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1. PURPOSE 



The purpose of this guideline is to provide information and guidance in order to minimize Legionella 

contamination in building water systems. 

2. SCOPE 

2.1 This guideline provides specific environmental and operational guidelines that will contribute to the 

safe opera- tion of building water systems to minimize the risk of occur- rence of Legionellosis. 

2.2 This guideline is intended for use with nonresidential building systems (including but not limited to 

hotels, office buildings, hospitals and other health care facilities, assisted living facilities, schools and 

universities, commercial build- ings, industrial buildings, etc.) and centralized systems in multifamily 

residential buildings (including but not limited to central heating/cooling systems, central domestic water 

sys- tems, common area fountains, etc.). While not specifically intended for noncentralized or single-

family residential build- ing systems, some of the information may be useful for these systems. 

2.3 This guideline is intended for the use of designers, installers, owners, operators, users, maintenance 

personnel, and equipment manufacturers. 

3. ECOLOGY OF LEGIONELLA 

3.1 Infection and Disease 

The majority of Legionnairess disease cases diagnosed and reported to the public health officials are 

sporadic (i.e., not occurring as part of a recognized outbreak). Compared with outbreak-associated 

infection, much less is known about transmission of sporadic Legionellosis, although it is likely that 

transmission occurs by similar mechanisms. Exposure to legionellae in sporadic cases may occur in a 

variety of settings, including the home, the workplace, and public places visited during routine daily 

activities or during travel. The proportion of sporadic disease attributable to exposure in each of these 

settings and to various environmental sources is unknown. 

Legionellae are bacteria. When legionellae are present in aquatic environments, the risk of 

transmission of infection to humans depends on the presence of several factors: conditions favorable for 

amplification of the organism, a mechanism of dissemination (e.g., aerosolization of colonized water), 

inoc- ulation of the organism at a site where it is capable of causing infection, bacterial strain-specific 

virulence factors, and the susceptibility of the host. Over 40 species of Legionella have been identified; L. 

pneumophila appears to be the most viru- lent and is associated with approximately 90% of cases of 

Legionellosis. Most L. pneumophila infections are caused by serogroup 1; however, certain serogroup 1 

strains may be more virulent. The risk of acquiring Legionnairess disease is greater for older persons and 

for those who smoke tobacco or have chronic lung disease. Persons whose immune system is 

suppressed by certain drugs or by underlying medical condi- tions appear to be at particularly high risk. 

3.2 Habitats 

Legionellae bacteria are commonly present in natural and man-made aquatic environments. The 

organism is occasion- ally found in other sources, such as mud from streams and potting soils; however, 

the overall importance of nonaquatic environmental sources in human disease is not yet known. In natural 

water sources and municipal water systems, legionel- lae are generally present in very low or 

undetectable concen- trations. However, under certain circumstances within man- made water systems, 

the concentration of organisms may increase markedly, a process termed 3amplification." Condi- tions 

that are favorable for the amplification of legionellae growth include water temperatures of 25-42•C (77-

108•F), stagnation, scale and sediment, biofilms, and the presence of amoebae. Legionellae infect and 

multiply within several species of free-living amoebae, as well as ciliated protozoa. The initial site of 

infection in humans with Legionnairess disease is the pulmonary macrophage. These cells engulf 

legionellae, provide an intracellular environment that is remarkably similar to that within host protozoa, 

and allow for multiplication of the bacterium. Hence, legionellae may be considered protozonotic; i.e., they 



naturally infect free-living amoebae and incidentally infect the phagocytic cells within human lungs 

under certain circumstances. Although legionel- lae may be cultivated on special agar media in laboratory 

settings, growth in nature in the absence of protozoa and/or in the absence of complex microbial biofilms 

has not been demonstrated. Intracellular growth of legionellae within protozoa and/or within diverse 

microbial biofilms may be the primary means of proliferation. 

There is an indication that growth of Legionella is influ- enced by certain materials. Natural rubbers, 

wood, and some plastics have been shown to support the amplification of Legionella, while other 

materials such as copper inhibit their growth. 

Generally, Legionella thrive in diverse, complex micro- bial communities because they require 

nutrients and protec- tion from the environment. Controlling the populations of protozoa and other 

microorganisms may be the best means of minimizing Legionella. 

! 

3.3 Transmission of Legionnairess Disease 

Most data on the transmission of Legionnairess disease are derived from investigations of disease 

outbreaks. These data suggest that, in most instances, transmission to humans occurs when water 

containing the organism is aerosolized in respirable droplets (1-5 micrometers in diameter) and inhaled by 

a susceptible host. 

Prior to actual disease a number of events occur, some of which can be influenced by good 

engineering and mainte- nance practices. These events and prevention opportunities are outlined in 

Figure 1. The first event, survival in nature, is generally outside the scope of building engineering and 

management practices. The next three events2amplification, dissemination, and transmission2can be 

influenced by engi- neering design and maintenance practices. Subsequent events are influenced by the 

individualss health. 

The most effective control for most diseases, including Legionellosis, is prevention of transmission at 

as many points 
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produced by respiratory therapy equipment that have been filled or rinsed with contaminated potable 

water in hospitals have also caused disease transmission. 



!!! Heated spa pools operate at temperatures conducive to bacterial 

growth. The aeration of spa pools can result in forma- tion of potentially contaminated aerosols. A range 

of patho- genic microorganisms, including Pseudomonas aeruginosa and L. pneumophila, have been 

found in spa pools. Outbreaks of Legionellosis have occurred among bathers as well as people near 

colonized spas. 

 A more complete and detailed description of the most common amplifiers 

associated with building water systems, including the treatment recommended to minimize the risk of 

Legionellosis, is found in Sections 4-10. 

4. POTABLE AND EMERGENCY WATER SYSTEMS 

4.1 Potable Water Systems 

4.1.1 System Description. Potable water systems in buildings for this discussion start at the point where 

the water enters the building and end where it exits the piping at a fau- cet, showerhead, etc. The 

systems include all piping, hot water heaters, storage tanks, faucets, nozzles, and other dis- tribution 

outlets. 

4.1.2 System Operation. Factors associated with the plumbing system that may influence the growth of 

legionellae are as follows: 

Chlorine concentration. Municipal potable water supplies are generally chlorinated to control the 

presence of microor- ganisms, historically to control microbes associated with sewage. The legionellae 

are more tolerant of chlorine than many other bacteria and may be present in small numbers in municipal 

water supplies. 

Figure 1 Legionella transmission. 

Adapted from Barbaree (11) 

 

. 

as possible in the diseasess chain of transmission. The ratio- nale for this is that if one preventive 

measure fails, others will be in place and act as fail-safe mechanisms. With this philos- ophy in mind, it 

may be desirable to design interventions to prevent transmission of Legionellosis at as many points as 

possible in the diseasess chain of transmission. General concepts are presented so that readers may 

develop an under- standing of the types of conditions that may allow amplifica- tion and transmission of 

Legionella. 

A variety of aerosol-producing devices have been asso- ciated with outbreaks of Legionnairess 

disease, including cooling towers, 

!" Temperature. Although legionellae have been recovered from cold water, the 

temperature range favorable for amplifi- cation is 25-42•C (77-108•F). The environment becomes more 

hostile as the temperature is moved from this range. 

Design of plumbing system. Growth of legionellae may occur in portions of the system with infrequent 

use, in stagnant water, and in portions of the system with tepid temperatures. Growth may also occur in 

dead-end lines, attached hoses, shower nozzles, tap faucets, hot water tanks, and reservoirs. 

Plumbing materials. Rubber washers and fittings, includ- ing water hammer arrestors and rubber 

hoses with spray attachments, have been shown to provide sites for growth of legionellae. 

#$ 

evaporative condensers, 



%& 

showers, 

'( whirlpool spas, 

 

humidifiers, 

! 

decorative fountains, 

" # and a grocery store produce mister. 

$ 

Aspiration of colonized drinking water into the lungs has been 

suggested as the mode of transmission in some cases of hospital-acquired Legion- nairess disease. 

% ' Numerous investigations have demonstrated that cooling towers and evaporative 

condensers have served as the sources of Legionella-contaminated aerosols causing outbreaks of 

community- and hospital-acquired infection. Outbreak-asso- ciated transmission via cooling towers and 

evaporative condensers has been most commonly documented when those infected have been in close 

proximity to the contaminated devices; however, data from a few Legionnairess disease outbreak 

investigations suggest that legionellae may be carried in cooling tower aerosols for distances of up to 3 

kilo- meters (2 miles) 

!# 

Organic compounds leached from plumbing materials may contribute to growth of 

heterotrophic bacteria, including legionellae. 

4.1.3 Water Droplet Size. Contaminated potable water sources present the greatest risk when dispersed 

into the air in a very small droplet size (less than 5 micrometers) that can be inhaled deeply into the lungs. 

Actions that may generate small droplets are those that break up the water stream, i.e., shower nozzles, 

aerators, spray nozzles, water impacting on hard sur- faces, and bubbles breaking up. 

4.1.4 Nutrients. Both dead and living microorganisms, biofilms, and debris may provide nutrient sources 

for legionellae growth. When legionellae are found in plumbing systems, it is common to detect the 

microbes in the sediment 

( 

(this is regarded as requiring an unusual combination of climatic conditions). A number 

of outbreaks of Legionellosis associated with cooling towers and evapora- tive condensers have occurred 

after these devices have been restarted following a period of inactivity. 

!! Shower heads and tap faucets can produce aerosols containing 

legionellae in droplets of respirable size. Epidemi- ologic studies and air sampling conducted during 

outbreak investigations have established the role of aerosols produced by showers and tap faucets in 

disease transmission. 

(Ã 

Aerosols 
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in hot water tanks and in peripheral plumbing fixtures that accumulate sediment. Legionellae growth 

appears to be heaviest at the solid-liquid interface with the development of slime deposits. 



4.1.5 Associated Cases of Legionnairess Disease. Pota- ble heated water systems are an important 

potential source of Legionellosis in all buildings and are of particular importance in hospitals, nursing 

homes, and other health care facilities. 

Where decontamination of hot water systems is necessary (typically due to implication of an outbreak 

of Legionellosis) the hot water temperature should be raised to 71-77•C (160- 170•F) and maintained at 

that level while progressively flush- ing each outlet around the system. A minimum flush time of five 

minutes has been recommended by the Center for Disease Control Hospital Infection Control Practices 

Advisory 

!$ 

Committee. 

" 

However, the optimal flush time is not known 

Many reports link legionellae in hospital tap water to epidem- ics and clusters of nosocomial (hospital-

acquired infection) Legionnairess disease, often involving immunosuppressed 

and longer flush times may be necessary. In the original report describing this method, multiple 30-minute 

flushes were required to significantly reduce Legionella colonization. 

patients. 

& 

!% 

The number of outlets that can be flushed simultaneously will depend on the capacity of the water heater 

and the flow capa- 4.1.6 Recommended Treatment. Where practical in 

bility of the system. Local building and sanitary 

codes should health care facilities, nursing homes, and other high-risk situ- 

be checked for any temperature limits of water 

discharged to ations, cold water should be stored and distributed at temper- 

the sewer. Appropriate safety procedures to 

prevent scalding atures below 20•C (68•F), while hot water should be stored 

are essential. When possible, flushing should 

be performed above 60•C (140•F) and circulated with a minimum return 

when the fewest building occupants are 

present (e.g., nights temperature of 51•C (124•F). However, great care should be 

and weekends). For systems where thermal 

shock treatment is taken to avoid scalding problems. One method is to install 

not possible, shock chlorination may provide 

an alterna- preset thermostatic mixing valves. Where buildings cannot be 

tive. retrofitted, periodically increasing the 

temperature to at least 66•C (150•F) or chlorination followed by flushing should be considered. Systems 

should be inspected annually to ensure that thermostats are functioning properly. 

Where practical in other situations, hot water should be stored at temperatures of 49•C (120•F) or 

above. 

Those hot or cold water systems that incorporate an elevated holding tank should be inspected and   



cleaned annu- ally. Lids should fit closely to exclude foreign materials. 

Detailed current plans for hot and cold water piping systems should be readily available. Hot water 

heaters and storage vessels for such systems should have a drainage facil- ity at the lowest point, and 

the heating element should be located as close as possible to the bottom of the vessel to facil- itate 

mixing and prevent water temperature stratification. In high-risk applications, insulated recirculation loops 

should be incorporated as a design feature. For all situations, the pipe runs should be as short as 

practical. Moreover, where recircu- lation is employed, the pipe runs should be insulated and long dead 

legs avoided. New shower systems in large buildings, hospitals, and nursing homes should be designed 

to permit mixing of hot and cold water near the showerhead. The warm water section of pipe between the 

control valve and shower- head should be self-draining. 

Copper-silver ionization is a relatively new approach to controlling Legionella in hot water distribution 

systems and has been used successfully in a number of hospitals. 

"!"" 

However, there is less experience with this method of decontamination. Also, users should 

realize that the required levels of free chlorine residual can cause corrosion of metals. Chlorine should be 

added to achieve a free chlorine residual of at least 2 mg/L throughout the system. This may require 

chlorination of the water heater or tank to levels of 20 to 50 mg/L. The pH of the water should be 

maintained between 7.0 and 8.0. Each outlet should be flushed until the odor of chlorine is detected. The 

chlorine should remain in the system for a minimum of 2 hours (not to exceed 24 hours), after which the 

system should be thoroughly flushed. 

Once the decontamination is complete, recolonization is likely to occur unless the proper 

temperatures are maintained, continuous supplemental chlorination is continued, or alter- native 

approaches, such as the use of a silver/copper ionization device, are employed. 

In high-risk applications, monthly removal of shower heads and tap aerators to clean out sediment 

and scale and to clean them in a chlorine bleach solution is recommended. 

For potable water systems that were opened for repair or other construction or systems that were 

subjected to water pressure changes associated with construction (which may cause Legionella water to 

dramatically to become brown increase), 

and "# 

it the is recommended concentration that of 

as a minimum the system be thoroughly flushed. High- temperature flushing or chlorination may be 

appropriate, and this judgement should be made on a job-specific basis. If only 

!&!( 

Elec- 

a portion of the system is involved, high-temperature flushing or chlorination may be used on only that 

portion of the system. trolytically generated copper and silver ions build up in the hot water recirculating 

system to levels effective in eradicating Legionella, typically in the range of 0.2-0.8 mg/L copper and 

4.2 Emergency Water SystemseSafety Showers, Eye Wash Stations, and Fire Sprinkler Systems 

0.02-0.08 mg/L silver. The optimal concentration of copper- 

4.2.1 System Description. All three of these 

systems are silver ions for controlling Legionella in hot water is not 

generally plumbed to the potable water 

system, have little or known. A particular concentration may not be universally 



no flow with resulting stagnant conditions, and 

may reach effective because of variables in water quality and system 

temperatures warmer than ambient. 

Legionellae, het- design. It is also important to note that the efficacy of copper- 

erotrophic bacteria, and amoebae have been 

cultured from silver ions, like chlorine, is adversely affected by elevated 

these systems. pH. 

"$ 

When the devices are used, 

aerosolization is " 

expected. 
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4.2.2 Associated Cases of Legionnairess Disease. Cases of Legionellosis resulting from exposure to 

these waters have not been documented. 



4.2.3 Recommended Treatment. Safety shower and eye wash stations should be flushed at least 

monthly. In the case of fire sprinkler systems, it is recommended that fire-fighting personnel wear 

protective respiratory gear and that non-fire- fighting personnel exit the burning area. Appropriate precau- 

tions should be taken when checking the operation of fire sprinkler systems. 

5. HEATED SPAS 

5.1 System Description 

Heated spas are small baths or pools used for relaxation (i.e., recreational), hygienic, or therapeutic 

purposes. Common features include warm water temperatures, (32- 40•C/90-104•F) and the constant 

recirculation and agitation of the water through high-velocity jets and/or injection of air. While there is 

some confusion over the names used for each, the differences among the types of baths and pools are 

related mainly to size, purpose, material used, and equipment. 

5.1.1 Whirlpool Spa (Spa, Hydrotherapy Pool). These are recreational baths or pools (public or private) 

holding more than one person and filled with warm turbulent water. The water is not replaced after each 

use but rather is filtered to remove particulates and chemically treated (typically with chlorine or bromine) 

to provide microbiological control. They may be located indoors or outdoors. Most smaller units are made 

from molded fiberglass, while larger in-ground variet- ies are generally made of gunite or concrete with a 

white plas- ter finish. They are generally circular in shape, always shallow (less than 1.3 m [52 in.]), and 

contain seats that allow occupants to submerge up to the chest or neck. 

5.1.2 Hot Tub. These are traditionally deeper hot water baths or pools made of wood. Redwood is 

common, but they may also be made of cedar, mahogany, white oak, pine, or teak. Otherwise, the 

features and uses are similar to spas. 

5.1.3 Whirlpool. This terminology has been traditionally used for the small therapeutic pools (often used 

in athletics) filled with warm, vigorously moving water, which may be small enough for treatment of a 

specific joint, such as a knee, ankle, or elbow. These pools are generally made of stainless steel and are 

emptied between uses. 

5.1.4 Whirlpool Bath. These are small baths often found in bathrooms of hotel rooms or private 

residences. As such, they are used for both recreational and hygienic purposes. The baths are fitted with 

high-velocity water jets and/or air injec- tion, but unlike whirlpool spas and hot tubs, the water is emp- tied 

after each use. 

5.2 System Operation 

Temperature. The water temperature in these spas, baths, and pools is generally in the range of 32-

40•C (90-104•F), with the maximum temperature based on bather comfort. These warm temperatures are 

close to the optimum for the multiplication of Legionella and many other microorganisms. The warmer 

temperatures also accelerate the loss of the biocide. 

Aerosol Production. Due to the operational features of the high-velocity water recirculation and air 

injection, a large number of bubbles of varying sizes rise to the water surface and burst. Microorganisms 

(e.g., Legionella) in the water can be released into the air via either bubbles or aerosol mist. 

5.3 Water Droplet Size 

This aerosol mist has water droplets of varying sizes (many less than 5 micrometers) and extends 

into the air to a height of at least 0.5 meters (1 1/2 ft) above the water surface (well within the breathing 

zone of the bathers). Under condi- tions of high relative humidity and air currents, the aerosol may also 

expose individuals outside the spa. 

5.4 Nutrients 



Due to the small volume of water per occupant (approx- imately 300 liters, compared to 10,000 liters 

in a typical swim- ming pool), the bathing load quickly contributes a variety of contaminants into the water, 

such as body oils, skin flakes, bacteria and fungi, suntan lotion, and other organic materials. In addition to 

serving as nutrients, these organic materials can also cause an increase in chlorine (or bromine) demand, 

result- ing in a reduction in free available halogen. 

5.5 Associated Cases of Legionnairess Disease 

In surveys of whirlpool spas, legionellae have been isolated from as many as 33% of the spas 

sampled, but only in those spas where the disinfectant (chlorine or bromine) levels were not adequately 

maintained. Thus, it is generally presumed that outbreaks of Legionellosis from whirlpool spas are likely 

to be associated with spas that have similar deficien- cies in their disinfectant levels. 

It is universally recognized that water treatment criteria for spas (and swimming pools) should include 

disinfection against coliforms and other fecal pathogens (bacteria, viruses, and protozoa). In recent years, 

these types of recreational and therapeutic spas have been recognized as important sources of infection 

by other waterborne pathogens, including Pseudomonas aeruginosa and Legionella species. Several 

multiple-case outbreaks of Legionellosis (Legionnairess disease tubs, losis have and and fatalities been 

Pontiac traced have fever) to occurred. 

whirlpool have been "% 

baths. 

traced No cases  

to spas and hot of Legionel- 

5.6 Recommended Treatment 

5.6.1 Whirlpool Spas. Whirlpool spas are currently sub- ject to state and local regulations related to 

public swimming and bathing facilities. These regulations may cover all areas of operation, including 

mechanical specifications, opera- tional parameters (i.e., flow rate, temperature), water chemis- try, and 

bacteriology. To minimize the occurrence of whirlpool-related infectious diseases (including Legionello- 

sis), the following guidelines are relevant. imum 5.6.1.1 number Bather of occupants Load. Clearly (0.93 

m 

post !Ã 

[10 and ft ! 

enforce ] of surface the max- area per bather). Using this formula, a 2.5 meter (8 ft) diameter cir- cular 

spa would have a maximum bather load of five at one time. 

5.6.1.2 Bather Health Restrictions. Clearly post warn- ings on the increased health risk related to use 

by individuals who are immunocompromised or who have chronic lung dis- ease. 
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5.6.1.3 Filter Operation. Hygienic maintenance of spa filters is more difficult than that of swimming pool 

filters because of the higher ratio of number of bathers to pool vol- ume. Health codes consistently 



accept filter flow rates as fol- lows: 

High rate sand filters 2 3.4-6.7 L/s per m 

ultraviolet light treatment, and ozonation. While any or all of these approaches may successfully control 

Legionella and other bacteria in pools and spas, there are insufficient data at the present time to 

recommend any major variation from current water treatment practices. This situation may change ! 

as additional data from laboratory and real-world 

studies (5-10 gal/min per ft 

! 

) of filter media 

become available. Diatomaceous earth filters 2 1 

L/s per m 

! (1.5 gal/min per ft 

! 

) of filter media Cartridge filters 2 0.25 L/s per m 

! (0.375 gal/min per ft 

! 

) of filter media 

5.6.1.5 Bacteriological Parameters. Regular testing of all spas can provide an important record of safe 

operating con- ditions and may alert operators of unsafe conditions when they occur. However, since 

bacteriological results require as Maintenance of filters includes back flushing regularly to remove the 

buildup of organic debris. Determining the frequency of back flushing is currently based on manufacturer 

recommendations (flow-rate requirements) rather than micro- 

much as 24 hours (or longer for Legionella) for results, they should be used only to spot-check or confirm 

the effective- ness of the disinfection system, not as a replacement for fre- quent testing of the water 

chemistry or routine maintenance. biological criteria. As a general rule, daily back flushing may 

Where culturing for legionellae is to be done, 

see section 11 be required during periods of heavy usage. Filter cartridges 

for input on proper sampling, handling, and 

shipping. should also be cleaned or replaced on a regular basis (once or twice weekly). 

T‡h�qh qÃhth Ãƒyh‡rÃp‚ˆ�‡Ã"$�8 !ÃpsˆÃƒr 

Ã�GÃ�h‘v�ˆ� 5.6.1.4 Water Chemistry. The American National 

U‚‡hyÃp‚yvs‚ �† !Ã‚ th�v†�†Ãƒr Ã 

Ã�GÃ�h‘v�ˆ� Standards Institute and National Spa and Pool Institute (ANSI/NSPI) have established 

chemical standards related to pool disinfection. The standards are generally used as a basis 

ArphyÃp‚yvs‚ �† PseudomonasÃaeruginosaÃ# I‚�rÃhyy‚�hiyr �8 I‚�rÃhyy‚�hiyr 

for most state and local regulations and have been modified 

LegionellaÃ†ƒrpvr† I‚�rÃhyy‚�hiyr slightly by 

the Centers for Disease Control in their 3Interim Recommendations to Minimize Transmission of Legion- 

5.6.1.6 Routine Maintenance. Current 

ANSI/NSPI naires Disease from Whirlpool Spas on Cruise Ships 

recommendations include taking the spa out of 



service at the (1995)." 

"& 

end of each day in order to carry out a superhalogenation (i.e., shock disinfection) using 10 mg/L or 10 

times the combined Minimum Ideal Values Maximum 

Free chlorine (mg/L) 3.0 4.0-5.0 10.0 

chlorine level, whichever is greater, for one to four hours. Due to the buildup of total dissolved solids and 

organic matter in the water, the spa water should also be replaced at least once Combined chlorine 

None None 0.2 

a week (depending on the frequency of use). 

Daily water (chloroamines) (mg/L) 

changes may be necessary under continuous 

conditions of Bromine (mg/L) 4.0 4.0-6.0 10.0 

high use. At the same time, the spa should be thoroughly 

pH 7.2 7.4-7.6 7.8 

cleaned, including a vigorous scrubbing of the spa surface, weirs, and skimming devices, in order to 

remove buildup of 

The upper value of 10 mg/L (free chlorine or bromine) should not be considered a routine target 

maintenance level; however, this level is acceptable for relatively short durations. The ideal values should 

be considered minimum values 

microbial biofilm. Conditions of high bacterial counts also require shock disinfection in order to achieve 

safe operating conditions, often coupled with changing the water, cleaning the spa, and maintenance of 

filters. 

for control of Legionella because of the relative resistance of 

5.6.1.7 Training and Record Keeping. 

Training of Legionella to halogens (compared to other bacteria and enteric 

maintenance personnel on all aspects of the 

safe operation of viruses). Maintaining the required free available halogen level 

whirlpool spas should be mandatory. As part 

of this training, is absolutely critical for controlling the growth of bacteria (including Legionella) in the spa 

water. Thus, these parame- ters should be measured frequently, as often as hourly during periods of 

heavy use. Automatic systems that continuously monitor the free halogen and adjust as needed would 

offer the best control of the water chemistry. In addition, it would be desirable to install halogen level-

dependent injector devices on both sides of the filter to ensure that adequate levels of 

it should be emphasized that spas are not the same as swim- ming pools; thus, maintenance required for 

safe operation is very different. Maintenance personnel should also be trained to maintain good records 

of all water chemistry measure- ments, back flushing of filters, water changes, and spa clean- ing. Results 

of samples sent to outside labs for bacteriological analysis should also be maintained. All records should 

be kept for a period of at least two years. biocide are maintained within the filter and within the water 

5.6.2 Whirlpool Baths. Since whirlpool baths 

are always exiting the filter. 

filled with fresh potable tap water and drained at   



the end of Several alternative or adjunctive 

nonhalogen water treat- 

each use, the recommendations for control of 

Legionellosis ment procedures are currently being marketed, including 

would fall initially under those guidelines 

developed for pota- copper/silver ion water treatment, iodinization treatment, 

ble water systems. 
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6. ARCHITECTURAL FOUNTAINS AND 



WATERFALL SYSTEMS 

6.1 System Description 

In these systems, water is either sprayed in the air or cascades over a steep media such as rocks, 

and then it returns to the man-made pool. This guide is not intended to cover fountains in natural bodies 

of water or natural waterfalls. 

6.2 System Operation 

These systems are sometimes operated intermittently with on-time often scheduled only during 

certain time periods. Applications can include elaborate displays specifically intended to periodically 

attract large crowds in entertainment centers. Systems that are operated intermittently may encour- age 

greater biocontamination. 

6.2.0.1 Temperature. Because of the high temperature ranges needed for proliferation of legionellae 

bacteria, out- door fountains and pools in hotter climates and indoor foun- tains and pools subject to 

sources of heat may be susceptible to becoming amplifiers. Temperature increases may be facil- itated by 

heat from the pump/filter systems themselves. Inter- mittent operation may also create situations where 

temperature increases occur in limited parts of the system. 

6.3 Water Droplet Size 

These systems can produce droplets of various sizes and certainly have the potential to produce 

droplets less than 5 micrometers. Generally speaking, the legionellae risk increases as the rate of aerosol 

production increases. 

6.4 Nutrients 

Fountains are subject to contamination from a wide vari- ety of sources, including materials scrubbed 

from the air and returned to the pool with the falling water droplets as well as organic and inorganic 

materials dropped, thrown, or blown into the pool. 

Algae and bacteria are recognized as a particular problem in pools less than 1 meter (3 ft) deep. 

When used, filter systems are similar to the types used for swimming pools. 

6.5 Associated Cases of Legionnairess Disease 

Several multiple-case outbreaks of Legionellosis have been associated with decorative fountains in 

public buildings, particularly hotels. 

with a small water volume may be drained and refilled with fresh water every few weeks in lieu of filtering. 

6.6.3 Water Treatment 

Microbial fouling control is important, especially where the conditions are such that there are 

significant periods of time when the temperature of the fountain water is in the range that is favorable for 

the amplification of legionellae growth (see 3.2). When biocidal treatment is employed for microbial 

fouling control, the biocide must be registered with the Envi- ronmental Protection Agency for use in 

decorative fountains. For further information on water treatment, see 7.6.2 of this guideline and the 

3Water Treatment" chapter in the Applica- tions volume of the ASHRAE Handbook. 

7. COOLING TOWERS INCLUDING FLUID 

COOLERS (CLOSED-CIRCUIT COOLING TOWERS) AND EVAPORATIVE CONDENSERS 

7.1 Cooling Towers 

7.1.1 System Description. A cooling tower is an evapo- rative heat transfer device in which atmospheric 

air cools warm water, with direct contact between the water and the air, by evaporating part of the water 

(see Figure 2). Air movement through such a tower is typically achieved by fans, although some large 



cooling towers rely on natural draft circulation of air. Cooling towers typically use some media, referred 

to as 3fill," to achieve improved contact between the water and the cooling air. 

7.1.2 System Operation. Cooling towers associated with building water systems are typically used for 

rejection of waste heat from the condenser of chillers providing air condi- tioning for a building. Water 

from the cooling tower is piped to the condenser where it is heated and then back to the cool- ing tower to 

be cooled. 

7.1.2.1 Temperature. The typical temperature of the water in cooling towers ranges from 29•C (85•F) 

to 35•C (95•F) although temperatures can be above 49•C (120•F) and below 21•C (70•F) depending on 

system heat load, ambient temperature, and system operating strategy. 

" # 

However, the true incidence of disease from these sources may be much higher due 

to the occurrence of isolated cases where no association with the building or the fountain was suspected. 

6.6 Recommended Treatment 6.6.1 Design Considerations 

‡ Drains or sumps should be situated at the lowest level of the pool, with no other local low points that are 

not served by drains or sumps. ‡ Provision for maintenance should be considered in the design stage. 

Access to pump(s) and filter(s) should be provided. Stagnant areas or areas that are difficult to clean 

should be avoided. 6.6.2 Maintenance 

‡ Regular cleaning is recommended. ‡ Use of filters should be considered; however, systems 

6TCS6@ÃBVD9@GDI@Ã !! & 

Figure 2 Typical cooling tower/chiller system. 

  



 
 

7.1.2.2 Circulating Water System. Cold water piping from the cooling tower runs to one or more pump(s), 

then to the chiller condenser, where it is heated, and then back to the hot water distribution   



system in the cooling tower. Consider- able variation in the piping arrangement occurs. Stagnant areas 

or dead legs may be difficult to clean or penetrate with biocides. 

A significant volume of water may be contained in the piping system. 

7.2 ClosedCircuit Cooling Towers and Evaporative Condensers 

7.2.1 System Description. Closed-circuit cooling towers and evaporative condensers are also 

evaporative heat transfer devices. Both are similar to conventional cooling towers, but there is one very 

significant difference. The process fluid (either a liquid such as water, an ethylene glycol/water mix- ture, 

oil, etc., or a condensing refrigerant) does not directly contact the cooling air. Rather, the process fluid is 

contained inside a coil assembly (see Figure 3). 

7.2.2 System Operation. Water is drawn from the basin and pumped to a spray distribution system over 

the coil assembly while the cooling air is blown or drawn over the coil by fans. Removal of heat is 

achieved by evaporating part of the water. 

7.2.2.1 Temperature. Water temperature in closed-cir- cuit cooling towers and evaporative condensers 

is similar to that in cooling towers. 

7.2.2.2 Circulating Water System. Most commonly, there is no external piping in these systems. 

Because the water is totally contained within the unit, the volume of water is generally significantly less 

than with conventional cooling tower systems. 

7.3 Water Droplet Size 

Cooling towers and evaporative condensers incorporate inertial stripping devices called drift 

eliminators to remove water droplets generated within the unit. While the effective- ness of these 

eliminators can vary significantly with the design (new state-of-the-art eliminators are significantly more 

effi- cient than older designs) and the condition of the eliminators, it should be assumed that some water 

droplets in the size range of less than 5 micrometers leave the unit. In addition, some larger droplets 

leaving the unit may be reduced to 5 microme- ters or less by evaporation. 

7.4 Nutrients 

Because cooling towers and evaporative condensers are highly effective air scrubbers and because 

they move large volumes of air, organic material and other debris can be accu- mulated. This material 

may serve as a nutrient source for legionellae growth. Diverse biofilms, which can support the growth of 

legionellae, may be present on heat exchanger surfaces, structural surfaces, sump surfaces, and other 

miscel- laneous surfaces. 

7.5 Associated Cases of Legionnairess Disease 

Evaporative heat rejection equipment such as cooling towers and evaporative condensers have been 

implicated in numerous outbreaks of Legionnairess disease, and studies have shown many, if not that 

most, detectable such devices. 

levels "'# 

of legionellae are present in 

7.6 Recommended Treatment 

The key recommendations are that the system be main- tained clean and that a biocidal treatment 

program be used. It is also recommended that the services of a qualified water treatment specialist be 

used to define and oversee the treat- ment. 

7.6.1 System Maintenance. Keeping the system clean reduces the nutrients available for Legionella 

growth. Regular visual inspections should be made for general cleanliness. The cold water basin of the 



unit should be cleaned when any buildup of dirt, organic matter, or other debris is visible or found 

through sampling. Mechanical filtration may be used to help reduce these solids. Strainers, cartridge 

filters, sand fil- ters, centrifugal-gravity-type separators and bag-type filters can be used to assist in 

removal of debris. 

The drift eliminators should also be inspected regularly and cleaned if required or replaced if deteriorated 

or damaged. Operation and maintenance records should include the following information: 

‡ system schematic ‡ system water volume, with date and method of deter- 

mination ‡ manufacturerss instructions for equipment operation ‡ regular water treatment procedures ‡ 

material safety data sheets for chemicals used 

(MSDS) ‡ names of persons responsible for system operation 

and shutdown ‡ dates of inspections and written results of inspections ‡ dates and nature of routine 

maintenance Figure 3 Typical closedcircuit cooling tower or evaporative condenser. 

‡ dates of equipment repairs or modifications with 

description of work done 
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Foreword 



This Cooling Technology Institute (CTI) publication is published as an aid to cooling tower purchasers and 

designers. It may be used by anyone desiring to do so, and efforts have been made by CTI to assure the 

accuracy and reliability of the data contained herein. However, CTI makes no warranty of fitness for 

particular purpose or merchantability or any other warranty expressed, implied or statutory. In no event 

shall CTI be liable or responsible for Incidental, Consequential or Commercial losses or damage of any 

kind resulting from this publication's use; or violation of any federal, state, or municipal regulation with 

which this publication may conflict or for the infringement of any patent resulting from the use of this 

publication. 

All CTI codes and standards are copyrighted with all rights reserved to CTI. The reproduction of any part 

of this or any other CTI code or standard is a violation of Federal Law. One must recognize and 

appreciate commitment by a number of volunteer members who donate their time to develop and update 

CTI codes and standards. The monies spent for code development, administrative staff support and 

publication are essential and constitute a substantial drain on CTI. The purchase price of these 

documents helps to offset these costs. Reproduction and distribution by others, in addition to being 

unethical, undermines this system and constitutes a further financial drain on CTI. When copies are 

needed, you are requested to call or write the Cooling Technology Institute, P.O. Box 73383, Houston, 

Texas 77273, (281) 583-4087. Please request that your associates buy the required codes and standards 

rather than copy them. Your cooperation in this matter is greatly appreciated. 

Nothing contained herein is to be construed as granting any right for the manufacture, sale or use in 

connection with any method, apparatus, or product covered by letters patent, nor as insuring anyone 

against liability for infringement of letters patent. 

This guideline document summarizes the best current state of knowledge regarding the specific subject. 

This document represents a consensus of those individual members who have reviewed this document, 

its scope and provisions. It is intended to aid all users or potential users of cooling towers. 

Approved by the CTI Executive Board 

This document has been reviewed and approved as part of CTI’s Five Year Review Cycle. This document is again 

subject to review in 2013. 

Copyright 2008 Approved by the by Cooling Technology Institute CTI-Bulletin CTI Executive Board Printed in U.S.A. WTB-

148 

  



 
 

Guideline: Best Practices for Control of Legionella 



I. PURPOSE 

The purpose of this guideline is to provide information and guidance in order to minimize Legionella in evaporative 

cooling water systems, specifically evaporative condensers, closed-circuit fluid coolers, and cooling towers. 

II. SCOPE 

This guideline provided specific environmental and operational guidelines that will contribute to the safe operation 

of cooling water systems to minimize the risk of occurrence of Legionellosis. 

III. WHAT IS LEGIONNAIRES’ DISEASE? 

Following the 1976 American Legion Convention at the Bellevue Stratford Hotel in Philadelphia, 34 attendees died 

and 221 people became ill from pneumonia caused by the bacterium Legionella pneumophila. Although not 

recognized at the time, Legionella is not a new microorganism. It has since been found in many archived tissue 

samples at the US Centers for Disease Control and Prevention (CDC). These specimens were taken from persons 

with previously undiagnosed pneumonia-like illnesses. 

This disease, now commonly known as Legionnaires’ Disease, is a respiratory infection that strikes susceptible 

individuals exposed to Legionella pneumophila. Infection results from inhaling airborne water droplets or mist 

containing viable Legionella pneumophila, which are small enough to pass deep into the lungs and be deposited in 

the alveoli, the small pockets in the lungs. The dose of Legionella pneumophila required to infect humans is not 

definitively known. Ingesting Legionella pneumophila has not been shown to cause illness. Legionnaires’ Disease 

can have an incubation period of two to ten days. Most reported cases have occurred in the 40- to 70-year old age 

group. Although healthy individuals may develop Legionnaires’ Disease, people thought to be at increased risk of 

infection include smokers, patients with cancer, chronic respiratory diseases, kidney disease, and any immuno-

suppressed condition. The fatality rate is estimated at 10 to 20% of those who contract the disease; but in immuno-

suppressed persons or those with other underlying diseases, this figure can be much higher. 

Legionella pneumophila is a ubiquitous organism. It appears in almost every ground and surface water. The 

organism survives typical chlorine disinfection for 

potable water and consequently can appear in finished water distributed to homes and industry. It is important to 

keep the incidence of Legionellosis in perspective. For example, in the United States, the Technical Manual 

published by OSHA (Occupational Safety and Health Administration) estimates over 25,000 cases of the illness 

occur each year. More than 4,000 deaths are believed to occur, but only about 1,000 are reported. However, the 

CDC usually investigates less than ten community outbreaks per year (in 1995 there were three). An outbreak is 

considered to occur when two or more cases of the disease can be attributed to a work site. 

IV. SYMPTOMS OF LEGIONNAIRES DISEASE 

Initial symptoms of Legionnaires’ Disease include high fever, chills, headache and muscle pain. A dry cough soon 

develops and most patients suffer breathing difficulty. Some patients also develop diarrhea or vomiting and can 

become confused or delirious. Legionnaires’ Disease may not always be severe; in community outbreaks, mild cases 

may be recognized that would probably have escaped detection except for the increased awareness of the disease. 

A common but less serious infection caused by Legionella pneumophila is an illness known as “Pontiac Fever.” The 

symptoms of Pontiac Fever are similar to those of moderate to severe influenza: headache, fatigue, fever, arthralgia 

(joint pain), myalgia (muscle pain) and, in a small proportion of cases, nausea, vomiting and coughing. The 

incubation period is one to two days and the illness passes in five to ten days. No deaths have been attributed to 

Pontiac Fever. Since this illness generally escapes detection, statistical information about its occurrence is sparse. 

V. MICROBIOLOGY 

Legionella is the name given to a genus of bacteria for which at least 37 different species have been identified. 

Legionella pneumophila, for which fourteen serogroups have been identified, is the species most commonly 

associated with disease outbreaks. Serogroups 1, 4, and 6 are most commonly associated with human illness. 



Legionella pneumophila are rod-shaped bacteria and are widespread in natural water sources. They have been found 

in rivers, lakes, and streams; mud and soil samples; water and sludge from cooling towers; and in other man-made 

water systems. They have been 
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detected in many drinking water sources, including well water, resulting in the contamination of a variety of public 

and private systems using this water. 



A cooling tower system can present an ideal environment for growth of Legionella pneumophila. Cooling tower drift 

in the form of aerosols can be easily inhaled. Showers, wash stands, sinks, air scrubbers and air washers / handlers 

can also provide a good growth environment and possible means of transmission of Legionella pneumophila 

bacteria. 

VI. ECOLOGY The ecology of Legionella pneumophila in water systems is not fully 

understood; however, the following conditions have been found to affect its growth rate: 

• Sediment, sludge, scale and organic materials can harbor the bacterium and promote growth. The formation of a 

biofilm within a water system is thought to play an important role in harboring and providing favorable conditions in 

which Legionella pneumophila can grow. A biofilm is a layer of microorganisms contained in a matrix that may 

form a thin layer of slime on surfaces in contact with water. Legionella pneumophila grows within biofilms and 

within protozoa acting to shield Legionella pneumophila from concentrations of biocides that would otherwise kill 

or inhibit Legionella pneumophila when freely suspended in water. 

• Water temperatures in the range of 68°F (20°C) to 113°F (45°C) favor growth. It is uncommon to find proliferation 

below 68°F (20°C), and it does not survive above 140°F (60°C). The optimum laboratory temperature for the growth 

of the bacterium is 99°F (37°C). Organisms may, however, remain viable and dormant in cool water, multiplying 

only when the temperature reaches a suitable level and when growth and reproduction are not inhibited by adequate 

bio-control. 

• Legionella pneumophila have been shown to colonize certain types of water systems that may have stagnant areas, 

e.g., water heaters, tanks, reservoirs, and basins. Fittings, piping, and various gasket materials used in these systems 

can also be colonized. Stagnant conditions promote growth of Legionella pneumophila and make eradication 

difficult. 

• Commonly encountered microorganisms (such as algae, amoebae and other bacteria) in untreated or ineffectively 

treated water may promote Legionella pneumophila growth. Some protozoa serve as hosts for Legionella 

pneumophila, which can enable rapid proliferation of Legionella. 
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VII. BEST PRACTICES AND RECOMMENDATIONS FOR MINIMIZATION OF RISKS ASSOCIATED 

WITH LEGIONELLA 

The following best practices for microbiological control are recommended to promote and maintain clean heat 

transfer surfaces and a healthy work environment around open recirculating cooling systems. The practices outlined 

in this document are a description of the consensus of existing best practices as recommended by various 

authoritative bodies worldwide. Halogen oxidizers have been proven to control Legionella when applied properly. 

Evidence exists that other compounds, such as ozone, peroxides, and non- oxidizing biocides are effective against 

Legionella bacteria in limited circumstances. Treatment techniques such as ultraviolet light or ultrasonics have also 

shown the ability to kill Legionella bacteria in limited circumstances. 

The CTI reviewed publications and interviewed representatives from authorities such as OSHA, CDC, ASHRAE 

(American Society of Heating, Refrigerating and Air Conditioning Engineers), the UK HSE (United Kingdom 

Health and Safety Executive), the UK BACS (British Association of Chemical Specialties), and the health & safety 

agencies of Japan, Australia, Singapore, and Taiwan, among others. In no way, however, should these 

recommendations be interpreted to guarantee the absence of Legionella bacteria or any other particular pathogen, 

and consequently that these measures will prevent illness (e.g. Legionellosis). 

Nevertheless, we believe these measures can be effective in fostering the safety of cooling systems. This is 

accomplished directly by destruction of planktonic (free- swimming) bacteria including Legionella, and indirectly 

by eliminating conditions that favor Legionella amplification (multiplication), i.e. the elimination of biofilms and 

amoebae and other protozoa that feed on biofilms and which serve as Legionella hosts. Research continues on 

effective means for control of protozoan cysts, which can also harbor and protect Legionella for extended periods. 



These best practice recommendations focus on chemical control parameters. Halogens serve as the primary 

disinfectants in these recommendations. Sources of halogens include chlorine gas, hypochlorites, chlorine dioxide 

and stabilized halogen donors. It must be recognized, however, that chemical treatment is only one aspect of risk 

minimization. Design, operation, and maintenance practices are also crucial to reducing health risks associated with 

cooling systems. 

Monitoring Legionella in Cooling Water Systems 

Evaluate system cleanliness and the effectiveness of microbial control by visual inspection as well as through 

regular monitoring of bulk water (planktonic) and surface (sessile) microbial populations. 

  



 
 

Check the cooling tower deck and tower fill for gross evidence of biofouling. When operations permit, the mist 

eliminator section of the cooling tower should also be inspected for biological deposits. Collect suspected biological 



deposits for microscopic examination to confirm biological content and the presence or absence of amoebae and 

ciliated protozoa. When performed by a trained microscopist, this approach can provide valuable, same-day 

information on system cleanliness and associated health risk since some protozoans can serve as host organisms for 

Legionella allowing amplification of Legionella to dangerous levels. High numbers of protozoa therefore represent 

an increased risk for multiplication of Legionella and consequent increase in the risk of Legionnaires’ disease for 

susceptible individuals. 

Use dipslides, PetriFilmTM, or other culturing techniques to quantify total aerobic heterotrophic bacteria 

populations in bulk water and on sur-faces. Alternatively, ATP-based biomonitoring can be used. This technique has 

the advantage of eliminating the 2- day delay in results imposed by incubation requirements of culture-based 

methods. 

Most professional and government agencies that have issued Legionella position statements and guidelines do not 

recommend testing for Legionella bacteria on a routine basis. These reasons derive from difficulties in interpreting 

Legionella test results and in using test results as a basis for control. Note the following aspects: 

• An infectious dose level for Legionella has not been established and in any case, (given variations in strain 

virulence and wide differences in individual susceptibility) the concept of a fixed infectious dose level may be 

misleading. Since no fixed “danger” level can be assigned, it also follows that no specific level of the organism can 

be assigned as “safe.” 

• Legionella may be “non-detectable” in bulk water samples collected on one day but can repopulate and be found 

within a few days. Legionella can be released from biofilms or from host life forms associated with these films. 

Legionella are reported to be capable of rapid recolonization of previously cleaned systems, especially if conducive 

conditions are present. 

• Simple detection of the organism in a cooling system does not necessarily mean there is a risk of disease, in part 

because not all Legionella serogroups are associated with Legionellosis. 
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• Culture-based techniques used by testing labs to quantify Legionella have a 10 to 14 day turnaround for results. 

This period is too long for Legionella monitoring to serve as an effective tool for treatment control. 

Various studies have shown that some 40 to 60% of cooling towers tested contained Legionella. Therefore, it is best 

to assume that any given system can harbor the organism, and that routine, continuous microbiological control 

practices should be implemented to minimize the risk of Legionella amplification and associated disease. 

Testing for Legionella is recommended in the event of an outbreak (to identify potential sources of the organism) 

and to evaluate the effectiveness of disinfection procedures. Testing is also recommended whenever process 

intrusions into the cooling water occur or other factors mitigate a loss of microbiological control for an extended 

period of time. There have been reports of vary rapid increases in Legionella concentrations in a short period of time 

under these circumstances. 

If testing is required, contact a laboratory experienced in performing Legionella analyses on environmental samples. 

Also, concurrent sampling should be performed on the bulk water and surface deposits for microscopic detection of 

higher life forms, along with total aerobic heterotrophic counts. Collect bulk water samples from several locations 

within the system (e.g., makeup water, hot return water, basin water, and from sample taps on heat exchangers 

remote from the cooling tower if available). Where evident, collect deposit samples from the basin walls, tower fill, 

and distribution decks. The following three scenarios are possible: 

• A low Legionella count with an undetectable or small population of amoebae/protozoa (higher life forms) and low 

biofilm counts (low sessile bacteria numbers) is a good indication of a clean, well- maintained system with low risk 

to health. 

• A low bulk water Legionella count along with low numbers of higher life forms in deposits, but with high biofilm 



counts may indicate a low present health risk but suggests the potential for future problems if steps are not taken to 

reduce biofilm levels. Since protozoa that promote Legionella amplification graze on bacteria in biofilms, the 

presence of significant biofilm can promote the development of higher, and thus potentially more dangerous, levels 

of Legionella. 

  



 
 

• A low bulk water Legionella count associated with a large number of higher life forms indicates a strong potential 

for amplification, and the low Legionella count cannot therefore be interpreted to indicate a system with a low health 



risk. 

Recommended Target Values Routine Treatment of Cooling Water Systems 

Parameter Dipslides 

Agar Pour Plate or Petrifilm 

Microscopic Exam 

Planktonic Counts (Bulk Water) 

<10,000 CFU/mL 

<10,000 CFU/mL 

No higher life forms 

Sessile Counts (Surfaces) 

<100,000 

<100,000 

No higher CFU/cm2 

CFU/cm2 

life forms 

Deposits NA NA 

No higher life forms 

Note: Results from dipslides, agar pour plates, or Petrifilm are colony forming units (CFU per milliliter or per 

square centimeter) of total aerobic heterotrophic bacteria. Legionella bacteria are not detected by these conventional 

plate count media. Microscopic examination for the presence of higher life forms requires a trained microscopist and 

specialized microscopy equipment. 

Routine Treatment Continuous Application of Halogens 

• For relatively clean systems or where clean potable water makeup is used, feed a source of halogen (chlorine or 

bromine) continuously and maintain a free residual. Continuous free residuals of 0.5 to 1.0 ppm (as have been C1 

2 ) in recommended the cooling tower hot return water by many agencies1. Periodic monitoring of the residual at 

sample points throughout the cooling water system is needed to insure adequate distribution. The effectiveness of 

either halogen decreases with increasing pH; bromine is relatively more effective at a higher pH (8.5 to 9.0). 

• Stabilized halogen products should be added according to the label instructions, and sufficient to maintain a 

measurable halogen residual. 

• Discharge of system water directly to surface water may require dehalogenation. 

____________ 

1 

UK Publication “The Control of Legionella in Water Systems” Approved Code of Practice & Guidance. Third Edition 
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• A biodispersant/biodetergent may aid in the penetration, removal, and dispersion of biofilm and often increases the 

efficacy of the biocide. 

• Continuous halogen programs may require periodic use of nonoxidizing biocides. These may be required to control 

biofilm and planktonic organisms in systems that use makeup water from other than potable water sources, and 

those with process leaks or contamination. The choice of nonoxidizing biocides should be based on the results of 

toxicant evaluations. Reapply as dictated by results of biomonitoring. 



Intermittent Use of Halogens Continuous halogenation is always preferred for Legionella risk minimization; 

however, if this is not possible, intermittent use of halogen is necessary. 

• As a minimum control program for relatively clean systems or where clean, potable water is used for makeup, 

establish a free halogen residual of 1.0 up to 2.0 ppm (as C1 
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) and hold this residual for no less than one hour each day. Free residual must be monitored throughout 

the distribution system. 

• Stabilized halogen products should be added according to the label instructions and to achieve a measurable 

halogen residual. This residual should be held for no less than one hour each day. 

• Bulk water and sessile counts, along with microscopic examination of deposit samples, will be necessary to ensure 

that the concentration and duration of halogen residuals are adequate. 

• A biodispersant may aid in penetrating the biofilm and may increase the efficacy of the biocide. 

• Discharge of system water directly to surface water may require dehalogenation. 

• Nonoxidizing biocides are critical to the cleanliness of systems treated intermittently with halogens and are 

recommended. The choice of nonoxidizing biocide should be based on the results of toxicant evaluations. Reapply 

as dictated by the results of biomonitoring. 

Routine On-Line Disinfection Hyperhalogenation Hyperhalogenation as practiced is the maintenance of a minimum 

of 5 ppm free halogen residual for at least 6 hours. Periodic on-line disinfection may be necessary for systems: 

• That have process leaks 

• That have heavy biofouling 

• That use reclaimed wastewater as makeup 

• That have been stagnant for a long time 

• When the total aerobic bacteria counts regularly exceed 100,000 CFU/ml 

• When Legionella test results show greater than 100 CFU/ml 

  



 
 

Periodic hyperhalogenation will discourage development of large populations of Legionella and their host 

organisms. Consequently, periodic hyperhalogenation may eliminate the need for conducting more complicated and 



higher risk off-line emergency disinfection procedures. 

Other Treatment Approaches: Because of the interest incontrolling Legionella, a number of products have been 

promoted as a control of Legionellosis in Cooling Systems. Some of them are electronic water treatment devices, 

material coatings and bio-static components. At the date of this publication, there is little application data to support 

these approaches. While these technologies may have some benefit, they should not distract your attention from the 

key issues of: 

• Eliminating stagnant water areas 

• Eliminating controllable sources of nutrient to the Cooling Water system. 

• Maintain overall system cleanliness and provide good biological control. 

• Use the best technology in Drift Eliminiation (lowest drift rate). 

Emergency Disinfection The following emergency disinfection procedure is based on OSHA and other 

governmental recommendations. This procedure may require modification based on system volume, water 

availability and wastewater treatment capabilities. Conduct emergency disinfection: 

• When very high Legionella counts exist (i.e., >1000 CFU/ml). 

• In cases where Legionnaires disease are known or suspected and may be associated with the cooling tower. 

• When very high total microbial counts (>100,000 CFU/mL) reappear within 24 hours of a routine disinfection 

(hyperhalogenation). 

Emergency Disinfection Procedure 

1. Remove heat load from the cooling system, if 

possible. 2. Shut off fans associated with the cooling 

equipment. 3. Shut off the system blowdown. Keep makeup 

water valves open and operating. 4. Close building air intake vents in the vicinity of the cooling tower 

(especially those downwind) until after the cleaning procedure is complete. 5. Continue to operate the recirculating 

water pumps. 6. Add a biocide sufficient to achieve 25 to 50 ppm of 

free residual halogen. 
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7. Add an appropriate biodispersant (and antifoam if 

needed). 8. Maintain 10 ppm free residual halogen for 24 hours. Add more biocide as needed to maintain the 10 

ppm residual. 9. Monitor the system pH. Since the rate of halogen disinfection slows at higher pH values, acid may 

be added, and/or cycles reduced in order to achieve and maintain a pH of less than 8.0 (for chlorine- based biocides) 

or 8.5 (for bromine-based biocides). 10. Drain the system to a sanitary sewer. If the unit discharges to a surface 

water under a permit, dehalogenation will be needed. 11. Refill the system and repeat steps #1 through 10. 12. 

Inspect after the second drain-off. If a biofilm is 

evident, repeat the procedure. 13. When no biofilm is obvious, mechanically clean the tower fill, tower 

supports, cell partitions, and sump. Workers engaged in tower cleaning should wear (as a minimum) eye protection 

and a 1⁄2 face respirator with High Efficiency Particulate (HEPA) filters, or other filter capable of removing >1 

micron particles. 14. Refill and recharge the system to achieve a 10 ppm free halogen residual. Hold this residual for 

one hour and then drain the system until free of turbidity. 15. Refill the system and charge with appropriate 

corrosion and deposit control chemicals, re- establish normal biocontrol residuals and put the cooling tower back 

into service. 

VIII. RECORDKEEPING 



To ensure that adequate information is available to describe tower operations, records should be kept of 

precautionary measures and treatments, monitoring results and remedial work. Some government agencies specify 

the type and level of detail for these records. In any case, sufficient information should be recorded to show the 

particular measures taken, including but not limited to: instances of mechanical cooling tower cleaning, the 

frequency and amount of biocide addition, halogen residual levels, results of biomonitoring, and other significant 

aspects of the tower operation. 

If there are any complaints or safety, helath or environmental audit findings regarding tower operations, they should 

be documented, as should any corrective actions taken. 

A records retention policy should be developed and adhered to, and should be in reasonable conformance to any 

general records retention policy at the facility, utility or corporation. Records retention should not be 

  



 
 

any shorter than any minimum regulatory requirement that may have been established. 



IX. MECHANICAL DESIGN CONSIDERATIONS FOR MINIMIZING 

LEGIONNAIRE’S DISEASE 

Any new or retrofit tower or component design should include consideration of the issues discussed below. 

Drift Eliminators (DE) 

• State-of-the-art high-efficiency nesting type eliminators, if not already present to minimize drift mass flow, are 

suggested [reference CTI ATC- 140]. 

• Tower designers should use these eliminators within their design air velocity requirements as set and tested by the 

manufacturer. Drift eliminators are intended to prevent escape of entrained water droplets that might contain LD 

bacteria from the tower. Plenum 

• Tower designers should avoid locally elevated exit air velocities at the eliminators, designing the plenum to 

maintain airflow within the tolerances of design throughout, particularly at the center of the eliminator bank in 

counterflow towers and at the upper portions of the eliminator bank in crossflow towers. 

• Tower designers should supply effective eliminator air seals, covering all open area beyond the eliminators 

themselves. Small gaps allow elevated local velocities and can lead to substantial water droplet formation and 

leakage. 

• Proper installation of the eliminators and air seals is critical to minimize the drift rate. Water Distribution, Falling 

Water, and Fill 

• Tower designers should provide distribution components to minimize the creation of very small droplets which are 

more likely to escape through the drift eliminators. 

• Tower designers should provide distribution components to minimize masses of water at louver or eliminator 

locations that might by-pass air-seals allowing circulating water to enter the exit airstream. 

• Tower designers should provide tower air inlet and rain zones that minimize splash-out and aerosol droplet 

creation. 
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• Tower designers should select the fill for proper air and water management to control the drift rate and splash-out. 

• Fill selection should be based on expected water quality and treatment, to minimize fouling and poor water 

distribution of water that might encourage Legionella propagation. Fan and Fan Cylinder 

• Tower designers should provide fan cylinder seal integrity such that no extraneous water can make its way to the 

fan even if the hot water basin (HWB) overflows (crossflow towers). Siting and Flow 

• System design engineers should place cooling towers away from building air intakes in such a manner that cooling 

tower drift or splash-out is not fed into the building air supply system. 

• The tower should be designed to provide good continuous water flow through and out of the tower to move water 

effectively. There should be no dead flow locations in the basins. 

• System design engineers should provide discharge piping and equalizers to move water effectively with no dead 

flow locations. Special attention should be paid to equalizer piping to ensure these areas are not stagnant. Side 

Stream Filtration 

• When suspended solids in the cooling tower water are excessive, side stream filtration may be considered for 

reduction of these solids. Side stream filtration has been shown to control suspended solids in cooling tower 

circulating water. Particulate solids are suitable surfaces for the growth of bacterial films that provide a safe haven 

for Legionella bacteria. The exact design of this equipment is site specific; it will consider makeup water quality, 

design of tower fill, recirculation rate, and total system volume. 



X. COOLING TOWER INSPECTIONS AND PHYSICAL MAINTENANCE 

It is important to visually inspect the cooling tower frequently to maintain the tower and its components in good 

working order. During maintenance and inspection operations, plant safety procedures must always be followed. 

Organic fouling, dirt or debris must be removed. Defects in the components or their installation, which may lead to 

emission of excessive drift or spray, should be corrected. 

Inspection should also be performed on the outside of the unit for general cleanliness, leaks, or any evidence 

  



 
 

of biomass. Pools of water or small droplets emanating from the tower may be a sign of excessive drift. The 

appearance of heavy deposits on the outside of the unit may be an indication of excessive water loss due to windage 



or other factors. During maintenance and inspection operations appropriate plant safety procedures should always be 

followed. 

Water Treatment System Inspect the water treatment system for proper operation of all components. 

Louvers Inspect louvers and surrounding area for biomass and scale. Louvers should be undamaged and positioned 

as designed to prevent spray from splashing or blowing out of the tower. Missing or damaged louvers should be 

replaced. Out of position louvers should be properly placed back in position, making sure retaining hardware is also 

correctly placed. 

Piping dead legs Inspect circulating water piping system for deadlegs. Any deadlegs which cannot be removed or 

replaced with a circulating line should be bled frequently. Bleed equalizer piping between adjacent cooling tower 

cells frequently. 

Cold water basins Inspect the cold water basin for build-up of organic matter, dirt, and debris. If any significant 

accumulation of debris or sludge is found, the accumulation should be removed. If the tower is taken out of service, 

the basin should be cleaned. 

Crossflow hot water basin 

Leaks from the hot water basin that might lead to droplets becoming entrained in the air-stream should be repaired. 

Missing or broken nozzles should be replaced. Basin covers that may be missing or broken should be replaced or 

repaired. Water overflowing the basin should be corrected. 

Counterflow spray system The spray system should be properly positioned and free of fouling. Missing nozzles 

should be replaced. Misaligned nozzles may spray water up into the eliminators and should be correctly re-

positioned. Leaks at piping joints or nozzles that spray water into the eliminators should be repaired. 

Eliminators The eliminator system is critical for controlling the water droplets leaving the cooling tower. Drift 

eliminators should be inspected for build-up of organic and inorganic material and for deterioration or damage. 
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Eliminators should be cleaned as needed. Missing or damaged eliminators should be replaced. Any gaps in or 

between eliminators or between eliminators and casing, structural elements, air seals, or plenum framework should 

be corrected. 

Fill Fill air entrance and exit surfaces should be thoroughly inspected. Evidence of fouling should lead to a more 

extensive inspection and review of water treatment and maintenance procedures. Damaged or deteriorated fill should 

be replaced. 

XI. SUMMARY To minimize the proliferation of Legionella pneumophila and the associated 

risk of Legionnaires’ disease, the consensus recommendations are: 

• Minimize water stagnation 

• Minimize process leaks into the cooling system that provide nutrients for bacteria 

• Maintain overall system cleanliness. This will minimize the buildup of sediments that can harbor or provide 

nutrients for bacteria and other organisms. 

• Apply scale and corrosion inhibitors as appropriate. 

• Use high-efficiency mist eliminators on cooling towers. 

• Control the overall microbiological population. 

XII. ADDITIONAL INFORMATION SOURCES 1. A Comparison of Legionella and Other Bacteria 

Concentrations in Cooling Tower Water. Robert M. Cappabianca, Neil B.Jurinski and Joseph B Jurinski. Applied 

Occupational Environmental Hygiene, May 1994, pp 358 - 361. 2. Air Handling and Water Systems of Buildings - 



Microbial Control. Australia Committee on Mechanical Ventilation and Air Conditioning, Australian Standard, AS 

3666. 1989. 3. American Society of Heating Refrigerating and Air Conditioning Engineers, Inc. (ASHRAE); 

Atlanta, Georgia; Guidelines on Legionnaires’ Disease; 404-636-8400. 4. Control of Legionella in Cooling Towers - 

Summary Guidelines; Wisconsin Division of Health, August 1987; A copy of this document may be obtained from 

the Wisconsin Division of Health, Madison, WS 53701; 608-267-9003. 5. The Control of Legionellae by the Safe 

and Effective Operation of Cooling Systems; British Association of Chemical Specialties; Code of Practice Update; 

May 1995. 

  



 
 

6. Cooling Tower Legionella Pneumophila Study. William K. McGrane and Lee Ditzler. CDC Joint Research 

Project, March 28 - August 15, 1994. A copy of this document may be obtained from William K. McGrane, Ph. D., 



CH2M Hill, 212 S. Tryon St., Suite 1350, Charlotte, NC 28281; telephone (704) 334-4640, Ext. 219, or from Lee 

Ditzler, TriOx, 6918 Sierra Court, Dublin, CA 94568; telephone (510) 829-6300. 7. Effect of Chlorine on the 

Survival and Growth of Legionella Pneumophila and Hartmannella Vermiformis. Kuchta, Navratil, Wadowsky, 

Dowling, States, and Yee. Department of Water, Pittsburgh, PA. US EPA CR 812761 and CR 817091-01-0. 8. 

Environmental Aspects of Legionnaires’ Disease. P.W. Muraca, V. L. Yu and J. E. Stout. Journal of the American 

Water Works Association, February 1988. 9. The Health and Safety Executive Guidance Notes on the Control of 

Legionellosis, HS(G) 70 Second Edition, October 1994. HMSO London UK. General inquiries regarding this 

publication should be addressed to the Health and Safety Executive at Library and Information Services, Broad 

Lane, Sheffield S3 7HQ; Telephone 0742752539. 10. Legionnaires’ Disease: The Control of Legionella Bacteria in 

Water Systems; Approved Code of Practice and Guidance; UK Health and Safety Commission and Executive; Nov 

1999; HMSO books, London, UK. General inquiries should be addressed to the Library and Information Services, 

Broad Lane, Sheffield S3 7HQ; telephone (0742) 752539. 11. Legionella - Current Status and Emerging 

Perspectives. James M. Barbaree, Robert F. Breiman, Alfred P. Dufour (Editors). American Society for 

Microbiology, Washington, D.C. 1993. 12. Controlling Legionella in Cooling Towers It’s Possible With Sidestream 

Filtration, UV, and Centrifugal Separation; Jay Motemarrand; Water Technology; April 1989 13. Susceptibility of 

Legionella pneumophila to Ultraviolet Radiation; S. C. Antopol; Applied and Environmental Microbiology; vol. 38; 

1979. 14. The Elimination of Legionella in Local Hot and Cold Water Systems Using a Novel Chlorine 
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Foreword 



This Cooling Technology Institute (CTI) publication is published as an aid to cooling tower purchasers and 

designers. It may be used by anyone desiring to do so, and efforts have been made by CTI to assure the 

accuracy and reliability of the data contained herein. However, CTI makes no warranty of fitness for 

particular purpose or merchantability or any other warranty expressed, implied or statutory. In no event 

shall CTI be liable or responsible for Incidental, Consequential or Commercial losses or damage of any 

kind resulting from this publication's use; or violation of any federal, state, or municipal regulation with 

which this publication may conflict or for the infringement of any patent resulting from the use of this 

publication. 

All CTI codes and standards are copyrighted with all rights reserved to CTI. The reproduction of any part 

of this or any other CTI code or standard is a violation of Federal Law. One must recognize and 

appreciate commitment by a number of volunteer members who donate their time to develop and update 

CTI codes and standards. The monies spent for code development, administrative staff support and 

publication are essential and constitute a substantial drain on CTI. The purchase price of these 

documents helps to offset these costs. Reproduction and distribution by others, in addition to being 

unethical, undermines this system and constitutes a further financial drain on CTI. When copies are 

needed, you are requested to call or write the Cooling Technology Institute, P.O. Box 73383, Houston, 

Texas 77273, (281) 583-4087. Please request that your associates buy the required codes and standards 

rather than copy them. Your cooperation in this matter is greatly appreciated. 

Nothing contained herein is to be construed as granting any right for the manufacture, sale or use in 

connection with any method, apparatus, or product covered by letters patent, nor as insuring anyone 

against liability for infringement of letters patent. 

This guideline document summarizes the best current state of knowledge regarding the specific subject. 

This document represents a consensus of those individual members who have reviewed this document, 

its scope and provisions. It is intended to aid all users or potential users of cooling towers. 

Approved by the CTI Executive Board 

This document has been reviewed and approved as part of CTI’s Five Year Review Cycle. This document is again 

subject to review in 2002. 

Copyright 2000 Approved by the by Cooling Technology Institute Guidelines CTI Executive Board Printed in U.S.A. February 

2000 

  



 
 

Guideline: Best Practices for Control of Legionella 



I. WHAT IS LEGIONNAIRES’ DISEASE? 

Following the 1976 American Legion Convention at the Bellevue Stratford Hotel in Philadelphia, 34 attendees died 

and 221 people became ill from pneumonia caused by the bacterium Legionella pneumophila. Although not 

recognized at the time, Legionella is not a new microorganism. It has since been found in many archived tissue 

samples at the US Centers for Disease Control and Prevention (CDC). These specimens were taken from persons 

with previously undiagnosed pneumonia-like illnesses. This disease, now commonly known as Legionnaires’ 

Disease, is a respiratory infection that strikes susceptible individuals exposed to Legionella pneumophila. Infection 

results from inhaling airborne water droplets or mist containing viable Legionella pneumophila, which are small 

enough to pass deep into the lungs and be deposited in the alveoli, the small pockets in the lungs. The dose of 

Legionella pneumophila required to infect humans is not definitively known. Ingesting Legionella pneumophila has 

not been shown to cause illness. Legionnaires’ Disease can have an incubation period of two to ten days. Most 

reported cases have occurred in the 40- to 70-year old age group. Although healthy individuals may develop 

Legionnaires’ Disease, people thought to be at increased risk of infection include smokers, patients with cancer, 

chronic respiratory diseases, kidney disease, and any immuno-suppressed condition. The fatality rate is estimated at 

10 to 20% of those who contract the disease; but in immuno-suppressed persons or those with other underlying 

diseases, this figure can be much higher. Legionella pneumophila is a ubiquitous organism. It appears in almost 

every ground and surface water. The organism survives typical chlorine disinfection for potable water and 

consequently can appear in finished water distributed to homes and industry. It is important to keep the incidence of 

Legionellosis in perspective. For example, in the United States, the Technical Manual published by OSHA 

(Occupational Safety and Health Administration) estimates over 25,000 cases of the illness occur each year. More 

than 4,000 deaths are believed to occur, but only about 1,000 are reported. However, the CDC usually investigates 

less than ten community outbreaks per year (in 1995 there were three). An outbreak is considered 

to occur when two or more cases of the disease can be attributed to a work site. II. SYMPTOMS OF 

LEGIONNAIRES DISEASE 

Initial symptoms of Legionnaires’ Disease include high fever, chills, headache and muscle pain. A dry cough soon 

develops and most patients suffer breathing difficulty. Some patients also develop diarrhea or vomiting and can 

become confused or delirious. Legionnaires’ Disease may not always be severe; in community outbreaks, mild cases 

may be recognized that would probably have escaped detection except for the increased awareness of the disease. A 

common but less serious infection caused by Legionella pneumophila is an illness known as “Pontiac Fever.” The 

symptoms of Pontiac Fever are similar to those of moderate to severe influenza: headache, fatigue, fever, arthralgia 

(joint pain), myalgia (muscle pain) and, in a small proportion of cases, nausea, vomiting and coughing. The 

incubation period is one to two days and the illness passes in five to ten days. No deaths have been attributed to 

Pontiac Fever. Since this illness generally escapes detection, statistical information about its occurrence is sparse. 

III. MICROBIOLOGY 

Legionella is the name given to a genus of bacteria for which at least 37 different species have been identified. 

Legionella pneumophila, for which fourteen serogroups have been identified, is the species most commonly 

associated with disease outbreaks. Serogroups 1, 4, and 6 are most commonly associated with human illness. 

Legionella pneumophila are rod-shaped bacteria and are widespread in natural water sources. They have been found 

in rivers, lakes, and streams; mud and soil samples; water and sludge from cooling towers; and in other man-made 

water systems. They have been detected in many drinking water sources, including well water, resulting in the 

contamination of a variety of public and private systems using this water. A cooling tower system can present an 

ideal environment for growth of Legionella pneumophila. Cooling tower drift in the form of aerosols can be easily 

inhaled. Showers, wash stands, sinks, air scrubbers and air washers / handlers can also provide a good growth 

environment and possible means of transmission of Legionella pneumophila bacteria. 
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IV. ECOLOGY 



The ecology of Legionella pneumophila in water systems is not fully understood; however, the following conditions 

have been found to affect its growth rate: 

• Sediment, sludge, scale and organic materials can harbor the bacterium and promote growth. The formation of a 

biofilm within a water system is thought to play an important role in harboring and providing favorable conditions in 

which Legionella pneumophila can grow. A biofilm is a layer of microorganisms contained in a matrix that may 

form a thin layer of slime on surfaces in contact with water. Legionella pneumophila grows within biofilms and 

within protozoa acting to shield Legionella pneumophila from concentrations of biocides that would otherwise kill 

or inhibit Legionella pneumophila when freely suspended in water. 

• Water temperatures in the range of 68°F (20°C) to 113°F (45°C) favor growth. It is uncommon to find proliferation 

below 68°F (20°C), and it does not survive above 140°F (60°C). The optimum laboratory temperature for the growth 

of the bacterium is 99°F (37°C). Organisms may, however, remain viable and dormant in cool water, multiplying 

only when the temperature reaches a suitable level and when growth and reproduction are not inhibited by adequate 

bio-control. 

• Legionella pneumophila have been shown to colonize certain types of water systems that may have stagnant areas, 

e.g., water heaters, tanks, reservoirs, and basins. Fittings, piping, and various gasket materials used in these systems 

can also be colonized. Stagnant conditions promote growth of Legionella pneumophila and make eradication 

difficult. 

• Commonly encountered microorganisms (such as algae, amoebae and other bacteria) in untreated or ineffectively 

treated water may promote Legionella pneumophila growth. Some protozoa serve as hosts for Legionella 

pneumophila, which can enable rapid proliferation of Legionella. 

V. BEST PRACTICES AND RECOMMENDA- 

TIONS FOR MINIMIZATION OF RISKS ASSOCIATED WITH LEGIONELLA The following best practices for 

microbiological control are recommended to promote and maintain clean heat transfer surfaces and a healthy work 
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environment around open recirculating cooling systems. The practices outlined in this document are a description of 

the consensus of existing best practices as recommended by various authoritative bodies worldwide. Evidence exists 

that other compounds, such as ozone and peroxides, and some treatment techniques such as ultraviolet light can kill 

Legionella bacteria in limited circumstances. However, a substantial body of support for such measures as “best 

practices” (for control of Legionella in cooling tower systems) has not been presented. The CTI reviewed 

publications and interviewed representatives from authorities such as OSHA, CDC, ASHRAE (American Society of 

Heating, Refrigerating and Air Conditioning Engineers), the UK HSE (United Kingdom Health and Safety 

Executive), the UK BACS (British Association of Chemical Specialties), and the health & safety agencies of Japan, 

Australia, Singapore, and Taiwan, among others. In no way, however, should these recommendations be interpreted 

to guarantee the absence of Legionella bacteria or any other particular pathogen, and consequently that these 

measures will prevent illness (e.g. Legionellosis). Nevertheless, we believe these measures can be effective in 

fostering the safety of cooling systems. This is accomplished directly by destruction of planktonic (free-swimming) 

bacteria including Legionella, and indirectly by eliminating conditions that favor Legionella amplification 

(multiplication), i.e. the elimination of biofilms and amoebae and other protozoa that feed on biofilms and which 

serve as Legionella hosts. Research continues on effective means for control of protozoan cysts, which can also 

harbor and protect Legionella for extended periods. These best practice recommendations focus on chemical control 

parameters. Halogens serve as the primary disinfectants in these recommendations. Sources of halogens include 

chlorine gas, liquid bleach, chlorine dioxide and stabilized donors such as isocyanurates, hydantoins, etc. It must be 

recognized, however, that chemical treatment is only one aspect of risk minimization. Design, operation, and 

maintenance practices are also crucial to reducing health risks associated with cooling systems. 

Monitoring Legionella in Cooling Water Systems Evaluate system cleanliness and the effectiveness of microbial 



control by visual inspection as well as through regular monitoring of bulk water (planktonic) and surface (sessile) 

microbial populations. 

  



 
 

Check the cooling tower deck and tower fill for gross evidence of biofouling. When operations permit, the mist 

eliminator section of the cooling tower should also be inspected for biological deposits. Collect suspected biological 



deposits for microscopic examination to confirm biological content and the presence or absence of amoebae and 

ciliated protozoa. When performed by a trained microscopist, this approach can provide valuable, same-day 

information on system cleanliness and associated health risk since some protozoans can serve as host organisms for 

Legionella allowing amplification of Legionella to dangerous levels. High numbers of protozoa therefore represent 

an increased risk for multiplication of Legionella and consequent increase in the risk of Legionnaires’ disease for 

heterotrophic bacteria populations in bulk water and on sur- faces. Alternatively, ATP-based biomonitoring can be 

used. This technique has the advantage of eliminating the 2-day delay in results imposed by incubation requirements 

of culture-based methods. Most professional and government agencies that have issued Legionella position 

statements and guidelines do not recommend testing for Legionella bacteria on a routine basis. These reasons derive 

from difficulties in interpreting Legionella test results and in using test results as a basis for control. Note the 

following aspects: 

• An infectious dose level for Legionella has not been established and in any case, (given variations in strain 

virulence and wide differences in individual susceptibility) the concept of a fixed infectious dose level may be 

misleading. Since no fixed “danger” level can be assigned, it also follows that no specific level of the organism can 

be assigned as “safe.” 

• Legionella may be “non-detectable” in bulk water samples collected on one day but can repopulate and be found 

within a few days. Legionella can be released from biofilms or from host life forms associated with these films. 

Legionella are reported to be capable of rapid recolonization of previously cleaned systems, especially if conducive 

conditions are present. 

• Simple detection of the organism in a cooling system does not necessarily mean there is a risk of disease, in part 

because not all Legionella serogroups are associated with Legionellosis. 
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• Culture-based techniques used by testing labs to quantify Legionella have a 10 to 14 day turnaround for results. 

This period is too long for Legionella monitoring to serve as an effective tool for treatment control. Various studies 

have shown that some 40 to 60% of cooling towers tested contained Legionella. Therefore, it is best to assume that 

any given system can harbor the organism, and that routine, continuous microbiological control practices should be 

implemented to minimize the risk of Legionella amplification and associated disease. Testing for Legionella is 

recommended in the event of an outbreak (to identify potential sources of the organism) and to evaluate the 

effectiveness of disinfection procedures. If testing is required, contact a laboratory experienced in performing 

Legionella analyses on environmental samples. Also, concurrent sampling should be performed on the bulk water 

and surface deposits for microscopic detection of higher life forms, along with total aerobic heterotrophic counts. 

Collect bulk water samples from several locations within the system (e.g., makeup water, hot return water, basin 

water, and from sample taps on heat exchangers remote from the cooling tower if available). Where evident, collect 

deposit samples from the basin walls, tower fill, and distribution decks. The following three scenarios are possible: 

• A low Legionella count with an undetectable or small population of amoebae/protozoa (higher life forms) and low 

biofilm counts (low sessile bacteria numbers) is a good indication of a clean, well-maintained system with low risk 

to health. 

• A low bulk water Legionella count along with low numbers of higher life forms in deposits, but with high biofilm 

counts may indicate a low present health risk but suggests the potential for future problems if steps are not taken to 

reduce biofilm levels. Since protozoa that promote Legionella amplification graze on bacteria in biofilms, the 

presence of significant biofilm can promote the development of higher, and thus potentially more dangerous, levels 

of Legionella. 

• A low bulk water Legionella count associated with a large number of higher life forms indicates a strong potential 

for amplification, and the low Legionella count cannot therefore be interpreted to indicate a system with a low health 

risk. 



Recommended Target Values Routine Treatment of Cooling Water Systems 

  



 
 
Agar Parameter Dipslides 



Pour Plate or Petrifilm 

Microscopic Exam 

Planktonic Counts (Bulk Water) 

<10,000 CFU/mL 

<10,000 CFU/mL 

No higher life forms 

Sessile Counts (Surfaces) 

<100,000 CFU/cm 

2 

<100,000 CFU/cm 

2 

No higher life forms 

Deposits NA NA 

No higher life forms 

Note: Results from dipslides, agar pour plates, or Petrifilm are colony forming units (CFU per milliliter or per 

square centimeter) of total aerobic heterotrophic bacteria. Legionella bacteria are not detected by these conventional 

plate count media. Microscopic examination for the presence of higher life forms requires a trained microscopist and 

specialized microscopy equipment. 

Routine Treatment Continuous Application of Halogens 

• For relatively clean systems or where clean potable water makeup is used, feed a source of halogen (chlorine or 

bromine) continuously and maintain a free residual. Continuous free residuals of 0.5 to 1.0 ppm in the cooling tower 

hot return water have been recommended by many agencies. Periodic monitoring of the residual at sample points 

throughout the cooling water system is needed to insure adequate distribution. The effectiveness of either halogen 

decreases with increasing pH; bromine is relatively more effective at a higher pH (8.5 to 9.0). 

• Stabilized halogen products should be added according to the label instructions, and sufficient to maintain a 

measurable halogen residual. 

• Discharge of system water directly to surface water may require dehalogenation. 

• A biodispersant/biodetergent may aid in the penetration, removal, and dispersion of biofilm and often increases the 

efficacy of the biocide. 

• Continuous halogen programs may require periodic use of nonoxidizing biocides. These may be required to control 

biofilm and planktonic organisms in systems that use makeup water from other than potable water sources, and 

those with process leaks or contamination. The choice of nonoxidizing biocides should be based on the results of 

toxicant evaluations. Reapply as dictated by results of biomonitoring. 

Routine Treatment Intermittent Use of Halogens Continuous halogenation is always preferred for Legionella risk 

minimization; however, if this is not possible, intermittent use of halogen is necessary. 

6 

• As a minimum control program for relatively clean systems or where clean, potable water is used for makeup, 

establish a free halogen residual of at least 1.0 ppm and hold this residual for no less than one hour each day. Free 

residual must be monitored throughout the distribution system. 

• Stabilized halogen products should be added according to the label instructions and to achieve a measurable 

halogen residual. This residual should be held for no less than one hour each day. 



• Bulk water and sessile counts, along with microscopic examination of deposit samples, will be necessary to ensure 

that the concentration and duration of halogen residuals are adequate. 

• A biodispersant may aid in penetrating the biofilm and may increase the efficacy of the biocide. 

• Discharge of system water directly to surface water may require dehalogenation. 

• Nonoxidizing biocides are critical to the cleanliness of systems treated intermittently with halogens and are 

recommended. The choice of nonoxidizing biocide should be based on the results of toxicant evaluations. Reapply 

as dictated by the results of biomonitoring. 

Routine On-Line Disinfection Hyperhalogenation Hyperhalogenation as practiced is the maintenance of a minimum 

of 5 ppm free halogen residual for at least 6 hours. Periodic on-line disinfection may be necessary for systems: 

• That have process leaks 

• That have heavy biofouling 

• That use reclaimed wastewater as makeup 

• That have been stagnant for a long time 

• When the total aerobic bacteria counts regularly exceed 100,000 CFU/ml 

• When Legionella test results show greater than 100 CFU/ml Periodic hyperhalogenation will discourage 

development of large populations of Legionella and their host organisms. Consequently, periodic hyperhalogenation 

may eliminate the need for conducting more complicated and higher risk off-line emergency disinfection 

procedures. 

Emergency Disinfection The following emergency disinfection procedure is based on OSHA and other 

governmental recommendations. This procedure may require modification based on system volume, water 

availability and wastewater treatment capabilities. Conduct emergency disinfection: 

• When very high Legionella counts exist (i.e., >1000 CFU/ml). 

  



 
 

• In cases where Legionnaires disease are known or suspected and may be associated with the cooling tower. 



• When very high total microbial counts (>100,000 CFU/mL) reappear within 24 hours of a routine disinfection 

(hyperhalogenation). 

Emergency Disinfection Procedure 1. Remove heat load from the cooling system, if 

possible. 2. Shut off fans associated with the cooling 

equipment. 3. Shut off the system blowdown. Keep makeup 

water valves open and operating. 4. Close building air intake vents in the vicinity of the cooling tower 

(especially those downwind) until after the cleaning procedure is complete. 5. Continue to operate the recirculating 

water 

pumps. 6. Add a biocide sufficient to achieve 25 to 50 ppm 

of free residual halogen. 7. Add an appropriate biodispersant (and antifoam 

if needed). 8. Maintain 10 ppm free residual halogen for 24 hours. Add more biocide as needed to maintain the 

10 ppm residual. 9. Monitor the system pH. Since the rate of halogen disinfection slows at higher pH values, acid 

may be added, and/or cycles reduced in order to achieve and maintain a pH of less than 8.0 (for chlorine-based 

biocides) or 8.5 (for bromine-based biocides). 10. Drain the system to a sanitary sewer. If the unit discharges to a 

surface water under a permit, dehalogenation will be needed. 11. Refill the system and repeat steps #1 through 10. 

12. Inspect after the second drain-off. If a biofilm is 

evident, repeat the procedure. 13. When no biofilm is obvious, mechanically clean the tower fill, tower 

supports, cell partitions, and sump. Workers engaged in tower cleaning should wear (as a minimum) eye protection 

and a 1⁄2 face respirator with High Efficiency Particulate (HEPA) filters, or other filter capable of removing >1 

micron particles. 14. Refill and recharge the system to achieve a 10 ppm free halogen residual. Hold this residual for 

one hour and then drain the system until free of turbidity. 15. Refill the system and charge with appropriate 

corrosion and deposit control chemicals, re- establish normal biocontrol residuals and put the cooling tower back 

into service. 

VI. RECORDKEEPING 
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To ensure that adequate information is available to describe tower operations, records should be kept of 

precautionary measures and treatments, monitoring results and remedial work. Some government agencies specify 

the type and level of detail for these records. In any case, sufficient information should be recorded to show the 

particular measures taken, including but not limited to: instances of mechanical cooling tower cleaning, the 

frequency and amount of biocide addition, halogen residual levels, results of biomonitoring, and other significant 

aspects of the tower operation. 

VII. SUMMARY 

To minimize the proliferation of Legionella pneumophila and the associated risk of Legionnaires’ disease, the 

consensus recommendations are: 

• Minimize water stagnation 

• Minimize process leaks into the cooling system that provide nutrients for bacteria 

• Maintain overall system cleanliness. This will minimize the buildup of sediments that can harbor or provide 

nutrients for bacteria and other organisms. 

• Apply scale and corrosion inhibitors as appropriate. 

• Use high-efficiency mist eliminators on cooling towers. 

• Control the overall microbiological population. 



VIII. ADDITIONAL INFORMATION SOURCES 

1. A Comparison of Legionella and Other Bacteria Concentrations in Cooling Tower Water. Robert M. 

Cappabianca, Neil B.Jurinski and Joseph B Jurinski. Applied Occupational Environmental Hygiene, May 1994, pp 

358 - 361. 2. Air Handling and Water Systems of Buildings - Microbial Control. Australia Committee on 

Mechanical Ventilation and Air Conditioning, Australian Standard, AS 3666. 1989. 3. American Society of Heating 

Refrigerating and Air Conditioning Engineers, Inc. (ASHRAE); Atlanta, Georgia; Guidelines on Legionnaires’ 

Disease; 404-636-8400. 4. Control of Legionella in Cooling Towers - Summary Guidelines; Wisconsin Division of 

Health, August 1987; A copy of this document may be obtained from the Wisconsin Division of Health, Madison, 

WS 53701; 608-267-9003. 

  



 
 

5. The Control of Legionellae by the Safe and Effective Operation of Cooling Systems; British Association of 

Chemical Specialties; Code of Practice Update; May 1995. 6. Cooling Tower Legionella Pneumophila Study. 



William K. McGrane and Lee Ditzler. CDC Joint Research Project, March 28 - August 15, 1994. A copy of this 

document may be obtained from William K. McGrane, Ph. D., CH2M Hill, 212 S. Tryon St., Suite 1350, Charlotte, 

NC 28281; telephone (704) 334-4640, Ext. 219, or from Lee Ditzler, TriOx, 6918 Sierra Court, Dublin, CA 94568; 

telephone (510) 829-6300. 7. Effect of Chlorine on the Survival and Growth of Legionella Pneumophila and 

Hartmannella Vermiformis. Kuchta, Navratil, Wadowsky, Dowling, States, and Yee. Department of Water, 

Pittsburgh, PA. US EPA CR 812761 and CR 817091-01-0. 8. Environmental Aspects of Legionnaires’ Disease. 

P.W. Muraca, V. L. Yu and J. E. Stout. Journal of the American Water Works Association, February 1988. 9. The 

Health and Safety Executive Guidance Notes on the Control of Legionellosis, HS(G) 70 Second Edition, October 

1994. HMSO London UK. General inquiries regarding this publication should be addressed to the Health and Safety 

Executive at Library and Information Services, Broad Lane, Sheffield S3 7HQ; Telephone 0742752539. 10. 

Legionnaires’ Disease: The Control of Legionella Bacteria in Water Systems; Approved Code of Practice and 

Guidance; UK Health and Safety Commission and Executive; Nov 1999; HMSO books, London, UK. General 

inquiries should be addressed to the Library and Information Services, Broad Lane, Sheffield S3 7HQ; telephone 

(0742) 752539. 11. Legionella - Current Status and Emerging Perspectives. James M. Barbaree, Robert F. Breiman, 

Alfred P. Dufour (Editors). American Society for Microbiology, Washington, D.C. 1993. 12. Controlling Legionella 

in Cooling Towers It’s Possible With Sidestream Filtration, UV, and Centrifugal Separation; Jay Motemarrand; 

Water Technology; April 1989. 
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Infections; Env Health Bureau of the Japanese Ministry of Health and Welfare; March 1994. 16. Prevention and 

Control of Legionnaires’ Disease; Worksafe Western Australia; Oct 1995. 17. Australian/ New Zealand Standard; 

Waters- Examination for Legionellae Including Legionella pneumophila; Revised AS 3896; Draft 15 Jan 1997. 18. 
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Special Acknowledgments This document has been produced by the Technical Committee of AWT under 

the direction of (then) Chairperson, William E. Pearson II, CWT. Special thanks is given to the members 

of AWT«s Technical Committee for their gracious contribution of time and knowledge toward the 

production and technical review of this document. 

Warning and Disclaimer This document is designed to provide information regarding the subject 

matter presented. It is produced with the understanding that neither AWT nor the author (or other 

contributors) is rendering legal, medical, engineering, or other professional services. Neither AWT 

nor the author (or other contributors) shall be liable for damages, in any event, for incidental or 

consequential damages caused, or alleged to be caused, directly or indirectly, by the use of any 

information disclosed in this document, including the use of any recommendations, methods, 

products, services, instructions, or ideas. 

Forward The Association of Water Technologies (AWT) is an international trade association founded to 

serve the interests of regional water treatment companies and to advance the technologies of safe, sound 

and responsible water treatment practice. AWT is a non-profit organization providing education and 

training, public awareness, networking, research, industry standards and resource support. Association 

activities serve to benefit members, as well as advance the arts and sciences of the water treatment 

industry. Moreover, AWT makes commitment to the public as a Responsible Care® Partner Association. 

Responding to the water treatment industry«s concern about Legionella, AWT provides and updates a 

variety of position and information exchanges on Legionella and Legionnaire«s disease. It has almost 

been a quarter century of dealing with and learning about this disease and the Legionella bacteria that 

cause legionellosis. Much information has been gained in this time, yet key (even crucial) questions 

remain unanswered. The public asks for ƒabsolutes≈ in preventing and controlling the disease, and 

consensus on routine testing (monitoring) for Legionella. And it is, undoubtably, this precise area that 

most concerns the public health sector and the operations of facilities where Legionella outbreaks have 

occurred or have the greatest potential to occur. These issues are also a major concern to the water 

treatment industry, which deals with some of the types of (water) systems and equipment from which 

Legionella outbreaks have been (and can be) associated. 

The following document is an AWT information and position statement on Legionella and Legionellosis. It 

is a collection and summarization of information and data available from numerous research, 

investigative, and authoritative sources. These include CDC (Centers for Disease Control and 

Prevention), OSHA (Occupational Safety and Health Agency), WHO (World Health Organization), EPA 

(Environmental Protection Agency), various state public health agencies, as well as associated technical 

trade organizations, recognized Legionella experts and commercial entities. Due to the extensive 

technical and medical nature of the subject, this document is directed at summarizing and presenting 

Legionella in an up-to-date, informative, and useful format to both the water treatment professional and 

end-user, as well as to the general public. Reference sources are provided for more detailed and in-depth 

information on Legionellosis and related topics that may benefit those with more specific interest and 

application or decision making needs. 
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Cultured Legionella (bottom view) from Biofilm (top view). 



I. Background: The Discovery of Legionnaires‘ Disease & Legionella 

Legionnaires« Disease (LD) acquired its name by way of media reference to a 

mysterious pneumonia-like illness that befell many attendees of an American Legion 

Pennsylvania State Convention held at the Philadelphia Bellevue-Stratford Hotel in July 

of 1976. An outbreak occurred presenting Pennsylvania Department of Public Health 

officials with a recorded 221 cases of a strange respiratory illness contracted by 

convention and other hotel attendees. Symptoms included high fever, chills, headaches, 

muscle pain (flu-like symptoms) and eventually development of a dry cough and 

difficulty in breathing. A third of the patients developed diarrhea and/or vomiting and half 

of the patients became confused and/or delirious. Some patients developed patchy 

lesions in their lungs representative of a severe pneumonia. More than two-thirds of the 

patients required hospitalization and 34 died. 

The CDC (in Atlanta) was called to help investigate the outbreak. Their investigations 

eventually lead to the discovery of the causative agent, a bacterium, in January of 1977. 

The bacterium was subsequently named Legionella pneumophila. While it was the 

outbreak in 1976 that gave the disease its name and led to the identification and naming 

of the causative bacteria, neither was new. Legionella bacteria have been around and 

causing disease for many years. The CDC reexamined fifty-year old archived, 

(unsolved) similar illness tissue samples and found Legionella bacteria. So, LD was not 

a new disease discovered in 1976 -- just an old one, finally recognized and named. 

Legionella: An Update & Statement by AWT 
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II. Background: Terms, Definitions, & General Facts 



Legionella is the named genus of gram-negative, rod-shaped, aerobic bacteria that are 

very common to aquatic, especially warm water, environments. The plural, referring to 

more than one Legionella microorganism, is legionellae. There are some 40 identified 

species of Legionella, with more than half being linked to human diseases. Some 

species are made up of more than one serogroup, with over 60 serogroups presently 

identified for the genus. Many serogroups are further differentiated into numerous 

subtypes. 

Legionellosis is any illness caused by exposure to Legionella. The exposure primarily 

occurs when a person inhales aerosols, fine sprays, or other microscopic droplets of 

water contaminated by Legionella microorganisms. Cooling towers, evaporative 

condensers, heat-rejection devices, humidifiers, showerheads, faucets, whirlpool baths 

and spas, respiratory therapy equipment, even misting machines in grocery store 

produce sections, have been identified as sources of Legionella in outbreak 

investigations. 

Legionellosis (Legionnaires‘ Disease) is an environmental disease. The causative agent 

(Legionella) is transmitted from an environmental source (water) to a person. This 

differentiates it from communicable diseases, which are transmitted from person to 

person. 

Legionella pneumophila (Lp) is the named species of Legionella causative to over 90% 

of legionellosis cases. More than 70% of these cases are attributed to a single of its 14 

serogroups: Legionella pneumophila serogroup 1 (Lp-1). Within Lp-1 are at least 50 

further subtypes. Lp serogroups and subtypes appear to differ in their degree of 

virulence. Lp-1 is the most common isolate recovered from environmental samples. 

Legionnaires‘ Disease (LD) and Pontiac fever are the two most common types of 

legionellosis. 

Legionnaires‘ Disease is a potentially fatal, multi-system respiratory illness, 

accompanied by pneumonia. It attacks some 2 to 5% of those exposed (representative 

of those most susceptible) and has an average mortality rate of approximately 15 to 

20%. Factors influencing susceptibility include the elderly and those with suppressed or 

compromised immune or respiratory systems, such as: heavy smokers, alcoholics, HIV 

patients, cancer or organ-transplant patients, and others with lung or respiratory 

diseases. Underlying disease and advanced age are not only risk factors for acquiring 

LD, but also for dying from the illness. It incubates in human hosts within 2 to 10 days of 

exposure and will not abate without medication. When diagnosed and treated early, the 

disease responds well to the antibiotic erythromycin and many of the newer macrolide 

antibiotics. Symptoms include: 

• High Fever, Chills, Headache, Muscle Pain (Flu-like symptoms), 

• Dry Cough and Difficulty in Breathing (eventual symptoms), 



• Diarrhea and/or Vomiting are common, and 

• Confusion and Deliriousness are common. 
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LD is a common and serious illness. It is not rare. Legionella bacteria are among the top 



three causes of sporadic, community-acquired pneumonia. It is also the cause of many 

hospital-acquired (nosocomial) cases of pneumonia. Many cases of LD go 

undiagnosed, as it is difficult to distinguish from other forms of pneumonia, unless 

specifically targeted. Even when detected, they often go unreported to the public health 

authority, especially if cases are sporadic (a one or two case incident) and not 

associated with an outbreak investigation. This under-detecting and under-reporting of 

the disease makes its incidence difficult to estimate and, consequently, figures vary 

widely. The CDC has estimated that the disease infects 10,000 to 15,000 persons 

annually in the United States. OSHA estimates that over 25,000 cases of the illness 

occur each year and cause more than 4,000 deaths. Still others have estimated as 

many as 100,000 annual cases. 

Pontiac fever is a much milder, non-pneumonia, flu-like illness caused by Legionella 

pneumophila. It attacks 90 to 95% of those exposed, indiscriminately, and has a short 

incubation period of 1 to 3 days. Complete recovery usually occurs in 2 to 5 days 

without medical attention. 

Because the contraction of Legionnaires« Disease represents a much more 

serious condition than that of Pontiac fever, our information focus will be on this 

disease and Legionella pneumophila (and other Legionella species) that cause it. 

5 

  



 
 

III. Legionella: Infectious Growth, Transmission & Host Susceptibility 



Legionella pneumophila is a very common, said to be ubiquitous, organism. It is capable 

of being present in appreciable numbers in almost all ground and surface water 

sources. Legionellae tend to grow in biofilms or slime on the surfaces of lakes, rivers 

and streams -- and very adaptively, within water distribution systems. 

Legionellae live within biofilms and uniquely within certain free-living amoeba and 

ciliated protozoa, as endosymbionts. This allows them, among other things, to survive 

typical potable water chlorination (disinfection) and appear in many finished water 

supplies to homes, buildings and industry. Thus, the mere presence of legionellae does 

not, in itself, result in infectious disease. However, it is when certain legionellae are 

allowed to amplify (increase in population density) and achieve transmission to a 

susceptible human host that they can cause legionellosis infections. 

1) The legionellae must have strain-specific virulence factors to cause disease. The 

virulent legionellae must also be present in sufficient quantity to cause an infection. 

2) The dose of Legionella pneumophila (and other Legionella species) required to 

infect humans is not known. It is, however, most probably influenced by host 

susceptibility. 

3) A susceptible host must inhale an aerosolization of colonized (legionellae) water. In a 

respirable droplet form (less than 5 micrometers in diameter), the transmitted 

legionellae can reach the deepest (alveolar) parts of the lungs where they are engulfed 

by pulmonary macrophages. However, instead of being destroyed, the legionellae grow 

(amplify) within the macrophages, as they do within free-living amoebae and protozoa. 

This infection results in overwhelming the host«s immune (defense) system and 

disease. 

Growth & Amplification of Legionella: In order to better understand Legionella, its 

potential to cause disease and how better to control legionellae in water systems, we 

must understand the conditions that promote legionellae growth and or amplification. 

Major factors include: 

• Stagnant water conditions and/or system design configurations that produce 

stagnation, such as side-arm and dead-leg piping. 

• Warm water temperatures between 20 to 50≥C (68 to 122≥F) 

• Optimal growth is at temperatures between 35 to 46≥C (95 to 115≥F) 

• A pH range generally between 5.0 to 8.5 

• Sediment, scale, deposits, biofilms - support not only Legionella growth, but also that 

of the very important supporting microbiota for Legionella. 

• Microbiota including algae and many bacteria that supply essential nutrients for growth 

of Legionella. 



• Certain amoebae and other protozoan that harbor Legionellae as endosymbionts -- 

allowing them to thrive, resist harsh environmental conditions (including biocides) and to 

significantly amplify. 
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Transmission of Legionella: After growth and amplification of legionellae to potentially 



infectious densities, the next requirement in the chain of disease causation is to present 

the legionellae in an aerosol (water-mist or droplet) form. The primary transmission 

mode of Legionnaires« Disease then becomes the subsequent inhalation of such 

aerosols that provide entry of the Legionella organisms deep into the human respiratory 

tract. 

Several different types of water systems can serve as legionellae amplifiers and 

(aerosol) disseminators, and thus have been associated with Legionnaires« Disease. 

They include: 

• Cooling Towers and Evaporative Condensers, 

• Domestic Hot Water Systems (tap faucets, showerheads, sprayers), 

• Spas and Whirlpools (on display or otherwise), 

• Humidifiers, 

• Decorative Fountains, 

• Supermarket Reservoir Misters, 

• Respiratory Therapy Equipment, 

• Dental Hygiene Equipment, 

• Eyewash Stations & Safety Showers. 

Whenever such devices are in use (or are to be utilized), appropriate precautions 

and awareness should be maintained as to their potential to harbor and transmit 

legionellae and to the potential health risk they pose to individuals. 
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IV. Domestic Plumbing, Hot-Water Systems & Legionnaires‘ Disease 



A cooling tower was implicated as the source of Legionella in the 1976 outbreak. For 

many years afterwards, cooling towers were thusly designated and generally assumed 

to be the ƒofficial reservoir≈ and source of Legionnaires« Disease. This was unfortunate 

and became very problematic to the cooling tower and water treatment industries, which 

were subsequently expected to be the ones to ƒtake care≈ of Legionella. Some water 

treaters promoted this expectation by making claims to be able to do just that with 

ƒtheir≈ products and ƒtheir≈ water treatment programs, advertising, ƒWE GUARANTEE 

LDB eradication!≈ 

We have now come to recognize Legionnaires« Disease for what it is -- an 

environmental disease and an environmental issue. Raw (natural) waters are its source 

and it finds reservoir in many water-disseminating systems and devices. Cooling towers 

are but one such system -- and not the major one. That distinction belongs to the 

domestic (potable) hot and cold water plumbing system. 

Domestic plumbing may serve as makeup to cooling towers, however, these systems 

most assuredly serve our buildings, commercial and otherwise, and our hospitals and 

other care facilities. These systems were first implicated in a nosocomial (acquired 

during a hospital stay) case of Legionnaires« Disease in 1980. Since then, they have 

been associated with numerous outbreaks of legionellosis. The United Kingdom 

reported 19 of 20 hospital Legionnaires« outbreaks, from 1980 to 1992, to be from their 

plumbing systems. Cases of Legionnaires« Disease have also been attributed to 

plumbing systems in nursing homes, workplaces, and private residences. 

Hot-water systems are perfect breeding habitats for legionella, as well as other bacteria 

that form biofilms. Legionella can flourish in a hot-water tank, especially in the bottom 

warm zones that can develop with accumulated scale and sediment. The complexities 

of hot- water piping presents an even greater problem than tanks, because biofilm and 

scale that form in their valves and fittings and on the pipe walls not only feed bacteria 

but also protect them from hot water and chemical disinfectants. Dead-legs (unused 

piping) create additional problems because bacteria grow well in stagnant water. 

Because the domestic plumbing system represents a major "reservoir" for Legionella 

and associated LD cases, especially to commercial buildings, hospitals and other care 

facilities, there is extensive emphasis on the risk assessment, control and prevention, 

and treatment to these systems. While the "water treater" may more traditionally deal 

with cooling towers, evaporative condensers and other heat-transfer associated water 

systems, he (or she) should also know about Legionella in other systems. 
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Matthew R. Freije's HC Special Reports #302 and #303, respectively entitled, How to 



Make Plumbing Systems Less Conducive to Legionella and Other Bacteria, and 

Disinfecting Plumbing Systems of Legionella: Solving Problems Without Overspending 

(1998) deal extensively with plumbing systems and Legionella. Within his text, Mr. Freije 

presents five common methods of Legionella disinfection for plumbing systems and 

gives comprehensive coverage as to their advantages, disadvantages and costs to 

apply. These methods are listed (in general) below and Mr. Freije's reports should be 

reviewed for more complete coverage and information. 

Heat-and-flush (heat shock): Water in tanks is superheated and then all outlets are 

flushed for several minutes. The flush time required will depend on the temperature of 

the water when it reaches the outlets. 

Chlorination: For temporary disinfection, chlorine is added to water tanks at free 

available levels much higher than normal for potable water and flushed throughout the 

system. For continuous disinfection, flow-adjusted injectors are installed to release 

chlorine at a drinkable concentration (1 to 2 mg/L free chlorine) throughout the domestic 

water system. 

Ultraviolet radiation: An ultraviolet sterilizer can be installed on a water line to kill 

legionellae as water flows through the unit. Ultraviolet units are not effective if a system 

is already contaminated. 

Ozonation: Ozone is dissolved into the water system to achieve a dose of about 1 to 2 

mg/L, ideally via a generator that produces ozone in proportion to the water flow rather 

than a generator that produces ozone at a constant rate regardless of demand. 

Copper-silver ionization: A flow-through ionization chamber containing copper-silver 

electrodes is installed on a hot-water line. As electrical current is applied to the 

electrodes, positively charged copper and silver ions are released into the hot-water 

system. The positive ions bond with negatively charged sites on bacteria, causing the 

organisms to die. 

In addition, ASHRAE (the American Society of Heating, Refrigeration and Air-

Conditioning Engineers) has recently produced a comprehensive guideline (ASHRAE 

Guideline 12- 2000) entitled Minimizing the Risk of Legionellosis Associated with 

Building Water Systems. This guideline is much more extensive in scope than its title 

may suggest. It provides broad coverage and minimizing the risk of Legionellosis« 

information for many specific water-disseminating systems including: potable and 

emergency water systems; heated spas; architectural fountains and waterfall systems; 

cooling towers including closed- circuit cooling towers and evaporative condensers; 

direct evaporative air coolers, misters (atomizers), air washers, and humidifiers; indirect 

evaporative air coolers; and metalworking systems. 
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V. Cooling Towers: Water Treatment & Legionnaires‘ Disease 



Cooling towers, including evaporative condensers, have the potential to develop 

infectious concentrations of legionellae. Cooling tower drift (water loss) creates the mist 

or aerosol that can transmit the disease-causing bacteria. In addition, cooling towers 

can provide favorable conditions for the growth and amplification of microorganisms. 

The evaporative (cooling) process causes all makeup waterborne constituents, as well 

as system water constituents, to concentrate (i.e., remain in the tower loop according to 

cycles of concentration). The residence time in the water loop allows for ample growth 

and reproduction of organisms. With warm water temperatures and the presence of 

deposits and sediment debris, further growth and amplification of legionellae can be 

promoted. 

Water quality and system maintenance should be well controlled in these systems. The 

chemical treatment objectives of any prudent water treatment program are to maintain 

corrosion, deposit, fouling, and microbiological control. These same practices will also 

significantly promote the control of Legionella growth and amplification. Cooling tower 

systems associated with ineffective cooling water treatment practices and/or neglect 

certainly represent a greater potential for harboring potentially infectious Legionella. 

However, high (even infectious) levels of Legionella have been found in otherwise well- 

maintained and operated tower systems. 

Biocide Treatments play an important role in microbiological control programs, including 

those for Legionella. However, biocide treatments do not ƒtarget≈ specific 

microbiological organisms, nor are they 100% efficacious. In the case of Legionella 

control, it must be stressed that the efficacy of any specific biocide can only be 

determined by testing for the presence of legionellae in the field under actual operating 

conditions. Environmental legionellae cannot be reproduced in the laboratory from 

culture-grown organisms. Therefore, laboratory trial testing should not be relied upon 

exclusively for sole proof of a biocide«s efficacy against legionellae. 

Total Bacterial Counts (TBC) of a cooling water system should not be relied upon for 

any definitive correlation to legionellae counts, control or LD risk. LD has been 

associated with systems where the total bacterial count was very low, yet legionellae 

counts high. Systems have also been found to have very high total bacterial counts, yet 

very low and even zero legionellae counts. 

Bio-dispersants play an important role in microbiological control programs, particularly 

against Legionella. These chemicals act to loosen microbial deposits (sludges, etc.) and 

promote system cleanliness. They also enhance biocide effectiveness by penetration of 

the biofilm. Biofilms are where legionellae flourish within cooling and domestic hot water 



systems. A biofilm is a nutrient-rich (matrix) layer of microorganisms often forming slime 

on surfaces in contact with water. Biofilm legionellae and legionellae within protozoa are 

protected from concentrations of biocide and other environmental conditions that would 

otherwise kill or inhibit them, if they were freely suspended in bulk water. 
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Warning and Disclaimer This document is designed to provide information on the subject matter. 

It is produced with the understanding that neither AWT nor the author (or other contributors) is 

rendering legal, medical, engineering, or other professional services. Neither AWT nor the author 

(or other contributors) shall be liable for damages, in any event, for incidental or consequential 

damages caused, or alleged to be caused, directly or indirectly, by the use of any information 

disclosed in this document, including the use of any recommendations, methods, products, 

services, instructions, or ideas. 

Forward The Association of Water Technologies (AWT) is a not-for-profit, international trade association 

founded to serve the interests of regional water treatment companies and to advance the technologies of 

safe, sound and responsible water treatment practice. AWT provides education and training, public 

awareness, networking, research, industry standards and resource support. Association activities are 

directed towards promoting the growth and development of member firms and advancing the arts and 

sciences of the water treatment industry. 

Since the initial outbreak in 1976 that led to the discovery and identification of Legionnaires’ disease, 

much has been discovered about the bacteria (Legionella) that causes the disease and the disease itself. 

This includes how Legionnaires’ disease is contracted and how to minimize risk of disease contraction, as 

well as effective medical treatments for Legionnaires’ disease. However, guidelines for “100%” disease 

prevention and control remain at large, as well as any uniform consensus on the routine testing 

(monitoring) for Legionella in the water systems that may harbor the bacteria. Existing guidelines and 

statements, however, do provide substantial direction and information that can be adopted to effectively 

control and minimize legionellosis. 

This document is a comprehensive update of collective information and data available from numerous 

research, investigative, and authoritative sources on Legionella and legionellosis. These include the CDC 

(Centers for Disease Control and Prevention), OSHA (Occupational Safety and Health Administration), 

WHO (World Health Organization), EPA (Environmental Protection Agency), various state public health 

agencies, as well as associated technical trade organizations and recognized Legionella experts and 

commercial entities. Due to the multi-disciplined, technical and medical nature of the subject, this 

document is directed at summarizing and presenting Legionella in an up-to-date, informative, and useful 

format to the water treatment professional and end-user, as well as for the general public. Extensive 

references are cited that may provide more detailed and in-depth information on legionellosis and related 

topics to benefit those with more specific interest and application or decision making needs. 
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Figure 1: Cultured Legionella (bottom view) from Biofilm (top view); AWT Analyst, 1997. 

I. Background: Discovery of Legionnaires’ Disease & Legionella 

Legionnaires’ disease (LD) acquired its name from the media reference given to a 

mysterious pneumonia-like illness that afflicted numerous attendees of an American 

Legion convention in Philadelphia at the Bellevue-Stratford Hotel during July of 1976. 

An outbreak of illnesses occurred presenting Pennsylvania Department of Public Health 

officials with a recorded 221 cases of a strange respiratory illness contracted by 

convention (hotel) attendees and by some hotel pedestrians. Symptoms included high 

fever, chills, muscle pain, headache and eventual development of a dry cough with 

difficulty in breathing. Some patients developed patchy lesions in their lungs 

representative of severe pneumonia. More than two-thirds of the patients required 

hospitalization and 34 eventually died. Investigation of the outbreak by the Centers for 

Disease Control and Prevention (Atlanta, GA) led to the eventual discovery of the 

causative agent, a bacterium, in January of 1977. The bacterium was subsequently 

named Legionella pneumophila (pneumophila is Greek for lung-loving). It was 

determined that neither the bacterium nor the disease was new and that Legionella 

bacteria have been around and causing disease for many years. When reexamined, the 

CDC found Legionella bacteria in fifty-year old (archived) tissue samples of unsolved 

and similar-illness cases. So, Legionnaires’ disease was not a new disease discovered 

in 1976 – just an old one that was finally recognized and named. 
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II. Background: Terms, Definitions, & General Facts 

Legionella is the name for the genus of bacteria. Legionellae (the plural, referring to 

more than one Legionella bacterium) are aerobic, non-spore forming, rod-shaped, 

typically flagellated, gram-negative bacteria. They are common to aquatic, especially 

warm water, environments and some soils. There are 43 or more identified species of 

Legionella, with more than half being linked to human disease. Some Legionella 

species are made up of multiple serogroups, with over 60 serogroups presently 

identified for the genus. Many of the species serogroups are further differentiated into 

numbers of subtypes. 

Legionellosis is the collective term describing any illness caused by exposure to the 

bacterial pathogen Legionella. Legionnaires’ disease and Pontiac fever are the two 

most common types of legionellosis, with Legionnaires’ disease being the more serious 

and primary one of focus. It is an environmental disease – with the causative agent 

(Legionella) transmitted from an environmental source (water or soil) to a host. It is not 

transmitted from person to person – thus, it is not a communicable disease. 

Legionella pneumophila (Lp) is one species of Legionella – and is the causative species 

to more than 90% of legionellosis cases. More than 70% of these cases are attributed to 

one serogroup of the more than 15 Lp serogroups – Legionella pneumophila serogroup 

1 (Lp-1). As it turns out, Lp-1 is the most common isolate recovered from environmental 

samples. Within Lp-1 are more than 50 subtypes that can be identified by phenotypic or 

molecular typing methods. Serogroups and subtypes appear to differ as to their 

particular degree of virulence. 

Legionnaires’ disease (LD) is an acute bacterial infection of the lower respiratory tract, 

i.e., a bacterial pneumonia. The disease is a potentially fatal, multi-system respiratory 

illness with an average mortality rate of 15-20%. Fortunately, it is selective in attack and 

infects only 2-5% of those appropriately exposed to the bacteria. 

• LD is a serious illness and not rare. Legionella bacteria are among the top three 

causes of sporadic, community-acquired pneumonias. American Society for 

Microbiology News (61:621) (1995) reported that 15-30% of patients admitted to 

intensive care units with pneumonia had legionellosis. It is also the cause of many 

hospital-acquired (nosocomial) cases of pneumonia. Many LD cases go undiagnosed 

because the disease is difficult to distinguish from other forms of pneumonia – unless 

specifically targeted. Even when detected, it often goes unreported to the public health 

authority, especially if cases are sporadic (one or two-case incidents) and not 

associated with an outbreak investigation. The under-detecting and under-reporting of 

LD makes its incidence difficult to estimate and why such figures vary widely. The CDC 

has estimated that the disease infects 10,000 - 15,000 persons annually in the US. 

OSHA estimates that over 25,000 cases of the illness occur each year, causing more 

than 4,000 deaths. Still, others estimate as many as 100,000 annual cases. 
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• LD Exposure is most likely to occur via: 

1. Inhalation: of aerosols, fine sprays, mists or other microscopic droplets of water (or 

soil) contaminated with Legionella – providing direct access into the lungs; and/or 

2. Aspiration: such as may occur when choking or spontaneously during the drinking, 

ingesting, swallowing process – allows oral fluids and/or particles to by-pass natural gag 

reflexes and enter into the respiratory tract and lungs instead of the esophagus and 

stomach. 

• LD Sources may include almost any warm water system or device (man-made or 

natural) that disseminates water, particularly as aerosols, sprays or mists and provides 

favorable conditions for Legionella growth and amplification. A notable source of 

Legionella today, contrary to the long association and thinking that cooling towers are 

the only significant source for LD, is the domestic (potable water) plumbing system. 

These systems in large buildings and/or complexes including, but not limited to, hotels, 

institutions and health care facilities have been commonly linked to occurrences and 

transmission of LD. Current data suggest that cooling towers and evaporative 

condensers, while still potential LD sources, may be an overemphasized modal of 

disease transmission. Other LD sources include: various heat-rejection devices, 

humidifiers, showerheads, faucets, whirlpool baths and spas, hot springs, respiratory 

therapy equipment, and even misting machines found in grocery store produce 

sections. 

• LD Susceptibility is an important factor in disease contraction. The greatest host 

susceptibility to Legionella is found in the elderly and those with suppressed or 

compromised immune or respiratory systems. This includes: heavy smokers, alcoholics, 

HIV patients, cancer, bone marrow or organ-transplant patients, and others with lung or 

respiratory diseases. Underlying disease and advanced age also contribute to a 

significantly higher risk of mortality with LD. The most common risk factor found in LD 

patients is heavy cigarette smoking, along with chronic lung disease. Bone marrow and 

organ transplants represent the most intense risk factor, since the medicines used to 

protect new organ transplants also compromise the body’s immune defenses against 

infection. Patients taking corticosteroid medicines are also at risk. 

• LD Symptoms may include: 

► High Fever, Chills, Headache, Muscle Pain (Flu-like symptoms), 

► Dry Cough and Difficulty in Breathing, 

► Diarrhea and/or Vomiting, and 

► Confusion and Delirium 

• LD Incubation period is 2-10 days. This is the time it takes, after exposure, before 

symptoms of the illness appear. For several days, the patient may have flu-like 



symptoms and feel tired and weak. Most patients who are admitted to a hospital 

develop high fever, often greater than 39.5°C (103°F). A cough can be the first sign of a 

lung infection and may be sufficiently severe to cause sputum production (mucous with 

saliva). Gastrointestinal symptoms are seen in approximately 40% of patients, with 

diarrhea the leading symptom. Many patients have nausea, vomiting, and stomach 

discomfort. Other common symptoms include headaches, muscle aches, chest pain, 

and shortness of breath. 
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• LD Treatment requires the use of antibiotics. However, many antibiotics effective 

against other bacterial pneumonias are ineffective against Legionella as they do not act 

to penetrate the pulmonary cells (alveolar macrophages) where infectious Legionella 

thrive. Fortunately, there are several newer antibiotics that are effective on Legionella. 

The two most potent classes of these antibiotics are the macrolides, such as 

azithromycin, and the quinolones, including ciprofloxacin, levofloxacin, moxifloxacin, 

gemifloxacin and trovofloxacin. Other agents that have proven effective against LD 

include tetracycline, doxycycline, minocycline and trimethoprim-sulfamethoxazole. 

Erythromycin, the former antibiotic of choice, has been replaced by these more effective 

and less toxic antibiotics. 

When LD patients are treated with appropriate antibiotics near the onset of disease, the 

outcome is usually excellent, especially if there is no underlying illness compromising 

the immune system. For patients with compromised immune systems, including 

transplant recipients, any delay of appropriate treatment can result in complications, 

prolonged hospitalization, and death. After successful treatment and hospital discharge, 

many patients will still experience fatigue, loss of energy, and difficulty concentrating. 

These symptoms may last for several months. Complete recovery within one year is 

usually the rule. Patients who were cigarette smokers should consider discontinuing 

smoking. 

Pontiac fever is a much milder, non-pneumonic, flu-like illness caused by Legionella 

species. Cases of Pontiac fever have been linked to L. pneumophila, L. feelie and L. 

anisa. It attacks indiscriminately; uniformly infecting 90% to 95% of those exposed and 

has a shorter incubation period (than LD) of 1 to 3 days. Complete recovery usually 

occurs in 2 to 5 days without medical attention. 

Because the contraction of Legionnaires’ disease (LD) represents a much more 

serious condition than Pontiac fever, this paper’s information focus will be on LD 

and Legionella pneumophila (as well as other species of Legionella) that cause it. 
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III. Legionella: Infectious Growth, Transmission & Host Susceptibility 

Legionella are common warm water microorganisms. They are primarily found in 

surface waters (lakes, ponds, rivers and streams) but can also be found in ground water 

sources, including some soils (Legionella long-beachae). Legionella tend to grow in 

biofilm or slime on the surfaces of lakes, rivers and streams – and can easily adapt to 

conditions within water distribution systems. 

The ecology of Legionella is particularly interesting and is important to its ability to 

persist in the environment, as well as infect man. Legionella are protozoonotic – in that 

they live, reproduce and survive within certain free-living amoebae and ciliated protozoa 

as facultative intracellular parasites. In this relationship, the protozoa are obligate 

cellular hosts in which Legionella replicate and thrive, as well as gain protection from 

harsh, natural or man-made, environmental conditions. Chlorination, UV irradiation and 

chemical biocides all offer temporary means by which laboratory and planktonic 

Legionella can be eradicated from a water source. However, the majority of Legionella 

do not exist as free-swimming (planktonic) bacteria. Instead they reside, well-protected, 

inside protozoan hosts and in the matrix of biofilm. Eventually, they are released from 

their hosts in the form of small vesicles that may contain hundreds or a thousand or 

more legionellae per vesicle. In terms of survival, the amoeba-grown bacteria are better 

able to withstand their aquatic environment and may be more virulent. This adaptation 

and endosymbiotic relationship with amoebae and other protozoa allows Legionella, 

among other things, to survive typical potable water chlorination (disinfection) and 

appear in many finished water supplies to homes, buildings and industry. 

Thus, the mere presence of Legionella does not, in and of itself, result in disease. It is 

only when Legionella are able to 1) amplify (increase in population density), 2) present 

certain virulent factors and 3) gain transmission into the lungs of susceptible human 

hosts that they can cause LD infections. 

• Legionella must have certain strain-specific virulence factors to cause disease. 

They must also be present in sufficient quantity to cause infection. One gene (rtxA) is 

involved in the ability of Legionella to enter and cause toxic effects within host cells 

(Cirillo, S.L., et al., 2001). 

• A susceptible host must inhale or otherwise aspirate (choke into their lungs) water 

or particulates colonized with a sufficient quantity of virulent Legionella. If these 

Legionella-contaminated droplets are of respirable size (<5.0 micron), the Legionella 

can reach the deepest (alveolar) parts of the lung. There they are engulfed by 

pulmonary macrophages intending to defend the body against invading bacteria. 

However, instead of being destroyed (digested) by phagocytosis, the Legionella survive 

and actually grow (amplify) within the macrophages – as they do environmentally within 

amoebae and other protozoa. At their optimum (human body) temperature for growth, 

the Legionella amplify to eventually cause cellular lysis (rupture) of the macrophage 



cells. This soon overwhelms the host’s immune system and promulgates the disease. 
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• The dose of Legionella pneumophila (or other species of Legionella) required 

to infect humans is not known. It is most probably influenced by host 

susceptibility. 

Growth & Amplification of Legionella: In order to better understand Legionella, its 

potential to cause disease and how to better control Legionella in water systems, we 

must understand the conditions that promote Legionella growth and amplification. Major 

factors include: 

1. Stagnant water conditions and/or system design configurations that produce 

stagnation, 

such as side-arm and dead-leg piping; 

2. Warm water temperatures between 20 and 50oC (68 to 122oF); 

3. Optimal growth is at temperatures between 35 and 45oC (95 to 113oF); 

4. Bulk water pH in the range of 5.0 to 8.5; 

5. Sediment, scale, deposits, biofilm – support not only Legionella growth, but also that 

of 

the very important supporting microbiota for Legionella; 

6. Microbiota, including algae and many bacteria that supply essential nutrients for 

growth 

of Legionella; 

7. Certain amoebae and other protozoa that harbor Legionella as endosymbionts – 

allowing them to thrive, resist harsh environmental conditions (including biocides) and to 

significantly amplify. 

Many different types of water systems can serve as Legionella amplifiers and (aerosol) 

disseminators, and have been associated with LD. They include: 

• Domestic Hot Water Systems (tap faucets, showerheads, sprayers), 

• Cooling Towers and Evaporative Condensers, 

• Spas and Whirlpools (on display or otherwise in use), 

• Humidifiers, 

• Decorative Fountains, 

• Supermarket Reservoir Misters, 

• Respiratory Therapy Equipment, 

• Water fountains, 

• Hot Springs (Waterfalls), and 

• Dental Hygiene Equipment.* 



* Note: as a potable water disseminator, should be considered a potential source of LD, 

however, it is not known to have been linked by direct subtyping to a known case of LD 

– although a great deal of media attention was given to a California dentist who died of 

LD a few years ago. 

Accordingly, due care and concern should be exercised in the operation and 

maintenance of these and other type water disseminating devices or systems as 

to their potential to harbor, amplify and transmit Legionella and to the potential 

health risk they pose to at-risk individuals. 
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Transmission of Legionella: After growth and amplification of Legionella to potentially 

infectious levels, the next requirement in the chain of disease causation is to achieve 

transmission of the bacteria (in) to a susceptible host. A widely accepted theory for the 

disease transmission of Legionella is that the organism is aerosolized (in water) from a 

water-disseminating system or device and is inhaled as tiny (micro) water-droplets, 

containing the bacterium, and gain entry into the lungs. However, another well 

documented mode of transmission that effectively gets bacteria into the lungs is 

“aspiration” – and evidence suggests that it may be the more common mode for 

Legionella transmission than previously considered. Aspiration is a “choking process” 

that can occur during drinking, swallowing or clearing-the- throat and during respiratory 

therapy. Aspiration is a common way that bacteria enter lungs and cause pneumonia. 

As it occurs, secretions or fluids in the mouth can get past the choking (gag) reflex and 

instead of going into the esophagus and stomach, enter the respiratory tract and reach 

the lungs. Normally, there are protective mechanisms to prevent aspiration, however, 

these mechanisms can be defective in patients who smoke or have lung disease. 

According to some present studies, aspiration does appear to be a mode of Legionella 

transmission. 

It would neither be safe nor correct to (so simply) state that “You can not get 

Legionnaires’ disease from drinking water containing Legionella!” 
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Report of the Maryland Scientific Working Group to Study Legionella in Water 



Systems in Healthcare Institutions 

June 14, 2000 Baltimore, Maryland INTRODUCTION During 1999, several cases of Legionnaire s 

disease were identified in healthcare settings in Maryland. The occurrence of these cases raised 

questions about the need for further public health guidelines to reduce the risk of legionella infections 

associated with water systems. In October, 1999, Georges Benjamin, MD, Secretary, Maryland 

Department of Health and Mental Hygiene (DHMH), formed a Scientific Working Group to review scientific 

and technical data and gather information from experts on the current status of prevention and 

management of water system-related legionella bacteria. Membership was drawn from faculty and staff at 

the University of Maryland School of Medicine, the Johns Hopkins University School of Medicine and 

School of Public Health, community healthcare organizations, and state and county departments of health 

(Appendix A). The Scientific Working Group was headed by Dr. J. Glenn Morris, Jr., Professor and 

Chairman, Department of Epidemiology and Preventive Medicine, University of Maryland School of 

Medicine. Current strategies and data were presented in a series of three public scientific meetings, held 

on November 16, November 23, and December 7, 1999. Topics covered included 1) Epidemiology, 2) 

Diagnostic Considerations, 3) Water Systems, and 4) Approaches to Guidelines. As outlined in Appendix 

B, eleven expert speakers made presentations; the list of speakers included representatives from 

government agencies (the Centers for Disease Control and Prevention [CDC], the Environmental 

Protection Agency [EPA], and the Maryland DHMH and Department of the Environment), academia, and 

professional organizations. Additional data were obtained through a systematic search of the medical 

literature, using PubMed, the search service of the National Library of Medicine 

(http://www.ncbi.nlm.nih.gov)/. At the request of the Scientific Working Group, the Epidemiology and 

Disease Control Program, Maryland DHMH, surveyed all 92 hospitals and 270 nursing homes in 

Maryland regarding legionella-related surveillance and diagnosis. The survey was conducted by using an 

anonymous, two page questionnaire, which was faxed back to DHMH by respondents. Recommendations 

of the Scientific Working Group were developed and finalized in meetings held on December 21, 1999, 

January 11, and April 26, 2000. This report summarizes the key findings obtained during this process, 

and presents the recommendations of the Scientific Working Group, based on their review of available 

data. DATA SUMMARY Background Legionella bacteria were first recognized in association with an 

outbreak of pneumonia that occurred among attendees of an American Legion convention in Philadelphia 

in 1976 [1]. In the intervening years, we have come to recognize more than 39 species of legionella 

bacteria and greater than 61 serogroups [2]. While more than half of these species/serogroups have been 

associated with human disease [3,4], L. pneumophila, the first legionella bacterial species identified, 

accounts for approximately 90% of infections, with illness most frequently associated with serogroups 1, 

4, and 6 [5]. Legionella can cause Pontiac Fever, an often undiagnosed and generally mild and self-

limiting upper respiratory infection [6]. They also cause Legionnaire s disease, a potentially severe 

bacterial pneumonia that is accompanied by cough, fever, and fatigue [7]. Based on studies in 

  



 
 

several parts of the country, Legionnaire s Disease may account for 5-15% of all pneumonias among 

persons living in the community [8]. Without appropriate antibiotic therapy, infection can cause serious 



complications and even death. Patients with Legionnaire s Disease have signs and symptoms that 

resemble other bacterial pneumonias, and the diagnosis generally can not be made by a physician in the 

absence of specialized laboratory testing [9]. Many of the antibiotics which are used to treat typical 

community-acquired bacterial pneumonias have only limited, if any, efficacy against legionella species 

[10,11]; the more effective newer antibiotics include macrolides such as azithromycin and quinolones 

such as levofloxacin. Certain populations are clearly at greater risk than others for developing severe 

legionella infections [12-15]. The most important host risk factors for developing illness include: 

immunosuppressive therapy (anti-rejection therapy to prevent graft rejection in bone marrow and solid 

organ transplant patients, chemotherapy for neoplastic disease, current steroid therapy [>20 mg/day]), or 

chronic underlying illnesses such as hematologic malignancies or end-stage renal disease. There is a 

moderately increased risk of illness among the elderly (age > 65 years), those who smoke tobacco 

products, or who have chronic lung disease, diabetes, or congestive heart failure. The disease is 

extremely rare among children. Number and distribution of Legionnaire s disease cases The CDC 

estimates that between 10,000 and 20,000 cases of Legionnaire s disease occur each year in the United 

States. Of these, 1500 to 1800 are reported to public health authorities. There has been a general 

increasing trend in the number of cases reported per year, which is probably due to improvements in 

physicians ability to diagnose the disease associated with introduction of new diagnostic assays. Twenty 

three percent of Legionnaire s disease cases reported to CDC are hospital-acquired (nosocomial) 

infections. These nosocomial cases have a higher mortality rate than community-acquired cases (40% vs. 

20%)[14]. It is not unusual to find unrecognized nosocomial outbreaks of Legionnaire s disease occurring 

over multiple years in one institution [16,17]. In a national survey of 192 hospitals, 29% reported having at 

least a single case of nosocomial Legionnaire s disease and 16% reported greater than five cases. Of 

these surveyed hospitals, 60% had on site testing capabilities, but only 21% had established routine 

legionella testing [18]. In Maryland, health care providers are required, under the Code of Maryland 

Regulations (COMAR), to report cases of legionellosis disease to local health departments. Between 

1990 and 1999, there were 366 "confirmed" legionella cases reported to the Maryland DHMH (Figure 1). 

Patients in 46 (13%) of the 366 cases died. Prior to 1997, "probable" cases were also recorded; from 

1990-1996, there were 37 probable legionella infections. Cases were reported from 22 of the 23 Maryland 

counties, with no obvious geographic clustering. Sufficient data were available to say that in at least 33 of 

the cases the infection may have been acquired in a hospital; 10 (30%) of these possible nosocomial 

case patients died. Definitions for confirmed, probable, and nosocomial cases (based on CDC definitions 

[14,19,20]) are summarized in Appendix C. As in the national data bases, it is likely that there is 

substantial underreporting of legionella cases in Maryland. In this context, it should be noted that clinical 

laboratories are not required to report positive assay results for legionella to the health department (as is 

required for certain other diseases of public health significance, such as salmonellosis and 

meningococcal meningitis). Test results are reported to the patient s health care provider, who then 

reports the case to the local health department. The Maryland DHMH undertook 18 investigations of 

potential legionella cases/outbreaks between 1988-1999. Cases included as part of investigations 

occurred in hospitals, assisted living facilities, manufacturing plants, and long-term care facilities. 

Fourteen were single cases investigations, while 4 were definite outbreaks (more than 1 case linked to 

the site). The largest Maryland outbreak occurred in 1988 in a rehabilitation hospital, involving 16 

confirmed and 5 probable cases. 

  



 
 

Clinical Diagnosis Laboratory tests used in the diagnosis of legionella infection are summarized in Table 

1. Among these, the recent availability of urinary antigen testing has had the most profound impact on 



diagnosis of the disease, providing a simple, rapid means of identifying infected patients. There are 

currently two FDA-approved rapid antigen detection assays designed to detect legionella- specific 

antigens in urine specimens [17,21,22]. The first is an enzyme-linked immunoassay (EIA) that requires 

special laboratory instrumentation and takes approximately three hours to perform. The second, which 

has just recently been introduced, is a rapid antigen card test (a paper chromatography based assay) that 

requires less than 30 minutes to perform and no instrumentation. Both tests have comparable sensitivity 

and specificity, but are only capable of detecting L. pneumophila serogroup 1. To be able to identify other 

legionella species and serogroups, and to actually obtain the legionella bacterium responsible for the 

infection for comparison with legionella bacteria which may be isolated from associated environmental 

sources [23,24], it is necessary to culture the organism. This requires use of a specialized panel of 

differential and selective media, which are generally not included in the routine procedures for culturing of 

respiratory samples in clinical microbiology laboratories. Respiratory specimens are plated onto these 

media (Buffered Charcoal Yeast Extract agar [BCYE], BCYE/PVA [contains polymixin B, anisomycin, and 

vancomycin], and BCYE/PAC [contains polymixin B, anisomycin, and cefamandole]) and incubated at 35-

37 

o 

C (95- 98.6 

o 

F) for up to 14 days [2]. Suspicious colonies are subjected to direct fluorescent antibody testing, 

using genus-specific antibodies, to confirm the isolation of legionella. The ideal specimens for culture are 

bronchial washings, bronchial lavages, or bronchial brushes. If a sputum is the only specimen that can be 

obtained, results are improved if the sample is pretreated with 0.2 M KCl/HCl solution (pH=2.2) for 4 

minutes to decrease numbers of endogenous bacteria that can grow on the BCYE agar [25]. In 

experienced hands, culture results can usually be obtained in 3 to 5 days. Other diagnostic modalities 

have less utility. Even with a high level of expertise on the part of the technician doing the screening, DFA 

testing of respiratory samples has relatively low sensitivity, depending as it does on actual visual 

identification of fluorescing legionella bacteria in a sample. There are also limitations with antibody testing 

(serology). For optimal results, serology requires a comparison of legionella antibody levels in two blood 

samples, one drawn at the time of the acute illness (before antibodies have developed) and a second 

drawn anywhere from 2 to 8 weeks later (when antibodies should be detectable, at levels at least four 

Table 1: Laboratory methods for clinical diagnosis of legionella infection 

Technique Description Sensi- 

tivity 

Speci- ficity 

Proces- sing time 

Disadvantages 

Culture Growing of bacterium from 

clinical sample, such as sputum, on specialized culture media 

80% 100% 3-5 days Requires that laboratory 

technicians have specialized training and expertise 

  



 
 

80% Urinary 



Screening of urine sample for 

95% within 

Will only diagnose 

antigen test 

the presence of specific 

hours 

infections with L. legionella antigen 

(cell markers) 

pneumophila serogroup 1 

Direct fluorescent antibody (DFA) stain of sputum or other sample from lung 

Easy to miss bacterium on microscope slide; results difficult to interpret; requires that laboratory 

technicians have specialized training and expertise 

Antibody testing (serology) 

Visual screening of sputum or 

33- 

95- 

within other sample from lung for 

70% 

100% 

hours legionella bacteria; screening is done under 

a UV microscope, using fluorescently-tagged antibodies to "light up" bacteria 

Sensitivity is low; for optimal results, requires collection of second blood sample 

times higher than those seen in the original sample). Even if results are positive, they do not provide 

assistance in managing an acute case. From a practical standpoint, it is also difficult to arrange for 

collection of a second blood sample from a patient weeks after he or she has recovered from an illness 

(and been discharged from an acute care facility). The availability (and use) of appropriate diagnostic 

tests for legionella infection in Maryland tends to be low. In the survey of hospitals conducted by the 

Epidemiology and Disease Control Program as part of the Scientific Working Group activities, only 11 

(23%) of the 47 hospitals which responded had "in-house" legionella testing available. Only 9 (19%) 

routinely screened patients with nosocomial pneumonia for legionella. The Laboratories Administration, 

Maryland DHMH, has the ability to perform legionella cultures, urinary antigen testing, and serology. 

However, the number of samples submitted to the state laboratory has declined steadily during the past 

decade. Between 1988 and 1999, the DHMH laboratory performed 1777 clinical legionella cultures. Of 

these, less than 50 were performed in 1999. Only 17 (1%) of the 1777 cultures were positive for a 

legionella species. It is unclear whether this low rate reflects the actual low rate of positives;difficulties 

with technique in the laboratory; or loss of viable organisms as a result of specimen handling, 

transportation conditions, and/or the amount of elapsed time between collection and plating of the 

specimen in the DHMH laboratory. Ecology/Environmental Sampling Legionella is widely distributed in 

aquatic environments. The bacteria survive and grow particularly well in man-made environments, 

especially if water is in a temperature range of 25- 42 

Screening of blood sample for 



40- 

95- 

2-8 antibodies to legionella; 

60% 

100% 

weeks generally requires comparison of results 

from two samples, one collected during acute illness and the other 2-8 weeks later 

o 

C (77-108 

o 

F), sediment and scaling are present, and water flow is relatively stagnant. Growth may 

also be facilitated by the presence of certain other microorganisms capable of supporting intracellular 

growth of the organism. Legionella die rapidly at 55 

o 

C (131 

o 

F)(3 log reduction within 1 hour), 

and are killed almost immediately at temperatures over 60 

o 

F). In hospitals and other 

institutions, legionella are found primarily in two locations: 1) potable hot water systems (defined as all 

building plumbing systems that distribute water for direct human contact)[26], and 2) water in cooling 

towers. In hot water systems, concentrations of the bacterium are highest in biofilms within the system 

and at openings of water outlets. While data are limited, aerosolization and ingestion/aspiration of potable 

water from hot water systems are thought to represent the major routes by which the organism is 

transmitted to patients in nosocomial legionella cases [27- 31]. Exposure to aerosols from cooling towers 

containing the organism has been more frequently associated with community outbreaks [32-34], 

although this route has also been implicated in nosocomial cases. 

o 

C (140 

  



 
 

Many, but not all, hospital hot water systems are colonized with legionella (Table 2). It is hypothesized 

that the organism is introduced into institutional water distribution systems from public/municipal water 



systems. Municipal water systems, both nationally and in Maryland, do not routinely screen water for the 

presence of legionella. As legionella is chlorine tolerant, it will survive many of the standard municipal 

water treatment protocols. Once present in a hospital hot water system, legionella is able to survive and 

multiply, particularly as hot water temperatures are kept relatively low to minimize the scald risk for 

patients [35]. In Maryland, state regulations for nursing homes limit temperatures at the outlet to < 110 

o 

F [43 

o 

C](COMAR 10.07.02); while COMAR does 

not deal specifically with water temperature in hospitals, many hospitals appear to adhere to the 110 

o 

F limit. Factors which determine whether a specific hospital water system will be 

colonized with legionella are not well understood, but probably include the age and condition of the pipes, 

the degree of scaling and sediment, and the potential for biofilm formation within the system. Methods for 

obtaining cultures from water systems are not well standardized, and it is clear that results can vary 

widely depending on the methodology used. The survey conducted by the Epidemiology and Disease 

Control Program, Maryland DHMH, found that 16 (34%) of 47 of the respondent Maryland hospitals 

performed routine legionella testing on potable hot water systems and 29 (62%) of 47 performed routine 

legionella testing on cooling towers. Ten (63%) of the 16 hospitals doing routine water system testing had 

initiated testing since the summer of 1999, after a well-publicized hospital outbreak. 

Elimination or reduction of legionella colonization in a hot water "ecosystem" is possible, although difficult. 

Success depends on the design and condition of the system, as well as the remediation methodology a 

legionella control used. program. If a system As is legionella old, cleaning is killed and by descaling 

temperatures may be over an important 55 

o 

C (131 

component o 

F), 

of 

superheating of water (raising of water temperature above the normal set point for the system) within a 

system may be efficacious [44]. CDC recommendations call for flushing of the hot water system for a 

minimum of 5 minutes with the hot water superheated to at least 65 

o 

C (149 

o 

F). It should be 

noted that investigators at Pittsburgh do not feel that this time is adequate, as it fails to allow sufficient 

time to penetrate water system biofilms; they recommend that water outlets be flushed for at least 30 

minutes. While superheating may result in a reduction in system colonization, legionella is usually not 

eradicated, and often recolonizes the system within a matter of weeks, necessitating recurrent 

superheating cycles. As an alternative to superheating, CDC recommends "shock" hyperchlorination (>10 

mg/liter of chlorine in water, flush all outlets for at least 5 minutes)[45,46]. Again, this method may only 

suppress legionella, permitting subsequent recolonization. Continuous hyperchlorination has been 



attempted by several institutions, but has generally been discontinued because of its corrosive effect on 

plumbing [47]. For example, three years after implementation of hyperchlorination at the University of 

Iowa hospital, the incidence of pipe leaks was 30 times the rate before chlorination. 

  



 
 

Success with long-term disinfection has been obtained with continuous copper-silver ionization 

techniques, although this requires an initial capital investment on the part of a hospital to buy and install 



the necessary equipment [48-53]. There are recent reports of such a system losing efficacy over time 

[54], although the factors responsible for this remain to be determined. UV light systems may be useful for 

localized disinfection, keeping in mind that there are no distal, residual effects [55,56]. At the University of 

Virginia, a UV light disinfection system was placed on the municipal water intake at the time its new 

hospital building was built in 1989. Despite having had substantial problems with legionella in its old 

hospital building, the potable hot water in this new building has remained consistently culture-negative for 

legionella (with no nosocomial legionella cases)[57], suggesting that it is possible to prevent initial 

colonization of newly constructed hot water systems. There are also now intriguing data that suggest that 

use of monochloramine as a disinfectant in municipal and hospital systems (rather than the more 

traditional free chlorine) is effective in eradicating legionella [58,59]. In the recent CDC study in Texas 

[42], all 11 hospitals on municipal water systems using free chlorine for disinfection had legionella in their 

water systems; in contrast, all 4 hospitals on municipal water systems using monochloramine for 

disinfection had water systems that were culture-negative for legionella (and had no cases of nosocomial 

legionella infection). A Maryland hospital recently reported installation of a monochloramine system in an 

administration building of a hospital that had had ongoing problems with legionella in patient care areas; 

placement of the system resulted in a significant decrease in the Legionella counts in the building s 

potable hot water system [60]. Further details regarding methods for minimizing the risk of legionella in 

building water systems (including cooling towers and other water sources) can be obtained from the 

recent guidelines published by the American Society of Heating, Refrigerating and Air-Conditioning 

Engineers (ASHRAE)[61]. While it is well recognized that legionella can colonize a hospital hot water 

system, the linkage between specific levels of colonization and risk of nosocomial legionella infection 

remains controversial. In a longitudinal study at the Pittsburgh Veterans Affairs hospital reported in 1983, 

cases of nosocomial legionella infection were most likely to occur when more than 30% of 10 selected 

distal sites in the hospital water system were culture-positive for legionella [62]. Based on these findings, 

the Allegheny County, Pennsylvania, health department established guidelines ([63]; also included as 

Appendix D) under which hospitals are advised to routinely culture their water systems for legionella, and 

initiate control efforts for legionella in the water system when >30% of distal sites are culture-positive for 

the organism. Since these guidelines were put in place in 1992, the percent of total reported legionella 

infections in Allegheny County, PA, that are hospital-acquired has dropped from 50% (23 of 46 cases) to 

13% (4 of 30 cases)[64]. This 30% "action level," while demonstrating utility in controlling nosocomial 

legionella infections in the Pittsburgh area, has not been substantiated in studies in other geographic 

areas. However, it is also unclear that other locales have the same heightened awareness of nosocomial 

cases, or the same diagnostic capability for legionella, making comparisons difficult. In the recent CDC 

study in San Antonio [42], there was a suggestion that risk of nosocomial illness correlated with the 

overall proportion at each institution of water system sites from which legionella was recovered; however, 

the association (in this relatively small sample) was not statistically significant, nor was the 30% level 

validated. There do not appear to be sufficient data to substantiate use of quantitative legionella counts 

(i.e., actual counting of legionella bacterial colonies on a plate, rather than simply reporting a culture as 

positive or negative) to predict risk of illness. It is also clear that quantitative values can vary dramatically 

depending on sampling and culture techniques. Guidelines for prevention of nosocomial legionella 

infection In 1994, the CDC proposed guidelines to prevent and control nosocomial pneumonia (including 

Legionnaires disease); these guidelines were most recently updated in 1997 [14]. The guidelines 

advocate active surveillance and good casefinding strategies in hospitals, including establishment of 

appropriate diagnostic capabilities for legionella. CDC guidelines/recommendations do not advocate 

routine culturing of water systems for legionella, noting the overall high rate of colonization of hospital 

water systems with the bacterium, and citing the lack of data to substantiate any one "action level" for 

positive cultures. CDC investigators have also expressed concern that negative culture results will give 

physicians a "false sense of security" that legionella cases will not occur in their facility. Instead, CDC 

recommends that 



  



 
 

environmental sampling be conducted when nosocomial legionella cases are identified in hospitals with 

high risk patients (see Hospital Infection Control Practices Advisory Committee [HICPAC] 



recommendations [15], also included in Appendix E). Decontamination is recommended if infections are 

traced to a specific source (such as the water system), with the effectiveness of decontamination 

monitored by sampling every 2 weeks for 3 months and, if negative, sampling monthly for another 3 

months. As CDC investigators do not feel that a "safe" level of legionella in a water system can be 

determined, monitoring and decontamination efforts should be continued until cultures are negative. CDC 

guidelines also note the need for routinely maintaining cooling towers (also see ASHRAE guidelines [61]); 

and using only sterile water for the filling and terminal rinsing of nebulization devices. More recently, in a 

departure from the above stance, CDC has published draft guidelines for Prevention of Opportunistic 

Infections Among Bone Marrow Transplant Recipients that state "periodic routine culturing for legionella 

from the units potable water supply may be considered part of an overall strategy to prevent Legionnaires 

disease in transplant patients." These draft guidelines further state that "the goal of environmental 

surveillance for legionella should be to maintain water systems [in transplant units] with no detectable 

organisms." In contrast to the approach taken by CDC, Allegheny County, PA, has implemented a control 

strategy for nosocomial legionella infection that incorporates regular environmental sampling. The 

Allegheny County guidelines state that: "All hospitals should perform an environmental survey yearly. If 

transplants are performed, then a survey should be performed more often. An environmental survey 

should consist of: a) all hot water tanks, b) distal sites (faucets or showerheads). If hospital beds are less 

than 500, a minimum of 10 distal sites should be surveyed. If bed size is greater than 500, 2 distal sites 

per 100 beds are recommended. The distal sites should be taken from units housing patients at higher 

risk for acquiring Legionnaire s disease (COPD, immunosuppression, transplant)." The Allegheny County, 

PA, guidelines also emphasize the need for good surveillance for nosocomial legionellosis, and the 

associated need for optimal diagnostic capabilities for legionella in hospitals. Regardless of environmental 

findings, remediation efforts are triggered by identification of a nosocomial case. These guidelines 

recognize that total elimination of legionella from a water system may not be possible, or necessary: the 

goal is to reduce legionella levels to a point (<30% of distal sites positive) where risk of nosocomial 

legionella infection is felt to be minimized. In hospitals in which nosocomial cases are identified, there 

may be some benefit in limiting exposure of immunocompromised patients to potential sources of 

infection, pending reduction/elimination of legionella colonization of the water system. It has been 

suggested that this be accomplished by prohibiting patient showers, and using only sterile water for oral 

consumption [15; Appendix E]. RECOMMENDATIONS OF THE SCIENTIFIC WORKING GROUP In 

preparing recommendations, the Scientific Working Group was aware that data linking levels of legionella 

colonization in water systems and the occurrence of illness are limited. The recommendations presented 

below reflect the expert opinion of the Working Group, drawing on available published data, material 

presented by speakers at the public scientific sessions, and the expertise and experience of Working 

Group members. Because of the recognized lack of data, Working Group recommendations focus on 

development of an individualized risk management approach for hospitals, rather than the imposition of 

blanket guidelines. There have not been good cost benefit studies in this field, and the Scientific Working 

Group did not attempt to develop further or assess cost data. As noted in the data summary, many 

hospitals in Maryland perform or have initiated environmental testing of water systems and cooling towers 

for legionella. The Scientific Working Group did not have access to/was unable to obtain such data from 

individual hospitals. While legionella infection can occur in virtually any setting in which there are 

exposures to water and water systems, illness is most likely among persons who are receiving 

immunosuppressive therapy or who have serious chronic underlying diseases. Because of this, the 

Scientific Working Group focused its recommendations on acute care hospitals, where the highest 

concentration of high risk persons might be assumed to be present. However, risks of infection exist in a 

number of other settings, including other healthcare institutions (nursing homes, assisted living facilities) 

  



 
 

and industrial settings. There should be an awareness of these risks, and routine precautions undertaken 

to decrease the risk of legionella infection, as outlined in material such as that produced by the 



Occupational Safety and Health Administration (www.osha- slc.gov/SLTC/legionnairesdisease/index.html) 

and ASHRAE [61]. While the recommendations in this report do not encompass nursing homes/extended 

care facilities, a scenario from such an institution has been included in Appendix F. Finally, there should 

be an awareness that Legionnaire s disease is only one of a number of different types of pneumonia that 

can be acquired by patients while they are hospitalized. While there is a need to limit the risk of legionella 

infection in hospitals, the importance of surveillance and implementation of control measures for other 

types of nosocomial pneumonia must be clearly recognized [14]. This, in turn, requires that hospitals 

provide adequate support for infection control programs and professionals within their institution. 

Recommendations I. Primary Prevention A. Patient-Based Surveillance and Diagnosis 1. All Maryland 

acute-care hospitals should have ready access to appropriate laboratory tests for the diagnosis of 

legionella pneumonia. A) All acute-care hospitals should provide legionella urinary antigen testing in-

house, or contract with another laboratory to provide 24 to 48 hour turn-around time for test performance 

and reporting. B) All hospitals that routinely perform and care for patients with solid organ and/or bone 

marrow transplants should have the ability to perform legionella culture on site. All others should have a 

mechanism in place that allows them to submit specimens for legionella cultures to a microbiology 

laboratory within 24 hours of specimen collection. C) The DHMH laboratory should serve as a reference 

laboratory for legionella, with the capability of serotyping, species identification, and molecular 

characterization of isolates. (Notes: It is clear that there is not optimal availability of laboratory testing for 

legionella within Maryland. With the recent availability of the urinary antigen test for legionella, every 

acute-care hospital in the state should be able to offer rapid [and preferably, on-site] testing. At the same 

time, it must be recognized that urinary antigen testing only works if the patient is infected with Legionella 

strains in serogroup 1. Hospitals dealing with large numbers of high risk patients [i.e., those with active 

transplant programs] need to have on-site culture capabilities. Because of issues related to specimen 

transport and handling, the DHMH laboratory should not have primary responsibility for isolation of 

legionella from clinical samples. However, it should have the resources to provide reference laboratory 

services, including the ability to serotype and speciate isolates, and conduct molecular epidemiologic 

investigations, as needed.) 2. Surveillance and prevention strategies for legionella pneumonia should be 

implemented by acute-care hospitals. A) Clinicians should always consider legionella species in their 

differential diagnosis for nosocomial (and community-acquired) pneumonia. B) The hospital clinical 

laboratory should report to the infection control practitioner results of all positive assays for legionella. C) 

Institutions should develop surveillance strategies to identify legionella cases. This may include 

algorithms that recommend that all sputum obtained from high-risk patients with pneumonia be sent for 

legionella culture, or urine sent for antigen detection; or all bronchoscopy specimens obtained from 

patients with pneumonia be sent for culture and appropriate antigen tests. D) Infection control 

practitioners should use CDC definitions to determine whether the case is nosocomial. All nosocomial 

legionella cases should be investigated with a thorough epidemiologic and environmental investigation to 

determine the likely environmental sources such as potable water, cooling towers, hot water tanks, 

nebulizers, etc. E) Nebulizers and other semi-critical respiratory care equipment should be cleaned with 

sterile water. F) Nasogastric tubes should be flushed with bottled or sterile water. G) Units with high-risk 

patients should not use large volume humidifiers that create aerosols unless they are sterilized with a high 

level disinfectant daily. 

  



 
 

H) Cooling towers should be designed and constructed so that tower drift is directed away from the 

hospital s air intake system and the volume or aerosol drift is minimized. For all operational cooling 



towers, hospitals should: 

• install drift eliminators 

• use a biocide regularly 

• maintain towers according to manufacturers recommendations 

• keep adequate maintenance records 

(Notes: Many of these recommendations [including recommendations for specific interventions] follow 

previously published CDC guidelines for nosocomial pneumonia [14] or the proposed guidelines for the 

Prevention of Opportunistic Infections Among Bone Marrow Transplant Recipients. As reflected in the 

recommendations, surveillance is an important component of any disease prevention and control 

program. Surveillance is most effective when targeted to high risk patients and guided by the local 

epidemiology and previous history at an institution. Thus, the Scientific Working Group strongly supports 

plans that allow institutions to individualize their approach and implement case finding strategies that fit 

the patient case mix and institutional resources.) 3. Efforts should be made to optimize public health 

reporting of legionella pneumonia A) Laboratory identification of a legionella infection should be added to 

the Annotated Codes of Maryland as a Laboratory Reportable Disease. This would require revision by the 

legislature. B) Hospitals should assure reporting of cases of Legionnaires disease to their local health 

departments, and complete the CDC "Supplemental Case Report" form for legionella cases. (Notes: 

Development and implementation of effective legionella control programs in Maryland require 

collaboration between hospitals and the Maryland DHMH; this, in turn, requires that the DHMH have 

accurate information on disease occurrence within the state. Based on experience with other diseases, 

accuracy and completeness of reporting would be substantively enhanced by making legionella a 

laboratory reportable disease. Similarly, when legionella cases are identified, hospitals should make 

every effort to obtain requested/necessary case report data.) B. Environmentally-Based Surveillance 1. 

Water distribution systems within acute care hospitals (i.e., all building plumbing systems that distribute 

water for human contact) should be routinely cultured, with the time schedule determined by risk 

assessment for each institution. A) The periodicity and interpretation of environmental testing should be 

determined as part of an overall risk assessment process. Such a risk assessment process should 

consider both institutional risk factors and remediation efforts. 

Risk factors are defined by 

• Engineering 

a) Age, complexity, sedimentation, number of hot water systems 

• Patient mix 

a) Solid organ transplant b) Bone marrow transplant c) Patients with cancer undergoing chemotherapy d) 

COPD 

• Prior history 

  



 
 

a) History of legionella identified among patients b) History of positive water cultures from the potable 

water system and outlets or coolingowers 



Remediation efforts include 

Type of treatment being utilized by a healthcare facility 

a) Super heating of water b) Hyperchlorination c) Copper-Silver ionization d) Monochloramine treatment 

e) Ultraviolet treatment (Notes: The committee felt that sufficient data existed to recommend routine 

environmental testing of water sources/systems within hospitals. In particular, there were concerns that 

relying solely on identification of nosocomial legionella cases as a trigger for further investigation may 

underestimate the occurrence of nosocomial legionellosis in Maryland hospitals; and initial screening of 

water systems may prevent cases which might otherwise occur. At the same time, there were not felt to 

be adequate data to provide uniform guidelines regarding timing and "action levels" for environmental 

sampling. It was the opinion of the Scientific Working Group that such decisions are best individualized, 

depending on hospital-specific risk and performance criteria. As a guide to possible approaches, the 

working group has prepared several "scenarios," which summarize what appear to be appropriate 

responses under a variety of circumstances [Appendix F]. Preparation of an appropriate risk assessment 

profile may require consultation with engineers and industrial hygienists with appropriate training in these 

areas. Hospitals in which this type of assessment is not possible or practical may wish to consider 

implementation of the Allegheny County guidelines (with a clear recognition of their potentially limited 

applicability to hospitals in Maryland). In keeping with the spirit of the Allegheny County 

recommendations, the intent is not to insist that hospitals have consistently culture-negative water 

systems: it is recognized that persistence of legionella in many instances will be inevitable, and may be of 

minimal significance from a public health standpoint. As is inherent in the "risk assessment" approach, 

hospitals with large populations of high risk patients may be less tolerant of a low frequency of positive 

legionella cultures than are hospitals with fewer such patients. Hospitals are expected to maintain good, 

active surveillance for nosocomial legionella cases; identification of a nosocomial case should be a clear 

indication that further efforts need to be made to reduce legionella colonization of the water supply. 

Hospitals that do not have the infection control expertise to interpret data should work with the local health 

department, and may need to retain the services of an expert in this field. However, except in special 

circumstances [such as an outbreak], it is not intended that environmental culture results be routinely 

reported to the health department) 2. The DHMH Laboratories Administration should establish standard 

procedures for environmental sampling, and serve as a reference laboratory for environmental testing. 

The laboratory should also have the capability for molecular typing of environmental legionella isolates, to 

permit matching of environmental isolates with isolates from patients. (Notes: It is clear that results of 

environmental sampling can vary widely depending on techniques used for sampling and culturing. To 

facilitate consistency of data, the DHMH Laboratories Administration should assume responsibility for 

establishing and maintaining standard environmental sampling protocols for use within the state; should 

maintain a list of commercial laboratories that are able to appropriately perform environmental testing; 

and should provide reference capabilities for serotyping, speciation, and molecular studies.) 3. Results of 

environmental cultures should generally be qualitative for the presence or absence of legionella species. 

Quantitation is neither recommended nor encouraged. Serotyping, and where necessary species 

identification, should be included in the results. C. Standard remediation 1. The Code of Maryland 

Regulations should be amended to set the upper limit on hot-water temperatures in hospitals and other 

institutional settings at 122 

o 

F (50 

o 

C). 

 



 
 
Water Disinfection Table 

Comparison Chart of Water Disinfection Methods in a Hospital Environment 

Item Disinfection System Combination Disinfection Systems 

Yes Yes Yes Yes Yes 

USED ON DOMESTIC HOT WATER SYSTEM 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CHEMICAL UTILIZED 

CHLORINE DIOXIDE (SODIUM CHLORITE) 

CHLORINE 

None 

SODIUM HYPOCHLORITE 

DIOXIDE (SODIUM CHLORITE) 

BY-PRODUCT None 

CHLORAMINE (CHLORINE & AMMONIA) 

COPPER & SILVER NONE (MINERALS) 

NONE 



SODIUM HYPOCHLORITE 

CHLORAMINE (CHLORINE & AMMONIA) 

SOME CHEMICAL DECOMPOSITION IN FORM OF CHLORITE AND CHLORATE 

SOME CHEMICAL DECOMPOSITION IN FORM OF CHLORITE AND CHLORATE 

EFFECTIVE MAX. pH 

TRIHALOMETHANES (THM'S) 

TRIHALOMETHANES (THM'S) (FAR LESS THAN CHLORINE) 

NONE BROMATE OZONE 

TRIHALOMETHANES (THM'S) 

TRIHALOMETHANES (THM'S) (FAR LESS THAN CHLORINE) 

None 7.8 pH 9 pH 10 pH 8 pH NA NA 7.8 pH 9 pH 10 pH 

TASTE & ODORS None 

NONE (BELOW .8 PPM) - REMOVES MOST TASTE AND ODORS PROBLEMS / ONLY IF HIGH INTENSITY 

OZONE LAMPS ARE USED 

IMPACT ON EQUIPMENT AND SYSTEMS 

NONE - NONE (BELOW .8 

PROVIDED PPM) - REMOVES 

HIGH MOST TASTE 

INTENSITY AND ODORS 

OZONE PROBLEMS 

LAMPS ARE NOT USED 

YES - CAN CAUSE TASTE AND ODOR PROBLEMS / ONLY IF HIGH INTENSITY OZONE LAMPS ARE USED 

YES - CAN CAUSE 

YES - CAN CAUSE TASTE AND ODOR PROBLEMS 

YES - CAN CAUSE TASTE AND ODOR PROBLEMS 

TASTE AND ODOR 

NONE 

YES - WILL ADD ODOR 

PROBLEMS / ONLY IF HIGH INTENSITY OZONE LAMPS ARE USED 

MINIMAL POTENTIAL DEPOSITION OF COPPER ON MILD STEEL / LOCALIZED CORROSION - NONE 

REPORTED 

MINIMAL POTENTIAL CORROSION PROBLEMS / ADDITIONAL CORROSION PROBLEMS IF HIGH INTENSITY 

OZONE LAMPS ARE USED 

IMPACT ON DIALYSIS EQUIPMENT 

POTENTIAL - CORROSION PROBLEMS IF HIGH INTENSITY OZONE LAMPS ARE USED 

POTENTIAL CORROSION PROBLEMS / ADDITIONAL CORROSION PROBLEMS IF HIGH INTENSITY OZONE 

LAMPS ARE USED 

MINIMAL POTENTIAL 

POTENTIAL CORROSION PROBLEMS 



MINIMAL POTENTIAL CORROSION PROBLEMS 

MINIMAL POTENTIAL CORROSION PROBLEMS 

CORROSION POTENTIAL 

P

ROBLEMS / Potential 

CORROSION 

ADDITIONAL PROBLEMS 

CORROSION PROBLEMS IF HIGH INTENSITY OZONE LAMPS ARE USED 

SIGNIFICANTLY DIFFICULT TO REMOVE CHLORAMINES (MONO- CHLORAMINES) AND BY-PRODUCTS AT 4 

PPM AND BELOW - CARBON FILTERS EFFECTIVE, RO MEMBRANE NOT EFFECTIVE, MEMBRANE DAMAGE 

SIGNIFICANTLY DIFFICULT TO REMOVE 

NONE (BELOW 4 PPM) - CARBON FILTERS AND RO EQUIPMENT EFFECTIVELY REMOVES CHLORINE AND 

BY- PRODUCTS 

NONE (BELOW .8 PPM) - CARBON FILTERS AND RO EQUIPMENT EFFECTIVELY REMOVES CHLORINE 

DIOXIDE AND BY- PRODUCTS 

CHLORAMINES 

NONE (MONO- CHLORAMINES) AND BY-PRODUCTS AT 4 PPM AND BELOW - CARBON FILTERS 

EFFECTIVE, RO MEMBRANE NOT EFFECTIVE, MEMBRANE DAMAGE 

(BELOW .8 PPM) - CARBON FILTERS AND RO EQUIPMENT EFFECTIVELY REMOVES CHLORINE DIOXIDE 

AND BY- PRODUCTS 
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NONE (BELOW 4 PPM) - CARBON INFORMATION 

INFORMATION 

FILTERS AND RO 

None 

CURRENTLY 

CURRENTLY NOT 

NOT 

NONE 

EQUIPMENT EFFECTIVELY AVAILABLE 

AVAILABLE 

REMOVES CHLORINE AND BY- PRODUCTS 

Super Heating & Flush 

Auto - Chlorinating / Inhibitor System 

Auto-Chloramine System (Mono- Chloramine) 

Chlorine Dioxide 

Copper- Silver Ionization System 

OzoniationYes Yes Yes 

FEASIBLE - RETURN LOOP WITH FIXTURE / EQUIPMENT BACK FLOW PREVENTION REQUIRED 

  



 
 
Water Disinfection Table 

ENVIRONMENTAL & HEALTH EFFECTS 

COPPER IS ACUTELY TOXIC TO MANY AQUATIC SPECIES AT LEVELS LOW AS 50 PPB. SYSTEM 

OPERATES BETWEEN 200 - 600 PPB COPPER, 10 TO 60 PPB SILVER. 

NONE - 

NONE - DOES NOT PRODUCE THM'S AND CAN DESTROY SOME THM'S. 

BROMITE IDENTIFIED AS AN ANIMAL CARCINOGEN - EFFECTS ON HUMANS UNKNOWN 

NONE - DOES NOT PRODUCE THM'S AND CAN DESTROY SOME THM'S. 

EPA APPROVED PRIMARY DRINKING WATER DISINFECTANT 

WATER IS AT 

PRODUCES 

PRODUCES 

SCALDING 

CARCINOGENIC TEMPERATURE 

THM'S. 

PRODUCES CARCINOGENIC THM'S (less than chlorine). 



PRODUCES NONE 

CARCINOGENIC THM'S. 

CARCINOGENIC THM'S (less than chlorine). 

YES (below .8 ppm) 

BREAKS DOWN BIOFILM (AT NOMINAL OPERATING CONDITIONS) 

No YES (below 4 ppm) YES (below 4 ppm) 

YES (below .8 ppm) 

NO NO NO YES (below 4 ppm) YES (below 4 ppm) 

NO @ BELOW 50 

NO @ BELOW 50 PPM - 

MINIMAL 

PPM - MINIMAL ABOVE 

50 PPM 

NO - (SYSTEM 

YES / NO - 

ABOVE 50 PPM 

NO - 

(SYSTEM (SYSTEM 

OPERATES AT 2-3 

DEPENDING 

(SYSTEM 

OPERATE

S AT 2-3 OPERATES 

PPM) 

ON PPM 

OPERATES 

PP

M) BETWEEN 2 - 3 

BETWEEN 2 - 3 PPM) 

PPM) 

YES 

INHIBITS BIOFILM (AT NOMINAL OPERATING CONDITIONS) 

Yes 

YES 

NO NO 

YES / NO - DEPENDING ON PPM 

NO NO MINIMAL MINIMAL YES 

SHORT TERM RESIDUAL EFFECTIVENESS AGAINST LEGIONELLA (SYSTEM NOT OPERATING) 

No MINIMAL MINIMAL YES 

YES - 



YES - FAR LESS 

Y

ES - (FAR LESS (APPROX. ONE 

EFFECTIVE AS 

E

FFECTIVE AS WEEK) 

CHLORINE 

CHLORINE) 

YES 

LONG TERM RESIDUAL EFFECTIVENESS AGAINST LEGIONELLA (SYSTEM NOT OPERATING) 

YES 

YES YES NO NO YES 

YES FOR HOT WATER SYSTEMS ONLY - (LONG TERM STUDIES [4 YEARS] INDICATE LEGIONELLA MAY 

DEVELOP A TOLERANCE TO SILVER ) 

MINIMAL - SOME RESIDUAL PROTECTION UNTIL BIOFILM IS RE- ESTABLISHED NONE FOR BULK WATER 

FLUSHING REQUIRED AT ALL FIXTURES AT START UP AND ON PERIODIC BASES 

MINIMAL - SOME RESIDUAL PROTECTION 

None NONE NONE 

UNTIL BIOFILM IS RE- 

NONE NONE NONE NONE 

ESTABLISHED - NONE FOR BULK WATER 

Yes YES YES YES YES YES YES YES YES YES 
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Water Disinfection Table 

CHLORINE SHOCKING OF WATER SYSTEM REQUIRED PRIOR TO SYSTEM OPERATING (SHOCKING 

EFFECTS BULK WATER ONLY - NO EFFECT ON BIOFILM) 

NA YES YES NOT REQUIRED 

REQUIRED NOT 

YES YES YES YES NOT REQUIRED 

ESTIMATED FOR A 600 GPM SYSTEM (NOT INSTALLED) 

NOT AVAILABLE 

$27,000 $36,000 (approx.) $42,000 (approx.) $39,000 

ESTIMATED INSTALLATION COST 

NA $9,000 (approx.) $9,000 (approx.) $12,000 $36,000 

NOT AVAILABLE 

$10,000 $15,000 (approx.) $15,000 (approx.) $13,000 

ESTIMATED ANNUAL MAINTENANCE COST 

NA $5,000 (approx.) $5,000 (approx.) $3,000 $5,000 

$



20,000 @ 1 LB $12,500 (PER EVENT) 

$8,000 $8,000 

CIO2 OR $32,000 @ 2 LBS CIO2 Prepared by Gregory Bova - JHH Facilities Engineering (Last 

updated January 30, 2001) 
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$16,650 @ 1 LB CIO2 OR $28,250 

$25,250 @ 2 LBS CIO2 

NOT AVAILABLE 

$12,600 $20,600 $20,600 
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"A Code of Practice for the Prevention and Control of Legionnaires' Disease" has been prepared 

for use in workplaces which come under the Occupational Safety and Health Act 1984. As a 

source of guidance material, it is also relevant to the home environment. 

A "workplace" is any place where employees work or are likely to be in the course of their work. 

This includes the more traditional workplaces like factories, shops and construction sites, as well 

as other workplaces like farms, offices, hospitals, schools, banks and transport vehicles. A 

"workplace" is not limited to a structure or building, so it may be a site that is out in the open air. 

This Code of Practice has been developed by a tripartite Working Party appointed by the 

WorkSafe Western Australia Commission and has now been approved by Government for use in 

workplaces and homes in Western Australia. 

Scope 

The document provides information on the health effects, sources and distribution of the bacteria 

which causes Legionnaires' disease and the risk to people of being affected. Mention is also 

made of potential sources of infection in the workplace and home environment. It also provides 

advice on the correct design and installation of cooling towers and associated equipment, air-

handling systems and water services. A series of safe work practices generally relevant to all 

workplaces is also included. Workers required to inspect or maintain cooling towers, air handling 

systems or hot water services, where aerosols* could be inhaled, are provided with advice on the 

appropriate protective clothing and equipment. These workers should be familiar with the 

procedures for carrying out testing and cleaning, including the appropriate handling of chemicals 

when they are required to be used. Specific procedures should also be applied when persons are 

required to work in confined spaces. Detailed advice on chemicals should be sought separately. 

While this Code specifically addresses Legionnaires' disease and the prevention and control of 

the Legionella bacteria, the recommended 'good housekeeping' procedures would effectively 

minimise the risk of significant contamination with other bacteria and microbial organisms such 

as algae, fungi and protozoa. 

The safety procedures in the Code are also appropriate for inspecting and maintaining domestic 

air-coolers, hot water systems and spas which are commonly found in the home environment. 

It should be noted that some preventative measures currently practised are based on limited 

evidence of their effectiveness and are in need of further research. This Code of Practice will, 

therefore, need to be reviewed periodically. 

* aerosols - the suspension of liquid or solid particles in air 

Who Should Use This Code? 

Employers and employees, including safety and health representatives and safety and health 

committees. 

  



 



 

Personnel involved with the design, inspection, operation or maintenance of cooling towers, air-

handling systems or hot water services. 

Medical and first aid personnel, etc, in conjunction with relevant guidance material, the sources 

of which are referenced in this document. 

Consultation & Cooperation 

As the Occupational Safety and Health Act is applied in workplaces, occasions will arise where 

employers should generally consult with or provide specific information to employees and safety 

and health representatives (if any). It is anticipated that employers will follow a procedure that 

has been agreed upon by all parties in the workplace (see diagram 1) and that procedure will 

cover consultation and cooperation in the management and reduction of risk arising from hazards 

such as biological contaminants which may cause Legionnaires' disease. 

For employers, the relevant sections of the Occupational Safety and Health Act are Section 19 

for the general duty to consult and cooperate with safety and health representatives (if any) and 

other employees at the workplace, and Section 35 for specific duties that the employer has in 

relation to safety and health representatives. 

For employees, Section 20 requires them to comply with instructions given by the employer to 

ensure the employees' safety and health and to cooperate with the employer in the carrying out of 

any obligations required under the Act, including the functions of a safety and health 

representative. 

Prevention 

The risk of contracting Legionnaires' disease can be reduced to a very low level by careful 

design, construction and good maintenance of cooling towers, air-handling systems, hot water 

services and other potential sources of aerosol. 

Dealing with Potential Infection 

Procedure for Dealing with Potential Infection 

The following flow chart provides an example of a procedure which employers, in consultation 

with employees, can adopt to address the issue of potential infection in the workplace. 

Diagram 1: Action for Employers 

Step 1: Identify potential sources of infection 

Step 2: Assess the risk of infection 

Step 3 :Plan preventative action 

Step 4: Implement control measures 

  



 



 

Step 5: Check effectiveness 

Health Effects 

The term "Legionnaires' disease" was coined in 1976 after a dramatic outbreak of serious 

respiratory disease at a convention of the American Legion led to the discovery of a new disease 

entity and, eventually, to the identification of the responsible bacteria, Legionella pneumophila. 

L. pneumophila, one of more than twenty currently recognised species of the genus Legionella, 

is the species most commonly implicated in cases reported both in Australia and overseas. 

Illnesses caused by any species of Legionella are called Legionellosis. "Legionnaires' disease" is 

the term used for the disease caused by L.pneumophila. However, "Legionnaires' disease" has 

become the familiar term used to refer to any severe form of pneumonia which is caused by a 

species of Legionella. 

This form of pneumonia may be accompanied by involvement of other organs such as the brain, 

causing confusion; the bowel, causing diarrhoea; and the kidneys, causing kidney failure. 

Symptoms include rapid onset of high fever, non-productive cough, chills, headache and general 

'aches and pains'. Positive identification can be achieved by isolating and identifying the L. 

pneumophila from the patient's respiratory secretions or blood. The incubation period, that is the 

time between infection and signs and symptoms appearing, is usually 2-10 days. Less than 5 per 

cent of the exposed persons are likely to become ill, but up to 30 per cent of these may die. 

It is estimated that 1 per cent of pneumonia cases admitted to hospitals are, in fact, suffering 

from Legionnaires' disease. Current treatment includes erythromycin with the addition of 

rifampicin in non-responding cases. No vaccinations are currently available. 

Pontiac fever, also caused by a species of Legionella, is an influenza-like illness with symptoms 

including fever, chills and headache. The incubation period ranges from 4 hours to 3 days. Up to 

95 per cent of the exposed persons become ill. Pneumonia does not occur and full recovery can 

be expected. 

Many infections by L. pneumophila do not result in recognisable signs and symptoms. 

Antibodies have been found in up to 25% of adults tested. This suggests that up to I in 4 adults 

have been infected at some time in their life but have not necessarily developed any symptoms. 

Humidifier fever is not caused by Legionella, yet it is often considered, incorrectly, as a form of 

Legionnaires' disease. This influenza-like fever may result from the inhalation of micro-

organisms that cause allergic reactions. The potential source is often the humidifier of an air 

conditioning system. Humidifier fever belongs to a group of illnesses known collectively as 

hypersensitivity pneumonitis. Sensitisation to these microbial contaminants occurs after a period 

of repeated daily exposures and the period may vary from 1 month to a year or more. 

  



 



 

It should be noted that the presence of fungi, algae, protozoa and other bacteria in air- handling 

and water systems may contribute to the: 

• multiplication of the Legionella bacteria; 

• emergence of diseases in addition to those associated with the Legionella bacteria. 

Sources of Infection 

Legionella bacteria are widely distributed natural inhabitants of waters. They have been found in 

lakes, rivers, creeks and other bodies of water ranging in temperature up to 60 degrees C. 

However, significant multiplication of these bacteria is generally restricted to temperatures of 20 

degrees C to 45 degrees C and particularly to the range 35 degrees C to 43 degrees C. Systems 

with waters of this temperature range facilitate proliferation. 

The growth of L. pneumophila is promoted by the presence of other micro organisms. Certain 

single-cell organisms are able to amplify these bacteria in cooling towers as well as to protect 

them from adverse conditions, including the biocidal action of water treatment chemicals. Other 

bacteria and algae can provide nutrients for L. pneumophila. Sediments can stimulate the growth 

of the environmental micro flora which, in turn, stimulate the growth of L. pneumophila. 

Investigations of the relationship between the chemical environment in plumbing systems and 

growth of L. pneumophila. has shown that low concentrations of certain metals such as iron, zinc 

and potassium enhance proliferation of the species. Hence, the metal components and corrosion 

products of plumbing systems (eg. galvanised iron) may play a role in promoting growth of these 

bacteria. The constituents of certain types of rubbers used in rubber fittings in the system can 

also support the multiplication of L. pneumophila. 

The proliferation of L. pneumophila. occurs mainly in water systems as a result of the inter-

relationships between temperature, environmental micro flora and sediments and the chemical 

composition of waters in man-made systems. 

In general, the sources of Legionella implicated in overseas outbreaks of Legionnaires' disease 

have been traced to large air conditioning plants or to hot water distribution systems which have 

been incorrectly commissioned or have been poorly maintained. The release of aerosols from 

water distribution systems may occur from shower heads or from water splashing in hand basins 

or baths. Standby installations would also be sources of infection if they are used infrequently 

and not included in the general maintenance routine. Other less common sources of infection that 

have been recorded include spa pools, the coolant in industrial milling machines, high pressure 

cooling and cleansing processes and humidification devices. 

Potential sources of infection could include domestic air conditioners, artesian bores, decorative 

fountains, fixed garden sprinklers, car washes, and above ground storage tanks, which feed 

aerosol generating equipment, although no known documented cases have been recorded to date. 

  



 



 

Many cases of Legionnaires' disease are sporadic and the source of the organisms is very 

difficult to determine. However, in Australia major outbreaks have been traced to cooling towers 

and to evaporative condensers associated with refrigeration systems. Small numbers of cases 

have been associated with hot and cold water services and with spa pools. 

Window unit refrigerated air conditioners have not been associated with Legionnaires' disease 

because they use refrigerated air instead of evaporated water. 

Degree of Risk 

Infection of humans requires large concentrations of pathogenic bacteria to be present in water 

and dispersed in aerosols in a way that can be inhaled by susceptible persons. The mere presence 

of the Legionella bacteria in water is not necessarily a cause for concern. 

For rapid multiplication of L. pneumophila, specific conditions are required - 

• a wet environment; 

• the presence of oxygen and carbon dioxide; 

• high microbial concentration, including algae, slime (ie. single-celled organisms such as 

amoebae or protozoa); 

• scale and corrosion products; and 

• a favourable temperature range. 

A number of factors influence the likelihood of illness being associated with infection: 

Species of Legionella: only a few species of Legionella bacteria have been found to infect 

people; there are other species which have not as yet been found to cause disease. 

Concentration of Legionella: sufficient bacteria must be present in an aerosol to cause an 

infection. 

Size of aerosol particle: particles need to be small (less than 10 micrometres** in diameter) so 

that the bacteria can reach sites deep in the lung where infection can readily occur. 

Personal susceptibility and state of health: the ability to fight infection will vary amongst 

individuals. Risk will be increased for persons who have medical treatment or conditions that 

impair the body's defence mechanisms. 

**There are 10,000 micrometres in one centimetre 

Mode of Transmission 

Since Legionella bacteria may be found in many natural water sources in the environment, as 

well as in the circulating water of cooling towers, contact between humans and the bacteria 

seems to be almost inevitable. Under favourable conditions, 

  



 



 

very high concentrations of the bacteria can be present in the water of cooling towers. The means 

by which these Legionella bacteria can infect humans involves the formation of aerosol, the air 

transport of the aerosol into the breathing zone of persons and the deposition of the aerosol in the 

lung. 

Drinking water and washing in water containing low numbers of Legionella is not known to 

result in infection. Person-to-person transmission is also not known to occur. 

Design and Installation 

To reduce contamination of cooling towers, air-handling systems and hot, warm and cold water 

services, attention must be paid to their design, installation, operation and maintenance 

procedures. The aim is to minimise micro-organism growth in artificial environments and, if 

possible, to reduce the likelihood of inhaling any potentially contaminated aerosols. 

Siting of systems should include attention to: 

• design of enclosures; 

• location of building air inlets, including windows which open; 

• direction of prevailing winds and any localised wind patterns; 

• height and design of adjacent structures; 

• proximity of other discharges such as kitchen exhausts; and 

• future planned developments. 

Design features should facilitate cleaning, control bacterial growth and minimise drift 

carryover. Attention should be paid to: 

• provision for shutdown for maintenance; 

• convenient and safe accessible openings for maintenance; 

• components which minimise corrosion and can be easily removed; 

• minimal internal components such as structural brackets which can collect sediment; 

• materials compatible with the use of disinfectant and hosing with water jets; 

• sumps that can be readily drained; 

• efficient drift eliminators; 

• surfaces which can be readily cleaned; 

• protection of wetted surfaces from direct sunlight; and 

• adequate standby facilities where continuous operation is necessary. 

Diagrammatic Air-flow System 

Diagram 2 illustrates a simplified air-flow system and indicates where potential health 



hazards could be created if the design, installation, operation or maintenance of such a 

system was not conducted correctly. 

  



 



 

Click here to see diagram(19k) 

Cooling Towers 

Cooling Towers and Associated Equipment 

Cooling towers should be designed and installed with the following general features: 

• located so that exhaust is discharged away from occupied areas, pedestrian thoroughfares, air 

intakes, building openings and areas of traffic movement; 

• provisions for shutdown to facilitate maintenance; 

• easy and safe access for maintenance; 

• accessible water treatment units, where installed; 

• constructed of corrosion-resistant material; 

• constructed to facilitate cleaning; 

• when new, chemically cleaned and thoroughly flushed before being brought into service; 

• allowance for rapid draining; 

• provided with automatic or permanent bleeds to waste, to limit the build-up of dissolved salts in 

the water; 

• a maximum of 0.02% to be lost from the water circulation rate as drift; and 

• an appropriate stand-by facility be provided in systems where continuous operation is 

necessary. 

Air-handling Systems 

Air-handling systems should be designed and installed with the following general features: 

• built from plans submitted for approval to building authorities including a site survey which 

shows details of the new installations, the adjacent buildings and prevailing wind conditions; 

• exhaust discharges which minimise cross-contamination with air intakes in the same building 

or adjacent buildings; 

• air intakes which are designed to eliminate the collection of airborne pollution or dust; 

• no external lights near air intakes since these lights attract insects which could be drawn into 

the system; 

• provision for shutdown to facilitate maintenance; 

• easy and safe access for maintenance, including the air filter, where present; 

• corrosion-resistant air intakes and exhaust air outlets designed to minimise the entry of 

rainwater and prevent the entry of birds, rodents and windblown material such as leaves and 

paper; 



• use of trays, sumps, condensate and equipment drainage fan assemblies and duct work, as 

required, to drain effectively any accumulating moisture in any air-handling systems; 

• the collection and discharge of moisture from sprays, atomisers or sponge pipes by grading to 

an outlet to prevent pondage; 

• humidifiers located so as to prevent the accumulation of airborne debris and to optimise the 

mixing of water vapour with air being humidified; 

  



 



 

• a control system so that the humidifier cannot be operated when the air handling system is 

switched off; and 

• use of a steam spray and avoidance of over-humidification or water stagnation in humidifiers. 

These air-handling installations should be designed and installed with the following 

features: 

Evaporative coolers: 

• fabricated, for access for maintenance and for ease of cleaning; 

• air intakes should be located away from exhaust outlets and designed to eliminate the collection 

of airborne pollution, dust or organic matter; and 

• kept dry when not in use. 

Heat exchange coils: 

• constructed of corrosion-resistant materials and installed in such a way that they can be easily 

cleaned; and 

• designed to effectively remove airborne condensate by grading to outlets to prevent pondage. 

Terminal units: 

• have a condensate tray and adequate drainage, so moisture is not re-evaporated by the airflow 

through the system; and 

• accessible for maintenance. 

Water Services 

Hot, Cold and Warm Water Services 

These water services should be designed and installed with the following general features: 

• provision, in any water storage vessels, for inspection, cleaning, rapid drainage, rapid refilling 

and measures to prevent the ingress of foreign matter; 

• provision for shutdown for maintenance; 

• easy and safe access for maintenance, including for water treatments; 

• cleaned either chemically or with hot water and thoroughly flushed before being brought into 

service; 

• made with components which do not foster microbiological growth or react adversely to 

chemicals; and 

• a stand-by facility where the normal continuous operation is stopped for maintenance. 

Water Services 

In addition to these features, the following features should apply: 



  



 



 

Hot water services: 

• designed to heat water to 60 degrees C or above. 

Warm (tepid) water services: 

• designed to include one tank which heats water to at least 60 degrees C and another tank which 

holds cold water which is protected from sunlight or excessive local heat sources such as hot 

vessels or pipes; and 

• inclusive of preset thermostatic mixing valves to avoid scalding if the water is used for 

showering or similar purposes. 

Cold water services: 

• storage of cold water should protect the water from sunlight or excessive local heat sources 

such as hot vessels or pipes; and 

• hold only one day's water supply to prevent stagnation. 

More Information 

Refer to Australian Standard AS3666-1989 for further details on the design and installation 

requirements for cooling towers and associated equipment, air-handling systems and hot, warm 

and cold water services. 

Operation and Maintenance 

The following information sets out the minimum requirements for the correct operation and 

regular routine maintenance for cooling towers, air-handling systems and hot, warm and cold 

water systems. Procedures are also suggested for disinfecting systems if significant 

concentrations of Legionella bacteria are present. 

Water systems should be disinfected, drained, cleaned and then disinfected again when the 

installation: 

• is being started up for the first time; 

• has been out of use for a period of time and has not been left dry; or 

• has been extensively altered or disturbed. 

Cleaning may also be necessary at regular intervals if the system, the premises or the results of 

monitoring indicate it is necessary to do so. In such cases, it is important to ensure that all parts 

of the system are disinfected, not just those which are readily accessible. 

Systems which aim to minimise the risk of scalding and, at the same time, reduce the Legionella 

risk associated with the storage of warm water, are currently being assessed. These include heat 

exchange systems, ultraviolet light systems, anti-scald safety valves and self-draining valves. 

 



 



 

CODE OF PRACTICE LEGIONNAIRES DISEASE 

1. LEGIONNAIRES’ DISEASE 

1.1 WHAT IS LEGIONNAIRES’ DISEASE? 

T 

he term “Legionnaires’ Disease” was coined in 1976 after a dramatic outbreak of serious respiratory disease at a 

convention of the American Legion of Pennsylvania led to the discovery of a new disease entity and, eventually, to 

the identification of the responsible bacteria, Legionella pneumophila. At least 39 species and 61 serogroups have 

been identified. L. pneumophila, is the species most commonly identified in cases reported both in Australia and 

overseas, causing approximately 70% of all cases of Legionnaires’ Disease. 

Illnesses caused by any Legionella species are called Legionellosis. “Legionnaires’ Disease” is the term used for the 

disease caused by L. pneumophila. However, “Legionnaires’ Disease” has become the familiar term used to refer to 

any severe form of pneumonia which is caused by any Legionella species such as Legionella longbeachae which 

may occur in potting mix, soil, peat, mulch and garden composts. 

This form of pneumonia may be accompanied by involvement of other organs such as the brain, causing confusion; 

the bowel, causing diarrhoea; and the kidneys, causing kidney failure. Symptoms include rapid onset of high fever, 

non-productive cough, chills, headache and general ‘aches and pains’. 

The incubation period, that is the time between infection and signs and symptoms appearing, is usually 2-10 days. 

Less than 5 per cent of the exposed persons are likely to become ill. The Western Australian experience is that 10% 

of these people who are admitted to hospital, die. 

Diagnosis is generally made by means of serological blood tests and/or identifying the organism in sputum and 

respiratory secretions. A urinary antigen test is also available for Legionella pneumophila serogroup 1. 

It is estimated that 1 per cent of pneumonia cases admitted to hospitals are, in fact, suffering from Legionnaires’ 

Disease. No vaccine is currently available. The disease is resistant to penicillin but responds to treatment with other 

antibiotics such as erythromycin and rifampicin. 

Pontiac fever, also caused by species of Legionella, is an influenza-like illness with symptoms including fever, chills 

and headache. The incubation period ranges from 4 hours to 3 days. Up to 95 per cent of the exposed persons 

become ill. Pneumonia does not occur and full recovery can be expected. 

Many infections by L. pneumophila do not result in recognisable signs and symptoms. Antibodies have been found 

in up to 25% of adults tested. This suggests that up to 1 in 4 adults have been infected at some time in their life but 

have not necessarily developed any symptoms. 
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CODE OF PRACTICE LEGIONNAIRES DISEASE 

1.2 HOW IS IT TRANSMITTED? 

S 

ince Legionella bacteria may be found in many natural water sources, as well as in the circulating water of cooling 

towers, contact between humans and the bacteria seems to be almost inevitable. Under favourable conditions, very 

high concentrations of the bacteria can be present in the water of cooling towers. 

Legionnaires’ Disease is usually transmitted via inhalation of aerosol mists which allows the bacteria to be 

transported into the lungs. 

Drinking water and washing in water containing low numbers of Legionella bacteria is not known to result in 

infection. Person-to-person transmission is also not known to occur. There has been evidence of transmission from 

ingesting the bacteria, however, this is rare. 

1.3 SOURCES OF INFECTION 

L 

egionella bacteria are widely distributed natural inhabitants of ponds, streams, lakes, rivers, soil, mud and 

underground water. The bacteria thrive in warm moist conditions. Although it has been found in waters with 

temperature ranging up to 60oC, significant multiplication of the bacteria is generally restricted to temperatures of 

20oC to 45oC and particularly to the range of 35oC to 43oC. Long exposure at 50oC or shorter exposure at higher 

temperatures is sufficient to kill the bacteria. 

Legionella bacteria may accumulate in cooling towers, evaporative condensers, hot water systems, spas, humidifiers, 

and nebulisers. 

Outbreaks of Legionnaires’ Disease have been associated predominantly with inhalation of contaminated aerosols 

from cooling towers and hot water systems including showers and whirlpool spas. People can be exposed to these 

aerosols in homes, workplaces, hospitals, public places and buildings. 

Infection with Legionella longbeachae may occur from inhalation of airborne particles from potting mix. 

The growth of L. pneumophila is promoted by the presence of other micro organisms. Certain single-cell organisms 

are able to amplify these bacteria in cooling towers as well as to protect them from adverse conditions, including the 

biocidal action of water treatment chemicals. Other bacteria and algae can provide nutrients for L. pneumophila. 

Sediments can stimulate the growth of the environmental micro flora which, in turn, stimulate the growth of L. 

pneumophila. 

Investigations of the relationship between the chemical environment in plumbing systems and growth of L. 

pneumophila has shown that low concentrations of certain metals such as iron, zinc and potassium enhance 

proliferation of the species. Hence, the metal components and corrosion products of plumbing systems (eg. 

galvanised iron) may play a role in promoting growth of these bacteria. 
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The constituents of certain types of rubbers used in rubber fittings in the system can also support the multiplication 

of L. pneumophila. 

The proliferation of L. pneumophila occurs mainly in water systems as a result of the inter- relationships between 

temperature, environmental micro flora and sediments and the chemical composition of waters in man-made 

systems. 

In general, the sources of Legionella bacteria implicated in overseas outbreaks of Legionnaires’ Disease have been 

traced to large air conditioning plants or to hot water distribution systems which have been incorrectly 

commissioned or have been poorly maintained. The release of aerosols from water distribution systems may occur 

from shower heads or from water splashing in hand basins or baths. Standby installations would also be sources of 

infection if they are used infrequently and not included in the general maintenance routine. 

Potential sources of infection could include evaporative air conditioners, artesian bores, decorative fountains, fixed 

garden sprinklers, car washes, and above ground storage tanks which feed aerosol generating equipment, although 

no known documented cases have been recorded to date. 

Many cases of Legionnaires’ Disease are sporadic and the source of the organisms is very difficult to determine. In 

Australia major outbreaks have been traced to cooling towers and to evaporative condensers associated with 

refrigeration systems. Small numbers of cases have been associated with hot and cold water services, spa pools, the 

coolant in industrial milling machines, high pressure cooling and cleansing processes, humidification devices and 

with potable water aerosols from shower heads and other devices. 

Window or wall unit refrigerated air conditioners have not been associated with Legionnaires’ Disease because they 

use refrigerated air instead of evaporated water. 

1.4 DEGREE OF RISK 

I 

nfection may occur, particularly in susceptible people, from exposure to aerosols containing large concentrations of 

pathogenic bacteria. The mere presence of Legionella bacteria in water is not necessarily a cause for concern. 

Proliferation of L. pneumophila is promoted by: 

• a wet warm environment (range 25-42oC); 

• optimum temperature (35-37oC); 

• stagnation or low water turnover; 

• high microbial concentration including algae, amoebae, slime and other bacteria; 

• presence of biofilm, scale, sediment, sludge, corrosion products or organic matter; and 

• presence of certain materials such as natural rubber fittings which may be a nutrient source. 
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Factors increasing the likelihood of illness from Legionella infection: 

• concentration of Legionella: sufficient bacteria must be present in an aerosol to cause an infection; 

• aerosol particles (< 10 microns1) small enough to be inhaled into the lung; 

• susceptibility of the individual such as the middle-aged and elderly, smokers, those with chronic illnesses such as 

diabetes, chronic lung, heart or kidney disease, cancer, immunosuppression and excessive alcohol intake; and 

• cleaning cooling towers, spas or handling potting mix or soils. 

The risk of contracting Legionnaires’ Disease can be reduced to a very low level by careful design, construction and 

good maintenance of cooling towers, air-handling systems, hot water services and other potential sources of aerosol. 

1.5 REDUCING THE RISK 

1.5.1 Procedure for dealing with potential infection 

The following flow chart provides an example of a procedure which employers, in consultation with employees, can 

adopt to address the issue of potential infection in the workplace. 

Step 1: Identify potential sources of infection u 

Do you have air cooling towers, humidifiers, water services, etc? 

Are employees located near spray formations? 

Step 2: Assess the risk of infection u 

Is the equipment manufactured to Australian Standards? 

Is the system regularly maintained and cleaned? 

Step 3: Control the risk u 

Appropriate maintenance and cleaning program in place. 

If necessary, water testing and treatment. 

It is important that the steps implemented are regularly reviewed to ensure the controls in place are adequate. 

1 There are 1000 microns in one millimetre. 

t 
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1.5.2 Consultation and cooperation 

The Occupational Safety and Health Act requires employers to consult with safety and health representatives, if any, 

and provide information to employees. Employers should follow a consultation procedure that has been agreed upon 

by all parties in the management and reduction of risk arising from hazards, such as biological contaminants, that 

may cause Legionnaires’ Disease. 

For employers, the relevant sections of the Occupational Safety and Health Act are Section 19 for the general duty 

to consult and cooperate with safety and health representatives (if any) and other employees at the workplace, and 

Section 35 for specific duties that the employer has in relation to safety and health representatives. 

For employees, Section 20 requires them to comply with instructions given by the employer to ensure the 

employees’ safety and health and to cooperate with the employer in the carrying out of any obligations required 

under the Act, including the functions of a safety and health representative. 

2. GENERAL PRINCIPLES OF DESIGN, INSTALLATION, 

OPERATION AND MAINTENANCE 

T 

o reduce contamination of cooling towers, air-handling systems and hot, warm and cold water services, attention 

must be paid to their design, installation, operation and maintenance procedures. The aim is to minimise micro-

organism growth in artificial environments and, if possible, to reduce the likelihood of inhaling any potentially 

contaminated aerosols. 

• Siting of systems. Attention should be given to: 

- design of enclosures; - location of building air inlets, including windows which open; - direction of prevailing 

winds and any localised wind patterns; - height and design of adjacent structures; - proximity of other discharges 

such as kitchen exhausts; and - future planned developments. 

• Design features should facilitate cleaning, control bacterial growth and minimise drift carryover. Attention should 

be paid to: 

- provision for shutdown for maintenance; - convenient and safe accessible openings for maintenance; 
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- components which minimise corrosion and can be easily removed; - minimal internal components such as 

structural brackets which can collect sediment; - materials compatible with the use of disinfectant and hosing with 

water jets; - sumps that can be readily drained; - efficient drift eliminators; - surfaces which can be readily cleaned; - 

protection of wetted surfaces from direct sunlight; and - adequate standby facilities where continuous operation is 

necessary. 

Commissioning, operating, maintaining, cleaning, decontamination and other procedures should be designed to 

minimise the risk to personnel working on or in the vicinity of cooling towers and other potential sources of 

Legionella bacteria. The installations should be examined under normal working conditions for signs of microbial 

growth, algae, water leaks, splashing and blockages or restrictions at air inlets. 

If aerosol sprays are created, then the installation should be switched off when inspecting or carrying out 

maintenance. If this is not practicable, then particulate filters, or equivalent respiratory protection should be worn to 

minimise the risk of inhaling water droplets contaminated by Legionella bacteria. 

The following information sets out the minimum requirements for the correct operation and regular routine 

maintenance of cooling towers, air-handling systems and hot, warm and cold water systems. 

Water systems should be disinfected, drained, cleaned and then disinfected again when the installation: 

• is being started up for the first time; 

• has been out of use and has not been dry; or 

• has been extensively modified or disturbed. 

Cleaning may also be necessary at regular intervals if the system, the premises or the results of monitoring indicate 

it is necessary to do so. In such cases, it is important to ensure that all parts of the system are disinfected, not just 

those which are readily accessible. 

Some cleaning methods may create large amounts of spray (ie. high pressure water jetting). If this cannot be 

avoided, and particularly if cleaning is done in confined spaces, then personnel should wear air line or self-contained 

breathing apparatus (SCBA) unless it is not safe or practicable to do so. This is recommended as filter respiratory 

protective equipment has not been specifically tested for use against aerosols containing Legionella bacteria. Other 

ways to reduce the risk to maintenance personnel include decontamination and routine cleaning of cooling towers by 

chlorination of the tower water prior to any physical cleaning being undertaken. 

Systems are necessary which minimise the risk of scalding and reduce the Legionella risk associated with the 

storage of warm water. These may include heat exchange systems, ultraviolet light systems, anti-scald safety valves 

and self-draining valves. 
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Cooling water systems should be provided with automatically regulated water treatment systems for effective 

management of corrosion, scaling, fouling and microbial growth. 

The effectiveness of the water management system (including water treatment) should be assessed at least monthly. 

The employer’s responsibilities are not absolved by contracting out the maintenance, cleaning and testing. 

Employers should monitor the contractor’s performance. 

2.1 MANUALS AND RECORDS 

O 

perating and maintenance manuals and maintenance records should be available for all workplace equipment and 

systems which are the subject of this code of practice. The operating and maintenance specifications and manuals 

should be provided by the manufacturer, designer, supplier or importer. It is recommended maintenance records are 

also kept by householders for their domestic air conditioners, water systems and spas. 

Operating and maintenance manuals and records should at least include the following: 

• physical details, including drawings, of the equipment and systems; 

• manufacturers’ recommendations on maintenance, including water treatment maintenance and management; 

• recommended cleaning methods and dismantling instructions; 

• operating and shut-down procedures; 

• date, item of equipment or system and nature of service performed; and 

• the name of the person or company performing the service. 

In workplaces, these manuals and records should be readily available for inspection. 

More Information 

Further information on the design, installation and commissioning of air-handling and water systems of buildings 

may be obtained from AS/NZS 3666, Air-handling and water systems of buildings – Microbial control, Part 1: 

Design, installation and commissioning. 

SAA/SNZ HB32, Control of microbial growth in air-handling and water systems of buildings, is a handbook which 

provides users with additional information to support the specific requirements of AS/NZS 3666, Parts 1 and 2. 

Further information on the requirements for installation of water heaters and hot water reticulation can be found in 

AS 3500, National Plumbing and Drainage Code, Part 4, Hot water supply systems. 
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3. COOLING TOWERS 

C 

ooling towers and associated equipment encompasses devices used for lowering the temperature of water by 

evaporative cooling where the atmospheric air passes through spray water resulting in an exchange of heat. This 

includes a device incorporating a refrigerant or water heat exchanger. 

3.1 DESIGN AND INSTALLATION 

• Cooling towers should be designed and installed with the following general features: 

- located so that exhaust is discharged away from occupied areas, pedestrian thoroughfares, 

air intakes (including lift vents), building openings and areas of traffic movement; - located so as to avoid 

contamination by the exhaust discharges from other air-handling 

systems, such as kitchen exhaust or other cooling towers; - cooling tower enclosures must not interfere with the 

required airflow through the tower 

nor result in the recirculation of discharge air; - located and oriented so that direct sunlight is excluded from the 

wetted areas of the 

cooling tower; - easy and safe access for maintenance, particularly for cleaning purposes; - provisions for 

shutdown to facilitate maintenance; - accessible water treatment units, where installed; - constructed of corrosion-

resistant material; - drift eliminators to facilitate ease of inspection, cleaning and maintenance. Drift 

eliminators should be designed for in situ cleaning or capable of being withdrawn, without damage, for cleaning and 

should extend across the air stream. Air bypass and splash out from the cooling tower should also be prevented; - 

rapid draining facilities; - automatic or permanent bleeds to waste, to limit the build-up of dissolved salts in the 

water; and - a maximum of 0.02% to be lost from the water circulation rate as drift. 

• Cooling towers and associated equipment should be chemically cleaned and thoroughly flushed before being 

brought into service. 

3.2 OPERATION AND MAINTENANCE 

• Cooling towers should be operated and maintained using the following procedures: 

- inspected at least monthly as part of the regular maintenance routine; - cleaned regularly as necessary but at 

intervals not exceeding six months. Cleaning should include the physical cleaning of the cooling tower and 

disinfection and draining of the entire water cooling system; 
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- flushed and cleaned before start-up if only used seasonally; - all internal wetted surfaces, particularly their sumps 

and fill, cleaned by high pressure 

water, steam or other effective methods; and - the operating conditions for the system operating pumps and the 

cooling tower fans 

should be reviewed. Reducing the system operating water temperatures to the lowest practicable value improves 

control of micro-organisms, including Legionella spp., and usually improves operating efficiency. 

• If the system is contaminated: - treated with biocides before draining and cleaning; and - decontamination shall be 

carried out when directed by the regulatory authority. 

4. AIR-HANDLING SYSTEMS 

A 

n air handling system refers to a system designed for directing air in a positive and controlled manner through 

specific enclosures by means of air-handling plant, ducts, plenums, air distributing devices and automatic controls. 

4.1 DESIGN AND INSTALLATION 

• Air-handling systems should be designed and installed with the following general features: - built from plans 

submitted for approval to building authorities, including a site survey 

which shows details of the new installations, the adjacent buildings and prevailing wind conditions. The site survey 

information should show details of existing cooling towers, air intakes and natural ventilation openings of buildings 

adjacent to or facing the proposed new installation; - exhaust discharges which minimise cross-contamination with 

air intakes in the same 

building or adjacent buildings. Exhaust discharges from air-handling systems should be located to avoid cross-

contamination with air intakes of cooling towers or any windows or doors which may be opened in the same 

building or a nearby building. Prevailing wind directions and wind effects should be taken into account in locating 

exhaust outlets; - air intakes which are designed to eliminate the collection of airborne pollution or dust; - no 

external lights near air intakes since these lights attract insects which could be drawn 

into the system; - provision for shutdown to facilitate maintenance; - easy and safe access for maintenance, 

particularly including the air filter, where present. 

Where installed, air filters should be selected and located so that access is available for maintenance and the 

accumulation of moisture does not occur. Filter bypass should be avoided; 
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- corrosion-resistant air intakes and exhaust air outlets designed to minimise the entry of 

rainwater and prevent the entry of birds, rodents and windblown material such as leaves and paper; - use of trays, 

sumps, condensate and equipment drainage fan assemblies and duct work, as required, to drain effectively any 

accumulating moisture in any air-handling systems; - the collection and discharge of moisture from sprays, 

atomisers or sponge pipes by 

grading to an outlet to prevent pondage; - humidifiers located so as to prevent the accumulation of airborne 

debris and to optimise 

the mixing of water vapour with air being humidified; - a control system so that the humidifier cannot be 

operated when the air-handling system is 

switched off; and - use of a steam spray and avoidance of over-humidification or water stagnation in 

humidifiers. 

These air-handling installations (below) should be designed and installed with the following features: 

• Evaporative coolers: 

- fabricated with access for maintenance and for ease of cleaning; - air intakes located away from exhaust outlets and 

designed to eliminate the collection of 

airborne pollution, dust or organic matter; and - kept dry when not in use. 

• Heat exchange coils: 

- constructed of corrosion-resistant materials and installed in such a way that they can be 

easily cleaned; and - designed to effectively remove airborne condensate by grading to outlets to prevent 

pondage. 

• Terminal units: 

- have a condensate tray and adequate drainage, so moisture is not re-evaporated by the 

airflow through the system; and - accessible for maintenance. 

4.2 OPERATION AND MAINTENANCE 

• Air-handling systems should be operated and maintained using the following procedures: 

- air intakes and exhaust outlets inspected at least monthly and cleaned when necessary; and - supply air filter media 

inspected and cleaned or replaced in accordance with the 

manufacturer’s specifications. Where installed, air filters should be inspected monthly and cleaned or replaced 

where necessary in accordance with the suppliers’ requirements. 

The air-handling installations and components below should be operated and maintained using the following 

procedures: 
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Section I: What is Legionnaires' disease? 

Legionnaires' disease is a common name for one of the several illnesses caused by Legionnaires' 

disease bacteria (LDB). Legionnaires' disease is an infection of the lungs and is a form of pneumonia. 

More than 43 species of Legionella have been identified and more than 20 linked with human diseases. 

Legionellosis is the term for the diseases produced by LDB. In addition to Legionnaires' disease, the 

same bacteria also cause a flu-like disease called Pontiac fever. 

● 

Legionnaires' disease bacteria (LDB) 

∎ 

What are LDB? 

∎ 

What are the sources of exposure and transmission? 

● 

Legionnaires' disease/Pontiac fever 

∎ 

What are the symptoms? 

∎ 

What are the incidence rates and risk factors? 

∎ 

How is Legionnaires' disease diagnosed and treated? 
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The Centers of Disease Control and Prevention (CDC) first identified Legionella pneumophila in 1977 

as the cause of an outbreak of pneumonia that caused 34 deaths at a 1976 American Legion 

Convention in Philadelphia. L. pneumophila had undoubtedly caused previous pneumonia outbreaks, 

but the organism's slow growth and special growth requirements prevented earlier discovery. The 

species of Legionella that have been associated with cases of Legionnaires' disease are called 

Legionnaires' disease bacteria (LDB). 

● 

L. pneumophila is a gram-negative rod that exists in a number of distinguishable serogroups. 

● 

Other species of Legionella cause legionellosis but L. pneumophila causes the majority of cases. 

● 

L. pneumophila is also implicated in wound infections, pericarditis, and endocarditis without the 

presence of pneumonia. 

Additional information (App I:A) on serogroups and subtypes is also available. 

Legionnaires' disease sources may include almost any warm water system or device including man-

made or natural, that disseminates water, particularly as 
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aerosols, sprays or mists and provides favorable conditions for LDB growth and amplification. 



● 

LDB are widely present at low levels in lakes, streams, rivers, freshwater ponds, and mud. However, 

the levels of LDB that are found in the natural environment are so low that it is unlikely that an 

individual will contract the disease from these sources. 

● 

The risk of exposure increases when high concentrations of the organism grow in water systems. 

∎ 

Legionnaires' disease only occurs in the presence of a contaminated water source. 

∎ 

Domestic (potable water) plumbing systems, cooling towers, and warm, stagnant water can provide 

ideal conditions for the growth of the organism. 

Disease transmission is most likely to occur via: 

● 

Inhalation: of aerosols, fine sprays, mists or other microscopic droplets of water contaminated with 

LDB, providing direct access into the lungs. 

● 

Aspiration: such as may occur when choking or spontaneously during the drinking, ingesting, 

swallowing process. This allows oral fluids and particles to by-pass natural gag reflexes and enter into 

the respiratory tract and lungs instead of the esophagus and stomach. 

● 

There is no evidence that the diseases are transmitted from one person to another. 

Legionellosis is associated with two distinct illnesses: Legionnaires' disease, which is characterized by 

fever, myalgia, cough, pneumonia, and Pontiac fever, a milder illness without pneumonia. 

Legionnaires' disease has an incubation period (the time from exposure to the onset of symptoms) of 

2 to 10 days. Severity ranges from a mild cough and low fever to rapidly progressive pneumonia, 

coma, and death. Not all individuals with Legionnaires' disease experience the same symptoms. 

● 

Early symptoms include slight fever, headache, aching joints and muscles, lack of energy or tiredness, 

and loss of appetite. 

● 

Later symptoms include: 

∎ 

High fever (102° to 105° F, or 39° to 41° C) 

∎ 

Cough (dry at first, later producing phlegm) 

∎ 

Difficulty in breathing or shortness of breath 

∎ 



Chills 

∎ 

Chest pain 

∎ 

Common gastrointestinal symptoms include vomiting, diarrhea, nausea, and abdominal pain. 

Pontiac fever is a non-pneumonia disease with a short incubation period of one to three days. Full 

recovery usually occurs in two to five days without medical intervention and no deaths have been 

reported. 

● 

Pontiac fever produces flu-like symptoms that may include fever, headache, tiredness, loss of 

appetite, muscle and joint pain, chills, nausea, and a dry cough. 

● 

Pontiac fever has been associated with exposure to non-viable LDB and may be a hypersensitivity 

response to bacterial or other antigens rather than an infection. 

Fig. 3: Transmission may occur via inhalation or aspiration. 

What are the symptoms? 

Fig. 2: Levels of LDB are low in natural environments. 

Fig. 4: Early symptoms may include fever, headache, and tiredness. 

  



 
 

The likelihood of contracting Legionnaires' disease depends on the level of contamination in the water 

source, the susceptibility of the person exposed, and the intensity of exposure. Unlike Legionnaires' 



disease, which occurs in approximately 5 percent or less of people who are exposed, Pontiac fever will 

occur in approximately 90 percent of those exposed. The factors that cause the same organism to 

produce two illnesses with major differences in "attack rate" (the fraction of exposed persons who 

become infected) and severity are not known. 

● 

In the United States, Legionnaires' disease is fairly common and serious. LDB are one of the top three 

causes of non-epidemic, community-acquired pneumonia. 

● 

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

deaths. 

● 

The fatality rate is similar to that of other forms of pneumonia, approximately 15 percent. 

● 

It is difficult to distinguish this disease from other forms of pneumonia; so many cases go unreported. 

Legionnaires' disease is characterized as an "opportunistic" disease that attacks individuals who have 

an underlying illness or weakened immune system. The most susceptible people include: 

● 

The elderly, smokers, and those on immunosuppressive therapy. 

● 

Individuals with chronic obstructive pulmonary disease (COPD), organ transplant patients, and people 

taking corticosteroid therapy. 

● 

It is important to emphasize that relatively healthy individuals can be at risk of contracting disease. 

For additional information and current statistics, see CDC Disease Information on Legionellosis: 

Legionnaires' disease and Pontiac fever. 

Legionnaires' disease is difficult to diagnose because the pneumonia caused by LDB is not easily 

distinguished from other forms of pneumonia. 

● 

The Centers for Disease Control and Prevention (CDC) defines a confirmed case of Legionnaires' 

disease as a clinically compatible case that is confirmed by a laboratory. A confirmed case requires a 

physician's diagnosis of pneumonia based on a chest x-ray and positive laboratory test results. A 

laboratory test is necessary for confirmation because the symptoms and x-ray evidence of 

Legionnaires' disease resemble those of other types of pneumonia. 

● 

The CDC laboratory criteria for diagnosis are: 

∎ 

Isolation of LDB from respiratory secretions, lung tissue, pleural fluid, or other normally sterile fluids, 

∎ 

Demonstration of a fourfold or greater rise in the reciprocal immunofluorescence antibody (IFA) titer 

to greater than or equal to 128 against Legionella pneumophila serogroup 1 between paired acute- 

and convalescent-phaseserum specimens, 



∎ 

Detection of L. pneumophila serogroup 1 in respiratory secretions, lung tissue, or pleural fluid 

Fig. 5: People with an underlying illness or weakened immune system are most at risk. 

How is Legionnaires' disease diagnosed and treated? 

What are the incidence rates and risk factors? 

Fig. 6: Macrolides are the current drug of choice. 
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by direct fluorescent antibody testing, 

∎ 

Demonstration of L. pneumophila serogroup 1 antigens in urine by radioimmunoassay or enzyme-

linked immunosorbent assay, and 

∎ 

For current information on laboratory criteria for diagnosis, see CDC: Legionellosis (Legionella 

pneumophila). 

Legionnaires' disease treatment requires the use of antibiotics. Early treatment reduces the severity of 

symptoms and improves chances of recovery. 

● 

The drugs of choice belong to a class of antibiotics called macrolides. They include azithromycin, 

erythromycin, and clarithromycin. 

Additional information (App I:B) on diagnostic methods, including culture, direct fluorescent antibody 

(DFA) staining, and serology is also available. 

More: OSHA recommends a level one investigation when there is evidence of exposure to LDB. See 

Section III:A. Investigation Protocols: Level One. A single antibody titer of 256 or higher indicates that 

a person previously was exposed to Legionella. Such individuals may have had an illness clinically 

compatible with Legionnaires' disease or may have had milder or no symptoms. OSHA recommends a 

level two investigation when more than one confirmed or possible case of Legionnaires' disease has 

been reported at a facility. See Section III:B. Investigation Protocols: Level Two. 

Additional Information: 

● 

CDC Disease Information 

● 

Legionella 2003: An Update and Statement by the Association of Water Technologies (AWT). This 

document includes collective information and data available from numerous research, investigative, 

and authoritative sources on Legionella and legionellosis. 
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Section II: What water systems in workplaces are potential sources of Legionnaires' 

disease bacteria (LDB)? 

The primary sources of exposure to contaminated water in commercial and industrial facilities are 

water-cooled, heat transfer systems such as cooling towers or fluid coolers, and warm water sources 

such as domestic hot-water systems. 

Operating Systems: Use the following modules to review maintenance, sampling protocol, treatment, 

and design considerations of each operating system. 

● 

Section II:A. Cooling Towers, Evaporative Condensers, and Fluid Coolers 

● 

Section II:B. Humidifiers and Misters 

● 

Section II:C. Domestic Water Systems 

● 

Section II:D. HVAC Systems 

● 

Section II:E. Water Sampling Guidelines: This module provides sampling guidelines, sampling 

protocols, sample transportation, and monitoring and analysis procedures that apply to all operating 

systems. 

Health Care Facilities and LDB: 

● 

The Joint Commission for the Accreditation of Healthcare Organizations (JCAHO) issued a new 

standard that became effective January 1, 2001. This standard, numbered EC 1.7, requires all JCAHO 

accredited facilities to have a management program to "reduce the potential for organizational-

acquired illness." It holds the health care facility responsible for "managing pathogenic biological 

agents in cooling towers, domestic hot water, and other aerosolizing water systems." 

● 

The American Society for Healthcare Engineering (ASHE) recommends that health care facilities 

conduct a risk assessment of potential sources of LDB and develop a management plan for 

maintenance and operation of water systems. 
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Legionnaires' disease Bacteria LDB) Colonization Frequencies: 

In studies conducted by Hodgson and Casey in 1998, several thousand samples collected from a 

variety of sources showed: 



Cooling Towers 6.3% 

Potable Systems 

Water Distribution 

12.0% 

Hot Water Heaters 7.0% 
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Section II:A. Cooling Towers, Evaporative Condensers, and Fluid Coolers 

Cooling towers, evaporative condensers, and fluid coolers use a fan to move air through a recirculated 

water system. This allows a considerable amount of water vapor and sometimes droplets to be 

introduced into the surroundings, despite the presence of drift eliminators designed to limit droplet 

release. This water may be in the ideal temperature range for Legionnaires' disease bacteria (LDB) 

growth, 20°-50°C (68°-122°F). Good maintenance is necessary, both to control LDB growth and for 

effective operation. 

Control Strategy: 

● 

How do these systems operate? 

● 

What to consider in the system design 

● 

How to maintain these systems 

● 

How often to test these systems for LDB following identification of contamination 

● 

How to collect water samples 

● 

How to treat a contaminated water system 
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Cooling towers, evaporative condensers, and fluid coolers reject heat from system fluids through 

evaporation. 

● 

Cooling towers remove heat from condenser water via direct-contact evaporation in a cool air stream. 

This cooled water circulates through the condenser side of a mechanical refrigeration unit to absorb 

heat. 

● 

Evaporative condensers operate similarly to cooling towers, except that the refrigerant condenser coils 

are inside the wet air stream and water passing over the coils directly cools the refrigerant. 

● 

Fluid coolers reject heat from industrial processes, for example, computer-room air conditioners, etc. 

Like evaporative condensers, fluid coolers have heat-exchanger coils directly in the wet air stream. 

Important design features include easy access or easily disassembled components to allow cleaning of 

internal parts including the packing (fill). The following features should be considered in the system 

design: 

U.S. Department of Labor 
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Fig. 1: Condenser water pipes used in a cooling tower for heat reduction 

What to consider in the system design 

How do these systems operate? 
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The system should be properly monitored and maintained according to manufacturers' 

recommendations to prevent buildup of scale, sediment, and bio-fouling. Visual inspection and periodic 



maintenance of the system are the best ways to control growth of LDB and related organisms. 

Measurements of water quality such as total bacterial counts, total dissolved solids, and pH have not 

proven to be good indicators of LDB levels in cooling towers. 

Biocides: 

● 

Add chemical biocides to control LDB growth. Obtain information on appropriate biocide selection and 

use from equipment manufacturers or from companies experienced with the particular system used. 

● 

High concentrations of organic matter and dissolved solids in the water will reduce the effectiveness of 

any biocidal agent. 

● 

Additional information (App II:A-1) on biocides is also available. 

Temperature: 

● 

Maintain sump water at a low temperature (20°C, 68°F) to control LDB growth. 

● 

Sump-water temperatures depend on tower design, heat load, flow rate, and ambient dry-bulb and 

wet-bulb temperatures. 

● 

Under ideal conditions, sump-water temperatures in evaporative devices approach the ambient wet-

bulb temperature, and may be low enough to limit LDB amplification. 

Frequency of cleaning: 

● 

Clean and disinfect cooling towers quarterly or at least twice a year if the unit is not used year round. 

Do this before initial start-up at the beginning of the cooling season and after shut-down in the fall. 

● 

Systems with heavy bio-fouling or high levels (>100 colony forming units per milliliter, CFU/mL) of 

LDB may require additional cleaning. Also see Section II:E. Water Sampling Guidelines. 

● 

Any system that has been out of service for an extended period should be cleaned and disinfected. 

● 

New systems require cleaning and disinfecting because construction material residue can contribute to 

LDB growth. 

Enclosure ● 

of the system will prevent drift of water vapor. 

● 

Design features that minimize the spray generated by these systems are desirable. 

● 

System design should recognize the value of operating with low sump-water temperatures. 

● 



Each sump should be equipped with a "bleed," and make-up water should be supplied to reduce the 

concentration of dissolved solids. 

● 

High-efficiency drift eliminators are essential for all cooling towers 

∎ 

Older systems can usually be retrofitted with high-efficiency models. 

∎ 

A well-designed and well-fitted drift eliminator can greatly reduce water loss and potential for 

exposure. 

How to maintain these systems 

fig. 2: Remote cooling tower sump 

  



 
 
Acceptable cleaning procedures are outlined as follows: 



● 

Inspect equipment monthly. 

● 

Drain and clean quarterly or at least twice a year if the unit is not used year round. 

● 

Treat circulating water for control of microorganisms, scale, and corrosion. This should include 

systematic use of biocides and rust inhibitors, preferably supplied by continuous feed. 

● 

Monthly microbiologic analysis is needed to ensure control of biological contamination. 

Recordkeeping: 

● 

Document operations and maintenance in a log book. Log books should list dates of inspections and 

cleanings, water-quality test results, LDB outbreak investigations, and maintenance. 

● 

Maintain an up-to-date description of the operating system (which includes all components cooled by 

the system) and details of the make-up water to the system. 

● 

Written procedures for proper operation and maintenance of the system should indicate the use of 

scale and corrosion inhibitors and antifoaming agents. Written records of biocide or chlorine use 

should be readily available. 

Outbreak Protocol: 

After a contaminated system has been treated, sampling can be used to verify the effectiveness of the 

treatment. Subsequent testing of cooling-system water at the following intervals can verify that there 

is no significant re-growth of LDB: 

1. Test weekly for the first month after return to operation. 

2. Test every two weeks for the next two months. 

3. Test monthly for the next three months. 

How to collect water samples 

Water Sampling Protocol: Sampling information specific to cooling towers, evaporative condensers, 

and fluid coolers is provided below. For more information about water sampling, please refer to 

Section II:E. Water Sampling Guidelines 

. 

● 

Collect water samples before starting decontamination and at other times identified above. 

● 

Sample the incoming (make-up) water supply to the cooling tower, evaporative condenser, or fluid 

cooler. 

● 

Sample any storage tanks or reservoirs in the system such as chilled-water return tanks or header 

tanks. 



Fig. 3: Clean and disinfect per system schedule 

How often to test these systems for LDB following identification of contamination 

Fig. 4: Taking a water sample from a storage tank 

  



 
 
Please note: Collect water samples before starting decontamination and after completion. 



1. Clean and disinfect the entire cooling system, including attached chillers and/or storage tanks 

(sumps) as follows: 

● 

Shut off the cooling tower fans. 

● 

Keep makeup water valves open and the circulation pumps operating. 

● 

Close outdoor air intake vents located within 30 meters of the cooling tower. 

● 

"Shock" treat cooling tower water at 50 mg/L free residual chlorine. 

● 

Add dispersant. 

● 

Maintain 10 mg/L chlorine for 24 hours. 

● 

Drain system. 

● 

Refill and repeat the previous four steps once. 

● 

Inspect system for visual evidence of bio-film. If found, repeat the first four steps again. 

● 

Perform mechanical cleaning (cooling tower design may require modified procedures). 

● 

Refill system, bring chlorine to 10 mg/L, and circulate for one hour. 

● 

Flush system. 

● 

Refill with clean water in accordance with an effective water treatment program; the unit is now ready 

to be returned to service. 

2. Identify and eliminate all water leaks into the cooling water system 

3. Sample the cooling water for analysis of CFU of L. pneumophila 

● 

The unit may be put into service provided the medical monitoring program has been implemented. 

● 

If sample culture results indicate detectable levels of L. pneumophila, repeat chlorination and 

resample the water. 

Addition information: 

Sample ● 



the basin or sump of the cooling tower at a location distant from the incoming make-up 

water. 

● 

Sample the water returning from the circulation system at the point of entry to the tower. 

● 

If a biocide is used, follow the manufacturer's instructions for proper neutralization. 

Interpretations Guidelines: 

● 

The OSHA suggested guideline for LDB concentration in cooling towers, evaporative condensers, and 

fluid coolers is less than 10 CFU per milliliter. 

∎ 

If LDB concentrations are below 10 CFU per milliliter and no LDB were detected in swab or other 

samples, no further monitoring for LDB is necessary. Continue the maintenance program as long as 

the system is in use. 

∎ 

If water concentrations exceed 10 CFU per milliliter or LDB were detected in other samples, take steps 

to identify the source of contamination or amplification and treat the system. See How to treat a 

contaminated water system. 

○ 

Sample the water system monthly until the source of contamination is identified and adequately 

treated. Once LDB concentrations remain below 10 CFU for a three-month period, sampling may be 

stopped. 

How to treat a contaminated water system 
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Section II:B. Humidifiers and Misters 

Many HVAC systems supply humidified air to building occupants to maintain comfort. Improperly 

maintained humidifiers can be both amplifiers and disseminators of a variety of bioaerosols. However, 

the cool temperatures in HVAC systems generally are not conducive to growth of Legionnaires' disease 

bacteria (LDB). 

Control Strategy: 

● 

How do these systems operate? 

● 

How to maintain humidifiers and misters 

● 

How to test humidifiers and misters for LDB following identification of contamination 

● 

How to collect water samples 

● 

How to treat a contaminated water system 
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Atomizing ● 

humidifiers use mechanical devices or pneumatic air to create a water mist that 

evaporates into the air stream. A contaminate-free water source is essential. 

● 

Heated pan humidifiers use a heat source to evaporate water from a pan open to the air stream but 

do not create water mists. Intermittent use of the device coupled with a warm pan of water may 

support microbial growth. Contaminate-free water is essential. 

● 

Direct steam-type humidifiers inject boiler-generated steam directly into the air stream. These 

systems do not create water mists and normally operate above 70°C (158°F), that is a temperature at 

which LDB cannot survive. 

How do I maintain humidifiers and misters? 

Cold-water humidifiers require rigorous maintenance to ensure that the water source does not contribute to 

potential problems. 

● 

Because humidifiers discharge water vapor or droplets into HVAC air distribution systems, inspect 

them for standing water and treat according to the HVAC Air Distribution System protocol as follows: 

∎ 

Inspect the entire air distribution system (including return and exhaust systems) for visual evidence of 

water accumulation. 

U.S. Department of Labor 
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How do these systems operate? 
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Eliminate all water leaks and remove any standing water found in the system. Replace or eliminate 

any water-damaged insulation in the system. 



∎ 

After cleaning or disinfecting humidifiers and misters, operate the HVAC system using 100 percent 

outside air for eight hours before returning the building to normal operation. 

● 

An adequate maintenance program should be in effect to reduce the growth of LDB. 

● 

Water storage temperatures should be above or below the 20° - 50°C (68° - 122°F) range, and the 

system must be kept clean. 

● 

Cold-water humidifiers in HVAC systems must be connected to a potable domestic water source and 

provided with a drain line to remove excess water. 

Note: Stand-alone, console-type humidifiers that recirculate water for humidification should not be 

used because the water in these systems becomes contaminated with micro-organisms rapidly. These 

stand-alone units have been linked to an outbreak of Legionnaires' disease in a hospital. Ideally, HVAC 

humidifiers should use steam injection systems that reduce potential microbial contamination. 

How to test humidifiers and misters for LDB following identification of contamination 

Outbreak Protocol: 

When water sampling has identified LDB contamination and the treatment protocol has been 

successfully completed, return the humidifier to operation and test the unit's water system to detect 

recontamination according to the schedule below: 

1. Weekly for the first month. 

2. Every two weeks for the next two months. 

3. Monthly for the next three months. If no contamination is detected after three months, end the 

monitoring program but continue the maintenance procedures as long as the humidifier is in use. 

How do I collect water samples? 

Water Sampling Protocol: Sampling information specific to humidifiers and misters is provided below. 

For more information about water sampling, please refer to Section II:E. Water Sampling Guidelines. 

● 

Collect water samples before starting decontamination and at other times identified above. 

● 

Sample the incoming water supply if the plumbing provides access. 

● 

Sample water reservoirs. 

● 

If a biocide is used, follow the manufacturer's instructions for proper neutralization. 

Interpretation Guidelines: 

● 

The suggested OSHA guideline for LDB in humidifier water systems is less than 1 colony forming unit 

per milliliter, CFU/mL. 



∎ 

If LDB concentration are below 1 CFU per milliliter and no LDB were detected in swab or other 

samples, no further monitoring for LDB is necessary. Continue the maintenance program as long as 

the system is in use. 

∎ 

If detectable concentration of culturable LDB are measured in water or other samples, take 

∎ 
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Where water in humidifiers has been sampled and shown to contain measurable LDB or where such water is 

assumed to be contaminated with LDB based on epidemiological evidence, use the following protocol: 

● 

Disinfect water in piping or reservoirs feeding the humidifier with chlorine or other effective biocide. 

● 

Sample the humidifier water to ensure the LDB are eliminated. See Section II:E. Water Sampling 

Guidelines. 

● 

Before using the humidifier, flush the piping or reservoir thoroughly to remove biocides. 

Additional information (App II:A-1) on biocides is also available. 
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| 
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| 

Water Sampling Guidelines 

| 
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steps to identify the source of contamination or amplification and treat the system. See How to treat a 

contaminated water system. 

○ 

Sample the water system monthly until the source of contamination is identified and adequately 

treated. Once LDB levels remain undetectable for a three-month period, sampling may be stopped. 

How to treat a contaminated water system 
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Section II:C. Domestic Water Systems 

Domestic water systems are designed to provide cold or heated water for washing, cleaning, 

consumption, etc. The term "domestic" applies to all non-process water used for lavatories, showers, 

drinking fountains, etc., in commercial, residential, and industrial settings. These systems usually 

include a boiler or heater, a recirculating piping system, and pipes terminating in taps and fixtures. 

Operating temperatures vary depending on system design, energy conservation programs, and 

intended use of the water. 

● 

Section II:C-1. Domestic Hot-Water Systems 

● 

Section II:C-2. Domestic Cold-Water Systems 

● 

Tepid Water Systems 

OSHA Recommends that you identify all parts of domestic water systems that may contribute to the 

amplification of Legionnaires' disease bacteria (LDB): 

● 

Parts Identification 
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Warm or tepid water systems that dilute domestic hot water from a water heater with cold water 

upstream from the outlet are not recommended. 

● 

Warm water left in these lines is at ideal temperatures for growth of LDB. 

● 

Localized mixing at the source to temper very hot water is more acceptable. 

● 

Another alternative is "instantaneous" point-of-delivery heating of water using individual steam 

heating systems at each outlet. 

Parts Identification 

Many variables can contribute to the growth of LDB in domestic water systems. Review the following 

system components to reduce and eliminate LDB amplification: 

● 

Identify all parts of the domestic water systems where water may stagnate such as "dead legs" 

(sections of piping or plumbing that have been altered or capped such that water cannot flow through 

them) or storage tanks that are not frequently used. 

Fig. 1: Backflow preventer 
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Section III: How to determine if a workplace is experiencing an outbreak 

A Legionnaires' outbreak (that is, two or more confirmed cases) is both an occupational and a public-

health concern. The investigation will include local public health departments and possibly the Centers 

for Disease Control and Prevention (CDC). To minimize employee risk and maximize the effectiveness 

of the effort, close coordination among OSHA, other public agencies, and the employer is necessary. It 

is important to remember that Legionnaires' disease in workers may have its origin in the community 

and may not be related to the work environment. 

Investigation Protocols: 

OSHA has developed two investigation protocols available for differing levels of suspected exposure to 

Legionnaires' disease bacteria (LDB). Both investigations follow the same general pattern and include 

a preliminary opening conference and walk-through of the facility to conduct a physical assessment of 

the water systems. A more detailed examination of the systems involves a review of maintenance 

records, assessment of findings, and a closing conference to present control actions based on findings. 

The degree of certainty that the site is the source of illness determines the course of action taken 

during an investigation. 

● 

Conduct a level one investigation when LDB contamination is suspected or no more than one case of 

probable or confirmed Legionnaires' disease is recognized. 

● 

Initiate a level two investigation when more than one probable case of Legionnaires' disease has been 

reported. 

OTM Home | Section III: Chapter 7 Safety and Health Topic Page | Viewing / Printing Instructions | 
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Keep in mind: Individual circumstances may require changes in the investigation. These procedures 

are provided only to assist in the investigation of potential Legionnaires' disease cases. All cases 

require sound professional judgment in deciding the appropriate course of action. 
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Section III:A. Investigation Protocols: Level One 

Conduct a level one investigation when there is a probable basis for suspecting that workplace water 

sources have been contaminated with Legionnaires' disease bacteria (LDB), or when there is 

information that no more than one case of Legionnaires' disease has been reported. 

OSHA personnel are encouraged to inform local health authorities of the investigation. Local health 

authorities may be helpful in the collection and analysis of water samples after the resolution of any 

issues related to sample confidentiality, including medical privilege of information, rights of the 

employer, and authority of local health departments. 

Use the following procedure when Legionnaires' disease may be related to the work environment: 

1. Obtain an overview of all water systems 2. Conduct a walk-through inspection 3. Assess the results 

4. Recommend control actions 

OTM Home | Section III: Chapter 7 Safety and Health Topic Page | Viewing / Printing Instructions | 
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A facilities engineer or experienced member of the building maintenance staff with a working 

knowledge of the system's design and current operation is needed to assist in the walk through 

inspection. An overview of the water systems includes plumbing systems, heating-ventilating-air-

conditioning (HVAC) systems, and other water reservoirs. 

A review of the plumbing system includes: 

● 

Hot and cold domestic water systems 

● 

Water heaters 

● 

Distribution pipes 

● 

Water coolers 

● 

Water treatment equipment 

● 

Connections to process water systems 

● 

Storage tanks 

The HVAC system review includes: 

● 

Cooling towers 

● 

Evaporative condensers 

● 

Fluid coolers 

● 



Humidifiers 

Disease Recognition Potential Disease Sources Investigation Protocol Outbreak Response Facts and FAQs 
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Step 1: Obtain an overview of all water systems 
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Direct and indirect evaporative air-cooling equipment 



● 

Air washers for filtration 

● 

Note the location of the fresh-air intakes of the building's air-handling units relative to water sources 

such as the cooling towers 

Investigate other potential sources of employee exposure including: 

● 

Decorative fountains 

● 

Whirlpools and spas 

● 

Plant misters and grocery produce misters 

● 

Humidifiers 

● 

Water for cooling industrial processes 

● 

Tepid-water 

● 

Eye-washes and safety showers 

Review maintenance records on water systems including water heaters and cooling towers. 

● 

Review records of temperature checks of domestic water supplies, visual and physical inspections of 

cooling towers, and reports of cooling-tower water-quality assessment and chemical treatment. 

Identify the locations where other problems may exist: 

● 

Inspect locations of the system where water is allowed to stagnate such as storage tanks, unused 

plumbing pipe sections ("dead legs"), or infrequently used faucets. 

● 

Check for cross-connections between domestic and process water systems, and note the condition and 

type of back-flow prevention devices in use. 

● 

Investigate recent major maintenance or changes in the system's operation. 

● 

Determine if there were recent or frequent losses of water pressure from the incoming water supply 

due to line breakage or street repairs. The failure of a back-flow prevention device under loss of 

pressure can contaminate the system. 

Step 2: Conduct a walk-through inspection 

Equipment List for walk-through inspections: 



● 

Respirator 

● 

Thermometer for measuring water temperatures 

● 

Flashlight 

● 

Film or video camera to record observations 

General conditions: 

● 

If an operating cooling tower is suspected of being contaminated, turn it off before entering and wear 

appropriate respiratory protection in the form of a half-face respirator equipped with a HEPA or similar 

type of filter capable of effectively collecting one-micrometer particles during the examination of the 

system. For more information on outbreak response, see Section IV: Control Actions. 

∎ 

Record the general condition of the cooling tower. 

● 

Fig. 2: Thermometer on a storage tank 

  



 
 

Determine the presence and condition of drift eliminators, which are designed to limit the vapor 

release from the units, along with the basin temperature of the water in the cooling tower if it is 



currently being operated. 

● 

Record the location of the tower relative to outdoor-air intakes, kitchen exhausts, plant material, or 

other sources of organic material that might contribute to the growth of LDB. 

● 

Note the location and evaluate the condition of the sumps for the cooling towers, evaporative 

condensers, and fluid coolers. These sumps are sometimes located indoors to protect them from 

freezing. 

● 

The lack of a regular maintenance schedule or water-treatment program for a cooling tower or 

evaporative condenser system suggests a potential for LDB contamination. 

Water Temperature: 

● 

Measure and record the temperature of water drawn from each storage-type water heater in the 

facility. This temperature may be significantly below the water heater's gauge temperature because of 

heat stratification. 

● 

Record the maximum temperature of water at faucets connected to each water heater in the system. 

∎ 

Record temperatures at locations near, intermediate, and distant from the heaters. 

∎ 

It may be necessary to run the water for several minutes before it reaches a maximum temperature. 

● 

Examine the water temperature and the potential for stagnation of cold-water storage tanks used for 

reserve capacity or to maintain hydrostatic pressure. 

∎ 

Storage tanks should be protected from temperature extremes and covered to prevent contamination. 

∎ 

Record the temperature of the domestic cold-water lines at various locations throughout the facility. 

∎ 

Note both the initial temperature and the final equilibrium temperature on the cold-water line and 

record the time required to reach equilibrium; this can be an indicator of the amount of stagnation in 

the system. 

Bio-film and Scale Buildup: 

● 

Evaluate cooling towers, evaporative condensers, and fluid coolers for bio-film growth, scale buildup, 

and turbidity. 

● 



Note the presence of rust and scale in the water, which may indicate infrequent use, corrosion, or bio-

film formation. 

Cross Contamination: 

● 

Record the locations of any cross-connections between the cooling tower water system and any 

domestic water system. These may supply a back-up source of cool water to refrigeration condenser 

units or serve to supply auxiliary cooling units. 

Step 3: Assess the results 

Use the walkthrough inspection to determine a course of action. 

● 

Recommend corrective actions if the system is poorly maintained 

∎ 

  



 
 

Water Sampling: For a level one investigation, the absence of proper operating conditions alone is 

sufficient evidence that LDB may be present in the system, that the water system poses an 



unnecessary risk to employees, and that corrective measures are needed. 

● 

The employer may want to obtain samples before beginning these control actions to assess the extent 

of the problem. 

● 

The employer should take necessary control actions even if the results of pre-treatment tests are 

negative. 

∎ 

Water sampling can produce false-negative results, a contaminated portion of the system may have 

been missed, and the absence of LDB organisms at the time of sampling does not ensure that the 

system will remain negative. 

● 

If the employer sampled before undertaking corrective measures, water samples also should be 

collected after the completion of the control actions to determine if the corrective measures were 

successful. 

Control actions may include: 

● 

Disinfection of the domestic water system via heat treatment. 

∎ 

Control actions limited to raising the water heater temperature without evaluating the system for 

points of stagnation, heat loss and gain, cross-contamination, and other factors that contribute to 

growth are generally not sufficient. 

● 

Biocide treatment such as chlorine. 

● 

A process for cleaning heat rejection systems that follows sound practices to minimize potential for 

LDB growth. 

● 

If, after control actions, the LDB levels in a water source exceed the suggested recommendations in 

Section II:E. Water Sampling Guidelines, re-examine the water system to determine if potential 

contamination points within the system were overlooked and reassess control procedures to determine 

if they were performed properly. 

∎ 

Repeat the procedures as needed until contamination levels meet the guidelines. 

Additional actions may include: 

● 

Eliminate dead legs in the plumbing system. 

● 

Insulate plumbing lines and install heat tracing to maintain proper temperatures in the system. 

and operating temperatures for water heaters are below the recommended minimum or cold-water 



systems are above the recommended maximums. 

● 

No further action is necessary if: 

∎ 

Operating temperatures measured at water heaters are 140°F (60°C) or above. 

∎ 

The delivery temperature at distant faucets is 122°F (50°C) or Fig. higher. 

3: Determine a course of action based on investigation findings 

∎ 

Cold-water temperature is below 20°C (68°F). 

Step 4: Recommend control actions 
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rubber gaskets. 

● 

Remove or frequently clean fixtures such as aerators and shower heads. 

Additional information (App II:A-1) on biocides is also available. 
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Section III:B. Investigation Protocols: Level Two 

Initiate a level two investigation when more than one possible cases of Legionnaires' disease has been 

reported at a facility. A level two investigation is similar to a level one investigation with the addition 

of the following procedures. Local Health Authorities, Centers for Disease Control and Prevention 

(CDC) investigators, or OSHA representatives will: 

● 

Inform and educate employees about the disease to minimize employee concerns and aid in early 

recognition of new cases. 

● 

Conduct medical surveillance of all employees currently on sick leave to identify any new cases. 

● 

Assess past sick-leave absences for undetected cases of the disease. 

● 

Collect water samples during the walkthrough inspection. 

Local, state, or federal authorities will take the following steps when more than one probable case of 

Legionnaires' disease has been reported: 

1. Obtain an overview of all water systems (Section II:A. Level One) 2. Conduct a walkthrough 

inspection and collect water samples 3. Initiate an employee awareness program 4. Review worker 

absences to detect other cases 5. Recommend control actions (Section II:A. Level One) 

OTM Home | Section III: Chapter 7 Safety and Health Topic Page | Viewing / Printing Instructions | 

Credits 

Conduct a walk through survey of the facility and collect water samples. 

● 

Estimate the size of the building and the number of water services during an initial walkthrough. 

● 

Prearrange supply and shipping of the required number of sterile sample containers with the 

appropriate laboratory. 

● 

See Section II:E. Water Sampling Guidelines for sampling procedures. 

Disease Recognition Potential Disease Sources Investigation Protocol Outbreak Response Facts and FAQs 

U.S. Department of Labor 

Occupational Safety & Health Administration 

www.osha.gov 

Step 2: Walkthrough inspection with sample collection 

Fig. 1: Collect water samples during the walk through. 

Step 3: Initiate an employee awareness program 
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Case Identification Program: The purpose of this phase of an investigation is to identify cases of 

Legionnaires' disease among the workers. The investigation includes identification of all employees 



who took three or more consecutive days of sick leave from six weeks before the index Legionnaires' 

case was identified to the present. Request that all employees who have been identified as having had 

pneumonia, or potentially having had pneumonia, during this period undergo voluntary medical testing 

to detect evidence of Legionnaires' disease. A physician's diagnosis of pneumonia or pneumonia-like 

symptoms that includes a fever (38°C, 101°F) and cough indicate a need for further evaluation. A 

sample program is described below. 

1. Conduct an Interview: Examine sick leave records to identify all employees who used three or more 

consecutive days of sick leave from six weeks before the earliest known case to the present. 

● 

Interview these employees. If it appears that an employee experienced a pneumonia-like illness, 

complete a health surveillance questionnaire. Appendix III: B-3. Health Surveillance Questionnaire 

● 

Also interview employees who feel that they might have had symptoms of Legionnaires' disease but 

did not use three or more consecutive days of sick leave. 

● 

Administer an epidemiological questionnaire. Appendix III: B-4 Epidemiological Questionnaire 

The purpose of an employee awareness program is to inform the workers of the potential outbreak 

and to educate them about Legionnaires' disease. 

● 

This program is of medical importance to aid in early recognition of the disease. 

● 

It is important to help alleviate employee concerns about the disease. 

● 

It is imperative not to alarm but to educate the workers. 

Fig. 2: Employee Surveys 

● 

It is equally important to stress the importance of the need to know the health status of all employees 

on sick leave. 

● 

This program should supplement the case identification program to discover previously undetected 

cases of the illness at the worksite. 

● 

An employee awareness program includes a sample letter and supplemental information about the 

diseases that the employer can use for informing employees of a potential or actual outbreak. 

∎ 

Appendix III:B-1. Sample Letter From Employer to Employees 

∎ 

Appendix III:B-2. Sample Information to be Obtained by Interview with Employees Calling in on Sick 

Leave 

Implement the following elements of this program immediately upon recognition of more than one 



probable or confirmed case of disease in the workplace. 

● 

An initial employee training session that provides basic information about the disease and actions 

being taken to investigate the problem. 

● 

An ongoing general information service to provide updates and answer questions that may arise 

among employees. 

● 

Medical and psychological counseling services when an outbreak has occurred. 

● 

A medical monitoring program must be instituted to track all workers currently on sick leave. 

Step 4: Review worker absences to detect other cases 

Step 3: Initiate an employee awareness program 

  



 
 

2. Medical Release: Request employees who experienced a pneumonia-like illness and saw a physician 

to sign a medical release form to allow the company or OSHA to obtain additional information from the 



attending physician. 

● 

Interview the physicians of all employees who have sought medical care and signed a medical release 

form using a physician survey questionnaire. Appendix III:B-5. Physician Survey Questionnaire - 

Legionellosis 

● 

Inform employees participating in surveys of their Privacy Act rights as well as their right to protect 

their own medical information. 

∎ 

Physician-patient confidentiality must not be violated. 

∎ 

Necessary medical information may be communicated only with the patient's written permission. 

∎ 

When seeking employees' permission, clearly inform them that the purpose of obtaining a proper 

diagnosis and sharing this information is to protect them and their fellow workers against the potential 

threat of legionellosis. 

● 

Handle all medical records in accordance with 29 CFR 1913.10. 

∎ 

It may be necessary to obtain medical releases from the employees interviewed to obtain 

supplemental information from a company health unit or from the employee's physician. 

∎ 

Seek similar arrangements for permanent contract employees controlled by separate organizations in 

the building such as janitors, cafeteria workers, and security personnel. 

3. Clinical Testing: Consider a clinical test for potential cases to confirm additional cases. Recommend 

a serological or other diagnostic test for possible Legionnaires' disease cases identified from 

interviews, the review of work absences, and discussions with the patients' physicians. 

● 

Serological tests determine the antibody level of an individual. 

● 

A single antibody titer of 1:256 with a physician's diagnosis of pneumonia should be interpreted as a 

probable case of Legionnaires' disease. 

● 

If an antibody titer for Legionnaires' disease Bacteria (LDB) was obtained at the time of illness or if 

serum was collected from the patient at the early phase of the illness (acute phase), then the acute 

antibody titer level should be compared with the convalescent titer. A four-fold increase in titer is 

sufficient to confirm a case of Legionnaires' disease. 

● 

Additional information (App I:B) on diagnostic methods, including culture, direct fluorescent antibody 



(DFA) staining, and serology is also available. 

4. Other diagnostic tests may also be appropriate: 

● 

If the potential case occurred recently, a urine antigen test may detect L. pneumophila serogroup-1 

antigen. 

∎ 

A positive urine antigen test for a diagnosed pneumonia case is also accepted as evidence of a 

confirmed case. However, this test is available only for L. pneumophila serogroup-1 infections. 

● 

Collect sputum, lung tissue, or lung aspirates from currently symptomatic individuals for LDB culture. 

∎ 

A positive culture confirms the diagnosis of Legionnaires' disease. 

5. Disease Confirmation: If this process confirms more than one case of disease, then the facility 

should be considered to have experienced an outbreak. See Section IV. Outbreak Response. Note: The 

immediacy of the action will depend on whether the outbreak is ongoing or occurred 30 days or 

Fig. 3: Employees with symptoms should fill out proper recordkeeping forms. 
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more in the past. 

● 

Take prompt action to control exposure at the site if there is evidence that an outbreak is on-going. 

● 

Initiate control procedures, continue medical surveillance of the workforce to detect new cases of 

disease, and identify the water source responsible for the outbreak. 

6. Assess the Results: Use the walkthrough inspection, medical surveillance, and water test results to 

determine a course of action. 

● 

If the evidence indicates that two or more cases of Legionnaires' disease have occurred at a site and 

at least one of the cases was within the last 30 days, assume that an outbreak is in progress. 

● 

Take prompt actions as required in Section IV to protect building occupants. 

● 

If the water system is poorly maintained or operating temperatures for water heaters are below 60°C 

(140°F), or cold water above 20°C (68°F), recommend corrective actions. 

No action is necessary if the results of the investigation are negative. Under the following 

circumstances, assume that the site is not the origin of the identified cases: 

● 

All water and HVAC systems are well maintained and in good operating condition. 

● 

All water sample results are negative or acceptably low. 

∎ 

See Section II:E. Water Sampling Guidelines 

● 

No new cases of the disease have been identified at the work site. 
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S 

OURCES The 

diseases caused by Legionella bacteria, or legionellosis, are 

Water in many natural or man-made 

systems serves as an currently recognized to occur in two distinct clinical forms: 

amplifier of Legionella bacteria by providing 

suitable conditions for Legionnaires’  disease and Pontiac Fever. 

growth. Potential sources include cooling towers, 

evaporative Of the two, Legionnaires’  disease is the more serious condition, 

condensers, humidifiers, potable water 

heaters and holding tanks, causing a multi-system disease including pneumonia with fatality 

pipes containing stagnant warm water, shower 

heads, faucet rates of about 15%. When outbreaks occur, usually less than 5% of 

aerators, decorative fountains, nebulizers, 

mister reservoirs, and exposed individuals develop disease, commonly within 3 to 9 days 

whirlpool baths. Legionella apparently survives 

in low numbers in after exposure. 

routine water treatment used to treat potable 

water and can be Pontiac fever is a non-fatal flu-like disease of short duration 

carried in the treated drinking water into 

buildings, where the which does not cause pneumonia. Approximately 95% of exposed 

bacteria can colonize in the plumbing fixtures, 

especially in hot individuals develop disease, usually within 2 to 3 days. The 

water systems. number of cases of 

Legionnaires’  disease occuring in the United 

Therefore, cooling towers and other 

systems may become States each year has been estimated by the Centers for Disease 

contaminated through the make-up water. 

Well-maintained Control and Prevention (CDC) at 10,000 to more than 100,000 per 

systems are less likely to be colonized with 

legionellae than systems year. 

that are poorly maintained. Continued vigilance in terms of 

T 

HE 

B 

ACTERIUM 

excellent preventive maintenance and an excellent water treat- ment program are required to minimize the risk of 

Legionella. Legionellosis is caused by Legionella bacteria which occur natually in surface waters including lakes, 

streams, and mud. There 

H 

EALTH 

H 



AZARD 

A 

NALYSIS are more 

than 34 known species and more than 50 serogroups of 

The mere presence of legionellae either in 

heat rejection Legionella. Many of them have not yet been implicated in human 

systems or water services will not by itself 

cause disease. High disease. Legionella pneumophila serogroup 1 is most frequently 

numbers of legionellae have been noted in 

cooling towers and implicated in disease and is most frequently found in the environ- 

other sources with no associated disease. 

However, an epidemio- ment. It is possible that some species have not yet been associated 

logic link has been established between the 

legionellae in the with human disease beause they occur so rarely in nature; there- 

environment and the occurrence of 

legionellosis. Best and co- fore, all strains should be considered potentially pathogenic. 

workers (1983) found that the reduction of legionellae in the 

R 

ISK OF 

I 

NFECTION 

270 Scientific Drive Phone: Suite 770-446-0540 3 Norcross, Fax: Georgia 770-446-0610 30092 environment was 

linked to a reduction in the incidence of clinical Legionnaires’  disease. To cause disease several factors must occur: 

the organism must 

Most outbreaks from cooling towers and 

evaporative con- be virulent, it must be in sufficient number to cause disease, the 

densers have been associated with high 

numbers of legionellae, at water source must be aerosolized and distributed to the human 

least 1,000 colony-forming units per milliliter 

(CFU/ml) or more host, the legionellae must be inhaled by the potential host deeply 

in the implicated source (Shelton and co-

workers, 1994). At into the lungs, and the human host’ s defenses must be unable to 

PathCon Laboratories, we have found 

numbers of Legionella averag- stop the infection. 

ing 160 CFU/ ml (range <1 to 1,500) in a potable 

water system The infectious dose has not been determined, but the larger the 

associated with an outbreak; and as few as 10 

CFU/ ml of fogger dose, the more likely an infection will occur. The risk of infection 

reservoir water that may have caused disease 

in people in immedi- will be greater if the dose of Legionella-containing water is in direct, 

ate direct contact with the mist. Of utmost 

importance, most cases close contact with the target person (as is the case with humidifiers 

of legionellosis occur as sporadic cases, not 



epidemics, and it is not and foggers) than if the water is distant from the target person {as 

known how many organisms in a water source 

may represent an with cooling towers, (CT), and evaporative condensers, (EC)}. 

infectous risk for sporadic cases to occur. 

Portable water systems may represent an intermediate category. 

Many people with responsibility for maintaining 

air The risk of infection is greater and a lower dose is required in 

quality in buildings and industrial settings 

require programs those individuals who are older, smokers, heavy drinkers, immuno- 

designed to detect potential problems with 

legionellae. For this compromised with other diseases or on immunosuppressive 

reason, we have developed quantitative legionellae criteria and 
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............................................................ therapy. 
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............................................................ corresponding remedial actions. These quantitative Legionella data 

completely eliminating Legionella bacteria 

from environmental wa- are based on numbers of viable legionellae because health risk from 

ters. Other workers have recommended that 

immunocompromised nonviable Legionella has not been documented. Although there is 

patients be completely protected from waters 

containing Legionella honest disagreement among informed scientists on the risks 

(Helms, et al., 1983). It is our opinion that 

these data in Table 1 associated with legionellae in the environment, the degree of 

are not applicable in areas with 

immunocompromised individuals remedial action suggested in Table 1 is expected to err on the side 

or for waters used for therapeutic purposes. In 

these situations, of safety. Many health authorities discourage the notion of 

no level of Legionella organisms is acceptable. 

...........................................................................................................................................................................................

.............................................................. Table 1: Suggested Legionella Remedial Action Criteria 

Remedial Action if Detected in: Legionella (CFU/ml) 

Detectable But<1 CT/EC * 1 Potable Water Humidifier/Fogger 

2 3 

1 to 9 2 3 4 

10-99 3 4 5 

100-999 4 5 5 

> 1,000 5 5 5 
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* Cooling Tower / Evaporative Condenser R 

EMEDIAL 

A 

CTIONS 

samples to contain numbers of legionellae which 

fall in this cat- Action 1. Review routine maintenance program recom- 

egory. mended by the manufacturer of the 

equipment to ensure that the manufacturer’ s recommended program is being followed. 

A 

NALYTICAL The presence of barely 



detectable numbers of legionellae rep- resents a low level of concern. 

Action 2. Implement Action 1 (see above). Conduct follow-up legionellae analysis after a few weeks for evidence of 

further amplification. This level of legionellae represent little concern, but the number of organisms detected indi- 

cates that the system is a potential amplifier for legionellae. Action 3. Implement Action 2. Conduct review of 

premises for direct and indirect bioaerosol contact with occupants and health risk status of people that may come in 

contact with the bioaerosols. Depending on the results of the review of the premises, action related to cleaning and/or 

biocide treatment of the equipment may be indicated. This level of legionellae represents a low but increased level of 

concern. 

Action 4. Implement Action 3. Cleaning and/or biocide treatment of the equipment is indicated. This level of 

legionellae represents a moderately high level of concern. The level is approaching levels that may cause outbreaks. 

It is uncommon for samples to contain numbers of legionellae which fall into this category. 

Action 5. Immediate cleaning and/or biocide treatment of the equipment is definitely indicated. Conduct post-

treat- ment legionellae analysis to ensure effectiveness of the correc- tive action. The level of legionellae represent a 

high level of concern. These numbers are at a level that has the potential for causing an outbreak. It is very 

uncommon for 

© Copyright 1990,1991,1994,1998, Pathogen Control Associates, Inc. 
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IMITATIONS The microbiological analysis may be influenced by many fac- tors including the possibility 

that Legionella bacteria may be har- bored and amplified inside the cells of aquatic protozoa or in slime or biofilm. 

Therefore, a negative test result does not nec- essarily indicate that the environmental source of a sample is free of 

Legionella. The only way to ensure that legionellosis does not occur is to eliminate Legionella bacteria from the 

environment, but research has shown that, because of the ubiquitous nature of the bacteria, it is unlikely that a water 

source will always remain free of legionellae. A negative result indicates only that if present, the number of Legionella 

in the sample, at the time the sample was taken, was less than the detection limits of the test. The finding of low 

numbers of Legionella, or even negative findings, does not ensure that an environment will not be the source of 

legionellosis. 
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detectable numbers of legionellae rep- resents a low level of concern. 

Action 2. Implement Action 1 (see above). Conduct follow-up legionellae analysis after a few weeks for evidence of 

further amplification. This level of legionellae represent little concern, but the number of organisms detected indi- 

cates that the system is a potential amplifier for legionellae. Action 3. Implement Action 2. Conduct review of 

premises for direct and indirect bioaerosol contact with occupants and health risk status of people that may come in 

contact with the bioaerosols. Depending on the results of the review of the premises, action related to cleaning and/or 

biocide treatment of the equipment may be indicated. This level of legionellae represents a low but increased level of 

concern. 

Action 4. Implement Action 3. Cleaning and/or biocide treatment of the equipment is indicated. This level of 

legionellae represents a moderately high level of concern. The level is approaching levels that may cause outbreaks. 

It is uncommon for samples to contain numbers of legionellae which fall into this category. 

Action 5. Immediate cleaning and/or biocide treatment of the equipment is definitely indicated. Conduct post-

treat- ment legionellae analysis to ensure effectiveness of the correc- tive action. The level of legionellae represent a 

high level of concern. These numbers are at a level that has the potential for causing an outbreak. It is very 

uncommon for 
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Therefore, a negative test result does not nec- essarily indicate that the environmental source of a sample is free of 

Legionella. The only way to ensure that legionellosis does not occur is to eliminate Legionella bacteria from the 

environment, but research has shown that, because of the ubiquitous nature of the bacteria, it is unlikely that a water 

source will always remain free of legionellae. A negative result indicates only that if present, the number of Legionella 

in the sample, at the time the sample was taken, was less than the detection limits of the test. The finding of low 

numbers of Legionella, or even negative findings, does not ensure that an environment will not be the source of 
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OURCES The 

diseases caused by Legionella bacteria, or legionellosis, are 

Water in many natural or man-made 

systems serves as an currently recognized to occur in two distinct clinical forms: 

amplifier of Legionella bacteria by providing 

suitable conditions for Legionnaires’  disease and Pontiac Fever. 

growth. Potential sources include cooling towers, 

evaporative Of the two, Legionnaires’  disease is the more serious condition, 

condensers, humidifiers, potable water 

heaters and holding tanks, causing a multi-system disease including pneumonia with fatality 

pipes containing stagnant warm water, shower 

heads, faucet rates of about 15%. When outbreaks occur, usually less than 5% of 

aerators, decorative fountains, nebulizers, 

mister reservoirs, and exposed individuals develop disease, commonly within 3 to 9 days 

whirlpool baths. Legionella apparently survives 

in low numbers in after exposure. 

routine water treatment used to treat potable 

water and can be Pontiac fever is a non-fatal flu-like disease of short duration 

carried in the treated drinking water into 

buildings, where the which does not cause pneumonia. Approximately 95% of exposed 

bacteria can colonize in the plumbing fixtures, 

especially in hot individuals develop disease, usually within 2 to 3 days. The 

water systems. number of cases of 

Legionnaires’  disease occuring in the United 

Therefore, cooling towers and other 

systems may become States each year has been estimated by the Centers for Disease 

contaminated through the make-up water. 

Well-maintained Control and Prevention (CDC) at 10,000 to more than 100,000 per 

systems are less likely to be colonized with 

legionellae than systems year. 

that are poorly maintained. Continued vigilance in terms of 

T 

HE 

B 

ACTERIUM 

excellent preventive maintenance and an excellent water treat- ment program are required to minimize the risk of 

Legionella. Legionellosis is caused by Legionella bacteria which occur natually in surface waters including lakes, 

streams, and mud. There 

H 

EALTH 

H 



AZARD 

A 

NALYSIS are more 

than 34 known species and more than 50 serogroups of 

The mere presence of legionellae either in 

heat rejection Legionella. Many of them have not yet been implicated in human 

systems or water services will not by itself 

cause disease. High disease. Legionella pneumophila serogroup 1 is most frequently 

numbers of legionellae have been noted in 

cooling towers and implicated in disease and is most frequently found in the environ- 

other sources with no associated disease. 

However, an epidemio- ment. It is possible that some species have not yet been associated 

logic link has been established between the 

legionellae in the with human disease beause they occur so rarely in nature; there- 

environment and the occurrence of 

legionellosis. Best and co- fore, all strains should be considered potentially pathogenic. 

workers (1983) found that the reduction of legionellae in the 

R 

ISK OF 

I 

NFECTION 

270 Scientific Drive Phone: Suite 770-446-0540 3 Norcross, Fax: Georgia 770-446-0610 30092 environment was 

linked to a reduction in the incidence of clinical Legionnaires’  disease. To cause disease several factors must occur: 

the organism must 

Most outbreaks from cooling towers and 

evaporative con- be virulent, it must be in sufficient number to cause disease, the 

densers have been associated with high 

numbers of legionellae, at water source must be aerosolized and distributed to the human 

least 1,000 colony-forming units per milliliter 

(CFU/ml) or more host, the legionellae must be inhaled by the potential host deeply 

in the implicated source (Shelton and co-

workers, 1994). At into the lungs, and the human host’ s defenses must be unable to 

PathCon Laboratories, we have found 

numbers of Legionella averag- stop the infection. 

ing 160 CFU/ ml (range <1 to 1,500) in a potable 

water system The infectious dose has not been determined, but the larger the 

associated with an outbreak; and as few as 10 

CFU/ ml of fogger dose, the more likely an infection will occur. The risk of infection 

reservoir water that may have caused disease 

in people in immedi- will be greater if the dose of Legionella-containing water is in direct, 

ate direct contact with the mist. Of utmost 

importance, most cases close contact with the target person (as is the case with humidifiers 

of legionellosis occur as sporadic cases, not 



epidemics, and it is not and foggers) than if the water is distant from the target person {as 

known how many organisms in a water source 

may represent an with cooling towers, (CT), and evaporative condensers, (EC)}. 

infectous risk for sporadic cases to occur. 

Portable water systems may represent an intermediate category. 

Many people with responsibility for maintaining 

air The risk of infection is greater and a lower dose is required in 

quality in buildings and industrial settings 

require programs those individuals who are older, smokers, heavy drinkers, immuno- 

designed to detect potential problems with 

legionellae. For this compromised with other diseases or on immunosuppressive 

reason, we have developed quantitative legionellae criteria and 

...........................................................................................................................................................................................

............................................................ therapy. 
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............................................................ corresponding remedial actions. These quantitative Legionella data 

completely eliminating Legionella bacteria 

from environmental wa- are based on numbers of viable legionellae because health risk from 

ters. Other workers have recommended that 

immunocompromised nonviable Legionella has not been documented. Although there is 

patients be completely protected from waters 

containing Legionella honest disagreement among informed scientists on the risks 

(Helms, et al., 1983). It is our opinion that 

these data in Table 1 associated with legionellae in the environment, the degree of 

are not applicable in areas with 

immunocompromised individuals remedial action suggested in Table 1 is expected to err on the side 

or for waters used for therapeutic purposes. In 

these situations, of safety. Many health authorities discourage the notion of 

no level of Legionella organisms is acceptable. 

...........................................................................................................................................................................................

.............................................................. Table 1: Suggested Legionella Remedial Action Criteria 

Remedial Action if Detected in: Legionella (CFU/ml) 

Detectable But<1 CT/EC * 1 Potable Water Humidifier/Fogger 

2 3 

1 to 9 2 3 4 

10-99 3 4 5 

100-999 4 5 5 

> 1,000 5 5 5 

...........................................................................................................................................................................................

.............................................................. 

* Cooling Tower / Evaporative Condenser R 

EMEDIAL 

A 

CTIONS 

samples to contain numbers of legionellae which 

fall in this cat- Action 1. Review routine maintenance program recom- 

egory. mended by the manufacturer of the 

equipment to ensure that the manufacturer’ s recommended program is being followed. 

A 

NALYTICAL The presence of barely 



detectable numbers of legionellae rep- resents a low level of concern. 

Action 2. Implement Action 1 (see above). Conduct follow-up legionellae analysis after a few weeks for evidence of 

further amplification. This level of legionellae represent little concern, but the number of organisms detected indi- 

cates that the system is a potential amplifier for legionellae. Action 3. Implement Action 2. Conduct review of 

premises for direct and indirect bioaerosol contact with occupants and health risk status of people that may come in 

contact with the bioaerosols. Depending on the results of the review of the premises, action related to cleaning and/or 

biocide treatment of the equipment may be indicated. This level of legionellae represents a low but increased level of 

concern. 

Action 4. Implement Action 3. Cleaning and/or biocide treatment of the equipment is indicated. This level of 

legionellae represents a moderately high level of concern. The level is approaching levels that may cause outbreaks. 

It is uncommon for samples to contain numbers of legionellae which fall into this category. 

Action 5. Immediate cleaning and/or biocide treatment of the equipment is definitely indicated. Conduct post-

treat- ment legionellae analysis to ensure effectiveness of the correc- tive action. The level of legionellae represent a 

high level of concern. These numbers are at a level that has the potential for causing an outbreak. It is very 

uncommon for 

© Copyright 1990,1991,1994,1998, Pathogen Control Associates, Inc. 

L 

IMITATIONS The microbiological analysis may be influenced by many fac- tors including the possibility 

that Legionella bacteria may be har- bored and amplified inside the cells of aquatic protozoa or in slime or biofilm. 

Therefore, a negative test result does not nec- essarily indicate that the environmental source of a sample is free of 

Legionella. The only way to ensure that legionellosis does not occur is to eliminate Legionella bacteria from the 

environment, but research has shown that, because of the ubiquitous nature of the bacteria, it is unlikely that a water 

source will always remain free of legionellae. A negative result indicates only that if present, the number of Legionella 

in the sample, at the time the sample was taken, was less than the detection limits of the test. The finding of low 

numbers of Legionella, or even negative findings, does not ensure that an environment will not be the source of 

legionellosis. 
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Guidelines for Prevention of Nosocomial Pneumonia 

Summary This document updates and replaces CDC’s 

previously published “Guideline for Prevention of Nosocomial Pneumonia” ( Infect Control 

1982;3:327–33, Respir Care 1983;28:221–32, and Am J Infect Control 1983;11:230–44). This 

revised guideline is designed to reduce the incidence of nosocomial pneumonia and is intended 

for use by personnel who are responsible for surveillance and control of infections in acute-care 

hospitals; the information may not be applicable in long-term–care facilities because of the 

unique characteristics of such settings. This revised guideline addresses common problems 

encountered by infection- control practitioners regarding the prevention and control of 

nosocomial pneumonia in U.S. hospitals. Sections on the prevention of bacterial pneumonia in 

mechanically ventilated and/or critically ill patients, care of respiratory- therapy devices, 

prevention of cross-contamination, and prevention of viral lower respiratory tract infections (e.g., 

respiratory syncytial virus [RSV] and in- fluenza infections) have been expanded and updated. 

New sections on Legionnaires disease and pneumonia caused by Aspergillus sp. have been in- 

cluded. Lower respiratory tract infection caused by Mycobacterium tuberculosis is not 

addressed in this document. Part I, “An Overview of the Prevention of Nosocomial Pneumonia, 

1994,” provides the background information for the consensus recommendations of the Hospital 

Infection Control Practices Advi- sory Committee (HICPAC) in Part II, “Recommendations for 

Prevention of Nosocomial Pneumonia.” 

Pneumonia is the second most common nosocomial infection in the United States and is 

associated with substantial morbidity and mortality. Most patients who have nosocomial 

pneumonia are infants, young children, and persons >65 years of age; persons who have 

severe underlying disease, immuno- suppression, depressed sensorium, and/or 

cardiopulmonary disease; and per- sons who have had thoracoabdominal surgery. Although 

patients receiving mechanically assisted ventilation do not represent a major proportion of pa- 

tients who have nosocomial pneumonia, they are at highest risk for acquiring the infection. Most 

bacterial nosocomial pneumonias occur by aspiration of bac- teria colonizing the oropharynx or 

upper gastrointestinal tract of the patient. Because intubation and mechanical ventilation alter 

first-line patient defenses, they greatly increase the risk for nosocomial bacterial pneumonia. 

Pneumonias caused by Legionella sp., Aspergillus sp., and influenza virus are often caused by 

inhalation of contaminated aerosols. RSV infection usually occurs after viral inoculation of the 

conjunctivae or nasal mucosa by contaminated hands. Tradi- tional preventive measures for 

nosocomial pneumonia include decreasing aspiration by the patient, preventing cross-

contamination or colonization via hands of personnel, appropriate disinfection or sterilization of 

respiratory- therapy devices, use of available vaccines to protect against particular infec- tions, 

and education of hospital staff and patients. New measures being investigated involve reducing 

oropharyngeal and gastric colonization by patho- genic microorganisms. 

  



 
 

Vol. 46 / No. RR-1 MMWR 3 



Part 1. An Overview of the Prevention of Nosocomial 

Pneumonia, 1994 

INTRODUCTION This document updates and replaces CDC’s previously published “Guideline 

for Pre- vention of Nosocomial Pneumonia” (Infect Control 1982;3:327–33, Respir Care 1983; 

28:221–32, and Am J Infect Control 1983;11:230–44). This revised guideline is designed to 

reduce the incidence of nosocomial pneumonia and is intended for use by person- nel who are 

responsible for surveillance and control of infections in acute-care hospitals; the information 

may not be applicable in long-term–care facilities because of the unique characteristics of such 

settings. This revised guideline addresses common problems encountered by infection-control 

practitioners regarding the prevention and control of nosocomial pneumonia in U.S. hospitals. 

Sections concerning the prevention of bacterial pneumonia in mechanically ventilated and/or 

critically ill patients, care of respiratory-therapy devices, prevention of cross-contamination, and 

prevention of viral lower respiratory tract infections (e.g., respiratory syncytial virus [RSV] and 

influenza infections) have been expanded and updated. New sections on Legionnaires disease 

and pneumonia caused by Aspergil- lus sp. have been included. Lower respiratory tract 

infection caused by Myco- bacterium tuberculosis is not addressed in this document; CDC 

published such recom- mendations previously (1 ). Part I, “An Overview of the Prevention of 

Nosocomial Pneumonia, 1994,” provides the background information for the consensus 

recommendations of the Hospital Infection Control Practices Advisory Committee (HICPAC) in 

Part II, “Recommendations for Pre- vention of Nosocomial Pneumonia.” HICPAC was 

established in 1991 to provide advice and guidance to the Secretary and the Assistant 

Secretary for Health, U.S. De- partment of Health and Human Services; the Director, CDC; and 

the Director, National Center for Infectious Diseases (NCID), CDC, regarding the practice of 

hospital infection control and strategies for surveillance, prevention, and control of nosocomial 

infec- tions in U.S. hospitals. HICPAC also advises CDC on periodic updating of guidelines and 

other policy statements regarding prevention of nosocomial infections. This guideline is the first 

of a series of CDC guidelines being revised by HICPAC and NCID. This guideline can be an 

important resource for educating health-care workers (HCWs) regarding prevention and control 

of nosocomial respiratory tract infections. Because education of HCWs is the cornerstone of an 

effective infection-control pro- gram, hospitals should give high priority to continuing infection-

control educational programs for these personnel. 

BACKGROUND Pneumonia is the second most common nosocomial infection in the United 

States and is associated with substantial morbidity and mortality. Most patients who have noso- 

comial pneumonia are infants, young children, and persons >65 years of age; persons who 

have severe underlying disease, immunosuppression, depressed sensorium, 
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and/or cardiopulmonary disease; and persons who have had thoracoabdominal sur- gery. 

Although patients receiving mechanically assisted ventilation do not represent a major 

proportion of patients who have nosocomial pneumonia, they are at highest risk for acquiring 

the infection. Most bacterial nosocomial pneumonias occur by aspiration of bacteria colonizing 

the oropharynx or upper gastrointestinal tract of the patient. Because intubation and me- 

chanical ventilation alter first-line patient defenses, they greatly increase the risk for nosocomial 

bacterial pneumonia. Pneumonias caused by Legionella sp., Aspergillus sp., and influenza virus 

are often caused by inhalation of contaminated aerosols. RSV infection usually occurs after viral 

inoculation of the conjunctivae or nasal mucosa by contaminated hands. Traditional preventive 

measures for nosocomial pneumonia include decreasing aspi- ration by the patient, preventing 

cross-contamination or colonization via hands of HCWs, appropriate disinfection or sterilization 

of respiratory-therapy devices, use of available vaccines to protect against particular infections, 

and education of hospital staff and patients. New measures being investigated involve reducing 

oropharyngeal and gastric colonization by pathogenic microorganisms. 

BACTERIAL PNEUMONIA 

I. Etiologic Agents 

The reported distribution of etiologic agents that cause nosocomial pneumonia differs between 

hospitals because of different patient populations and diagnostic methods employed (2–10 ). In 

general, however, bacteria have been the most fre- quently isolated pathogens (2–6,9,11–13 ). 

During 1986–1989, aerobic bacteria comprised at least 73%, and fungi 4%, of isolates from 

sputum and tracheal aspi- rates obtained from patients who had pneumonia at the University of 

Michigan Hospitals and at hospitals participating in the National Nosocomial Infection Sur- 

veillance (NNIS) System; only a few anaerobic bacteria and no viruses were reported, probably 

because anaerobic and viral cultures were not performed rou- tinely in the reporting hospitals 

(Table 1) (3 ). Similarly, cultures of bronchoscopic specimens obtained from mechanically 

ventilated patients who had pneumonia have rarely yielded anaerobes (5–7,9,11,14,15 ). Only 

one study, which was based primarily on cultures of transtracheal aspirates obtained from 

patients not receiv- ing mechanically assisted ventilation, reported a predominance of 

anaerobes (4 ). 

Nosocomial bacterial pneumonias are frequently polymicrobial (4,7,9,11,12,15– 19 ) , and gram-

negative bacilli are usually the predominant organisms (Table 1) (2–6,9,11–13 ). However, 

Staphylococcus aureus (especially methicillin-resistant S. aureus) (5,7,10,15,20,21 ) and other 

gram-positive cocci, including Streptococ- cus pneumoniae (5,7 ), have emerged recently as 

important isolates (14 ). In addition, Haemophilus influenzae has been isolated from 

mechanically ventilated patients who had pneumonia that occurred within 48–96 hours after 

intubation (3–5,12,15,22 ). In hospitals participating in the NNIS, Pseudomonas aeruginosa, 
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Guidelines for Preventing Health-Care–Associated 

Pneumonia, 2003 

Recommendations of CDC and the Healthcare Infection Control 

Practices Advisory Committee 

Prepared by Ofelia C. Tablan, M.D.,1 Larry J. Anderson, M.D.,2 Richard Besser, M.D.,3 Carolyn Bridges, M.D.,2 Rana Hajjeh, 

M.D.,3 1Division of Healthcare Quality Promotion, National Center for Infectious Diseases 2Division of Viral and Rickettsial 

Diseases, National Center for Infectious Diseases 3Division of Bacterial and Mycotic Diseases, National Center for Infectious 

Diseases 

Summary 

This report updates, expands, and replaces the previously published CDC “Guideline for Prevention of 

Nosocomial Pneumonia”. The new guidelines are designed to reduce the incidence of pneumonia and 

other severe, acute lower respira- tory tract infections in acute-care hospitals and in other health-care 

settings (e.g., ambulatory and long-term care institu- tions) and other facilities where health care is 

provided. 

Among the changes in the recommendations to prevent bacterial pneumonia, especially ventilator-

associated pneumonia, are the preferential use of oro-tracheal rather than naso-tracheal tubes in patients 

who receive mechanically assisted venti- lation, the use of noninvasive ventilation to reduce the need for 

and duration of endotracheal intubation, changing the breathing circuits of ventilators when they 

malfunction or are visibly contaminated, and (when feasible) the use of an endotracheal tube with a 

dorsal lumen to allow drainage of respiratory secretions; no recommendations were made about the use 

of sucralfate, histamine-2 receptor antagonists, or antacids for stress-bleeding prophylaxis. For 

prevention of health- care–associated Legionnaires disease, the changes include maintaining potable hot 

water at temperatures not suitable for amplification of Legionella spp., considering routine culturing of 

water samples from the potable water system of a facility's organ-transplant unit when it is done as part 

of the facility's comprehensive program to prevent and control health-care–associated Legionnaires 

disease, and initiating an investigation for the source of Legionella spp. when one definite or one possible 

case of laboratory-confirmed health-care–associated Legionnaires disease is identified in an inpa- tient 

hemopoietic stem-cell transplant (HSCT) recipient or in two or more HSCT recipients who had visited an 

outpatient HSCT unit during all or part of the 2–10 day period before illness onset. In the section on 

aspergillosis, the revised recommendations include the use of a room with high-efficiency particulate air 

filters rather than laminar airflow as the protective environment for allogeneic HSCT recipients and the 

use of high-efficiency respiratory-protection devices (e.g., N95 respirators) by severely 

immunocompromised patients when they leave their rooms when dust-generating activities are ongoing in 

the facility. In the respiratory syncytial virus (RSV) section, the new recommendation is to determine, on 

a case- by-case basis, whether to administer monoclonal antibody (palivizumab) to certain infants and 

children aged <24 months who were born prematurely and are at high risk for RSV infection. In the 

section on influenza, the new recommendations include the addition of oseltamivir (to amantadine and 

rimantadine) for prophylaxis of all patients without influenza illness and oseltamivir and zanamivir (to 

amantadine and rimantadine) as treatment for patients who are acutely ill with influenza in a unit where 

an influenza outbreak is recognized. 

In addition to the revised recommendations, the guideline 



The material in this report originated in the National Center for 

contains new sections on pertussis and lower respiratory 

tract Infectious Diseases, James M. Hughes, M.D., Division of Healthcare Quality Promotion, Denise M. Cardo, M.D., Director, 

and the Division of Bacterial and Mycotic Diseases, Mitchell L. Cohen, M.D., Director. 

infections caused by adenovirus and human parainfluenza viruses and refers readers to the source of 

updated informa- tion about prevention and control of severe acute respiratory syndrome. 

  



 
 

2 MMWR March 26, 2004 



Introduction 

Because of the high morbidity and mortality associated with health-care–associated pneumonia, several 

guidelines for its prevention and control have been published. The first CDC Guideline for Prevention of 

Nosocomial Pneumonia was pub- lished in 1981 and addressed the main infection-control prob- lems 

related to hospital-acquired pneumonia at the time: the use of large-volume nebulizers that were attached 

to mechanical ventilators and improper reprocessing (i.e., cleaning and dis- infection or sterilization) of 

respiratory-care equipment. The document also covered the prevention and control of hospi- tal-acquired 

influenza and respiratory syncytial virus (RSV) infection. 

In 1994, the Healthcare Infection Control Practices Advi- sory Committee (HICPAC) (then known as 

the Hospital Infection Control Practices Advisory Committee) revised and expanded the CDC Guideline 

for Prevention of Nosocomial Pneumonia to include Legionnaires disease and pulmonary aspergillosis 

(1). HICPAC advises the secretary of Health and Human Services and the directors of CDC about the 

preven- tion and control of health-care–associated infections and related adverse events. The 1994 

guideline addressed concerns related to preventing ventilator-associated pneumonia (VAP) (e.g., the role 

of stress-ulcer prophylaxis in the causation of pneumonia and the contentious roles of selective 

gastrointes- tinal decontamination and periodic changes of ventilator tubings in the prevention of the 

infection). The report also presented major changes in the recommendations to prevent and control 

hospital-acquired pneumonia caused by Legionnella spp. and aspergilli. 

In recent years, demand has increased for guidance on pre- venting and controlling pneumonia and 

other lower respira- tory tract infections in health-care settings other than the acute-care hospital, 

probably resulting in part from the pro- gressive shift in the burden and focus of health care in the United 

States away from inpatient care in the acute-care hos- pital and towards outpatient and long-term care in 

other health-care settings. In response to this demand, HICPAC revised the guideline to cover these other 

settings. However, infection-control data about the acute-care hospital setting are more abundant and 

well-analyzed; in comparison, data are limited from long-term care, ambulatory, and psychiatric facilities 

and other health-care settings. 

This report consists of Parts II and III of a three-part docu- ment (2) and contains the consensus 

HICPAC recommen- dations for the prevention of the following infections: bacterial pneumonia, 

Legionnaires disease, pertussis, inva- sive pulmonary aspergillosis (IPA), lower respiratory tract 

infections caused by RSV, parainfluenza and adenoviruses, 

and influenza. Part III provides suggested performance indicators to assist infection-control personnel in 

monitor- ing the implementation of the guideline recommendations in their facilities. 

Part I of the guideline provides the background for the rec- ommendations and includes a discussion of 

the epidemiol- ogy, diagnosis, pathogenesis, modes of transmission, and prevention and control of the 

infections (3). Part I can be an important resource for educating health-care personnel. Because education 

of health-care personnel is the cornerstone of an effective infection-control program, health-care agen- 

cies should give high priority to continuing infection-control education programs for their staff members. 

HICPAC recommendations address such issues as educa- tion of health-care personnel about the 

prevention and con- trol of health-care–associated pneumonia and other lower respiratory tract infections, 

surveillance and reporting of diagnosed cases of infections, prevention of person-to-person transmission 

of each disease, and reduction of host risk for infection. 



Lower respiratory tract infection caused by Mycobacterium tuberculosis is not addressed in this 

document; however, it is covered in a separate publication (3). 

The document was prepared by CDC; reviewed by experts in infection control, intensive-care medicine, 

pulmonology, respiratory therapy, anesthesiology, internal medicine, and pediatrics; and approved by 

HICPAC. The recommendations are endorsed by the American College of Chest Physicians, American 

Healthcare Association, Association for Profession- als of Infection Control and Epidemiology, Infectious 

Dis- eases Society of America, Society for Healthcare Epidemiology of America, and Society of Critical 

Care Medicine. 

Key Terms Used In the Guideline 

Protective environment (PE) is a specialized patient-care area, usually in a hospital, with a positive air 

flow relative to the corridor (i.e., air flows from the room to the outside adja- cent space). The 

combination of high-efficiency particulate air (HEPA) filtration, high numbers (>12) of air changes per 

hour (ACH), and minimal leakage of air into the room cre- ates an environment that can safely 

accommodate patients who have received allogeneic hemopoietic stem-cell transplant (HSCT). 

Immunocompromised patients are those patients whose immune mechanisms are deficient because of 

immunologic disorders (e.g., human immunodeficiency virus [HIV] infec- tion, congenital immune 

deficiency syndrome, and chronic diseases [(diabetes mellitus, cancer, emphysema, or cardiac 
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failure]), or immunosuppressive therapy (e.g., radiation, cytotoxic chemotherapy, anti-rejection 

medication, and ste- roids). Immunocompromised patients who are identified as patients at high risk have 

the greatest risk for infection and include persons with severe neutropenia (i.e., an absolute neu- trophil 

count [ANC] of <500 cells/mL) for prolonged peri- ods of time, recipients of allogeneic HSCT, and those 

who receive the most intensive chemotherapy (e.g., patients with childhood acute myelogenous 

leukemia). 

Abbreviations Used In the Guideline ACIP Advisory Committee on Immunization Practices ANC 

absolute neutrophil count COPD chronic obstructive pulmonary disease CSF cerebrospinal fluid DTAP 

diphtheria, tetanus, and acellular pertussis DTP diphtheria, tetanus, and pertussis FDA Food and Drug 

Administration GCSF granulocyte colony stimulating factor HEPA high-efficiency particulate air 

HICPAC Healthcare Infection Control Practices Advisory 

Committee HIV human immunodeficiency virus HME heat-moisture exchanger HSCT 

hemopoietic stem-cell transplant ICU intensive-care unit IPA invasive pulmonary aspergillosis LAF 

laminar airflow NIV noninvasive ventilation NNIS National Nosocomial Infection Surveillance PE 

protective environment RSV respiratory syncytial virus SARS severe acute respiratory syndrome SDD 

selective decontamination of the digestive tract SOP standing orders program VAP ventilator-associated 

pneumonia 

Categorization of Recommendations In this document, each recommendation is categorized on the basis 

of existing scientific evidence, theoretical rationale, applicability, and potential economic impact. In 

addition, a new category accommodates recommendations that are made on the basis of existing national 

or state health regulations. The following categorization scheme is applied in this guideline: 

Category IA. Strongly recommended for implementation and strongly supported by well-designed 

experimental, clini- cal, or epidemiologic studies. 

Category IB. Strongly recommended for implementation and supported by certain clinical or 

epidemiologic studies and by strong theoretical rationale. 

Category IC. Required for implementation, as mandated by federal or state regulation or standard. 

Category II. Suggested for implementation and supported by suggestive clinical or epidemiologic 

studies or by strong theoretical rationale. 

No recommendation; unresolved issue. Practices for which insufficient evidence or no consensus exists 

about efficacy. 

Prevention of Health-Care–Associated Bacterial Pneumonia I. Staff 

Education and Involvement in Infection Pre- 

vention Educate health-care workers about the epidemiology of, and infection-control procedures for, 

preventing health- care–associated bacterial pneumonia to ensure worker competency according to the 

worker's level of responsi- bility in the health-care setting, and involve the workers in the implementation 

of interventions to prevent health- care–associated pneumonia by using performance- improvement tools 

and techniques (IA) (4–11). II. Infection and Microbiologic Surveillance 

A. Conduct surveillance for bacterial pneumonia in intensive care unit (ICU) patients who are at high risk 

for health-care–related bacterial pneumonia (e.g., patients with mechanically assisted ventilation or 

selected postoperative patients) to determine trends and help identify outbreaks and other potential infec- 



tion-control problems (12,13). The use of the new National Nosocomial Infection Surveillance (NNIS) 

system’s surveillance definition of pneumonia is rec- ommended (14). Include data on the causative 

microorganisms and their antimicrobial susceptibil- ity patterns (15). Express data as rates (e.g., number 

of infected patients or infections per 100 ICU days or per 1,000 ventilator days) to facilitate intrahospital 

com- parisons and trend determination (12,16,17). Link monitored rates and prevention efforts and return 

data to appropriate health-care personnel (IB) (18). B. In the absence of specific clinical, epidemiologic, 

or infection-control objectives, do not routinely perform surveillance cultures of patients or of equipment 

or devices used for respiratory therapy, pulmonary- function testing, or delivery of inhalation anesthesia 

(II) (19–22). 
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III. Prevention of Transmission of Microorganisms 

A. Sterilization or Disinfection and Maintenance of 

Equipment and Devices 1. General measures 

a. Thoroughly clean all equipment and devices to be sterilized or disinfected (IA) (23,24). b. Whenever 

possible, use steam sterilization (by autoclaving) or high-level disinfection by wet heat pasteurization at 

>158 F (>70°C) for 30 minutes for reprocessing semicritical equip- ment or devices (i.e., items that come 

into direct or indirect contact with mucous mem- branes of the lower respiratory tract) that are not 

sensitive to heat and moisture (Box). Use low-temperature sterilization methods (as approved by the 

Office of Device Evaluation, Center for Devices and Radiologic Health, Food and Drug Administration 

[FDA]) for equipment or devices that are heat- or mois- ture-sensitive (24–28). After disinfection, pro- 

ceed with appropriate rinsing, drying, and packaging, taking care not to contaminate the disinfected items 

in the process (IA) (23,24). c. Preferentially use sterile water for rinsing reusable semicritical respiratory 

equipment and devices when rinsing is needed after they have been chemically disinfected. If this is not 

fea- sible, rinse the device with filtered water (i.e., water that has been through a 0.2μ filter) or tap water, 

and then rinse with isopropyl alco- hol and dry with forced air or in a drying cabi- net (IB) (24). d. Adhere 

to provisions in FDA's enforcement document for single-use devices that are reprocessed by third parties 

(IC) (24,29). 2. Mechanical ventilators 

Do not routinely sterilize or disinfect the internal machinery of mechanical ventilators (II). 3. Breathing 

circuits, humidifiers, and heat-and- 

moisture exchangers (HMEs) a. Breathing circuits with humidifiers 

BOX. Example of semicritical items* used on the respiratory tract 

1) Do not change routinely, on the basis of duration of use, the breathing circuit (i.e., ventilator tubing and 

exhalation valve and Anesthesia device or equipment including: 

the attached humidifier) that is in use on 

• face mask or tracheal tube 

an individual patient. 

Change the circuit — inspiratory and expiratory tubing 

when it is visibly soiled or 

mechanically — Y-piece — reservoir bag — humidifier 

• Breathing circuits of mechanical ventilators 

• Bronchoscopes and their accessories, except for biopsy forceps and specimen brush† 

• Endotracheal and endobronchial tubes 

• Laryngoscope blades 

• Mouthpieces and tubing of pulmonary-function testing equipment 

• Nebulizers and their reservoirs 

• Oral and nasal airways 

• • malfunctioning (IA) (30–35). 



2) Breathing-circuit–tubing condensate 

a) Periodically drain and discard any con- densate that collects in the tubing of a mechanical ventilator, 

taking precau- tions not to allow condensate to drain toward the patient (IB) (36). b) Wear gloves to 

perform the previous procedure and/or when handling the fluid (IB) (37,38). c) Decontaminate hands with 

soap and water (if hands are visibly soiled) or with an alcohol-based hand rub after performing the 

procedure or handling the fluid (IA) (38,39). 3) No recommendation can be made for plac- ing a filter or 

trap at the distal end of the expiratory-phase tubing of the breathing circuit to collect condensate 

(Unresolved issue). Probes Resuscitation of CO 

2 bags 

analyzers, air-pressure monitors 

• Stylets 

• Suction catheters 

• Temperature sensors 

* Items that directly or indirectly contact mucous membranes of the respiratory tract should be sterilized or subjected to high-

level † disinfection Considered critical before reuse. 

items and should be sterilized before reuse. 
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4) Humidifier fluids 

a) Use sterile (not distilled, nonsterile) water to fill bubbling humidifiers (II) (36,40–43). b) No 

recommendation can be made for the preferential use of a closed, con- tinuous-feed humidification 

system (Unresolved issue). b. Ventilator breathing circuits with HMEs 

1) No recommendation can be made for the preferential use of either HMEs or heated humidifiers to 

prevent pneumonia in patients receiving mechanically assisted ven- tilation (Unresolved issue) (IB) (44–

49). 2) Changing HME 

a) Change an HME that is in use on a patient when it malfunctions mechani- cally or becomes visibly 

soiled (II). b) Do not routinely change more fre- quently than every 48 hours an HME that is in use on a 

patient (II) (50–52). 3) Do not change routinely (in the absence of gross contamination or malfunction) 

the breathing circuit attached to an HME while it is in use on a patient (II) (53). 4. Oxygen humidifiers 

a. Follow manufacturers’ instructions for use of 

oxygen humidifiers (II,C) (29;54–56). b. Change the humidifier-tubing (including any nasal prongs or 

mask) that is in use on one patient when it malfunctions or becomes vis- ibly contaminated (II). 5. Small-

volume medication nebulizers: in-line and 

hand-held nebulizers a. Between treatments on the same patient clean, disinfect, rinse with sterile water 

(if rinsing is needed), and dry small-volume in-line or hand-held medication nebulizers (IB) (57–59). b. 

Use only sterile fluid for nebulization, and dis- pense the fluid into the nebulizer aseptically (IA) (40–

42,58,60–62). c. Whenever possible, use aerosolized medica- tions in single-dose vials. If multidose 

medi- cation vials are used, follow manufacturers’ instructions for handling, storing, and dispens- ing the 

medications (IB) (60,62–67). 

"Learning is like rowing 

upstream; not to advance is to fall back." 

Chinese Proverb 
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6. Mist tents 

a. Between uses on different patients, replace mist tents and their nebulizers, reservoirs, and tubings with 

those that have been subjected to sterilization or high-level disinfection (II) (68). b. No recommendation 

can be made about the frequency of routinely changing mist-tent nebulizers, reservoirs, and tubings while 

in use on one patient (Unresolved issue). c. Subject mist-tent nebulizers, reservoirs, and tubings that are 

used on the same patient to daily low-level disinfection (e.g., with 2% ace- tic acid) or pasteurization 

followed by air- drying (II) (69). 7. Other devices used in association with respira- 

tory therapy a. Respirometer and ventilator thermometer: between their uses on different patients, steril- 

ize or subject to high-level disinfection portable respirometers and ventilator thermometers (IB) (70–74). 

b. Resuscitation bags 

1) Between their uses on different patients, sterilize or subject to high-level disinfec- tion reusable hand-

powered resuscitation bags (IB) (75–79). 2) No recommendation can be made about the frequency of 

changing hydrophobic filters placed on the connection port of resuscitation bags (Unresolved issue). 8. 

Anesthesia machines and breathing systems or 

patient circuits a. Do not routinely sterilize or disinfect the inter- nal machinery of anesthesia equipment 

(IB) (80). b. Between uses on different patients, clean reus- able components of the breathing system or 

patient circuit (e.g., tracheal tube or face mask) inspiratory and expiratory breathing tubing, y-piece, 

reservoir bag, humidifier, and tubing, and then sterilize or subject them to high-level liquid chemical 

disinfection or pasteurization in accordance with the device manufacturers’ instructions for their 

reprocessing (IB) (24,26). c. No recommendation can be made about the frequency of routinely cleaning 

and disinfect- ing unidirectional valves and carbon dioxide absorber chambers (Unresolved issue) (81). 

d. Follow published guidelines or manufacturers’ instructions about in-use maintenance, clean- ing, and 

disinfection or sterilization of other components or attachments of the breathing system or patient circuit 

of anesthesia equip- ment (IB) (82,83). e. No recommendation can be made for placing a bacterial filter in 

the breathing system or patient circuit of anesthesia equipment (Unresolved issue) (4,84–89). 9. 

Pulmonary-function testing equipment 

a. Do not routinely sterilize or disinfect the internal machinery of pulmonary-function testing machines 

between uses on different patients (II) (90,91). b. Change the mouthpiece of a peak flow meter or the 

mouthpiece and filter of a spirometer between uses on different patients (II) (24,92). 10. Room-air 

“humidifiers” and faucet aerators 

a. Do not use large-volume room-air humidifi- ers that create aerosols (e.g., by venturi prin- ciple, 

ultrasound, or spinning disk, and thus actually are nebulizers) unless they can be ster- ilized or subjected 

to high-level disinfection at least daily and filled only with sterile water (II) (40,93,94). b. Faucet aerators 

1) No recommendation can be made about the removal of faucet aerators from areas for 

immunocompetent patients (see also section on Legionnaires Disease, Part II, Section I-C-1-d) 

(Unresolved issue). 2) If Legionella spp. are detected in the water of a transplant unit and until Legionella 

spp. are no longer detected by culture, remove faucet aerators in the unit (see also section on Legionnaires 

Disease, Part II, Section I-C-1-d) (II) (95). B. Prevention of Person-to-Person Transmission of 

Bacteria 1. Standard Precautions 

a. Hand hygiene: Decontaminate hands by wash- ing them with either antimicrobial soap and water or 

with nonantimicrobial soap and water (if hands are visibly dirty or contami- nated with proteinaceous 



material or are soiled with blood or body fluids) or by using an alcohol-based waterless antiseptic agent 

(e.g., 
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hand rub) if hands are not visibly soiled after contact with mucous membranes, respiratory secretions, or 

objects contaminated with res- piratory secretions, whether or not gloves are worn. Decontaminate hands 

as described pre- viously before and after contact with a patient who has an endotracheal or tracheo- 

stomy tube in place, and before and after con- tact with any respiratory device that is used on the patient, 

whether or not gloves are worn (IA) (37,39). b. Gloving 

1) Wear gloves for handling respiratory secre- tions or objects contaminated with respi- ratory secretions 

of any patient (IB) (37). 2) Change gloves and decontaminate hands as described previously between 

contacts with different patients; after handling respiratory secretions or objects contaminated with 

secretions from one patient and before con- tact with another patient, object, or envi- ronmental surface; 

and between contacts with a contaminated body site and the res- piratory tract of, or respiratory device on, 

the same patient (IA) (37,39,96–98). c. When soiling with respiratory secretions from a patient is 

anticipated, wear a gown and change it after soiling occurs and before pro- viding care to another patient 

(IB) (37,97). 2. Care of patients with tracheostomy 

a. Perform tracheostomy under aseptic condi- 

tions (II). b. When changing a tracheostomy tube, wear a gown, use aseptic technique, and replace the 

tube with one that has undergone sterilization or high-level disinfection (IB) (23,24,37). c. No 

recommendation can be made for the daily application of topical antimicrobial agent(s) at the 

tracheostoma (Unresolved issue) (99). 3. Suctioning of respiratory tract secretions 

(See also Section IV-B-1-d) a. No recommendation can be made for the preferential use of either the 

multiuse closed- system suction catheter or the single-use open- system suction catheter for prevention of 

pneumonia (Unresolved issue) (44,100-102). b. No recommendation can be made about wearing sterile 

rather than clean gloves when 

performing endotracheal suctioning (Unre- solved issue). c. No recommendation can be made about the 

frequency of routinely changing the in-line suction catheter of a closed-suction system in use on one 

patient (Unresolved issue) (103). d. If the open-system suction is employed, use a 

sterile, single-use catheter (II). e. Use only sterile fluid to remove secretions from the suction catheter 

if the catheter is to be used for re-entry into the patient’s lower respiratory tract (II). IV. Modifying Host 

Risk for Infection 

A. Increasing Host Defense Against Infection: Admin- 

istration of immune modulators 1. Pneumococcal vaccination. Vaccinate patients at high risk for severe 

pneumococcal infections a. Administer the 23-valent pneumococcal polysaccharide vaccine to persons 

aged >65 years; persons aged 5–64 years who have chronic cardiovascular disease (e.g., congestive heart 

failure or cardiomyopathy), chronic pul- monary disease (e.g., chronic obstructive pul- monary disease 

[COPD] or ermphysema, but not asthma), diabetes mellitus, alcoholism, chronic liver disease (e.g., 

cirrhosis), or cere- brospinal fluid (CSF) leaks; persons aged 5–64 years who have functional or anatomic 

asplenia; persons aged 5–64 years who are liv- ing in special environments or social settings; 

immunocompromised persons aged >5 years with HIV infection, leukemia, lymphoma, Hodgkin's 

disease, multiple myeloma, gener- alized malignancy, chronic renal failure, neph- rotic syndrome, or 

other conditions associated with immunosuppression (e.g., receipt of HSCT, solid-organ transplant, or 

immunosup- pressive chemotherapy, including long-term systemic corticosteroids); and persons in long- 

term–care facilities (IA) (104–109). b. Administer the 7-valent pneumococcal poly- saccharide protein-



conjugate vaccine to all children aged <2 years and to children aged 24–59 months who are at increased 

risk for pneumococcal disease (e.g., children with sickle-cell disease or other hemoglobinopa- thies, or 

children who are functionally or ana- tomically asplenic; children with HIV 
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infection; children who have chronic disease, including chronic cardiac or pulmonary dis- ease [except 

asthma], diabetes mellitus, or CSF leak; and children with immunocompromising conditions including 

malignancies, chronic renal failure or nephrotic syndrome, receipt of immunosuppressive chemotherapy, 

including long-term corticosteroids, and receipt of solid- organ transplant). Consider administering the 

vaccine to children aged 24–59 months, with priority to children aged 24–35 months, chil- dren who are 

American Indians/Alaska Natives or black, and children who attend group child care centers (IB) (104). c. 

In nursing homes and other long-term–care facilities, establish a standing order program (SOP) for the 

administration of 23-valent vac- cine to persons at high risk for acquiring severe pneumococcal 

infections, including pneumococcal pneumonia (IA) (105,110,111). 2. No recommendation can be made 

for the routine administration of preparations of granulocyte- colony stimulating factor (GCSF) or 

intravenous gamma globulin for prophylaxis against health- care–associated pneumonia (Unresolved 

issue) (112–117). 3. No recommendation can be made for the routine enteral administration of glutamine 

for preven- tion of health-care–associated pneumonia (Unresolved issue) (118,119). B. Precautions for 

prevention of aspiration 

As soon as the clinical indications for their use are resolved, remove devices such as endotracheal, 

tracheo- stomy, and/or enteral (i.e., oro- or nasogastric or jejunal) tubes from patients (IB) (120–125). 1. 

Prevention of aspiration associated with endotra- 

cheal intubation a. Use of noninvasive ventilation (NIV) to reduce the need for and duration of endotra- 

cheal intubation 1) When feasible and not medically contrain- dicated, use noninvasive positive-pressure 

ventilation delivered continuously by face or nose mask, instead of performing endotracheal intubation in 

patients who are in respiratory failure and are not needing immediate intubation (e.g., those who are in 

hypercapneic respiratory failure second- 

ary to acute exacerbation of COPD or car- diogenic pulmonary edema) (II) (126–9). 2) When feasible and 

not medically contrain- dicated, use NIV as part of the weaning process (from mechanically assisted 

venti- lation) to shorten the period of endotra- cheal intubation (II) (130). b. As much as possible, avoid 

repeat endotracheal intubation in patients who have received mechanically assisted ventilation (II) (131). 

c. Unless contraindicated by the patient's condition, perform orotracheal rather than nasotracheal 

intubation on patients (IB) (44,132,133). d. If feasible, use an endotracheal tube with a dorsal lumen 

above the endotracheal cuff to allow drainage (by continuous or frequent intermittent suctioning) of 

tracheal secretions that accumulate in the patient’s subglottic area (II) (44,134–137). e. Before deflating 

the cuff of an endotracheal tube in preparation for tube removal, or before moving the tube, ensure that 

secretions are cleared from above the tube cuff (II). 2. Prevention of aspiration associated with enteral 

feeding a. In the absence of medical contraindication(s), elevate at an angle of 30–45 degrees of the head 

of the bed of a patient at high risk for aspira- tion (e.g., a person receiving mechanically assisted 

ventilation and/or who has an enteral tube in place) (II) (138–140). b. Routinely verify appropriate 

placement of the 

feeding tube (IB) (141–143). c. No recommendation can be made for the pref- erential use of small-

bore tubes for enteral feed- ing (Unresolved issue) (144). d. No recommendation can be made for prefer- 

entially administering enteral feedings continu- ously or intermittently (Unresolved issue) (145–148). e. 

No recommendation can be made for prefer- entially placing the feeding tubes, (e.g., jeju- nal tubes) distal 

to the pylorus (Unresolved issue) (149–155). 3. Prevention or modulation of oropharyngeal colo- 

nization a. Oropharyngeal cleaning and decontamination with an antiseptic agent: develop and imple- 
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for Infectious Diseases 2HICPAC member Sharp Memorial Hospital San Diego, California 

Summary 

The health-care facility environment is rarely implicated in disease transmission, except among 

patients who are immunocompromised. Nonetheless, inadvertent exposures to environmental pathogens 

(e.g., Aspergillus spp. and Legionella spp.) or airborne pathogens (e.g., Mycobacterium tuberculosis and 

varicella-zoster virus) can result in adverse patient outcomes and cause illness among health-care 

workers. Environmental infection-control strategies and engineering controls can effectively prevent 

these infections. The incidence of health-care–associated infections and pseudo-outbreaks can be 

minimized by 1) appro- priate use of cleaners and disinfectants; 2) appropriate maintenance of medical 

equipment (e.g., automated endoscope reprocessors or hydrotherapy equipment); 3) adherence to water-

quality standards for hemodialysis, and to ventilation standards for special- ized care environments (e.g., 

airborne infection isolation rooms, protective environments, or operating rooms); and 4) prompt 

management of water intrusion into the facility. Routine environmental sampling is not usually advised, 

except for water quality determinations in hemodialysis settings and other situations where sampling is 

directed by epidemiologic principles, and results can be applied directly to infection-control decisions. 

This report reviews previous guidelines and strategies for preventing environment-associated infections 

in health-care facilities and offers recommendations. These include 1) evidence-based recommendations 

supported by studies; 2) requirements of federal agencies (e.g., Food and Drug Administration, U.S. 

Environmental Protection Agency, U.S. Department of Labor, Occupational Safety and Health 

Administration, and U.S. Department of Justice); 3) guidelines and standards from building and 

equipment professional organizations (e.g., American Institute of Architects, Association for the 

Advancement of Medical Instrumentation, and American Society of Heating, Refrigeration, and Air-

Conditioning Engineers); 4) recommendations derived from scientific theory or rationale; and 5) 

experienced opinions based upon infection-control and engineering practices. The report also suggests a 

series of performance measurements as a means to evaluate infection-control efforts. 

Introduction 

Parameters of the Report 

This report, which contains the complete list of recommen- dations with pertinent references, is Part II 

of Guidelines for Environmental Infection Control in Health-Care Facilities. The full four-part guidelines 

will be available on CDC’s Division of Healthcare Quality Promotion (DHQP) website. Relative to 

previous CDC guidelines, this report 

• revises multiple sections (e.g., cleaning and disinfection of environmental surfaces, environmental 



sampling, laun- dry and bedding, and regulated medical waste) from pre- vious editions of CDC’s 

Guideline for Handwashing and Hospital Environmental Control; 

• incorporates discussions of air and water environmental concerns from CDC’s Guideline for Prevention 

of Nosoco- mial Pneumonia; 

• consolidates relevant environmental infection-control measures from other CDC guidelines; and 

• includes two topics not addressed in previous CDC guide- lines — infection-control concerns related to 

animals in health-care facilities and water quality in hemodialysis settings. 
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In the full guidelines, Part I, Background Information: Environmental Infection Control in Health-Care 

Facilities, provides a comprehensive review of the relevant scientific lit- erature. Attention is given to 

engineering and infection- control concerns during construction, demolition, renovation, and repair of 

health-care facilities. Use of an infection-control risk assessment is strongly supported before the start of 

these or any other activities expected to generate dust or water aero- sols. Also reviewed in Part I are 

infection-control measures used to recover from catastrophic events (e.g., flooding, sew- age spills, loss 

of electricity and ventilation, or disruption of water supply) and the limited effects of environmental sur- 

faces, laundry, plants, animals, medical wastes, cloth furnish- ings, and carpeting on disease transmission 

in health-care facilities. Part III and Part IV of the full guidelines provide references (for the complete 

guideline) and appendices, respec- tively. 

Part II (this report) contains recommendations for environ- mental infection control in health-care 

facilities, describing control measures for preventing infections associated with air, water, or other 

elements of the environment. These recom- mendations represent the views of different divisions within 

CDC’s National Center for Infectious Diseases and the Healthcare Infection Control Practices Advisory 

Committee (HICPAC), a 12-member group that advises CDC on con- cerns related to the surveillance, 

prevention, and control of health-care–associated infections, primarily in U.S. health-care facilities. In 

1999, HICPAC’s infection-control focus was expanded from acute-care hospitals to all venues where 

health care is provided (e.g., outpatient surgical centers, urgent care centers, clinics, outpatient dialysis 

centers, physicians’ offices, and skilled nursing facilities). The topics addressed in this report are 

applicable to the majority of health-care facilities in the United States. This report is intended for use 

primarily by infection-control practitioners, epidemiologists, employee health and safety personnel, 

engineers, facility managers, information systems professionals, administrators, environ- mental service 

professionals, and architects. Key recommen- dations include 

• infection-control impact of ventilation system and water system performance; 

• establishment of a multidisciplinary team to conduct infection-control risk assessment; 

• use of dust-control procedures and barriers during con- struction, repair, renovation, or demolition; 

• environmental infection-control measures for special areas with patients at high risk; 

• use of airborne-particle sampling to monitor the effec- tiveness of air filtration and dust-control 

measures; 

• procedures to prevent airborne contamination in operat- ing rooms when infectious tuberculosis (TB) 

patients require surgery; 

• guidance regarding appropriate indications for routine culturing of water as part of a comprehensive 

control pro- gram for legionellae; 

• guidance for recovering from water-system disruptions, water leaks, and natural disasters (e.g., 

flooding); 

• infection-control concepts for equipment using water from main lines (e.g., water systems for 

hemodialysis, ice machines, hydrotherapy equipment, dental unit water lines, and automated endoscope 

reprocessors); 

• environmental surface cleaning and disinfection strategies with respect to antibiotic-resistant 

microorganisms; 



• infection-control procedures for health-care laundry; 

• use of animals in health care for activities and therapy; 

• managing the presence of service animals in health-care facilities; 

• infection-control strategies for when animals receive treat- ment in human health-care facilities; and 

• a call to reinstate the practice of inactivating amplified cultures and stocks of microorganisms onsite 

during medi- cal waste treatment. Topics outside the scope of this report include 1) noninfec- tious 

adverse events (e.g., sick building syndrome), 2) envi- ronmental concerns in the home, 3) home health 

care, 4) terrorism, and 5) health-care–associated foodborne illness. 

Wherever possible, the recommendations in this report are based on data from well-designed scientific 

studies. However, certain of these studies were conducted by using narrowly defined patient populations 

or specific health-care settings (e.g., hospitals versus long-term care facilities), making generaliza- tion of 

findings potentially problematic. Construction stan- dards for hospitals or other health-care facilities may 

not apply to residential home-care units. Similarly, infection-control measures indicated for 

immunosuppressed patient care are usually not necessary in those facilities where such patients are not 

present. 

Other recommendations were derived from knowledge gained during infectious disease investigations 

in health-care facilities, where successful termination of the outbreak was often the result of multiple 

interventions, the majority of which cannot be independently and rigorously evaluated. This is especially 

true for construction situations involving air or water. 

Other recommendations were derived from empiric engi- neering concepts and may reflect industry 

standards rather than evidence-based conclusions. Where recommendations refer to guidance from the 

American Institute of Architects 
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(AIA), the statements reflect standards intended for new con- struction or renovation. Existing structures 

and engineered systems are expected to be in continued compliance with those standards in effect at the 

time of construction or renovation. Also, in the absence of scientific confirmation, certain infection-

control recommendations that cannot be rigorously evaluated are based on strong theoretic rationale and 

sugges- tive evidence. Finally, certain recommendations are derived from existing federal regulations. 

Performance Measurements 

Infections caused by the microorganisms described in this guideline are rare events, and the effect of 

these recommenda- tions on infection rates in a facility may not be readily mea- surable. Therefore, the 

following steps to measure performance are suggested to evaluate these recommendations: 

1. Document whether infection-control personnel are actively involved in all phases of a health-care 

facility’s demolition, construction, and renovation. Activities should include performing a risk assessment 

of the nec- essary types of construction barriers, and daily monitor- ing and documenting of the presence 

of negative airflow within the construction zone or renovation area. 2. Monitor and document daily the 

negative airflow in AII rooms and positive airflow in PE rooms, especially when patients are in these 

rooms. 3. Perform assays at least once a month by using standard quantitative methods for endotoxin in 

water used to reprocess hemodialyzers, and for heterotrophic and mesophilic bacteria in water used to 

prepare dialysate and for hemodialyzer reprocessing. 4. Evaluate possible environmental sources (e.g., 

water, laboratory solutions, or reagents) of specimen contami- nation when nontuberculous mycobacteria 

(NTM) of unlikely clinical importance are isolated from clinical cultures. If environmental contamination 

is found, elimi- nate the probable mechanisms. 5. Document policies to identify and respond to water 

dam- age. Such policies should result in either repair and dry- ing of wet structural or porous materials 

within 72 hours, or removal of the wet material if drying is unlikely within 72 hours. 

Updates to Previous Recommendations Contributors to this report reviewed primarily English- language 

manuscripts identified from reference searches using the National Library of Medicine’s MEDLINE, 

bibliographies of published articles, and infection-control textbooks. All the 

recommendations may not reflect the opinions of all review- ers. This report updates the following 

published guidelines and recommendations: 

CDC. Guideline for handwashing and hospital environmen- tal control. MMWR 1998;37(No. 24). 

Replaces sections on microbiologic sampling, laundry, infective waste, and house- keeping. 

Tablan OC, Anderson LJ, Arden NH, et al., Hospital Infec- tion Control Practices Advisory Committee. 

Guideline for pre- vention of nosocomial pneumonia. Infect Control Hosp Epidemiol 1994;15:587–627. 

Updates and expands environ- mental infection-control information for aspergillosis and Legionnaires 

disease; online version incorporates Appendices B, C, and D addressing environmental control and 

detection of Legionella spp. 

CDC. Guidelines for preventing the transmission of myco- bacterium tuberculosis in health-care 

facilities. MMWR 1994;43(No. RR13). Provides supplemental information on engineering controls. 

CDC. Recommendations for preventing the spread of van- comycin resistance: recommendations of the 

Hospital Infec- tion Control Practices Advisory Committee (HICPAC). MMWR 1995;44(No. RR12). 

Supplements environmental infection-control information from the section, Hospitals with Endemic VRE 

or Continued VRE Transmission. 



Garner JS, Hospital Infection Control Practices Advisory Committee. Guideline for isolation 

precautions in hospitals. Infect Control Hosp Epidemiol 1996;17:53–80. Supplements and updates topics 

in Part II — Recommendations for Isola- tion Precautions in Hospitals (linen and laundry, routine and 

terminal cleaning, airborne precautions). 

Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR, Hospital Infection Control Practices 

Advisory Committee. Guideline for prevention of surgical site infection. Infect Con- trol Hosp Epidemiol 

1999;4:250–78. Updates operating room ventilation and surface cleaning/disinfection recommendations 

from the section, Intraoperative Issues: Operating Room Environment. 

U.S. Public Health Service, Infectious Diseases Society of America, Prevention of Opportunistic 

Infections Working Group. USPHS/IDSA guidelines for the prevention of opportunistic infections in 

persons infected with human immunodeficiency virus. Infect Dis Obstet Gynecol 2002; 10:3–64. 

Supplements information regarding patient interac- tion with pets and animals in the home. 

CDC, Infectious Diseases Society of America, American Society of Blood and Marrow Transplantation. 

Guidelines for preventing opportunistic infections among hematopoietic stem cell transplant recipients. 

Cytotherapy 2001;3:41–54. Supple- ments and updates the section, Hospital Infection Control. 
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Key Terms 

Airborne infection isolation (AII) refers to the isolation of patients infected with organisms spread via 

airborne droplet nuclei <5 μm in diameter. This isolation area receives numer- ous air changes per hour 

(ACH) (>12 ACH for new construc- tion as of 2001; >6 ACH for construction before 2001), and is under 

negative pressure, such that the direction of the air flow is from the outside adjacent space (e.g., the 

corridor) into the room. The air in an AII room is preferably exhausted to the outside, but may be 

recirculated provided that the return air is filtered through a high-efficiency particulate air (HEPA) filter. 

The use of personal respiratory protection is also indi- cated for persons entering these rooms when caring 

for TB or smallpox patients and for staff who lack immunity to airborne viral diseases (e.g., measles or 

varicella zoster virus [VZV] infection). 

Protective environment (PE) is a specialized patient-care area, usually in a hospital, with a positive air 

flow relative to the corridor (i.e., air flows from the room to the outside adja- cent space). The 

combination of HEPA filtration, high num- bers of air changes per hour (>12 ACH), and minimal leakage 

of air into the room creates an environment that can safely accommodate patients who have undergone 

allogeneic hemato- poietic stem cell transplant (HSCT). 

Immunocompromised patients are those patients whose immune mechanisms are deficient because of 

immunologic disorders (e.g., human immunodeficiency virus [HIV] infec- tion or congenital immune 

deficiency syndrome), chronic dis- eases (e.g., diabetes, cancer, emphysema, or cardiac failure), or 

immunosuppressive therapy (e.g., radiation, cytotoxic chemo- therapy, anti-rejection medication, or 

steroids). Immuno- compromised patients who are identified as high-risk patients have the greatest risk of 

infection caused by airborne or water- borne microorganisms. Patients in this subset include persons who 

are severely neutropenic for prolonged periods of time (i.e., an absolute neutrophil count [ANC] of <500 

cells/mL), allogeneic HSCT patients, and those who have received the most intensive chemotherapy (e.g., 

childhood acute myelog- enous leukemia patients). 

Abbreviations AAMI Association for the Advancement of Medical 

Instrumentation ACH air changes per hour AER automated endoscope reprocessor AHJ 

authority having jurisdiction AIA American Institute of Architects AII airborne infection isolation ANSI 

American National Standards Institute ASHRAE American Society of Heating, Refrigeration, and 

Air-Conditioning Engineers BMBL Biosafety in Microbiological and Biomedical 

Laboratories (CDC/National Institutes of Health) CFR Code of Federal Regulations CJD Creutzfeldt-

Jakob disease CPL compliance document (OSHA) DFA direct fluorescence assay DHHS U.S. 

Department of Health and Human Services DOT U.S. Department of Transportation EC environment of 

care EPA U. S. Environmental Protection Agency FDA U.S. Food and Drug Administration HBV 

hepatitis B virus HEPA high efficiency particulate air HIV human immunodeficiency virus HSCT 

hematopoietic stem cell transplant HVAC heating, ventilation, air conditioning ICRA infection-control 

risk assessment JCAHO Joint Commission on Accreditation of 

Healthcare Organizations NaOH sodium hydroxide NTM nontuberculous mycobacteria 

OSHA Occupational Safety and Health Administration PE protective environment PPE personal 

protective equipment TB tuberculosis USC United States Code USDA U.S. Department of Agriculture 

UV ultraviolet UVGI ultraviolet germicidal irradiation VHF viral hemorrhagic fever VRE vancomycin-

resistant Enterococcus VRSA vancomycin-resistant Staphylococcus aureus VZV varicella zoster virus 
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Recommendations for Environmental Infection Control in Health-Care 

Facilities 

Rationale for Recommendations 

As in previous CDC guidelines, each recommendation is categorized on the basis of existing scientific 

data, theoretic rationale, applicability, and possible economic effect. The rec- ommendations are 

evidence-based wherever possible. How- ever, certain recommendations are derived from empiric 

infection-control or engineering principles, theoretic rationale, or from experience gained from events that 

cannot be readily studied (e.g., floods). 

The HICPAC system for categorizing recommendations has been modified to include a category for 

engineering standards and actions required by state or federal regulations. Guide- lines and standards 

published by the AIA, American Society of Heating, Refrigeration, and Air-Conditioning Engineers 

(ASHRAE), and the Association for the Advancement of Medical Instrumentation (AAMI) form the basis 

of certain recommendations. These standards reflect a consensus of expert opinions and extensive 

consultation with agencies of the U.S. Department of Health and Human Services. Com- pliance with 

these standards is usually voluntary. However, state and federal governments often adopt these standards 

as regulations. For example, the standards from AIA regarding construction and design of new or 

renovated health-care facilities, have been adopted by reference by >40 states. Cer- tain recommendations 

have two category ratings (e.g., Cat- egories IA and IC or Categories IB and IC), indicating the 

recommendation is evidence-based as well as a standard or regulation. 

Rating Categories 

Recommendations are rated according to the following cat- egories: 

Category IA. Strongly recommended for implementation and strongly supported by well-designed 

experimental, clini- cal, or epidemiologic studies. 

Category IB. Strongly recommended for implementation and supported by certain experimental, 

clinical, or epidemio- logic studies and a strong theoretic rationale. 

Category IC. Required by state or federal regulation, or representing an established association 

standard. (Note: Ab- breviations for governing agencies and regulatory citations are listed where 

appropriate. Recommendations from regulations 

adopted at state levels are also noted. Recommendations from AIA guidelines cite the appropriate 

sections of the standards.) Category II. Suggested for implementation and supported by suggestive 

clinical or epidemiologic studies, or a theoretic rationale. 

Unresolved issue. No recommendation is offered. No con- sensus or insufficient evidence exists 

regarding efficacy. 

Recommendations — Air I. Air-Handling Systems in Health-Care Facilities 

A. Use AIA guidelines as minimum standards where state or local regulations are not in place for design 

and construction of ventilation systems in new or renovated health-care facilities. Ensure that existing 

structures continue to meet the specifications in effect at the time of construction (1). Category IC (AIA: 

1.1.A, 5.4) B. Monitor ventilation systems in accordance with engineers’ and manufacturers’ 

recommendations to ensure preventive engineering, optimal performance for removal of particulates, and 



elimination of excess moisture (1–8). Category IB, IC (AIA: 7.2, 7.31.D, 8.31.D, 9.31.D, 10.31.D, 

11.31.D, Envi- ronmental Protection Agency [EPA] guidance) 1. Ensure that heating, ventilation, air 

conditioning (HVAC) filters are properly installed and maintained to prevent air leakages and dust 

overloads (2,4,6,9). Category IB 2. Monitor areas with special ventilation 

requirements (e.g., AII or PE) for ACH, filtration, and pressure differentials (1,7,8,10– 26). Category IB, 

IC (AIA: 7.2.C7, 7.2.D6) a. Develop and implement a maintenance schedule for ACH, pressure 

differentials, and filtration efficiencies by using facility-specific data as part of the multidisciplinary risk 

assessment. Take into account the age and reliability of the system. b. Document these parameters, 

especially the 

pressure differentials. 3. Engineer humidity controls into the HVAC sys- tem and monitor the 

controls to ensure adequate moisture removal (1). Category IC (AIA: 7.31.D9) a. Locate duct humidifiers 

upstream from the 

final filters. 
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b. Incorporate a water-removal mechanism into 

the system. c. Locate all duct takeoffs sufficiently down- stream from the humidifier so that moisture 

is completely absorbed. 4. Incorporate steam humidifiers, if possible, to reduce potential for microbial 

proliferation within the system, and avoid use of cool-mist humidifiers. Category II 5. Ensure that air 

intakes and exhaust outlets are located properly in construction of new facili- ties and renovation of 

existing facilities (1,27). Category IC (AIA: 7.31.D3, 8.31.D3, 9.31.D3, 10.31.D3, 11.31.D3) a. Locate 

exhaust outlets >25 ft from air- 

intake systems. b. Locate outdoor air intakes >6 ft above 

ground or >3 ft above roof level. c. Locate exhaust outlets from contaminated areas above roof level 

to minimize recircula- tion of exhausted air. 6. Maintain air intakes and inspect filters periodi- cally to 

ensure proper operation (1,11–16,27). Category IC (AIA: 7.31.D8) 7. Bag dust-filled filters immediately 

upon removal to prevent dispersion of dust and fungal spores during transport within the facility (4,28). 

Cat- egory IB a. Seal or close the bag containing the discarded 

filter. b. Discard spent filters as regular solid waste, regardless of the area from which they were 

removed (28). 8. Remove bird roosts and nests near air intakes to prevent mites and fungal spores from 

entering the ventilation system (27,29,30). Category IB 9. Prevent dust accumulation by cleaning air-duct 

grilles in accordance with facility-specific pro- cedures and schedules and when rooms are not occupied 

by patients (1,10–16). Category IC, II (AIA: 7.31.D10) 10. Periodically measure output to monitor system 

function; clean ventilation ducts as part of rou- tine HVAC maintenance to ensure optimum performance 

(1,31,32). Category IC, II (AIA: 7.31.D10) C. Use portable, industrial-grade HEPA filter units capable of 

filtration rates in the range of 300–800 ft3/min to augment removal of respirable particles as needed (33). 

Category II 

1. Select portable HEPA filters that can recirculate all or nearly all of the room air and provide the 

equivalent of >12 ACH (34). Category II 2. Portable HEPA filter units placed in construc- tion zones can 

be used later in patient-care ar- eas, provided all internal and external surfaces are cleaned, and the filter 

replaced or its perfor- mance verified by appropriate particle testing. Category II 3. Situate portable 

HEPA units with the advice of facility engineers to ensure that all room air is filtered (34). Category II 4. 

Ensure that fresh-air requirements for the area 

are met (33,35). Category II D. Follow appropriate procedures for use of areas with through-the-

wall ventilation units (1). Category IC (AIA: 8.31.D1, 8.31.D8, 9.31.D23, 10.31.D18, 11.31.D15) 1. Do 

not use such areas as PE rooms (1). Cat- 

egory IC (AIA: 7.2.D3) 2. Do not use a room with a through-the-wall ven- tilation unit as an AII room 

unless it can be dem- onstrated that all required AII engineering controls are met (1,34). Category IC 

(AIA: 7.2.C3) E. Conduct an infection-control risk assessment (ICRA) and provide an adequate number 

of AII and PE rooms (if required) or other areas to meet the needs of the patient population (1,2,7,8,17,19, 

20,34,36–43). Category IA, IC (AIA: 7.2.C, 7.2.D) F. When ultraviolet germicidal irradiation (UVGI) is 

used as a supplemental engineering control, install fixtures 1) on the wall near the ceiling or suspended 

from the ceiling as an upper air unit; 2) in the air- return duct of an AII area; or 3) in designated enclosed 

areas or booths for sputum induction (34). Category II G. Seal windows in buildings with centralized 

HVAC systems, including PE areas (1,3,44). Category IB, IC (AIA: 7.2.D3) H. Keep emergency doors 

and exits from PE rooms closed except during an emergency; equip emergency doors and exits with 

alarms. Category II I. Develop a contingency plan for backup capacity in the event of a general power 



failure (45). Category IC (Joint Commission on Accreditation of Healthcare Organizations [JCAHO]: 

Environment of Care [EC] 1.4) 1. Emphasize restoration of appropriate air qual- ity and ventilation 

conditions in AII rooms, PE 
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rooms, operating rooms, emergency depart- ments, and intensive care units (1,45). Category IC (AIA: 

1.5.A1; JCAHO: EC 1.4) 2. Deploy infection-control procedures to protect occupants until power and 

systems functions are restored (1,36,45). Category IC (AIA: 5.1, 5.2; JCAHO: EC 1.4) J. Do not shut 

down HVAC systems in patient-care areas exept for maintenance, repair, testing of emer- gency backup 

capacity, or new construction (1,46). Category IB, IC (AIA: 5.1, 5.2.B, C) 1. Coordinate HVAC system 

maintenance with infection-control staff and relocate immuno- compromised patients if necessary (1). 

Category IC (AIA: 5.1, 5.2) 2. Provide backup emergency power and air- handling and pressurization 

systems to main- tain filtration, constant ACH, and pressure dif- ferentials in PE rooms, AII rooms, 

operating rooms, and other critical-care areas (1,37,47). Category IC (AIA: 5.1, 5.2) 3. For areas not 

served by installed emergency ven- tilation and backup systems, use portable units and monitor 

ventilation parameters and patients in those areas (33). Category II 4. Coordinate system startups with 

infection- control staff to protect patients in PE rooms from bursts of fungal spores (1,3,37,47). Category 

IC (AIA: 5.1, 5.2) 5. Allow sufficient time for ACH to clean the air once the system is operational (Table 

1) (1,33). Category IC (AIA: 5.1, 5.2) K. HVAC systems serving offices and administrative areas may be 

shut down for energy conservation purposes, but the shutdown must not alter or adversely affect pressure 

differentials maintained in laboratories or critical-care areas with specific ven- tilation requirements (i.e., 

PE rooms, AII rooms, operating rooms). Category II L. Whenever possible, avoid inactivating or shutting 

down the entire HVAC system, especially in acute- care facilities. Category II M. Whenever feasible, 

design and install fixed backup ventilation systems for new or renovated construc- tion of PE rooms, AII 

rooms, operating rooms, and other critical-care areas identified by ICRA (1). Category IC (AIA: 1.5.A1) 

TABLE 1. Air changes/hour (ACH) and time required for airborne-contaminant removal efficiencies of 99% 

and 99.9% 

Time Time (min) required (min) required for removal for removal ACH efficiency of 99% efficiency of 99.9% 

2*† 138 207 4 69 104 6 46 69 8 35 52 10 28 41 12 23 35 15 18 28 20 14 21 50 6 8 Sources: CDC. Guidelines for 

preventing the transmission of Mycobacterium tuberculosis in health-care facilities. MMWR 1994;43(No. RR-13). 

American Conference of Governmental Industrial Hygienists. HVAC components, functions and malfunctions (Topic 

8-4). In: Industrial ventilation: a manual of recommended practice. 24th ed. Cincinnati, OH: American Conference of 

Governmental Industrial Hygienists, 2001. Mutchler JE. Principles of ventilation. In: NIOSH. The industrial 

environment — its evaluation and control. Washington, DC: US Department of Health, Education, and Welfare, Public 

Health Service, 1973. DHHS publication no. (NIOSH) 74-117. Available at: http:// www.cdc.gov/niosh/74-117.html. 

Note: Bold entries denote frequently cited ACH for patient-care areas. *Values were derived from the formula 

t where 

2 

– t 

1 

= –[ln (C 

2 

/ C 

1 

) / (Q / V)] × 60, with t 

1 

= 0 

t t C C C Q 1 2 



1 2 2 = = = / = = initial final air C initial final 1 flow = timepoint (min) timepoint (min) 

concentration of contaminant concentration of contaminant 1 – (removal efficiency/100) 

rate in cubic feet/hour V = room volume in cubic feet Q / V = ACH †Values apply to an empty room with no 

aerosol-generating source. With a person present and generating aerosol, this table would not apply. Other equations 

are available that include a constant generating source. However, certain diseases (e.g., infectious tuberculosis) are 

not likely to be aerosolized at a constant rate. The times given assume perfect mixing of the air within the space (i.e., 

mixing factor = 1). However, perfect mixing usually does not occur. Removal times will be longer in rooms or areas 

with imperfect mixing or air stagnation. Caution should be exercised in using this table in such situations. For booths 

or other local ventilation enclosures, manufacturers’ instructions should be consulted. 

II. Construction, Renovation, Remediation, Repair, and 

Demolition A. Establish a multidisciplinary team that includes infection-control staff to coordinate 

demolition, construction, and renovation projects and consider proactive preventive measures at the 

inception; pro- duce and maintain summary statements of the team’s activities (1,9,11–16,38,48–51). 

Category IB, IC (AIA: 5.1) 
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B. Educate both the construction team and health-care staff in immunocompromised patient-care areas 

regarding the airborne infection risks associated with construction projects, dispersal of fungal spores 

during such activities, and methods to control the dissemination of fungal spores (11–16,27,50,52– 56). 

Category IB C. Incorporate mandatory adherence agreements for infection control into construction 

contracts, with penalties for noncompliance and mechanisms to ensure timely correction of problems 

(1,11,13– 16,27,50). Category IC (AIA: 5.1) D. Establish and maintain surveillance for airborne 

environmental disease (e.g., aspergillosis) as appro- priate during construction, renovation, repair, and 

demolition activities to ensure the health and safety of immunocompromised patients (27,57–59). Cat- 

egory IB 1. Using active surveillance, monitor for airborne infections in immunocompromised patients 

(27,37,57,58). Category IB 2. Periodically review the facility’s microbiologic, histopathologic, and 

postmortem data to iden- tify additional cases (27,37,57,58). Category IB 3. If cases of aspergillosis or 

other health-care– associated airborne fungal infections occur, aggressively pursue the diagnosis with 

tissue biopsies and cultures as feasible (11,13– 16,27,50,57–59). Category IB E. Implement infection-

control measures relevant to construction, renovation, maintenance, demolition, and repair 

(1,16,49,50,60). Category IB, IC (AIA: 5.1, 5.2) 1. Before the project gets under way, perform an ICRA 

to define the scope of the activity and the need for barrier measures (1,11,13–16,48– 51,60). Category IB, 

IC (AIA: 5.1) a. Determine if immunocompromised patients may be at risk for exposure to fungal spores 

from dust generated during the project (13– 16,48,51). b. Develop a contingency plan to prevent such 

exposures (13–16,48,51). 2. Implement infection-control measures for exter- nal demolition and 

construction activities (11,13–16,50,61,62). Category IB a. Determine if the facility can operate tempo- 

rarily on recirculated air; if feasible, seal off adjacent air intakes. 

b. If this is not possible or practical, check the low-efficiency (roughing) filter banks fre- quently and 

replace as needed to avoid buildup of particulates. c. Seal windows and reduce wherever possible other 

sources of outside air intrusion (e.g., open doors in stairwells and corridors), especially in PE areas. 3. 

Avoid damaging the underground water system (i.e., buried pipes) to prevent soil and dust con- 

tamination of the water (1,63). Category IB, IC (AIA: 5.1) 4. Implement infection-control measures for 

inter- nal construction activities (1,11,13–16,48– 50,64). Category IB, IC (AIA: 5.1, 5.2) a. Construct 

barriers to prevent dust from con- struction areas from entering patient-care areas; ensure that barriers are 

impermeable to fungal spores and in compliance with local fire codes (1,45,48,49,55,64–66). b. Seal off 

and block return air vents if rigid barriers are used for containment (1,16,50). c. Implement dust-control 

measures on sur- faces and divert pedestrian traffic away from work zones (1,48,49,64). d. Relocate 

patients whose rooms are adjacent to work zones, depending on their immune status, the scope of the 

project, the potential for generation of dust or water aerosols, and the methods used to control these 

aerosols (1,64,65). 5. Perform those engineering and work-site related infection-control measures as 

needed for inter- nal construction, repairs, and renovations (1,48,49,51,64,66). Category IB, IC (AIA: 5.1, 

5.2) a. Ensure proper operation of the air-handling system in the affected area after erection of barriers 

and before the room or area is set to negative pressure (39,47,50,64). Category IB b. Create and maintain 

negative air pressure in work zones adjacent to patient-care areas and ensure that required engineering 

controls are maintained (1,48,49,51,64,66). c. Monitor negative airflow inside rigid barri- 

ers (1,67). d. Monitor barriers and ensure integrity of the construction barriers; repair gaps or breaks in 

barrier joints (1,65,66,68). 
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