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Using the Nationwide Inpatient Sample and US weather
data, we estimated the probability of community-acquired
pneumonia (CAP) being diagnosed as Legionnaires’ dis-
ease (LD). LD risk increases when weather is warm and
humid. With warm weather, we found a dose-response re-
lationship between relative humidity and the odds for LD.
When the mean temperature was 60°-80°F with high hu-
midity (>80.0%), the odds for CAP being diagnosed with
LD were 3.1 times higher than with lower levels of humid-
ity (<50.0%). Thus, in some regions (e.g., the Southwest),
LD is rarely the cause of hospitalizations. In other regions
and seasons (e.g., the Mid-Atlantic in summer), LD is much
more common. Thus, suspicion for LD should increase
when weather is warm and humid. However, when weather
is cold, dry, or extremely hot, empirically treating all CAP
patients for LD might contribute to excessive antimicrobial
drug use at a population level.

egionellosis is associated with a mild febrile illness,

Pontiac fever, or Legionnaires’ disease (LD) (/), a
cause of severe, atypical, community-acquired pneumo-
nia (CAP) (2). Legionella spp. are aerobic, gram-negative
bacilli, common in the environment, that were identified
as pathogenic after an outbreak of illness among attendees
of a 1976 American Legion convention (/,3). Although
there are several species of Legionella and different sero-
types, L. pneumophilia causes most LD cases (4,5). The
case-fatality rate for LD among community-dwelling per-
sons is as high as 10% (5). Delayed initiation of appro-
priate antimicrobial drug therapy further increases death
rates (6,7), and the severity of LD drives the rationale for
covering atypical organisms in the guidelines for empiric
treatment of CAP. In developed countries, Legionella
causes 1%—4% of CAP cases (4,8,9). Thus, because the
rate of LD is low, many persons with CAP may be un-
necessarily treated for LD. In fact, a recent noninferior-
ity study, which included aggressive diagnostic testing,
showed similar outcomes when treating and not treating
for atypical organisms (/0).

A striking epidemiologic feature of Legionella-as-
sociated CAP is its seasonality; more cases are reported
during the summer (/). In contrast, hospital-associated
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cases do not exhibit seasonality (/). Seasonality has
been described in the Mid-Atlantic United States (//-—
14), England and Wales (/5), and the Netherlands (/6).
Changes in use of cooling towers (/7) or additional test-
ing for pneumonia during the summer have been hypoth-
esized as causes of this seasonality (/). However, strong
evidence indicates that weather, particularly tempera-
ture and humidity, drive the summer spike in incidence
(11,12,15,16). Although Legionella spp. are common in
the environment, dry environments do not support them
(1), and Legionella spp. are more sensitive than other
pathogens to drying conditions (/8). In contrast, warm
and humid weather tends to support pathogen survival,
growth, and the potential for aerosol exposures, increas-
ing disease risk (/,13,19).

If the incidence of LD depends on local weather, the
baseline rate of LD might be extremely low year-round in
some locations and during specific seasons in other loca-
tions. Use of local weather data ultimately might provide
information to help determine whether a specific CAP case
is caused by Legionella. To establish the risk for LD across
season, location, and weather conditions, we combined pa-
tient-level data on hospitalizations for pneumonia and LD
from 26 US states with local weather data.

Methods

Data Source and Case Definition

We extracted individual-level inpatient-event data from
the Agency for Healthcare Research and Quality’s Health-
care Cost and Utilization Project (HCUP) Nationwide In-
patient Sample (NIS) for 1998-2011. The University of
Iowa Institutional Review Board deems such studies as
non-human subjects research. The NIS, a stratified 20%
sample of discharges from nonfederal US hospitals, con-
tains data from 47 states; after excluding the 21 NIS states
that do not report the American Hospital Association
identifier (AHA ID), patient race, or admission month, we
used data from 26 states: Arizona, Arkansas, California,
Colorado, Connecticut, Illinois, Iowa, Kentucky, Mary-
land, Massachusetts, Mississippi, Missouri, Montana,
Nevada, New Hampshire, New Jersey, New York, North
Carolina, Oregon, Pennsylvania, Rhode Island, Utah,
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Vermont, Virginia, Washington, and Wisconsin. Next,
we mapped the hospitals in these 26 states to the AHA-
reported addresses using the AHA ID; we then convert-
ed the addresses to geographic coordinates by using the
US Census Bureau Geocoder (https://www.census.gov/
geo/maps-data/data/geocoder.html) and Google Maps’
Geocoding API (Google; Mountain View, CA, USA). We
located 2,079 unique hospitals (Figure 1).

We identified LD cases as hospitalizations of persons
with a primary diagnosis code of 482.84 (pneumonia due to
Legionnaires’ disease) from the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM). The primary diagnosis in the NIS is the condition
chiefly responsible for the hospital admission (20). The sen-
sitivity and specificity of the 482.84 code for LD was previ-
ously evaluated in a New York, NY, hospital for 2003—2013
(21); the authors reported high sensitivity (83.5%) and speci-
ficity (99.9%), a positive predictive value of 88.0%, a nega-
tive predictive value of 99.8%, and agreement between the
estimated cases observed in the NIS for 2012 and the Centers
for Disease Control and Prevention (CDC) data (27).

As study controls, we used hospitalizations of persons
with a primary diagnosis ICD-9-CM code of 481 and sub-
codes (pneumococcal pneumonia) and 482 and subcodes
(other bacterial pneumonia) excluding 482.84 (pneumonia
due to Legionnaires’ disease). We refer to the combination
of the codes 481 and 482 as bacterial pneumonia. Because
these codes were assigned to patients as their primary diag-
nosis code for admission, we assumed that this collection
of codes identified cases of community-acquired bacterial
pneumonia. Finally, using CDC surveillance results (22),
we computed the correlation between the national-level es-
timated number of LD cases in our data and the number
reported by CDC (23).

We excluded records for persons <18 years of age and
records that omitted any of our variables of interest: age,
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sex, payer, race, admission month and year, and hospital
location. We also required the hospital to have >1 weather
station within 100 km (62 miles).

Weather Definition

We obtained weather observations from the Integrated
Surface Database (ISD) provided and maintained by
the National Climatic Data Center of the National Oce-
anic and Atmospheric Administration. Because the NIS
database provides only the month of admission, we ag-
gregated the average temperature, relative humidity, and
total rainfall by month for each weather station. We re-
corded each hospital’s monthly weather data as the mean
of these values observed at nearby (within 100 km [62
miles]) weather stations. Using only the states with hos-
pital location reported, we considered different definitions
of “nearby.” Average temperatures computed using only
the nearest station and stations within 10 or 25 miles were
highly correlated with the average temperature using a
62-mile radius (r>0.99).

Modeling

Using logistic regression, we modeled whether a hos-
pitalization for bacterial pneumonia had a diagnosis of
LD on the basis of patient age, patient sex, payer, pa-
tient race, admission month, admission year, hospital
latitude, total monthly rainfall, mean relative humidity,
mean temperature, and an interaction between tempera-
ture and relative humidity. The interaction is required
because relative humidity depends on temperature. We
used mean temperature because it captures the nighttime
and daytime temperature effects more accurately than
does mean high temperature. However, the average high
temperature and the average temperature for a month are
highly correlated (r = 0.988). We used relative humidity
rather than absolute humidity for 2 reasons. First, relative

Figure 1. Locations of
Healthcare Cost and Utilization
Project (HCUP) hospitals

used in the analysis of risk for
Legionnaires’ disease, 26 US
states, 1998-2011. Because
many hospitals are near each
other, each hospital was

plotted as a faint point. When
multiple points overlap, the area
becomes darker because of the
stacking of the points. Thus,
there are faint spots in more
rural areas and dark clusters in
more urban areas.
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humidity ranges from 0% to 100% for any temperature,
whereas absolute humidity ranges from 0 g/m’ to some
temperature-specific maximum, which introduces prob-
lems because often the lowest observed absolute hu-
midity at high temperatures is impossible at lower tem-
peratures. Second, the values of absolute humidity were
extremely correlated with temperature (r = 0.85), whereas
the correlation was much lower with relative humidity
(r = —0.23). The correlation of temperature with relative
humidity is negative because relative humidity is often
much higher at cold temperatures. To make the results
easier to interpret and because the expected responses are
not linear, we converted humidity and temperature into
bins: relative humidity <50.0%, 50.0%-55.0%, 55.1%—
60.0%, 60.1%—-65.0%, 65.1%—-70.0%, 70.1%—75.0%,
75.1%-80.0%, and >80.0%; and mean temperature
<60°F, 60.1-80°F, >80°F. Additionally, monthly rainfall
was binned into dry (<18 mm, the lowest 25%), normal
(18-85.85 mm, the middle 50%), and wet (>85.85 mm,
the top 25%). Patient age was binned by decade, and we
included hospital latitude and squared hospital latitude.
The squared hospital latitude was included to enable the
effect of latitude to be nonlinear.

To visualize the model and how LD risk varies with
space and season, we computed the fitted values from this
model using location and weather information and set the
demographic variables to their individual modal values for
cases of bacterial pneumonia observed in the NIS data. Be-
cause the weather data are nationally complete, unlike the
NIS data, we can take a given demographic profile (e.g.,
white man, 68 years of age, on Medicare) and estimate the
probability of an LD diagnosis for any location, given the
weather data for each location and month.

Results

The NIS data provided a total of 5,172 LD cases from
447,132 hospitalizations for bacterial pneumonia (Table
1). After applying the discharge weights to produce a
national-level estimate and before applying any exclusion

Risk for Legionnaires’ Disease

Table 1. Sample sizes for Legionnaires’ disease cases and other
pneumonia controls in a study of weather-dependent risk for
Legionnaires’ disease, United States, 1998-2011*

No. (% of initial sample)

Characteristics reported Cases Controls

Total 5,172 (100.0) 447,132 (100.0)
Age >18y 5,158 (99.7) 418,086 (93.5)
AHA ID 4,039 (78.1) 288,427 (64.5)
Sex 4,039 (78.1) 288,427 (64.5)
Payer 4,034 (78.0) 287,847 (64.4)
Admission month and year 3,642 (68.5) 253,725 (56.7)
Race 3,006 (58.1) 189,630 (42.4)
Weather station within 100 3,005 (58.1) 189,412 (42.4)

km (62 mi) of hospital

*The analysis comprised data from 26 states: Arizona, Arkansas,
California, Colorado, Connecticut, lllinois, lowa, Kentucky, Maryland,

M husetts, Mi ippi, Missouri, Montana, Nevada, New Hampshire,
New Jersey, New York, North Carolina, Oregon, Pennsylvania, Rhode
Island, Utah, Vermont, Virginia, Washington, Wisconsin. AHA ID,
American Hospital Association identifier.

rules other than reporting month and year, the NIS series
compares favorably to CDC’s reported monthly LD esti-
mates (23), with a correlation of 0.74. After applying ex-
clusion rules (age >18 years and provision of a complete
set of predictor variables), we had data on 3,005 LD cases
and 189,412 hospitalizations for pneumonia. The most
common reasons for exclusion were lack of the AHA 1D,
admission month and year, and race, because some states
elected not to report these variables.

We compared several demographic and severity mea-
sures between the portion of the data dropped because
of missing values and the proportion retained (Table 2).
Among the cases, the only substantial difference was in the
percentage of patients not insured; for 10.8% of dropped
records, no insurance was reported, compared with 7.4%
of those used in the model. Many statistically significant
differences existed between the controls retained and those
lost; however, the large sample size (retained sample n =
189,412) meant many non—clinically relevant differences
would be statistically significant.

In general, hospitalized persons with LD were young-
er than those with other bacterial pneumonia and more
likely to be male (Table 3). We found a large unadjusted

Table 2. Demographic and severity characteristics among dropped and retained records in a study of weather-dependent risk for

Legionnaires’ disease, United States, 1998-2011*

Cases Controls
Dropped, Retained, Dropped, Retained,
Characteristic n=2,153 n = 3,005 p value n = 228,674 n=189,412 p value
Mean age, y (+ SD) 60.6 (15.7) 61.8 (15.6) 0.0078 68.2 (17.1) 68.8 (17.2) <0.0001
Female, % 39.6 39.1 0.7138 48.1 48.2 0.4170
Privately insured, % 39.0 38.8 0.8814 19.6 17.0 <0.0001
Not insured, % 11.2 7.7 <0.0001 6.2 4.5 <0.0001
Mean no. diagnoses (+ SD) 9.6 (4.1) 9.6 (4.3) 0.9213 8.2 (3.9) 9.4 (4.3) <0.0001
Mean no. procedures (+ SD)t 1.9 (2.5) 1.9 (2.8) 0.6027 1.0 (1.8) 1.4 (2.2) <0.0001

*Many of the significant differences in the controls resulted from the large sample and might not be clinically significant. The analysis comprised data from
26 states: Arizona, Arkansas, California, Colorado, Connecticut, lllinois, lowa, Kentucky, Maryland, Massachusetts, Mississippi, Missouri, Montana,
Nevada, New Hampshire, New Jersey, New York, North Carolina, Oregon, Pennsylvania, Rhode Island, Utah, Vermont, Virginia, Washington, Wisconsin.
TAny type of procedure recorded in the Agency for Healthcare Research and Quality’s Healthcare Cost and Utilization Project; this was a measure of

severity, and this variable was not included in the model.
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Table 3. Key variables in the sample in a study of weather-dependent risk for Legionnaires’ disease, United States, 1998—2011*

Variable Cases, n = 3,005 Controls, n = 189,412
Age, y (£ SD) 61.80 (15.61) 68.83 (17.15)
Sex, %

F 39.13 48.18

M 60.87 51.82
Race/ethnicity, %

White 76.64 79.60

Black 14.81 9.52

Hispanic 4.66 6.06

Other 3.89 4.83
Payer, %

Medicare 45.82 69.22

Medicaid 7.69 9.27

Private 38.80 16.97

Uninsured 4.89 2.63

Other 2.80 1.92
Mean latitude, °N (+ SD) 40.02 (2.75) 38.86 (3.30)
Mean monthly temperature, °F (+ SD) 58.49 (14.96) 52.61 (15.32)
Mean monthly relative humidity, % (+ SD) 70.03 (9.22) 67.34 (10.45)

Mean monthly total rainfall, mm (+ SD)

80.39 (69.15) 61.68 (144.67)

*The analysis comprised data from 26 states: Arizona, Arkansas, California, Colorado, Connecticut, lllinois, lowa, Kentucky, Maryland, Massachusetts,
Mississippi, Missouri, Montana, Nevada, New Hampshire, New Jersey, New York, North Carolina, Oregon, Pennsylvania, Rhode Island, Utah, Vermont,

Virginia, Washington, Wisconsin.

difference in the mean monthly environmental tempera-
tures between cases (58.5°F) and controls (52.6°F), and
monthly environmental relative humidity was higher on
average for cases (70.0%) than for controls (67.3%). Addi-
tionally, there was nearly 20 mm more rain for cases (80.4
mm) than for controls (61.7 mm).

In the regression analysis, the primary variables of
interest—mean temperature, mean relative humidity, and
their interaction—were all significant (likelihood ratio
test against model with only main effects, x> test statis-
tic = 350.42; p<0.0001) (Table 4, https://wwwnc.cdc.gov/
ElD/article/23/11/17-0137-T4.htm). Although total rainfall
was independently a risk factor for LD, the effects of tem-
perature and humidity were still significant.

The combination of the temperature and humidity
main effects and interactions can make understanding the
combined effect difficult. For this reason, we separately
reported the estimated composite odds ratios for each

Table 5. Odds ratios for Legionnaires’ disease based on the
interaction between average monthly temperature and average
monthly relative humidity, United States, 1998-2011*

Average monthly temperature, °F

Relative humidity, % <60 60-80 >80
0-50 1.00 0.55 1.57
50.1-55.0 0.85 0.77 0.00
55.1-60.0 0.58 0.49 0.00
60.1-65.0 0.66 0.78 1.28
65.1-70.0 0.79 0.98 0.77
70.1-75.0 0.80 1.29 0.48
75.1-80.0 0.76 1.37 1.09
80.1-100.0 0.65 1.70 0.00

*Estimated from the multivariable logit model shown in Table 4. The
analysis comprised data from 26 states: Arizona, Arkansas, California,
Colorado, Connecticut, lllinois, lowa, Kentucky, Maryland, Massachusetts,
Mississippi, Missouri, Montana, Nevada, New Hampshire, New Jersey,
New York, North Carolina, Oregon, Pennsylvania, Rhode Island, Utah,
Vermont, Virginia, Washington, Wisconsin.
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combination (Table 5). Additionally, because odds ra-
tios can be difficult to interpret, we provide the expected
probabilities for a 61-70-year-old white man on Medicare
admitted to a hospital at 42°N in April 2011 at the 3 dif-
ferent rainfall levels (Table 6). The relationship between
temperature and relative humidity exhibits the Goldilocks
principle: when it is too hot (>80°F) or too cold (<60°F),
the odds of LD do not vary with humidity, but when the
temperature is “just right” (60°-80°F), the odds have a
dose-response pattern with humidity. The largest effect
of this relationship between temperature and humidity
was evident for warm and very humid months across all
3 rainfall levels.

We determined the monthly percentage of bacterial
pneumonia discharges for which an LD diagnosis had
been given within HCUP by US Census region (Figure
2). Percentages were relatively high in the Northeast and
somewhat lower in the Midwest and South. The frequen-
cies in the West were the lowest of all 4 regions and ap-
peared not to be seasonal. The changes around 2002-2003
in all of the series are present in other data sources (23).
The exact cause is unknown but is thought to be related
to increased vigilance, testing, and reporting of atypical
pneumonia after the outbreak of severe acute respiratory
syndrome (24).

We also determined the probability of a case of bac-
terial pneumonia being diagnosed as LD in 2011 using
the local weather data. We restricted this prediction to the
states used to estimate the model (Figure 3). We set the
nonweather, nonlocation covariates to their modal values
for patients hospitalized with bacterial pneumonia (white
61-70-year-old man on Medicare) and used the weather sta-
tion latitude and monthly average temperature, humidity,

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 23, No. 11, November 2017
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Table 6. Estimated probability of Legionnaires’ disease given bacterial pneumonia in a 61-70-year-old white man on Medicare located
at 42°N and admitted to a hospital in April 2011, based on the interaction between average monthly temperature, rainfall, and relative

humidity*

Probability of Legionnaires’ disease by rainfall level
Relative <60°F 60°F-80°F >80°F
humidity, % Dry Normal Wet Dry Normal Wet Dry Normal Wet
0.0-50.0 1.46 1.98 213 0.81 1.10 1.18 2.28 3.08 3.31
50.1-55.0 1.24 1.68 1.81 1.13 1.53 1.64 0 0 0
55.1-60.0 0.86 1.16 1.25 0.72 0.98 1.06 0 0 0
60.1-65.0 0.97 1.32 1.42 1.15 1.56 1.68 1.86 2.52 2.71
65.1-70.0 1.16 1.57 1.69 1.44 1.95 2.10 1.13 1.53 1.64
70.1-75.0 1.17 1.59 1.72 1.88 2.54 2.74 0.71 0.96 1.03
75.1-80.0 1.12 1.52 1.63 1.99 2.69 2.90 1.59 2.16 2.32
80.1-100.0 0.95 1.29 1.39 2.46 3.32 3.57 0 0 0

*Because of the presence of month, latitude, and year in the model, these predicted probabilities are valid only on a line along 42°N in April 2011. The
predicted values for other months (e.g., July or December) will differ, as will the predicted values for locations further north or south than 42°N. Dry, <18

mm; normal, 18—-85.85 mm; wet, >85.85 mm.

and rainfall. The estimated probabilities of LD (Figure 3)
are the fitted values from the model described by Table
4 and these covariate values. Since the ISD is national in
scope, we extrapolated from the model estimated using
HCUP data to the entire United States, including non-
HCUP regions (Figure 4). The risk for LD varied consid-
erably by location (low risk along the Gulf Coast and rela-
tively low risk in the West) and calendar month (high—risk
areas such as the Mid-Atlantic region are only actually at
high risk during June—September and are at low risk dur-
ing December—April) (Figure 4).

Discussion

Our results suggest that the incidence of LD varies consid-
erably by season and local weather patterns. Specifically,
LD is more likely to occur in warm (60°—80°F) and very
humid (>80.0%) months. For example, the odds of LD be-
ing diagnosed in a pneumonia patient during a month when
the rainfall is <18 mm and the temperature is 60°-80°F was

Midwest
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3.1(1.70/0.55) times higher when the relative humidity was
>80.0% than when it was <50.0%. When rainfall amounts
were greater, the risk also increased; however, regardless
of rainfall, warm and humid weather was a major risk fac-
tor. Also, we found a dose-response relationship between
relative humidity and the odds of an LD diagnosis dur-
ing periods of warm weather. In contrast, hot, cool, or dry
weather patterns produce no meaningful increase in LD.

Previous work has demonstrated seasonality and the
effects of weather patterns on LD (/,/71-13,15,16). Howev-
er, much of this work was based on regional investigations
where LD is common. Regional investigations are limited
in their ability to more fully describe the relationship be-
tween weather patterns and LD incidence. For instance, in
the Rocky Mountains or the US Southwest, community-
associated LD is comparatively rare, and the rate for LD
is much lower than what would be expected given patient
factors. In contrast, the Mid-Atlantic has a higher-than-
expected risk during certain months of the year.

Figure 2. Time series of
Legionnaires’ disease as

a percentage of bacterial
pneumonia discharges in
Healthcare Cost and Utilization
Project hospitals, 26 US states,
1998-2011. The Legionnaires’
disease series is highly
seasonal in the Northeast,
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are few cases and a lack of
apparent seasonality in the
West. The changes in the
Legionnaires’ disease series
after 2002—2003 may result
from increased vigilance,
testing, and reporting of atypical
pneumonias (24).
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Figure 3. Predicted probability of an inpatient hospitalization for bacterial pneumonia being coded as Legionnaires’ disease by location
and month in 2011 for 26 US states. The predicted risk is for a 61—70-year-old white man on Medicare (the most common Legionnaires’
disease patient in the data) by location in the United States for each month in 2011. These fixed covariates and actual monthly
temperature, relative humidity, and latitude for each weather station in the Integrated Surface Database dataset were used to produce

estimated probabilities using the model described in Table 4.

Using the national scope of our data, we estimated
the differences that weather has on LD risk. The predicted
probabilities of LD varied from 0% to 1% of all cases of
bacterial pneumonia in the Southwest to nearly 8% dur-
ing warm, humid, and rainy summer months in the Mid-
Atlantic. Weather appears to drive these differences be-
cause our model had no geographic information other than
latitude. This finding is consistent with prior regionally and
seasonally limited studies (//—13,15,16). Areas previously
studied (e.g., the Mid-Atlantic) vary considerably in risk
depending on recent weather. Our results are biologically
plausible because L. pneumophilia thrives in warm, wet
environments (25), which support not only the pathogen’s
survival but also the existence of aerosolizations. In con-
trast, conditions are not as supportive for the pathogen in
dry or excessively hot environments (7,18).

LD is difficult to diagnose on the basis of clinical
manifestations alone (26). Furthermore, rapid diagnostic
tests do not cover all strains (27), and some tests have rela-
tively low sensitivity (28). More definitive culture results
may take 3—5 days after therapeutic decisions are needed
(1). Thus, incorporating local weather conditions into clini-
cal decision-making ultimately might help increase or de-
crease clinical suspicion for LD, especially when combined
with diagnostic testing. Current US CAP guidelines recom-
mend empiric therapy routinely covering atypical pneumo-
nias (29). Results of a recent noninferiority trial suggest
that monotherapy with a f-lactam, aggressive diagnostic

1848

testing, and use of clinical judgment may safely avert the
use of fluoroquinolones or dual therapy with a macrolide in
patients with CAP (/0). However, the same trial replicated
elsewhere with a higher rate of LD might yield different
results. Another study investigating the effect of a B-lactam
alone versus a fB-lactam with a macrolide found delays in
clinical stability for persons treated with only 1 agent, but
the authors failed to show that the $-lactam alone was not
inferior (30). Our model suggests that warm, humid, and
rainy summer months in the Mid-Atlantic may exhibit pre-
dicted probabilities of LD of nearly 8%. Accordingly, aban-
doning initial empiric coverage for LD might yield a differ-
ential effect on outcomes depending on season, region, and
weather, and treating all CAP cases for atypical pneumonia
in areas and seasons when LD is relatively uncommon may
result in the excessive use of antimicrobial agents.

The antimicrobial drugs most commonly used to treat
LD include either a fluoroquinolone or a macrolide (with a
[-lactam), and resistance has increased for both (1/0,31-34).
Thus, treating for LD only when and whererisk is higher, along
with increased diagnostic testing and good clinical judgement,
may help reduce antimicrobial drug use, providing a new an-
timicrobial drug stewardship target. The temporal, climato-
logic, and geographic variations in LD risk emphasize the po-
tential importance of regionally relevant guidelines. Basing
treatment guidelines on estimates in high- or low-risk areas
will lead to overuse or underuse of LD treatment for CAP.
However, future work with more detailed clinical information
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Figure 4. Predicted probability of an inpatient hospitalization for bacterial pneumonia being coded as Legionnaires’ disease, all US
states, 2011. The predicted risk is for a 61-70-year-old white man on Medicare (the most common patient in the pooled case—control
sample) by location for each month in 2011. These fixed covariates and actual monthly temperature, relative humidity, and latitude
for each weather station in the Integrated Surface Database dataset were used to produce estimated probabilities using the model

described in Table 4.

is required to determine when and where antimicrobial drug
use may be initially restricted and in which patients, without
significantly impairing the quality of care. Specifically, fu-
ture work will need to determine under which conditions and
in which patients initial monotherapy with a -lactam will
not be inferior to combination therapy. Furthermore, future
work will need to consider and incorporate diagnostic testing
for LD and the patient’s clinical status (e.g., intensive care
unit admission).

Our work has several limitations. First, our study uses
administrative data for inpatient hospitalizations. Some
CAP and LD cases are treated on an outpatient basis. Fur-
thermore, state participation in the NIS is voluntary, and
some states omit key variables (e.g., AHA IDs). Although
we found no meaningful differences between the parts of
the sample we retained and parts we dropped, it is possible
that participation/reporting varies nonrandomly. In addi-
tion, we do not have information about medications, test
results, or microbiology data, so we cannot confirm an LD
diagnosis or determine whether and what microbiological
testing was performed. Thus, future work should incorpo-
rate alternative case-finding approaches, including more
granular information about cases, specifically the CDC
legionellosis database. Alternative data sources may also
enable the generation of more granular geographic esti-
mates and age-based estimates of disease risk. We also are
unable to confirm without more clinical data the extent to
which having a primary diagnosis of pneumonia correlates
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with CAP for the control patients in our analysis. Second,
some of the geographic differences in the predicted prob-
abilities may be due to differences in propensity to test for,
and therefore diagnose, LD. Third, the NIS reports only
the month of admission. Thus, we aggregated weather in-
formation by month. Future work needs to consider more
granular (e.g., daily) data. Fourth, we consider the weather
around a hospital, not the weather experienced by the pa-
tients admitted to the hospital. Fifth, meteorologic variables
are interdependent: relative humidity depends on tempera-
ture because the maximum amount of water suspended in
the air rises with the temperature, and our model may inad-
equately specify these relationships. Finally, our analysis
did not contain possibly important geographic differences
(e.g., use of monochloramine in municipal water).

The experience of warm and humid weather patterns
common during summer resulting in substantial increases
in LD might have driven the current view about the fre-
quency of LD in the United States. Our results demon-
strate the need to investigate the effects of incorporating
recent weather patterns, particularly wet, warm, and hu-
mid weather, as an additional consideration in the clini-
cal decision-making process for CAP. Our results suggest
that the risk for LD is highly related to temperature and
humidity regionally. We found locations where LD rela-
tively rarely causes hospitalization for CAP, such as the
Southwest and Rocky Mountains, but also the Mid-Atlan-
tic region during the winter. Information about weather
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exposures for patients also should help inform the design
and interpretation of CAP-treatment trials. Future work
examining more granular environmental data may ulti-
mately enable clinicians to safely limit initial empiric an-
timicrobial drug selection for CAP to monotherapy with a
B-lactam in specific seasons and regions.
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Legionella pneumophila [le"ja-nel'a noo"mo-fil'a]
Ronnie Henry

In the summer of 1976, as the United States was cel-
ebrating the bicentennial of the Declaration of Indepen-
dence, a mysterious acute respiratory illness developed in
attendees at an American Legion convention in Philadel-
phia shortly after the attendees returned from the conven-
tion. In total, 182 Legionnaires became ill, and 29 died.
Researchers in the Leprosy and Rickettsia Branch
at the Centers for Disease Control (CDC), headed by
Charles C. Shepard, observed that guinea pigs became
ill after being inoculated with lung tissues from patients
who died. A few gram-negative bacilli were seen in
guinea pig tissues, but these were believed to be normal
flora or contaminants. The bacteria could not at first be
isolated in embryonated eggs because the standard pro-
cedure for isolating rickettsiae at the time was to include
penicillin and streptomycin to prevent contamination.

Figure: Left, Joseph McDade, CDC scientist who discovered

the cause of Legionnaires’ disease. Right, Lung cells with intra-
alveolar exudate containing macrophages and polymorphonuclear
leukocytes after infection with Legionella pneumophila, the
causative agent of Legionnaires’ disease. Photos: McDade,

R.E. Bates/CDC; photomicrograph, F.W. Chandler/CDC.

Returning to work after Christmas 1976, CDC microbiologist Joseph McDade was bothered by these unexplained
findings. He again attempted to grow the bacteria in embryonated eggs, this time without antibiotics, and successfully
isolated a large inoculum of pure culture that could be grown on agar. These bacteria were determined to be the etio-
logic organism of Legionnaires’ disease and were eventually named Legionella (for the Legionnaires) pneumophila

(Greek pneumon [lung] + philos [loving]).
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