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LEGIONNAIRES’ DISEASE
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Robson & Woese

Syracuse, NY

ABSTRACT
Legionellosis, also called Legionnaires’ Disease, continues to be a serious cause o f  illness in
health care facilities. Although the original outbreak in Philadelphia occurred in 1976, cases of
Legionellosis continue to be reported today in hospitals throughout the world. For the organism to
infect people, several factors must be present; unfortunately, these conditions are all too often met
in large facilities.

The source of the outbreak must be determined, in conjunction with local, state and/or federal
authorities. Once the source has been identified, then a program of remedial action must be
developed and implemented. The various methods of treating the plumbing system to prevent
Legionellosis are discussed in detail.
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Legionnaires’ Disease Continues To
Infect Health Care Facilities
Legionellosis, a bacterial form of pneumonia,
continues to be a significant problem in health
care facilities. Although the most common
strain of this bacterium is Legionella
pneumophila, there are at least 15 groups and
35 species and subspecies. Much clinical
research as to the most efficient method of
testing and detection of legionella has been
done. The virulence or potency of the different
strains varies from weak to those which can
cause death. Virulence can also vary with an
individual serogroup. Most people are normally
resistant to the weaker strains of the bacteria. If
sufficient quantities of the virulent strains are
inhaled, an individual can receive a strong case
of pneumonia. In some outbreaks, the death
rate has been as high as 20 percent. Even from
a non-medical perspective, the high level of
publicity associated with an outbreak makes
the public aware that we are dealing with a very
serious disease, which can be deadly.

Although there was no knowledge of the
disease before several major outbreaks of the
disease occurred, Legionellosis disease has
probably existed for centuries. The first major
outbreak was recognized at the now famous
Bellevue Stratford Hotel, the site of an
American Legion convention in the year 1976.
Of the people attending the convention, 186
contracted the disease and 29 deaths resulted.
By 1978, Legionnaires’ Disease has been
identified in 38 states and on the European
continent.

There have been three international
symposiums on the subject and numerous
articles written. In spite of the widespread
literature and increased awareness of the
problem, the disease continues to be reported
across the country as well as in countries
around the world.

Legionnaires’ Disease is a form of
pneumonia caused by legionellaceae bacteria.
The incubation period has a range of two to ten
days. The symptoms consist of chest pains and
lung congestion, abdominal pains, diarrhea,
and a temperature of 102F to 105F.

The early reported cases had to do with
poorly maintained cooling towers and malfunc-
tioning air condition systems. Legionella
bacteria continued to be identified from cooling
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tower basins. The water in
basins provide an ideal
bacteria growth. This is
temperatures, along with-.

the cooling tower
environment for
due to optional
interaction with

protozoa. The cooling tower mist has been
shown to carry the legionella bacteria and has
infected people who have inhaled the mist or
inhaled air from contaminated air conditioning
systems.

Cultures of the bacteria have also been
identified in the domestic hot water heating
systems for large hospitals, hotels and mental
institutions. A study in Germany found 70% of
the hospitals and 18% of the hotels investigated
were Legionella positive. Out of 84 hospitals in
Quebec, 57 had at least one sample test positive
for Legionellaceae in a one year period. In 22
hospitals out of the 84, 30% of the samples
were positive, and in nine hospitals, the dis-
tilled water system was found to be contami-
nated. Although the organism is widespread in
most aquatic environments, few people actually
develop symptoms.

The energy conservation crisis of the
1970’s and concerns about scalding people,
along with ensuing regulations, codes and
guidelines, led to the lowering of water temper-
atures in the water heater storage tanks from
140F to 1l0F-120F in health care facilities. The
organism has been isolated from water heater
sediments, along with scrapings from shower
heads. Additional cultures have been grown,
from water samples taken from water heaters,
and the hot water side of faucets and bathtubs.

The problem in large buildings if further
compounded by long runs of circulating water
piping and lower water temperatures in unused
parts of the system. “Legionella pneumophila
locates and concentrates in areas within the
water distribution system laden with silt and
sediment.” Even if hot water is generated, at
temperatures greater than 140F, in many areas,
health regulations require that the water
temperatures at the tap in hospitals be a
maximum of 1l0F. Standard design practice
has been to limit the temperature leaving the
water heater to 120F and to use a 20F tempera-
ture drop to size the circulating system. The
lower water temperature in the return loop may
lead to propagation of the bacteria.

The organism naturally occurs in low
concentrations in public drinking water taken
from surface waters or subsurface aquifers, and



can be found in filtered and unfiltered public
water systems. It has also occurred in homes
supplied by private wells. Low levels of
chlorine residual from zero to 1 part per million
are not adequate to inhibit the growth of
Legionella bacteria. By the time the water in
our larger municipal systems reaches the
customer, there is generally only small amounts
of residual chlorine available. There also
appears to be a relationship that when large
cold water mains are subject to pressure
fluctuations or physical shock and corroded
iron modules are released to the cold water
supply. These disruptions often occur during
construction projects or water main repairs.

For infection to occur, the organism must
be present in significant numbers, be one of the
virulent strains and be transmitted to the
person’s lower lung in the form of an aerosol. It
may multiply in water in the temperature range
of 68-113F. A study in Chicago identified the
culture in 19 out of 52 apartments. In all cases,
it was found that there was zero free chlorine
residual, and the mean temperature for positive
samples was 119F and at 137F for negative
samples. No positive samples were found in
apartments with hot water temperatures greater
than 13 1F. It should be noted that in that
particular study, none of the residents were
found to have any symptoms of Legionellosis.

The question of why the disease outbreaks
occur sporadically, although cultures have been
shown positive in so many apartments as well
as numerous facilities in Germany, Canada, and
Britain, may be answered in a conceptual chain
linking the environmental sources with the
infection of people. This chain was first postu-
lated by David Fraser at the 2nd International
Symposium. These include the following:

1. Environmental reservoir - the organism
is present in cold water but is practically
undetectable.

2. Amplifying factors which consist of
warm water, sediments, etc., promote
the rapid growth of the organism from
low to higher concentrations.

3. A mechanism must be available to
spread the organism to people from the
reservoir. This would consist of some-
thing which would produce aerosols.

4. The strain or serogroup of Legionella
that is atomized must be virulent to
humans.
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5. The organism must be introduced at an
appropriate site. In the case of Legion-
ella, this entrance would occur by
breathing into the lungs.

6. The human must be susceptible to the
infection.

This theory appears to be valid, as water is
the natural reservoir and heating it between
104-120F allows the bacteria to multiply. The
aerosol form is spread to humans by inhalation
of the organism. Research is still continuing as
to which strains are virulent to humans. At first
there was some confusion whether drinking the
water would cause infection, but this has not
been proven.

The primary mechanism of infection is the
inhalation of the organism in aerosol form. This
appears to occur from showers, lavatory taps,
bathtubs, spa baths, respiratory equipment
washed with tap water, and humidification
equipment. Mist from cooling towers and
evaporating condensers has caused infection up
to two miles away.

There also appears to be a relationship that
patients who have received organ transplants
and major operations are particularly sus-
ceptible to the disease. These patients may bc
immuno-compromised as part of their treat-
ment. The disease also stems more prevalent in
people with other significant underlying
diseases: smokers, and males over 50 years old.

There have also been outbreaks among
healthy individuals staying in hotels. An out-
break of Legionella occurred from the use of a
whirlpool spa at an inn in Vermont. People who
used the spa were more likely to exhibit scro-
logic evidence of infection.

It would appear that elevating the domestic
hot water temperature would alleviate the
problem of Legionella. The American Society
of Plumbing Engineers Research Foundation
published a report examining the issue of burns
caused by hot water temperatures versus
providing minimum temperatures to prevent
the outbreak of Legionella. Their conclusions
recommend outlet temperatures for water
heaters to be a minimum of 140F, due to the
fact that the bacteria have not survived at
temperatures greater than 131F..  They also
recommend the deletion of 1l0F maximum
temperatures at outlets. It is important to
consider  that127Fwater  will  cause  full
thickness epidermal (third degree) burns in 60
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seconds. 140F water will cause third degree
burns in five seconds. Hospital patients,
children and people with lack of feeling in their
bodies are particularly at risk for scalding type
injuries. With these serious implications in
mind, one compromise would be the usage of
temperature mixing valves on all showers and
outlets to prevent temperatures from exceeding
1l0F. Thermal mixing balancing valves also
incorporate high temperature limit stops, which
are set to reduce the possibility of scalding.

New construction design should consider
several factors. For air conditioning system
design. the cooling tower should be located
downwind of air intakes and open windows, as
the mist can carry the organism a great
distance. A continuing cooling tower treatment
program should be instituted. Condensate drip
pans for air conditioning equipment should be
designed for ease of cleaning by maintenance
staff, and should not have direct connection to
the building sewer piping.

Storage water heaters should be designed
horizontally for less temperature stratification.
Care should be given not to oversize the tanks.
Convenient blowdown valves should be pro-
vided at the bottom of the tank. Duplex water
heaters should be hydraulically balanced to
prevent either tank from being stagnant.
Instantaneous or semi-instantaneous heaters
can eliminate stratification. However, they still
can become contaminated if operated at
temperatures that are favorable to growth of the
organism.

It is possible in some steam storage water
heaters, to have the aquastat set at 140F, with
the temperature at the bottom of the tank being
below 130F. It is, therefore, recommended that
the tank be set at 165F to insure disinfection
temperatures throughout the tank. The usage of
solar, heat pumps, refrigerant, or other heat
reclamation devices. which would preheat and
store water at less than 131F ,  should be
eliminated. Cold water piping should be
insulated to prevent warming from adjacent hot
water piping to greater than 65F. The British
Technical Manual recommends the distribution
temperature to be high enough to create a
minimum of 122F on the return legs to the unit.
The layout of the hot water piping system
should eliminate, as much as possible, any
“dead legs” or portions of the system where the
water will stand and the temperatures will drop.
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This can be accomplished by the recirculation
of the hot water piping to within 15 feet of all
fixtures. Further scientific investigation is
required to substantiate the proper length of
unrecirculated pipe to fixtures. Temperature
mixing valves should be located within six feet
of the fixtures served.

Central mixing valves will mix the hot
water from the water heaters with cold water to
obtain the blended circulating water tempera-
ture. Consideration should also be given to the
usage of larger circulation pumps and
recirculation piping sized on a 5F to 9F
temperature differential. This will keep the
temperature in the hot water piping at a higher
level.

The usage of a single pipe system with heat
tracing has also been shown to be effective.
Testing of heat traced systems has shown that
the water temperature is the only significant
factor in determining bacteria growth.

Plumbing fixtures and valves should be
utilized without faucet aerators or rubber
washers, both of which have been shown to
harbor Legionella bacteria. Rubber should also
be eliminated from shock absorbers or any
other component of the hot water system. One
manufacturer is marketing a low aerosol type
shower head, which may decrease the
inhalation of the bacteria.

If cases of Legionellosis are confirmed, the
first requirement would be to meet with the
medical staff for infection control and with an
experienced state or county public health
epidemiologist. A team approach to the investi-
gation is always necessary, involving the
epidemiologist, the infection control depart-
ment, and the engineering staff. If a confirmed
problem exists, employee notification is
required by OSHA to allow proper treatment if
it is needed. Healthy employees will not
generally be affected by the presence of the
bacteria in the water.

Sampling for Legionella in the hot water
supply has shown that the organism will exist in
small quantities in most buildings. Simply
finding the organism in the water without
human illness is not a significant or reportable
event for facilities that do not have a transplant
ward. In this case, increasing the temperature of
the water heater and heat flushing would appear
to be the most advisable course of action.

Next, the team should ascertain the location
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and time of the onset of the cases and the
serotype of the Legionellae. The investigation
should proceed to determine the sources of the
outbreak. Prior approval of the State Health
Department is required before undertaking
corrective measures to the air cooling
equipment or the domestic water system.

If the investigation and sampling points
toward association with the cooling tower, the
following is suggested. The treatment of
cooling towers normally consists of shock
treatment, with chlorination at 50 parts per
million, draining and cleaning of the tower.
Workers cleaning the tower should be protected
with breathing equipment to guard against
exposure to aerosols in the cleaning process.
This would be followed by continuous treat-
ment with appropriate chemicals proven to kill
the organisms and host organisms. One effec-
tive chemical is diecyl-dimethyl ammonium
chloride. Several other chlorine-based chem-
icals have proven effective. The engineer
should work with the facility’s cooling tower
chemical treatment supplier for effective
treatment.

For hot water systems, boost the hot water
heater temperature to 165F and clear the tank of
any sediment buildup. A variety of disinfection
systems have been tried. In laboratory tests,
heat, zone reactors, ultraviolet sterilizers,
chlorine, and a silver copper ionizer have
shown to be successful in disinfection. Sodium
Hypochlorite, in the 1.5 to 2 ppm dosage in
conjunction with increased water temperatures,
have shown to be successful in many hospitals
in controlling this organism. Chlorine and/or
heat treatment are the primary recognized
means of control. The objections with chlorine
is that the higher levels may produce more
trihalomethsanes in the water supply. There are
also increased taste and odor complaints from
users of the facility. Increased chlorine levels
can also cause increased corrosion of the piping
system. At 5 ppm, one hospital experienced
significant quantities of leaks. This can be
combated with the addition of sodium silicates
for corrosion suppression. The addition of
chemicals, to the drinking water supply in any
institution, will require prior approval of the
governing health agency.

Heat shocking of the hot water system with
176F will kill the organism, if all the “dead-
legs” of the system are concurrently flushed.
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Proper notification of all personnel and patients
is required to minimize the risk of scalding.
There has also shown to be a recurrence of the
problem and the treatment must be repeated.
Ozone and ultraviolet light systems are effec-
tive at killing organisms, but do not carry a
residual into the piping system, and have not
been proven conclusively at a facility site.
Ozone treatment of water can cause problems
with mineral deposits on the piping. This will
depend on the mineral content of the water.
Ultraviolet light has commonly been used for
disinfection of pure water systems, but its
effectiveness is greatly diminished with in-
creased levels of turbidity in the water. The
silver-copper ionizer provides both an initial
kill and allows residual ions to be transported in
the piping system for further disinfection. A
silver copper unit has been used successfully at
a hospital in Indianapolis, Indiana, and in
Pittsburgh, Pennsylvania, and a similar type
will soon be undergoing pilot testing in a
hospital in New York State. Depending on
further testing, this unit may hold some
promise as a disinfection system. The potential
toxic effects, due to long term drinking of water
with silver and copper ions has not been
investigated, although the levels are below EPA
drinking water standards.

The hot water piping system should be
checked for poor circulation and balanced.
Whole sections of piping may be dead because
the system was never balanced correctly.
Temperature, pH, and chlorine residuals should
be taken at the extremities of the system.

Install bag filtration equipment to filter the
incoming cold water to 5 microns. This will
filter out algae, amoeba, protozoan, rust
particles, and sediment, which may harbor
Legionella internally or act as a shield for
disinfection.

Locating the source of the contamination
and remediation measures must be followed by
good monitoring and record keeping. This will
insure maintenance of the equipment and
prevent recurrence of the problem.

Any major facility has the potential for
contamination by this organism, particularly
large hospitals. Careful design practices, good
cooling tower maintenance and vigilance, on
the part of the maintenance staff of the hot
water system, can prevent occurrences of this
serious disease.
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