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Abstract
Background  Legionnaires’ disease (LD) is a severe form of primarily community-acquired pneumonia (CAP). To 
confirm a Legionella infection, microbiological testing is required. The Swiss and European guidelines recommend 
LD testing for all hospitalised CAP patients. However, the low positivity rate of such routine testing (1.5–3%) raises 
concerns about its cost-effectiveness and clinical utility. In a setting where routine testing is recommended, this 
multicentre study evaluated the impact of LD testing on the clinical management of the infection and antimicrobial 
prescribing.

Methods  Data from medical records of 195 community-acquired LD (CALD) patients from 20 Swiss hospitals 
(August 2022–March 2024) were analysed. We assessed the clinical management of CALD, focusing on the impact of 
microbiological testing on antibiotic prescribing. The appropriateness of antibiotic choice and duration of treatment 
was assessed using a standardised pathway analysis approach. Factors associated with unsupported antibiotic 
prescribing were assessed using mixed-effects logistic regression analysis.

Results  Microbiological testing was initiated promptly, with results available within 24 h after presenting to the 
hospital for 85.1% and within 48 h for 92.3% of patients. Antibiotics with Legionella coverage were initiated in 88.2% 
of patients within 24 h of admission. A positive Legionella test influenced antibiotic prescribing: 97.9% of patients 
received antibiotics active against Legionella spp., and 79.6% were prescribed appropriate and targeted monotherapy 
within 24 h of receiving the test result. Overall, 35.4% of patients were treated with antibiotics for a median of 4 days 
(IQR 3–4 days) longer than guidelines recommend (defined as > 10 days for immunocompetent or > 21 days for 
immunocompromised patients). Prolonged treatment was associated with CALD severity and antibiotic use > 2 days 
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Background
Legionnaires’ disease (LD) is a severe pneumonia caused 
by Gram-negative Legionella spp. bacteria. In the past ten 
years, the number of reported LD cases has risen steadily 
[1, 2], and LD is estimated to account for approximately 
4–7% of community-acquired pneumonia (CAP) cases 
in Europe [3, 4]. The clinical and radiological manifes-
tations of LD closely resemble those of other CAP aeti-
ologies, making microbiological testing essential for 
accurate diagnosis [5]. The urinary antigen test (UAT) 
is the first-line diagnostic test for LD due to its low cost, 
easy sample collection, and relatively simple analysis pro-
cedure [2, 6]. However, the UAT is limited to the detec-
tion of L. pneumophila and has the highest sensitivity 
for serogroup 1 (86% vs 74–79% for all serogroups 1 to 
15) [6]. Polymerase chain reaction (PCR), in contrast, 
has the potential to detect all Legionella species and is 
increasingly being used in clinical practice. Compared 
to the UAT, PCR is more expensive, requires the col-
lection of adequate samples from the lower respiratory 
tract, and represents a more complex technology with 
a longer turn-around time [2, 6]. PCR is therefore not 
(yet) recommended as an equivalent alternative to the 
UAT for routine diagnostics [4, 7]. Since Legionella spp. 
are intracellular pathogens, LD requires treatment with 
antibiotics that reach high intracellular concentrations in 
alveolar macrophages, the primary site of infection. Rec-
ommended antibiotics include quinolones, macrolides, 
and, alternatively, tetracyclines [5, 6].

In accordance with German/Austrian and European 
recommendations, the Swiss guidelines for the diagnosis 
and treatment of CAP advise that all hospitalised CAP 
patients undergo a Legionella UAT [4, 7, 8]. If a Legio-
nella infection is confirmed, targeted monotherapy with 
quinolones, macrolides, or doxycycline and discontinu-
ation of ineffective β-lactams are recommended. This 
test‒and‒treat approach aims to ensure early initiation of 
appropriate antibiotic treatment for community-acquired 
LD (CALD) and timely de-escalation of the empiric 
β-lactam therapy. Timely initiation of LD-appropriate 
antibiotic treatment reduces mortality and intensive care 
unit (ICU) admission rates [9–12]. De-escalated and tar-
geted antibiotic therapy for LD may also reduce toxicity 

and other antibiotic-related adverse effects (including 
secondary infections such as Clostridioides difficile-asso-
ciated colitis), reduce selection pressure for antibiotic 
resistance, and contribute to ongoing antimicrobial stew-
ardship efforts [13–16].

However, routinely performed microbiological LD tests 
in hospitalised CAP patients have a relatively low posi-
tivity rate (approximately 1.5–3%) [17–19], and concerns 
about the cost-effectiveness and clinical utility of such 
routine testing have been raised [20, 21]. In contrast to 
the European guidelines, American CAP guidelines 
advise against routine testing in hospitalised patients. 
Instead, they recommend LD testing only for severe CAP 
or in patients presenting with epidemiological risk fac-
tors for LD [21]. Yet, risk factor-guided testing for CALD 
is challenging in clinical practice [9, 18], and the best 
approach for integrating microbiological testing for LD 
in the clinical management of hospitalised patients with 
CAP remains somewhat unclear [9, 22]. Studies evalu-
ating the impact of a positive LD diagnostic test on the 
clinical management of CALD are hence important but 
remain scarce. The few existing studies are often con-
strained by small sample sizes and focused on clinical 
practices in selected tertiary care centres [23–25]. Using 
data from a Swiss prospective multicentre study [26], we 
examined the clinical management of CALD in a repre-
sentative patient cohort recruited from 20 university and 
cantonal hospitals. In Switzerland, routine testing for 
CALD is recommended for all hospitalised CAP patients 
[8]. We assessed how promptly patients with CAP were 
tested for LD upon presentation to the hospital and eval-
uated the impact of a positive microbiological test on 
antibiotic prescribing for LD.

Methods
Data sources and study population
This study uses data from a national case‒control and 
molecular source attribution study on Legionnaires’ dis-
ease in Switzerland (SwissLEGIO). The study design of 
SwissLEGIO has been reported in detail elsewhere [26]. 
In brief, CALD patients were recruited from August 2022 
to March 2024 from all greater regions of Switzerland 
(Supplementary file 1, SFig. 1). Recruitment occurred 

postdischarge (proxy for clinical stability reached). 38.5% of patients with impaired renal function received a 
suboptimal loading dose of levofloxacin.

Conclusion  Routine aetiological testing for LD has improved the clinical management of CALD by facilitating rapid 
detection of CALD cases and timely initiation of appropriate and targeted antibiotic therapy. Future antimicrobial 
stewardship efforts should sensitise physicians that a shorter duration of antibiotic treatment for CALD of 5 to 7 days 
according to the latest Swiss CAP guidelines is sufficient and safe.

Keywords  Legionnaires’ disease, Legionella, Community-acquired pneumonia, Switzerland, Urinary antigen test, 
Multicentre study, Antibiotic prescriptions, Antimicrobial stewardship, Duration of treatment
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through a hospital network of 15 cantonal and five uni-
versity hospitals, which jointly reported approximately 
45% of all notified CALD cases in Switzerland during the 
recruitment period [27, 28]. Electronic medical records 
for the CALD-associated hospital visit were reviewed, 
and information on age, sex, health-seeking prior to the 
hospital visit, comorbidities, reported symptoms, date of 
symptom onset, date of hospital admission/emergency 
department (ED) visit, date of CALD diagnosis, labora-
tory and radiological parameters, and timing, duration, 
dosage and route of administration of all antibiotic pre-
scriptions were extracted using standardised electronic 
case report forms.

CALD patients were eligible for inclusion in the study 
if they were 18 years or older, had a laboratory-confirmed 
Legionella infection, and were diagnosed with pneumo-
nia. In accordance with the definitions of the Swiss public 
health authorities, a Legionella infection was considered 
confirmed if Legionella spp. was isolated from respiratory 
samples (culture), L. pneumophila antigen was detected 
in the urine (UAT), Legionella spp. nucleic acid was 
detected in respiratory samples (PCR), or a serological 
test for Legionella spp. was positive [26, 29]. Pneumonia 
was defined (according to the Swiss CAP guidelines) as 
the presence of a new infiltrate (chest X-ray, ultrasound, 
or computerised tomography scan) plus clinical symp-
toms suggestive of pneumonia (fever, chills, cough, spu-
tum, dyspnoea, tachypnea, thoracic pain) at admission 
[8]. CALD patients were excluded if they had hospital-
acquired LD (defined as reporting an overnight stay at a 
hospital or rehabilitation facility during the 14 days prior 
to first symptoms), coinfections requiring additional anti-
biotics during the hospital stay, or were transferred to 
another hospital within 72 h of admission.

Indicators for the clinical management of Legionnaires' 
disease
To describe the clinical management of CALD across 
hospitals, we assessed healthcare consultations prior to 
the LD diagnosis, the time from symptom onset to ED 
visit and to diagnostic confirmation of CALD, the results 
of CALD-specific microbiological tests, and the time 
from the ED visit to the initiation of adequate antibiotics 
(i.e., initiation of quinolones, macrolides, or doxycycline).

Assessment of appropriate antimicrobial use
To estimate the appropriateness of antibiotic treatment, 
we used an analysis pathway approach proposed by 
Magill et al. [30]. For the analysis pathway, definitions of 
supported and unsupported antimicrobial use (as prox-
ies for appropriate and inappropriate or unnecessary 
use) were established based on the Swiss national CAP 
guidelines (version June 2024) [7, 8, 31]. Supplementary 
file 1 provides the details of the analysis pathway used in 

this study (SFig. 2 and STables 1–3). The quality of anti-
biotic prescriptions was categorised into supported and 
unsupported treatment at two different time points: (i) 
on admission and prior to the diagnostic confirmation 
of CALD and (ii) 24 h after a Legionella infection was 
confirmed. Antibiotic prescriptions were considered sup-
ported if it was evident from the standardised data col-
lection forms that (i) the antimicrobial selection (active 
pharmaceutical ingredient (API) and dosage) and (ii) the 
duration of treatment were consistent with recommenda-
tions in the Swiss national CAP guidelines. Duration of 
treatment was only assessed for antibiotics with activity 
against Legionella spp. The duration of antibiotic treat-
ment was considered supported if CALD patients were 
treated for five to ≤ 10 calendar days (≤ 21 calendar days 
for immunocompromised patients) with either quino-
lones, macrolides, doxycycline or a combination of these 
antibiotics.

We considered patients immunocompromised if at 
least one of the following conditions were present: treat-
ment with steroids (≥ 7.5 mg prednisolone-equivalent/
day for more than four weeks), treatment with cytostatic 
or immunosuppressive drugs (including biologicals), HIV 
infection with CD4 < 200/µl, neutropenia (< 0.5 g/l), a 
history of solid organ transplantation, a history of hae-
matological stem cell transplantation, asplenia, or pri-
mary immunodeficiency.

Statistical analysis
For descriptive statistics, we present data as medians 
(interquartile ranges, IQRs) for continuous variables and 
n (%) for categorical variables. Confidence intervals (CIs) 
for proportions of supported and unsupported antibiotic 
prescriptions were calculated using random effect logis-
tic regression to account for potential clustering on hos-
pital level. Clustering at the hospital level is expected by 
design (prescribing practices are likely to be more similar 
within hospitals than between hospitals, for example due 
to differences in antimicrobial stewardship activities or 
also differences in local protocols).

A random effect logistic regression analysis was per-
formed to identify factors associated with antibiotic 
treatment durations exceeding guideline recommenda-
tions. The outcome variable was defined as an antibiotic 
treatment duration longer than that recommended by the 
guidelines. Explanatory variable for the univariable logis-
tic regression model were selected based on clinical plau-
sibility and/or previously reported associations in the 
literature [32–34]. A list of the explanatory variables that 
were considered is provided in Supplementary file 1 (STa-
ble 6). In the multivariable model, we included immuno-
suppression, C-reactive protein concentration, severity 
(based on ICU admission), and antibiotic prescriptions 
for more than 48 h after discharge (whereas discharge 
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also serves as a proxy for reaching clinical stability) as 
fixed effects [32, 34]. The selection of these variables was 
based on the strength of the association between the 
potential predictor and prolonged treatment duration in 
the univariable model and/or previously shown strong 
associations reported in the literature. We accounted for 
confounding by including age and the Charlson Comor-
bidity Index in the model. To account for clustering, we 

again added the hospitals as random effects (random 
intercepts).

The statistical analysis was done using the statistical 
software R Version 4.4.1 (R Core Team, Vienna, Austria). 
The R package lme4 was used for random effect logistic 
regression modelling.

Results
Patient characteristics and clinical management of 
Legionnaires' disease
In this analysis, 195 out of the 204 patients enrolled in the 
SwissLEGIO parent study were included (Supplementary 
file 1, SFig. 1). Seven patients were excluded due to coin-
fections requiring antimicrobial treatment (including three 
with suspected respiratory bacterial superinfections), 
and two patients were excluded due to an early referral 
to another hospital. Patient characteristics are shown in 
Table 1. The median age was 68 years (IQR 56–78 years), 
and 60 patients (30.8%) were female. Most patients (84.1%) 
were treated in a cantonal hospital, and seven (3.6%) were 
treated as outpatients. In total, 35 (17.9%) patients were 
admitted to the ICU, and 37 (19.0%) were immunocom-
promised. An allergic reaction to antibiotics was reported 
in five patients during hospitalisation (data not shown).

Prior to hospital presentation, 49 patients (25.1%) were 
prescribed antibiotics in the outpatient setting. Outpa-
tient prescriptions for CAP were consistent with guide-
line recommendations in 43 of 49 patients (87.8%) and 
most patients received oral amoxicillin or amoxicillin/
clavulanic acid. All patients were diagnosed with CALD 
after hospital admission: 166 patients (85.1%) had diag-
nostic results available within 24 h, and 180 patients 
(92.3%) had results available within 48 h. The UAT was 
performed in 190 patients (97.4%), culture was per-
formed in 108 patients (55.4%), and PCR was performed 
in 52 patients (26.7%). Cultures and UATs were per-
formed by all 20 hospitals, with UATs always done in-
house (Supplementary file 1, STable 4). Cultures were 
either performed in-house or respiratory samples were 
sent to the National Reference Centre for Legionella after 
confirmation of LD by UAT or PCR [35]. PCR testing 
was performed by 14 of the 20 hospitals—11 used prim-
ers targeting L. pneumophila, and three hospitals used 
multiplex PCR to detect both L. pneumophila and Legio-
nella spp.. In 10 hospitals, Legionella PCR was part of a 
multiplex respiratory panel (Supplementary file 1, STa-
bles 4–5). Of the tests performed in CALD patients, the 
positivity rate was 95.3% for the UAT, 75.0% for PCR, and 
35.2% for cultures. Nine patients were diagnosed solely 
by PCR, one patient exclusively by seroconversion (Sup-
plementary file 1, STable 4), and one patient exclusively 
by culture (detection of L. pneumophila serogroup 1).

Overall, 172 patients (88.2%) received antibiotics with 
activity against Legionella spp. within 24 h of presentation 

Table 1  Patient characteristics and clinical management of 
community-acquired Legionnaires’ disease (CALD)
Characteristic CALD patients 

(n = 195)
Female (%) 60 (30.8)
Age (years) (median [IQR]) 68 [56–78]
Current smoker (%) 84 (43.1)
Hospital level
  Admitted to a cantonal hospital (%) 164 (84.1)
  Admitted to a university hospital (%) 24 (12.3)
  Treated as an outpatient (%) 7 (3.6)
Comorbidities
  Heart disease (%) 74 (37.9)
  Heart failure (%) 16 (8.2)
  Diabetes mellitus (%) 42 (21.5)
  Chronic obstructive pulmonary disease (COPD) (%) 21 (10.8)
  Moderate or severe chronic kidney disease (%) 26 (13.3)
  Cerebrovascular diseases (%) 14 (7.2)
  Malignancies (%) 23 (11.8)
  Immunosuppression (%) 37 (19.0)
  Charlson comorbidity index (median [IQR]) 1.0 [0–3]
Disease severity
  Length of stay (LOS, days) (median [IQR]) 7 [5–11]
  ICU admission (%) 35 (17.9)
Antibiotics prescribed prior to hospital visit
  None (%) 146 (74.9)
  Penicillins (%)* 41 (21.0)
  Cephalosporins (%) 3 (1.5)
  Quinolones (%) 1 (0.5)
  Combination therapies (%)† 4 (2.1)
Laboratory diagnostics
  Time from symptom onset to pos. diagnostic test 

(days, median [IQR])
4 [3–7]

  Time from hospitalisation to pos. diagnostic test 
(days, median [IQR])

0.50 [0.0–1.0]

  Positive urinary antigen test (UAT)/performed UAT 
(% positivity)

181/190 (95.3)

  Positive PCR/performed PCR (% positivity) 39/52 (75.0)
  Positive culture/performed culture (% positivity) 38/108 (35.2)
  Positive serology/performed serology (% positivity) 1/2 (50.0)
Antibiotic coverage for Legionella spp.
  within 24 h of hospital admission/emergency 

department visit (%)
172 (88.2)

  within 24 h of laboratory-confirmed CALD  
diagnosis (%)

191 (97.9)

*amoxicillin or amoxicillin/clavulanic acid
†e.g. cephalosporins plus macrolides
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to the hospital, and 191 patients (97.9%) received anti-
biotics with activity against Legionella spp. within 24 
h of the diagnostic confirmation of the infection. Three 
patients received inadequate treatment beyond 24 h 
after diagnosis (two patients received β-lactam- and 
one patient a cephalosporin monotherapy). One patient 
received no antibiotics within 24 h post-diagnosis. 
Patients who did not receive antibiotics with activity 
against Legionella spp. within 24 h after presenting to the 
hospital were more likely to have a negative UAT (27.3% 
vs. 1.8%, p < 0.001), and the median time from hospitali-
sation to laboratory-confirmed CALD diagnosis was sig-
nificantly longer (median 2 days vs 0 days, p < 0.001).

Assessment of appropriate antimicrobial use
Appropriateness of antibiotic prescriptions was assessed 
at two different time points: (i) on admission and prior to 
the diagnostic confirmation of CALD (appropriateness of 
empiric CAP treatment) and (ii) 24 h after the Legionella 
infection was confirmed (appropriateness of LD-targeted 
antibiotic treatment).

Empiric CAP therapy prior to a confirmed Legionella infection
At the hospital, empiric antibiotic therapy for CAP was 
initiated in 137 patients (70.3%) prior to the diagnosis of 

CALD. Combination therapy with β-lactams (ceftriaxone 
or amoxicillin/clavulanic acid) and macrolides was pre-
scribed in 69 of the 137 CALD patients (50.4%). Twenty 
patients received a monotherapy with either amoxicil-
lin/clavulanic acid or ceftriaxone (14.6%), and 19 CALD 
patients (13.9%) received either piperacillin/tazobactam 
or cefepime (Table  2). Patients receiving piperacillin/
tazobactam or cefepime were frequently immunocom-
promised or required ICU treatment.

According to the Swiss CAP guidelines, first-line 
empiric treatment for mild pneumonia is amoxicillin/cla-
vulanic acid. For moderate pneumonia, a macrolide may 
be added optionally to the β-lactam therapy. Therefore, 
empiric treatment for mild to moderate CAP according 
to the Swiss CAP guidelines does not necessarily cover 
Legionella spp.. The antibiotics prescribed empirically for 
CAP provided coverage for Legionella spp. in 107 out of 
the 137 CALD patients (78.1%). The CRB-65 score was 
similar between patients who were treated with β-lactam 
monotherapy and patients who received β-lactam–mac-
rolide combination therapy. Overall, empiric treatment 
was consistent with CAP guideline recommendations in 
81 out of 137 patients (59.1%, 95% CI: 48.4–71.0). Most 
patients with unsupported CAP therapy were either pre-
scribed antibiotics with too broad of a spectrum (22 of 
54, 40.7%) or the prescribed antibiotic dosage was subop-
timal (26 of 54, 48.1%) (Table 2).

Targeted antibiotic treatment for community-acquired 
Legionnaires’ disease
Patients diagnosed with CALD were primarily treated 
with quinolones. Levofloxacin was prescribed to 137 
(70.3%) and moxifloxacin to six patients (3.1%). Combi-
nation therapy with quinolones and macrolides was pre-
scribed to nine patients (4.6%). In 72 patients (36.9%), we 
observed a switch from a macrolide to a quinolone dur-
ing treatment (Table  3). Switching from a macrolide to 
a quinolone often coincided with the discontinuation of 
β-lactams.

Figure 1 summarises the results of the pathway analysis 
to estimate appropriate antibiotic prescribing 24 h after 
diagnostic confirmation of CALD (cf. Supplementary file 1, 
SFig. 2). For 191 patients, data allowed for the assessment 
of both the supported choice and duration of the antibiotic 
prescriptions: in 152 of 191 patients (79.6%, 95% CI: 72.0–
85.3), the antibiotic choices (API and dosage) were consis-
tent with guideline recommendations within 24 h of the 
diagnostic confirmation of a Legionella infection. Account-
ing for the duration of treatment being supported, 98 out 
of 191 patients (51.3%, 95% CI: 42.3–59.6) were prescribed 
antibiotics consistent with national CAP guidelines.

The two most common reasons for unsupported anti-
biotic treatment were the continuation of β-lactams after 

Table 2  Estimating the appropriateness of empiric antibiotic 
prescriptions for community-acquired pneumonia (CAP) in 
patients subsequently diagnosed with Legionnaires’ disease 
(CALD)

Total
Empiric CAP therapy prior to confirmed  
CALD-diagnosis

n= 195

Empiric CAP treatment prescribed (%) 137 (70.3)
No empiric CAP treatment prescribed (%) 58 (29.7)
Empiric CAP treatment prescribed (%)† n = 137
  Any empiric CAP treatment with Legionella spp. 

coverage*
107 (78.1)

  Monotherapy with amoxicillin/clavulanic acid 15 (10.9)
  Monotherapy with ceftriaxone 5 (3.6)
  Monotherapy with quinolone 12 (8.8)
  Monotherapy with macrolide 6 (4.4)
  Monotherapy with doxycycline 0 (0.0)
  Combination therapy with ceftriaxone plus macrolides 21 (15.3)
  Combination therapy with amoxicillin/clavulanic acid 

plus macrolides
48 (35.0)

  Treatment with cefepime or piperacillin/tazobactam 19 (13.9)
Prescribed empiric CAP treatment supported by guidelines (%) n = 137
  Supported 81 (59.1)
  Dose too low 26 (19.0)
  Spectrum too broad 22 (16.1)
  Spectrum too narrow 6 (4.4)
  Insufficient data to estimate appropriateness 2 (1.5)
†percentages do not add up to 100%, as sometimes two categories apply
*includes all mono and combination therapies with macrolides, quinolones and 
doxycycline



Page 6 of 12Bigler et al. Pneumonia           (2025) 17:17 

the confirmation of CALD and suboptimal antibiotic dos-
ing (Table 3). In 21 patients (11.0%), β-lactams were con-
tinued for more than 24 h after confirmation of CALD 
and in the absence of any documented coinfection. In 11 
patients (5.8%), the prescribed antibiotic dose was lower 
than recommended per clinical guidelines. Notably, a sig-
nificant proportion of patients with renal impairment (10 
out of 26, or 38.5%) were affected by suboptimal dosing. 
In four patients (2.1%), the prescribed antibiotic regimen 
did not cover Legionella spp. 24 h after the diagnostic 
confirmation of LD.

Antibiotic treatment duration for community-acquired 
Legionnaires’ disease
Prolonged antibiotic treatment duration was a relevant 
factor in unsupported treatment for CALD. Overall, in 
68 patients (35.4%), the duration of Legionella spp. treat-
ment exceeded the recommended duration. The median 
duration of excess treatment was four days (IQR 3–4 
days). Notably, 66.2% of these excess antibiotic treatment 
days were prescribed as part of continued outpatient 
therapy after hospital discharge.

We assessed factors associated with prolonged treat-
ment in univariable (STable 6 in Supplementary file 1) and 
multivariable analyses (Fig. 2). ICU admission and antibi-
otic prescriptions for more than 48 h after discharge (and 
therefore likely often after clinical stability was reached) 
were independently associated with a longer than rec-
ommended treatment duration with quinolones, macro-
lides or doxycycline. In contrast, immunocompromised 
patients were more likely to receive antibiotics for an 
appropriate duration, as treatment regimens of up to 21 
days were permitted in this group. The observed switch 
from macrolides to quinolones during treatment was not 
associated with excessive treatment duration (STable 6 in 
Supplementary file 1).

Discussion
The optimal approach to integrating microbiologi-
cal testing for Legionella spp. into the clinical manage-
ment of hospitalised CAP patients remains a subject of 
debate [9, 22]. Concerns have been raised regarding both 
the cost-effectiveness and clinical utility of such routine 
testing [20, 21]. To date, the impact of aetiological test-
ing for Legionella spp. on the clinical management of the 
infection has only been evaluated in studies with small 
sample sizes and were conducted in selected tertiary 
care hospitals [20, 23–25]. These studies could therefore 
only provide limited evidence on the broader impact of 
a guideline-recommended test-and-treat approach for 
managing CALD. In this multicentre study, conducted in 
a setting where routine testing for LD is recommended 
for all hospitalised CAP patients [8], we assessed the 
impact of aetiological testing for Legionella spp. on the 
clinical management of CAP and antimicrobial prescrib-
ing in a representative Swiss CALD cohort from 20 study 
sites.

Overall, we found that routine aetiological testing for 
LD has improved the clinical management of CALD. 
Consistent with Swiss guideline recommendations, test-
ing for Legionella spp. was promptly initiated, with most 
patients having diagnostic results available within 24 
h of presenting to the hospital. Diagnostic testing for 
CALD also facilitated a timely initiation of appropriate 
and targeted therapy for LD: 88.2% of patients received 

Table 3  Estimating the appropriateness of antibiotic 
prescriptions for the targeted therapy of community-acquired 
Legionnaires’ disease (CALD)

Total
Antibiotic treatment for Legionnaires' disease n = 195
Prescribed antibiotics for CALD (%)
  Monotherapy with quinolones 71 (36.4)
  Monotherapy with macrolides 39 (20.0)
  Monotherapy with tetracyclines 1 (0.5)
  Switch from macrolides to quinolones 72 (36.9)
  Combination therapy of quinolones and macrolides 9 (4.6)
  Others* 3 (1.5)
Prescribed antibiotic choices supported by guideline recommendations for 
the treatment of CALD (%)◊

  Supported 152 (79.6)
  β-lactams continued > 24 h after CALD diagnosis 21 (11.0)
  Dose too low 11 (5.8)
  Dose too high 1 (0.5)
  Antibiotics did not cover Legionella spp. 4 (2.1)
  Spectrum too broad (other reasons than continuation of 

β-lactams)†
2 (1.0)

  Insufficient data to estimate appropriateness 4 (2.1)
Duration of treatment n = 195
Duration of treatment supported by guideline recommendations for the 
treatment of CALD (%)◊

  Supported 124 (64.6)
  Unsupported 68 (35.4)
  Insufficient data to estimate appropriate duration 3 (1.5)
Duration of antibiotic treatment for CALD (median [IQR]) 11 [10–15]
Excess days of treatment (median [IQR])‡ 4 [3–4]
Continuation of antibiotics > 48 h after discharge (%) 120 (62.5)
Days of antibiotic prescriptions after discharge (median 
[IQR])

6 [4–9]

Total excess days of antibiotic treatment after discharge/
total excess days of antibiotics prescribed (%)

182/275 
(66.2)

*including switch from quinolones to macrolides, and from macrolides/
quinolones to tetracyclines
◊observations with insufficient data to estimate appropriateness/duration of 
antibiotic prescriptions are treated as missing
†for example: continued treatment with combination of macrolides and 
quinolones without continued β-lactams
‡beyond the recommended 11 days of treatment (22 days for 
immunocompromised patients)
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antibiotics with Legionella coverage within 24 h of admis-
sion. Additionally, and in line with findings from another 
Swiss study [36], testing improved adherence to CAP 
treatment guidelines for the LD-specific treatment com-
pared to the initial empiric CAP treatment, where the 
dose and antibiotic spectrum chosen were often subopti-
mal. However, for 35.4% of CALD patients, the duration 

of antibiotic treatment exceeded guideline recommenda-
tions. Additionally, patients with impaired renal function 
often received a suboptimal loading dose for levofloxacin.

Swiss guidelines align with the German, Austrian and 
European CAP guidelines and recommend perform-
ing a Legionella UAT for all hospitalised CAP patients; 
they generally advocate for restrained macrolide use 

Fig. 2  Parameters associated with excessive treatment duration in the multivariable mixed effect logistic regression model, accounting for clustering at 
the hospital level

 

Fig. 1  Summary of the pathway analysis results. API: active pharmaceutical ingredient. CALD: Community-acquired Legionnaires’ disease
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for the empiric treatment of CAP [4, 7, 8]. According to 
the guidelines, adding macrolides to empiric β-lactam 
therapy is optional for moderate pneumonia. For severe 
pneumonia, β-lactam‒macrolide combination therapy is 
strongly recommended. The guidelines also advise that 
macrolides should be discontinued after one to three days 
of empirical coverage if suspicion of an atypical patho-
gen cannot be further substantiated [7, 8]. Consequently, 
not all hospitalised CAP patients treated according to 
guidelines are prescribed macrolides and thus, receive 
adequate empirical antibiotics for LD. In our study, 78.1% 
of CALD patients received empiric antibiotics covering 
Legionella spp. Timely microbiological testing increased 
the proportion of CALD patients receiving antibiotics 
covering Legionella spp. to 88.2% within 24 h of present-
ing at the ED. Delayed testing increased the likelihood of 
inadequate coverage for LD 24 h post-admission. Overall, 
these findings suggest that routine testing for Legionella 
spp. promotes timely and appropriate antibiotic therapy 
for LD, which is critical to reducing mortality and ICU 
admission risk [9–12].

In our study, 88.2% of CALD patients received ade-
quate antibiotics for LD within 24 h of hospital presen-
tation, a higher proportion than previously reported 
[9, 11, 37]. Notably, a large cohort study from the U.S. 
recently found that only 77% of CALD patients received 
antibiotics with adequate coverage for LD within the first 
two days of hospitalisation, despite American guidelines 
generally recommending β-lactam–macrolide combina-
tion therapy for all hospitalised CAP patients [9, 21]. A 
key difference between our study and the U.S. study was 
the timing of diagnostic testing. In our study, 85.1% of 
patients were tested for LD within 24 h of hospital pre-
sentation, whereas in the U.S., testing often occurred 
two or more days after admission. This delay in testing 
may be due to American guidelines recommending the 
UAT only for severe pneumonia or when LD risk factors 
are present [21]. However, the benefits of such risk fac-
tor- and severity-guided testing remain unclear [9, 18, 
22]. For instance, Bellew et al. systematically screened 
hospitalised CAP patients for LD using UAT and found 
no association between Legionella pneumonia and CAP 
severity [18]. Additionally, studies indicate that identify-
ing CALD patients based on a predefined list of general 
clinical characteristics and epidemiological risk factors 
alone is challenging in clinical practice [9, 18]. Epidemio-
logical risk factors, in particular, may vary by region and 
may be specific to certain settings [26]. Consistent with  
these observations, a recently published study from Sweden 
found that Legionella infections were rarely considered as 
a cause for CAP in cases later confirmed as LD [37].

We also assessed the impact of LD testing on CAP 
guideline adherence. Before LD was diagnostically 

confirmed, 59.1% (95% CI: 48.4–71.0) of CALD patients 
received empiric antibiotics aligned with the recommen-
dations in the Swiss CAP guidelines (API and dose). The 
prevalence of unsupported empiric CAP treatment was 
similar to that reported in previous studies [30, 38]. Aeti-
ological testing for LD improved guideline adherence for 
CALD-specific treatment: within 24 h of a confirmed LD 
diagnosis, 79.6% (95% CI: 72.0–85.3) of patients received 
targeted monotherapy with quinolones, macrolides or 
doxycycline, whereas only 11.0% continued receiving 
β-lactams. The results revealed a high level of awareness 
of LD among physicians and good adherence to the test-
and-treat recommendations [7, 8]. These findings also 
suggest that most physicians consider targeted LD treat-
ment to be safe. Indeed, we observed a low rate of bac-
terial respiratory coinfections in the SwissLEGIO parent 
study (three out of the 204 (1.5%) enrolled LD patients), 
which is consistent with previous findings [9]. This allevi-
ates concerns about an increased risk of relapse with tar-
geted therapy [20, 21].

Despite the strong adherence to the test-and-treat 
recommendations for the management of CALD, our 
findings also highlight opportunities to further opti-
mise antibiotic prescribing. We observed that 35.4% 
of patients received macrolides or quinolones for lon-
ger than the guideline-recommended 10 days (or > 21 
days in immunocompromised patients). Such prolonged 
treatment is a common cause of unsupported therapy as 
defined by CAP guidelines [30, 32, 34]. A recent Swiss 
study, for example, reported that 32% of CAP patients 
had prolonged treatment [32]. Our regression analysis 
revealed that neither the severity of CALD nor increased 
inflammation markers alone fully explain decisions to 
choose longer treatment regimens. The median excess 
duration of four days (IQR 3–4 days), further indicated 
that many patients were treated for 14 instead of 10 days. 
Historically, the treatment duration for CALD in immu-
nocompetent patients was indeed 14 days due to the 
lower efficacy of erythromycin, the former first-line anti-
biotic [5, 39, 40]. However, studies on new-generation 
macrolides and quinolones demonstrate that prolonged 
treatment for CALD provides no clinical benefit and may 
even increase the risk of adverse events [7, 33]. In recent 
years, the recommended treatment duration for LD has, 
therefore, been aligned with that of other common CAP 
pathogens [6, 7]. The latest version of the Swiss CAP 
guidelines even recommends treating CALD for 5–7 
days instead of the previously recommended 10 days [8]. 
A recent study has further suggested that a single high 
dose of intravenous azithromycin of 1.5 g is sufficient to 
treat selected cases of LD [41]. Considering our findings 
and the latest evidence from the literature, we argue that 
shorter treatment courses would have likely been safe 
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for many CALD patients with unsupported treatment 
durations in our cohort. Notably, 66.2% of excess days 
of antibiotics were prescribed in the outpatient care set-
ting. Unnecessary postdischarge antibiotic prescriptions 
may therefore be an important target for future antimi-
crobial stewardship programmes, as has also been sug-
gested by other studies [32–34, 42]. A second common 
reason for unsupported antibiotic use in CALD patients 
was suboptimal levofloxacin dosing in patients with renal 
impairment. As a concentration-dependent antibiotic, 
levofloxacin requires an initial loading dose before dose 
adjustment for renal insufficiency. Alternatively, moxi-
floxacin or azithromycin, which do not require renal 
dose adjustments, may be more suitable for this specific 
patient population [8].

Unnecessary antibiotic exposure (through excessive 
treatment duration) and suboptimal dosing can contrib-
ute to antimicrobial resistance [43]. Although several 
mechanisms of resistance to quinolones and macrolides 
have been described in in vitro studies [44, 45], antibi-
otic resistance in Legionella spp. has historically not been 
considered a major problem in clinical practice. To date, 
fluoroquinolone-resistant L. pneumophila strains have 
been isolated from an LD patient in the Netherlands and 
two patients in France [45, 46]. However, it is also note-
worthy that comprehensive data on the susceptibility 
of Legionella spp. to antibiotics and its correlation with 
clinical efficacy remain limited, as systematic resistance 
monitoring and standardised testing methods are still 
under development [47, 48] Given the limited options for 
antibiotics effective against Legionella spp., optimising 
LD treatment is essential to mitigate the potential risk of 
resistance.

Our study has some limitations. We did not include a 
comparison group of non-LD CAP patients and, there-
fore, did not assess the impact of routine testing for 
CALD on the clinical management of non-LD CAP 
patients. We also state but did not directly assess the 
cost-effectiveness of routine testing. Although such eco-
nomic analyses remain scarce, they are important to 
inform ongoing discussions about routine Legionella 
testing [18, 20, 22]. Future research should therefore pri-
oritise comprehensive economic evaluations that include 
assessments of diagnostic yield, antibiotic use, clinical 
outcomes, and total hospital costs. To assess appropri-
ate antibiotic prescribing, we used a predefined pathway 
analysis approach [30] and systematically extracted data 
from electronic medical records using standardised case 
report forms. This allowed us to objectively and system-
atically assess antibiotic prescriptions across all 20 study 
sites [30, 49]. However, it likely overestimated the propor-
tion of CALD patients receiving unsupported antibiotic 

treatment. Unlike expert reviews of individual patient 
records, our approach could not fully capture clinical or 
laboratory changes during hospitalisation or subtle shifts 
in the immune status of patients who might have justified 
prolonged or broader treatment. Additionally, we could 
not evaluate the de-escalation of antibiotics from intra-
venous to oral administration. Finally, we did not assess 
the impact of the involvement of disease specialists in the 
management of CALD (although we do not expect this 
to affect the generalizability of our results). Despite these 
limitations, our study provides valuable insights into the 
impact of aetiological testing for Legionella spp. on the 
management of CALD in a representative Swiss cohort.  
Moreover, our pathway analysis approach allows for replica-
tion in other settings, offering comparability that is harder 
to achieve with expert-opinion-based assessments [49].

Conclusion
The decision to recommend routine aetiological testing 
in CAP guidelines depends on several factors, including 
the impact of the test on the clinical management of CAP, 
patient outcomes, antimicrobial stewardship efforts, pub-
lic health activities, and economic costs [21, 22]. In this 
study, we focused on assessing the impact of aetiologi-
cal testing on the management of CALD and adherence 
to antibiotic treatment guidelines. We found that aetio-
logical testing for Legionella spp. had a direct (and posi-
tive) impact on the clinical management of CALD. First, 
timely LD testing ensured that appropriate antibiotics 
for LD were reliably prescribed at hospital admission. 
Such timely initiation of appropriate treatment for LD 
has been previously shown to reduce mortality and ICU 
admission risk. Second, a confirmed LD diagnosis led to 
targeted and de-escalated antibiotic prescriptions for LD, 
thus contributing to ongoing antimicrobial stewardship 
efforts to reduce unnecessary antibiotic use. However, 
about a third of CALD patients received antibiotics active 
against Legionella for longer than recommended by Swiss 
guidelines. Sensitising physicians about the safety of 
shortened antibiotic treatment courses for LD and advo-
cating for cautious antibiotic prescribing after hospital 
discharge should be goals of future antimicrobial stew-
ardship efforts.
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