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Abstract

Objective

From April 2013 to February 2014 we performed a multicentre prospective cross-sectional

study in 541 German nursing home residents. We determined pharyngeal carriage of Strep-

tococcus pneumoniae (primary objective) and other bacteria (secondary objective) in naso-

and oropharyngeal swabs by culture-based standard procedures and explored the influence

of multimorbidity and functional status on bacterial carriage.

Methods

Socio-demographic data, vaccination status, multimorbidity, nutrition and functional status

defined by Comprehensive Geriatric Assessment were evaluated. We estimated carriage

rates with 95% confidence intervals (CI) and explored potential risk factors by logistic

regression analysis.

Results

Pneumococcal post-serotyping carriage rate was 0.8% (95%CI 0.2–1.9%; 4/526). Serotyp-

ing revealed serotypes 4, 7F, 23B and 23F and S. pseudopneumoniae in two other cases.

Odds of carriage were higher in men (Odds ratio OR 5.3 (95%CI 0.9–29.4)), in malnourished

residents (OR 4.6 (0.8–25.7)), residents living in shared rooms (OR 3.0 (0.5–16.5)) or hav-

ing contact with schoolchildren (OR 2.0 (0.2–17.6)). The most frequent pathogen was

Staphylococcus aureus (prevalence 29.5% (25.6–33.6%)) with meticillin-resistant Staphylo-

coccus aureus prevalence of 1.1%. Gram-negative bacteria (GNB) were found in 22.5%

(19.0–26.3%) with a prevalence of extended-spectrum beta lactamase (ESBL) producing

bacteria of 0.8%. Odds of S. aureus carriage were higher for immobility (OR 1.84 (1.15–

2.93)) and cognitive impairment (OR 1.54 (0.98–2.40)). Odds of GNB carriage were higher
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in residents with more severe comorbidity (OR 1.13 (1.00–1.28)) and malnutrition (OR 1.54

(0.81–2.91)).

Conclusions

Given the observed data, at least long-term carriage of S. pneumoniae in nursing home resi-

dents seems to be rare and rather unlikely to cause nursing home acquired pneumonia. The

low rate of colonization with multi drug resistant (MDR) bacteria confirms that nursing home

residency is not a risk factor for MDR pneumonia in Germany. For individual risk assess-

ment in this susceptible population, immobility and malnutrition should be considered as

signs of functional impairment as well as comorbidity.

Introduction

Community acquired pneumonia (CAP) in older persons increases with advanced aging [1] in

industrial countries. CAP is a life threatening infection associated with a mortality of up to

30% in old age [2]. Nursing home residents suffering from nursing home acquired pneumonia

(NHAP) represent a subgroup of particular interest: NHAP incidence is approximately 1/1000

resident days [3, 4], and mortality ranges from 44% in Germany [2] to 55% in the USA [5].

Patients with NHAP suffer from more comorbidities, more severe functional impairment and

often have a more severe clinical course [2, 3, 6]. Although airborne droplet infection is com-

mon in younger individuals, pneumonia in old persons is often caused by aspiration of colo-

nized oropharyngeal contents [7]. Dysphagia and aspiration are common disorders in nursing

home residents and can explain the high incidence of NHAP [8]. Evaluating oropharyngeal

bacterial carriage among nursing home residents may thus be useful to identify potential path-

ogens of NHAP. This could be helpful to initiate appropriate antibiotic treatment.

There is an ongoing debate, if nursing home residency itself is a risk factor for pneumonia

with multidrug resistant (MDR) pathogens. Data from the United States indicate an excess of

MDR pathogens and Gram-negative bacteria (GNB) in NHAP [6], but European studies do

not confirm these findings [2, 6, 9]. Overall, Streptococcus pneumoniae is the most frequent

causative pathogen in CAP and NHAP worldwide [6].

Pneumococcal carriage and pneumococcal serotype distribution are of particular interest as

two types of pneumococcal vaccines for adults are available with different serotype coverage:

23-valent pneumococcal polysaccharide vaccine (PPV23) vs. 13-valent pneumococcal conju-

gate vaccine (PCV13). The knowledge of pneumococcal serotype distribution is relevant to

estimate the potential benefit of broader serotype coverage of vaccine. As vaccination of chil-

dren with pneumococcal conjugate vaccine leads to indirect herd protection of adults [10], in

some countries pneumococcal vaccination is recommended for children only, e.g. in the Neth-

erlands. In Germany, the Standing Committee on Vaccination (STIKO) generally recom-

mended pneumococcal conjugate vaccine for children since 2006. The actual vaccination

coverage rate is about 70% in children [11]. In 2013/2014, the period of our study, the STIKO

recommended the 23-valent pneumococcal polysaccharide vaccine (PPV23) for seniors 60

years of age and above as routine immunization. The German Health Interview and Examina-

tion Survey for Adults (DEGS1) showed a pneumococcal vaccination rate of 31.4% among the

group of the 65 to 79 years old Germans [12].

Data suggest that infants are the source of pneumococcal transmission to adults [13]. To

the authors’ knowledge, there are no data concerning transmission to nursing home residents.
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We supposed that nursing home residents with multimorbidity and functional impairment

have rare contact with infants because of their limited mobility and range of motion. Thus, we

hypothesized that high levels of multimorbidity and a low functional status among nursing

home residents influence bacterial naso- and oropharyngeal carriage.

Our observational cross-sectional study primarily assessed the prevalence of nasopharyn-

geal or oropharyngeal carriage with S. pneumoniae and its serotype distribution in nursing

home residents. As a secondary objective, we determined nasopharyngeal or oropharyngeal

carriage with other bacteria and investigated the effects of multimorbidity and functional sta-

tus on bacterial carriage.

Methods

Study design, setting and participants

Written informed consent by the participants or the legal guardian and local ethics committee

approval were obtained (3659-01/13, Ethikkommission der Friedrich-Schiller-Universität Jena

an der Medizinischen Fakultät). The study was registered at the German Clinical Trials Regis-

ter (DRKS00004833).

From April 2013 until February 2014, we performed a prospective, cross-sectional, multi-

centre, observational study in Thuringia, Germany. Postal invitation was sent to 46 regional

nursing homes, of which 22 finally participated. The primary outcome was the total and sero-

type-specific nasopharyngeal or oropharyngeal S. pneumoniae carriage rate in nursing home

residents. The spectrum of other pathogens (secondary outcome) was detected by culture-

based methods. Furthermore, the influence of multimorbidity and functional status of resi-

dents as potential risk factors for pathogen carriage was explored. Participants were nursing

home residents 65 years of age and above without exclusion criteria (i.e. lack of power of judg-

ment without legal guardian, refusal of participation by legal guardian, use of systemic immu-

nosuppressant drugs, antibiotic use up to ten days preceding nasopharyngeal swab, hospital

stay up to two weeks preceding nasopharyngeal swab and a diagnosis of terminal illness).

Assessment

A skilled study nurse and a physician reviewed the medical charts of all participants for socio-

demographic data, vaccination status for pneumococcal and influenza vaccination, antibiotic

use, and for evaluation of multimorbidity by Cumulative Illness Rating Scale for geriatric

patients (CIRS-G) [14]. They obtained naso- and oropharyngeal swabs and performed the

comprehensive geriatric assessment (i.e. activities of daily living Barthel Index [15], Timed up

& go Test [16], Mini Mental State Examination [17], and the Mini Nutritional Assessment

Short Form (MNA-SF) [18].

Nasopharyngeal and oropharyngeal swabs and laboratory analysis

Oropharyngeal swabs were obtained using sterile tongue blades and sterile cotton swabs

(Amies transport swabs; Nerbe plus, Winsen/Luhe, Germany). Nasopharyngeal swabs were

obtained in accordance with WHO standard method [19]. After sampling, swabs were

immediately inoculated in transport medium, stored at room temperature and brought

within 12 hours to the Institute of Clinical Microbiology, Jena University Hospital. The spec-

imens were streaked out and cultured on different agar plates. Columbia blood agar (Oxoid,

Wesel, Germany) was used for detection of Streptococcus, S. pneumoniae, Moraxella and oth-

ers, boiled-blood-agar for the presence of Haemophilus strains; MacConkey-Agar (Oxoid)

for presence of gram-negative bacteria (GNB); MRSA selective agar (Oxoid) for presence of
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meticillin resistant Staphylococcus aureus (MRSA), and on VRE selective agar (Enterococco-

sel agar; BectonDickinson, Heidelberg, Germany) for presence of vancomycin resistant

enterococci (VRE). Colonies were identified after 24 and 48 hours, respectively, using

routine laboratory methods and an automatic analyser Vitek 2, bioMerieux Deutschland

GmbH, Germany. In few swabs single bacteria species showed such a heavy growth that anal-

ysis of other species was not possible. In that case bacterial carriage of affected species was

defined as missing data. Evaluation of antimicrobial susceptibility of all samples was based

on broth microdilution series to determine minimal inhibitory concentration using Vitek 2

and E-Test, respectively. After identification of isolates, Streptococcus pneumoniae, Staphylo-
coccus aureus, enterococci, Enterobacteriaceae and Pseudomonas aeruginosa were tested

for particular antibiotic resistance (penicillin and macrolide resistance of pneumococci;

meticillin resistant Staphylococcus aureus (MRSA); vancomycin resistant enterococci (VRE);

extended-spectrum beta-lactamase producing (ESBL) Enterobacteriaceae; carbapenem

resistance of Pseudomonas aeruginosa). Pneumococci were tested for their antimicrobial sus-

ceptibility to penicillin G, cefotaxime, clindamycin, erythromycin, levofloxacin, linezolid,

tetracycline, and sulfamethoxazole-trimethoprim. All other bacterial strains were tested for

their antimicrobial susceptibility by using the routinely applied antibiotic panel at the Jena

University Hospital. Resistance testing was conducted by VITEK 2 using the species specific

panels applied from the manufacturer bioMerieux, Marcy l‘Etoile, France. Pneumococcal

serotyping was performed by the National Reference Centre for Streptococci, Aachen, Ger-

many. The pneumococci isolates were cultured on sheep blood agar and were re-identified

by optochin susceptibility and bile solubility. If there was doubt in identification, 16srDNA-

and sodA-sequencing were performed. Serotyping was obtained by Neufeld’s Quellung

reaction using type and factor sera provided by the Statens Serum Institute, Copenhagen,

Denmark. Serotyping by multiplex PCR was performed in accordance with www.cdc.gov/

ncidod/biotech/strep/pcr.htm.

Statistical analysis

Expecting a pneumococcal prevalence of 10% to 20% [13, 20, 21] a sample size of 500 sub-

jects allowed us to calculate a two-sided 95% confidence interval (CI) extending the observed

prevalence by +/- 2.6 to 3.5%. Mean and standard deviation, median and interquartile range,

and frequencies were used where appropriate. The prevalence of carriage was estimated as

the proportion of participants with microbiologic evidence of pathogens from nasopharyn-

geal or oropharyngeal swabs out of all participants with valid culture-based results. Exact

95% CI was calculated assuming a binomial distribution. For the analysis of associations the

total score of CIRS-G (0 to 56) and the total number of severely affected organ systems rated

3 or 4 in CIRS-G (0 to 14) were used to quantify multimorbidity. The functional status was

operationalized by the following variables: Requirement of high level care (Barthel-Index

0–30 vs. >30–100), immobility (Timed up & go Test not feasible vs. feasible) and malnutri-

tion (MNA-SF<8 vs.�8). Logistic regression models were used to analyse the association

between pathogen carriage and potential influencing factors. The strength of association

was estimated by the odds ratio (OR). According to the explorative approach 95% CI were

reported instead of p-values. Due to the low number of events only crude ORs for single fac-

tor regression were calculated for the pneumococci carriage. In case of zero cell counts 0.5

was added to each cell. Multiple logistic models could be fitted for S. aureus, gram negative

bacteria (GNB) and E.coli owing to their higher prevalence. A predefined set of covariates

was considered for modelling. We report the final models resulting from backward selection

excluding covariates with p�0.2.
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Results

Participants

We enrolled 541 participants out of 2,131 residents in 22 participating Thuringian nursing

homes which accommodated between 42 to 275 residents. The participants met all inclusion

criteria and no exclusion criteria. Their mean age was 84.5 years (range 65–103 years),

27.9% were males. Further characteristics are summarized in Table 1. About 50% of residents

suffered from three or more severe medical problems. The most affected systems were

Table 1. Characteristics of participants.

Variables Study population (N = 541)

Age [y], mean (SD) 84.5 (7.5)

Male gender, n (%) 151 (27.9)

Duration of stay in nursing home y, (N = 540), mean (SD) 3.3 (4.4)

Level of care, n (%)

• No

• I

• II

• III

-

5 (0.9)

246 (45.5)

214 (39.6)

76 (14.0)

Marital status, n (%)

• Single

• Married

• Widowed

• Divorced

-

69 (12.8)

98 (18.1)

329 (60.8)

45 (8.3)

Living in shared rooms, n (%) 221 (40.9)

Stomata, n (%)

• Tracheostomy

• PEG-/ nasal probe

• Enterostomy

-

2 (0.4)

25 (4.6)

5 (0.9)

Vaccinated against, n (%)a

• Influenza (current season)

• Pneumococci (PPV23)

-

272 (50.3)

103 (19.0)

Antibiotic use 3 months up to 10 days preceding swabs, n (%) 81 (15.0)

Contact to children at least once a month

• Infants

• Schoolchildren

-

39 (7.2)

48 (8.9)

Body mass index <19 kg/m2, n (%) 28 (5.2)

Malnutrition according to MNA-SF<8, n (%) 59 (10.9)

Multimorbidity by CIRS-G sum score, mean (SD) 17.7 (5.7)

Number of CIRS-G risk categories 3 or 4, median (IQR) 3 (2–4)

Cognitive state by MMSE sum score (N = 517), median (IQR) 20 (9–27)

Cognitive impaired residents (MMSE<24) (N = 517), n (%) 310 (60)

Immobile residents (timed up and go test not feasible), n (%) 258 (47.7)

Barthel-Index, median (IQR) 55 (20–75)

Requiring high-level care (Barthel-Index 0–30), n (%) 181 (33.5)

CIRS-G—Cumulative Illness Rating Scale for Geriatrics; IQR—interquartile range;

PPV23–23-valent pneumococcal polysaccharide vaccine; MNA-SF—Mini Nutritional Assessment Short Form;

MMSE—Mini Mental State Examination; PEG—percutaneous endoscopic gastrostomy; SD—standard deviation;
a Unknown for influenza and pneumococcal vaccination in 108 and 374 residents, respectively; percentage of

vaccinated is based on N = 541

https://doi.org/10.1371/journal.pone.0190716.t001
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musculoskeletal/skin (91.3%), vascular (90.2%), psychiatric illness (79.7%), genitourinary

(71.3%) and neurological (50.5%). Oropharyngeal and nasopharyngeal swabs were taken

from 539 (99.6%) and 529 (97.8%) participants, respectively.

Bacterial carriage

Table 2 summarizes frequency and prevalence of pathogen carriage. N positive is the number

of participants with evidence of the specific pathogen in at least one—the nasopharyngeal and/

or the oropharyngeal—swab. N valid is the number of subjects with well-defined results of lab-

oratory analysis. This is the sum of N positive and the number of participants with both swabs

available and clearly assessed as negative. According to this rule N valid varies slightly between

523 and 529 for several pathogens.

S. pneumoniae was isolated by culture in nasopharyngeal (6) and oropharyngeal (1) swabs

of six out of 526 residents resulting in a prevalence of 1.1% (95%CI 0.4–2.5%). No antibiotic

resistance was found. Subsequent serotyping revealed S. pseudopneumoniae in two cases and

serotypes 4, 7F, 23B and 23F otherwise (post-serotyping prevalence 0.8%, 95%CI 0.2–1.9%).

Residents most frequently carried S. aureus (29.5%, 95%CI 25.6–33.6%) followed by E. coli
(8.2%, 95%CI 6.0–10.9%). MRSA was identified in two oropharyngeal and four nasopharyn-

geal swabs of six residents (1.1% (0.4–2.5%)). ESBL producing gram negative pathogens were

found in four residents (3 E. coli, 1 Klebsiella oxytocae and Morganella morganii). The normal

upper respiratory tract flora comprised S. viridans (98%), coagulase negative staphylococci

(95.5%), neisseriae (64.3%), enterococci (52.7%), corynebacteria (46.6%), Haemophilus parain-
fluenzae (12.3%) and stomatococci (6.5%).

Associations between resident-related factors and pathogen carriage

Carriage with S. pneumonia. The odds of pneumococcal carriage (= risk of carriage/

(1-risk of carriage)) were higher in men (4/142) vs. women (2/378), in residents with a body

mass index < 19 kg/m2 (1/24) vs. higher (5/496), living in shared (4/208) vs. single room (2/

312) or having contact with schoolchildren at least once a month (1/47) vs. less (5/473). Longer

stay in nursing home residence (mean of 2 years in carriers vs. 3.2 years in non-carriers) and

vaccination against pneumococci (0/99) vs. none (2/61) were associated with lower odds for

carriage. No association with pneumococcal carriage was observed for age, antibiotic use pre-

ceding swabs, influenza vaccination and contact with infants. Multimorbidity was higher in

non-carriers than in carriers (mean CIRS-G 17.7 vs. 14.9, mean number of severely affected

organ systems 3 vs. 2.5). Malnutrition (MNA-SF <8 points), immobility (timed up and go test

not feasible) and the requirement of high level of care (Barthel-index 0–30) were identified as

indicators of low functional status. Higher odds of carriage were found in residents with mal-

nutrition (2/51) vs. no malnutrition (4/469). Immobility and high level of care requirement

were not associated with pneumococcal carriage. Table 3 summarizes the odds ratios from

univariate logistic regression analysis which quantify the strength of the association.

Carriage with S. aureus. Higher odds for S. aureus carriage were found for immobility

(OR 1.84) and cognitive impairment (OR 1.54), whereas higher age (OR 0.98 per year), longer

stay in nursing home (OR 0.95 per year), living in shared rooms (OR 0.7) and higher multi-

morbidity (OR 0.85 per additionally severely affected organ system) were associated with

lower odds for S. aureus carriage. Due to the low MRSA prevalence no further analysis was

done.

Carriage with Gram-negative bacteria. Residents with more severely affected organ sys-

tems (OR 1.13) and malnutrition (OR 1.54) more likely carried at least one GNB. Owing to

the small number of residents with stomata this potential risk factor was not considered for
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modelling. However, it is worth mentioning that both residents with tracheostoma, 13 of 25

with PEG-/nasal probe and 3 of 5 with enterostoma carried GNB.

Carriage with E. coli. E.coli was the second frequent residential pathogen and the most fre-

quent Gram negative germ with clinical relevance. Thus, E.coli was included in the association

Table 2. Spectrum of pathogens in nasopharyngeal or oropharyngeal swabs isolated by culture-based standard procedures.

Pathogen N valid N positive Prevalence [%] 95% CI [%]

Gram positive

Streptococcus pneumoniae 526 6 1.1 0.4–2.5

Staphylococcus aureus 529 156 29.5 25.6–33.6

MSSA 529 150 28.4 24.5–32.4

MRSA 529 6 1.1 0.4–2.5

ß-haemolytic streptococci 525 17 3.2 1.9–5.1

Bacillus spp. 526 4 0.8 0.2–1.9

B-streptococci 526 5 1.0 0.3–2.2

Gram negative

Any gram negative 525 118 22.5 19.0–26.3

Enterobacteriae

Escherichia coli 524 43 8.2 6.0–10.9

Without ESBL 524 40 7.6 5.5–10.3

With ESBL 524 3 0.6 0.1–1.7

Proteus mirabilis 524 22 4.2 2.6–6.3

Klebsiella peumoniae 524 14 2.7 1.5–4.4

Klebsiella oxytoca 524 8 1.5 0.7–3.0

Without ESBL 524 7 1.3 0.5–2.7

With ESBL 524 1 0.2 0.0–1.1

Enterobacter amnigenus 524 3 0.6 0.1–1.7

Enterobacter cloacae 523 13 2.5 1.3–4.2

Enterobacter aerogenes 524 4 0.8 0.2–1.9

Serratia marcescens 526 2 0.4 0.0–1.4

Citrobacter koseri 526 3 0.6 0.1–1.7

Serratia liquefaciens 526 2 0.4 0.0–1.4

Providencia stuartii 526 1 0.2 0.0–1.1

Morganella morganii 526 3 0.6 0.1–1.7

Without ESBL 526 2 0.4 0.0–1.4

With ESBL 526 1 0.2 0.0–1.1

Raoultella planticola 526 1 0.2 0.0–1.1

Hafnia alvei 526 1 0.2 0.0–1.1

Pantoea agglomerans 526 1 0.2 0.0–1.1

Providencia rettgeri 526 1 0.2 0.0–1.1

Non fermenters

Acinetobacter spp. 525 10 1.9 0.9–3.5

Pseudomonas aeruginosa 524 16 3.1 1.8–4.9

Pseudomonas stutzeri 526 1 0.2 0.0–1.1

Stenotrophomonas maltophilia 526 2 0.4 0.0–1.4

Fungi

Candida spp. 527 6 1.1 0.4–2.5

N valid—Number of participants with well-defined results from laboratory analysis; N positive—Number of participants with evidence of pathogen; MSSA—meticillin

sensitive S. aureus, MRSA—meticillin resistant S. aureus, ESBL—extended-spectrum β-lactamase, CI—confidence interval

https://doi.org/10.1371/journal.pone.0190716.t002
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analysis. According to the explorative logistic regression models male gender (OR 2.05),

BMI<19 kg/m2 (OR 2.82) and immobility (OR 1.73) were associated with higher risk of E.coli
carriage.

Discussion

With a post-serotyping prevalence of 0.8%, we found a quite lower pneumococcal carriage

rate than expected [13, 20, 21]. However, our study confirmed the results of recent studies in

seniors [22–24], nursing home residents [23] and geriatric patients [25] revealing carriage

rates between 0% and 2.3%. To improve detection of pneumococcal carriage, we used naso-

pharyngeal and oropharyngeal swabs as previously suggested [26] taken by a specifically

trained study nurse [19]. Thus, a relevant systematic bias in estimation of the pneumococcal

prevalence seems less probable. In concordance with Almeida et al. [23], we also found a diver-

sity of serotypes. Neither of the currently available vaccines covers serotype 23B, that actually

Table 3. Associations between resident-related factors and pathogen carriage (explorative logistic regression models).

Predefined set of covariates Streptococcus pneumoniae
(culture)

Staphylococcus aureus Any gram negative Escherichia coli

(Carriers: 6 of 526) Crude

OR (95% CI)

(Carriers: 150 of 506) Adjusteda

OR (95% CI)

(Carriers: 118 of 524)

Adjusteda OR (95% CI)

(Carriers: 43 of 523)

Adjusteda OR (95% CI)

Age per year 0.99 (0.88–1.10) 0.98 (0.95–1.01) ex ex

Male gender 5.32 (0.96–29.4) ex ex 2.05 (1.07–3.91)

Duration of stay in nursing home

per year

0.85 (0.54–1.34) 0.95 (0.89–1.01) ex ex

Living in shared rooms 3.00 (0.54–16.6) 0.70 (0.46–1.06) ex ex

Antibiotic use preceding swabsb 1.13 (0.13–9.81) ex ex ex

Influenza vaccination ex ex ex

• yes vs. no 0.22–5.04)

• unknown vs. no 0.30 (0.01–6.23)

Pneumococcal vaccination (PPV23) ex ex ex

• yes vs. no 0.00–2.62)

• unknown vs. no 0.31 (0.06–1.48)

Contact with infants at least once a

month

0.94 (0.05–17.0) ex ex ex

Contact with schoolchildren at least

once a month

2.01 (0.23–17.6) ex ex ex

CIRS-G: Per point of sum score 0.91 (0.78–1.07) ex ex ex

CIRS-G: Per additional severely

affected organ systemc
0.84 (0.49–1.41) 0.85 (0.73–0.99) 1.13 (1.00–1.28) ex

Requiring high-level care (Barthel-

Index 0–30)

1.05 (0.19–5.78) ex ex ex

Immobilityd 1.13 (0.22–5.66) 1.84 (1.15–2.93) ex 1.73 (0.90–3.29)

Body mass index<19 kg/m2 4.13 (0.46–36.8) ex ex 2.82 (0.98–8.07)

Malnutrition (MNA-SF<8) 4.60 (0.82–25.8) ex 1.54 (0.81–2.91) ex

Cognitive impairment (MMSE<24) - 1.54 (0.98–2.40) - -

OR—odds ratio; CI—confidence interval; PPV23–23-valent pneumococcal polysaccharide vaccine; CIRS-G—Cumulative Illness Rating Scale for Geriatrics; MNA-SF—

Mini Nutritional Assessment Short Form; MMSE—Mini Mental State Examination; ex—excluded by backward selection;
a Adjusted odds ratios for variables remained in the multiple model after backward selection excluding those with p�0.2
b Within 3 months up to 10 days before swab
c Total number of severely affected organ systems rated 3 or 4 in CIRS-G
d Timed up and go test not feasible

https://doi.org/10.1371/journal.pone.0190716.t003
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gains importance in invasive pneumococcal infections in adults [27, 28]. All other detected

pneumococcal serotypes are covered by the PPV23 vaccine as well as the PCV13 vaccine. The

pathogenic significance of S. pseudopneumoniae in respiratory tract diseases is still unclear

[29]. According to these scarce data, we cannot substantially contribute to the discussion of

the favourable vaccine in elderly nursing home residents. Given the observed data, at least

long-term carriage of S. pneumoniae in nursing home residents seems to be rare and rather

unlikely to cause nursing home acquired pneumonia. It could be suspected that temporary car-

riage introduced by visitors or the nursing home staff may be possibly responsible.

Our study did not reveal a significant relationship between pneumococcal carriage and

functional status in the nursing home residents because of the low prevalence rate. In a recent

study in older probably less impaired adults living independently in retirement communities

the pneumococcal carriage rate was 1.9% [24], about twice as high compared to our study, but

even low altogether. Our results might support the impression that residents with less severe

comorbidity appear to be more frequently pneumococcal carriers. We also analysed the con-

tacts with children. Unvaccinated they are known to have the highest carriage rates and may

be the source for pneumococcal transmission to adults [13]. On the other hand, contact with

vaccinated children seems to be relevant for the indirect herd protection of unvaccinated

adults [10]. We found an OR of 2.0 (95% CI 0.23–17.6) for pneumococcal carriage of residents

having contact with school children at least once a month. However, the number of pneumo-

coccal carriers as well as the number of contacts with children seemed to be too small to pro-

vide evidence for the transmission or herd protection hypotheses.

The most frequent colonizing pathogen in our study was S. aureus with 28.4% MSSA colo-

nization and 1.1% MRSA colonization. Our results are in accordance with a MSSA prevalence

of 36.6% published in another German study [30]. In contrast, a UK study showed a preva-

lence of 16.2% [31]. So generally, attention should be paid to this high level of S. aureus car-

riage as it can be considered as a large reservoir of potential multiresistant pathogens [32] in

naso- and oropharyngeal carriage of nursing home residents. The MRSA prevalence of 1.1% in

our study is in line with several German studies [30, 33–35]. Thus, MRSA prevalence in Ger-

many is much lower than that in the USA (27.5%[36]) or the UK (19% to 22%[37]). Our results

may underestimate the MRSA prevalence by limiting the swabs to nose and oropharynx. Yet,

it can be concluded that the prevalence in our study will be less than in USA as 65% to 85% of

those colonized at other sites were also nasal carriers [36].

Only few studies evaluated age, functional status and multimorbidity as potential risk fac-

tors for S. aureus carriage and their results are mostly contradicting. One study reported a

higher MSSA prevalence with higher age [31], the other one showed no influence [30]. The

latter results were in accordance with our findings. Similarly controversial is the influence of

cognitive impairment. We showed a higher risk for S. aureus carriage in residents with cog-

nitive impairment (OR 1.54). In contrast, Lasseter et al. [31] did not find an association of

cognitive deficits measured by MMS-short test. Daeschlein et al. [30] reported even a protec-

tive effect of vascular cognitive impairment. Probably, these discrepancies may be due to

differences in evaluation of cognitive function. Immobility seems to be a risk factor for S.

aureus carriage in our study supported by results of another German study [30]. Increased

multimorbidity, a factor not evaluated in other studies, appeared to be protective (OR 0.85

per additionally severely affected organ system). That could be interpreted as contradictory

because it may be expected that multimorbidity and immobility would have a similar effect.

El-Solh et al. [38] showed, that pneumonia caused by S. aureus and GNB tended to be more

frequently present as the functional status worsened. Therefore, the influence of functional

aspects on S. aureus carriage was probably underestimated in the past and might be more rel-

evant than multimorbidity.
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We detected a GNB prevalence of 22.5% with E.coli being the most frequently isolated

pathogen with a prevalence of 8.2%. Multiresistant GNB were exclusively due to ESBL with a

prevalence of 0.8%. Therefore, they seem to play only a marginal role in naso- and oropha-

ryngeal carriage of German nursing home residents. However, there are only a few data

on oropharyngeal GNB carriage among nursing home residents. O’Donoghue et al.[39]

reported an oropharyngeal GNB prevalence of 36.7% in Irish nursing home residents with

E.coli as leading pathogen and polypharmacy (> 8 medications) and a history of ischemic

heart disease as risk factors. According to our results, malnutrition (OR 1.5), more severely

affected organ systems (OR 1.13) and indwelling devices appeared as risk factors for GNB

carriage, whereas E.coli carriage was associated with a reduced BMI (OR2.8), male sex (OR

2.1) and immobility (OR 1.73). Interpreting polypharmacy as a surrogate marker for more

severe illness we see the results of O’Donoghue et al. [39] in line with ours. To our knowl-

edge, there are no further studies dealing with the influence of functional status or multimor-

bidity on pharyngeal GNB carriage. However, there are several studies concerning the

prevalence of GNB as pathogen of CAP [40] and NHAP [2], but without evaluation of func-

tional issues. Only El-Solh et al. [38] demonstrated the increase of S. aureus and GNB preva-

lence as pathogen of pneumonia in patients with worsened functional status. Considering

the high carriage rate of S. aureus, GNB and E.coli and the possible influence of functional

impairment and multimorbidity on carriage, the relevance of S. aureus and GNB as pathogen

of CAP and NHAP should be re-evaluated. We think that published studies of pathogens

causing community or nursing home acquired pneumonia might suffer from selection bias

for the following reasons. Nursing home residents were often excluded as they are mainly

not eligible for a chest X-ray in an erect postero-anterior and lateral projection which is the

gold standard for diagnosing pneumonia [41]. Our data demonstrated that the majority of

nursing home residents suffered from impaired mobility. Most of them would be ineligible

for this diagnostic procedure. Particularly these residents have an increased risk of S. aureus
and E.coli carriage. Furthermore, the spectrum of pneumonia causing pathogens may be

biased due to missing sputum samples. Different studies showed that patients with pneumo-

nia but without respiratory samples are significantly older, are more frequently nursing

home residents, and suffer from more comorbidities [2, 40].

There are several limitations of our study. The cross-sectional observational design did not

allow drawing causal inferences. The unexpectedly low pneumococcal carriage rate limits the

analysis of multimorbidity and functional status as independent risk factors. However, the pro-

spective approach, the sample size as well as the high participation rates strengthen this study.

To reduce bias, the study team was well trained to take the swabs and apply the standardized

comprehensive geriatric assessment. They were unaware of any microbiological results during

the examination.

Conclusion

This study confirms recent findings of low pneumococcal carriage rate in nursing home resi-

dents. Given the observed data, at least long-term carriage of S. pneumoniae in nursing home

residents seems to be rare and rather unlikely to cause nursing home acquired pneumonia.

Furthermore, we found a low carriage rate of MRSA and ESBL producing Gram negative

bacteria, despite the carriage rates of MSSA and GNB were high. This confirms that in Ger-

many, nursing home residency is not a risk factor for MDR colonization and possibly resulting

nursing home acquired pneumonia with multidrug resistant pathogens. The carriage of S.

aureus and GNB was probably associated with multimorbidity and immobility. Therefore,

our data provides support that multimorbidity and functional status may be crucial issues for
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carriage with S. aureus and GNB as potential pneumonia pathogens and probably more rele-

vant than the place of residency.

Acknowledgments

The authors thank the nursing home residents, their families and caregivers for their participa-

tion in this study. Furthermore, the authors gratefully thank M. van der Linden from National

Reference Centre for Streptococci at the Institute for Medical Microbiology of the University

Hospital Aachen, who performed serotyping, and I. Schiller, J. Ziegler as well as S. Kolanos

from the Centre for Clinical Studies, Jena University Hospital, who supported in conception,

planning and realization of this study.

Author Contributions

Conceptualization: Anja Kwetkat, Wolfgang Pfister, Mathias W. Pletz, Cornel C. Sieber,

Heike Hoyer.

Data curation: Anja Kwetkat, Wolfgang Pfister, Diana Pansow, Heike Hoyer.

Formal analysis: Heike Hoyer.

Funding acquisition: Anja Kwetkat, Heike Hoyer.

Investigation: Anja Kwetkat, Wolfgang Pfister, Diana Pansow.

Methodology: Anja Kwetkat, Mathias W. Pletz, Cornel C. Sieber, Heike Hoyer.

Project administration: Anja Kwetkat, Wolfgang Pfister, Heike Hoyer.

Resources: Anja Kwetkat, Wolfgang Pfister, Diana Pansow, Heike Hoyer.

Software: Heike Hoyer.

Supervision: Anja Kwetkat, Mathias W. Pletz, Cornel C. Sieber, Heike Hoyer.

Validation: Anja Kwetkat, Wolfgang Pfister, Diana Pansow, Mathias W. Pletz, Cornel C. Sie-

ber, Heike Hoyer.

Visualization: Anja Kwetkat, Wolfgang Pfister, Heike Hoyer.

Writing – original draft: Anja Kwetkat, Wolfgang Pfister, Heike Hoyer.

Writing – review & editing: Anja Kwetkat, Wolfgang Pfister, Diana Pansow, Mathias W.

Pletz, Cornel C. Sieber, Heike Hoyer.

References

1. Loeb M. Pneumonia in older persons. Clin Infect Dis. 2003 Nov 15; 37(10):1335–9. https://doi.org/10.

1086/379076 PMID: 14583867.

2. Ewig S, Klapdor B, Pletz MW, Rohde G, Schutte H, Schaberg T, et al. Nursing-home-acquired pneumo-

nia in Germany: an 8-year prospective multicentre study. Thorax. 2012 Feb; 67(2):132–8. https://doi.

org/10.1136/thoraxjnl-2011-200630 PMID: 22058186.

3. Loeb MB. Pneumonia in nursing homes and long-term care facilities. Seminars in respiratory and critical

care medicine. 2005 Dec; 26(6):650–5. https://doi.org/10.1055/s-2005-925529 PMID: 16388434.

4. Heudorf U, Schulte D. [Surveillance of nosocomial infections in a long-term care facility. Incidence and

risk factors]. Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz. 2009 Jul; 52

(7):732–43. https://doi.org/10.1007/s00103-009-0869-6 PMID: 19517072. Surveillance nosokomialer

Infektionen in einem Altenpflegeheim. Inzidenz und Risikofaktoren.

5. Dhawan N, Pandya N, Khalili M, Bautista M, Duggal A, Bahl J, et al. Predictors of mortality for nursing

home-acquired pneumonia: a systematic review. BioMed research international. 2015; 2015:285983.

https://doi.org/10.1155/2015/285983 PMID: 25821793.

Bacterial carriage in nursing home residents, multimorbidity and function

PLOS ONE | https://doi.org/10.1371/journal.pone.0190716 January 5, 2018 11 / 13

https://doi.org/10.1086/379076
https://doi.org/10.1086/379076
http://www.ncbi.nlm.nih.gov/pubmed/14583867
https://doi.org/10.1136/thoraxjnl-2011-200630
https://doi.org/10.1136/thoraxjnl-2011-200630
http://www.ncbi.nlm.nih.gov/pubmed/22058186
https://doi.org/10.1055/s-2005-925529
http://www.ncbi.nlm.nih.gov/pubmed/16388434
https://doi.org/10.1007/s00103-009-0869-6
http://www.ncbi.nlm.nih.gov/pubmed/19517072
https://doi.org/10.1155/2015/285983
http://www.ncbi.nlm.nih.gov/pubmed/25821793
https://doi.org/10.1371/journal.pone.0190716


6. Liapikou A, Polverino E, Cilloniz C, Peyrani P, Ramirez J, Menendez R, et al. A worldwide perspective

of nursing home-acquired pneumonia compared with community-acquired pneumonia. Respiratory

care. 2014 Jul; 59(7):1078–85. https://doi.org/10.4187/respcare.02788 PMID: 24194575.

7. Tuomanen EI, Austrian R, Masure HR. Pathogenesis of pneumococcal infection. The New England

journal of medicine. 1995 May 11; 332(19):1280–4. https://doi.org/10.1056/NEJM199505113321907

PMID: 7708073.

8. Marik PE, Kaplan D. Aspiration pneumonia and dysphagia in the elderly. Chest. 2003 Jul; 124(1):328–

36. PMID: 12853541.

9. Polverino E, Dambrava P, Cilloniz C, Balasso V, Marcos MA, Esquinas C, et al. Nursing home-acquired

pneumonia: a 10 year single-centre experience. Thorax. 2010 Apr; 65(4):354–9. https://doi.org/10.

1136/thx.2009.124776 PMID: 20388763.

10. Tsaban G. B SS. Indirect (herd) protection, following pneumococcal conjugated vaccines introduction:

A systematic review of the literature. Vaccine. 2017; 35(22):2882–91. https://doi.org/10.1016/j.vaccine.

2017.04.032 PMID: 28449971

11. Rieck T, Feig M, Eckmanns T, Benzler J, Siedler A, Wichmann O. Vaccination coverage among chil-

dren in Germany estimated by analysis of health insurance claims data. Human vaccines & immu-

notherapeutics. 2014 Feb; 10(2):476–84. English.

12. Poethko-Muller C, Schmitz R. [Vaccination coverage in German adults: results of the German Health

Interview and Examination Survey for Adults (DEGS1)]. Bundesgesundheitsblatt, Gesundheits-

forschung, Gesundheitsschutz. 2013 May; 56(5–6):845–57. Impfstatus von Erwachsenen in Deutsch-

land: Ergebnisse der Studie zur Gesundheit Erwachsener in Deutschland (DEGS1).

13. Regev-Yochay G, Raz M, Dagan R, Porat N, Shainberg B, Pinco E, et al. Nasopharyngeal carriage of

Streptococcus pneumoniae by adults and children in community and family settings. Clin Infect Dis.

2004 Mar 1; 38(5):632–9. https://doi.org/10.1086/381547 PMID: 14986245.

14. Parmelee PA, Thuras PD, Katz IR, Lawton MP. Validation of the Cumulative Illness Rating Scale in a

geriatric residential population. J Am Geriatr Soc. 1995 Feb; 43(2):130–7. PMID: 7836636.

15. Mahoney FI, Barthel DW. Functional Evaluation: The Barthel Index. Maryland state medical journal.

1965 Feb; 14:61–5. PMID: 14258950.

16. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail elderly per-

sons. J Am Geriatr Soc. 1991 Feb; 39(2):142–8. PMID: 1991946.

17. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive

state of patients for the clinician. Journal of psychiatric research. 1975 Nov; 12(3):189–98. PMID: 1202204.

18. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for undernutrition in geriatric prac-

tice: developing the short-form mini-nutritional assessment (MNA-SF). The journals of gerontology

Series A, Biological sciences and medical sciences. 2001 Jun; 56(6):M366–72. PMID: 11382797.

19. O’Brien KL, Nohynek H, World Health Organization Pneumococcal Vaccine Trials Carriage Working G.

Report from a WHO Working Group: standard method for detecting upper respiratory carriage of Strep-

tococcus pneumoniae. The Pediatric infectious disease journal. 2003 Feb;22(2):e1-11.

20. Ridda I, Macintyre CR, Lindley R, McIntyre PB, Brown M, Oftadeh S, et al. Lack of pneumococcal car-

riage in the hospitalised elderly. Vaccine. 2010 May 21; 28(23):3902–4. https://doi.org/10.1016/j.

vaccine.2010.03.073 PMID: 20398618.

21. Hendley JO, Sande MA, Stewart PM, Gwaltney JM Jr. Spread of Streptococcus pneumoniae in families.

I. Carriage rates and distribution of types. J Infect Dis. 1975 Jul; 132(1):55–61. PMID: 1097544.

22. Palmu AA, Kaijalainen T, Saukkoriipi A, Leinonen M, Kilpi TM. Nasopharyngeal carriage of Streptococ-

cus pneumoniae and pneumococcal urine antigen test in healthy elderly subjects. Scandinavian journal

of infectious diseases. 2012 Jun; 44(6):433–8. https://doi.org/10.3109/00365548.2011.652162 PMID:

22263905.

23. Almeida ST, Nunes S, Santos Paulo AC, Valadares I, Martins S, Breia F, et al. Low prevalence of pneu-

mococcal carriage and high serotype and genotype diversity among adults over 60 years of age living in

Portugal. PloS one. 2014; 9(3):e90974. https://doi.org/10.1371/journal.pone.0090974 PMID: 24604030.

24. Becker-Dreps S, Kistler CE, Ward K, Killeya-Jones LA, Better OM, Weber DJ, et al. Pneumococcal Car-

riage and Vaccine Coverage in Retirement Community Residents. J Am Geriatr Soc. 2015 Oct 12.

https://doi.org/10.1111/jgs.13651 PMID: 26456473.

25. Jomrich N, Kellner S, Djukic M, Eiffert H, Nau R. Absence of Streptococcus pneumoniae in pharyngeal

swabs of geriatric inpatients. Infectious diseases. 2015 Jul; 47(7):504–9. https://doi.org/10.3109/

00365548.2015.1007476 PMID: 25746605.

26. Watt JP, O’Brien KL, Katz S, Bronsdon MA, Elliott J, Dallas J, et al. Nasopharyngeal versus oropharyn-

geal sampling for detection of pneumococcal carriage in adults. Journal of clinical microbiology. 2004

Nov; 42(11):4974–6. https://doi.org/10.1128/JCM.42.11.4974-4976.2004 PMID: 15528682.

Bacterial carriage in nursing home residents, multimorbidity and function

PLOS ONE | https://doi.org/10.1371/journal.pone.0190716 January 5, 2018 12 / 13

https://doi.org/10.4187/respcare.02788
http://www.ncbi.nlm.nih.gov/pubmed/24194575
https://doi.org/10.1056/NEJM199505113321907
http://www.ncbi.nlm.nih.gov/pubmed/7708073
http://www.ncbi.nlm.nih.gov/pubmed/12853541
https://doi.org/10.1136/thx.2009.124776
https://doi.org/10.1136/thx.2009.124776
http://www.ncbi.nlm.nih.gov/pubmed/20388763
https://doi.org/10.1016/j.vaccine.2017.04.032
https://doi.org/10.1016/j.vaccine.2017.04.032
http://www.ncbi.nlm.nih.gov/pubmed/28449971
https://doi.org/10.1086/381547
http://www.ncbi.nlm.nih.gov/pubmed/14986245
http://www.ncbi.nlm.nih.gov/pubmed/7836636
http://www.ncbi.nlm.nih.gov/pubmed/14258950
http://www.ncbi.nlm.nih.gov/pubmed/1991946
http://www.ncbi.nlm.nih.gov/pubmed/1202204
http://www.ncbi.nlm.nih.gov/pubmed/11382797
https://doi.org/10.1016/j.vaccine.2010.03.073
https://doi.org/10.1016/j.vaccine.2010.03.073
http://www.ncbi.nlm.nih.gov/pubmed/20398618
http://www.ncbi.nlm.nih.gov/pubmed/1097544
https://doi.org/10.3109/00365548.2011.652162
http://www.ncbi.nlm.nih.gov/pubmed/22263905
https://doi.org/10.1371/journal.pone.0090974
http://www.ncbi.nlm.nih.gov/pubmed/24604030
https://doi.org/10.1111/jgs.13651
http://www.ncbi.nlm.nih.gov/pubmed/26456473
https://doi.org/10.3109/00365548.2015.1007476
https://doi.org/10.3109/00365548.2015.1007476
http://www.ncbi.nlm.nih.gov/pubmed/25746605
https://doi.org/10.1128/JCM.42.11.4974-4976.2004
http://www.ncbi.nlm.nih.gov/pubmed/15528682
https://doi.org/10.1371/journal.pone.0190716


27. van der Linden M, Perniciaro S, Imohl M. Increase of serotypes 15A and 23B in IPD in Germany in the

PCV13 vaccination era. BMC infectious diseases. 2015; 15:207. https://doi.org/10.1186/s12879-015-

0941-9 PMID: 25940580.

28. van der Linden M, Falkenhorst G, Perniciaro S, Imohl M. Effects of Infant Pneumococcal Conjugate

Vaccination on Serotype Distribution in Invasive Pneumococcal Disease among Children and Adults in

Germany. PloS one. 2015; 10(7):e0131494. https://doi.org/10.1371/journal.pone.0131494 PMID:

26132078.

29. Laurens C, Michon AL, Marchandin H, Bayette J, Didelot MN, Jean-Pierre H. Clinical and antimicrobial

susceptibility data of 140 Streptococcus pseudopneumoniae isolates in France. Antimicrobial agents

and chemotherapy. 2012 Aug; 56(8):4504–7. https://doi.org/10.1128/AAC.06374-11 PMID: 22644030.

30. Daeschlein G, Assadian O, Rangous I, Kramer A. Risk factors for Staphylococcus aureus nasal car-

riage in residents of three nursing homes in Germany. The Journal of hospital infection. 2006 Jun; 63

(2):216–20. https://doi.org/10.1016/j.jhin.2005.12.014 PMID: 16600428.

31. Lasseter G, Charlett A, Lewis D, Donald I, Howell-Jones R, McNulty CA. Staphylococcus aureus car-

riage in care homes: identification of risk factors, including the role of dementia. Epidemiology and infec-

tion. 2010 May; 138(5):686–96. https://doi.org/10.1017/S0950268810000233 PMID: 20149266.

32. Cilloniz C, Polverino E, Ewig S, Aliberti S, Gabarrus A, Menendez R, et al. Impact of age and comorbid-

ity on cause and outcome in community-acquired pneumonia. Chest. 2013 Sep; 144(3):999–1007.

https://doi.org/10.1378/chest.13-0062 PMID: 23670047.

33. von Baum H, Schmidt C, Svoboda D, Bock-Hensley O, Wendt C. Risk factors for methicillin-resistant

Staphylococcus aureus carriage in residents of German nursing homes. Infection control and hospital

epidemiology: the official journal of the Society of Hospital Epidemiologists of America. 2002 Sep; 23

(9):511–5. https://doi.org/10.1086/502098 PMID: 12269448.

34. Pfingsten-Wurzburg S, Pieper DH, Bautsch W, Probst-Kepper M. Prevalence and molecular epidemiol-

ogy of meticillin-resistant Staphylococcus aureus in nursing home residents in northern Germany. The

Journal of hospital infection. 2011 Jun; 78(2):108–12. https://doi.org/10.1016/j.jhin.2011.02.011 PMID:

21481969.

35. Gruber I, Heudorf U, Werner G, Pfeifer Y, Imirzalioglu C, Ackermann H, et al. Multidrug-resistant bacte-

ria in geriatric clinics, nursing homes, and ambulant care—prevalence and risk factors. International

journal of medical microbiology: IJMM. 2013 Dec; 303(8):405–9. https://doi.org/10.1016/j.ijmm.2013.

05.002 PMID: 23770266.

36. Garazi M, Edwards B, Caccavale D, Auerbach C, Wolf-Klein G. Nursing homes as reservoirs of MRSA:

myth or reality? Journal of the American Medical Directors Association. 2009 Jul; 10(6):414–8. https://

doi.org/10.1016/j.jamda.2009.02.014 PMID: 19560719.

37. Horner C, Parnell P, Hall D, Kearns A, Heritage J, Wilcox M. Meticillin-resistant Staphylococcus aureus

in elderly residents of care homes: colonization rates and molecular epidemiology. The Journal of hospi-

tal infection. 2013 Mar; 83(3):212–8. https://doi.org/10.1016/j.jhin.2012.11.011 PMID: 23332564.

38. El-Solh AA, Sikka P, Ramadan F, Davies J. Etiology of severe pneumonia in the very elderly. American

journal of respiratory and critical care medicine. 2001 Mar; 163(3 Pt 1):645–51. https://doi.org/10.1164/

ajrccm.163.3.2005075 PMID: 11254518.

39. O’Donoghue C, Iversen C, Duggan J, Power D, Fanning S, Kyne L. Polypharmacy is an independent

risk factor for oropharyngeal isolation of gram-negative bacilli in older persons. J Am Geriatr Soc. 2012

Jan; 60(1):182–3. https://doi.org/10.1111/j.1532-5415.2011.03738.x PMID: 22239314.

40. von Baum H, Welte T, Marre R, Suttorp N, Ewig S, group Cs. Community-acquired pneumonia through

Enterobacteriaceae and Pseudomonas aeruginosa: Diagnosis, incidence and predictors. The Euro-

pean respiratory journal. 2010 Mar; 35(3):598–605. https://doi.org/10.1183/09031936.00091809 PMID:

19679601.

41. Arinzon Z, Peisakh A, Schrire S, Berner Y. C-reactive protein (CRP): an important diagnostic and prog-

nostic tool in nursing-home-associated pneumonia. Archives of gerontology and geriatrics. 2011 Nov-

Dec; 53(3):364–9. https://doi.org/10.1016/j.archger.2011.01.006 PMID: 21439658.

Bacterial carriage in nursing home residents, multimorbidity and function

PLOS ONE | https://doi.org/10.1371/journal.pone.0190716 January 5, 2018 13 / 13

https://doi.org/10.1186/s12879-015-0941-9
https://doi.org/10.1186/s12879-015-0941-9
http://www.ncbi.nlm.nih.gov/pubmed/25940580
https://doi.org/10.1371/journal.pone.0131494
http://www.ncbi.nlm.nih.gov/pubmed/26132078
https://doi.org/10.1128/AAC.06374-11
http://www.ncbi.nlm.nih.gov/pubmed/22644030
https://doi.org/10.1016/j.jhin.2005.12.014
http://www.ncbi.nlm.nih.gov/pubmed/16600428
https://doi.org/10.1017/S0950268810000233
http://www.ncbi.nlm.nih.gov/pubmed/20149266
https://doi.org/10.1378/chest.13-0062
http://www.ncbi.nlm.nih.gov/pubmed/23670047
https://doi.org/10.1086/502098
http://www.ncbi.nlm.nih.gov/pubmed/12269448
https://doi.org/10.1016/j.jhin.2011.02.011
http://www.ncbi.nlm.nih.gov/pubmed/21481969
https://doi.org/10.1016/j.ijmm.2013.05.002
https://doi.org/10.1016/j.ijmm.2013.05.002
http://www.ncbi.nlm.nih.gov/pubmed/23770266
https://doi.org/10.1016/j.jamda.2009.02.014
https://doi.org/10.1016/j.jamda.2009.02.014
http://www.ncbi.nlm.nih.gov/pubmed/19560719
https://doi.org/10.1016/j.jhin.2012.11.011
http://www.ncbi.nlm.nih.gov/pubmed/23332564
https://doi.org/10.1164/ajrccm.163.3.2005075
https://doi.org/10.1164/ajrccm.163.3.2005075
http://www.ncbi.nlm.nih.gov/pubmed/11254518
https://doi.org/10.1111/j.1532-5415.2011.03738.x
http://www.ncbi.nlm.nih.gov/pubmed/22239314
https://doi.org/10.1183/09031936.00091809
http://www.ncbi.nlm.nih.gov/pubmed/19679601
https://doi.org/10.1016/j.archger.2011.01.006
http://www.ncbi.nlm.nih.gov/pubmed/21439658
https://doi.org/10.1371/journal.pone.0190716

