Legionella: Cooling Towers are not the only Culprit

Three months before the Legionnaires’ outbreak in the Bronx, James Rouse’s family and doctors were sure that the 52-year old music teacher was going to recover from his recent illness. He had been suffering from a slight fever and general malaise, and was subsequently admitted to Beth Israel Medical Center in the Bronx. He died one week later. 

His family called him the “canary in the coalmine”, and said that the city could have prevented the 10 subsequent Legionnaire-related deaths in July had they investigated his death properly. 1

As with many outbreaks of Legionnaires’, the one in the South Bronx was attributed to Legionella bacteria present in cooling towers in several different buildings in the city. Legionnaires’ is a disease caused by the inhalation or aspiration of fluid that contains Legionella bacteria, subsequent growth of the bacteria in the lungs, and resulting pneumonia. There are 58 species of Legionella bacteria, approximately half of which are linked to disease, the most virulent of which is Legionella pneumophila serogroup 1.2 Legionella bacteria is common, and is most likely present in small numbers in many building water systems. The problem begins when Legionella bacteria finds a foothold in a warm environment and begins to multiply. Typically those with healthy immune systems who are exposed to Legionella will not develop Legionnaires’ disease, but could develop a more mild influenza-like disease called Pontiac fever, or exhibit no symptoms at all. Because Legionnaires’ poses a greater threat to those who are elderly, very young, or immunocompromised, facility managers and infection control officers of hospitals and long term care facilities should be especially aware of Legionella and how to help prevent patients from becoming exposed. Building owners, infection control officers, and facility managers should also refer to the ANSI/ASHRAE Standard 188-2015: Legionellosis: Risk Management for Building Water Systems for specific requirements per building type and function.

New Law in New York City for Building Owners

Following the 2015 summer outbreak of Legionnaires’ in the Bronx, the New York City Council passed legislation (by a unanimous vote) that requires all cooling towers to be registered, tested, and then disinfected if Legionella is found to be present. The fine for non-compliance is as high as $25,000 and up to one year in jail. It will be interesting to see if this inspires any other municipalities to enact similar laws.3

Some may argue that the focus on cooling towers is too narrow. While there is no doubt that Legionella has been found cooling towers in a number of Legionnaires’ outbreaks, the pathology of the disease tells us that there are other areas that carry a higher risk for being a source of infection.

ANSI/ASHRAE Standard 188-2015 sets forth guidelines that incorporate the whole of the building water system, and not just the cooling towers. Additionally, ASHRAE Guideline 12: Minimizing the Risk of Legionellosis Associated with Building Water Systems includes guidance on the design, maintenance and operation of building water systems, including potable and emergency water systems, heated spas, architectural fountains and waterfall systems, cooling towers, direct and indirect evaporative air coolers, atomizers, air washers and humidifiers.




Testing for Legionella Bacteria in Building Water Systems

Legionella is commonly found in potable hot water systems, water outlets, and water in cooling towers. The highest concentration of bacteria will be found in biofilms in these systems. In building water systems, microbial growth is frequently detected as biofilms in plumbing fixtures and HVAC. Aerosolization and aspiration of water from hot water systems that contain Legionella is thought to be the major mode of transmission of the bacteria. Aspiration of water droplets, from a shower, faucet, or from a medical procedure such as respiratory therapy, likely carries a great potential for transmission of Legionella (if it exists in the water system) because it can house a greater number of the bacteria than  aerosolized vapor. Also, aspiration of contaminated water at the hot water system outlets is more likely to impact patients who are immunocompromised or are otherwise more susceptible to Legionnaires’ disease. Therefore, it is not enough to test cooling towers and call it a day. It is quite likely that some level of Legionella bacteria exists in in the hot water system, and ideally samples should be taken from the water system and water outlets regularly. However, depending on the size of the facility, this could be very labor-intensive and costly. 

The mode of sampling is important. Swabbing has been shown to be more effective than water sampling before or after swabbing. Additionally, swab samples are easier to transport than straight water samples, and take less time to process.  However, it is recommended to do both. 

Evidence shows that there is a correlation between the frequency of sampling and the reduction in cases of Legionnaires’.  However, the frequency of sampling and the number of areas sampled can vary greatly depending on a facility’s size, and the organization’s ability to commit time and money to the monitoring process.  Some guidelines suggest quarterly to at least annual testing. 4 Some facilities will find that engaging a third party for environmental monitoring and remediation to be the most effective way to prevent Legionellosis. 

Samples should be analyzed by a qualified laboratory. The Center for Disease Control (CDC) has implemented a CDC Elite certification program specifically to provide laboratories a way to test Legionella isolation techniques against standardized samples. The Elite Members List contains those labs that are considered proficient in Legionella isolation by the CDC.

Levels of Legionella

If samples are positive for Legionella bacteria, remedial action must be taken. The degree to which remediation activities are taken is dependent upon the levels of bacteria present, and where the sample was taken from.  Relatively, cooling towers and evaporative condensers present a lower risk than potable water systems. 

Levels above 9 CFU/ml found in potable water systems require cleaning and/or biocide treatment, and present a moderately high level of concern. Levels above 99 CFU/ml found in cooling towers or evaporative condensers require cleaning and/or biocide treatment and present a moderately high level of concern. 5


Methods of Disinfection in Potable Water Systems

There are several methods of preventing Legionella colonization in building water systems; microfiltration, chlorine dioxide, thermal disinfection, hyperchlorination, copper-silver ionization, ultraviolet light sterilization, ozonation, and instantaneous steam heating.  Each of these methods has different considerations, and varying degrees of efficacy. Hyperchlorination and thermal disinfection are probably the most commonly used methods, however copper-silver ionization may be the most effective. 

Hyperchlorination by a chlorinator maintains a set level of the system, most effectively at 3-5mg/L, but no less than 2mg/L.  During this process, the pH of the water should be maintained between 7.0 and 8.0. Legionella is chlorine-resistant up to 3 parts per million. However after a five or six years these high-levels of chlorine will lead to corrosion of the pipes, causing pinhole leaks. It also poses another health risk, as chlorine levels above 4mg/l increase the levels of trihalomethanes, which are potentially carcinogenic. 

Thermal disinfection is commonly used in preventing Legionella. The temperature of the hot water system is raised above 70C (158F), and water outlets, such as faucets and showerheads are flushed for thirty minutes.  There is a potential safety concern with scalding by using this method. Legionella is killed at temperatures above 60C (140F). At 70C (158F) it takes ten minutes to kill Legionella in water, and at 60C (140F) it takes 25 minutes to kill Legionella. This is a temporary solution, which requires many personnel to monitor the water outlets, tank water temperatures and flushing times. Recolonization of Legionella bacteria will happen within months requiring frequent repetition of this process. 

Copper-silver ionization disrupts the permeability of the Legionella cell wall, denatures proteins and causes lysis and cell death.  Copper-silver ionization is less expensive than hyperchlorination, and like chlorination it provides residual protection. Human ingestion of heavy metals over time is a slight concern, however exposure would be limited because copper and silver ions are only added to the hot water system. It is important to note that the efficacy of this method is reduced by elevated pH.

In health care and long term care facilities it is recommended to maintain cold water temperatures below 20C(68F). Hot water should be stored above 60C( 140F) and distributed water should have a minimum return temperature of 51C (124F). These temperatures pose a scalding risk, and it is also recommended to decrease the risk by using thermostatic mixing valves when possible.6

Summary

With the recent increase of media attention to the role of building water systems in Legionnaires’ disease, pressure on building owners to maintain facilities free of Legionella also increases. However, it seems that the public remains mostly misinformed on what that entails. 

While cooling towers have captured the attention of many, including the New York City Council, it is important for building owners and those who design, maintain and repair building water systems to take holistic approach Legionellosis prevention. Without consideration of all of the building components that carry a risk for harboring Legionella bacteria, the public- especially our most vulnerable population, will remain exposed.
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