The Netherlands Journal of Medicine

ORIGINAL ARTICLE

Relevance of healthcare-associated
pneumonia for empirical antibiotic
therapy in the Netherlands
V.A. Schweitzer1, C.H. van Werkhoven1, I. van Heijl2, R.F. Smits1,
C.H.E. Boel3, M.J.M. Bonten3, D.F. Postma1,4, J.J. Oosterheert4
Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht,
the Netherlands; 2Department of Clinical Pharmacy, Tergooi Hospital, Hilversum/Blaricum, the
Netherlands; 3Department of Medical Microbiology, University Medical Center Utrecht, Utrecht,
the Netherlands; 4Departments of Internal Medicine and Infectious Diseases, University Medical
Center Utrecht, Utrecht, the Netherlands; *corresponding author: V.A.Schweitzer-2@umcutrecht.nl
1

ABSTR ACT

Conclusions: In the Netherlands, HCAP criteria predict
higher amoxicillin non-susceptibility in patients
hospitalized with moderate-severe CAP. Although
broadening the antibiotic spectrum of empiric treatment
reduced the likelihood of non-susceptibility, absolute
reductions of non-susceptibility in HCAP patients were
too low to justify the universal use of broad-spectrum
empirical therapy.

Background: There is no consensus whether patients
with healthcare-associated pneumonia (HCAP) should be
considered as a patient with hospital-acquired pneumonia
(HAP) and treated with broad-spectrum antibiotics, or as
a patient with community-acquired pneumonia (CAP),
and treated with narrow-spectrum antibiotics. HCAP
research has focused mostly on the predictive value
for non-susceptibility to broad-spectrum antibiotics and
multi-drug resistant pathogens, in settings with moderate
to high levels of antibiotic resistance. We investigated
whether HCAP criteria predicts non-susceptibility to
different empirical strategies, including narrow-spectrum
antibiotics in the Dutch setting.
Methods: In a post hoc analysis of patients with
moderate-severe CAP in seven Dutch hospitals, we
compared in vitro antibiotic susceptibilities of definite
and possible causative pathogens of CAP and HCAP
to amoxicillin and broader antibiotic regimens.
In a sensitivity analysis, pathogens with missing susceptibilities were assumed susceptible (best-case scenario)
or non-susceptible (worst-case scenario).
Results: Among 2,283 patients with moderate-severe CAP,
23.1% (n = 527) were classified as HCAP. Non-susceptibility
to amoxicillin ranged from 11.3% (95% CI 9.9-12.8%;
best-case) to 14.4% (95% CI 12.8-16.1%; worst-case) in CAP
patients and from 16.7% (95% CI 13.8-20.1%; best-case)
to 19.7% (95% CI 16.6-23.3%; worst-case) in HCAP
patients. The largest reduction in non-susceptibility was
achieved by adding ciprofloxacin to amoxicillin treatment
in both CAP patients (10% absolute risk reduction)
and HCAP patients (11-16% reduction).
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INTRODUCTION
Traditionally, pneumonia is categorized as communityacquired pneumonia (CAP), hospital-acquired pneumonia
(HAP) or ventilator-associated pneumonia (VAP), as
the aetiology and empirical antibiotic treatment differs
depending on where and how the infection was acquired.
In 2005, healthcare-associated pneumonia (HCAP)
was introduced as a novel category by the American
Thoracic Society (ATS) and the Infectious Diseases Society
of America HAP and VAP guidelines.1 Patients with
HCAP often present at the emergency department, but
are distinguished from CAP patients by their recent
contact with healthcare institutions. As a consequence,
HCAP patients may have a different bacterial aetiology
of infection and an increased risk for colonization and

© MacChain. All rights reserved.
NOVEMBER 2018 , VOL . 76 , NO. 9

389

The Netherlands Journal of Medicine

infection with antibiotic-resistant or healthcare-associated
pathogens, such as Staphylococcus aureus, Gram-negative
Enterobacteriaceae, and Pseudomonas aeruginosa. 1
Therefore, the guidelines recommend empirically
treating HCAP with broad-spectrum antibiotics, similar
to HAP and VAP.1 This has led to a large increase of
broad-spectrum antibiotic use without apparent clinical
benefit for these patients.2-5 Recent evidence suggests
that the predictive value of HCAP criteria for the need
of broad-spectrum antibiotic treatment might be lower
than anticipated.2,6-11 In response to these findings,
HCAP was removed from the 2016 ATS HAP/VAP
guidelines and it was suggested to consider incorporating
HCAP recommendations into CAP guidelines, as
both CAP and HCAP patients are initially cared for
in the emergency department.8 Several studies have
already evaluated the predictive value of HCAP criteria
for bacterial aetiology in CAP patients.6,7 However,
the appropriateness of incorporating HCAP into CAP
guidelines depends on the prevalence of pathogens
requiring broader antibiotic treatment and the preferred
empirical treatment for CAP patients, which differs
per geographical region. In the Netherlands, the first
choice of empirical treatment for moderate-severe CAP
is narrow-spectrum beta-lactam monotherapy.12 Current
HCAP research focuses on predicting the presence of
multidrug-resistant pathogens (including Methicillinresistant Staphylococcus aureus (MRSA) and extendedspectrum beta-lactamase-producing Enterobacteriaceae)
and non-susceptibility to broad-spectrum beta-lactams
(ceftriaxone or ampicillin-sulbactam), macrolides and
fluoroquinolones.13-17 In the Netherlands, infections caused
by these resistant pathogens are rare and pneumonia
acquired in nursing homes is usually considered as
HAP. This is why the relevance and predictive value
of HCAP criteria for the Northern European or Dutch
setting, i.e. for the non-susceptibility to narrow-spectrum
beta-lactams, remains unknown. Our main study
objective was to evaluate the predictive value of HCAP
criteria for narrow-spectrum beta-lactam (i.e. amoxicillin)
non-susceptibility (thus needing broad-spectrum
treatment) in patients hospitalized for moderate-severe
CAP. In addition, we assessed the predictive value of
HCAP criteria for non-susceptibility to broader antibiotic
regimens, including amoxicillin-clavulanic acid,
ceftriaxone, moxifloxacin, amoxicillin plus azithromycin
and amoxicillin plus ciprofloxacin.

Pneumonia — Study on the Initial Treatment with
Antibiotics of Lower Respiratory Tract Infections
(CAP-START trial) — which was a cluster randomised
trial performed between February 2011 and August
2013 in seven hospitals in the Netherlands.18 Patients
above 18 years of age who were admitted to a non-ICU
ward for suspicion of pneumonia were eligible for study
participation. The study was approved by the ethics
review board of the University Medical Center Utrecht
(reference number 10/148). Written informed consent for
data collection was obtained within 72 hours after hospital
admission.
Data collection
Data on HCAP criteria, co-morbidities, clinical
presentation, antibiotic use, complications and clinical
outcome were retrieved prospectively from medical
records by trained research nurses after patient inclusion.
As pneumonia acquired in nursing homes are considered as
HAP in the Netherlands, these patients were not included
in the original trial. Therefore, the following HCAP
definition was used: hospitalization within the last 90 days,
residence in long-term care facilities other than nursing
homes, receiving wound care or intravenous therapy in the
previous 30 days or attending haemodialysis clinics.1
Microbiology
Sputum and blood cultures, urinary antigen tests and
antibiotic susceptibility testing were performed as
part of routine care. Susceptibility was determined by
routinely performed microbiological tests. To account for
the possibility of false-positives due to colonization, the
causative pathogen per patient was determined, accounting
for the specificity of the different microbiological tests,
where positive urine antigen tests and blood cultures
were assumed to have a higher specificity for causative
pathogens than sputum cultures. For example, in a patient
with a positive pneumococcal urinary antigen test and
S. aureus cultured from sputum, Streptococcus pneumoniae
was considered the causative pathogen due to the higher
specificity of the urinary antigen test, and S. aureus
was considered as colonization. Susceptibility testing
was reported as sensitive, intermediate or resistant by
participating microbiology laboratories. Intermediate and
resistant results were considered as non-susceptible for all
the analyses. In patients with multiple possible causative
pathogens (i.e. multiple pathogens in sputum culture and
no pathogens from blood culture or urinary antigen tests),
susceptibility to antibiotics was determined by the most
resistant pathogen. In cases of missing susceptibility data,
susceptibility per antibiotic was imputed and assumed
to be susceptible (S) if the prevalence of resistance to
the antibiotic was ≤ 10% in national surveillance data;
non-susceptible (R), if the prevalence was ≥ 90%; or

MATERIALS AND METHODS
Study subjects and design
We performed a post-hoc analysis of an observational
cohort study, nested within the Community-Acquired
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unknown (U), if the prevalence was between 10 and
90% (supplementary table S1). Pathogens were considered
susceptible (S) to combination antibiotic therapy if
susceptible to any of the two antibiotics; unknown (U)
if susceptible to one antibiotic and unknown to the
other antibiotic or if unknown to both antibiotics; and
non-susceptible (R) if non-susceptible to both antibiotics.

Table 1. Descriptive statistics of CAP and HCAP
patients

Statistical analysis
Descriptive statistics were used to compare baseline
characteristics between CAP and HCAP patients.
Sensitivity analyses were performed for cases with
unknown (U) antibiotic susceptibility which were either
assumed to be all susceptible (best-case scenario) or all
non-susceptible (worst-case scenario). Predictive values,
sensitivity and specificity for non-susceptibility per
empirical antibiotic strategy were calculated using 2 x 2
contingency tables. We calculated 95% confidence intervals
using the Wilson score interval method.19 Analyses were
performed using the Statistical Package for the Social
Sciences for Windows (Version SPSS 21.0.0.0). Graphs
were created using GraphPad PRISM (Version 7.02).

CAP
(n =
1,756)

HCAP
(n =
527)

Male (n, %)

994
(56.6)

139
(61.1)

Age in years (median, IQR)

70
(58-79)

72
(62-81)

PSI-score (mean, SD)

132
(20.5)

137
(27.1)

Received antibiotics before admission (%)

32.2

34.9

Received pneumococcal vaccination (%)

1.9

2.5

Received influenza vaccination (%)

63.2

72.3

ADL dependent (%)

22.8

27.5

Any treatment restriction (%)

23.8

46.1

Immunocompromised* (%)

18.4

39.8

Cardiovascular disease (%)

20.0

24.3

COPD or asthma (%)

38.7

45.4

Cerebrovascular disease (%)

9.2

14.2

Diabetes mellitus (%)

16.0

18.8

Malignancy (%)

10.6

22.6

Chronic renal failure (%)

0.5

4.2

Sputum culture (%)

46.1

44.4

Blood culture (%)

76.1

76.1

Pneumococcal urinary antigen test (%)

79.2

77.0

Legionella urinary antigen test (%)

77.1

72.3

1.9

2.1

In-hospital (%)

2.8

4.7

Day 30 (%)

4.3

8.3

Day 90 (%)

7.1

17.8

6
(4-9)

6
(4-10)

Co-morbidities

R ESULTS
A total of 2,283 patients with moderate-severe CAP were
included in the CAP-START study of which, 527 (23.1%)
were classified as HCAP. Among these HCAP patients,
318 (60%) were hospitalized within the last 90 days; 111
(21%) resided in an elderly home; 166 (32%) received
intravenous therapy in the previous 30 days; 94 (18%)
received wound care in the previous 30 days; and 17
(3%) were on chronic haemodialysis. In comparison to
patients with CAP, patients with HCAP were older, had
more co-morbidities, had higher disease severity scores
(PSI on admission), had higher influenza vaccination
rates, were more often dependent on daily living activities
(ADL) and more often had treatment restrictions (table 1).
Clinical outcomes of patients with HCAP were worse,
with higher in-hospital, 30-day and 90-day mortality rates.
There were no differences between patients with CAP and
HCAP regarding the frequency with which microbiological
testing was performed, except for a slightly higher rate of
Legionella urinary antigen testing in patients with CAP
(table 1).

Microbiologic testing performed

Clinical outcome
ICU admission during hospital stay (%)
All-cause mortality

Length of hospital stay in days (median,
IQR)

Microbiology
A bacterial pathogen was identified in 566 (32%)
CAP patients and 178 (34%) HCAP patients, most
frequently based on sputum culture (n = 368, 50%), urinary
antigen testing (n = 224, 30%), blood culture (n = 98, 13%),
bronchoalveolar lavage (n = 22, 3%) or serology (n = 13, 2%).
The most frequent causative pathogen was S. pneumoniae

ADL = activities of daily living; COPD = chronic obstructive pulmonary
disease; IQR = interquartile range; PSI = pneumonia severity index;
SD = standard deviation
*Immunocompromised is defined by a history of HIV, AIDS,
leukaemia, lymphoma, Hodgkin lymphoma, multiple myeloma,
generalised malignancy, chronic renal failure, nephrotic syndrome,
immunosuppressive therapy or transplantation
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in both CAP and HCAP patients (14.0% and 11.2%,
respectively, table 2). In comparison to CAP, HCAP was
less frequently caused by S. pneumoniae and H. influenzae
and more frequently caused by S. aureus, P. aeruginosa
and E. coli, and multiple pathogens were more frequently
identified. Of all the 4,464 bacterial pathogen / antibiotic
strategy combinations, 20% (n = 909) were confirmed by
susceptibility testing; 65% (n = 2,921) were assumed to
be sensitive or resistant, based on intrinsic resistance or
national surveillance; and 15% (n = 634) were unknown.

Table 2. Pathogens in CAP and HCAP patients; data
are given as n (%)

Predictive value for amoxicillin non-susceptibility
The prevalence of non-susceptibility to amoxicillin
for the best-case and worst-case scenarios were 11.3%
(95% confidence interval (CI) 9.9%-12.8%) and 14.4%
(95% CI 12.9%-16.1%) in CAP patients, respectively,
and 16.7% (95% CI 13.6%-20.1%) and 19.7% (95% CI
16.6%-23.3%) in HCAP patients, respectively ( figures 1A
and B). The corresponding negative predictive values,
which are the prevalence of amoxicillin susceptibility in
CAP patients without HCAP criteria, were 88.7% (95%
CI 87.2%-90.1%) and 85.6% (95% CI 83.9%-87.2%)
(1 minus non-susceptibility rate in CAP patients) for the
best- and worst-case scenarios respectively, with respective
sensitivities of 30.8% (95% CI 25.7%-36.3%) and 29.2%
(95% CI 24.7%-34.1%) and specificities of 78.0% (95% CI
76.1%-79.8%) and 78.0% (95% CI 76.1%-79.8%)(table 3).

CAP
n = 1,756

HCAP
n = 527

Streptococcus pneumoniae

246 (14.0)

59 (11.2)

Haemophilus influenzae

92 (5.2)

17 (3.2)

Multiple pathogens*

52 (3.0)

27 (5.1)

Staphylococcus aureus

30 (1.7)

15 (2.8)

Pseudomonas aeruginosa

27 (1.5)

15 (2.8)

Escherichia coli

23 (1.3)

18 (3.4)

Mycoplasma pneumoniae

23 (1.3)

1 (0.2)

Legionella pneumophila

17 (1.0)

1 (0.2)

Moraxella catarrhalis

12 (0.7)

4 (0.8)

Klebsiella pneumoniae

7 (0.4)

2 (0.4)

Other Gram-negative bacteria

31 (1.8)

13 (2.5)

Other Gram-positive bacteria

6 (0.3)

6 (1.1)

Total

566 (32.2)

178 (33.8)

* Most frequent multiple pathogen combinations were S. pneumoniae
with H. influenzae (20%) and H. influenzae with S. aureus (15%) in CAP
patients; and H. influenzae with M. catarrhalis (16%) and H. influenzae
with E. coli (12%) in HCAP patients

was 5-6% higher in patients who met the HCAP criteria
compared to patients without HCAP criteria. The most
commonly identified pathogens were S. pneumoniae
and H. influenzae in CAP patients and S. pneumoniae,
multiple pathogens, S. aureus, P. aeruginosa and E. coli in
HCAP patients. Our findings are comparable to previous
reports.14-16,20 Naturally, this difference in non-susceptibility
could be reduced by broadening the empiric antibiotic
spectrum for HCAP patients. To our knowledge, this
is the first study to assess the predictive value of HCAP
criteria for non-susceptibility to narrow-spectrum
beta-lactams. As such, the presented data may be useful in
the discussion of whether HCAP should be implemented
into CAP guidelines in settings where narrow-spectrum
beta–lactam monotherapy is the first choice of treatment.
Despite the differences in aetiology between CAP and
HCAP patients, several observational studies from
the United States have failed to demonstrate benefit
of broad-spectrum empirical antibiotics on the clinical
outcome of HCAP patients, with some even resulting in
worse clinical outcomes.3-5 However, these observational
studies most likely suffered from confounding by
indication, where underlying conditions such as frailty,
severity of disease and treatment restrictions may have
influenced the association between treatment and outcome
of HCAP patients. In addition, being able to predict
non-susceptibility to empirical antibiotics does not

Predictive value for broad-spectrum non-susceptibility
When comparing antibiotic non-susceptibility rates, we used
the non-susceptibility rate for amoxicillin as a reference,
which was 11.3/14.4% (best-case and worst-case) in CAP
patients and 16.7/19.7% (best-case and worst-case) in HCAP
patients. In comparison to this reference, other antibiotic
combinations reduced the proportion of patients with
non-susceptibility by 5-10% (CAP) and 7-16% (HCAP).
The largest reduction in non-susceptibility compared
to amoxicillin was achieved by adding ciprofloxacin
to amoxicillin in both CAP and HCAP patients.
In CAP patients, the 11.3/14.4% (best-case and worst-case)
non-susceptibility to amoxicillin was reduced by 10% to a
non-susceptibility of 0.8% (95% CI 0.4%-1.3%; best-case)
and 4.1% (95% CI 3.3%-5.1%; worst-case). In HCAP patients,
the 16.7/19.7% (best-case and worst-case) was reduced by
11-16% to a non-susceptibility of 1.3% (95% CI 0.6%-2.7%;
best-case) and 8.3% (95% CI 6.3%-11.0%; worst-case) with
amoxicillin plus ciprofloxacin ( figures 1C and D).

DISCUSSION
Our study focused on patients with a clinical diagnosis
of CAP admitted to non-ICU wards. We determined
that non-susceptibility of CAP pathogens to amoxicillin
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Figure 1. Non-susceptibility for antibiotics in CAP (A) and HCAP patients (B) and the difference in
non-susceptibility compared to amoxicillin (CAP: C and HCAP: D). Dark grey indicates the best-case scenario,
white grey indicates the worst-case scenario. Confidence intervals are given for both scenarios

necessarily mean that such patients would benefit from
broader empirical therapy. It may also be safe to start with
narrow-spectrum antibiotics and escalate treatment based
on culture or urine antigen testing results. Therefore,
proper randomised trials are required to assess treatment
effects on clinical outcome in HCAP patients in a valid way.
As the criteria for HCAP have often been questioned,
multiple studies have evaluated other risk factors or scores
to predict antibiotic resistance in CAP patients. The risk
factors evaluated to date include family members with
resistant bacteria, severe pneumonia, prior antibiotic
use, functional status, ICU admission, immunosuppression, co-morbidities (cerebrovascular disease,
diabetes, COPD), gastric acid suppression medication,
tube feeding, prior infection with a drug-resistant

pathogen and MRSA colonization.13,14,16,17,20,21,22 However,
many of these risk factors were evaluated in settings
with a high prevalence of antibiotic resistance. Whether
their predictive value can be generalised to settings
with a low prevalence of antibiotic resistance remains
to be elucidated. Moreover, many of the aforementioned
risk factors, such as previous colonization with MRSA,
are not appropriate for settings with low prevalence of
antibiotic resistance. In an additional analysis, we explored
the predictive value of severe pneumonia (CURB-65
score > 2), prior antibiotic use, functional status (ADL
dependence), immunosuppression and co-morbidities
(cardiovascular disease, diabetes mellitus, COPD) in a
multivariable model. From these variables, only HCAP,
immunosuppression, cerebrovascular disease and diabetes
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Table 3. Diagnostic values of HCAP to predict for antibiotic resistance
Resistance rate
CAP (n = 1,756)
(n (%, 95% CI))

HCAP (n = 527)
(n (%, 95% CI))

Sensitivity
(%, 95% CI)

Specificity
(%, 95% CI)

Best-case

198
(11.3 (9.8-12.8))

88
(16.7 (13.8-20.1))

30.8
(25.7-36.3)

78.0
(76.1-79.8)

Worst-case

252
(14.4 (12.8-6.1))

104
(19.7 (16.6-23.3))

29.2
(24.7-34.1)

78.0
(76.1-79.8)

Best-case

117
(6.7 (5.6-7.9))

52
(9.9 (7.6-12.7))

30.8
(24.3-38.1)

77.5
(75.7-79.3)

Worst-case

131
(7.5 (6.3-8.8))

62
(11.8 (9.3-14.8))

32.1
(25.9-39.0)

77.8
(75.9-79.5)

Best-case

90
(5.1 (4.2-6.3))

35
(6.6 (4.8-9.1))

28.0
(20.9-36.4)

77.2
(75.4-78.9)

Worst-case

108
(6.2 (5.2-7.4))

45
(8.5 (6.4-11.2))

29.4
(22.8-37.1)

77.4
(75.5-79.1)

Best-case

33
(1.9 (1.3-2.6))

27
(5.1 (3.5-7.4))

45.0
(33.1-57.5)

77.5
(75.7-79.2)

Worst-case

119
(6.8 (5.7-8.0))

71
(13.5 (10.8-16.7))

37.4
(30.8-44.4)

78.2
(76.4-79.9)

Best-case

59
(3.4 (2.6-4.3))

28
(5.3 (3.7-7.6))

32.2
(23.3-42.6)

77.3
(75.5-79.0)

Worst-case

132
(7.5 (6.4-8.8))

51
(9.7 (7.4-12.5))

27.9
(21.9-34.8)

77.3
(75.5-79.1)

Best-case

14
(0.8 (0.5-1.3))

7
(1.3 (0.6-2.7))

33.3
(17.2-54.6)

77.0
(75.2-78.7)

Worst-case

72
(4.1 (3.3-5.1))

44
(8.3 (6.3-11.0))

37.9
(29.6-47.0)

77.7
(75.9-79.4)

Scenario
Amoxicillin

Amoxicillinclavulanic acid

Ceftriaxone

Moxifloxacin

Amoxicillin +
azithromycin

Amoxicillin +
ciprofloxacin

mellitus were predictive for amoxicillin non-susceptibility
(supplementary table S2). However, the discriminative
capacity of the multivariable model remained limited.
The predictive value of these variables, in combination with
other promising predictors (such as previous colonisation
with resistant bacteria) should be evaluated in a prospective
cohort study.
This study has several strengths. We used high quality
data from a prospective multicentre trial, including
consecutive patients with moderate-severe communityacquired pneumonia, irrespective of whether a bacterial
pathogen was isolated. In contrast to including patients
with positive cultures only, the predictive values presented
here are directly relevant for clinical practice.13,17,20 In
addition, we used extensive antibiotic susceptibility data
and assessed non-susceptibility over a range of different
empirical antibiotic treatment regimens. There were also
several limitations. First, patients residing in nursing
homes were excluded because their disease was not
considered to be CAP. Therefore, one could argue that
we did not include the entire spectrum/domain of HCAP

and the presented results might not be generalisable
to the international HCAP definition. However, these
patients would generally be considered as hospital- or
nursing-home acquired pneumonia and treated as such.
Second, diagnostic testing was performed as part of
routine care, which is why blood cultures, sputum cultures
and urinary antigen testing were not uniformly performed.
Yet, although we cannot exclude the possibility of bias
in outcome assessment, there were no major differences
between rates of microbiological testing in CAP and
HCAP patients. Third, although there were missing
susceptibility data for individual antibiotics in certain
pathogens, imputed susceptibility data were based on
local surveillance data and therefore, generalisable to
settings with low antibiotic resistance. In addition, we
performed sensitivity analyses on susceptibility patterns
that remained unknown with a best-case and worst-case
scenario where the unknown susceptibilities were either all
susceptible or non-susceptible. These sensitivity analyses
yielded only small variations in non-susceptibility for
the different antibiotic regimens. Fourth, the probable
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causative pathogen was, in many cases, based on sputum
cultures, which might represent colonisation rather
than infection. We therefore only considered plausible
pneumonia pathogens in our analyses. Lastly, we assumed
cases of pneumonia without a causative pathogen to be
susceptible to all antibiotics, which might not be true in
case of false-negative culture results for resistant pathogens
in a subset of patients.
To conclude, HCAP criteria predict for higher
non-susceptibility rates to amoxicillin in patients
hospitalized with CAP and admitted to non-ICU wards in
the Netherlands. However, we consider the absolute risk
difference of non-susceptibility to amoxicillin between
CAP and HCAP patients as being too low to justify treating
all HCAP patients with broad-spectrum antibiotics. Future
research should focus on identifying and validating
risk factors to predict for narrow-spectrum beta-lactam
antibiotic non-susceptibility that are appropriate for
settings with low antibiotic resistance. Furthermore,
prediction rules need to be evaluated in randomised
clinical trials to show benefit on clinical outcome.
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Supplementary table S1. Assumed antibiotic susceptibility patterns of pathogens in cases of missing resistance data
AMO

ACL

CTR

AZI

MOX

CIP

Streptococcus pneumoniae

S

S

S

U

S

R

Haemophilus influenzae

U

S

S

U

S

S

Escherichia coli

U

U

S

R

U

U

Staphylococcus aureus

R

S

S

U

U

U

Pseudomonas aeruginosa

R

R

R

R

R

U

Mycoplasma pneumoniae

R

R

R

S

S

S

Legionella pneumophila

R

R

R

S

S

S

Moraxella catarrhalis

R

S

S

S

S

S

Klebsiella pneumoniae

R

U

U

R

U

U

Stenotrophomonas species

R

R

R

R

S

R

beta-haemolytic streptococcus

S

S

S

S

S

U

Serratia marcescens

R

R

R

R

U

U

Enterobacter species

R

R

R

R

U

U

Klebsiella oxytoca

R

U

U

R

U

U

Enterobacter cloacae

R

R

U

R

U

U

Morganella morganii

R

R

U

R

U

U

Pneumocystis jirovecii

R

R

R

R

R

R

Acinetobacter species

R

R

U

R

U

U

Citrobacter freundii

R

R

S

U

U

U

Citrobacter species

R

R

S

U

U

U

Coxiella burnetti

R

R

R

U

U

U

Enterobacter aerogenes

R

R

U

R

S

S

Klebsiella ozaenea

R

S

S

R

S

S

Proteus mirabilis

U

S

S

U

S

S

Serratia liquefaciens

R

R

U

R

S

S

AMO = amoxicillin; ACL = amoxicillin-clavulanic acid; CTR = ceftriaxone; AZI = azithromycin; MOX = moxifloxacin; CIP = ciprofloxacin
(S) susceptible; prevalence of resistance to the antibiotic ≤ 10%
(R) non-susceptible; prevalence of resistance to the antibiotic ≥ 90%
(U) unknown; prevalence of resistance to the antibiotic > 10% and < 90%

Supplementary table S2. Multivariable and univariate prediction model results for amoxicillin non-susceptibility

Best-case scenario

Worst-case scenario

Bootstrapped OR (95% CI)

AUC* of ROC curve (95% CI)

HCAP (univariate)

1.6 (1.2-2.1)

0.54 (0.5-0.58)

HCAP

1.5 (1.1-2.0)

0.58 (0.54-0.61)

History of cerebrovascular disease

1.8 (1.2-2.6)

Diabetes mellitus

0.7 (0.4-0.9)

HCAP (univariate)

1.5 (1.1-1.9)

0.54 (0.5-0.57)

HCAP

1.4 (1.1-1.8)

0.56 (0.53-0.6)

History of cerebrovascular disease

1.5 (1.0-2.1)

Diabetes mellitus

1.5 (1.1-2.2)

Immunosuppression

0.7 (0.5-1.0)

*Area under the curve (AUC) of the receiver operating characteristic (ROC) curve
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