LEGIONELLA

PART I: AN EXAMINATION OF LEGIONELLA, OTHER BACTERIA, AND
BULK WATER DISINFECTION

n addition to being found in

the bulk water, Legionella

have been found in protect-
ed niches of biofilm, in protected niches
of algal mats, and within protozoa. Much
work has been done to investigate the
relationship between Legionella and
other bacteria, bacterial biofilm, algae,
and protozoa. In addition, a consider-
able body of work has been reported
describing the use of chemicals and
their effectiveness in each of these ar-
eas. For clarity and completeness, this
work is summarized and is presented in
four parts.

Part 1 describes the background of
the Legionella problem. The historical
background, information about Le-
gionella, and how Legionella grow in
real world systems are discussed. The
relationship between Legionella and
other bacteria in the bulk water is de-
scribed, and a summary of work done to
investigate various chemicals for its
control is presented.

Part 2 describes the relationship be-
tween Legionella and biofilm. Chemical
control strategies that are directed to-
ward control of biofilm are discussed.

In Part 3, the relationship between
Legionella and algae is discussed. The
effectiveness of different chemicals on
algae is discussed.

Finally in Part 4, the relationship be-

By Greg D. Simpson, Ph.D.
ChemCal Inc.

Editor's note: This is Part 1 of a four-part series. Itis
based on a new book on Legionefia by the author
that will soon be released.

ISSN:0747-8291. COPYRIGHT (C) Tall Oaks Pub-
lishing, Inc. Reproduction in whole, or in part,
including by electranic means, without permission
of publisher is prohibited. Those registered with the
Copyright Clearance Center (CCC) may photocopy
this article for a flat fee per copy.

tween Legionella and protozoa is dis-
cussed, along with work done describ-
ing the use of various chemicals for
control of protozoa.

About Legionella

Discovery. In July 1976, the Pennsyl-
vania Department of Health was inun-
dated by reports of a strange illness. By
Aug. 2, department personnel conclud-
ed that all of those incidents involved
persons who had stayed at the Belle-
vue-Stratford Hotel in Philadelphia July
21-24, 1976, or had been near the hotel
during that time. Most had attended the
58" annual convention of the American
Legion's Pennsylvania Chapter that was
held at the hotel. lliness struck 221 per-
sons, and 34 died (1). Investigators
traced the illness, which had been
dubbed “Legionnaires’ disease” by the
press to a previously unknown bacteri-
um, now known as Legionela pneumophi-
la.

The identification of Legionella pneu-
mophila enabled researchers to reopen
several cases in which the cause of
illness could not previously be identi-
fied. Frozen specimens that had been
retained were removed from long-term
storage and re-tested. The results con-
firmed that Legionella was the caus-
ative agent. The earliest case identified
occurred in 1947 and involved a soldier
at Fort Bragg, N.C. (2). Another early
manifestation where three or more per-
sons contracted the disease occurred
in 1957 in a meat packing plant (3). The
first known hospital outbreak occurred

in 1965 when 81 patients at St. Eliza-
beth’'s Hospital in Washington, D.C.,
developed pneumonia with 14 fatalities

(4).

Outbreaks. Since those original inci-
dents, anumber of Legionellaoutbreaks
have been identified (5-11). A compre-
hensive summary of outbreaks can be
found on the website, www.hcinfo.com/
outbreaks-news.hirm. As a result, nu-
merous investigations have been un-
dertaken in an attempt to determine the
mechanism of bacterial growth (12), the
mechanismof disease transmission (13),
the number of Legionella required to
promote development of the disease
(14), and the most effective control strat-
egies.

Physiology. L egionellaarerod-shaped,
gram-negative bacteria. Research has
shown that they require very specific
conditions (i.e., the presence of iron
and specific amino acids) for growth
(12, 15, 18). Therefore, it is thought that
Legionella may survive, grow, and mul-
tiply within well-defined specific micron-
iches that contain the required nutri-
ents, such as a bacterial biofilms (12,
17) or algal mats (18-20). These specif-
ic requirements for growth of Legionella
explain the ubiquitous nature of the or-
ganism in the environment and the diffi-
culty of culturing the bacteria in the
laboratory (21, 22).

Mechanism of infection. Legionnaires’
disease is thought to occur when a

TABLE A
Effect of Biocide Use on Legionelia,
Total Bacteria, and Protozoa

Biocide
Legionella

(# successiul/” towers)

CPTE 8/9
BNPD 5/11
BCDMH 9/9

Effectiveness of Biocide*

Total
Bacteria
NRH NE"
NRH NE
<10d NE”

Protozoa

Motes: * Effectiveness was measured by reduction of Legionella below detectable levels.

"MR: Mot Reduced
MNE: Mot Effective
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person with a compromised immune
systemn inhales an aerosol contaminat-
ed with infective bacteria (9, 12, 13, 23).

growth. The Legionella proliferate and
pneumonia develops. Those with

ble staving off infection. Those with
compromised immune systems (i.e.,

organ-transplant patients, people with
AIDS, and cancer patients receiving

virulent manifestation of the infection
(23).
One remaining unanswered question

la (21, 22), Legionella-contaminated

infected vacuoles or vesicles (12, 28),

causative agent because white blood

space occupied by bacteria measuring

mately 10* bacterial cells (29).
Although there has been no general

has been made (31, 32).

of sources, including cooling towers (5,
7-13, 33), evaporative condensers (34),
shower heads (13, 35, 36), whirlpool

vices (41), decorative fountains (42),

The infected person’'s white blood cells
engulf the bacteria. White blood cells
that engulf the bacteria provide the Le-
gionefla an environment conducive for

healthy immune systems have no trou-

chemotherapy) may develop Legion-
naires' disease or Pontiac fever, a less

is the number of bacteria required for
development of an infection (14, 24,
25), as the exact composition of the
infective aerosol is not yet known. What
is known is that the infective aerosols
may be contaminated by individual Le-
gionella, clumps or packets of Legionel-

biofilm fragments (26, 27), Legionella-

or Legionella-infected amoeba. Single
Legionella are not thought to be the

cells appear to be able to inactivate
single bacteria. Amoeba are not likely
to be the infective transport vehicles for
Legionella because they are generally
too large to get into the alveoli of the
lung, the site of infection (12, 28). Of the
possible transport mechanisms, it is the
Legionella-packed foecal vesicle that
appears to be able to carry the largest
number of bacteria to the site of infec-
tion (29, 30). An amoebal vesicle of 10-
micron (um) in diameter, with 90% of the

0.32 X 0.6 pm could contain approxi-

consensus regarding what constitutes
an infectious dose of Legionella in wa-
ter, a correlation between health risk
and Legionella counts in cooling water

Where Legionella have been found.
Legionella-contaminated aerosols have
been found to originate from a number

spas (37, 38), hospital hot water sys-
tems (39, 40), medical respiration de-

and grocery store misting machines (43).

Some have suggested that Legionella
are not free-living, aguatic bacteria (44),
because they do not proliferate in bulk
cooling water (12; 45, 46). Others have
suggested that conditions in cooling
water may promote the growth of Le-
gionella (35, 47).

The relationship between Legionellaand
other bacteria. [ egionelladonotappearto
be able to produce antibiotics that would
inhibit growth of other bacteria and al-
low them to compete for predominance
in a diverse biological community (44).
Thus, their mechanisms of growth must
be other than their proliferation in bulk
water, where they are surrounded by
other bacteria. The mechanism for their
growth must account for their accumu-
lating to numbers sufficiently large
enough for them to become a health
threat.

Despite the diversity of opinions as to
whether Legionella can grow in the bulk
water or not, the fact remains that Le-
gionella can be present in the bulk wa-
ter. Itistherefore important to be able to
control Legionelfa that are present in the
bulk water, whatever the source. The
chemical control strategy chosen will
depend on the origin, use, and fate of
the water to be treated.

Biocidal resistance of laboratory-
grown Legionella versus those found
in nature. A considerable number of
studies have been completed to identify
biocides that are effective against this
organism in the bulk water. Much of this
test work was conducted in the labora-
tory with Legionella cultured from broth
or pure cultures, challenging Legionella
with various biocides, both oxidizing
(48-52), and non-oxidizing (48-50, 53).

Early researchers identified that there
was a gap between laboratory results
and field results of testing of biocidal
efficacy against bacteria, including Le-
gionella. Several researchers reported
that the methodology used to culture
bacteria in a laboratory could result in
bacteria that have significant differenc-
es in their resistance to disinfection (54,
55). In particular, they found that labo-
ratory-cultured bacteria are easier to kill
than those found in nature. Their data
suggested that bacteria cultured in
chemostats are better able to simulate
those found in natural aquatic environ-
ments with regard to their resistance to
disinfection.

In 1982, a report that compared the

results of laboratory testing of biocidal
efficacy against Legionella versus actu-
al field results from tests done on a
number of cooling towers (8). These
workers were unable to develop any
correlation between the presence of
Legionellain a given tower and use of a
biocide inthattower that had been shown
in laboratory tests to be effective toward
this organism.

In 1984, a group reported their results
of a study where they tested the relative
resistance of Legionella to inactivation
by disinfectants. They confirmed that
the dilute nutrient conditions used when
culturing Legionella in continuous pro-
cess promoted the growth of a Legionella
phenotype that was generally much
more difficult to inactivate than those
culturedinlaboratory environments (56).

Various biocides for Legionella con-
trol. In one report, 14 cooling towers
were surveyed to determine whether
factors could be identified that might
indicate the presence or absence of
Legionella (57). A tin/quat (10 milli-
grams per liter [mg/L]), a chlorinated
phenol (100 mg/L), and a solid chlorine
release compound (maximum record-
ed residual of 1.2 mg/L) were evaluated
as biocides in this investigation. No
such correlation could be made and all
three were ineffective. No other bio-
cides were used during the trial.

Since tin/quat had been shown to be
effective at controlling laboratory cul-
tured Legionella and quat alone had
been shown to be relatively ineffective,
conclusions were that the tin compound,
tributyl tin oxide (TBTO) was the effec-
tive agent (58). The results suggest that
cellular responses were related to the
initial dosage of TBTO, and not the mea-
sured residual.

Atlow or intermediate doses (10 to107
molecules per cell), the primary result of
addition of TBTO was to slow down
bacterial metabolism. At higher doses
(greater than 10" molecules per cell),
the TBTO had a bactericidal effect. Their
results suggest that when a tin/quat
biocideis used, itappears that the TBTO
plays the major role in the disinfection
process.

In their continuing work to investigate
the effect growth conditions had on re-
sistance to biocide by Legionella, the
group also demonstrated that chlorine
dioxide (CIO,) was superior to chlorine
for control of Legionella (59).

Another group reported the results of
a study involving two biocides, a chlori-
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