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Kbstract. This study was designed to investigate the possible association of high colony counts of

. = legionellaefrom cooling towers and evaporative condensers with Legionnaires’ disease outbreaks.
+ We obtained legionellae counts from samples of cooling towers and evaporative condensers that
«-were the likely sources of hvo different Legionnaires’ disease outbreaks and compared these counts
~ with those from cooling towers that were not associated with reports of human disease. Among 675
‘potential control cooling tower water samples from 258 facilities, 136 facilities had one or more
“.. cooling towers that met our criteria for inclusion into the study. Samples taken from buildings
where an outbreak had occurred had much higher Legionella counts than did samples from other
. buildings. Colony counts from the two outbreak-associated facilities were significantly higher than
 ***colonycounts from other facilities [Wilcoxon Rank Sum Test (Exact), p < 0011. The results of the
study suggest that, among cooling towers that test positive for the presence of legionellae, higher
colony counts are associatedwith higher risk of Legionnaires’ disease.

Legionellosis, including both Legionnaires’ disease
and Pontiac fever, is caused by organisms of the genus
Legionella. An estimated 25.000 to 100,000 cases of
Legionnaires’ disease occur in the United States
annually [1]. Most occur as sporadic cases, and the
source of exposure often remains undetermined.
Previous studies have shown cooling towers and/or
evaporative condensers to be responsible for out-
breaks [4, 9]. Several investigators have suggested an
increased risk of Legionnaires’disease from exposure
to contaminated building sources (2, 10]; however, no
relation with Legionella counts has been established.
The significance of the presence of Legionella bacte-
rla in building water systems in the absence of disease
isdften downplayed owing to the ubiquitous nature of
the Organism [4, 6, 9, 12).

+ Published investigations on outbreaks of
Leglonnalres disease that have established the expo-
sure *source seldom include colony counts of Le-
Slonella hacteria from the identified exposure source.
At present, routine environmental culturing is not
"¢ mmended When sporadic cases occur because no
association has been developed between degree of
tontamination and disease [4, 6, 9, 12], and sporadic
°°mmumty acquired illnesses are usually not known

to be associated with further cases. Thus there is a
tendency to wait for a contaminated building water
system to be associated with illness before any inter-
ventions are initiated [9, 12]. Because a large percent-
age of cooling towers have been shown to contain
Legionella [13], further study of the association be-
tween legionellae concentrations in cooling towers
and Legionnaires’ disease is warranted. The need for
this information was recognized by Fraser in 1980. He
called for studies to demonstrate the risk of legionel-
losis in relation to concentration of L. pneumophifa in
cooling tower or evaporative condenser water [8].
This study is an initial step in the investigation of such
an association.

Materialsand Methods

In this study, we compared colony counts in samples taken from
cooling towers (or evaporative condensers) that were implicated
epidemiologically as the source of an outbreak of Legionnaires’
disease with the colony counts in samples taken from cooling
towers and evaporative condensers not associated with an out-
break.

All outbreaks of Legionnaires’ disease that occurred in the
U.S. between 1988and 1991were eligible for entry into the study if
the implicated source was a cooling tower or evaporative con-
denser. We identified outbreaks from a listing of outbreaks
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investigated by the Centers for Disease Control (CDC) between
1983 to 1991 [1]. We obtained legionellae counts from one of the
outbreak-associated cooling towers from a publication describing
“the investigation performed by the CDC in a peer-reviewed journal
{4}, For the other outbreak, the legionellae counts from the
implicated cooling towerswere determined by our laboratory. Only
those outbreaks with two or more cases of Legionnaires’ disease
were eligible, and only those outbreaks with patients that showed
symptoms of pneumonia, radiographic evidence, and culture-
positive sputum were included in the study. We excluded outbreaks
that occurred from sources other than cooling towers or evapora-
tive condensers. We identified two outbreak that met these
criteria.

Outbreak description. Outbreak 1, investigated y our laboratory,
occurred in a hospital, and the cooling towers :re implicated as
the source. The outbreak strain was Legionella neumophila sero-
group 1, monoclonal subtype 1, 2, 5, 6. The oui reak consisted of
three cases that occurred from June, 1989, to \ugust, 1989. All
cases were hospitalized patients who were ! :ated in a single
building at the hospital. The cooling towers, wh :h were connected
side by side, were a common exposure source f. all cases since all

caseswere on the same wing, on the same floor.

of the building were situated downwind from ar

tower drift. The potable water system was also :.

source to all cases. However, no viable Legic

were detected from the potable water system af
investigations. The samples from two coolin
Legionellapneumophila serogroup 1, monoclona
and Legionella pneumophila serogroup 1, monoc
at Concentrations ranging from 120colony formir
to 3600 CFU/ml (mean = 1917 CFU/ml, n = 6
tion in colony counts resulted because one of the
higher counts than the other tower.

Outbreak 2 was associated with an evapora:
retirement hotel between June 10 and July :
evaporative condenser was epidemiologically
source of the outbreak. which included six case
tion was also supported by microbiological
outbreak strain was Legionella pneumophilu s.
clonal subtype 1,2, 5, 6. The outbreak strain w:
the evaporative condenser water at concentra
9000 CFU/ml (4).

We ccmpared the colony counts in sa.
outhrcak-associated towers with counts in con
other cooling towers. All samples sent to ou
analysis from cooling towers or evaporative con
to 1991 were eligible if the building was nc
associated with an outbreak. Cooling tower water
were analyzed for Legionella concentrations f:
with no previously known association with Leg
Because of the similarity between cooling towe
condensers with respect to design, operation,
exposure, evaporative condensers were cons
towers in this study. Cooling tower samples that

nd the air intakes
faced the cooling
ymmon exposure
{la pnewnophila
r three thorough
towers yielded
ubtype 1, 2,5, 6
nal subtype 1,6
anits (CFU)/ml
The high varia-
wers had much

2 condenser at a
. 1988 [4]. The
plicated as the
4]. The associa-
sampling. The
group 1, meno-
demonstrated in
ns greater than

sles from these
'l samples from
laboratories for
asers from 19SS
reported to be
mples (n = 675)
n 258 buildings
naires’ disease.
and evaporative
.d potential for
xed as cooling
sted negative for

Legionella were excluded from the comparisor ;roup. If we had
several samples from cooling towers or evap. ative condensers
from the same building. we used the mean conc<atration.

Control water samples were collected and sent to the labora-
tory, next day (AM) delivery. All samples were processed 0N the
day of arrival by the laboratory for viable Legioneila. All samples.
including the one outhreak sample sent to our laboratory, were
analyzed in duplicate. Samples were analyzed With Buffered
Charcoal Yeast Extract agar (BCYE) with selective antibiotics and
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glycine as previously described [S}. Increased séng
tained by filter concentration of 100 mi thmugh )
Nuclepore polycarbonate membrane followed by resusﬁw?
ml of filtered sterile water for further analysis, Samns:o
treated by the method of Bopp et al. [3] as pl’eVlously d
only if a significant number of competing non- 'elenell
were detected.
Typical colonies on BCYE agar were lsolatcd purificd <.
tested for cysteine requirement. Cystelne.,-eql,,,.".‘g Cultur'e%m
analyzed for immunofluorescent reactions against poly ﬂ'a"xﬁ"m 3
valent Legionella antisera to determine species and um&aﬁ“;&f‘."
Monoclonal subtyping was performed on the °"Vlr0hm'eiim
and clinical isolates by the CDC by methods prev, usjy des ﬂ

f11).

We used an exact version of the Wilcoxon Rank § Sum Ten "
test the null hypothesis of no difference between colony counts _
cooling towers associated with an outbreak and those of olhcr
towers. We restricted this analysis to the warmer cooling tower
operational months of May. June, July, August, September, zpg
October. As well, frequency tables of the mean numbers of
Legionella in control cooling tower samples per facxhty were
created. The mean numbers ofLeglonella firamthe control towers
were compared with numbers in “outbreak” towers t0 stydy
differencesbetween the two groups. '

For additional descriptive analysiswe constructed histograms
to summarize the relative frequeacy of the mean CFU/m| from
control facilities. We classified counts as “high” if the mean
CFU/ml was greater than or equal to 1600, the upper 5 percentile
of mean CFU/mi from control building cooling tower samples. All
counts less than 1600 uere considered “low.” We assessed the
association between outpreaks and “high” counts, using Fisher
exact confidence limits. The upper 5 percentile was chosen arbi-
trarily for purposes of analysis. not to suggest this as a guideline
level.

ae baq"

Results

We processed 675 cooling tower samples from 238
facilities that met our criteria. We processed 12
control cooling tower samples from 8 facilities in
1988, 65 control samples from 21 facilities in 1989,
190control samples from 71 facilitiesin 1990, and 408
samples from 138 facilities in 1991. We excluded 122
of these comparison facilities because the colony
counts were zero. Of the 122 excluded facilities, 8, 11;
30, and 73 were excluded in the years 1988, 1989,
1990, and 1991 respectively. None of these excluded
facilities was known to be associated with an ou-
break. The final comparison population was 286
cooling tower samples from 136 facilities. As shown in
Fig. 1, mean colony counts from the comparison
cooling towers were substantially lower than those
from the outbreak-associated towers.
By restriction of the analysis to the Wa"“e'
cooling tower operational months, outbreak samples
ranked firstand eighth out of 101 total samples- US‘“g,
the Wilcoxon Rank Sum Test (Exact):: °“tb
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M Control Facilites, n=138
[J Outbreak Facilites, n=2

LL-r

ll to 31 to 101 to 501 to 1001 >4001
2000 4000
gl Legioneila (mean CFU/mi)
Fig.1. Distribution of Legoveiz “101Y countsin positive facilities.
Table 1. Wilcoxon Rark Sum Test (Exact), p-value = 0.0063 Discussion

controlling for cooling wwer operational months May
through October

Number of Number of

outbreak control
Mean CFU/ml per fadiiin facilities facilities
20and <100 0 68
100-499 0 18
500-999 0 5
1000-1499 0 0
1500-2999 { 5
23000 1 3

samples had sieniscanty higher colony counts than
the control samplas. mvalue = 0.0063. Table 1 shows
the distribution of Leginella counts in cooling tower
Waie samples. resicad to cooling tower operational
months. Analysis of the unrestricted data was also
statistically significant.
. Legionella concenzations from each of the differ-
ent outbreak-assodatad coollng towers were above
1600 CFU/mL. the upper 5 percentile of the compari-
on group. Thus. eniy 3 of 136 facilities with no
Outbreak (10 of =6 positive samples) had mean
Splony counts equal to or above 1600 CEU/ml com-
Pared with 2 of 2 facities associated with an out-
break The odds &fas infinite with a 95% Fisher
ct lower confidence limit of 2.6, again indicating
‘hat high colony cowmzs are very strongly associated
With having had 2z outbreak (Fisher Exact P-

Value = (), 005).

IA

The results of our study suggest a strong relation
between high Legionella counts in cooling towers with
Legionnaires’ disease. An extensive epidemiologic
investigation to identify a common source was con-
ducted for one of the outbreaks, as previously de-
scribed (outbreak 2). Although an extensive epidemio-
logic investigation was not performed in outbreak 1,
all three cases were located on the same side of the
building that faced the cooling towers, the air intakes
faced the cooling towers, the cooling towers were the
only source at the facility to contain the same Le-
gionella subtype as the outbreak strain, and no further
cases occurred once the cooling towers were decon-
taminated. This further suggests that the cooling
towers determined to be the cause for outbreak 1
were the actual exposure source of the outbreak.

As with other infectious organisms, our results
suggest that the higher the concentration of Le-
gionella in an exposure source, the higher the risk of
disease. Previous epidemiologic studies have demon-
strated an association of Legionnaires’ disease with
both duration and proximity of expnsure to a legionel-
he-contaminated source with Legionnaires’ disease
(4], yet none have attempted to associate the concen-
tration of Legionella in the source of exposure.

Our hypothesis—that higher colony counts are
associated with higher risk—is biologically plausible.
It is plausible to conclude that higher legionellae
counts in cooling tower water would result in higher
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legionellae counts in air. The concentration of Le-
gionella in cooling towers should be a crude measure
of potential for exposure, even though the distance
from cooling towers to susceptible individuals may
vary. Although the infective dose of Legionella is not
known, if the infective dose required to cause
Legionnaires’ disease is greater than one CFU, then
concentration is important. Because infective dose
presumably varies among individuals because of dif-
ferences in susceptibility, the number receiving an
infective dose should increase as the concentration in
an exposure source increases. Therefore, it is plau-
sible that the risk should be higher among those
exposed to sourceswith higher colony counts.

In reviewing the literature, we identified addi-
tional outbreaks that did not meet our eligibility
criteria. These outbreaks were excluded because they
occurred outside the United States and/or were
Pontiac fever rather than Legionnaires’ disease out-
breaks and/or were unpublished in the scientific
literature and/or occurred in a year when control
samples were not collected. In general, colony counts
from these outbreaks were high and consistent with
our results. For example, colony counts from highly
suspected cooling tower samples from three different
outbreaks in Australia were high. The mean levels
from the cooling towers associated wi:h the Daw
Park, Wollongong, and Bumie Tasman a outbreaks
were 5500 CFU/ml (Dr. Trever Steele, 1* 92, personal
communication) (n =2; 1000 CFU/m! and 10,000
CFU/ml), 2000 CFU/ml (7], and 280.300 CFU/ml
(Dr. Trever Steele, 1992, personal communication)
respectively. An outbreak of Pontiac fever in the U.S.
was associated with a cooling tower with colony
counts greater than 10,000 CFU/mi (Dr. James
Barbaree, 1992, personal communication). An out-
break associated with a cooling tower thzt occurred in
a U.S. prison, however, yielded only 10 CFU/m! (Dr.
Barry Fields, 1992. personal communication), and a
cooling tower associated with an outbrr ak currently
under investigation yielded a Legionella . cunt of 1500
CFU/ml in the laboratories at the CDC (CDC
Memorandum Epi-92-64-1, March 22, 1992), and in
our laboratory it yielded a Legionella count of 2800
CFU/ml (mean =2150 CFU/ml). A cooling tower
outbreak that occurred in 1983 had colony counts of
6000 Legionella CFU/ml [9]. These outbreaks were
not included in the analysis, but appear to support
our findings. Although only two outbreaks met our
inclusion criteria, the result is quite stable.

There is a potential for selection bias in the
control group. as these were essentially volunteer
samples. For example. facilities with low legionellae

counts may have preferentially subm'itte& s
Thiswould have biased the results away e +;
and the true association would be Iessthgn :
reported in this study. Alternatively, a pjzg% ;
in the opposite direction, as there may pz.- bé‘éx"lsl
tendency for facilities with indoor ajr quality' N 3
complaints to preferentially submit sam: Salth
would have biased the results towards"
the true association would be evgnh}éh
one described in this study. A potentia] fb?mlscl'dss'
fication bias also exists, since We compared analyt:c
results from two different laboratories. For Zxa}ﬁplc
if the laboratory that analyzed the comparison samples
and outbreak 1 tended to record lower counts than
the laboratory that analyzed outbreak 2, then the trye
odds ratio would be lower than the odds ratj,
reported in this study. On the other hand, if the
laboratory that analyzed the comparison sampleSang
outbreak 1tended to record higher counts than the
laboratory that analyzed outbreak 2, then the trye
odds ratio would be higher than the odds ratio
reported in this study.

Some potential limitations of our study include
(i) the small numbers of outbreaks included, (ii)
failure to study other factors that may predict disease
risk such as the virulence of the organism, the
distance from the target person to the source, and the
susceptibility and immune status of the target person,
(iif) concentrations from the analyzed sample may
not represent concentrations in the source at the time
of the outbreak, (iv) lack of randomly sampled
comparison facilities, (v) not all outbreaks were
investigated, and the total number of outbreaks that
occurred in the U.S.is unknown, and (vi) samples
from one of the outbreaks [4] could have been
handled differently from other samples. These limita-
tions could not be addressed in this study because of
its retrospective nature, but would be important t0
consider in subsequent studies. Despite these limita-
tions, the results of our study suggest that cooling
towers with very high colony counts may be Substa-
tially more likely to be the source of an outhreak than
cooling towers with lower counts.
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