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Background: In Switzerland each year, influenza leads to between 112,000 and 275,000
medical consultations. Data on nosocomial influenza infection are limited.
Aim: To describe nosocomial cases of seasonal influenza in south-western Switzerland.
Methods: This study was conducted during two seasonal influenza epidemics from 2016 to
2018 in 27 acute care public hospitals in south-western Switzerland. During these two
time-periods, every patient hospitalized for >72 h who was positively screened by reverse
transcriptionepolymerase chain reaction or antigen detection for influenza was included
in the survey. Characteristics of patients included age, sex, and comorbidities. Included
patients were followed up until discharge or death. Complications and administration of
antineuraminidases and/or antibiotics were registered.
Findings: The median influenza vaccine coverage of healthcare workers was 40%. In all,
836 patients were included (98% with type A influenza virus in 2016e2017; 77% with type B
virus in 2017e2018). Most patients (81%) had an unknown vaccine status. Overall, the
incidence of nosocomial influenza was 0.5 per 100 admissions (0.35 per 1000 patient-days).
The most frequent comorbidities were diabetes (20%), chronic respiratory diseases (19%),
and malnutrition (17%). Fever (77%) and cough (66%) were the most frequent symptoms.
Seventy-one percent of patients received antineuraminidases, 28% received antibiotics.
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Table I

Influenza virus infections during seasons 20

Infections

Influenza virus infections in hospitalized
Community onset
Nosocomial onset

Community-onset influenza cases/100 ad
Community-onset influenza cases/1000 p
Nosocomial-onset influenza cases/100 ad
Nosocomial-onset influenza cases/1000 p
Microbiologically diagnosed nosocomial in

by polymerase chain reaction
by antigen detection
Infectious complications such as pneumonia were reported in 9%. Overall, the all-cause
mortality was 6%.
Conclusion: The occurrence of nosocomial influenza underlines the importance of vacci-
nating patients and healthcare workers, rapidly recognizing community- or hospital-
acquired cases, and applying adequate additional measures to prevent dissemination,
including the timely administration of antineuraminidases to avoid antibiotic use (and
misuse).
ª 2021 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

Worldwide, influenza virus infections are frequent during
the winter season. According to the World Health Organization
(WHO), they are estimated to cause yearly three to five million
cases of severe illness, and about 290,000 to 650,000 deaths
[1,2]. In Switzerland, each year, influenza leads to between
112,000 and 275,000 medical consultations [3]. Uncomplicated
influenza virus infection is characterized by the abrupt onset of
constitutional and respiratory signs and general symptoms [4].
Most patients recover spontaneously, but influenza virus
infection may contribute to a large number of complications,
hospitalizations, and deaths. These serious forms mostly affect
people with underlying conditions, young children, and adults
aged >65 years suffering from chronic diseases or being
immunocompromised [5]. The most common complications are
pneumonia, exacerbation of chronic obstructive pulmonary
disease, and asthma decompensation [6e8]. In addition, as
revealed by Sellers et al. in a recent review, viral myocarditis
and viral encephalitis also occur frequently in the context of
influenza virus infection [8]. Mortality due to influenza virus
infection varies significantly between seasons, depending on
the virulence of the virus and the protection provided by vac-
cination [9e11]. Indeed, the risk of complications in case of
influenza virus infection can be reduced by vaccine [12]. In
Switzerland, vaccination is recommended for the elderly,
people suffering from chronic diseases, pregnant women,
premature children aged >6 months, and those in professional
or family contact with them [13]. Influenza virus is transmitted
from person to person by droplets [4]. Transmission may occur
from one day before the onset of symptoms; its intensity varies
according to settings, hospitals’ wards being typically at high
risk of contagion [14]. Hospital-acquired respiratory viral
infections, including influenza virus, are undoubtedly
16e2017 and 2017e2018: o

patients (community and no

missions
atient-days
missions
atient-days
fluenza virus infections
underestimated, but the nosocomial acquisition of influenza in
patients exposed to other patients or to healthcare workers
suffering from influenza has been shown [15]. To date and to
our knowledge, limited data are available about nosocomial
influenza infection in Switzerland. Therefore, the aim of this
survey was to better understand the burden of nosocomial
influenza in south-western Switzerland.
Methods

Patient population and survey design

A prospective multicentre study was conducted during the
2016e2017 and 2017e2018 influenza seasons (from November
1st to April 30th) in 30 public hospitals and private clinics
including rehabilitation centres of south-western Switzerland:
15 were acute care centres, 10 were rehabilitation centres,
five had both functions.

During these two time-periods, according to the policy in
place, any hospitalized patients with fever or respiratory
symptoms that were not present at admission had to be tested
for influenza by reverse transcriptionepolymerase chain
reaction (RTePCR) or antigen detection. Those with a positive
result and who had been hospitalized for >72 h were consid-
ered nosocomial cases and prospectively included in the
survey.

Characteristics of patients were collected through chart
review by trained infection control nurses. They included age,
sex, ward of stay at the time of diagnosis and number of beds
per room, comorbidities, clinical status, complications, vacci-
nation history, antiviral and antibiotic treatments, intensive
care stay, and mechanical ventilation.

Comorbidities were defined according to the WHO Epi-
demiological Surveillance Standards for Influenza [16].
nset, incidence, virological tests

2016e2017 2017e2018

socomial onsets) 2223 (13%) 2840 (13%)
1719 (77.3%) 2508 (88.3%)
504 (22.7%) 332 (11.7%)
1.21 1.65
1.34 2.02
0.69 0.42
0.47 0.27

424 (84.1%) 288 (86.7%)
80 (15.9%) 44 (13.3%)



Table II

Hospital conditions for nosocomial cases at the time of diagnosis, seasons 2016e2017 and 2017e2018

Setting 2016e2017 (N ¼ 504) 2017e2018 (N ¼ 332) P-value

Care unit
Medicine 152 (30.2%) 116 (34.9%) 0.17
Rehabilitation 137 (27.2%) 62 (18.7%) 0.004
Geriatrics 99 (19.6%) 62 (18.7%) 0.78
Surgery 56 (11.1%) 39 (11.8%) 0.82
Intensive care unit 3 (0.6%) 5 (1.5%) 0.27
Psychiatry 21 (4.2%) 10 (3%) 0.45
Paediatric 6 (1.2%) 8 (2.4%) 0.26
Obstetrics/gynaecology 2 (0.4%) 3 (0.9%) 0.39
Othera 28 (5.5%) 27 (8.1%) 0.15

Type of room
Single bed 56 (11.1%) 58 (17.5%) 0.79
Double bed 316 (62.7%) 183 (55.1%) 0.65
>2 beds 132 (26.2%) 91 (27.4%) 0.80

a Specialized units (cardiology, dermatology, pneumology, urology, neurology, etc.).
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Complications were defined as infectious respiratory compli-
cations coded by using the European Centre for Disease Pre-
vention and Control healthcare-associated infections
(pneumonia, upper respiratory tract infection (URTI), lower
respiratory tract infection (LRTI)) [17]. Included patients were
followed up until the end of hospitalization (discharge or
death).

Statistical analysis

Numbers and proportions of the collected variables were
calculated for both epidemic seasons separately. Fisher’s exact
test or Wilcoxon rank test were used as appropriate to analyse
differences in variables between both seasons. Differences in
Table III

Influenza virus type and characteristics of patients with nosocomial in

Variable 2016e2017

Virus type (N ¼ 504)
Influenza A 497 (98.6%)
Influenza B 7 (1.4%)

Characteristics of patients (N ¼ 343)
Male gender 200 (39.7%)
Mean (SD) age (years) 79 (16)

Vaccination status
Vaccinated 16 (4.7%)
Not vaccinated 40 (11.7%)
Unknown vaccination status 287 (83.7%)

Comorbidities 251 (73.2%)
Diabetes 78 (22.7%)
Pulmonary pathology 55 (16%)
Malnutrition 48 (14%)
Immunosuppression 37 (10.8%)
Neurological disease 26 (7.6%)
Dialysis 4 (1.2%)
Pregnancy 3 (0.9%)

Clinical symptoms
Fever 269 (78.4%)
T�>38.5�C 136 (39.7%)
Cough 225 (66%)
vaccination coverage of healthcare workers were analysed
with KruskaleWallis test. Analyses were performed using
GraphPad Prism (GraphPad Software, La Jolla, CA, USA). All P-
values were two-tailed. P < 0.05 was considered statistically
significant.

Results

Microbiological test, onset of influenza infections,
and incidence

During the 2016e2017 and 2017e2018 winters (Table I),
5063 influenza infections (community and nosocomial onsets)
were microbiologically diagnosed among hospitalized patients
fluenza, seasons 2016e2017 and 2017e2018

2017e2018 P-value

(N ¼ 332)
75 (22.6%) 0.0001
257 (77.4%) 0.0001
(N ¼ 229)
132 (39.8%) 1.00
74 (18) <0.0001

11 (4.8%) 1.00
40 (17.5%) 0.06
178 (77.7%) 0.06
219 (95.6%) 0.0001
40 (17.5%) 0.14
50 (21.8%) 0.09
45 (19.7%) 0.08
51 (22.3%) 0.0002
24 (10.5%) 0.23
7 (3.1%) 0.12
2 (0.9%) 1.00

174 (76%) 0.54
97 (42.4%) 0.54
153 (66.8%) 0.78
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Figure 1. Vaccination coverage of healthcare workers in hospitals
(black bars) and rehabilitation centres (grey bars), seasons
2016e2017 and 2017e2018: median values.

Table IV

Complications and treatments of patients with nosocomial influenza, seasons 2016e2017 and 2017e2018

Complications/treatments 2016e2017 (N ¼ 343) 2017e2018 (N ¼ 229) P-value

Complications 25 (7.3%) 44 (19.2%) 0.0001
Pneumonia 20 (5.8%) 28 (12.2%) 0.008
URTI 3 (0.9%) 5 (2.2%) 0.27
LRTI 2 (0.6%) 11 (4.8%) 0.001
Intensive care 25 (7.3%) 12 (5.2%) 0.38
Death during hospitalization 21 (6.1%) 14 (6.1%) 1.00

Antiviral treatment
Oseltamivir 230 (67.1%) 171 (74.7%) 0.06
Zanamivir 1 (0.3%) 0 1.00

Antibiotic treatment 86 (25.1%) 70 (30.6%) 0.0004
Penicillins 62 (18.1%) 48 (20.9%) 0.39
Cephalosporins 19 (5.5%) 28 (12.2%) 0.005
Quinolones 16 (4.7%) 16 (7%) 0.26
Carbapenems 9 (2.6%) 9 (3.9%) 0.46
Others 1 (0.3%) 4 (1.7%) 0.08
Mean (SD) duration of antibiotic treatment (days) 7.9 (3.2) 9.4 (7.2) 0.67

URTI, upper respiratory tract infections; LRTI, lower respiratory tract infections [16].
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in the participating hospitals, by RTePCR or, in a single hospital
during the two seasons, by antigen detection. Of these, 836
(16.7%) had nosocomial onset of their infection. The proportion
of nosocomial influenza among hospitalized patients with
influenza virus infection was higher in the 2016e2017 season
than in the 2017e2018 season (22.7% vs 11.7%, P< 0.0001). The
incidence rates of influenza infections with community or
hospital onset were respectively 1.21 per 100 admissions in
2016e2017 and 1.65 per 100 admissions in 2017e2018, and 0.69
per 100 admissions in 2016e2017 and 0.42 per 100 admissions in
2017e2018.

Hospital conditions

The distribution of nosocomial influenza among hospitalized
patients with influenza did not vary significantly between the
two seasons in acute care wards (Table II) except for the
rehabilitation wards, where the percentage of nosocomial
influenza was higher in 2016e2017 than in 2017e2018 (27.2% vs
18.7%; P ¼ 0.004). Overall, 722/836 patients (86.4%) were
staying in rooms with more than one bed at onset of nosocomial
influenza and 229 of these (31.7%) were staying in rooms with
more than two beds.

Clinical characteristics of patients

The 2016e2017 influenza epidemic was due mainly to an
influenza A virus (98.6% virus A in our survey), whereas an
influenza B virus predominated in the 2017e2018 season
(77.4%). Demographic data of the 836 nosocomial cases are
shown in Table III. Males represented <40% in both seasons.
The mean age was significantly higher in 2016e2017 than in
2017e2018: 79 years vs 74 years (P < 0.0001). Vaccination
status and clinical characteristics were available for 572 of the
836 patients who suffered from nosocomial influenza. The
vaccination status against influenza was unknown or not men-
tioned in clinical charts for the majority of patients. The vac-
cination status was documented for only 56 patients in
2016e2017 (28.6%) and for 51 in 2017e2018 (21.6%).
Altogether, 27 patients (<5%) had a documented vaccination. A
higher proportion of patients had at least one underlying dis-
ease or were immunocompromised in 2017e2018 than in
2016e2017 (95.6% vs 73.2%, P¼ 0.0001; and 22.3% vs 10.8%, P¼
0.0002, respectively). Overall, diabetes was the most common
underlying disease (118/572, 20.6%). Fever (temperature
�38�C) was present in 269 out of 343 patients (78.4%) in
2016e2017 and in 174 out of 229 (76%) in 2017e2018.
Complications and treatments of patients

Overall, the proportion of nosocomial influenza cases pre-
senting at least one complication was significantly higher in
2017e2018 than in 2016e2017 (19.2% vs 7.3%, respectively, P¼
0.0001) see Table IV. Similarly, pneumonia was diagnosed more
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often in 2017e2018 than in 2016e2017 (12.2% vs 5.8%,
respectively, P ¼ 0.008), but the proportion of patients
admitted to intensive care unit (ICU) because of nosocomial
influenza during their hospital stay did not differ significantly
between the two seasons: 7.3% in 2016e2017 and 5.2% in
2017e2018 (P ¼ 0.38). In-hospital mortality of patients with
nosocomial influenza was identical for both seasons (6.1%). The
majority of patients were treated with antineuraminidases in
both seasons. These drugs tended nevertheless to be adminis-
tered more often in the second season (67.3% vs 74.7%,
respectively, P ¼ 0.06). Similarly, antibiotics were prescribed
more often in the second season: 86 out of 343 patients
received them in 2016e2017 vs 70 out of 229 in 2017e2018 (P¼
0.004). The most used antibiotics were penicillins for 18.1% and
20.9% of the patients in 2016e2017 and 2017e2018, respec-
tively (55.5% piperacillin/tazobactam, 40.5% amoxicillin/clav-
ulanate, 4% amoxicillin, data not shown). Only the number of
cephalosporin antibiotic treatments was statistically sig-
nificantly different between the two seasons (P ¼ 0.005).
Overall, antibiotics were administered for a mean duration of
<10 days for both years (P ¼ 0.67).
Vaccination coverage of healthcare workers in
hospitals and rehabilitation centres

The median influenza vaccination coverage of healthcare
workers in the participating institutions was 37% (95% con-
fidence interval: 21e43) in 2016e2017 and 36% (25e46) in
2017e2018 in acute care hospitals (Figure 1). Corresponding
values were 42% (27e70) and 61% (38e69) in rehabilitation
centres, respectively. The increase in vaccination coverage
between the two seasons was statistically significant in reha-
bilitation centres (P ¼ 0.01).
Discussion

This multicentre prospective study conducted in acute care
hospitals and rehabilitation centres of south-western Switzer-
land identified a nosocomial incidence of influenza virus
infections of 0.69 per 100 admissions in 2016e2017 and 0.42 per
100 admissions in 2017e2018. Even though these incidences are
lower than those reported for geriatric units by our colleagues
from France, their burden remains important, corresponding to
one case for 200 patients hospitalized during the influenza
season [18,19]. Regis et al. found an incidence of nosocomial
influenza varying from 0 to 1.4 per 100 admissions during a five-
year period in a geriatric ward [19]. Influenza viruses circu-
lating during the winter may vary from one seasonal epidemic
to the next. Our survey found that influenza A viruses pre-
dominated in the 2016e2017 season and influenza B viruses
predominated in the 2017e2018 season. These observations
are consistent with the data provided by Switzerland and other
western countries, where an influenza A/H3N2 virus was
prominent in 2016e2017, whereas an influenza B Yamagata
virus caused most of the infection in 2017e2018 with a smaller
proportion of influenza A/H1N1 [20,21]. The distribution of
nosocomial influenza among various medical wards was similar
between the two seasons studied, with the exception of
rehabilitation units where more patients were infected in
2016e2017 than in 2017e2018. This observation is consistent
with the outbreaks of nosocomial influenza that have been
reported in various wards such as oncology, intensive care, and
geriatrics [22e24].

Most patients in our study acquired nosocomial influenza
while staying in rooms with more than one bed. Although no
data were available about the proportion of single-bed rooms
in the participating hospitals, the observations collected could
be explained at least in part by the results of Munier-Marion
et al. These colleagues have shown that the incidence of
nosocomial influenza was significantly higher in patients stay-
ing in two-bed rooms than in patients in single-bed rooms (2.0
vs 0.7 per 100 patient-days, P ¼ 0.028) [25].

More than 70% of the patients included in our study pre-
sented at least one comorbidity that would have required
vaccination against influenza according to the Swiss guidelines,
but, worryingly, only 28% of those with a known vaccination
status had received it [13]. Although the vaccination rate
seems better in high-risk patients in the USA (45.4%), it appears
insufficient in that country as well [26]. Thus, following these
observations and the published data showing that the use of
seasonal influenza vaccine decreases the incidence of hospi-
talizations and deaths due to influenza and pneumonia, major
efforts are still needed in order to improve vaccination cov-
erage, especially in Switzerland. One comorbidity was present
in most patients [27,28]. As in other published reports, dia-
betes, respiratory diseases, malnutrition, and immunosup-
pression were the most frequently identified underlying
medical conditions in patients included in our study [28e31].

Overall, complications occurred in 10.3% of patients inclu-
ded in our study. Most of these complications were pneumonias
and some necessitated a transfer to ICUs. Studies revealed that
severe influenza infections may occur and might lead to a sig-
nificant number of complications and to a high mortality rate
[32e35]. A review was initiated by Joseph et al. to evaluate the
incidence, epidemiology, and clinical impact of bacterial and
viral co-infection and secondary infection associated with
influenza [34]. It revealed that severe influenza-associated
pneumonia is often due to bacteria and will require antibiotic
treatment. Furthermore, bacterial complications after influ-
enza virus infections have been widely investigated in past
studies, and pneumonia is a well-represented complication
[32,35]. In our study, complications were more frequent in
2017e2018 than in 2016e2017. Studies suggest that influenza
A/H3N2 infections are associated with higher rate of pneumo-
nia compared with influenza B infections [36,37]. Indeed, Foy
et al. found that rates of pneumonia double during influenza A
epidemics as compared to influenza B epidemics. Surprisingly,
we found more complications linked to the influenza B virus
outbreak of 2017e2018 than to the influenza A outbreak of
2016e2017. This finding might be due to the fact that patients
in 2017e2018 had more comorbidities than in 2016e2017, as
previously discussed, and thus could have been more fragile
and more prone to complications. One could also hypothesize
that patients at risk were vaccinated with a trivalent vaccine,
which did not include the B Yamagata strain that caused most
of the cases.

However, the number of patients requiring ICU was similar
between the two years even if complications were more fre-
quent in 2017e2018. We could speculate that as comorbidities
were more frequent in 2017e2018, healthcare workers paid
more attention to complications, perhaps limiting the need for
ICU. The attributable in-hospital mortality of nosocomial
influenza could not be determined, but 6.1% of patients who
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had acquired influenza during their hospital stay died. A pre-
vious study revealed a higher in-hospital mortality rate in case
of influenza virus nosocomial infection (9%) [38]. In-hospital
death rates in Swiss hospitals vary from approximately 0 to
20% and are directly linked to the cause of hospitalization [39].

Twenty-three percent of patients with nosocomial influenza
received antibiotics, apparently for respiratory complications,
whereas pneumonia had been diagnosed in <10% of them. A
national point prevalence study on healthcare-associated
infections and antibiotic use was performed in 96 Swiss hospi-
tals in MayeJune 2017 [40]. It found that 5.9% of hospitalized
patients suffered from a healthcare-associated infection.
Thirty-three percent of all the included patients hospitalized
on the day of the prevalence study were treated with at least
one antibiotic: 42% of them for a community acquired infection
and 18.5% of them for a nosocomial infection, which is lower
than the 33% of patients treated with at least one antibiotic in
our study. However, our surveillance took place during the
winter season, whereas the prevalence study was performed in
May and June. This period difference could explain the higher
consumption of antibiotics for nosocomial infections in our
surveillance, as more respiratory infections are diagnosed at
this time of the year.

Surprisingly, only two-thirds of patients suffering from
nosocomial influenza in our study were treated with anti-
neuraminidases despite recently published meta-analyses
demonstrating the benefit of early treatment in elderly
patients on the duration of symptoms, the incidence of com-
plications, and mortality [41e43]. Indeed, Dobson et al.
showed a reduction in lower respiratory tract complications
when oseltamivir is used (risk ratio: 0.56; P ¼ 0.0001) [41].

Moreover, our study revealed that the recommendation of
vaccinating persons at risk of complications for preventing the
transmission of influenza in the participating hospitals during
the flu season is probably not sufficient. Other important and
proven means to prevent the nosocomial transmission of
influenza consist in the yearly vaccination of healthcare
workers and the implementation of infection control measures
[44]. As in other European countries, the vaccination coverage
of healthcare workers against influenza was <50% for the two
influenza seasons considered, thus insufficient to reach herd
immunity despite campaigns trying to motivate healthcare
workers every fall for many years [45,46]. A way of increasing
the vaccination coverage in healthcare workers might be to
implement mandatory influenza vaccine as in the USA [47].
Influenza vaccination for healthcare workers should be even
more relevant nowadays in response to the COVID-19 pandemic
[48]. Indeed, influenza immunization is crucial in order to limit
the possibility of influenza virus infection and co-infection with
SARS-CoV-2.

This surveillance has several limitations. First, it included
only patients suffering from nosocomial influenza infection and
did not allow comparisons with patients hospitalized for
community-acquired influenza or other reasons. Second, the
source of infection (other patient, healthcare worker, visitor)
was not systematically looked for and frequently remained
unknown. Third, the information available in patients’ charts
was not homogeneous between hospitals since different com-
puterized patient records were in use in different hospitals.
Fourth, we do not know the proportion of more than one-bed
rooms in each institution that participated in the surveil-
lance. Finally, despite the policy in place, we cannot certify
that every patient with symptoms suggestive of influenza
occurring after admission was tested. We had insufficient
information on whom to diagnose. Despite these limitations,
this study allowed us to estimate the burden of nosocomial
influenza in hospitals of south-western Switzerland and to
identify prevention measures that were insufficiently
enforced. Since then, the participating centres have defined a
consensus policy for the management of influenza for inpa-
tients and the Swiss Federal Office of Public Health has
launched a pilot study for the implementation of a national
hospital-based surveillance system for influenza that includes
the detection of nosocomial infections. It will complement the
community-based surveillance already in place (Sentinel sur-
veillance system, named Sentinella) and provide more data-
dnotably, on severe influenza infections, and ways to better
prevent them.
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