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Summary 
 

 

 

 

The bacterium Legionella pneumophila is the source of the disease ‘Legionellosis’, better know as 

Legionnaire’s disease. Although the illness can be treated with the right antibiotics, Legionella has led to a good 

number of deaths in the Netherlands alone. Legionella thrives in water of 20 to 50° Celsius, and therefore occurs 

in all sorts of (warm) water systems and water installations.  

In order to prevent Legionella contamination, several methods have been developed with which the 

bacteria can be killed in (tap) water. The most common method is thermal disinfection, with which the bacteria are 

killed through heating. Other methods use different techniques to kill Legionella, such as the use of UV-light, 

copper-silver ionisation or oxidizing substances. In this literature study, the specific biological mechanisms behind 

several methods of Legionella control were studied. Each method has its advantages and disadvantages in 

effectiveness. Of course, all methods also have advantages and disadvantages in terms of cost, utility, safety and 

so on, but these are only marginally referred to in this research. 

UV-light only has an effect on the DNA of the micro-organism: the DNA is damaged and becomes 

dysfunctional, due to which the Legionella bacteria die. When using UV-light, it is of importance that the dosage 

and duration of the radiation is sufficient. With a short exposure, a high intensity is needed to provide enough 

energy. The dosage emitted by the UV-lamp can moreover damage only a limited amount of DNA. If the 

Legionella are located in protozoa that have a large amount of DNA (in the nucleus as well as the mitochondria), 

possibly less damage is done to the DNA of the Legionella bacteria.  

Copper-silver ionisation is a cheap method and an effective way of killing Legionella. However, as with 

UV-light, the Legionella bacteria can be protected by the protozoa and/or a biofilm. Another disadvantage is that 

the use of heavy metals in waterworks brings with it risks for public health. 

Besides above mentioned methods, there are oxidizing substances that can kill off Legionella. Of these, 

chlorine is especially suitable in preventing the spread of Legionella, as a supplement to other methods.  

Disinfection with ozone is more effective, but has the disadvantage that ozone is quickly deactivated in water. 

Peroxides are also used extensively in waterworks disinfection. Similar to UV-light and copper-silver 

ionisation, the oxidizing substances must penetrate the protozoa that harbour the Legionella for a proper 

disinfection. Whether these methods of disinfection have a sufficiently lethal effect on Legionella is not yet known. 

With thermal disinfection, Legionella bacteria that have infected the protozoa are also reached, as well as 

the Legionella bacteria located in a biofilm. The temperature increases without as well as within the protozoa, and 

leads to damage to the Legionella bacteria present. A second point that supports thermal disinfection methods is 

that, through heating, multiple parts of the cell are destroyed. The chance that Legionella survives this 

combination of factors is in this way reduced to a minimum.  
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Chapter 1 
 

 

 

 

Introduction 
 

 

 

 

1.1  Background 

 

The Legionella bacterium was first discovered in 1976 during a convention of war veterans in 

Philadelphia (United States). An outbreak of pneumonia among 200 of the veterans present led to 29 deaths. This 

incident caused the disease to be named ‘Legionnaire’s disease’. After isolation of the pathogen responsible, it 

turned out that the pneumonia was caused by a bacterium, which was later named Legionella pneumophila. This 

bacterium was not new: Legionella pneumophila had caused pneumonia earlier on. The bacteria had even been 

isolated from old patient material dating back to 1943. 

In the Netherlands, the Legionella bacteria first hit the news in 1999, when after a visit to the West-Frisian 

Flora fair in Bovenkarspel more than 200 people got seriously ill and at least 31 people died. At the fair, several 

water installations, such as fountains, were present. After investigation it turned out that the infection had 

developed nearby the accompanying consumers’ fair, where, amongst others, bubble baths were displayed. 

Legionella occurs in nature, but as should be clear from the above also in man-made aqueous 

environments, such as cooling towers, bubble baths, fountains and (tap) water systems. It is exactly in such 

artificial, created environments that the Legionella bacterium poses a health threat, because people there are 

exposed to aerosols (small water droplets in the air). By means of these droplets the bacteria can spread and 

eventually infect people. It must be noted, though, that the presence of Legionella in a waterworks installation 

does not necessarily lead to illness, but that the possibility for a health threat is present. 

Up to now ‘the’ Legionella bacterium has been the subject. Biologically speaking, however, they form a 

group of 48 species, the family of Legionellaceae. Half of these 48 species are associated with illness in humans. 

Legionella pneumophila is the most virulent (pathogenic) species, and is responsible for more than 90% of the 

Legionella infections.1 De subsequent disease Legionellosis starts off with mild symptoms, such as coughing, 

muscle ache, moderate fever and gastrointestinal complaints. In a later stage the patient gets a higher fever, 

develops serious pneumonia and may experience kidney dysfunctioning. This can eventually lead to death 

[Legionella Experts, 2006]. The time between infection and the onset of the disease is 2 to 10 days, but there are 

cases in which the disease only appears after 21 days. Medical treatment is possible with antibiotics. 

Besides Legionellosis, Legionella can cause wound infections and so-called ‘Pontiac fever’. Pontiac fever 

has a similar syndrome to Legionellosis, but no pneumonia occurs. Moreover, the complaints are milder, 

compared to Legionellosis. With Pontiac fever the patient usually recovers within 2 to 5 days without medical 

treatment [Vos and Troelstra, 2001; Wikipedia, 2006]. Epidemiological studies show that Legionella is an 

                                                           
1 Where further on in the report Legionella or the Legionella bacteria is mentioned, the bacteria being referred to is 

Legionella pneumophila. According to biological standards this is abbreviated to L. pneumophila.  
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opportunistic pathogen, meaning that especially persons with a weakened immune system are susceptible to 

Legionella infection, such as elderly. They catch Legionnaire’s disease more easily than persons with a healthy 

immune system [Steinert et al., 2006]. 

 

 

1.2 Legionella control 

 

When one wants to get rid of a micro-organism in a specific environment, one can do this in two ways: 

disinfection or sterilisation. With sterilisation all organisms are killed or removed. With disinfection one strives to 

kill off the organisms as much as possible, so that the health risk is contained. The concentration of the organism 

in question is brought back to a level at which it is no longer able to cause the disease, and is therefore no longer 

a health hazard. 

In the case of Legionella it appears that when the entire population of bacteria seems to have been killed, 

Legionella can re-colonise the water system [Saby et al., 2003]. With this finding, the number of bacteria was 

probably below detection level. Complete sterilisation is moreover not purposeful because contaminated water 

can always enter the system. Disinfection therefore appears to be the best choice for Legionella The objective is 

always to reduce the number of bacteria in water sources. The most frequently used control method is thermal 

disinfection. This method uses heating to kill the bacteria. Besides thermal disinfection there are alternative 

methods available that are based on other killing mechanisms. They make use of, for example, UV- light, copper-

silver ionisation or oxidizing substances (such as chlorine, ozone and peroxide). 

The Dutch government has come with a variety of legislation in order to prevent outbreak of Legionellosis 

and thus secure the health of the population. This legislation prescribes, amongst others, that tap water may not 

contain more than 100 colony-forming Legionella units per litre (cfu/l).  A used disinfection method must thus at 

least meet this norm. When more than 1000 cfu/l are detected, it is presumed that there is an immediate health 

hazard. Legislation prescribes that the system in question must then be closed off.  

 

 

1.3  Objective of this research 

 

LegioFreeWater Systems BV has come up with a new disinfection method to keep waterworks free of 

Legionella. This new method (LegioFreeWater system) can be taken as an adaptation of the conventional thermal 

disinfection, and works by means of heating ribbons in the water system. 

LegioFreeWater BV would like to have this method scientifically founded. This request for scientific 

founding of Legionella control was put to the Science Shop for Biology at Utrecht University.  

Objective of this literature study is to describe the effect of thermal disinfection on the killing of Legionella 

and to compare this with a number of alternative disinfection methods. Points of special attention are the specific 

underlying biological mechanisms and the efficiency of the various prevention techniques. In this, L. pneumophila 

was primarily studied, due to the fact that this species is the primary source of infection through tap water. The 

LegioFreeWater system is not separately described in this report. In chapter 5 it is presented as a variety of 

‘thermal disinfection’.  
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Chapter 2 
 

 

 

 

Biological description of Legionella 
 

 

 

 

2.1  Cell development and growth 

 

In biology, bacteria are described by means of their characteristics regarding cell development and 

growth. In the case of Legionella, the following characteristics apply. 

Form: Legionella bacteria are cylinder-shaped and use a flagellum (a kind of tail) for movement. The 

flagellum is anchored in the membrane and the cell wall [Legionella Experts, 2006; Dietrich et al., 2001]. 

Cell wall: Legionella belongs to the category of so-called proteobacteria, and is just as all other 

proteobacteria Gram-negative [Université de Lausanne]. 

The term Gram-negative comes from the Gram staining procedure, with which bacteria are characterised 

based on their cell wall characteristics. In the Gram-colorant, a crystal violet colorant is used. Gram-negative 

bacteria let go of this complex after rinsing with alcohol. Gram-positive bacteria, on the other hand, retain this 

colorant and thus turn purple. This difference in colouring is caused by a different cell wall structure in the Gram-

positive and Gram-negative bacteria [Lawrence, 1996]. 

With Gram-positive bacteria, the cell wall is relatively simple and contains only one lipid layer. With 

Gram-negative bacteria, the cell wall structure is more complex: it is made up of two lipid membranes with in 

between them a space, the periplasm, containing a peptidoglycan layer. 

A large number of Gram-negative bacteria are pathogenic (cause diseases). The pathogen nature of 

Gram-negative bacteria is often associated with certain components in the cell wall. This will be dealt with later 

on. It is important to note that the outer membrane of Gram-negative bacteria protect the bacteria from 

substances such as soap and antibiotics, which would normally be harmful to bacteria. 

Metabolism: Legionella is an aerobic bacterium and thus needs oxygen for metabolic processes, such 

as converting nutrients into energy [Madigan et al., 2003]. 

Temperature: Legionella is mesophilic: the optimal growth temperature is around 35°C, and it has a 

growth range of 20°C to 50°C [Rogers et al., 1994]. This means that the temperatures at which Legionella grows 

are relatively low. Besides mesophilic bacteria there are also thermophilic bacteria and hyperthermophilic 

bacteria, which have their optimum and growth rates at higher temperatures. 

Near and about the optimum temperature, Legionella grows with maximum growth speed, or 

exponentially, as long as there are sufficient nutrients present. If the temperature rises above 50°C, the bacteria 

can no longer grow. This is what the principle of thermal disinfection is based on [Legionella Experts, 2006]. 

pH: Legionella can survive at pH-values between 5.0 and 8.5 [Legionella Experts, 2006].  

Culture: The best way to detect Legionella in water as well as patient material is to cultivate Legionella 

on Buffered Charcoal Yeast Extract medium in a laboratory [Schets and De Roda Husman, 2004]. 
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2.2 Presence in nature and tap water 

 

L. pneumophila often naturally occurs in lakes and rivers. The concentration of bacteria in these places 

is, however, low. In artificial aqueous environments, such as (tap) water systems, shower installations and 

swimming pools, L. pneumophila can occur in much higher concentrations. This can be explained by the 

favourable circumstances for the growth of the Legionella bacteria in this environment: the temperature is often 

closer to or around the optimum of 35°C than in a lake or river, there are usually protozoa present, which are 

necessary for growth (see below), and also the organic and inorganic composition of the water is often more 

favourable for Legionella. This combination of nutrients and growth conditions occurs much less often in nature; 

here, other bacteria (competing with Legionella) are more likely to flourish. 

In an artificial aqueous environment Legionella thus meets much better growth conditions than in a 

natural aqueous environment. One of these conditions is the large likelihood of the presence of protozoa. 

Protozoa are single-celled eukaryotic organisms that live in aqueous environments as well as in the ground. Of 

importance to Legionella is that these protozoa feed, or as it were graze, on so-called biofilms.  

A biofilm may be formed when a surface (natural or artificial) is in permanent contact with water. A layer 

of micro-organisms, which can be enclosed by self-produced slime, attaches itself to the surface. The biofilms 

gather nutrients for growth from the water and possibly also from the plumbing material. Bacteria in such a biofilm 

may have other characteristics than their free-living kind. Bacteria in a biofilm are, for example, more resistant to 

toxic substances [Murga et al., 2001]. 

In a biofilm without protozoa, L. pneumophila sustains itself but cannot multiply [Fields et al, 1984]. For 

multiplying, the presence of protozoa is essential. During this process, the protozoa are infected by the bacteria. 

The protozoa ensure that the Legionella bacteria receive enough nutrients to survive and multiply. Moreover, 

Legionella is better protected within the protozoa from harmful outside influences. 14 kinds of amoeba, 2 protozoa 

and one slime mould have been found to function as host to L. pneumophila [Steinert, M. et al., 2002]. 

It is interesting to point out that, in the literature, much research is mentioned on the killing of Legionella, 

but relatively little on the killing of protozoa, which are host to Legionella.  

 

 

2.3 Infection of human cells 

 

In the previous paragraph, it has been described that Legionella can infect protozoa and use them as 

host. For Legionella, it turns out to be a small step from protozoa to human cells. When the human body has a 

weakened defence mechanism, L. pneumophila is capable of infecting humans. This is then called an 

opportunistic infection, since Legionella especially targets those people with a weaker immune system. People 

that have a healthy immune system will not be infected that easily. 

Target for L. pneumophila in the human body are the macrophages. Macrophages are special immunity 

cells which occur both in blood and tissue around the epithelium (such as the alveolar macrophages in the small 

alveoli). They are responsible for getting rid of alien substances and organisms. The way in which Legionella 

bacteria infect macrophages strongly resembles the way in which Legionella infects protozoa. 

A Legionella bacterium enters a macrophage by means of phagocytosis: the macrophage recognises the 

bacteria as an alien intruder in the body, and the membrane of the macrophage encloses the bacteria. In the 

macrophage a space then develops called a phagosome. Normally, the macrophage would then fuse the 

phagosome with endosomes and lysosomes (cavities with, amongst others, digestive enzymes) and in this way 

destroy the bacteria. In the case of Legionella, however, the bacterium remains in the phagosome and there is no 
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fusion with the lysosomes or endosomes. Instead, Legionella attracts all kinds of other cell particles (organelles) 

from the phagosome, such as mitochondria, so-called smooth sacs and rough endoplasmic reticulum, for the 

production of new Legionella bacteria. The claimed organelles surround the phagosome and form a special niche 

in the cell. When Legionella has attracted enough organelles it quickly starts fission and reaches the exponential 

growth phase. In this growth phase, the bacteria that are produced multiply at maximum speed. The phagosome 

grows with the number of bacteria and becomes as large as the cell itself. In the last phase the bacteria incite the 

macrophage to create pores in the cell membrane. This eventually causes the macrophage to be destroyed and 

the bacteria are freed in order to infect other cells [Cianciotto, 2001].  

In paragraph 2.1 something was said about the shape of a Legionella bacterium. This shape 

(morphology) can, however, vary during growth. The bacteria in the phagosome in the exponential phase have, 

for examples, no flagellum and they look like long filamentous cylinders. In the stationary (post-exponential) 

phase the Legionella again have a flagellum, are very agile and look like short fat cylinders. In this stage, the 

bacteria are moreover resistant to biocides and antibiotics, and the bacterium is more invasive and virulent. 

Virulence is the relative pathogenic (disease-causing) ability of an organism [Lawrence, 1996]. That 

Legionella is more virulent in the stationary (post-exponential) growth phase than in the exponential growth phase 

is due to the fact that certain genes that code for virulence factors are then active. Legionella has various 

virulence factors: ‘surface factors’ (‘elements at the surface of the bacteria’) and ‘secretion factors’ (‘substances 

that are secreted by the bacteria’). Legionella bacteria dispose of several virulence factors for infecting 

macrophages. The combination of these factors determines the ultimate pathogenicity. 

Iron plays an important part in this; the Legionella bacteria for example needs iron for the construction of 

certain enzymes which are involved in the infection process [James et al., 1997], but also for the growth of new 

Legionella bacteria in the macrophage. Table 2.1 shows the most important virulence factors. 

 

Table 2.1: Most important virulence factors for L. pneumophila 

Surface factors  Role in virulence [reference] 

Lipopolysaccharide  Ability to infect host cells [Cianciotto, 2001] 

Flagella Advances the invasion of host cells [Dietrich et al., 2001] 

Type IV pili Advances complement-independent attachment of bacteria to host cells [Cianciotto, 2001] 

Macrophage infectivity potentiator 

(Mip) protein 

Mip gene is needed for the first stages of intracellular infection [Wieland, 2002] 

Outer membrane protein Responsible for attachment to macrophages [Cianciotto, 2001] 

Heat shock protein Advances the invasion of epithelium cells [Cianciotto, 2001] 

Secreted factors  

Type II protein secretion system Transports digestive enzymes; mutations in type II system reduce the infectivity of 

macrophages and protozoa  [Cianciotto, 2001] 

Dot/icm secretion system Membrane-bound secretion apparatus; important for development of the intracellular 

niche, slows the fusion of phagosomes with lysosomes [Zin et al., 2002] 
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Chapter 3 
 

 

 

 

Mechanisms behind thermal disinfection 
 

 

 

 

The most frequently used method for Legionella control is thermal disinfection. Besides this, there are 

alternative disinfection methods, of which the most often used method is based on ultraviolet (UV)-light. Methods 

such as copper-silver ionisation and the adding of oxidizing substances such as ozone, chlorine and peroxides 

are also used [Miyamoto et al., 2000]. 

In this chapter, the biological mechanisms behind thermal disinfection are described. In the ensuing 

chapter the biological mechanisms behind alternative disinfection methods are described. 

 

 

3.1 Decimal reduction times 

 

In order to understand the mechanisms behind the method of thermal disinfection, it is important to 

realise that a population of bacteria cannot be killed with one single action. There is no temperature at which the 

entire population dies; there is not one single moment at which every individual bacteria of the population dies. 

Just as with growth, killing starts off at a certain temperature, and exponentially. This means that with disinfection 

the population of bacteria decreases with a constant percentage per time unit. 

It cannot be determined when exactly an individual micro-organism dies. The killing of micro-organisms is 

therefore expressed in decimal reduction time: the time needed to kill 90% of the total number of bacteria at a 

certain temperature. The decimal reduction time is expressed with a D-value [Madigan et al., 2003; Prescott et al., 

2002]. This D-value is used to express the relative resistance of the bacterium at different temperatures.  

Apart from the D-value, there is also a Z-value. The Z-value represents the increase in temperature 

needed to reduce the D-value to 1/10 (one tenth). When this happens, the temperature increases up to the point 

where a killing that first took, for example, 10 minutes, now takes place in 1 minute. Every micro-organism has a 

specific D-value and a specific Z-value for a certain method, as does Legionella.  

In figure 3.1 it is shown how the killing of a population of Legionella bacteria takes place with thermal 

disinfection: after 5 minutes of heating at 60°C about 90% is dead. With heating at 70°C, the disinfection goes 

much faster and about 1 minute is needed to kill 90% of the population. It also shows that the effect of thermal 

disinfection already sets in at lower temperatures: at 45°C and 50°C bacteria are also killed, if not sufficiently 

within a reasonable time span. The temperature in this case is within the growth range of Legionella, and new 

bacteria will still be produced by the ones that have not been killed. 

A calculation demonstrates the control principle in a simple way. Suppose that 1 litre of water contains 

100 bacteria before control measures are taken. After 5 minutes of heating at 60°C more than 90% of the bacteria 

will have been killed, meaning that 10%, or 10 bacteria, remain. The standard for Legionella is 100 colony-forming 

units (cfu) per litre of tap water (see paragraph 1.2.), so 10 bacteria in 1 litre of water is sufficiently safe. But if the 
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population started out with is larger, more than 90% of all bacteria must be killed. Suppose, 1 litre contains 10.000 

bacteria before taking control measures. After 5 minutes of heating at 60°C 90% of the bacteria will have been 

killed, thus 10% or in this case 1000 bacteria remain. In order to kill these remaining 1000 bacteria further, after 

again heating for 5 minutes at 60°C 100 bacteria are left. A third session of 5 minutes of heating at 60°C takes the 

number of bacteria down to 10. 
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Figure 3.1 Decimal reduction times with thermal desinfection of L. pneumophila [after Yu-Sen et al., 1996; 

Kim et al. 2002]. 

 

In brief, a long heating period is necessary in order to kill sufficient bacteria in case of a Legionella 

infection, which can involve large numbers of bacteria. For prevention, the problem is that the size of the 

population is not established at the beginning of the disinfection procedure. It is therefore recommended with 

Legionella control to take four or five times the D-values (D90; the time needed to kill off 90% of the total number 

of bacteria at a certain temperature) to be reasonably assured that enough have been killed. This comes down to 

20 minutes of heating at 60°C or 5 minutes at 70°C. 

 

 

3.2 Molecular targets for thermal disinfection 

 

The bacterium cell has several components that are essential for the functioning and possible 

reproduction of the cell. If these components are damaged, the cell dies. At molecular level the cell components 

are made up of several building blocks: DNA, lipids, proteins and polysaccharides. 

 

3.2.1 DNA  

The genetic material of a bacterium plays an essential role in the cell: it directs all other cell activities. 

Just as with other organisms, the genetic material of a bacterium is made up of a double helix of DNA. The 2 

helices are attached to each other by means of base-paring of the nucleotides. When the DNA in an aqueous 

solution, as it is in the cell, is heated to 90°C, it will denaturate [Ririe et al., 1997]. This denaturation means that 

the base-paring of the nucleotides is disrupted, due to which the double helix will unfold (‘smelt’) into 2 single 
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helices. This deactives the DNA and the cell will die. With the increase in temperature, more and more parts of 

the DNA will denaturate. 

 

3.2.2 Lipids 

The cell membrane is responsible for transportation of molecules into and out of the cell. It is also 

responsible for various enzyme activities. If the membrane is damaged, these functions will be slowed down or 

even brought to a complete stop. 

The cell membrane is made up of a lipid bilayer (double layer of lipids) that contains membrane proteins. 

This lipid bilayer contains several kinds of lipids, such as phospholipids, glycolipids and sterols such as 

cholesterol (which is not found in bacteria). These lipid bilayers usually exist in a so-called fluid phase. The extent 

to which the membrane is fluid determines to what extent the membrane processes can proceed. The proteins in 

the membrane tend to do better when the membrane is more fluid.  

This fluidity of the membrane is determined by the composition of the membrane and the surrounding 

temperature. Molecules such as cholesterol keep the membrane fluid at low temperatures. It is also important 

whether the fatty acid chains of the lipids are saturated or non-saturated. Unsaturated fatty acid chains are more 

‘fluid’ than saturated ones.  

At very low temperatures the membrane is rigid (solid phase), and the normal membrane activities 

cannot be carried out properly. When the temperature increases, the molecules in the membrane become more 

mobile. This will cause the membrane to change phase, from a solid phase to a liquid phase. If the temperature 

increases too much, the bilayers disintegrate. The individual molecules remain intact, but the membrane will melt.   

Bacteria have mechanisms with which they can alter the composition of the membrane in order to 

counteract the effect of a temperature change. At higher temperatures they are, for example, capable of bringing 

more lipids with saturated fatty acid chains into the membrane, causing the membrane to disintegrate less easily 

[Madigan, 2003; Prescott, 2002; Alberts, 2002]. 

 

3.2.3 Proteins 

Proteins have all sorts of functions within the cell, amongst others as enzymes and in the transportation 

of molecules. Each protein has an optimal temperature at which it fulfils its function. At low temperatures, around 

20°C, enzymes usually have a low activity level. As the temperature increases, the level of activity increases, until 

the enzyme has reached its optimum. The optimum differs for each enzyme. If the temperature increases further, 

the level of activity will decrease due to the denaturation of the protein at too high a temperature. With 

denaturation the protein loses its structure. This structure is directly linked to the function and thus also to the 

activity of the protein.  

If the temperature is increased even further, the proteins will not only denaturate but also aggregate. This 

means that the proteins will start clustering and thus no longer be functional. The activity has then decreased to 

0%. The most widely known denaturation is the frying or cooking of an egg. The egg will never regain its liquid 

phase after it has been fried or cooked. The proteins that have been denaturated and aggregated can no longer 

carry out their function.  

With thermal disinfection, proteins will denaturate due to the increased temperature. When sufficient 

essential proteins denaturate, the bacterium will die. The bacterium cell has, however, a form of protection against 

high temperatures. So-called heat shock proteins (HSP) are proteins that protect the cell from stress caused by 

heat, and help keep the proteins in their functional 3-dimensional structure. These HSPs are always present in the 

cell, also when there is no stress. Besides stress-protection, the HSPs help with cleaving other proteins, the 

folding of proteins and the countering of aggregation [Albers et al., 2002]. 
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3.3.4 Polysaccharides 

Polysaccharides are sugars that are found throughout the cell. They can be anchored in the cell 

membrane, such as lipopolysaccharides, or stored as glycogen (the storage version of glucose). Polysaccharides 

play an important role in the energy metabolism and in the binding of certain essential substances. 

When the cell is heated, these sugars can melt. A well-known example of the melting of sugar is caramel. 

When turning sugar into caramel, temperatures of around 100°C are needed. The polysaccharides also melt at 

these temperatures.  

With the traditional way of thermal disinfection these temperatures are not always met [Korstanje, 2006], 

meaning that probably not every prevention system based on heating has an effect on polysaccharides. In 

systems that do reach the necessary temperatures, it may be expected that the 3-dimensional structure of the 

polysaccharides, and with it their function, in the bacteria cell can be affected. 
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Chapter 4 
 

 

 

 

Mechanisms behind  
alternative disinfection methods 
 

 

 

 

4.1 UV-light 

 

UV-light is suited for killing micro-organisms due to its short wavelength and high energy. The radiation 

has a wavelength of 10 to 400 nm, of which 260 nm is the most lethal wavelength. At this wavelength, DNA 

optimally absorbs the energy. The absorption of energy leads to changes in the base-paring in the DNA (also see 

paragraph 3.2.1), and allows the thymine to form dimers. Thymine is one of the 4 building blocks of which DNA is 

made up. Due to the creation of dimers, or the binding of 2 thymine nucleotides, the DNA can no longer be read. 

It is then no longer possible to duplicate the DNA and produce proteins.  

Besides the creation of thymine dimers, UV-light can also cause gaps in the DNA. When these dimers 

and gaps appear in the DNA of essential genes of the bacterium, it will quickly die.  

The bacterium cell has two mechanisms for limiting damage through UV-light. In the presence of light, 

the bacterium can use the blue part of the light spectrum to activate a photoreactive enzyme that ‘cleaves’ the 

thymine dimers [Knudson, 1985]. This is called photoreactivation. In the absence of light, so-called ‘dark 

reactivation’ can take place. With ‘dark reactivation’, small DNA parts with thymine dimers are excised and 

replaced, a process called ‘excision repair’.  

If the damage is too great, however, it is no longer possible to repair the entire DNA on time. That is why 

it is important for the intensity of the radiation to be large enough, as well as the duration. After 20 minutes of 

radiation with a UV-lamp with an intensity of 30.000 µW-s/cm2, 99.9% of the Legionella bacteria are inactivated. 

The effect of radiation is greater with a higher temperature [Muraca et al., 1987]. 

In reality, 20 minutes of radiation of an inlet point is long. Generally, micro-organisms pass that point in a 

fraction of a second. For an effective extermination it is therefore recommended to work with a very high UV-

dosage, due to the fact that, depending on the exposure period and the used intensity, the amount of energy input 

varies. With a short exposure period a higher intensity is therefore needed to render sufficient energy. 

A drawback of disinfection of Legionella with UV-light is that not all parts of the waterworks system can 

be reached. This can be taken into account with the positioning of UV-lamps, for example by attaching these to 

the tap-points of the system, so that water coming out of the water system is sufficiently disinfected.  

 

 

4.2 Copper-silver ionisation 

 

Heavy metals such as copper and silver have been used for years as an effective means of killing micro-

organisms. After approximately 1 hour of treatment with copper ions or silver ions, about 99.999% of the 
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Legionella bacteria are dead [Yu-Sen et al., 1996]. The heavy metals have the property of binding to the proteins 

in the cell. They attach to so-called sulfhydryl groups of proteins, causing the proteins to be deactivated and no 

longer able to fulfil their function within the cell. Another property of heavy metals such as copper and silver is that 

they are positively charged, while the cell wall of the bacteria is negatively charged. This causes the metals to 

attach to the cell wall, affect its permeability and thus kill the bacterium cell. 

Advantage of copper-silver ionisation is that the method is cheap to install and maintain. Depending on 

the design of the installation, the ions can circulate within the entire waterworks system, so that all micro-

organisms can be reached. Disadvantage of this method is that heavy metals are used, which pose a potential 

threat to public health. 

 

 

4.3 Oxidizing substances  

 

Oxidizing substances can oxidise other substances. This happens by means of oxygen radicals; 

molecules with one or more unpaired electrons. Radicals are very reactive, they easily pick up electrons from 

other substances. In a cell, radicals can react with, amongst others, DNA, lipids and proteins. If there are enough 

free radicals, the cell is damaged to such an extent that it can no longer function and thus dies. To counter 

oxidation in the cell, the cell uses so-called anti-oxidants such as vitamin C and β-carotene. Examples of oxidizing 

substances that can be used for Legionella control are chlorine, ozone and peroxide [Domingue et al., 1988]. 

 

4.3.1 Chlorine 

Chlorine is a much-used disinfection substance in water, especially in the United States. In the 

Netherlands chlorine is no longer used in the production of drinking water [Mol, 2006]. The characteristic chlorine 

smell is often evident in swimming pools. Chlorine is added to water as chlorine gas or hypochloride salts (sodium 

or calcium hypochloride). Due to the dissolving of chlorine, the water temporarily obtains an acidic character. With 

a pH below 7.6, hypochloric acid appears in its normal form (HOCl) and with a pH of more than 7.6 in ionic form 

(H+ and OCl-). Research shows that HOCl has a larger influence on micro-organisms than H+ and OCl- do [Kim et 

al., 2002]. Chlorine affects the metabolic processes, transport activities and genetic material in micro-organisms 

[Thompson, 2004]. 

There are two disadvantages to chlorine as a disinfection method for Legionella. First the effectiveness: it 

appears that Legionella populations are not entirely killed by chlorine [Hamilton et al., 1996]. This can be due to 

the fact that Legionella is capable of surviving in protozoa. These protozoa can be resistant to chlorine. Chlorine 

also has difficulty penetrating a biofilm, so that Legionella is shielded from the toxic material by the biofilm. 

The tricky thing is that with chlorine disinfection, it can appear as though all Legionella bacteria were 

sufficiently eradicated. After 10 minutes of exposure to 1.2 mg of chlorine per litre of water, no colony-forming 

units (cfu) per litre of water can be detected. Still, Legionella bacteria may be found that have survived the 

treatment. They are in that case viable but not cultivatable (Viable But Not Cultivable; VBNC). With DNA-

electrophoresis it has been demonstrated that no gaps have appeared in the DNA of the bacteria, even after a 

high dosage of chlorine [Giao, 2006]. 

The second disadvantage of chlorine as a disinfection method is of a technical nature: the corrosive 

nature of chlorine can damage the plumbing material [Kim et al., 2002]. 
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4.3.2 Ozone 

In Europe, as opposed to the Unites States, mostly ozone (O3) is used to disinfect water. Ozone oxidises 

the genetic material, through which several kinds of DNA-damage can occur, such as the breaking of strands and 

the changing of base-pares. When used, ozone is more effective in killing micro-organisms such as Legionella 

than chlorine, since it needs a lower concentration to kill the same number of bacteria in the same amount of time 

[Domingue et al., 1988; Muraca et al., 1987].  

A disadvantage of ozone is that it does not remain intact in the water for very long. It disappears rapidly: 

in water of 25°C the half-life is 15 minutes, therefore after a quarter of an hour half of the ozone added has 

disappeared [Lenntech, 2006]. Due to this it is possible that it does not reach all parts of the water system. A way 

of increasing the effectiveness is by adding extra chlorine so that the entire waterworks system is reached. 

Another disadvantage of ozone is that it is very reactive. It reacts extremely quickly with all sorts of 

molecules (not just Legionella bacteria), and can thus cause unwanted reactions. Moreover, when it escapes from 

the water, ozone is toxic [Mol, 2006]. 

 

4.3.3 Peroxide 

Less reactive than ozone, there is hydrogen peroxide. The activity of hydrogen peroxide (H2O2) is caused 

by the production of hydroxyl radicals (OH•). These radicals are responsible for disinfection: they lead to oxidation 

of other molecules and in this way can damage Legionella bacteria. After oxidation the hydroxyl radicals fall apart 

into water and oxygen [Mol, 2006]. 

Hydrogen peroxide needs higher concentrations and a longer incubation period in order to have the 

same effect as chlorine or ozone [Wolfe et al., 1989]. It is known that the effectiveness of peroxide is influenced, 

due to the fact that Legionella has a special enzyme (catalase) that neutralises peroxide [Domigue et al., 1988]. 

Hydrogen peroxide can be made fairly stable with certain chemical additives, making the use of it fairly 

simple. It is, for example, used in combination with UV-light on a large scale in the production of drinking water. 

There are also various disinfectants available in which hydrogen peroxide has been processed, such as Herlisil. 

These substances are especially used to, for example, disinfect water systems [Mol, 2006]. 

 

 20 



Biological mechanisms behind Legionella control 

Chapter 5 
 

 

 

 

Comparison of disinfection methods 
 

 

 

 

Table 5.1 shows the advantages and disadvantages of the disinfection methods discussed. Because the 

question of the biological mechanisms behind the LegioFreeWater system and other disinfection methods 

provided the occasion for this study, the table contains existent methods as well as the LegioFreeWater system.  

 

Table 5.1 Comparison of disinfectionmethods for L. pneumophila 

Method Advantages Disadvantages 

Thermal disinfection type 1: 

Conventional 

(Gas heated) 

 

- denaturation proteins 

- melting lipids 

- reaches entire waterworks system 

- also kills Legionella in protozoa / biofilm 

- relatively high energy costs for heating water 

Thermal disinfection type 2: 

LegioFreeWater system  

(Heating ribbon in water 

systems) 

- denaturation proteins 

- melting lipids 

- reaches entire waterworks system 

- also kills Legionella in protozoa / biofilm 

- relatively low costs in energy and water 

- regular automatic flushing 

- installation costs 

 

UV-light - damages DNA 

- causes dimerisation of thymine 

 

- installation costs 

- aging lamp 

- does not penetrate protozoa / biofilm very well 

- does not reach entire waterworks system 

- bacteria can repair DNA damage 

- sufficiently high dosage needed to inflict DNA-

damage 

Copper-silver ionisation - destroys cell wall 

- deactivates proteins 

- cheap in application and maintenance 

- reaches entire waterworks system 

- does not penetrate protozoa / biofilm very well 

- heavy metals, but workable within the norm 

[Yu-Sen et al., 1996] 

Chlorine - influences metabolism, transport 

activities and genetic material 

- cheap  

- does not penetrate protozoa / biofilm very well 

- corrosive 

- chance of surviving cells 

Ozone - strongly reactive: more effective method 

than chlorine or peroxide 

- cheap 

- does not penetrate protozoa / biofilm very well 

- quickly disappears in water 

- unstable, short half-life 

Peroxide  - reactive, but stable with additives 

- leads to oxidation reaction 

- does not penetrate protozoa / biofilm very well 

- high concentrations and long incubation period 

necessary 
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Chapter 6 
 

 

 

 

Discussion and conclusion 
 

 

 

 

In this literature study, the biological methods behind disinfection methods aimed at the bacteria 

Legionella pneumophila were examined. Each method has advantages and disadvantages in effectiveness. Of 

course, all methods also have advantages and disadvantages in terms of cost, utility, safety and so on, but these 

are only marginally referred to in this research. Experimental studies and research should provide further support 

for various methods.  

 

UV-light only has an effect on the DNA of the micro-organism: the DNA is damaged and becomes 

dysfunctional, due to which the Legionella die. With the use of UV-light it is of importance that the duration and 

dosage is sufficient. With a short exposure, a higher intensity is needed to provide sufficient energy. The dosage 

emitted by the UV-lamp can furthermore damage only a limited amount of DNA. If the Legionella bacteria are 

located in protozoa that contain a lot of DNA (in the nucleus as well as the mitochondria), possibly less damage is 

done to the DNA of Legionella bacteria. A technical incidental circumstance is that the UV-lamp has a limited 

lifespan. The maximum radiation that the lamp can provide decreases as the lamp ages. 

 

Copper-silver ionisation is a cheap method and an effective way to kill Legionella. The metal ions, in a 

suitable waterworks design, reach all places within the water system. However, as with the UV-light, the 

Legionella bacteria can be protected by protozoa and/or a biofilm. It is not completely certain that the metal ions 

reach the Legionella bacteria in an adequate manner. Another disadvantage is that the use of heavy metals in 

waterworks brings with it risks for public health. Relatively high concentrations of heavy metals in drinking water 

are not acceptable. 

 

The oxidizing substance chlorine is suited for killing Legionella. The application of it in waterworks does, 

however, have an important limitation: chlorine does not easily penetrate biofilms and protozoa, and will therefore 

kill fewer bacteria. The Legionella bacteria that have infected protozoa and/or a biofilm can then keep multiplying. 

Chlorine is therefore especially suitable for preventing the spread of Legionella, as a supplement to other 

methods. 

Another oxidizing substance is ozone. Disinfection with ozone is even more effective than disinfection 

with chlorine. A disadvantage of the use of ozone is, then again, that ozone is quickly deactivated in water. Due to 

this it does have an effect on the presence of Legionella bacteria for a short period of time, but it will not be 

sufficient for general disinfection. This disadvantage as regards the applicability of strongly reactive substances 

(think of, for example, hydroxyl radicals) in Legionella prevention is generally applicable.  
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Peroxide is also widely used to disinfect water systems. As with UV-light and copper-silver ionisation, for 

proper disinfection these oxidizing substances must penetrate the protozoa which can harbour Legionella. 

Whether these methods of disinfection have a sufficient effect on the killing of Legionella is not yet known. 

 

All above mentioned methods have an effect on Legionella pneumophila. Essential to the control of 

Legionella, however, is the presence of protozoa. To make disinfection efficient, control must therefore not only 

be aimed at Legionella but also at protozoa. There is, however, little yet known about the killing of protozoa.  

Theoretically the placing of filters at the beginning of a water system should make sure that protozoa 

cannot enter the waterworks system. Without protozoa to function as host, Legionella cannot multiply, and the 

presence of Legionella could be limited substantially.  

Reality, however, proves different. Since every tap is a source of contamination, the waterworks system 

can never really be kept clean, not even with a bacteria-filter at the water meter. After a while the network will 

always develop a new biofilm2 [Mol, 2006]. 

With thermal disinfection, the Legionella bacteria that have infected the protozoa are also reached, as 

well as the Legionella bacteria in the biofilm. The temperature in this case increases outside as well as inside the 

protozoa, and leads to damage to the Legionella bacteria present. A second point in favour of thermal disinfection 

methods is that heating causes several cell components to be destroyed at the same time. The chance of  

Legionella surviving this combination of factors is reduced to a minimum in this way.  

 

 

 

 

                                                           
2 See page 12 for a description of the concept biofilm.  
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