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Abstract

BACKGROUND: Limited and conflicting data exist for risk factors to predict pneumonia
caused by multi-drug resistant (MDR) pathogens requiring empiric broad-spectrum antibiotics
in patients presenting from the community.

METHODS: Three-hundred and forty-two patients with community-acquired pneumonia (CAP)
or healthcare-associated pneumonia (HCAP) admitted to a tertiary teaching hospital were
retrospectively reviewed.  Clinical outcomes were compared between patients initially treated
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with antibiotic regimens that were concordant and non-concordant with evidence-based
guidelines.  Risk factors for pneumonia caused by MDR pathogens were evaluated by
multivariate logistic regression analysis.

RESULTS: No differences in mortality, length of stay, antibiotic duration, 30-day all-cause
readmission, or Clostridium difficile infection in-hospital or within 30 days post-discharge were
noted between the concordant and non-concordant groups.  However, a higher rate of
outpatient or emergency department visits for clinical failure within 30 days post-discharge was
noted in the non-concordant group (14.8% vs. 7.5%; p < 0.05).  Risk factors independently
associated with presence of MDR pathogens included: residence in a long-term care facility
(odds ratio [OR], 5.64; 95% confidence interval [CI], 1.54 – 20.73), a history of methicillin-
resistant Staphylococcus aureus (OR, 5.71; 95% CI, 1.46 – 22.32), and presence of severe
chronic obstructive or structural lung disease (OR, 7.11; 95% CI, 2.2 – 22.95).

CONCLUSIONS: Antibiotic management for HCAP patients was not consistent with 2005
IDSA/ATS guidelines, but did not affect clinical outcomes.  Using specific risk factors for MDR
pathogens to identify HCAP patients that require broader spectrum coverage may reduce
unnecessary antibiotic use.

KEY WORDS: community-acquired and nosocomial pneumonia; antimicrobial resistance;
readmissions

Introduction

The 2005 Infectious Diseases Society of America and American Thoracic Society (IDSA/ATS)
guidelines have categorized several types of pneumonia, including community-acquired (CAP)
and healthcare-associated (HCAP).  Patient-specific factors may increase the risk of multi-
drug resistant (MDR) pathogens in those residing within the community.   The IDSA/ATS
guidelines recommend empiric treatment with broad-spectrum antibiotics targeted against
MDR pathogens in patients suspected of having pneumonia.  Previous literature has
demonstrated that adherence to these guidelines in patients treated for CAP was associated
with lower 30-day and in-hospital mortality rates, shorter time to clinical stability, time to
change in therapy, and hospital length of stay (LOS). However, in patients diagnosed with
HCAP, adherence to clinical guidelines has not yielded similar clinical outcomes.
Furthermore, recent studies suggest that HCAP risk factors do not consistently predict the
presence of MDR pathogens, leading to unnecessary use of empiric broad-spectrum antibiotic
therapy.   Overuse of broad-spectrum antibiotics has increased antimicrobial resistance and
adverse drug events, such as the development of Clostridium difficile infection.

Despite the existence of guidelines, variability and controversy surrounding the need for broad-
spectrum antibiotics remains.  Our study compares clinical outcomes in patients with
pneumonia presenting from the community and initially treated with institution-specific,
guideline-concordant regimens versus those receiving guideline non-concordant regimens. 
We also examined risk factors independently associated with infection due to MDR pathogens
requiring initial broad-spectrum antibiotics.

1,2 

1

3-6  

7,8 

9

10

9 

2/13



Methods

Study Design

This institution review board approved study is a single-center, retrospective chart review of
patients admitted and received treatment for pneumonia in a 341-bed tertiary care, community-
based teaching hospital.  Eligible subjects included adults ≥ 18 years of age, hospitalized from
November 2012 – March 2013 with a primary diagnosis of pneumonia as identified by
International Classification of Diseases, 9  Revision (ICD-9) codes (480-487.0).  Additionally,
patients with a primary diagnosis of respiratory failure (ICD-9 code 518.8) or septicemia (ICD-9
code 0.38) combined with ICD-9 code 480-487.0 (pneumonia) as the secondary diagnosis
were also screened for inclusion. Exclusion criteria included the presence of one, or more, of
the following: pregnancy, residence at a correctional facility, comfort measures only care within
48 hours of admission, missing or miscoded records, transfer from, or to another acute care
institution, presence of co-infection on admission, pneumonitis, aspiration pneumonia, non-
bacterial pneumonia, HAP, VAP, pulmonary abscess, empyema, or post-obstructive
pneumonia.

Study Definitions

HCAP is defined as pneumonia in a non-hospitalized patient with healthcare contact and at
least one of the following risk factors: home infusion therapy or wound care within the prior 30
days, residence in a nursing home or other long-term care facility (LTCF), hospitalization in an
acute care hospital for two or more days within the prior 90 days, chronic hemodialysis (HD)
within the prior 30 days, immunosuppression, and/or receipt of intravenous or oral antibiotics in
the last 90 days.   CAP  is defined as pneumonia acquired from the community, not associated
with HCAP risk factors.   Classification of patients for use of broad-spectrum antibiotics was
based on the presence of MDR risk factors shown in Table 1.  An MDR pathogen is defined as
an organism with resistance to three or more different classes of antibiotics, including but not
limited to methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas
aeruginosa.

Table 1. Risk factors for MDR pathogens

MDR Pathogens MRSA Pseudomonas aeruginosa
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Antibiotics in preceding 90
days
Immunosuppression

Presence of HCAP risk factors:

Hospitalization for ≥ 2 days
within past 90 days

Presented from nursing home
or extended care facility

Home infusion therapy

Chronic dialysis within 30 days

Home wound care

Close contact with someone with skin
infection within past month
History of MRSA infection/colonization

Necrotizing/cavitary or multiple
infiltrates

Lung abscess, empyema

Hemodialysis

Intravenous drug users

MDR pathogen risk factors

Structural lung disease
COPD exacerbation with
frequent steroid/antibiotic use

Hemodynamically unstable

MDR pathogen risk factors

MDR – multi-drug resistant, MRSA – methicillin-resistant Staphylococcus aureus, COPD –
chronic obstructive pulmonary disease, HCAP – healthcare-associated pneumonia

For patients admitted with a diagnosis of CAP to a non-intensive care unit, concordance with
institution-specific guidelines consisted primarily of empiric treatment with either ceftriaxone
plus azithromycin or levofloxacin monotherapy.  For patients with a diagnosis of CAP admitted
to an intensive care unit (ICU) without pre-disposing risk factors for P. aeruginosa, or other
MDR Gram-negative rods, empiric use of ceftriaxone with azithromycin was considered
guideline-concordant.  If patients had risk factors for P. aeruginosa, or other MDR Gram-
negative rods, empiric use of cefepime, with or without vancomycin, depending on patients’
risk factor(s) for MRSA, was considered guideline-concordant.  Based on local resistance data
and hospital formulary considerations, the preferred empiric, guideline-concordant, antibiotic
regimen for HCAP included cefepime plus vancomycin.  Alternatively, an antipseudomonal
carbapenem plus vancomycin or linezolid was considered guideline-concordant.

Immunosuppression was defined as the presence, or suspicion, of febrile neutropenia with an
absolute neutrophil count of < 1000/mcL, non-neutropenic active cancer or hematologic
malignancy undergoing chemotherapy, human immunodeficiency virus with cluster of
differentiation 4 count < 200 cells/mm3, inherited immunodeficiency, taking ≥ 10 mg
prednisone, or equivalent, per day for > 30 days, or use of other immunomodulating drugs
(e.g. calcineurin inhibitors, mycophenolate, methotrexate, tumor-necrosis factor-α inhibitors).

Outpatient or emergency department (ED) visit for clinical failure was defined as a visit within
30 days post-discharge with signs or symptoms of recurrence of pulmonary infection that
required re-initiation of antibiotics after completion of initial therapy.

Study Endpoints

The primary endpoint was in-hospital mortality for patients with diagnoses of either CAP, or
HCAP, receiving empiric antibiotics that were concordant versus non-concordant with
institution-specific guidelines.  Secondary endpoints included LOS, antibiotic duration, 30-day
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all-cause readmission, development of C. difficile infection during admission or within 30 days
post-discharge, outpatient or ED visit for clinical failure within 30 days post discharge and
independent risk factors associated with MDR pathogens.

Statistical Analysis

Statistical analysis was conducted utilizing Statistical Analysis Software, version 9.2 (SAS
Institute Inc., Cary, North Carolina).  A convenience sample size of 342 subjects was chosen. 
Normally distributed continuous variables were compared with the Student t test.  Non-
normally distributed continuous variables were compared with the Wilcoxon rank sum test. 
Categorical variables were compared using χ  or Fisher’s exact test.  All tests were 2-tailed
with a p-value of <0.05 considered as statistically significant.  Variables in the univariate
analysis having a p-value <0.1 were included in the multivariate analysis.  In multivariate
analysis, logistic regression was used to determine risk factors independently associated with
MDR pathogens.

Results

Based on the inclusion criteria, 510 subjects were screened and, of those screened, 168
subjects were excluded.  Of the 342 subjects included, 200 were in the concordant group and
142 were in the non-concordant group.  Baseline characteristics were similar between each
group, with the exception of a higher percentage of males in the concordant group and a
higher percentage of HCAP patients in the non-concordant group (Table 2).  Patients with
CAP had a lower Charlson comorbidity index (median, 1; interquartile range 1 – 3) vs. HCAP
patients (2; 1 – 4), p < 0.001.

Table 2 – Baseline Characteristics between concordant and non-concordant group

Baseline
Characteristics

Concordant
(N=200)

Non-concordant (N=142) P value

Age, year, median (IQR) 79 (68 – 85) 80 (69 – 86) 0.35

Male, number (%) 109 (54.5) 57 (40.1) <0.05

ICU admission, n (%) 36 (18) 17 (12) 0.13

HCAP, number (%) 80 (40) 94 (66.2) <0.05

CCI, median (IQR) 2 (1 – 4) 2 (1 – 4) 0.76

IQR – interquartile range, ICU – intensive care unit, HCAP – healthcare-associated
pneumonia, CCI – Charlson Comorbidity Index

In the non-concordant group, 23 subjects (16.2%) were treated with empiric broad-spectrum
antibiotics when a risk factor for an MDR pathogen was not present. Three patients with CAP
were treated with a macrolide without ceftriaxone.  When a risk factor for an MDR pathogen
was present, the empiric antibiotic regimen for 116 subjects (81.7%) of the non-concordant
group did not have appropriate broad-spectrum coverage for the predicted presence of a
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resistant pathogen based on the 2005 IDSA guidelines.  Of the patients who did not receive
antibiotics to target potential MDR pathogens based on the guidelines, 81 (69.8%) were HCAP
patients treated with a regimen recommended to manage a patient diagnosed with CAP.  Also,
19 subjects (16.4%) lacked coverage for MRSA, and 16 subjects (13.8%) lacked coverage for
P. aeruginosa, despite having risk factors for one, or both, pathogens.  The risk factors present
in the HCAP patients treated with a CAP regimen were identified as antibiotics within the
preceding 90 days (N=46), recent hospitalization within the preceding 90 days (N=41),
immunosuppression (N=16), residence in a LTCF (N=7), and chronic hemodialysis within the
past 30 days (N=1).  Fifty-two patients had one risk factor, twenty-seven patients had two risk
factors, and two patients had three risk factors.

Clinical Outcomes

There was no difference between in-hospital mortality rate between the concordant and non-
concordant groups (4% vs. 3.5%, p = 0.82).  However, there was a significantly higher rate of
outpatient or ED visits for clinical failure within 30 days post-discharge in the non-concordant
group versus the concordant group (14.8% vs. 7.5%, p < 0.05).  Although there was no
difference in LOS, duration of antibiotics, and 30-day all-cause readmission, there was a trend
toward higher development of C. difficile infection in-hospital or within 30 days post-discharge
in the concordant versus non-concordant group (5.2% vs. 1.5%, p=0.07) (Table 3).

In the CAP subgroup, there was a significantly shorter median LOS in the concordant group
versus the non-concordant group (4 vs. 5.5 days, p < 0.01) (Table 3).  In the HCAP subgroup,
there was a shorter median LOS (7 vs. 5 days, p < 0.001) and duration of antibiotics (9 vs. 8
days, p < 0.05) in the non-concordant group.

Table 3. Clinical outcomes between concordant versus non-concordant regimens of the entire
cohort, patients with CAP, and patients with HCAP

Outcome Concordant
(N=200)

Non-
concordant
(N=142)

P
value

In-hospital mortality, n (%) 8 (4) 5 (3.5) 0.82

LOS, days, median (IQR) 5 (4-8) 5 (4-7) 0.34

Duration of antibiotics, days, median (IQR) 8 (6 – 10) 8 (7 – 10) 0.89

30-day all-cause readmission, n (%) 36 (18) 28 (19.7) 0.70

C. difficile in-hospital or within 30 days post-discharge, n (%) 10 (5.2) 2 (1.5) 0.07

Outpatient/ED visit for clinical failure within 30 days post-
discharge, n (%)

15 (7.5) 21 (14.8) <0.05

Subgroup Analysis in CAP patients (N=168)
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Outcome Concordant
(N=120)

Non-
concordant
(N=48)

P
value

In-hospital mortality, n (%) 3 (2.5) 2 (4.2) 0.63

LOS, days, median (IQR) 4 (3 – 6) 5.5 (4 –
7.75)

<0.01

Duration of antibiotics, days, median (IQR) 8 (6 – 9) 7.5 (7 – 9) 0.54

30-day all-cause readmission, n (%) 16 (13.7) 7 (15.2) 0.80

C. difficile in-hospital or within 30 days post-discharge, n (%) 3 (2.6) 0 (0) 0.56

Outpatient/ED visit for clinical failure within 30 days post-
discharge, n (%)

9 (7.7) 6 (13.0) 0.29

Subgroup Analysis in HCAP patients (N=174)

Outcome Concordant
(N=80)

Non-
concordant
(N=94)

P
value

In-hospital mortality, n (%) 5 (6.3) 3 (3.2) 0.47

LOS, days, median (IQR) 7 (5 – 11) 5 (3.5 – 6.5) <0.001

Duration of antibiotics, days, median (IQR) 9 (7 – 12.5) 8 (7 – 10) <0.05

30-day all-cause readmission, n (%) 20 (26.7) 21 (23.1) 0.59

C. difficile in-hospital or within 30 days post-discharge, n (%) 7 (9.3) 2 (2.2) 0.08

Outpatient/ED visit for clinical failure within 30 days post-
discharge, n (%)

6 (8) 15 (16.5) 0.10

IQR – interquartile range, ED – emergency department, HCAP – healthcare-associated
pneumonia

Microbiologic Pathogens

In the total cohort, 46 patients (13.5%) had positive cultures with available susceptibilities from
which 51 pathogens were isolated.  HCAP patients had 38 pathogens isolated versus 13
pathogens in the CAP group.  The prevalence of patients with MDR pathogens isolated from
the entire cohort was 23 (6.7%), with 12.1% of HCAP patients having at least one MDR
pathogen versus 1.2% of CAP patients.  Of note, 100% (N=11) of MRSA isolates and 90%
(N=9) of P. aeruginosa isolates were identified in patients with HCAP.  Bacteremia occurred in
four patients with CAP and six patients with HCAP.

Patients with positive microbial cultures were included in a logistic regression analysis. 
Variables entered in the univariate analysis that were significant for the presence of MDR
organisms included hospitalization in the preceding 90 days, antibiotic use within the last 90
days, residence in a LTCF, history of MRSA, and severe chronic obstructive pulmonary
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disease (COPD) or structural lung disease (Table 4).  The post-hoc power analysis indicated
99% statistical power to detect a difference in MDR rate.

Multivariate logistic regression analysis of independent risk factors for infection associated with
MDR pathogens shown in Table 4, identified severe COPD or structural lung disease (odds
ratio [OR] = 7.1), history of MRSA (OR = 5.7), and residence in a LTCF (OR = 5.6) as factors
independently associated with acquiring potential MDR pathogens.

Table 4. Univariate and multivariate logistic regression analysis of individual risk factors for
multi-drug resistant (MDR) pathogens

Univariate Analysis Multivariate
Analysis

Risk

Factor

Patients

with MDR
Pathogen

(N=23)

Patients without MDR
Pathogen
(N=319)

P

value

Odds

Ratio

(95% CI)

Age, years, median (IQR) 72 (58-80) 80 (69-86) 0.013 0.96 (0.93 –
0.99)

ICU admission, n (%) 7 (30.4) 46 (14.4) 0.07 2.31 (0.77 –
6.97)

CCI, median (IQR) 2 (1-4) 2 (1-4) 0.30 –

Recent hospitalization, n(%) 14 (60.9) 96 (30.1) 0.004 1.33 (0.41 –
4.30)

Prior antibiotic use, n (%) 16 (69.6) 92 (28.8) <.0001 3.25 (0.96 –
10.47)

LTCF, n (%) 6 (26.1) 22 (6.9) 0.006 5.64 (1.54 –
20.73)

Chronic HD, n (%) 1 (4.4) 8 (2.5) 0.477 –

Immunosuppression, n (%) 5 (21.7) 31 (9.7) 0.08 3.20 (0.91 –
11.28)

History of MRSA, n (%) 5(21.7) 10 (3.1) 0.002 5.71 (1.46 –
22.32)

Multiple infiltrates, n (%) 2 (8.7) 47 (14.7) 0.55 –

History of PSA, n (%) 1 (4.4) 5 (1.6) 0.34 –

Severe COPD/structural lung
disease, n (%)

9 (39.1) 27 (8.5) <0.001 7.11 (2.20 –
22.95)

IQR – Interquartile range, ICU – intensive care unit, CCI – Charlson comorbidity index, LTCF –
long-term care facility, HD – hemodialysis, MRSA – methicillin-resistant S. aureus, PSA –
Pseudomonas aeruginosa, COPD – chronic obstructive pulmonary disease
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Discussion

We compared outcomes in patients presenting from the community with CAP or HCAP based
on whether their empiric antibiotic treatment was concordant or non-concordant with institution-
specific guidelines.  Additionally, the presence of risk factors for acquiring MDR pathogens
were evaluated.  In the entire cohort, our study did not find a difference in in-hospital mortality,
length of stay, antibiotic duration, 30-day all-cause readmission, or Clostridium difficile infection
in-hospital or within 30 days post-discharge between the concordant and non-concordant
groups, with the exception of a greater incidence of outpatient or ED visits for clinical failure in
the guideline non-concordant group.

When analyzing the CAP and HCAP subgroups, we found that HCAP patients treated with
guideline non-concordant therapy had a shorter LOS, and duration of antibiotic therapy, which
was driven by the use of narrower-spectrum intravenous antibiotics that can be given orally
upon discharge.  While the 2005 IDSA/ATS guidelines recommend treating patients who have
risk factors for MDR pathogens, including the HCAP criteria, with broad-spectrum antibiotics,
our study, and a growing number of recently published studies, suggest that the use of empiric
broad-spectrum antibiotics for all HCAP patients is not necessary.  Reduction of broad-
spectrum antibiotic use may reduce length of stay, antibiotic duration, and decrease rates of C.
difficile infection.

The similarity in clinical outcomes between the guideline-concordant versus non-concordant
cohorts can be explained if the HCAP definition generally overestimates a patient’s likelihood
of having pneumonia due to an MDR pathogen.  Chalmers and colleagues conducted a
systematic review and meta-analysis of 24 studies involving 22,456 HCAP patients.   The
authors found the discriminatory ability of the HCAP criteria to detect resistant pathogens was
poor.  Several other studies have reported similar findings, and identified models that are more
accurate at predicting MDR pathogens.   In addition, Chalmers and colleagues concluded
that mortality in HCAP patients was not associated with a higher frequency of resistant
pathogens, but was associated with increased age and co-morbidities, after adjusting for these
covariates.

A prospective study by Maruyama and colleagues  used an algorithm, based on presence of
MDR risk factors and severity of pneumonia, to select narrow-spectrum versus broad-spectrum
empiric therapy for 321 HCAP patients.  Patients deemed to be low risk based on the
presence of 0-1 MDR risk factor and/or diagnosed with non-severe pneumonia were treated
with narrow-spectrum, empiric antibiotics.  Patients deemed to be high risk based on the
presence of two or more MDR risk factors, or diagnosed with severe pneumonia were treated
with broad-spectrum, empiric antibiotics.  From this study it was found that HCAP patients with
two or more MDR risk factors were more likely to have a higher frequency of MDR pathogens
than HCAP patients with 0-1 MDR risk factor, 27% vs. 2%, respectively, p < 0.001.  Using this
algorithm, only 53% of HCAP patients received broad-spectrum antibiotics with 93% of HCAP
patients receiving appropriate therapy based on microbiologic data.  The authors concluded
that if patients are risk stratified, narrow-spectrum antibiotics for selected HCAP patients
achieved good outcomes while limiting excessive use of broad-spectrum antibiotics.
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Chen and colleagues,  had similar conclusions in their retrospective study of 228 patients with
HCAP treated with either a CAP or HCAP regimen.  There was no difference in clinical cure at
30 days post-discharge between these two regimens.  Webb and colleagues  noted that
patients had a higher risk of developing MDR pathogens when they had multiple HCAP risk
factors.  Furthermore, patients with ≥ 3 HCAP risk factors were ten times more likely to acquire
drug-resistant pathogens than those without HCAP risk factors.

Our study identified several independent risk factors associated with presence of MDR
pathogens, which are residence at a LTCF, history of MRSA infection, diagnosis of severe
COPD, or structural lung disease.  These  results are consistent with other studies, which also
demonstrated residence at a LTCF as an independent risk factor for acquiring MDR
pathogens.  Madaras-Kelly and colleagues  demonstrated previous MRSA history in
the last 90 days was associated with presence of MRSA pneumonia.  Gross and colleagues
reported that P. aeruginosa colonization, or infection within the previous year, was associated
with an increased rate of MDR pathogens.  Severe COPD and structural lung disease were
associated with acquiring MDR pathogens, in particular P. aeruginosa in our study, which is
consistent with previous findings.

While other studies identified recent antibiotic use as an independent risk factor for presence
of MDR pathogens, our study did not.  Previous studies described patients
exposed to prior antibiotic treatment as use of broad-spectrum intravenous antibiotic therapy;
however, our study used a broader criteria for prior antibiotic use, which included both
intravenous and oral therapy, which may explain the differences in our results.  In addition,
recent hospitalization was not found to be a significant risk factor for MDR pathogens in our
study which is in contrast to prior studies.

Our data demonstrate significant opportunities for improvement in the empiric management of
HCAP based on the 2005 IDSA/ATS guidelines. This retrospective analysis demonstrated that
many providers often chose narrower spectrum antibiotics in patients who, based on the
presence of risk factors suggested in the guidelines, should have received empiric, broad-
spectrum, antibiotics.  Our study also showed no difference in clinical outcomes, except clinical
failure in the outpatient setting post-discharge, suggesting that CAP therapy may be effective
for treating pneumonia in select patients with MDR risk factors but that patients may require
careful outpatient monitoring.  Multivariate logistic regression analysis identified specific risk
factors independently associated with MDR organisms that may improve clinical decisions
regarding initial antibiotic therapy.

Limitations of this study include reliance on ICD-9 codes for diagnosis of pneumonia.  There
may have been missing or vague information in the medical record, which precluded accurate
assessment of the patient’s MDR risk factor history.  Our study was conducted in a
community-based teaching hospital with a low rate of MDR pathogens.  Our findings may not
be generalizable to other institutions with higher rates of MDR pathogens.  There are
limitations to assessing outpatient visits for clinical failure, as the data analyzed were only
available for patients who stayed within our health system for their follow-up care, and
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confounders such as socioeconomic factors may have affected the outcome. Finally, there was
a low prevalence of patients with positive respiratory cultures isolated from the entire cohort
attributed to less routine collection of cultures for CAP patients and invasive specimens for
HCAP patients.

Early, appropriate antibiotic treatment can be improved with rapid collection of culture
specimens and examination with matrix-assisted laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF-MS) that are becoming available in many hospitals.   The rapid
identification of respiratory pathogens within hours may help reduce inappropriate antibiotic
use and improve clinical outcomes.  Improved pathogen prediction models are warranted until
this method is widely available.

Conclusion 

Our study demonstrated no difference in clinical outcomes between patients treated with
guideline-concordant therapy versus guideline non-concordant therapy in the management of
community or healthcare-associated pneumonia.  Our data underscore the importance of
reassessing the HCAP guidelines to identify evidence-based risk factors for MDR pathogens in
patients admitted with pneumonia and to decrease complications related to excessive
antibiotic use.
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