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Abstract

Background: Guidelines recommend testing hospitalized patients with community‐

acquired pneumonia (CAP) for Legionella pneumophila only if the infection is severe

or risk factors are present. There are no validated models for predicting Legionella.

Objective: To derive and externally validate a model to predict a positive

Legionella test.

Design, Setting and Participants: Diagnostic study of adult inpatients with

pneumonia using data from 177 US hospitals in the Premier Healthcare Database

(training and hold‐out validation sets) and 12 Cleveland Clinic Health System (CCHS)

hospitals (external validation set). We used multiple logistic regression to predict

positive Legionella tests in the training set, and evaluated performance in both

validation sets.

Main Outcome and Measures: The outcome was a positive Legionella test. Potential

predictors included demographics and co‐morbidities, disease severity indicators,

season, region, and presence of a local outbreak.

Results: Of 166,689 patients hospitalized for pneumonia, 43,070 were tested for

Legionella and 642 (1.5%) tested positive. The strongest predictors of a positive test

were a local outbreak (odds ratio [OR], 3.4), June–October occurrence (OR, 3.4),

hyponatremia (OR, 3.3), smoking (OR, 2.4), and diarrhea (OR, 2.0); prior admission

within 6 months (OR, 0.27) and chronic pulmonary disease (OR, 0.49) were

associated with a negative test. Model c‐statistics were 0.79 in the Premier and 0.77

in the CCHS validation samples. High‐risk patients were only slightly more likely to

have been tested than lower‐risk patients. Compared to actual practice, the model‐

based testing strategy detected twice as many cases.

Conclusions: Although Legionella is an uncommon cause of pneumonia, patient

characteristics can identify individuals at high risk, allowing for more efficient testing.
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INTRODUCTION

Legionella pneumophila is estimated to cause approximately 2% of

community‐acquired pneumonia (CAP) cases.1 As the organism is difficult

to culture, Legionella pneumonia has historically been challenging to

diagnose,2 but polymerase chain reaction (PCR) and urinary antigen

testing (UAT) have greatly increased the ability to reliably test for

Legionella. However, because positivity rates are low,1 AmericanThoracic

Society/Infectious Disease Society of America (ATA/IDSA) 2019 guide-

lines recommend against routine UAT, except in those with severe CAP

(e.g., requiring mechanical ventilation or vasopressors) or in association

with a Legionella outbreak or recent travel.3 In a large retrospective study

of US hospitals, we found that 26% of pneumonia patients had Legionella

testing, few had Legionella risk factors, and only 1.5% tested positive.4

Nevertheless, appropriate testing for Legionella is important because

delayed treatment is associated with poor outcomes.5,6

Legionella is often characterized by hyponatremia, high fever,

gastrointestinal symptoms, and history of travel.7,8 Incidence varies

by season and region,4,9 and cases often occur in clusters. Because of

these differentiating attributes, we hypothesized that accurate

prediction models for test positivity could be created. Previous

models10–14 have used small samples, lacked validation, and/or

required variables not routinely available. To improve testing

efficiency, we used data from 177 US hospitals to derive, validate,

and refine a prediction model, and further validated it using data from

12 unrelated hospitals. We then estimated the relative screening

yields of model‐guided and guideline‐based testing strategies.

METHODS

Derivation sample

We identified adult patients with pneumonia from hospitals that

contributed data to the Premier Health Care Database between 2010

and 2015. The database includes date‐stamped records of items billed

during hospitalization and is widely used for research.15 A subset of

Premier hospitals also report microbiological results, including blood

cultures, respiratory cultures, direct fluorescence antibody (DFA) testing,

PCR, and UAT. As previously described,4 we included patients with a

principal diagnosis of pneumonia, or principal diagnosis of respiratory

failure or sepsis with a secondary diagnosis of pneumonia. To increase the

specificity of pneumonia identification, we restricted to patients with

chest imaging, antibiotics on each of the first 3 hospital days, and a test

for L. pneumophila. We defined a positive test as any positive respiratory

culture, UAT, DFA, or PCR.

Validation samples

From the initial sample, we reserved a random 20% for model

validation. We applied the same inclusion and exclusion criteria to

create an external validation sample from the electronic health

records (EHR) of Cleveland Clinic Health System (CCHS), including 12

non‐Premier hospitals in Northeast Ohio and Florida between

January 2017 and August 2020.

Potential predictors

We assessed the following potential predictors based on our work4

and that of others1,8,10,11,16: patient demographics (age, sex, race,

marital status), admission source (emergency room, nursing home,

clinic, other), clinical findings on admission (hyponatremia, fever,

diarrhea), pneumonia severity measures (ICU admission, mechanical

ventilation, vasopressor use), comorbid conditions (e.g., chronic

pulmonary disease, congestive heart failure, cancer), smoking status,

risk factors for multidrug resistant organisms (residence in skilled

nursing facility, admission in the past 6 months, hemodialysis,

immunosuppression), hospital characteristics (US Census region, size,

teaching status), Legionella season (June through October), and recent

outbreak as indicated by another Legionella patient within the same

or preceding month (since the deidentified database contains only

admission month, this approximates the previous 30 days). As Legio-

nella seasonality varies by region, we evaluated the interaction of the

region with the season.

Predictor variables for Premier patients were based on ICD‐9

and charge codes, whereas those for CCHS included both ICD‐10

codes (e.g., comorbidities) and clinical information (e.g., smoking

status and hyponatremia). Diagnoses were derived using software

from AHRQ, based on the work of Elixhauser.17 For CCHS data,

which includes precise admission dates, we defined the recent

outbreak as another Legionella case admitted to that hospital within

the preceding 30 days. For CCHS patients, we also noted the lowest

serum sodium (Na+), highest lactase dehydrogenase (LDH) and

c‐reactive protein (CRP), and maximum temperature within 12 h of

admission.

Statistical methods

We modeled a positive Legionella test based on variables observed at

hospital admission in the Premier “training set,” using a relaxed

standardized group lasso (least absolute shrinkage and selection

operator) and regularized logistic regression. This approach fits an

ordinary multiple logistic regression model to the subset of variables

selected by a group lasso criterion, with the group lasso penalty

weight optimized by cross‐validation using the “one standard error

rule,”18,19 from which we report ordinary asymptotic Wald‐based

confidence intervals and p‐values. Model discrimination was assessed

by c‐statistic (a.k.a. the area under the receiver operating character-

istic curve [AUC], ranging from 0.5 for no to 1.0 for perfect

discrimination) in the training sample and by scoring the validation

samples by the training sample linear predictor. Model calibration,

that is, agreement of predicted with observed Legionella rates, was

assessed by grouped bar charts of observed and expected positive
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tests within deciles of predicted probability. Contributions of

predictors were ranked by increases in Akaike's Information Criterion

(AIC) and Schwarz's Bayesian Information Criterion (BIC) from

removing individual variables, after reweighting the predictors in

each validation set.

The c‐statistic from the hold‐out validation sample describes the

performance of the initial training sample model without bias. To

increase precision and potentially improve future performance,

coefficients were re‐estimated from the full Premier sample, and

the updated model was externally validated using the CCHS sample.

To gauge the potential clinical benefit of our model, we

compared the efficiency of testing based on (a) our model and (b)

the ATS/IDSA guidelines, which recommend testing only patients

with severe pneumonia or epidemiological factors, including associa-

tion with a Legionella outbreak or recent travel. We identified severe

pneumonia by invasive mechanical ventilation and/or vasopressors

on hospital Day 1. We had no data on travel but defined a recent

outbreak as we did for our model. We compared these strategies

among the tested patients, comparing the yield of positive tests. For

our model, we chose a predicted probability threshold that would

produce the same number of tests as the guideline‐directed strategy.

In this same sample, we then calculated the predicted number of

positive tests for each strategy based on our model and compared it

to the observed number of positive tests. Next, we compared yields

using the entire Premier sample, projecting each strategy's observed

to predicted ratio to the untested patients. We repeated this process

in the CCHS validation sample.

Finally, in view of the reported associations of serum Na+, LDH, CRP,

and fever with Legionella,10 we evaluated the change in model

performance from adding these variables in the CCHS sample. In this

augmented model, these were parameterized as zero if within the normal

range, and otherwise as the absolute distances above 99.5°F and outside

the lower limit of normal Na+ and upper limits of normal LDH and CRP.

RESULTS

Of 166,689 premier patients, 43,070 (25.8%) were tested for

Legionella, of whom 642 (1.5%) were positive. Table 1 and the

Supporting Information Table show characteristics of patients

with positive and negative tests in the derivation and validation

sets, respectively. In the derivation set, the median age was 66.7

years, 50.6% were female and 79.6% were White. Compared to

patients with negative tests, those with positive tests were more

often from the Northeast, presenting between June and October,

at hospitals with another Legionella admission in the same or

previous month. These three local factors (major US Census

Bureau region, seasonality, and prior or same month hospitaliza-

tion of a Legionella case), as well as four pre‐existing patient risk

factors (sex, smoking, chronic pulmonary disease, and hospital

admission within the past 6 months), and two signs/symptoms

(hyponatremia and diarrhea) were retained as predictors. Recog-

nizing that seasonal factors influencing Legionella manifest

differently across regions, we ad hoc augmented the model with

a region × season interaction term. The interaction was borderline

statistically significant (p = .06), substantively justified, modestly

raised the model c‐statistic, and reduced AIC in the validation

sample; it was therefore retained.

Odds ratios and confidence intervals for predictors are shown in

Table 2 for both the training and full‐sample models. Legionella

outbreak (odds ratio [OR] 3.4), June–October admission (OR 3.4), and

hyponatremia (OR 3.3) were most strongly linked to positive

Legionella tests, as were smoking, diarrhea, and male sex, while

chronic pulmonary disease and prior admission within 6 months

predicted negative tests.

Receiver operating characteristic curves for the initial model in

the training set and both validation sets are superimposed in the

Supporting Information Figure. The c‐statistics for model discrimina-

tion were 0.81 (95% confidence interval [CI]: 0.79–0.84) in the

training sample, 0.79 (0.74–0.84) in the 20% hold‐out validation

sample, and 0.77 (0.75–0.80) in the external CCHS sample.

Figure 1 shows the calibration plots for the two validation

samples. Each plot is relatively flat across the first seven deciles of

predicted risk, with observed rates of Legionella of 1.2% or below.

Both plots also show substantial increases in test positivity in the top

decile. The prevalence of Legionella in the top decile was 6.5% in the

Premier sample and 8.6% in the CCHS sample.

Importantly, over 75% of patients with positive tests in each sample

were in the top three risk deciles of the full Premier sample of tested and

untested pneumonia patients. However, physician ordering was relatively

insensitive to patient risk (Figure 2). Physicians practicing at hospitals

within the Premier network obtained tests on 38.5% of patients in the

uppermost versus 18.7% of patients in the lowest risk decile. Physicians in

the CCHS were even less sensitive to risk.

Of the 43,070 patients who were tested, 13,366 (31%) were

guideline‐concordant; 2.79% of these tested positive, which was 86%

higher than the 1.50% among all patients tested. A model‐based

strategy, testing the same number of patients but only those with the

highest predicted probabilities of a positive test, produced a positivity

rate of 3.73%, which was 33.5% higher than the guidelines‐based

strategy and 150% higher than actual testing.

In the CCHS data, 20,894 patients were tested and 409 (1.96%)

tested positive; 11,618 (56%) of the tests were guideline‐concordant, of

which 297 patients (2.56%) tested positive, an increase of 31% in test

yield. Applying the modeled risk threshold we used in the Premier data

(1.19%), only 7902 patients met the criteria for testing, of whom 311

(3.94%) tested positive, an increase in efficiency of 54% relative to the

guidelines‐based strategy and 101% relative to actual testing.

We then estimated how many positives would be detectable by

each strategy among untested patients by using the mean predicted

probabilities of all patients in each testing strategy: 1.85% of the

27,552 untested patients satisfying the guidelines‐based criteria and

2.99% of the 26,291 patients using the individual risk cutoff from the

first analysis (1.19%). Combining these with the tested patients

yielded 892/40,918 (2.18%) anticipated positives using the

guidelines‐based strategy and 1,294/39,657 (3.26%) using the
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TABLE 1 Baseline characteristicsa

Total
(N = 166,689)

Positive
test (N = 642)

Negative test
(N = 42,428)

Not tested
(N = 123,619)

Local conditions

Hospital major US census
region, No. (%)

Midwest 42,496 (25.5) 166 (25.9) 11,823 (27.9) 30,507 (24.7)

Northeast 30,929 (18.6) 248 (38.6) 10,415 (24.5) 20,266 (16.4)

South 70,955 (42.6) 212 (33.0) 18,130 (42.7) 52,613 (42.6)

West 22,309 (13.4) 16 (2.5) 2,060 (4.9) 20,233 (16.4)

Same or preceding month

Legionella pneumonia
admission

19,167 (11.5) 320 (49.8) 7448 (17.6) 11,399 (9.2)

June–October, No. (%) 59,689 (35.8) 446 (69.5) 14,834 (35.0) 44,409 (35.9)

Patient factors

Age, mean ± SD 69.5 ± 16.2 62.1 ± 14.8 66.7 ± 16.7 70.5 ± 15.9

Gender, No. (%)

Female 85,616 (51.4) 238 (37.1) 21,567 (50.8) 63,811 (51.6)

Male 81,073 (48.6) 404 (62.9) 20,861 (49.2) 59,808 (48.4)

Race, No. (%)

White 129,255 (77.5) 462 (72.0) 33,834 (79.7) 94,959 (76.8)

Black 20,604 (12.4) 149 (23.2) 5817 (13.7) 14,638 (11.8)

Hispanic 1066 (0.64) 1 (0.16) 204 (0.48) 861 (0.70)

Others 15,621 (9.4) 29 (4.5) 2529 (6.0) 13,063 (10.6)

Unknown 143 (0.09) 1 (0.16) 44 (0.10) 98 (0.08)

Comorbidities

Tobacco smoker, No. (%) 30,305 (18.2) 244 (38.0) 9314 (22.0) 20,747 (16.8)

Chronic pulmonary disease,
No. (%)

77,456 (46.5) 208 (32.4) 20,416 (48.1) 56,832 (46.0)

Congestive heart failure,
No. (%)

47,640 (28.6) 121 (18.8) 11,793 (27.8) 35,726 (28.9)

Dialysis, No. (%) 7810 (4.7) 23 (3.6) 1046 (2.5) 6741 (5.5)

Alcohol abuse, No. (%) 7069 (4.2) 59 (9.2) 2104 (5.0) 4906 (4.0)

Diabetes, No. (%) 54,962 (33.0) 193 (30.1) 13,450 (31.7) 41,319 (33.4)

Liver disease, No. (%) 5860 (3.5) 26 (4.0) 1622 (3.8) 4212 (3.4)

Cancer, No. (%) 14,024 (8.4) 25 (3.9) 3185 (7.5) 10,814 (8.7)

Risk for drug resistant organisms

Immunosuppressed, No. (%) 26,501 (15.9) 112 (17.4) 7832 (18.5) 18,557 (15.0)

Hospital admission in past 6

months, No. (%)

18,154 (10.9) 16 (2.5) 3599 (8.5) 14,539 (11.8)

Admission from SNF, No (%) 12,868 (7.7) 24 (3.7) 2973 (7.0) 9871 (8.0)

Symptoms

Diarrhea, No. (%) 5528 (3.3) 57 (8.9) 1739 (4.1) 3732 (3.0)

Hyponatremia, No. (%) 20,404 (12.2) 231 (36.0) 5936 (14.0) 14,237 (11.5)

Fever, No. (%) 2408 (1.4) 10 (1.6) 690 (1.6) 1708 (1.4)

(Continued)
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model‐based strategy, compared to the 642/43,070 (1.5%) actually

performed in clinical practice.

Augmenting the Premier‐based model with temperature increased

the c‐statistic in the CCHS sample from 0.77 to 0.83. LDH and CRP were

not related to a positive test result, and adding serum Na+ had a minimal

impact beyond the diagnosis of hyponatremia.

DISCUSSION

In this cross‐sectional diagnostic study, we derived and validated a

prediction model for L. pneumophila among 43,070 patients hospitalized

for pneumonia and tested at 177 US hospitals. We identified and

combined nine key risk factors, many previously known, into a single

TABLE 1 (Continued)

Total
(N = 166,689)

Positive
test (N = 642)

Negative test
(N = 42,428)

Not tested
(N = 123,619)

Severity of illness

Initial ICU admission, No. (%) 42,338 (25.4) 171 (26.6) 11,510 (27.1) 30,657 (24.8)

Initial IMV, No. (%) 13,307 (8.0) 33 (5.1) 3632 (8.6) 9642 (7.8)

Vasopressor, No. (%) 11,275 (6.8) 33 (5.1) 2892 (6.8) 8350 (6.8)

aAll comparisons except for fever (p = .001) and vasopressor use (p = .24) are highly statistically significant (p < .001) by Pearson's χ2, Kruskal–Wallis, or t‐
test as appropriate to the distribution of the variable.

TABLE 2 Mutually adjusted partial associations (adjusted odds ratios: aOR) of factors in multivariable prediction model with positive
Legionella test, with naïve (unadjusted for variable selection) 95% confidence intervals and p‐values, from Premier training sample, and
reestimated coefficients and odds ratios (ORs) from the Premier full sample

Training sample Full sample
95% confidence limits

aOR Lower Upper p Value aOR
Linear predictor
weight

Circumstantial factors

US Census Bureau Region (reference: Midwest)

Northeast 1.25 0.81 1.94 .31 1.31 0.27

West 0.82 0.34 1.96 .66 1.11 0.10

South 1.02 0.68 1.52 .93 1.18 0.16

Same or preceding month
Legionella pneumonia
admission

3.35 2.78 4.04 <.001 3.37 1.22

Legionella season (June–Oct) 3.37 2.30 4.94 <.001 3.47 1.24

Interaction between Region and Legionella Season (reference: Midwest)

Northeast × Season 1.37 0.82 2.28 .23 1.32 0.28

West × Season 0.81 0.25 2.59 .72 0.47 −0.76

South × Season 0.71 0.44 1.17 .18 0.64 −0.45

Patient factors

Hyponatremia 3.30 2.73 3.99 <.001 3.29 1.19

Smoking 2.41 1.99 2.91 <.001 2.41 0.88

Diarrhea 1.96 1.42 2.69 <.001 1.95 0.67

Male (reference: Female) 1.49 1.24 1.79 <.001 1.56 0.44

Chronic lung disease 0.49 0.41 0.60 <.001 0.50 −0.69

Hospital admission within the past

6 months

0.27 0.14 0.51 <.001 0.35 −1.06
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prediction model with very good discrimination as measured by the

c‐statistic in two separate validation sets. Based on the observed ordering

patterns of this national sample of physicians, the application of this

model has the potential to dramatically increase testing efficiency. We

estimated that a testing strategy based on the model would have more

than doubled test yield compared to observed practice in either the full

Premier sample or the subgroup clinicians actually tested, and increased

per‐test yield by over one‐third compared to a guideline‐based strategy.

F IGURE 1 Calibration plots for validation samples. Observed and expected test positivity fractions from patients in the Premier and CCHS
validation samples, based on a nine‐variable prediction model for Legionella pneumophila test positivity, by decile of model‐predicted test positivity in
the respective samples. (a) In the Premier hold‐out internal validation sample, based on the model derived from the Premier training sample. (b) In the
CCHS external validation sample, based on the revised model derived from the full Premier sample. CCHS, Cleveland Clinic Health System.
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Several groups have attempted to create Legionella prediction

models. The first point‐scoring system was the Winthrop‐University

Hospital Criteria, published by Cunha8 in 1998 and validated in

37 veterans administration patients with confirmed Legionella and 31

with pneumococcal pneumonia in 2001.20 Using the “highly probable”

cutoff, sensitivity was 78% and specificity was 65%. With these

characteristics, in a population with 1.5% Legionella prevalence, a “highly

probable” score has a positive predictive value (PPV) of only 3.3%. In

contrast, our highest risk decile had an observed positivity rate of 6.7%

in the Premier validation set and 7.7% in CCHS, and a patient with every

risk factor would have a probability of almost 60%. Most recently,

Miyashita, et al. developed a scoring system and validated it with 109

F IGURE 2 Fractions of patients tested for Legionella pneumophila by decile of predicted Legionella risk. (a) In the full Premier sample. (b) In
the CCHS validation sample. CCHS, Cleveland Clinic Health System.
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patients with Legionella and 683 with other causes of pneumonia from

25 Japanese hospitals.10 Their six predictors (male sex, absence of

cough, dyspnea, elevated CRP, high LDH, and hyponatremia) model had

an AUC of 0.93 with 93% sensitivity and 75% specificity. However, this

model has not been validated in a US population, and two components

—CRP and LDH—are not routinely collected for pneumonia patients,

limiting its usability.

The most recent ATS/IDSA guidelines for community‐acquired

pneumonia3 recommend that testing to detect Legionella be reserved

for patients with severe pneumonia, exposure to a known Legionella

outbreak, or recent travel history. We did not find severe pneumonia

alone to be associated with a positive test, but testing patients with

severe pneumonia may be important if a positive test would influence

antimicrobial choice, particularly since antibiotics aimed at multidrug‐

resistant organisms often do not cover Legionella. We did find that a

Legionella outbreak was strongly associated with a positive test. The

current guidelines do not specify what constitutes contact with a

known outbreak,3 but previous guidelines suggest two cases in the

same hospital.7 We considered a similar definition—another case at

the same hospital within the past month. We also found strong

predictors that the guidelines do not address, including hyponatre-

mia, diarrhea, and seasonality. These have been described by

others,9,16,21 but season has not previously been incorporated into

prediction models. Two protective factors, chronic pulmonary disease

and previous admission in the past 6 months, are also novel. As such

patients are more likely to be admitted for pneumonia due to typical

organisms, they may be less likely to be admitted with unusual

pathogens such as Legionella.

Our model has nine inputs, making it cumbersome to remember.

Fortunately, all variables except perhaps diarrhea are readily available in

EHRs and could be incorporated into point‐of‐care clinical decision

support tools. Rather than requiring clinicians to always keep rare

conditions like Legionella in mind, EHRs could alert them to high‐risk

patients. EHRs are also key because a recent case in the hospital triples

the odds of future cases; many clinicians will be unaware of such cases,

whereas EHRs can easily scan lab results and incorporate them into

clinical decision support. Until such decision support is developed, our

model is available as a web‐based calculator (https://riskcalc.org/

Legionella/). Similar to the ACC/AHA pooled cohort equation for

predicting coronary disease, our calculator does not require physicians

to remember the risk factors or deal with complex point scoring

systems. Clinicians simply check boxes and the calculator will return the

probability that the patient will test positive for Legionella.

Clinical data could strengthen this model. Other investigators'

models have included CRP, LDH, and hyponatremia.10–12 Although

CRP is not routinely collected, LDH often is, and Na+ and

temperature are universally available. When added to our model,

only temperature increased predictive capacity substantially (from

0.77 to 0.83), and neither LDH nor CRP was associated with a

positive test. Before implementing this augmented version of the

model, external validation is warranted.

Legionella accounts for only approximately 1.5% of community

cases, making universal Legionella testing impractical from a cost

standpoint. One study in Texas found that only 0.3% of patients

tested positive, at a cost of $12,640 per positive test.22

Unfortunately, the ATS/IDSA recommendations do not identify

high‐risk patients either. Moreover, we found that physicians did a

poor job of identifying patients at high risk for Legionella. In contrast,

if they were to use our model to drive decision‐making, they could

detect many more cases using fewer tests. In the case of the Premier

hospitals, we estimated that testing based on our model could have

more than doubled the number of Legionella cases detected, while

simultaneously reducing tests by 10%.

Efficiency could be further improved by limiting testing to patients

not expected to receive Legionella coverage since there is less need to

diagnose Legionella in patients already treated for it. The ATS/IDSA

guidelines recommend that all patients receive antibiotic regimens that

cover Legionella, although in practice this may not occur, as many

patients, especially patients with severe pneumonia, are treated with

vancomycin and piperacillin‐tazobactam without a macrolide or quino-

lone.23 Failing to test such patients could expose them to harm, as late

treatment is associated with worse outcomes.5,6 Even when patients are

treated for Legionella, antibiotics aimed at other pathogens could likely

be stopped if the Legionella test is positive. Thus testing could support

antibiotic stewardship.

This study has several limitations. Our model was developed

using data only from patients who underwent Legionella testing.

Applying the same model to all patients could overestimate their risk

of Legionella. There was a suggestion of such overestimation in our

external validation sample, but only in the highest risk decile, and

there only modestly. Our model is based on ICD codes, which are

applied at discharge. Inaccuracies in coding may have attenuated the

relationships between risk factors and the test outcome. Indeed,

models incorporating primarily lab values have demonstrated better

discrimination.10

In conclusion, we derived and externally validated a risk

prediction model to identify patients likely to test positive for

Legionella pneumonia based on local outbreaks, seasonality, comor-

bidities, and clinical conditions. Using such a model could markedly

improve the efficiency of testing for Legionella and ensure that

patients at high risk receive appropriate empirical antibiotics rather

than unnecessarily broad‐spectrum treatment. The model is available

as an online calculator and could be easily incorporated into EHRs to

provide point‐of‐care clinical decision support.
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