposure through the semi-permeable walls of dialysis 
tubing to realistic levels of either chlorine or chloramine. Experiments were done at pH levels of 
about 6, 7.5, and 9 for each FLP-disinfectant combination. Samples collected were enumerated 
microscopically on multi-well plates containing non-nutrient agar coated with E. coli. Chapter 6 
reviews the literature on FLP disinfection and discusses the methodology and results for this 
section. 

RESULTS/CONCLUSIONS  

1. Many knowledge gaps were identified; more focus should be placed on understanding the
ecology of both FLP and opportunistic pathogens in the environment and in distributed water and 
premise plumbing. There is a great deal of sophistication and specificity among the predator 
(FLP)-prey (bacteria) interactions in natural environments, but the extent to which this operates 
in distributed water is not yet understood. With the probable exception of H. vermiformis and L. 
pneumophila, and possibly other specific cases, the blanket view that FLP amplify opportunistic 
pathogens and the belief that this is a common occurrence in the field is likely to be an 
oversimplification of reality. However, the likelihood of FLP involvement in moving and 
dispersing pathogens and allowing them to escape imposed stresses such as disinfection is much 
higher. It was also concluded that the issue of bacterial-FLP interactions is especially important 
for large volume water users and in recycled and warm water systems that are most implicated in 
the epidemiology of legionellae and mycobacterial infections. Some of the identified knowledge 
gaps are outlined with research needs in Chapter 7.  

2. The occurrence survey confirmed the ubiquity of FLP in all types of water tested. It
identified a wide variety of FLP from all systems of distributed water. These included 
acanthamoebae and hartmanellae, but the most commonly observed and isolated FLP in all 
systems were cercomonads. These small FLP are flagellates with an amoeboid stage that are avid 
consumers of bacteria in bulk water as well as in biofilms and belong to the most common group 
of predators in soils and waters. They are not implicated in the epidemiology of either legionellae 
or mycobacteria and might be considered as beneficial consumers of bacteria including biofilms. 
Molecular tools for 18S rDNA will also identify fungi, therefore the results include both FLP and 
fungi. 
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3. The scan of the utility sample concentrates to examine co-occurrence of L. pneumophila 
and mycobacteria with either of the main FLP groups targeted (acanthamoebae and 
hartmanellae) did not find any definitive correlations. The four instances of L. pneumophila 
recorded were all from warm water locations, and the three from Florida did show H. 
vermiformis co-occurring at or upstream from the positive site. Of these three sites, the two 
located in premise plumbing also were seen microscopically to contain Naegleria-like flagellates 
or trophozoites. Acanthamoeba lenticulata was isolated from the cotton wound cartridges. The 
Florida sample site, located midway through the distribution system, and where L. pneumophila 
was detected on the fish foam cartridge, was the same site at which H. vermiformis was isolated 
from the immediately upstream pipe biofilm. While this data in the distribution system in Florida 
supports a correlation of L. pneumophila with H. vermiformis, and is in agreement with the 
literature review, it is not conclusive. The site in Arizona that tested positive for L. pneumophila 
only tested positive near the treatment plant and not further away in the distributed water. While 
Acanthamoeba spp. was identified at the same site, there could be other explanations for co-
occurrence of these two organisms. This data is presented as a part of the discussion in Chapter 
4. The screen for mycobacteria detected 17 samples where mycobacteria were present; of these, 
13 were from utilities that used chloramine as disinfectant residual, which is consistent with 
several reports of increases in mycobacteria when chloramine is the residual disinfectant. No 
specific associations with FLP could be defined, and that is also consistent with the recognized 
ability of mycobacteria to grow independently. 

 
4. Bench scale feeding studies demonstrated that even if some strains of FLP from the 
laboratory can ingest the mycobacterium offered, they may not be able to digest it; none of the 
newly isolated strains would accept it at as food, usually encysting. Following ingestion, the 
ability of mycobacteria to remain in the protozoa for varying periods of time might facilitate 
their dispersal and temporary protection from adverse events even if they do not replicate. 
 
5. H. vermiformis appeared to be much more sensitive to chloramine than acanthamoebae. 
Both exhibit some, though incomplete, sensitivity to free chlorine levels likely to be found in 
distributed water. Experiments were conducted at different pH levels but pH did not appear to be 
an important variable except possibly for acanthamoebae exposed to chloramine. 
 
APPLICATIONS/RECOMMENDATIONS 
 

The issue of protozoa and their interaction with pathogens is an important and expanding 
area of research that is of wide interest to public health within and outside the drinking water 
industry. To address this need, the researchers recommend that the drinking water industry 
conduct further research (Chapter 7) to: 

 
 Understand how the selective pressures operating in the treatment train affect the 

presence and amplification of FLP and opportunistic pathogens before and as the water 
leaves the treatment facility, i.e. with and without disinfection. 

 Understand if particular components (e.g. pipe materials, gaskets, condensers) of the 
distribution system, including premise plumbing, influence the presence and or activity of 
FLP and opportunistic pathogens. 
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 Understand how hydraulic conditions at pipe walls and conditions at air-water interfaces 
affect FLP activities including feeding and replication. 

 Explore the relationship of L. pneumophila (and possibly Mycobacterium avium) with 
other protozoa in/from natural systems (i.e. outside the monocultures used in laboratory 
experiments) to get a better picture of which protozoa other than H. vermiformis are 
natural amplifiers of these opportunistic bacteria.  

 Explore the relationship between legionellae and mycobacteria as a function of specific 
and relevant interventions. 

 Clarify the exact relationship between L. pneumophila and H. vermiformis; in particular 
is it advantaged by presence at an air-water interface? 

 Understand the presence of opportunistic pathogens in distributed water especially L. 
pneumophila and H. vermiformis, by using molecular tools to detect potential 
amplification on filters and in plant effluent. 

 In association with local public health authorities, take a leadership role in educating 
consumers on the issues of protozoa and opportunistic pathogens; this includes both 
institutional and industrial users as well as individual consumers, where the risks differ 
(Chapters 8 and 9). 

 Since potable water is not the only component of the environment in which such FLP-
bacteria interactions take place, utilities should develop effective communication 
strategies that go beyond potable water to place the problem in the real context of total 
environmental exposure(s). 

 
  In addition to industry research, we further recommend that drinking water utilities 
recognize and accept that:  

 
 Along with bacteria, they will inevitably deliver some FLP to consumers because normal 

disinfection is unlikely to eliminate all FLP and might tip the balance in favor of 
opportunistic bacterial pathogens and the FLP that consume them. 

 Conditions that reduce one group of opportunistic pathogens might tend to increase the 
other, so there should be a rationale for the selected operational decisions regarding 
them―how do you choose which is the lesser of two opportunistic pathogen groups? 

 The complexity of FLP-bacteria interactions is such that problems could be site specific. 
Premise plumbing is where FLP-pathogen interactions are likely to be highest, and the 
risks from exposure to them greatest. This is especially true in large complex systems that 
recycle hot or warm water, and part of the solution must lie with high volume customers 
and building owners or operators. 
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