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SUMMARY

Pneumonia leads to considerable morbidity and mortality in nursing home residents with
dementia. We assessed pneumonia incidence based on data from three different studies: (1) real-
time national surveillance of healthcare-associated infections in nursing home residents in 2009–
2015; (2) a randomized controlled trial in 2012–2015 to assess effects of a practical guideline in
nursing home residents with dementia and pneumonia; and (3) a study in 2007–2010 to assess
quality of dying in newly admitted nursing home residents with dementia. In national
surveillance data, pneumonia incidence was calculated separately for psychogeriatric and somatic
beds, as a proxy for residents with and without dementia. Weekly pneumonia incidence was
significantly lower per 1000 psychogeriatric beds (3·9; 95% confidence interval (CI) 3·2–4·6)
compared with 1000 somatic beds (5·7; 95% CI 5·1–6·3). Annual incidence per 1000
psychogeriatric beds was similar in national surveillance (range 78·9–117·1) and the trial (range
71·0–94·3), and significantly higher in newly admitted dementia residents (range 267·3–363·2).
The incidence was highest during the first months after admission when compared with residents
with longer stay. In conclusion, follow-up of pneumonia in newly admitted dementia residents
may result in higher incidence, possibly due to higher risk in this population.
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INTRODUCTION

Healthcare-associated infections (HAI) are a signifi-
cant health problem in nursing homes. Older people

are at increased risk for HAI because of ageing of
the immune system, chronic diseases, polypharmacy,
malnutrition, and functional impairments (e.g. dimin-
ished cough reflex) [1]. HAI in nursing home residents
are associated with mortality, hospital admission, and
a reduction in overall physical condition [2]. In
Europe, respiratory tract infections, including pneu-
monia, were found to be the most common HAI in
long-term care facilities, although the reported
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prevalence differs substantially between countries [3].
Other common HAI in nursing homes are gastroenter-
itis, influenza-like illness, urinary tract infections, and
skin infections [4, 5].

Pneumonia is being recognized as a significant
health problem in nursing home residents in general,
including those with dementia. Pneumonia and car-
diovascular disease are commonly reported as a pri-
mary cause of death [6–10]. Pneumonia may
contribute substantially to discomfort in nursing
home residents with dementia [11], e.g. by causing
dyspnea and pain [12]. Moreover, pneumonia
increases risk of mortality in residents with dementia
compared with residents without dementia [13]. In
this perspective, the occurrence of pneumonia has
been posited as a reason to consider advanced demen-
tia as a terminal disease for which comfort or pallia-
tive care is an appropriate approach, i.e. preferred
over burdensome interventions for which the health
outcome is questionable given the life expectancy
[14]. In the Netherlands, there is a trend toward a
higher number of treatments to relief symptoms and
to lower discomfort among nursing home residents
with dementia [12, 15]. However, death from pneumo-
nia or a respiratory tract infection may still involve
more pain, shortness of breath and agitation [16],
and suffering [17] than death from other causes,
such as dehydration or cachexia or cardiovascular
disease.

Timely recognition of pneumonia can promote a
swift response with care focused on symptom relief.
In the Netherlands, the occurrence of HAI, including
pneumonia, in long-term care facilities has been inves-
tigated in several point prevalence studies. For
example, in 2010, an overall prevalence of HAI
(including gastrointestinal infections, urinary tract
infections, systemic infections, respiratory tract infec-
tions) in Dutch nursing homes of 2·8% was found in
a nation-wide study [18]. In addition, the yearly preva-
lence of HAI in nursing homes in a certain region in
the Netherlands ranged from 6·7–7·6% between
2007–2009 [19]. The most prevalent HAI was urinary
tract infection (overall prevalence 3·8%), followed by
pneumonia with an overall prevalence of 1·6% [19].
The point prevalence of pneumonia measured in
May and June 2010 in 10 Dutch nursing homes was
6·1% [18, 20]. The pathogens that are found to pre-
dominantly cause nursing home-acquired pneumonia
are Streptococcus pneumoniae, Staphylococcus aureus,
Pseudomonas aeruginosa, and Klebsiella pneumoniae
[21, 22].

Although several HAI prevalence studies have been
conducted in the Netherlands, these studies do not
inform on incidence of pneumonia among nursing
home residents in general, or among those with
dementia specifically. Other than prevalence, where
illness is measured at one point in time, the incidence
provides insight into the number of newly infected
cases and thereby the societal burden of a specific ill-
ness at population level. If measured on a continuous
basis, the incidence also provides figures about sea-
sonal trends and trends over time.

Incidence data were available from three studies
among nursing home residents in the Netherlands
[23–25]. The aims and designs of these studies differed.
However, the data collected allow for calculations and
comparison of pneumonia incidences. The objective of
the here described study was to assess the incidence of
pneumonia and to identify methodological factors
influencing incidence figures in nursing home resi-
dents, which can be taken into account in future stud-
ies and surveillance programs.

METHODS

Three different studies with data on pneumonia
among residents of nursing homes, including those
with dementia, were used to calculate the yearly inci-
dence of pneumonia in nursing home residents. Study
design characteristics are detailed in Table 1.

Studies

The first study concerned the Dutch national surveil-
lance of HAI in nursing homes from 2009 until 2015
(Dutch acronym: SNIV) [25]. The aim of this surveil-
lance was to provide systematic year-round data on
the incidence of various infections in Dutch nursing
homes for local interventions and national policy-
making and for the development of infection control
guidelines for the nursing home setting. The assess-
ment of the included infections was based on clinical
diagnoses conform medical practice in the nursing
home setting, as agreed upon by elderly care physi-
cians [4]. Infections were weekly collectively reported.
For pneumonia, the definition was based on previous
research on pneumonia in elderly [26, 27] (Table 1). In
addition to pneumonia, the following other outcome
measures were assessed: gastroenteritis, influenza-like
illness, urinary tract infections and mortality.

The second study was a randomized controlled
trial, called the PneuMonitor trial, which was
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Table 1. Study design characteristics of three Dutch national studies in nursing home residents

National surveillance [25] PneuMonitor trial [24] DEOLD study [23]

Time period January 2009 to December 2015 January 2012 to May 2015 January 2007 to July 2010 (survival
up to summer 2011)

Study objective To provide systematic year-round
surveillance data on the incidence
of various infections in Dutch
nursing homes

To assess the effects of the
introduction of a practice
guideline on discomfort and
symptoms following the diagnosis
of pneumonia

To describe quality of dying
(including symptom burden) and
satisfaction with care at the end of
life, and factors associated with
these outcomes

Nursing home
recruitment

Nationwide Nationwide Nationwide

Departments/
wards

Somatic (for people with physical
handicaps), rehabilitation, and
psychogeriatric (almost all
dementia) wards

Psychogeriatric wards Psychogeriatric wards

Resident
inclusion

Collectively – all residents resided
in participating nursing homes
during the study period, while
assuming a 100% coverage of
nursing home beds

Collectively – all residents with
dementia resided in participating
nursing homes during the study
period, while assuming a 100%
coverage of nursing home beds.
Additionally, we retrospectively
solicited for anymissed enrolment
(22·5%; 135/599 pneumonia
episodes included)

Individually – residents with
dementia who were newly
admitted to a psychogeriatric
ward of a participating nursing
home up to 2009 and for whom
the family was willing to complete
questionnaires as well

Case definition Based upon agreed criteria
(probable), pneumonia based on
clinical diagnosis by an elderly
physician included at least one of
the following symptoms occurring
as change compared with the
former situation, while other
likely diagnoses were excluded:
tachypnea, malaise, confusion,
shortness of breath, cough
(productive or unproductive),
fever >38 °C or fever in the last
48 h, chest pain (respiratory) in
combination with new focal
(unilateral) abnormalities on
auscultation of the lungs

Pneumonia: based on a clinical
diagnosis, i.e. the most probable
diagnosis, by an elderly care
physician (not predefined)

Pneumonia: based on a clinical
diagnosis, i.e. the most probable
diagnosis, by an elderly care
physician (not predefined)

Data collection Aggregated data
Weekly reporting to researchers
Prospective
Several infections

Individual-level data
Reporting directly after
pneumonia diagnosis
Prospective
Focus pneumonia

Individual-level data
Registration directly after
pneumonia diagnosis
Semi-annually reporting to
researchers
Prospective
Several intercurrent health
problems and semi-annually,
health-related items

Registration Weekly count of new cases of
several infections, including
(probable) pneumonia, which
were reported in a web-based
system

Reporting on a continuous basis of
each pneumonia episode, and
additional case data were
collected using a web-based
system

Reporting on a continuous basis
per resident of several intercurrent
health problems, including
pneumonia, using paper
questionnaires
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conducted from 2012 until 2015 [24]. The aim of this
study was to develop and assess the effects of a prac-
tical guideline for optimal symptom relief following
the diagnosis of pneumonia in nursing home residents
with dementia. Pneumonia was the only diagnosis
assessed and based on a clinical diagnosis by an eld-
erly care physician. It was directly reported at diagno-
sis. Data were collected at the patient level from the
starting date of the pneumonia.

The third study was the DEOLD (Dutch End of
Life in Dementia) study, which was conducted from
2007 until 2011 [23]. In this study, newly admitted
nursing home residents with dementia were followed
until death or conclusion of the study; pneumonia
was one of several health problems assessed to
describe the patient’s condition. Pneumonia was
assessed until July 2010 as a clinical diagnosis by an
elderly care physician, and it was recorded directly
upon diagnosis.

In national surveillance, data on influenza vaccin-
ation were collected using an annual questionnaire
covering the entire influenza season. On average,
95% of residents in the nursing homes participating
in national surveillance are vaccinated [4]. In the
DEOLD study, 53% (198/372) of residents definitely
received influenza vaccination before nursing home
admission or within 8 weeks after admission, but the
elderly care physician had no access to data about pre-
vious vaccination or did not complete the item in 29%
(108/372) of cases, while the physician reported there
was no vaccination for 18% (66/372). In subsequent
semi-annual assessments, there were few missing
values, and between 81% and 91% received the vaccin-
ation. In the PneuMonitor trial, no data were col-
lected concerning influenza vaccination. Regarding
antibiotic treatment, in the PneuMonitor trial, in
87·1% of cases, the patient received antibiotics [24].
In the DEOLD study, this was 82·9% (136/164). In
national surveillance, no data were collected on treat-
ment with antibiotics.

Incidence calculations

With national surveillance overlapping the time peri-
ods of the DEOLD study and the PneuMonitor
trial, the incidence of pneumonia as calculated based
on these three studies were compared. Based on each
study, a yearly pneumonia incidence was calculated
per 1000 psychogeriatric beds with a 95% confidence
interval (CI). The incidence was calculated by dividing
the total number of new pneumonia events by the

total number of beds or residents being monitored in
that year. For reason of accuracy, calculations were
performed with three decimal places. For the national
surveillance and the PneuMonitor trial, data about
pneumonia events were collected per nursing home
facility, for all residents in the participating nursing
homes during the study period. Not all nursing
homes participated the entire study period and the
same length of time. Therefore, incidence was calcu-
lated by taking into account the number of beds per
year with zero beds for the time period nursing
homes did not participate. The total number of beds
was based on the reported number of beds while
assuming 100% occupancy (a realistic assumption as
occupancy in the Netherlands is close to 100%). For
the DEOLD study, the total number of beds corre-
sponds to the actual number of participants and the
duration of time they participated in the study.

Correction factor for comparability of incidence figures

The PneuMonitor trial and the DEOLD study both
resulted in an incidence per psychogeriatric bed, as
nursing homes with psychogeriatric wards only (resi-
dence of mainly those with dementia) participated.
In national surveillance, however, nursing homes
with a mixture of psychogeriatric wards and somatic
wards participated as well. Therefore, incidence of
the national surveillance was not directly comparable
to the incidence per psychogeriatric beds, and a cor-
rection factor was needed. This correction factor was
calculated based on data from nursing homes that par-
ticipated in national surveillance from 2009 to 2015,
and separately reported for psychogeriatric beds and
somatic beds. The incidence of pneumonia in psycho-
geriatric beds was compared with the incidence in
nursing homes with only somatic beds per 1000 beds
per week over the 7-year study period. If the incidence
of pneumonia in psychogeriatric beds was statistically
significantly different with P < 0·05 from the incidence
in somatic beds over the 7-year study period, the ‘psy-
chogeriatric bed/somatic bed’ incidence ratio was
applied as a correction factor to other nursing
homes with a mixture of wards. For the mixed nursing
homes, the incidence was corrected for the average
proportion of psychogeriatric beds for the study per-
iod that a nursing home participated. If the propor-
tion of psychogeriatric beds was missing for the
complete time period, the nursing home was excluded
from this analysis.
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Sub-analyses for comparability inclusion of residents

The design of the DEOLD study provided the oppor-
tunity to compare incidence rates of newly admitted
residents with after having lived in the nursing home
for a longer period of time. The incidence of pneumo-
nia per 1000 beds per year was calculated for
3-monthly time slots (i.e. 3, 6, 9, and 12 months) fol-
lowing admission to a nursing home to find potential
explanations for differences in incidence between the
studies as a result of the documented differences in
design.

Statistical analyses

Statistical analyses were performed in SPSS version
22·0 (SPSS Inc, Chicago, Illinois, USA). Incidences
were compared using a 95% CI.

RESULTS

Studies

Table 2 describes the characteristics of the included
nursing homes in the three studies. The yearly number
of included beds was much higher in national surveil-
lance and the PneuMonitor trial than the number of
residents followed in the DEOLD study, i.e. 1800
and ∼2700 vs 131. This results in wide CIs around
the incidence based on the DEOLD study. On aver-
age, 61% of the beds in nursing homes participating

in the national surveillance study were assigned as psy-
chogeriatric beds, compared with 100% in the
PneuMonitor trial and DEOLD study.

Incidence calculations

Based on national surveillance data, the overall inci-
dence ranged from 149·4 per 1000 beds in 2011 to
237·5 per 1000 beds in 2014 (Supplement 1).
Pneumonia incidence in the national surveillance
data was significantly lower in the nursing home
with psychogeriatric beds compared with somatic
and rehabilitation beds, i.e. 3·9 (95% CI 3·2–4·6) com-
pared with 5·7 (95% CI 5·1–6·3), and thus the correc-
tion factor was calculated and amounted 0·7 (3·9/5·7).
When adjusting the national surveillance incidence
with this factor for the proportion of psychogeriatric
beds, the incidence of pneumonia per psychogeriatric
bed was lower and ranged from 78·9 in 2011 to
117·1 in 2010 (Supplement 1). In the PneuMonitor
trial, the incidence was similar and ranged from 71·0
in 2015 to 94·3 in 2013. Incidence was calculated
using a total number of 599 pneumonia cases among
which 135 (22·5%) were ‘missed’ cases enrolled retro-
spectively. In the DEOLD study, the incidence was
clearly higher and ranged from 267·3 in 2007 to
363·2 in 2008. Within each of the three studies, the
yearly incidences were comparable (Fig. 1). In 2009
and 2010, the incidence in national surveillance was

Table 2. Inclusion of nursing homes in three Dutch studies among residents with dementia

Nursing home
characteristic National surveillance [25] PneuMonitor trial [24] DEOLD study [23]

Number of nursing
homes

39 different nursing home
organizations covering 60
facilities

32 nursing homes organizations
covering 43 facilities

17 nursing home organizations
covering 28 facilities

Number of beds/
participants

On average 2745·1 beds per year
(2104·9–3352·4)

On average 1800 beds per year
(887–2707)

On average 131·4 participants per
year (48·6–203·7)

Percentage of
psychogeriatric
beds

Range 0–100% with an average
of 61% psychogeriatric beds per
nursing home*

100% 100%

Nursing home
inclusion

Nursing homes with >50
residents participated on a
voluntary basis and were
recruited among all Dutch
nursing homes (nursing homes
with rehabilitation only were
excluded)

Nursing homes with one or more
psychogeriatric wards were
recruited both on individual
basis and via academic networks
of nursing homes. Recruitment
aimed at nursing homes
participating in the study being
well spread over the 12 provinces
of the Netherlands

Nursing homes were recruited
purposefully nationwide, aiming
primarily at variability in
outcome, and second, at
representativeness for the nation.
For example, nursing homes were
recruited stratified by province

* Unpublished data [25], the other nursing home characteristics are described in Haenen et al. [4]
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significantly lower than in the DEOLD study, with the
studies showing the same pattern with higher inci-
dence in 2010 than in 2009. The incidence in national
surveillance was similar to that in the PneuMonitor
trial, except for 2014.

Sub-analyses for comparability of residents across the
three studies

Table 3 shows a significantly higher incidence for
newly admitted residents within the first 3 months of
their admission, compared with residents who had
resided in the nursing home for a longer time.

DISCUSSION

Estimation of pneumonia incidence over the period
2007–2015 in Dutch nursing home residents with
dementia, as assessed based on three different studies,
showed that pneumonia occurred frequently in nurs-
ing home populations, especially among recently
admitted residents. The within-study incidence was
remarkably stable and consistent over years.
Pneumonia incidence based on Dutch national sur-
veillance data, after correction for the proportion of
psychogeriatric beds, and based on the PneuMonitor
trial were similar, i.e. about 100 pneumonia events

per 1000 beds per year. Remarkably, pneumonia inci-
dence was lower among residents of psychogeriatric
wards compared with somatic and rehabilitation
wards. The incidence calculated based on data from
the DEOLD study was significantly higher compared
with the other two studies, whereas the percentage of
pneumonia cases receiving antibiotic treatment was in
the same order of magnitude, with 83% in DEOLD vs
87% in PneuMonitor, respectively.

The PneuMonitor trial previously reported an inci-
dence of 85 episodes of pneumonia per 1000 residents
per year [24]. In the pre-intervention phase of the
PneuMonitor trial, an overall incidence of 93 pneu-
monia events per 1000 psychogeriatric beds per year
was found [12]. This was comparable with an overall
incidence of 95 pneumonia events per 1000 beds per
year in a study in 1996–1998 to assess morbidity in
nursing home patients with dementia and pneumonia
treated with and without antibiotics. This study
employed a design that was similar to PneuMonitor
trial in many respects, except for the intervention,
and also included ‘missed’ cases of pneumonia retro-
spectively [11, 12]. The annual incidence per 1000 psy-
chogeriatric beds in the PneuMonitor trail (ranging
from 71 to 94) and the national surveillance (ranging
from 79 to 117) are in line with the previously reported
incidence, indicating that in a nursing home of 100

Fig. 1. Pneumonia incidence with 95% confidence interval in three nursing home studies in 2007–2015.

Pneumonia in nursing home residents 2405



residents with dementia about 10 cases of pneumonia
are to be expected per year. The incidence based on
the DEOLD study was much higher (range 267–
363), which would implicate over 25 cases of pneumo-
nia per year in a nursing home of 100 residents with
dementia.

The higher incidence in the DEOLD study com-
pared with national surveillance may be explained in
part by the fact that in the DEOLD study, only
newly admitted residents were included. This could
implicate increased susceptibility to infectious respira-
tory tract infections in this group of newly admitted
patients due to, e.g. going through a stressful life
event, which may affect the immune system. Such
effects were found previously after stressful life events,
such as change of health status and living apart from
spouse [28].

A second biological explanation is that newly
admitted residents might be at higher risk due to
increased susceptibility to the pathogens specifically
present in the new environment they are settling
into. A comparable pattern has been observed in
child day care centers, where children aged 0–2 years
were at higher risk for acquiring influenza-like illness
than children aged 2–4 years, and starting child day
care in the past 6 months influenced the risk of diar-
rheal illness [29]. Another possibility is that the
recently admitted residents are more closely followed
by staff and family. In national surveillance, all resi-
dents were monitored irrespective of the time period
they were admitted. However, our observation that
pneumonia incidence was highest in the first 3 months
after admission suggests that newly admitted residents
might be at higher risk for acquiring pneumonia than
those who have resided in the nursing home for a
longer period. It is noteworthy that the CIs in the
DEOLD study were wider due to a lower numbers
of patients monitored.

We did not expect to find lower pneumonia inci-
dence in residents of psychogeriatric wards, compared
with somatic wards, given that pneumonia-associated
mortality is generally considered to be higher in

dementia patients compared with other older people
where cardiovascular disease and neoplasms are
more common causes of death [7, 13]. Moreover,
aspiration pneumonia is more likely to occur in
dementia patients due to dysphagia, which is a sequela
more frequently seen in this group of patients [13]. A
previous Dutch nursing home study reported similar
pneumonia prevalence in psychogeriatric, somatic,
and rehabilitation wards, respectively 21·3%, 19·0%,
and 23·2% [19]. It is possible that, because
pneumonia-associated mortality is higher in patients
with dementia than in patients without [13], similar
prevalence implies a higher incidence in dementia
due to censored data as a result of this difference in
life expectancy [13]. On the other hand, it is possible
that the incidence of pneumonia is truly lower in
this patient group, especially when it is compared
with other infectious diseases. Patients with dementia
are more likely to stay in closed wards, decreasing
their chance of encountering airborne infectious
pathogens. Their reliance on care may increase their
risk of other infectious diseases, such as urinary tract
infections or gastroenteritis [30]. Although the differ-
ence observed in our comparison was based on data
from one nursing home organization only, it must
be noted that findings were based on data from a pro-
longed period of time, and supported in other studies
[31, 32].

The absence of confirmation by X-ray in nursing
homes in the Netherlands resulted in incidence of
probable instead of confirmed pneumonia in the
three studies, and therefore the ‘true’ incidence of
confirmed pneumonia might be lower. In addition,
due to the absence of microbiological testing, the etio-
logical agent remained unknown, which possibly com-
plicated distinguishing aspiration pneumonia from
pneumonia with an initial infectious cause. Relying
on the diagnosis of probable pneumonia without
confirmation may have resulted in differential under-
diagnoses in psychogeriatric compared with somatic
patients, due to differences in observing symptoms
between these two groups of patients. Future research

Table 3. Pneumonia incidence following admission of a nursing home resident with dementia in the DEOLD study

Months after admission Number of pneumonia events Number of beds/year Incidence/1000 beds/year 95% CI

0–3 36 86·3 417·1 300·8–578·2
3–6 20 75·2 265·8 171·5–412·0
6–9 21 66·1 317·8 207·2–487·4
9–12 10 60·2 166·0 89·3–308·5
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should compare incidence in patients with dementia to
incidence in patients with no dementia, adjusted for
frailty and other diseases which also confer an
increased mortality risk. This is relevant because
pneumonia with high case fatality is being conceptua-
lized as inherent to the terminal phase of dying from
dementia.

Our comparison suggests that the estimated pneu-
monia incidence is not affected by registration burden.
In PneuMonitor, one HAI was registered, whereas in
national surveillance, four HAIs were registered. In
the PneuMonitor trial, the workload was also lower
when not registering pneumonia in case of doubt,
which might introduce bias toward under-reporting.
On the other hand, in the PneuMonitor trial, pneumo-
nia cases had to be reported to the researcher at the
time of diagnosis, minimizing the introduction of
recall bias. The fact that the incidence was similar in
PneuMonitor and national surveillance suggests that
registration burden and recall bias were not major
issues and that weekly reporting may suffice, and
pneumonia incidence can be consistently assessed in
studies either focusing on multiple health items, or
only one. In all three studies, the case definition
followed routines in medical practice, in order to
minimize the registration burden. For national
surveillance, specific consensus criteria were developed
in collaboration with elderly care physicians [4]. These
findings would implicate generalizability to healthcare
systems in other countries, given that definitions are
often based on clinical symptoms. If the underlying
mechanism for higher incidence among newly admit-
ted residents is a biological one, this mechanism
would be comparable in other countries as well. For
international comparison, harmonization of defini-
tions would be a prerequisite given the differences in
healthcare systems. This was successfully done in
point prevalence measurements in international stud-
ies performed in Europe in 2010 and 2013 [3, 20].

For the surveillance study, we could compare pneu-
monia incidence to incidence of influenza-like illness,
but there was no clear pattern of possible association,
with lower influenza incidence in years 2010 and 2011
than in years 2009 and 2012. This may be due to the
fact that we assessed incidence per calendar year,
and influenza commonly peaks in winter involving
two calendar years. The seasonal pattern of pneumo-
nia incidence in nursing homes in a previous study has
been reported to be similar to influenza with a peak in
the winter months involving two calendar years [33].
The collection of data regarding health problems in

the DEOLD study ended in July 2010 and the
PneuMonitor trial concluded in April 2015.
Therefore, comparison of incidences in 2010 and
2015 is hampered because of the different time periods
of data collection and seasonal interference. For some
years, comparison is possible, and the DEOLD study
and national surveillance showed a similar annual pat-
tern, i.e. the incidence in 2009 was lower than in 2010.

In conclusion, incidence measured among only
newly admitted residents may result in higher figures
but also higher uncertainties due to a lower numbers
of cases monitored. Therefore, in the context of gener-
ating national incidence figures, a system following all
residents in a nursing home collectively may be the
most efficient way to monitor the pneumonia inci-
dence. Lower pneumonia incidence among residents
of psychogeriatric wards (almost all dementia)
compared with somatic (for people with physical han-
dicaps) needs further study. Nevertheless, our data
suggest that residents with dementia, especially when
newly admitted, could benefit from infection control
measures and/or close monitoring of staff to avoid
development of pneumonia or timely diagnose it.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be
found at https://doi.org/10.1017/S0950268817001339.
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