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A prospective infection surveillance study was carried
out among residents of seven nursing homes in and
around Berlin, Germany, from October 2008 to August
2009. A considerable number of infections were found
to occur in clusters. Active surveillance was carried
out using pre-established case definitions of infec-
tions in nursing homes (McGeer criteria). Case finding
was based on routine nursing files. Infection rates were
calculated per 1,000 resident days. Clusters were iden-
tified using a pre-established definition. In total 511 res-
idents were observed during 74,626 resident days (rd),
and 393 infections occurred in 243 participants, giving
an overall incidence of infection of 5.3 per 1,000 rd. The
most common infections were gastrointestinal infec-
tions (n=122; 1.6/1,000 rd), acute respiratory disease
(n=86; 1.2/1,000 rd) and urinary tract infections (n=71;
1.0/1,000 rd). Seven clusters involving 74 infections in
57 residents were observed: three of acute respiratory
disease, three of acute gastrointestinal disease and
one of conjunctivitis. Attack rates varied between 11%
and 61%. Clusters occurred frequently in the observed
nursing homes and could be detected by infection sur-
veillance based on routine documentation.

Background

Clusters of infectious diseases can have major impact on
healthcare facilities resulting in increased morbidity and
mortality [1]. Nursing homes pose unique challenges in
early cluster identification and control as elderly people
often present with atypical signs of disease. They are
also likely to develop a more severe course of disease,
often requiring hospitalisation [2-4]. Delivery of care can
be compromised by associated illness and absenteeism
among staff [5]. We focus here on clusters of acute respi-
ratory disease (ARD) and gastrointestinal disease (GID)
as these seem to predominate in this setting [1].

Up to 60% of residents can be affected during outbreaks
in nursing homes [6,7], many of whom develop compli-
cations or suffer functional decline [8]. Case fatality
rates as high as 30-55% have been observed in clusters
of ARD [7,9,10].
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A wide range of viruses have been identified as aetio-
logical agents of ARD in nursing homes [11], including
influenza viruses, respiratory syncytial virus, rhino-
virus and human metapneumovirus. The spectrum of
bacteria causing outbreaks of pneumonia in nursing
homes includes Bordatella pertussis, Streptococcus
pneumoniae and Legionella pneumophila. Multiple
routes of transmission have been identified in bacte-
rial outbreaks such as staff-to-resident transmission
and transmission via contaminated environment. Viral
outbreaks preceding outbreaks of bacterial pneumonia
have been described [12], leading to prolonged illness.

Another common problem among residents of long-
term care facilities is GID [13]. The aetiology of
diarrhoea and/or vomiting in the elderly may be non-
infectious, a fact that can complicate the detection
of communicable GID in nursing homes [13]. In infec-
tious GID, viruses frequently are the causative agents,
most notably norovirus, but also bacterial outbreaks
of gastrointestinal disease have been reported [14-16].
Clostridium difficile seems to play an increasing role
in diarrhoeal disease in nursing homes and outbreaks
have been reported [17]. Other infectious diseases
that have caused outbreaks in long-term care facilities
include conjunctivitis, scabies and skin infections [1].

Prospective surveillance for infections was carried out
among residents of seven nursing homes in and around
Berlin. As a considerable number of infections turned
out to occur in clusters, these clusters are described
here in more detail, and we estimate their impact on
total infection rates.

Methods

In each of seven nursing homes in Germany, a prospec-
tive infection surveillance study was carried out over
a period of six months between October 2008 and
August 2009. The nursing homes were situated in or
near Berlin. The project was introduced during lec-
tures for nursing home personnel responsible for hygi-
enic matters. Interested institutions were included if



they fulfilled the following criteria: institutions with a
majority of elderly (>75 years) permanent residents, for
whom constant supervision and nursing care are pro-
vided. Specialised facilities (e.g. facilities for mentally
handicapped residents or for patients needing assisted
ventilation) were excluded. The study included only
residents who were in a stable medical condition, did
not need constant specialised care (e.g. assisted ven-
tilation) and showed no signs of infection at the start
of the observation period. Residents newly admitted to
the nursing home during the observation period were
also asked to participate (open cohort study).

Data collection and case finding

At the beginning of the study, we collected for all par-
ticipants demographic data, diagnosis of chronic dis-
eases, score on the Braden scale (a multidimensional
scoring system assessing a person’s functional status
in order to estimate the risk of developing pressure
ulcers) and information on currently used medical
devices such as urinary catheters.

Infections were identified either by the attending phy-
sician or by abstracting data from nursing files using
previously described definitions for infection surveil-
lance in long-term care patients (McGeer criteria) [18].
Residents’ charts were reviewed for signs and symp-
toms of infection every second week by two exter-
nal doctors. Antibiotic treatment and microbiological
results that had been ordered by the attending physi-
cian were documented to further characterise infec-
tions. The study was observational only and no attempt
was made to influence the routine documentation of
physicians or nurses.

Cluster analysis

A cluster was defined as infections of the same type
according to the applied criteria for infection (McGeer
criteria) affecting at least 10% of the study population
within a time span of 21 days. As the case definitions

TABLE 1

of influenza-like illness, bronchitis and pneumonia are
similar these diagnoses were combined as ARD.

One cluster of respiratory infections was characterised
by a high attack rate and case fatality rate. In a ret-
rospective cohort study of that cluster, additional data
for all residents living in the affected nursing home
were collected using routine documentation.

Cases in this cluster were defined as all residents ful-
filling, between 15 December 2008 and 15 February
2009, the following case definition: two or more of
the following symptoms: body temperature higher
than 37.5 °C, acute cough, acute shortness of breath,
deteriorating mental or functional status. Absenteeism
among staff was estimated using sick-reports.

Ethical considerations

The regional committee for medical research ethics
consented to the study. The study did not entail any
direct contact with patients. Residents or their legal
guardians had to give informed consent in order to
participate.

Statistical analyses

All data were analysed using the statistical programmes
Epi Info version 3.5.1 and OpenEpi. Incidences of infec-
tion were calculated as the number of infections per
1,000 resident days (rd), (days that a resident is actu-
ally present in the home and not infected). The 95%
confidence interval (Cl) for infection rates was calcu-
lated using Mid-P exact test with Miettinen’s modifica-
tion as described elsewhere [19]. The odds ratio was
calculated as described by Martin et al. [20].

Results

Seven nursing homes participated in this prospective
cohort study, all situated in or near Berlin. In total 408
residents entered the study on day 1. Another 102 resi-
dents were enrolled at various points later during the

Characteristics of facilities and patient cohorts, infection incidence study, Germany, October 2008—-August 2009

Nursing home C D E F

Period of observation l?\;;yofg_ ,\2\?1?099_ “2?’;099— Fi?l Cz)z—

Number of beds 40 28 115 108 56 115 196 658
Number of wards 1 1 3 5 2 3 7 22
Residents day 1 38 28 105 104 54 113 130 572
Bed occupancy rate day 1 (%) 95 100 91 96 96 98 66 87
Participants day 1 38 28 68 61 36 47 130 408
Participation rate day 1 (%) 100 100 65 59 67 42 100 71
Total number of participants 44 36 72 63 36 49 211 511
Resident days® 6,951 4,691 10,853 10,483 6,541 8,151 26,956 74,626
Deaths during study 6 9 15 7 1 4 37 79
Termination of study due to other reasons 1 ¢} 1 1 o} 1 6 9

2 Days on which a resident is present in the nursing home and not infected.

2 www.eurosurveillance.org



study. Seventy-nine of the 506 participating residents
died during the study and nine moved away from their
nursing home. Data about the facilities are presented
in Table 1. In one nursing home (G) medical care was
provided by one physician based in the facility. In the
remaining nursing homes medical care was provided
by various community-based general practitioners.

From October 2008 to August 2009, 511 residents with
74,626 rd were observed. The mean age of residents
was 85 years (median 86 years, range 31-104 years),
and 410 (80%) were female. The median length of stay
of residents in their respective nursing home was 1.6
years. Some 134 residents (26%) had diabetes mellitus
and 62 (12%) of them were insulin-dependant. Thirty-
eight patients (7%) suffered from chronic obstructive
pulmonary disease. Twenty-eight (5%) had pressure
sores and 12 (2%) leg ulcers. Thirty-six (7%) had a
urinary catheter and 20 (4%) an enteral feeding tube.
Some 314 (61%) of the residents were to some degree
disoriented in time or space. In total 282 (55%) could
walk independently, 187 (37%) were dependant on a
wheelchair and 40 (8%) were bedridden.

Overall infection rate

A total of 393 infections occurred in 243 participants.
The overall incidence of infection was 5.3 per 1,000 rd
(95% Cl: 4.77-5.81). Nursing home-specific incidence
rates varied considerably (range: 3.0-13.4/1,000 rd).
The most common infections were gastrointestinal
(n=122; 1.6/1,000 rd; 95% Cl: 1.36-1.94), acute respira-
tory disease (n=86; 1.2/1,000 rd; 95% Cl: 0.93-1.42),
urinary tract (n=71; 1.0/1,000 rd; 95% Cl: 0.75-1.19),
viral and bacterial conjunctivitis (h=35; 0.5 /1,000 rd;
95% Cl: 0.32-0.65), common cold (n=27; 0.4/1,000 rd;
95% Cl: 0.24-0.52) and soft tissue infection (n=24;
0.3/1,000 rd; 95% Cl 0.21— 0.47).

Clusters of infection

Seven clusters could be identified in four of the seven
observed nursing homes (Table 2), three ARD clusters,
three GID clusters and one of infectious conjunctivitis.

TABLE 2

Clusters of other diseases such as skin infections or
urinary tract infections could not be identified.

Six clusters occurred in winter months, five of them
in January. Attack rates based on case finding using
McGeer criteria varied between 11% and 60% (Table
2). The contribution of infections occurring in clusters
to the overall infection incidence rate was 19%. Some
31 ARD infections (36%), 38 GID infections (31%) and
five conjunctivitis infections (14%) occurred in clus-
ters. We systematically recorded the microbiological
probes ordered by the attending physicians and to our
knowledge, only one cluster (G-GID) was investigated
further with microbiological methods. Thirteen GID
cases occurred in one ward in nursing home G between
2 and 5 May, and norovirus was identified in the stool
of three symptomatic residents.

One cluster of ARD (B-ARD) showed high attack and
case fatality rates. The population of the affected nurs-
ing home (B) consisted of 29 very old women (mean age
91 years). They were moderately impaired according to
the Braden scale (n=21 at low risk), with few underly-
ing diseases. Only one resident had a medical device
(urinary catheter). Fifteen nurses and three commu-
nity-based general practitioners provided medical care
to the residents. All resident rooms were single rooms
with shower and toilet.

The first case of respiratory infection among the resi-
dents of nursing home B occurred on 11 January 2009.
In total, 19 of 29 residents fulfilled the case defini-
tion, all within seven days after onset of disease in
the index case. The epidemiological curve shows a
sharp rise of new infections on two subsequent days.
Six of the affected residents died, all within 10 days
after presentation of first signs of illness. Seven
residents had to be hospitalised and another eight
received systemic antibiotic treatment as prescribed
by their general practitioner. The cluster stopped
within seven days without specific control measures.
To our knowledge no attempt was made to isolate an
aetiological agent.

Time span, type of infection and attack rates for clusters of infections, nursing homes, Germany, October 2008-August 2009

Disease First case(date)

Nursing home

Number of Number of

Last case (date) Attack rate

cases exposed

A Acute respiratory disease (A-ARD) 18 Jan 2009 26 Jan 2009 6 38 16%
A Gastrointestinal disease (A-GID) 21)an 2009 31)an 2009 9 38 24%
B Acute respiratory disease (B-ARD)? 15 Jan 2009 24 )an 2009 13 28 46%
B Gastrointestinal disease (B-GID)? 17 Jan 2009 8 Feb 2009 17 28 61%
B Conjunctivitis (B-Con) 9 Jan 2009 10 Jan 2009 5 28 18%
C Acute respiratory disease (C-ARD) 10 Jan 2009 26 Jan 2009 12 72 17%
G Gastrointestinal disease (G-GID) 2 May2009 3 May 2009 12 29 41%

2 Clusters which were further analysed
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Seventeen of the 29 residents had received seasonal
influenza immunisation in the autumn of 2008. There
was no significant difference in the number of cases
or case fatality rate between the vaccinated and the
unvaccinated group. No significant risk factor could be
identified for development of disease. A lower score on
the Braden scale (i.e. greater functional disability) and
incontinence were factors significantly associated with
fatal outcome (Tables).

Concomitantly with this respiratory cluster, a cluster
of gastrointestinal disease occurred in nursing home
B, which affected both staff and residents. Overall, 17
residents were sick and presented primarily with vom-
iting and diarrhoea. Five of the residents affected by
GID also suffered from ARD. In addition, seven of 15
staff members reported sick with ARD or GID during the
cluster. The first three cases of ARD among staff mem-
bers occurred before the first case among residents.
No fatal cases occurred among staff members.

Discussion

Although clusters of infections in nursing homes have
been widely described, the systematic recognition of
increased rates of certain diseases is hampered by
the lack of established infection surveillance systems.
Furthermore, systematic laboratory investigations of
infections or clusters of infection in the context of pro-
spective infection surveillance studies are rare in this
setting. When surveilling the population of seven nurs-
ing homes for the development of infections we iden-
tified seven clusters of infections including one with
high attack rate and mortality. The spectrum of clus-
ters included acute respiratory disease, gastrointes-
tinal disease and conjunctivitis. This is in accordance
with the patterns described in the published literature
[1,2,7,11,13,14].

Only one cluster of gastrointestinal disease was inves-
tigated microbiologically and norovirus was detected
in the stool of three symptomatic residents. In this
nursing home (G), medical care was provided by a

TABLE 3

Univariate analysis of risk factors for development of acute
respiratory disease and fatal outcome, nursing home B,
Germany, 11-19 January 2009 (n=19)

Disease OR (95% Cl) Fatal outcome OR

(95% ClI)

Age =90 years 2.1 (0.4-11.0) 3.0 (0.3-88.3)
Disorientated 2.0 (0.4-10.7) 5.3 (0.5-157)

Incontinence 1.4 (0.2, 12.6) 18.5 (1.6-633.6)
High level of care 0.7 (0.1, 3.9) 4.0 (0.4-117.7)
Not able to walk 2.3 (0.2, 65.6) 2.6 (0.2-32.5)
Low Braden Score 1.4 (0.2-12.6) 18.5 (1.6-633.6)
It?cl)‘lnuenza vaccina- 0.7 (0.1-3.7) 2.2 (0.3-22.8)

Cl: confidence interval; OR: odds ratio.

nursing home-based physician, for whom it may be
easier to recognise higher rates of infection among the
residents.

Due to the high number of affected residents as well as
the severity of the disease, one outbreak of ARD was
investigated in more detail. Although no aetiological
agent was identified, we assume that viral pulmonary
disease was the most probable cause of the cluster,
based on the rapid spread of disease, the high case
fatality rate and the fact that both residents and staff
members were affected. It can be assumed that the
very high age of the population (mean age 91 years)
has contributed to the high mortality rate. As resident-
to-resident contact was limited within the institution,
staff-to-resident transmission could have been an
important mode of transmission [21]. As exact infor-
mation concerning start and duration of illness among
staff members could not be obtained, we were not able
to fully investigate this question. The cluster was fur-
ther complicated by a concurrent cluster of gastroin-
testinal disease.

Study limitations

Since any intervention including systematic microbio-
logical analyses was beyond the scope of this study,
aetiological diagnosis could only be based upon diag-
nostic steps taken by the attending physicians. In
addition, the evaluation of infection control measures
during a cluster was beyond the scope of this study. As
documentation was not standardised and the vigilance
of nurses was not influenced in an active way infec-
tions with minor symptoms may have been underre-
ported, which may explain the relative low incidence of
common cold. During clusters staff awareness could be
higher, resulting in increased reporting and documen-
tation of symptoms. Thus the contribution of clustered
infections to overall infection rates could have been
overestimated. Furthermore, inter-facility comparison
of infection rates cannot be performed because docu-
mentation was not standardised and the periods of
observation (seasonality) were different.

Conclusions

Infection surveillance based on routine nursing files
can detect clusters of infections, enabling staff to
report them to infection control professionals quickly.
However, there is need to educate staff at the point of
care in order to fully take advantage of this possibil-
ity [22,23]. Training should aim at standardising symp-
tom documentation and at the correct evaluation of
the documentation by designated staff members. In
our experience the weekly surveillance of nursing files
takes a few hours and could be performed by a quality
assurance representative or a nurse in charge of hygi-
enic matters.

Clinical features of infections are often unspecific
and cannot usually be used to identify aetiology [2].
Therefore nursing homes need to have plans in place in
the event of a cluster including pre-established access
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to rapid laboratory testing for aetiological agents caus-
ing respiratory and gastrointestinal infections as well
as structures enabling them to quickly initiate appropri-
ate antimicrobial therapies and infection control meas-
ures [24]. ldentifying pathogens for gastrointestinal
disease is important as some pathogens may require
modification of hygienic standards such as improved
environmental cleaning in the case of C. difficile, the
change of antiseptic hand rub in the case of norovirus
or specific medical treatment [17]. Furthermore, know-
ing the aetiological agent will direct the search for the
source of an outbreak.

Control measures are most effective if initiated early
during the course of an cluster [5,25] and early symp-
tomatic treatment is crucial in the treatment of acute
respiratory tract infection and severe gastrointestinal
disease. Thus, active surveillance under real-time con-
ditions is most desirable. As clusters in nursing homes
can occur throughout the year, continuous vigilance is
needed, but it may be of additional benefit to intensify
surveillance during the winter months.
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