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Monochloramine niay be more effective tliali 
chlorine at reducing Lqionclla colonization of 
potable water systems in large buildings, which 
are key sources of comnunity- and hospital- 
acquired Legionnaires' disease. Monochloratnine 
has previously been shown to penetrate biofili~is 
better than chlorine (1) and to be associated with 
a lower risk of Legionnaires' disease in healthcare 
settings (4,5). Regulations issued by the Environ- 
mental Protection Agency require that U.S. 
water utilities reduce concentrations of trihalo- 
methanes, carcinogens created through the com- 
bination of chlorine and organic compounds. 
Because ~nonochloralnine use is associated with 
lower concentrations of trihalomethanes, many 
utilities are coilverting their residual disinfectant 
horn chlorine to tnonochloranline. In a small 
study, we observed that nlonochloranline con- 
version was associated with decreased Legionella 
colonization of buildings served by the illunicipal 

water system ((,).To deter~~iine whether this de- 
creased risk was sustainable over a longer period 
of time and at a larger number of distal sites, we 
performed a larger colonization survey in San 
Francisco before and after conversion to mono- 
cldora~-nine (3). 

We sampled water from 53 large ( 2 3  sto- 
ries) buildings (24 government, 29 private [ho- 
tels, ofices]) in San Francisco, Calif., every 4 
n~ontlis during February 2003 to Septeinber 
2004; monochloramine conversion occurred in 
December 2003. During each of the six rounds 
of san~pling, bulk water was collected fro111 
central hot water heaters and four distal sites 
(e.g., showers, taps) in each building; biofilm 
swabs were also collected from each distal site. 
Temperature, pH,  and free and total residual 
chlorine concentrations were measured at the 
tirile of collection. Legionella were isolated from 
water san~ples and biofilrn swabs, speciated, and 
serogrouped using standard methods (2). Labo- 
ratory staff were blinded to the identity of 
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Legmlla p n e u m a  serogroup 1 

~ e g m H a  pnemnphla other than wrogrwp I 

Legmlla spews other than pneurnoplula 

FIGURE 1 Legionella colonization of water heaters and distal sites sampled in 
San Francisco buil&ngs (in rows), by residual disinfectant and sampling interval. 
Legionella species are represented by different patterns. Each row represents a sin- 
gle building and each cell, the results of ~ e ~ r o n e l l a  culture for a site within the 
building.WH, water heater; D, distal site. 



528 . MOORE ET AL. 

In the chlorine phase, 37 (70%) buildings 
were colonized at least once in rl sampling 
site. In the monochloramine phase, 5 (9%) 
buildings were colonized ( P  < 0.001), and all 
had been extensively colonized during the 
chlorine phase. The  overall prevalence of Le- 
gionella in samples collected was reduced from 
25% (352 of 1,405 samples) in the chlorine 
phase to 0.9% (12 to 1,417) in the monochlo- 
ranline phase ( P  < 0.001) (Fig. 1). L, pneu- 
mopllila serogroup 1 (sg 1) accounted for 63 
and 67% of isolates in the chlorine and mono- 
chloramine phases, respectively. 

In the chlorine phase, 29% (45 of 157) of 
samples collected from water heaters yielded Le- 
gionella; fewer than 1% (1 of 159) of water heaters 
sanlpled during the n~onoclrloramine phase were 
positive (I' < 0.001). After controlling for water 
heater temperature, building height, and disrup- 
tions in service, nlonochlorarnine use was associ- 
ated with a 96% reduction in the prevalence of 
water heater colonization ( P  < 0.001). We ob- 
served decreased risk of colonization of hot wa- 
ter heaters with increasing temperature, from 21 
to 24% when the temperature was below 39OC, 
to 18% at 40 to 49OC, to 1% when the tempera- 
ture was 1 5 0 ° C  ( P  = 0.001 for trend). Control- 
ling for other factors, Legionella colonization of 
water heaters was 3 times inore likely in build- 
ings > 10 stories tall than in buildings 3 to 10 sto- 
ries tall ( P  = 0.002) and 2.3 tiines more likely 
wheil disruptioils in water supply were reported 
in the 3 nloilths before saillpling ( P  = 0.003). Le- 
~iorrelk~ colonization of water heaters increased 
the likelihood of colonization at distal sites 1.7- 
fold, ( P  < 0.001) and independently, taller build- 
ings were 1.8 times more likely to have kgionella 
recovered fro111 distal sites (P  < 0.001). Silnilar to 
our findings with hot water heaters, the use of 
~nonochloranline was associated with a 96% re- 
duction in the risk of colo~lizatio~l at distal sites 
(P  < 0.001). 

Conversioil o f  the residual disinfectant to 
monochloran~ine in San Francisco's municipal 
water systern virtually eliminated Legiorzella 
coloilization in large buildings served by the 
systeln. This occurred despite over half of  the 
buildings being colonized ill at least one site 
and despite Illany buildings being persistently 

colonized at multiple sample points before the 
introduction of monochloramine. 

Few cases of Legionnaires' disease were di- 
agnosed during our study: 1 case in 2002 (the 
year before our study), 0 cases during the chlo- 
rine phase, and 1 case during the monochlo- 
ramine phase. Review of requests for Legionella 
diagnostic testing at local clinical laboratories 
revealed few urine antigen tests and 40 to 60 
kgiotzella culture requests each rnonth at 2 lab- 
oratories. We were unable to show an impact 
on  Legionnaires' disease in San Francisco due 
to the low number of diagnosed cases. 

Monochloramine holds promise as a mea- 
sure to prevent community-acquired Legion- 
naires' disease. Because of  the association be- 
tween Legionella colonization of potable water 
systenls in hospitals and increased risk of 
healthcare-associated Legionnaires' disease, di- 
rect introduction of monochloramine into 
hospital water systenls might offer another 
intervention for prevention of healthcare- 
associated Legionnaires' disease. 
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