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Impact of microbiological samples in the hospital management
of community-acquired, nursing home-acquired
and hospital-acquired pneumonia in older patients
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Abstract We investigated the positivity rate, the detection
rates for non-covered pathogens and the therapeutic impact
of microbiological samples (MS) in community-acquired
pneumonia (CAP), nursing home-acquired pneumonia
(NHAP) and hospital-acquired pneumonia (HAP) in elderly
hospitalised patients. Patients aged 75 years and over with
pneumonia and hospitalised between 1/1/2013 and 30/6/
2013 in the departments of medicine (5) and intensive care
(1) of our university hospital were included. Microbiological
findings, intra-hospital mortality and one-year mortality were
recorded. Among the 217 patients included, there were 138
CAP, 56 NHAP and 23 HAP. MS were performed in 89.9,
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91.1 and 95.6 % of CAP, NHAP and HAP, respectively. Mi-
crobiological diagnosis was made for 29, 11.8 and 27.3 % of
patients for CAP, NHAP and HAP, respectively (p=0.05).
Non-covered pathogens were detected for 8 % of CAP, 2 %
of NHAP and 13.6 % of HAP (p=0.1). The antimicrobial
spectrum was significantly more frequently reduced when
the MS were positive (46.7 % vs. 10.8 % when MS were
negative, p=10""). The MS positivity rate was significantly
lower in NHAP than in CAP and HAP. MS revealed non-
covered pathogens in only 2 % of NHAP. These results show
the poor efficiency and weak clinical impact of MS in the
management of pneumonia in hospitalised older patients and
suggest that their use should be rationalised.

Introduction

Pneumonia is the most common cause of hospitalisation in
nursing home residents [1]. Its mortality rate among older
individuals is 30 %, and even higher in institutions [2].

Microbiological diagnosis of pneumonia is difficult. Be-
cause multidrug-resistant bacteria are often suspected, micro-
biological samples (MS) are recommended in patients
hospitalised for nursing home-acquired pneumonia (NHAP)
and hospital-acquired pneumonia (HAP) [3]. For community-
acquired pneumonia (CAP), MS are optional in American
recommendations [4], but European guidelines recommend
systematic blood cultures, sputum samples and pneumococcal
(PUA) and Legionella urinary antigen (LUA) [5]. However,
few studies have considered the usefulness and efficiency of
MS for pneumonia in real hospital conditions, especially
among elderly patients and in NHAP.

Thus, we compared the efficiency and clinical impact of
MS in the hospital management of CAP, NHAP and HAP.
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Methods
Participants

The clinical records of patients aged 75 years and over
hospitalised for pneumonia in five departments of medicine
[geriatrics (GMD), pneumology, infectious diseases (IDD),
two internal medicine (IMD)] and one intensive care unit
(ICU) of our university hospital between 1/1/2013 and 30/
06/2013 were retrospectively reviewed.

The following criteria were required: (1) two or more of the
following signs: new cough, sputum production, dyspnoea,
pleuritic pain, abnormal temperature (<35.6 °C or>37.8 °C),
altered breathing sounds on auscultation and (2) a new infil-
trate on chest imaging. Ventilator-associated pneumonia was
not included. Pneumonia was considered CAP or NHAP if the
first clinical signs appeared at home or at the nursing home.
Pneumonia was considered late-onset HAP if the first clinical
signs appeared at least 5 days after admission [6].

The study was conducted in accordance with the Declara-
tion of Helsinki and national standards. Because this was an
observational study, no written consent or approval from the
Ethics Committee was necessary.

Recorded data

For each subject, we recorded age, sex, residential status,
World Health Organization (WHO) performance status score
[7], underlying diseases, Charlson comorbidity index (CCI)
[8], age-adjusted CCI (ACCI) [9], history of hospitalisation
in the past 6 months, Pneumonia Severity Index (PSI) [10],
CURB-65 score [11], MS collected at admission, probabilistic
antibiotic treatment (PAT) at admission, antibiotic modifica-
tion during hospitalisation, in-hospital mortality, one-year
mortality, hospitalisation duration and rehospitalisation rate
at 6 months.

Microbiological criteria

Criteria defining positive microbiological diagnosis were as fol-
lows and in accordance with the thresholds defined elsewhere
[12]: (1) positive bacterial blood culture in the absence of an
apparent extrapulmonary focus, (2) positive PUA and LUA,
(3) positive culture of a protected specimen brush, bronchoalve-
olar lavage culture or fibroaspiration sample, defined as invasive
procedures (IP), (4) predominant bacteria isolated from cultures
of a purulent sputum sample, (5) positive serology against Chla-
mydia pneumoniae, Mycoplasma pneumoniae or Legionella
pneumophila, and (6) positive immunofluorescence assay or
positive polymerase chain reaction (PCR) for respiratory viruses,
i.e. influenza viruses A and B, parainfluenza viruses, respiratory
syncytial virus (RSV), adenovirus, metapneumovirus (MPV),
defined as virological samples.
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Microbiological identification and susceptibility testing to
antibiotics were performed by standard methods for blood,
sputum and IP sample cultures [12]. Cases with positive
PUA were considered sensitive, except for macrolides (un-
known sensitivity). Cases with positive LUA or positive in-
tracellular bacteria serology were considered resistant, except
for macrolides and fluoroquinolones (considered sensitive).

Bacteria resistant to the PAT were considered non-covered
pathogens, as were all pathogens for which a curative treatment
exists but was not given, including non-treated influenza viruses.

Data analysis

The three groups (CAP, NHAP and HAP) were compared for
all recorded data. Continuous variables were expressed as
means and interquartile ranges, and categorical variables as
numbers and percentages. Continuous variables were com-
pared using the Mann—Whitney U-test, and categorical vari-
ables using the Chi-square and Fisher’s tests, when appropri-
ate. Statistical significance was defined for p <0.05.

Results
Patient characteristics

A total of 217 patients were included. There were 218 admis-
sions to departments of medicine: 89 to IMDs, 80 to GMD, 32
to the pneumology department and 17 to IDD; 39 patients
were admitted to the ICU. Among these 217 patients, 138
suffered from CAP, 56 had NHAP and 23 HAP. Patients with
NHAP were significantly older than those with CAP or HAP
(mean ages 88.9, 83.9 and 86.9 years, respectively,
»=0.0007) and WHO performance status scores were signif-
icantly worse (WHO score>3 in. respectively, 94.4, 53.4 and
82.6 % of patients, p=10"*). The CCI, ACCI and CURB-65
severity score were not significantly different in the three
groups. The PSI was similar in the NHAP and CAP groups
but significantly higher in the HAP group (respective mean
scores 134.6, 130.8 and 148.4, p=0.05). Admission to the
ICU was less frequent for NHAP than for CAP and HAP
(p=0.04) (Table 1).

The PAT was more frequently monotherapy for NHAP
(96.5 %) compared with HAP (85.7 %) or CAP (77.9 %)
(»=0.003). Amoxicillin—clavulanate was the most frequent
PAT in all groups (51.8 % of NHAP, 44.1 % of CAP and
42.9 % of HAP), followed by third-generation cephalosporins
(3GC).

Microbiological diagnosis

MS were taken for 90.8 % of patients. The most frequent MS
were blood cultures (81.6 %), LUA (60.4 %) and PUA
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Table 1  Characteristics of patients hospitalised for acute pneumonia
CAP (n=138) NHAP (n=56) HAP (n=23) p-Value
Age (years) (mean + SD) 83.9+5.8 88.9+6.3 86.9+5.2 0.0007
Men (%) 50 32.1 47.8 0.07
Charlson score (mean + SD) 7.1+£23 7.1+£1.6 73+1.6 0.7
Age-adjusted Charlson score (mean + SD) 32423 27+1.5 3.1£1.6 0.7
Performance status >3 (%) 534 94.4 82.6 10°®
Hospitalisation in previous 6 months (%) 304 41.1 60.1 0.01
CURB-65 score >3 (%) 515 33.9 62.0 0.2
PSI score (mean + SD) 130.8+38 134.6+30.6 148.4+33.5 0.05
PSI class =5 (%) 442 46.4 65.2 0.5
ICU requirement (%) 22.5 7.1 17.4 0.04
In-hospital mortality (%) 19.6 10.7 43.5 0.004
One-year mortality (%) 38.9 429 73.9 0.008
Hospitalisation duration (days) 19.0 15.1 47.5 0.0005
Six-month rehospitalisation (%) 414 34 46.2 0.6
Initial treatment (%) Monotherapy Amoxicillin 8.8 8.9 14.3 0.7
Amoxicillin—clavulanate 44.1 51.8 429 0.5
3GC 15.4 304 19 0.07
Piperacillin—tazobactam 1.5 1.8 9.5 0.07
Other BL 0.7 - - 0.8
Fluoroquinolones 2.9 3.6 - 0.7
Macrolides 44 - - 0.2
Total 779 96.5 85.7 0.003
Bitherapy BL + macrolide 15.4 3.6 9.5 0.07
BL + fluoroquinolone 5.1 - 4.8 0.2
BL + aminoglycoside 1.5 - - 0.5
Total 22 3.6 14.3 0.003
Oseltamivir 44 - 4.8 0.3

CAP community-acquired pneumonia; NHAP nursing home-acquired pneumonia; HAP hospital-acquired pneumonia; SD standard deviation; CURB-65
confusion, plasmatic urea >7 mmol/L, respiratory rate >30/min, systolic <90 mmHg or diastolic blood pressure <60 mmHg, age >65 years; PS/
pneumonia severity index; /CU intensive care unit; 3GC third-generation cephalosporins; BL beta-lactam

(58.1 %). The sampling rates were similar in the three groups
except for PUA, virological samples and bacterial serologies.
Altogether, MS were taken in 89.9 % of CAP, 91.1 % of
NHAP and 95.7 % of HAP (p=0.8), and were positive in
29, 11.8 and 27.3 %, respectively (p=0.05) (Table 2).

Streptococcus pneumoniae was the most frequently detect-
ed pathogen (8.7 %), followed by enterobacteria (8.1 %, not
extended-spectrum beta-lactamase). Gram-negative bacilli
(GNB) were significantly less frequent in NHAP (2 %) than
in CAP (16.3 %) and HAP (13.6 %) (p=0.01) (Table 3).

Antibiotic sensitivity

There was a trend towards greater sensitivity to antibiotics in
the NHAP group. The difference was significant for amoxi-
cillin (83.3 % of pathogens vs. 26.7 % and 25 % for the CAP
and HAP groups, respectively, p=0.03) (Table 4).

A total of 52.8 % of the documented pathogens of CAP,
83.3 % of NHAP and 60 % of HAP were covered by the PAT.
Non-covered pathogens were mostly GNB (n=11, including
three Legionella pneumophila, three Enterobacter sp., two
Pseudomonas aeruginosa, two Morganella morganii, one
Stenotrophomonas maltophilia), two coagulase-negative
methicillin-resistant staphylococci, one Aspergillus fumigatus
and one influenza A virus.

For all of the patients with MS, the detection of non-
covered pathogens concerned 8 % of the CAP, 2 % of the
NHAP and 13.6 % of the HAP (p=0.1).

Comparative effectiveness of microbiological samples
The positivity rates of MS were as follows: 40 % for IP,
39.4 % for sputum samples, 14 % for virological samples,

8.7 % for PUA, 7.9 % for blood cultures, 3.1 % for LUA
and 0 % for bacterial serologies (Table 2).
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Table 2 Numbers and positivity
rates (%) of microbiological
samples in the hospital
management of acute pneumonia

in elderly patients

Non-covered pathogens were revealed by four blood cul-
tures (2.3 %), four sputum samples (12.1 %), three LUA

CAP (n=138) NHAP (n=56) HAP (n=23) Total (n=217) p-Value

Blood cultures 80.4 82.1 87 81.6 0.7
Positive 8.1 43 15 7.9 0.3
PUA 62.3 57.1 348 58.1 0.05
Positive 8.1 94 12.5 8.7 0.8
LUA 65.2 554 435 60.4 0.1
Positive 33 33 0 3.1 0.9
Sputum 15.2 12.5 21.7 152 0.5
Positive 524 14.3 20 39.4 0.2
Invasive procedures 14.5 3.6 13 11.5 0.07
Positive 45 0 333 40 0.5
Virological samples 24.6 8.9 17.4 19.8 0.04
Positive 14.7 0 25 14 0.5
Bacterial serologies 21.7 14.3 0 17.5 0.02
Positive 0 0 0 0 1
Total 89.9 91.1 95.7 90.8 0.8
Positive 29 11.8 273 24.4 0.05

CAP community-acquired pneumonia; NHAP nursing home-acquired pneumonia; HAP hospital-acquired pneu-
monia; PUA Pneumococcal urinary antigen; LUA Legionella urinary antigen

(2.3 %), three IP (12 %), one virological sample (2.3 %) and
no PUA or bacterial serologies.

Table 3  Results of microbiological samples in the hospital management of acute pneumonia in elderly patients

CAP (n=124) NHAP (n=51) HAP (n=22) Total (n=197) p-Value
GPC (%) 19 (15.3) 5(09.8) 29.1) 26 (13.4) 0.6
Streptococcus pneumoniae (%) 11 (8.9) 5(9.8) 1(4.5) 17 (8.7) 0.8
MSSA (%) 5@4.1) 0 1(4.5) 6(3.1) 0,3
Other® 3 0 0 3 0.7
GNB (%) 20 (16.3) 1(2) 3 (13.6) 24 (12.2) 0.01
Enterobacteria (%) 9(7.3) 0 3 (13.6) 12 (8.1) 0.02
Pseudomonas aeruginosa 5 0 0 5 0.5
Haemophilus influenzae 2 0 0 2 0.9
Legionella pneumophila 3 1 0 4 0.9
Stenotrophomonas sp. 1 0 0 1 0.9
Viruses (%) 6(4.9) 0 1 (4.5) 7 (3.6) 0.3
Rhinovirus 2 0 2 0.9
MPV 2 0 2 0.9
RSV 1 0 1 0.9
Influenza A 0 1 1 0.1
Parainfluenza 3 1 0 1 0.9
Aspergillus fumigatus 1 0 0 1 0.9
Bacterial co-infections (%) 8(6.5) 0 0 84.1) 0.1
Bacterio-viral co-infections (%) 3(2.4) 0 0 3(1.5) 0.7
No documentation (%) 88 (71) 45 (88.2) 16 (72.7) 149 (76.8) 0.05

CAP community-acquired pneumonia; NHAP nursing home-acquired pneumonia; HAP hospital-acquired pneumonia; GPC Gram-positive cocci; GNB
Gram-negative bacilli; MSSA methicillin-sensitive Staphylococcus aureus; MPV metapneumovirus; RSV respiratory syncytial virus

*Two DNase-negative staphylococci growing on >2 blood cultures, one Enterococcus faecium
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Table 4 Sensitivity rates (%) to

usual antibiotics of isolated CAP (%), NHAP (%), HAII’) (%), Total (%), p-Value

bacteria in the hospital n=30 n=6 n=>5 n=41

management of acute pneumonia

in elderly patients Amoxicillin 26.7 83.3 25 35 0.03
Amoxicillin—clavulanate 50 83.3 50 55 0.3
3GC 66.7 83.3 75 70 0.8
Piperacillin-tazobactam 733 83.3 75 75 1
Imipenem 76.7 83.3 100 80 0.8
Fluoroquinolones 83.3 100 100 87.5 0.7
Macrolides® 40 100 25 43.7 0.1

CAP community-acquired pneumonia; NHAP nursing home-acquired pneumonia; HAP hospital-acquired pneu-
monia; 3GC third-generation cephalosporins

#Two cases: Streptococcus pneumoniae with unknown sensitivity to macrolides

® One case: Staphylococcus aureus with unknown antibiogram

Impact of microbiological samples on antibiotic therapy
and outcome

In the total population and for the three types of pneumonia,
MS positivity had no significant impact on the PAT (modifi-
cation or broadening).

In the total population, the antimicrobial spectrum was
more frequently narrowed in patients with a positive MS
(46.7 % of patients with a positive MS vs. 10.8 % with a
negative MS, p=10"") and in the CAP group (50 % vs.
11.3 %, p=10"°). There was no significant difference in the
other two groups.

Positivity of MS was significantly associated with in-
creased hospital mortality in the CAP group (31.4 % if posi-
tive MS vs. 15.5 % if negative, p=0.04) and with increased
one-year mortality in the total population (47.8 % if positive
MS vs. 30.4 % if negative, p=0.03) and the NHAP group
(50 % vs. 11.4 %, p=0.04).

For the three groups, there was no association between MS
positivity and the rehospitalisation rate at 6 months or

hospitalisation duration; however, the association for the latter
was significant in the total population (median hospitalisation
length: 27.9 days if positive MS vs. 19 days if negative,
p=0.05) (Table 5).

Discussion

Our main results are as follows: even though the clinical pre-
sentation in hospitalised NHAP patients tended to be less se-
vere than that in CAP and HAP patients, with a narrower-
spectrum PAT, MS were done with the same frequency despite
lower detection rates for resistant pathogens.

NHAP patients were significantly older and had a lower
WHO performance status than CAP or HAP patients, as pre-
viously reported [13—15]. Interestingly, NHAP patients re-
ceived a narrower-spectrum PAT [monotherapy for 96.5 %
of NHAP, 85.7 % of HAP and 77.9 % of CAP (p=0.003)]
and the clinical presentation tended to be less severe than that
in CAP and HAP patients, according to the PSI score, ICU

Table 5 Modification of antimicrobial treatment and outcomes according to positivity or negativity of microbiological samples in the hospital

management of acute pneumonia in elderly patients

CAP NHAP HAP Total
Number of patients 124 51 22 197
Samples + - p-Value  + p-Value + - p-Value  + - p-Value
Number of patients 36 88 6 45 6 16 48 149
Modified/enlarged AS (%) 486 381 03 333 364 1 60 214 03 478 359 0.1
Reduced AS (%) 50 11.3 10° 333 93 0.1 40 143 03 467 108 1077
Hospital mortality (%) 314 155 0.04 167 114 05 16.7 563 0.2 277 188 02
One-year mortality (%) 471 308 0.1 50 114 0.04 50 812 03 478 304  0.03
Hospitalisation length (days) 249 161  0.07 203 15 0.4 535 462 0.7 279 19 0.05
Six-month rehospitalisation (%) 40 417 0.8 40 325 1 40 429 1 40 386 09

CAP community-acquired pneumonia; NHAP nursing home-acquired pneumonia; HAP hospital-acquired pneumonia; AS antibiotic spectrum
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requirement and in-hospital mortality rates. Hospital mortality
after NHAP is usually described as lower than after HAP [14]
but as greater than after CAP [11, 16]. The less severe clinical
presentation and the lower mortality in our study could be
explained by an earlier diagnosis and PAT in NHAP than in
CAP.

We report a low positivity rate of MS, especially for NHAP,
despite the high proportion of samples taken. In a large multi-
centre prospective study [16], positivity rates of MS were
similar for NHAP and CAP, at up to 27.7 %, but antimicrobial
treatment was rarely started before admission (14.5 %), which
was not the case in our hospital. One cause of false-negative
MS, which contributes to a low detection rate, is, indeed, the
prior initiation of PAT [17]. However, delays in the initiation
of antibiotic therapy can increase mortality and should not be
justified for diagnostic purposes in frail patients [18].

Our microbiological results are consistent with recent stud-
ies. NHAP pathogens seem to be closer to those in CAP than
in HAP [13, 16, 19]. The most frequent pathogen was Strep-
tococcus pneumoniae. A greater frequency of enterobacteria
and Staphylococcus aureus [20, 21] has been reported in
NHAP than in CAP. In our study, these pathogens were fre-
quently found in HAP, as reported in the literature [3], but not
in NHAP. This could be explained, in part, by the negativation
of bacterial cultures caused by the PAT. This bias does not
concern HAP, for which MS are usually taken before PAT.

In our study, MS were taken in 91 % of cases. However, the
comparison between the PAT and targeted (according to the
microbiological results) treatment in adults hospitalised for
pneumonia did not reveal any significant outcome-related
benefits [22], especially for blood cultures [23], LUA, PUA
[24] and bronchoalveolar lavage [25]. In order to improve MS
efficiency, we suggest: (1) limiting MS to those that will
change the PAT, if positive [4] (e.g. suppressing PUA in pa-
tients with beta-lactam PAT), (2) taking MS before introduc-
ing PAT [17], or only in patients whose condition is worsening
under the PAT, (3) developing more efficient alternative MS
(e.g. transthoracic fine-needle aspiration [26]) and molecular
biology tools.

MS positivity was significantly associated with in-
creased mortality, probably related to greater initial sever-
ity. The reduction of the antibiotic spectrum was the only
significant clinical effect of microbiological detection in
our study. However, this is debatable because of the imper-
fect specificity of the microbiological tests and the fre-
quency of co-infections [5, 27].

This study has some limitations. First, the single-centre
status makes it difficult to extrapolate the results; however,
this choice was made deliberately to ensure the homogeneity
of clinical practices, and the implementation and analysis of
MS. Second, it was a retrospective study. Third, data
concerning the PAT before MS were not collected, despite
its impact on MS results.
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To conclude, low MS positivity rates and the rare detection
of PAT-resistant pathogens do not support systematic micro-
biological sampling for the in-hospital management of pneu-
monia in elderly patients, particularly for NHAP. Prospective
studies could try to identify predictive factors of resistance to
the PAT in order to optimise detection policy and its therapeu-
tic impact.
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