ORIGINAL INVESTIGATION

Risk Factors for Pneumonia and Other Lower
Respiratory Tract Infections in Elderly Residents
of Long-term Care Facilities
Mark Loeb, MD; Allison McGeer, MD; Margaret McArthur, RN; Stephen Walter, PhD; Andrew E. Simor, MD

Background: Little is known about the risk factors, out-

come, and impact of pneumonia and other lower respiratory tract infections (LRTIs) in residents of long-term
care facilities.
Objective: To determine the risk factors and the effect

of these infections on functional status and clinical course.
Methods: Active surveillance for these infections was
conducted for 475 residents in 5 nursing homes from July
1, 1993, through June 30, 1996. Information regarding
potential risk factors for these infections, functional status, transfers to hospital, and death was also obtained.

CI, 1.2-3.3; P = .01), and the inability to take oral medications (OR, 8.3; 95% CI, 1.4-50.3; P = .02) were significant
risk factors for pneumonia; receipt of influenza vaccine (OR,
0.4; 95% CI, 0.3-0.5; P = .01) was protective. Age (OR, 1.6
[95% CI, 1.0-2.5] per 10-year interval; P = .05) and immobility (OR, 2.6; 95% CI, 1.8-3.8; P = .01) were significant
risk factors for other LRTIs, and influenza vaccination was
protective (OR, 0.3; 95% CI, 0.2-0.4; P = .01). Residents with
pneumonia (OR, 0.7; 95% CI, 0.3-1.4; P = .31) or with other
LRTIs (OR, 0.5; 95% CI, 0.2-1.1; P = .43) were no more likely
to have a deterioration in functional status than individuals in whom infection did not develop.
Conclusions: Swallowing difficulty and lack of influ-

Results: Two hundred seventy-two episodes of pneumo-

niaandotherLRTIsoccurredin170residentsduring228 757
days of surveillance for an incidence of 1.2 episodes per 1000
resident-days. Multivariable analysis revealed that older age
(odds ratio [OR], 1.7; 95% confidence interval [CI], 1.12.6 per 10-year interval; P = .01), male sex (OR, 1.9; 95%
CI, 1.1-3.5; P = .03), swallowing difficulty (OR, 2.0; 95%
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enza vaccination are important, modifiable risks for pneumonia and other LRTIs in elderly residents of long-term
care facilities. Our findings challenge the commonly held
belief that pneumonia leads to long-term decline in functional status in this population.
Arch Intern Med. 1999;159:2058-2064
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NEUMONIA AND other lower
respiratory tract infections
(LRTIs) in elderly residents
of long-term care facilities are
common and serious. The estimated incidence of pneumonia ranges
from 0.6 to 2.6 episodes per 1000 residentdays,1-8 and reported case fatality rates
range from 6.5% to 40%.9-14 Pneumonia is
the most common reason for transfer of
nursing home residents to acute care hospitals; nearly one third of nursing home
residents with pneumonia require hospital admission.9,15 To develop appropriate
preventive strategies for pneumonia and
other LRTIs in long-term care facilities, risk
factors need to be well-defined. Limited
data exist regarding risk factors for respiratory tract infections in elderly residents of long-term care facilities, and results from previous studies have been
conflicting. Variables reported as risk factors include swallowing difficulty, chronic
obstructive lung disease, smoking, lack of
pneumococcal vaccination, and immobility. Most of these studies, conducted ret-

rospectively, were limited by selection bias
and a lack of standardized outcome assessments, had inadequate sample size or
follow-up, or did not adjust for confounding variables in the analysis.8,16-20
We conducted a 3-year multiplecenter cohort study of respiratory tract infection in a large group of nursing home
residents. We assessed potential risk factors for pneumonia and other LRTIs. We
also evaluated changes in functional status and clinical course (hospitalization and
mortality).
RESULTS

Four hundred seventy-five residents were
enrolled in the 3-year study. Two hundred fifty-four residents (53.5%) were observed for at least 1 year, 180 (37.9%) for
at least 2 years, and 79 (16.6%) for 3 years,
for a median follow-up of 411 days. Demographic and functional characteristics
of the 254 participating and 497 nonparticipating residents who were present in
the nursing homes at the beginning of the
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SUBJECTS AND METHODS
IDENTIFICATION OF COHORT
Residents of 5 metropolitan Toronto, Ontario, nursing
homes at any time from July 1, 1993, through June 30, 1996,
were eligible for enrollment. The nursing homes were residential long-term care facilities for elderly individuals who
required from 11⁄2 to 3 hours of nursing care daily. The median bed size of the 5 homes was 254 (range, 88-437). All
residents or their substitute decision makers were approached regarding the study, and informed consent was
required for participation. Each participating nursing home
and the institutional review board of the University of
Toronto, Toronto, approved the study.
BASELINE ASSESSMENT
Baseline demographic and clinical data were obtained at study
entry for each participant. Potential risk factors for pneumonia or other LRTIs that were evaluated included age, sex, history of 3 or more respiratory tract infections in the previous
year, swallowing difficulty, ability to take oral medications,
functional status, history of smoking, receipt of influenza and
pneumococcal vaccines, use of minor or major tranquilizers, use of antidepressants, chronic lung disease, congestive
heart failure, stroke, cancer, and diabetes mellitus. For our
purposes, swallowing difficulty during eating was determined by documentation in the medical chart, resulting in a
formal swallowing assessment or a change in diet or feeding
practice. Determination of the ability to take oral medications was based on assessment by nursing home staff. Functional status was assessed at study entry using the Activities
of Daily Living (ADL) index by Katz et al.21 Immobility
was defined for the purposes of this study as an ADL score
of F or G (dependent in bathing, dressing, transferring,
going to the toilet, continence, and/or feeding).

study were evaluated and found to be similar (Table 1),
although study participants were more likely to have received influenza vaccine in the previous year (P = .008).
The mean age of study residents was 85 years (range, 59105 years); 192 (75.6%) were women.
A total of 272 episodes of pneumonia and other
LRTIs occurred in 170 residents during 228 757 residentdays of surveillance. Chest radiographs were obtained in
249 (91.5%) of the episodes of infection. There were 155
episodes of pneumonia in 113 residents and 117 episodes of other LRTIs in 89 residents. Thirty-two residents had episodes of both. The overall incidence of these
respiratory tract infections was 1.2 episodes per 1000 resident-days. The overall annual influenza vaccination rate
in the 5 facilities during the study was 83% (range, 60%96%). The mean pneumococcal vaccination rate was 21%
(range, 0%-66%).
PNEUMONIA
Of the 113 residents who had pneumonia, 80 (70.7%)
had 1 episode, 26 (23.0%) had 2 episodes, 5 (4.4%) had
3 episodes, and 2 (1.8%) had 4 episodes. There were 0.7

FOLLOW-UP
Residents from the 5 nursing homes were observed until
the end of the study (June 30, 1996) unless they died or
were transferred to another long-term care facility. Demographic and clinical variables obtained at baseline were updated yearly. Functional status was assessed at 3-month intervals and at 1 and 3 months following a respiratory tract
infection. Surveillance for pneumonia and other LRTIs was
conducted 3 times weekly by a study nurse trained in infection control. In addition, nursing and medical staff notified the study nurse about all residents with new respiratory tract symptoms, fever, a change in mental or
functional status, or suspected infection. Records of antibiotic medication received, chest radiography, and the medical charts of all residents who required hospitalization were
reviewed. If pneumonia was suspected, chest radiographs
were obtained within 48 hours of treatment. Clinical symptoms and signs and any prescribed antimicrobial therapy
were documented. Decisions regarding treatment were at
the discretion of the attending physician. Death was attributed to infection if it occurred within 2 weeks of the onset
of symptoms and if there were no other identifiable causes.
DEFINITIONS OF RESPIRATORY TRACT
INFECTION
Standardized definitions of infection were used for infection surveillance.22 Pneumonia was defined by the presence
of compatible radiological findings and 2 of the following
symptoms or signs: new or increased cough, new or increased sputum production, fever ($38°C), pleuritic chest
pain, new or increased chest examination findings, new or
increased shortness of breath or respiratory rate of greater
than 25 breaths/min, or worsening functional status. Other
LRTI (primarily bronchitis) was defined by the presence of
at least 3 of these symptoms or signs and the absence of radiological findings (or chest radiographs not obtained).

episodes of pneumonia per 1000 resident-days. The cumulative incidence of first episodes of pneumonia was
18% (95% confidence interval [CI], 14%-22%) at 1 year,
28% (95% CI, 22%-32%) at 2 years, and 34% (95% CI,
28%-40%) at 3 years (Figure, top). When first episodes
of pneumonia were examined using univariate analysis,
individuals with pneumonia were more likely to be older
(odds ratio [OR], 1.7 [95% CI, 1.2-2.5]; P = .01), male
(OR, 1.98 [95% CI, 1.2-3.2]; P = .01), and to have swallowing difficulty (OR, 1.6 [95% CI, 1.1-2.4]; P = .03). They
were less likely to have received influenza vaccine in
the year before pneumonia developed (OR, 0.4 [95%
CI, 0.3-0.6]; P = .01) (Table 2). In univariate analysis,
the only variable associated with recurrent episodes of
pneumonia was immobility (OR, 2.1 [95% CI, 1.0-3.3];
P = .01), although this factor did not appear to be associated with the development of the first episode of
infection.
The following potential risk factors were retained
for the multivariable analysis: influenza vaccination, sex,
history of respiratory tract infections, colonization with
gram-negative bacteria, pneumococcal vaccination, swallowing difficulty, ability to take oral medications, and age.
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MICROBIOLOGICAL INVESTIGATIONS
Nasopharyngeal swabs were obtained within 72 hours of
the onset of symptoms for direct detection of respiratory
tract viral antigens using direct immunofluorescence and
for isolation of respiratory tract viruses (influenza, parainfluenza, respiratory syncytial virus, and adenovirus). Polymerase chain reaction for Chlamydia pneumoniae was also
performed from nasopharyngeal swabs during the last year
of the study.23,24 Acute and convalescent serum samples were
obtained 2 to 4 weeks apart for serologic testing using
complement fixation for respiratory tract viruses and Mycoplasma pneumoniae and using indirect immunofluorescence for Legionella species. Serologic testing for detection of C pneumoniae antibodies was performed using
microimmunofluorescence.
Blood and sputum cultures were obtained whenever
possible from residents with respiratory tract infection.
Sputum specimens were cultured only if more than 25
polymorphonuclear leukocytes and fewer than 10 squamous epithelial cells were present per low-power field on
results of Gram stain. The significance of blood or sputum
culture isolates was determined using previously published guidelines.14 Throat swabs to detect oropharyngeal
colonization with gram-negative bacteria were obtained
from all residents at baseline, at 6-month intervals
throughout the study, and at the onset of symptoms of respiratory tract infection. Growth of aerobic and facultatively anaerobic gram-negative bacilli was recorded and
quantitated as previously described.25
STATISTICAL ANALYSIS
Data entry and analysis were performed using commercially available software (SAS, version 6.04, SAS Institute,
Cary, NC; and BMDP, version 90 (Biomedical Data
Programs, Los Angeles, Calif). Kaplan-Meier survival
estimates were used to construct cumulative incidence

Older age (OR, 1.7; 95% CI, 1.1-2.6 per 10-year interval; P = .01), male sex (OR, 1.9; 95% CI, 1.1-3.5; P = .03),
swallowing difficulty (OR, 2.0; 95% CI, 1.2-3.3; P = .01),
and the inability to take oral medications (OR, 8.3; 95%
CI, 1.4-50.3; P = .02) remained significant in the multivariable model, increasing the risk for pneumonia. Having received influenza vaccination (OR, 0.4; 95% CI, 0.30.5; P = .01) was protective against the development of
pneumonia (Table 3).
OTHER LRTIs
Of the 89 residents who had other LRTIs, 66 (74.1%) had
a single episode, 18 (20.2%) had 2 episodes, and 5 (5.6%)
had 3 episodes. There were 0.5 episodes of LRTI per 1000
resident-days. The cumulative incidence of first episodes of other LRTI was 14% (95% CI, 10%-17%) at 1
year, 20% (95% CI, 16%-25%) at 2 years, and 24% (95%
CI, 18%-29%) at 3 years (Figure, bottom). Univariate
analysis revealed that residents in whom these infections developed were more likely to be older (OR, 1.9;
95% CI, 1.3-2.8; P = .01) and to be immobile (OR, 1.6;
95% CI, 1.2-2.1; P = .01). They were less likely to have

curves to assess the risk for development of pneumonia and
other LRTIs. Univariate analysis for risk factors of first episodes of pneumonia and other LRTIs was performed. The
following variables were treated as intervals by considering the number of years that residents were exposed to them:
influenza vaccination, swallowing difficulty, use of minor
tranquilizers, use of major tranquilizers, oropharyngeal colonization with gram-negative bacteria, immobility, and years
after pneumococcal vaccination. Logistic regression models were built to identify risk factors for pneumonia and
other LRTIs. Variables with P,.20 in univariate analysis
were entered as candidate risk factors; final models were
selected using a backward stepwise algorithm. To avoid the
problem of within-subject dependence of infection episodes, only the first episode of respiratory tract infection
was included in the analysis. To minimize potential confounding by location-specific factors, nursing home site was
forced into the logistic regression model.
Since functional status of study participants was assessed
every 3 months, the effect of LRTI on functional status could
be determined using a matched analysis. For residents with
infection, the change between the last functional assessment
before the event and the first assessment at least 3 months after the event was treated as an ordered variable (improved,
worse, or no change). Residents with infections were matched
to residents without infection who underwent functional assessment at the same time. A matched x2 test was performed
to compare the distributions of ADL scores within pairs of residents.26 To determine the effect of pneumonia or LRTI on the
rate of functional decline, a within-subject matched analysis
was performed. The functional status at baseline of residents
who had experienced a respiratory tract infection was compared with functional status just before the event, and the difference was treated as an ordered variable (improved, worse,
or no change). Similarly, functional status determined at least
3 months after the event was compared with functional status at the last follow-up. The trends in functional decline before and after the event were then compared.

been male (OR, 0.5; 95% CI, 0.2-1.0; P = .04) or to have
received influenza (OR, 0.3; 95% CI, 0.2-0.5; P = .01) or
pneumococcal vaccination (OR, 0.8; 95% CI, 0.6-0.9;
P = .01) (Table 2). Residents with recurrent lower respiratory tract infections were more likely to be immobile
(OR, 1.8; 95% CI, 1.0-3.2; P = .04).
The following potential risk factors were retained
for multivariable analysis: influenza vaccination, immobility, age, history of respiratory tract infections, pneumococcal vaccination, sex, and swallowing difficulty.
Age (OR, 1.6 [95% CI, 1.0-2.5] per 10-year interval;
P = .05) and immobility (OR, 2.6 [95% CI, 1.8-3.8];
P = .01) remained in the model as significant risk
factors, whereas influenza vaccination was a significant
protective factor (OR, 0.3 [95% CI, 0.2-0.4]; P = .01)
(Table 3).
MICROBIOLOGICAL FINDINGS
Of the 272 episodes of pneumonia and other lower respiratory tract infections, blood cultures were obtained in
100 (36.8%), sputum cultures in 24 (8.8%), nasopharyngeal swabs in 166 (61.0%), and paired acute and con-
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Table 1. Comparison of Selected Demographic and Clinical Characteristics of Study vs Nonstudy Residents
at the Beginning of the Study (July 1, 1993)*

Characteristic
Mean age, y
Mean length of residence, y
No. male/female
Chronic lung disease
CNS disease†
Diabetes mellitus
Received influenza vaccine in previous year
Received pneumococcal vaccine
Receiving major tranquilizer
Receiving minor tranquilizer
Totally dependent in all ADL

Not Enrolled in Study
(n = 497)

Enrolled in Study
(n = 254)

P

85.1
3.3
129:368
65 (13.1)
408 (82.1)
60 (12.0)
278 (55.9)
229 (46.1)
109 (21.9)
70 (14.1)
99 (19.9)

86.1
3.2
62:192
33 (13.0)
206 (81.1)
25 (9.8)
175 (68.9)
104 (40.9)
43 (16.9)
33 (13.0)
51 (20.1)

.11
.59
.61
.97
.72
.36
.008
.18
.11
.68
.96

*CNS indicates central nervous system; ADL, Activities of Daily Living index by Katz et al.21 Unless otherwise indicated, data are given as No. (percentage).
†Includes dementia, stroke, and Parkinson disease.

mia had pneumonia without a urinary or other identified source of infection.
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valescent serum samples in 151 (55.5%). Table 4 summarizes the results of the microbiologic investigations.
There was no difference in the distribution of microbial
agents identified in residents with pneumonia or other
LRTIs. The most common etiologic agents identified were
respiratory tract viruses, occurring in 60 (36.1%) of 166
episodes tested. Chlamydia pneumoniae was not detected using polymerase chain reaction in any of the 45
residents undergoing evaluation, although 3 other residents had serologic evidence of a recent C pneumoniae
infection. Two residents with Escherichia coli bactere-

Antimicrobial therapy was prescribed for every episode
of pneumonia or other LRTI. Residents were transferred to hospital within 2 weeks of onset of symptoms
in 48 (31.0%) of the 155 episodes of pneumonia. In contrast, only 11 episodes (9.4%) of other LRTIs resulted in
transfer to hospital (P = .01). Individuals who were older
were less likely to be transferred to hospital (OR, 0.9 per
year [95% CI, 0.9-1.0]; P = .01). None of the other variables assessed, including sex, history of respiratory tract
infections, swallowing difficulty, ability to take oral medications, immobility, history of smoking, receipt of influenza and pneumococcal vaccines, use of minor or major
tranquilizers, chronic lung disease, congestive heart failure, stroke, cancer, oropharyngeal colonization with gramnegative bacilli, or treatment with broad-spectrum antibiotics (eg, ciprofloxacin hydrochloride, a combination
of trimethoprim sulfate and sulfamethoxazole, extendedspectrum cephalosporins, and a combination of amoxicillin and clavulanate potassium), was associated with hospital transfer.
Case fatality rates for residents with pneumonia and
other LRTIs did not differ; 10 residents (8.8%) in whom
pneumonia developed and 7 (7.9%) with other LRTIs died
within 2 weeks of the infection (P = .98). The case fatality rate for residents transferred to hospital was 21% compared with 7% for those treated in the nursing homes
(P = .02). Of the 17 residents who died, death was attributed to the infection itself in 13 (76.5%).
Sixty residents in whom first episodes of pneumonia developed and 39 residents with first episodes of other
LRTIs could be matched to individuals in whom infection did not develop. Residents with pneumonia (OR, 0.7
[95% CI, 0.3-1.4]; P = .31) and those with other LRTIs
(OR, 0.5 [95% CI, 0.2-1.1]; P = .43) were no more likely
to have a deterioration in functional status than individuals in whom infection did not develop. The rate of
decline in functional status was significantly greater before the infection than after for residents with pneumo-
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Table 2. Univariate Analysis of Potential Risk Factors for Pneumonia and Other LRTIs*
LRTI

Pneumonia
Residents With/Without
Pneumonia†

Potential Risk Factor
Age, mean (SD), y
Male sex, %
History of smoking, %
Inability to take oral medications, %
History of $3 RTIs in year before
study entry, %
Chronic lung disease, %
Stroke, %
Congestive heart failure, %
Cancer, %
Diabetes mellitus, %
Oropharyngeal colonization with
gram-negative bacteria, mean (SD), y
Swallowing difficulty, mean (SD), y
Exposure to influenza vaccination,
mean (SD), y
Exposure to pneumococcal vaccine,
mean (SD), y
Exposure to minor tranquilizers,
mean (SD), y
Exposure to major tranquilizers,
mean (SD), y
Immobility, mean (SD), y

OR‡
(95% CI)

P

85.8 (8.2)/83.5 (7.5)
38/24
4/5
3/1
2/0.3

1.7 (1.2-2.5)
1.98 (1.22-3.20)
0.73 (0.17-2.53)
4.10 (0.62-15.75)
6.36 (0.33-376.3)

.01
.01
.57
.18
.12

11/9
11/11
4/6
8/7
12/10
0.64 (0.93)/0.49 (0.88)

1.27 (0.57-2.80)
1.02 (0.46-2.20)
0.71 (0.17-2.24)
1.23 (0.48-3.08)
1.25 (0.58-2.67)
1.20 (0.08-1.50)

0.27 (0.58)/0.14 (0.46)
1.1 (0.7)/1.8 (1.1)

OR‡
(95% CI)

P

86.9 (7.4)/83.5 (7.5)
13/24
3/5
1.5/1
3/0.3

1.9 (1.3-2.8)
0.50 (0.22-0.99)
0.52 (0.06-2.30)
1.50 (0.16-14.90)
9.29 (0.47-549.90)

.01
.05
.54
.71
.06

.54
.96
.53
.63
.54
.18

13/9
13/11
3/6
4/7
11/10
0.64 (0.94)/0.49 (0.88)

1.54 (0.64-3.64)
1.22 (0.51-2.82)
0.51 (0.06-2.25)
0.65 (0.12-2.28)
1.03 (0.39-2.61)
1.18 (1.10-1.55)

.31
.63
.34
.47
.94
.22

1.60 (1.06-2.42)
0.43 (0.32-0.57)

.03
.01

0.24 (0.49)/0.14 (0.45)
0.86 (0.75)/1.8 (1.1)

1.49 (0.92-2.42)
0.34 (0.24-0.48)

.11
.01

0.86 (0.74-1.00)

.06

0.97 (1.3)/1.5 (1.5)

0.77 (0.64-0.93)

.01

0.94 (0.89)/0.98 (0.93)

0.95 (0.74-1.21)

.68

0.98 (0.93)/1.1 (0.91)

1.10 (0.83-1.45)

.47

0.68 (0.69)/0.73 (0.80)

1.07 (0.84-1.73)

.78

0.75 (0.84)/0.73 (0.80)

1.08 (0.63-1.87)

.76

0.91 (0.90)/0.82 (0.93)

1.10 (0.87-1.20)

.43

1.3 (1.1)/0.8 (0.93)

1.60 (1.22-2.06)

.01

1.2 (1.4)/1.5 (1.5)

Residents With/Without
Other LRTIs†

*LRTI indicates lower respiratory tract infection; RTI, respiratory tract infection; OR, odds ratio; and CI, confidence interval.
†For continuous variables, data are given as mean (SD).
‡Odds ratio refers to 1 year of exposure for all continuous variables except age, for which OR is a 10-year interval.

Table 3. Risk Factors for Development of First Episodes
of LRTI Among Residents of Nursing Homes
by Multivariable Analysis*

Variable

Adjusted OR
(95% CI)†

P

Pneumonia
Age
Swallowing difficulty
Influenza vaccination
Male sex
Inability to take oral medication

1.7 (1.1-2.6)
2.0 (1.2-3.3)
0.4 (0.3-0.5)
1.9 (1.1-3.5)
8.3 (1.4-50.3)

.01
.01
.01
.03
.02

1.6 (1.0-2.5)
2.6 (1.8-3.8)
0.3 (0.2-0.4)

.05
.01
.01

Other LRTI
Age
Immobility
Influenza vaccination

*LRTI indicates lower respiratory tract infection; OR, odds ratio; and
CI, confidence interval.
†Odds ratio refers to 1 year of exposure for all continuous variables except
age, for which OR is a 10-year interval.

nia (OR, 0.3 [95% CI, 0.1-0.4]; P = .01), but the difference was not significant for residents with other LRTIs
(OR, 0.4 [95% CI, 0.1-1.2]; P = .40).
COMMENT

We assessed risk factors for pneumonia and other LRTIs
in a large cohort of nursing home residents observed up
to 3 years. We also studied the effect of these infections
on functional status and rates of transfer to hospital. The

observed respiratory tract infection rate of 1.2 per 1000
resident-days was within the range of previous reports
(0.6-2.6 per 1000 resident-days).1-8 Hospitalization and
mortality rates in this study were also similar to those
previously reported.6,9-14
Swallowing difficulty and an inability to take oral
medications were independent risk factors for the development of pneumonia. These likely represented surrogate markers for aspiration in our study. Depression of
swallowing reflexes in patients with aspiration pneumonia has been previously demonstrated,27 and in a study
assessing pulmonary aspiration in a long-term care setting, 56% of aspiration events progressed to pneumonia.28 In our study, the development of pneumonia but
not of other LRTIs was associated with surrogate markers of aspiration, possibly because aspiration is likely to
be the dominant mechanism for pneumonia in the elderly, whereas other respiratory tract infections are more
likely to be caused by viruses and to be unrelated to aspiration. Our findings are in keeping with the results of
a study of community-acquired pneumonia in the elderly, where aspiration was determined to be an independent risk factor for pneumonia.29 Difficulty with swallowing oropharyngeal secretions was also associated with
pneumonia in a small case-control study in a long-term
care facility.8 Therefore, strategies directed at preventing aspiration may be useful in preventing pneumonia
in elderly nursing home residents. Some measures that
deserve further study include altering the consistency of
the diet, the positioning of residents (especially during
feeding), and the frequency and timing of meals.
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Table 4. Pathogenic Microorganisms Identified in Nursing Home Residents With Pneumonia or Other LRTIs*
Identification Method, No. of Residents
Infectious Agent
Influenza virus type A‡
Influenza virus type B§
Parainfluenza virus§
Respiratory syncytial virus‡
Chlamydia pneumoniae
Mycoplasma pneumoniae
Legionella sainthelensi
Haemophilus influenzae
Staphylococcus aureus
Streptococcus pneumoniae
Escherichia coli
Klebsiella pneumoniae

Viral Isolation and/or
Antigen Detection

Seroconversion†

Sputum
Culture

Blood
Culture

Total No.
of Residents

5
2
35
1
...
...
...
...
...
...
...
...

6
8
7
2
3
1
1
...
...
...
...
...

...
...
...
...
...
...
...
3
3
1
0
1

...
...
...
...
...
...
...
0
0
0
2
0

10
8
40
2
3
1
1
3
3
1
2
1

*LRTI indicates lower respiratory tract infection; ellipses, test not done or not relevant.
†Defined as at least 4-fold change in antibody titers in acute and convalescent serum samples.
‡One resident had viral antigens detected using nasopharyngeal specimen and seroconversion.
§Two residents had viral antigens detected using nasopharyngeal specimens and seroconversion.

Although oropharyngeal colonization with gramnegative bacteria has been associated with increased debility and mortality in the elderly,25 it is uncertain whether
such colonization leads to the development of pneumonia.25,30 We did not find gram-negative oropharyngeal colonization to be a risk factor for pneumonia or other LRTIs.
Receipt of influenza vaccine was found to be a significant protective factor, associated with lower rates of
respiratory tract infection, although influenza immunization rates in the study facilities were suboptimal (less than
80%). Volunteer bias, with study participants being more
likely to have been vaccinated but less predisposed to infection, may have led to an overestimation of vaccine efficacy. Enrolled residents were, in fact, more likely to have
received the vaccine than nonparticipants, although no differences in chronic underlying illnesses or other potential risk factors were identified. Moreover, the effectiveness of influenza vaccination in our study was similar to
that determined in a recent meta-analysis with pooled estimates of vaccine efficacy of 53% to 56%.31 These results
confirm the importance of annual influenza vaccination
for residents of long-term care facilities.
Pneumococcal vaccination was found to be protective in univariate analysis for other LRTIs (OR, 0.8 [95%
CI, 0.6-0.9]; P = .01) and to be of borderline significance
for pneumonia (OR, 0.9 [95% CI, 0.7-1.0]; P = .06). However, pneumococcal vaccination did not remain significant in the logistic regression models. Despite the uncertain efficacy of pneumococcal vaccination in preventing
pneumonia, vaccination has been shown to be a costeffective intervention for the prevention of invasive pneumococcal disease in the elderly.32-35 The low average pneumococcal vaccination rate and the wide variability in the
proportion of residents vaccinated among the nursing
homes in our study (0%-66%) is a concern. These results
suggest that considerable improvement in use of pneumococcal vaccine needs to be made for residents of longterm care facilities.
Our findings did not indicate that pneumonia or
other LRTIs lead to sustained functional decline in nurs-

ing home residents. Functional decline occurred in infected and noninfected residents. However, neither pneumonia nor other LRTIs had a significant effect on
functional status when infected individuals were compared with control subjects. Furthermore, the rate of decline of functional status was greater before than after
pneumonia or other LRTIs, although the difference was
not statistically significant in the latter. Although an alternative explanation for this may be that there was a floor
effect in functional assessment in time, such that a more
rapid decline would be expected early and smaller
declines later, the fact that there were no differences
when infected residents were compared with noninfected
residents provides strong evidence that there is not a
sustained significant effect of pneumonia or LRTI on
functional status in this population.
There have been relatively few studies of nursing
home–acquired pneumonia that have included extensive investigations to determine the microbial cause in
sporadic infections (not associated with an outbreak). It
is difficult to obtain sputum or other respiratory tract
specimens for culture from nursing home residents, and
tests to detect viral or other atypical respiratory tract
pathogens are infrequently performed. Therefore, it is often impossible to identify the specific etiologic agent.13
A specific microbial cause could be identified in only a
few patients in this study; however, our results indicate
that viral respiratory tract infections are common and frequently lead to the development of pneumonia in elderly nursing home residents.36,37 Although nursing home
outbreaks of infection due to Legionella pneumophila
and C pneumoniae have been described,38-40 our findings
also confirm that infections due to Legionella species,
C pneumoniae, or M pneumoniae occur infrequently in
the institutionalized elderly.36,41-43
Strengths of our study include the prospective design, the large study population size, the long observation, and the intensive infection surveillance using standardized definitions of infection. Thus, we believe all
episodes of pneumonia and LRTIs among residents in the
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nursing homes were identified during the 3 years of study.
Residents of the long-term care facilities in our study were
demographically similar to those in most nursing homes
in Ontario, and we believe the results of this multiplecenter study are applicable to most other free-standing,
community-based nursing homes in North America. Our
findings, however, may not apply to Veterans Affairs facilities or other types of long-term care facilities such as
chronic care hospitals or rehabilitation centers.
Our study identifies several important modifiable
risk factors for the development of pneumonia and other
LRTIs in elderly nursing home residents. We found that
although these infections may be associated with impaired cognitive and/or functional status at onset of symptoms, they do not lead to long-term decline in functional
status. Lack of influenza vaccination constituted an important risk for pneumonia and other LRTIs, confirming
the importance of yearly immunization. Swallowing difficulty was also found to be a significant risk factor for pneumonia. Interventions aimed at reducing the risk for aspiration should be evaluated as a method for preventing
pneumonia in residents of long-term care facilities.
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