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A B S T R A C T

Nosocomial virus infections cause significant morbidity and mortality. Besides influenza viruses, the disease
burden of parainfluenza virus type 3 (PIV-3) is comparatively high among hospitalized patients and severe
disease courses can occur. PIV-3 showed the highest rates of nosocomial infections of a panel of respiratory
viruses. Therefore, a retrospective observational study was conducted among patients with either PIV-3 or
influenza viruses, which served as reference pathogen. The aim was to compare the seasonal dynamics and
clinical characteristics of nosocomial infections with these highly transmittable viruses. Nosocomial infection
occurred in 15.8% (n = 177) of all influenza cases, mainly in the first half of a season. About 24.3% (n = 104) of
the PIV-3 cases were nosocomial and occurred mainly in the second half of a season. Both nosocomial rates
of influenza and nosocomial rates of PIV-3 varied between the seasons. Community acquired and nosocomial
cases differed in underlying medical conditions and immunosuppression. Knowledge of the baseline rates of
nosocomial infections could contribute to the implementation of appropriate infection control measures.

© 2020 Elsevier Inc. All rights reserved.
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1. Introduction

Human parainfluenza virus type 3 (PIV-3) is a common pathogen
that may cause severe respiratory symptoms particularly in young
children, the elderly, and in immunosuppressed patients (Lee et al.,
2011; Maeng et al., 2012; Peck et al., 2007; Shah et al., 2016;
Ustun et al., 2012, ).It is the most frequently detected type of the 4
human parainfluenza viruses (Villaran et al., 2014; Zhao et al., 2017)
and is among the most common pathogens causing acute respiratory
infections (ARI) and influenza-like illness (Henrickson, 2003;
Reed et al., 1997; Russell and Ison, 2017, Jain et al., 2015a, Jain et al.,
2015b). Furthermore PIV-3 is also known to cause nosocomial infec-
tion (Chow and Mermel, 2017; Godoy et al., 2016; Lee et al., 2011,
Russell and Ison, 2017; Ustun et al., 2012). The disease burden and
the magnitude of nosocomial infection rates across consecutive respi-
ratory seasons, however, are poorly understood. A reason might be
the underestimation of the clinical impact in comparison to influenza
viruses. Influenza is a seasonal disease that is caused by influenza
virus A(H3N2), influenza virus A(H1N1)pdm09, and influenza B
viruses (Petrova and Russell, 2018). For both PIV-3 and influenza
virus, the severity of infections varies and the spectrum of symptoms
can range from asymptomatic to severe pneumonia (Henrick-
son, 2003; Pawe»czyk and Kowalski, 2017; Russell and Ison, 2017).
Besides community-acquired infections, nosocomial influenza is
increasingly deemed an important health risk and recognized as
causing significant morbidity and mortality. All influenza types are
known to cause nosocomial outbreaks and recent studies found noso-
comial rates of 4.3% to 35.5% in hospitals across Germany, Spain, Can-
ada, USA, and Australia (�Alvarez-Lerma et al., 2017; Hagel et al.,
2016; Heyd et al., 2017; H€onemann et al., 2019; Huzly et al., 2015;
Macesic et al., 2013; Ostovar et al., 2012; Taylor et al., 2014, ). Most
studies, however, focus on a single season, warranting further
research on long-term nosocomial infection rates.

The objective of this study was to determine the rate, epide-
miological data, clinical characteristics, and outcomes of both
nosocomial PIV-3 and influenza virus infections in patients at
UKL (Saxony, Germany) during 7 consecutive seasons. The aim
was to compare the characteristics of nosocomial and of commu-
nity-acquired infections between PIV-3 and influenza viruses and
in seasons with a different burden of infection. Influenza virus
was chosen as reference pathogen for the assessment the clinical
impact caused by PIV-3.
2. Methods

2.1. Specimen

A total of 33,854 respiratory samples, including nasal aspirates,
nasal and pharyngeal swabs, throat rinsing fluid, tracheal secretions,
and broncheo-alveolar lavage fluids of 18,722 patients were tested
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for respiratory virus infections. Testing was initiated at the discretion
of the treating physician.
2.2. Respiratory virus detection

Samples were tested on the commercially available Magpix multi-
plex platform for respiratory viruses (NxTAG RPP, Luminex corpora-
tion; Austin, TX) according to the manufacturer’s instructions. The
panel included influenza viruses (A(H1N1)pdm09, A(H3N2) and
influenza B), respiratory syncytial virus A and B, parainfluenza viruses
1 to 4, endemic coronaviruses (229E, NL63, OC43, and HKU1), meta-
pneumovirus, adenovirus, and bocavirus.
2.3. Study site

UKL is a tertiary care hospital with 1450 beds with 54,000 patients
on average per year. All in-patients with a positive test result for PIV-
3 or influenza virus (A(H1N1)pdm09, A(H3N2) and influenza B) for 7
consecutive seasons from October 2012 to September 2019 were
included in the study. A season was defined as starting on the Octo-
ber 1 of a year and ending September 30 of the next year.

Medical records were reviewed of patients with confirmed PIV-3
or influenza virus infection. If a patient was hospitalized several times
independently, each stay was included as a separate case. Patients’
medical histories were assessed for co-morbidities. Co-morbidities
that were looked for are any history of malignant neoplasia (further
divided into blood malignancy and solid cancer), chronic renal fail-
ure, chronic heart failure, asthma, chronic obstructive pulmonary dis-
ease, obesity, and immunosuppression. Patients with any of the
following were considered immunocompromised: receiving active
chemotherapy for cancer, severe chronic neutropenia, receiving ste-
roids, or other immunomodulatory medications over a prolonged
period, aplasia of the thymus gland, or reported HIV infection.
2.4. Definition of nosocomial infection

An infection was classified as nosocomial when respiratory symp-
toms were not present on admission and the beginning of ARI symp-
toms (fever >38 °C or self-reported, new onset of cough, new onset
of dyspnoea) occurred at least 72 hours after admission, or readmis-
sion with symptoms of ARI within 48 hours after discharge from UKL.
Table 1
Rates of nosocomial infection per season.

Pathogen Season

2012-2013 2013-2014 2014-2015 2015-2016

PIV-3 21/72 (29.2) 12/49 (24.5) 13/40 (32.5) 10/55 (18.2
Influenza B 4/45 (8.9) 0/1 1/17 (5.9) 3/56 (5.4)
A(H3N2) 3/49 (6.1) 0/9 13/74 (17.6) 1/7 (14.3)
A(H1N1)a 9/68 (13.2) 0/5 6/37 (16.2) 8/88 (9.1)
RSV 53/228 (23.2) 7/123 (5.7) 19/185 (10.3) 4/158 (2.5)
PIV-1 0/8 4/24 (16.7) 1/9 (11.1) 2/15 (13.3)
PIV-2 0/2 0/3 3/19 (15.8) 1/2 (50.0)
Coronavirusb 7/71 (9.9) 3/40 (7.5) 3/49 (6.1) 7/68 (10.3)
PIV-4 3/13 (23.1) 0/7 1/14 (7.1) 0/16
MPV 5/35 (14.3) 5/67 (7.5) 0/24 10/90 (11.1
Bocavirus 1/27 (3.7) 1/39 (2.6) 6/50 (12) 3/68 (4.4)
Adenovirus 1/59 (1.7) 2/81 (2.5) 4/62 (6.5) 5/97 (5.2)

PIV = parainfluenza virus; RSV = respiratory syncytial virus A and B; MPV =metapneumovirus
All rates are given in [n/N (%)] with n/N being the number of nosocomial cases/total cases of t

a A(H1N1) corresponds to A(H1N1)pdm09.
b Coronavirus includes the endemic coronaviruses 229E, NL63, OC43, and HKU1.
2.5. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp; Armonk, NY). Continuous values
were expressed as median (interquartile range) and categorical data
as frequencies (percentages). x2 test and Mann-Whitney U test were
performed as appropriate. A P level of <0.05 was considered signifi-
cant.

3. Results

3.1. Respiratory virus detection and rates of nosocomial infections

Absolute numbers of respiratory virus detections and the nosoco-
mial infection rate is presented in Table 1. PIV-3 showed the highest
rate for nosocomial infections of all analysed viral pathogens, fol-
lowed by the 3 influenza types B, A(H3N2), and A(H1N1)pdm09,
respectively. Therefore, a further analysis was focused on PIV-3 in
relation to influenza virus infections.

3.2. Seasonality of PIV-3 and influenza viruses

During the study period, 428 patients were tested positive for PIV-3
and 1117 for any influenza virus (344 for influenza A(H1N1)pdm09,
445 for influenza A(H3N2), and 333 for influenza B). Influenza virus
infections showed a strong seasonality with peak of infections occur-
ring in February or March (Fig. 1). The peak of influenza virus infection
for age group 0-4 was observed before the peak of the age group 50+
consistently during all seasons studied. PIV-3 infections did not show a
consistent seasonality and were detected throughout the study period
(Fig. 2). For season 2012-2013, 2013-2014, and 2017-2018 the maxi-
mum of cases occurred in April, whereas it was December for season
2016-2017. Seasons 2014-2015, 2015-2016, and 2018-2019 did not
show a marked case maximum.

3.3. Nosocomial PIV-3 and influenza virus infections

One hundred four nosocomial PIV-3 and 177 nosocomial influ-
enza virus infections were identified, translating into a rate of noso-
comial infection of 24.3% for PIV-3 and 15.8% for all influenza virus
types (11.6% for A(H1N1)pdm09, 19.7% for A(H3N2), and 22.8% for
influenza B). For PIV-3, there was no significant difference in the
number of infections per season or in the rates of nosocomial infec-
tion per season (Table 1). Four small-scale outbreaks were seen in
May 2013, September 2014, February 2015, and April 2018. There
Total

2016-2017 2017-2018 2018-2019

) 18/93 (19.4) 20/46 (43.5) 10/73 (13.7) 104/428 (24.3)
3/10 (30) 65/203 (32.0) 0/1 76/333 (22.8)
37/172 (21.5) 1/13 (7.7) 33/122 (27.0) 88/446 (19.7)
1/4 (25) 4/43 (9.3) 12/99 (12.1) 40/344 (11.6)
14/213 (6.6) 18/159 (11.3) 19/161 (11.8) 134/1227 (10.9)
0/11 4/30 (13.3) 0/4 11/101 (10.9)
0/14 0/2 2/13 (15.4) 6/55 (10.9)
16/109 (14.7) 8/69 (11.6) 10/92 (10.9) 54/498 (10.8)
2/13 (15.4) 1/12 (8.3) 2/10 (20) 9/85 (10.6)

) 1/42 (2.4) 11/78 (14.1) 2/36 (5.6) 34/372 (9.1)
5/54 /9.3) 2/61 (3.3) 5/62 (8.1) 23/361 (6.4)
4/71 (5.6) 6/65 (9.2) 2/43 (4.7) 24/478 (5.0)

.
hat virus in the respective season.



Fig. 1. Number of nosocomial and community-acquired influenza infections per month for the indicated seasons. Community-acquired infections are represented by the light grey
part of the bars and nosocomial infections in the dark grey part. Each bar represents 1 calendar month.
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was no clear temporal connection between the peaks of nosocomial
and community acquired infections. However, the rate and the total
number of nosocomial infections tended to be higher in the second
half of a predefined season (Table 2). Rates of nosocomial influenza
virus infections significantly differed, ranging between 0% and
22.2% per season (P = 0.001). Most cases of nosocomial infection
Fig. 2. Number of nosocomial and community-acquired PIV-3 infections per month for the in
of the bars and nosocomial infections in the dark grey part. Each bar represents 1 calendar m
occurred during peaks of total infections. In contrast to PIV-3, the
rate and the total number of nosocomial infections tended to be
higher in the first half of most seasons. Additionally, only for influ-
enza A(H3N2) a positive correlation between the amount of com-
munity-acquired and the amount of nosocomial infections could be
observed.
dicated seasons. Community-acquired infections are represented by the light grey part
onth. PIV-3 = parainfluenza virus type 3.



Table 2
Absolute number and rate of nosocomial infection in different periods of a season.

Season Parainfluenzavirus type 3 Influenza virus (all types)

First perioda Second period First period Second period

n/Nb (%) ratec [%] n/N (%) rate [%] n/N (%) rate [%] n/N (%) rate [%]

2012/13 6/21 (29) 16.7 15/21 (71) 41.7 12/16 (75) 15 4/16 (25) 5
2013/14 1/12 (8) 4.1 11/12 (92) 44.9 0/0 - 0/0 -
2014/15 5/13 (39) 25 9/13 (62) 40 12/20 (60) 18.8 8/20 (40) 12.5
2015/16 2/10 (20) 7.3 8/10 (80) 29.1 9/12 (75) 12.1 3/12 (25) 4
2016/17 5/18 (28) 10.8 13/18 (72) 28 20/41 (49) 21.6 21/41 (51) 22.7
2017/18 11/20 (55) 47.8 9/20 (45) 39.1 20/44 (45) 15.5 24/44 (55) 18.6
2018/19 6/10 (60) 16.7 4/10 (40) 11.1 26/44 (59) 23.6 18/44 (41) 16.3
Total 36/104 (35) 16.8 69/104 (66) 32.2 99/177 (56) 17.7 78/177 (44) 14
a The first fifty percent of all cases in a season were included into the first period of a season; the second fifty percent were included into the second period of a season.
b n/N = number of nosocomial cases in the respective period/total number of nosocomial cases of that virus in the respective season.
c Nosocomial infection rate for the respective period.
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3.4. Clinical features

Differences were noted for the symptoms of patients with com-
munity-acquired infections. Patients with influenza suffered more
frequently from fever while PIV-3 cases presented more often with
dyspnoea. Differences between nosocomial and community-acquired
infections were mainly identified in the frequency of underlying
health conditions (Tables 3A and 3B). Patients with nosocomial infec-
tions were older and had higher rates of malignancies, immunosup-
pression, in the influenza group also higher rates of chronic heart
failure, and chronic kidney disease. Reported neuraminidase inhibitor
treatment was higher in cases with nosocomial influenza virus infec-
tion. Between nosocomial PIV-3 and influenza virus infections, there
were no significant differences in severe outcome parameters, i.e.,
development of acute respiratory distress syndrome, admission the
ICU, or death. When compared to nosocomial influenza virus infec-
tions, nosocomial PIV-3 cases had a lower median age (P < 0.001), a
lower rate of chronic obstructive pulmonary disease (P = 0.042),
chronic heart failure (P= 0.001), and chronic kidney disease (P =
0.001), longer hospital stays (P < 0.001), a higher rate of
Table 3A
Comparison of nosocomial and community-acquired PIV-3.

Study population
Age [years] [median (IQR)]
Female gender [%(n/total)]

Comorbidities/risk factors
History of malignant neoplasia [%(n/total)]
Blood malignancy [%(n/total)]
Solid cancer [%(n/total)]
Immunosuppression [%(n/total)]
Chronic renal failure [%(n/total)]
Cardiac insufficiency [%(n/total)]
Asthma [%(n/total)]
COPD [%(n/total)]
Obesity (BMI >30 kg/m2) [%(n/total)]

Clinical presentation and features
Leucocytes on admission [exp 9/l] [median (IQR)]
Length of hospitalization [days] [median (IQR)]
Admission to ICU [%(n/total)]
Length of stay in ICU [days] [median (IQR)]
Acute respiratory distress syndrome [%(n/total)]
Ventilation [%(n/total)]

Invasive [%(n/total)]
Noninvasive [%(n/total)]

Viral co-infection [%(n/total)]
Death (<30 days after discharge) [%(n/total)]

COPD = chronic obstructive pulmonary disease; PIV-3 = parainfluenza virus type 3. Analyzed
median and interquartile range [median(IQR)]. (n/total) indicates the respective cases of the
P value <0.05 was considered significant (highlighted in bold).
haematological malignancies (P < 0.001), and a higher rate of immu-
nosuppression (P < 0.001).

4. Discussion

Both a high total number of PIV-3 infections - surpassing that of
influenza A(H1N1)pdm09 and influenza B - as well as a rate of PIV-3
nosocomial infection higher than that of influenza virus and other
respiratory viruses were observed. While the clinical presentations of
PIV-3 infections tend to be milder than those with influenza virus,
severe infections like pneumonia and bronchiolitis can occur
(Henrickson, 2003; Pawe»czyk and Kowalski, 2017; Russell and
Ison, 2017).

The study period included seasons with high (seasons 2012-2013,
2014-2015,2016-2017, 2017-2018, and 2018-2019) and low (season
2013-2014) prevalence of viral respiratory infections, according to
the data for Germany compiled by the national influenza surveil-
lance network (RKI, 2020). While for PIV-3 the total number of
cases as well as the rates of nosocomial infection was equally dis-
tributed throughout the entire study period, the analysis of
Hospital-acquired Community-acquired P value
n = 104 (24.3%) n = 324 (75.7%)

58 (29.25-64.75) 3 (1-61) <0.0005
41.3 (43/104) 42.6 (138/324) 0.823

75.0 (78/104) 19.8 (64/324) <0.0005
69.2 (72/104) 14.2 (46/324) <0.0005
14.4 (15/104) 7.4 (24/324) 0.031
73.1 (76/104) 20.1 (65/324) <0.0005
22.1 (23/104) 15.4 (50/324) 0.115
11.5 (12/104) 14.2 (46/324) 0.491
2.9 (3/104) 6.8 (22/324) 0.140
3.8 (4/104) 14.5 (47/324) 0.004
19.4 (13/67) 6.2 (14/227) 0.001

6.8 (4.2-9.3) 10.3 (6.9-14.3) <0.0005
36.5 (22-68.75) 7 (4-12.75) <0.0005
27.9 (29/104) 21.9 (71/324) 0.211
28 (5-70) 5 (3-12.5) 0.001
1.0 (1/104) 1.9 (6/324) 0.533
18.4 (19/103) 10.2 (33/324) 0.026
15.5 (16/103) 8.3 (27/324) 0.034
2.9 (3/103) 1.9 /6/324) 0.514
23.1 (24/104) 31.2 (101/324) 0.114
8.7 (9/104) 4.6 (15/324) 0.121

categories are displayed on the column to the left and either given as frequencies [%] or
total amount of available data. A comparison was done for the whole study period and a



Table 3B
Comparison of nosocomial and community-acquired influenza (all types).

Hospital-acquired Community-acquired P value
n = 177 (15.8%) n = 940 (84.2%)

Study population
Age [years] [median (IQR)] 65 (54-75) 50.5 (5-71) <0.0005
Female gender [%(n/total)] 48.6 (86/177) 41.4 (389/940) 0.075

Comobidities/risk factors
History of malignant neoplasia [%(n/total)] 48.0 (85/177) 16.6 (156/940) <0.0005
Blood malignancy [%(n/total)] 26.6 (47/177) 8.5 (80/940) <0.0005
Solid cancer [%(n/total)] 23.7 (42/177) 9.0 (85/940) <0.0005
Immunosuppression [%(n/total)] 39.0 (69/177) 14.0 (131/939) <0.0005
Chronic renal failure [%(n/total)] 42.4 (75/177) 26.2 (246/940) <0.0005
Cardiac insufficiency [%(n/total)] 28.2 (50/177) 20.1 (189/940) 0.015
Asthma [%(n/total)] 4.5 (8/177) 6.9 (65/940) 0.237
COPD [%(n/total)] 10.7 (19/177) 19.0 (179/940) 0.008
Obesity (BMI >30 kg/m2) [%(n/total)] 24.7 (20/81) 13.1 (59/449) 0.007

Clinical presentation and features
Leucocytes on admission [exp 9/l] [median (IQR)] 7.9 (5.4-11.3) 8.2 (5.6-12.3) 0.481
Length of hospitalization [days] [median (IQR)] 22 (11-36) 7 (4-13) <0.0005
Admission to ICU [%(n/total)] 35.0 (62/177) 32.6 (306/940) 0.520
Length of stay in ICU [days] [median (IQR)] 3 (2-11.5) 7 (3-22) 0.111
Acute respiratory distress syndrome [%(n/total)] 2.8 (5/177) 9.6 (90/940) 0.003
Ventilation [%(n/total)] 15.8 (28/177) 22.0 (207/940) 0.063
Invasive [%(n/total)] 14.1 (25/177) 17.4 (164/940) 0.279
Noninvasive [%(n/total)] 1.7 (3/177) 4.6 (43/940) 0.077

Use of neuraminidase inhibitors [%(n/total)] 14.7 (26/177) 7.7 (72/939) 0.002
Viral co-infection [%(n/total)] 14.1 (25/177) 18.4 (173/940) 0.171
Death (<30 days after discharge) [%(n/total)] 12.4 (22/177) 9.9 (93/940) 0.309

COPD = chronic obstructive pulmonary disease.
Analyzed categories are displayed on the column to the left and either given as frequencies [%] or median and interquartile range [median(IQR)]. (n/total) indicates the respective
cases of the total amount of available data. A comparison was done for the whole study period and a P value <0.05 was considered significant (highlighted in bold).
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influenza allowed the comparison of the rates of nosocomial infec-
tions in seasons with high and low influenza virus prevalence. The
findings are consistent with recent studies assessing nosocomial
transmission of influenza virus with reported rates from 4.3% to
35.5%. (�Alvarez-Lerma et al., 2017; Hagel et al., 2016; Heyd et al.,
2017, H€onemann et al., 2019; Huzly et al., 2015; Macesic et al.,
2013; Taylor et al., 2014, ).

Furthermore, the findings demonstrate that nosocomial infections
with both PIV-3 and influenza viruses occur more often in the context
of certain pre-existing medical conditions, such as malignancies,
immunosuppression, and obesity. For influenza, it was additionally
chronic renal insufficiency and heart failure, while this was not
observed in the PIV-3 group. The patient population in a hospital
thus profoundly impacts the type and the amount of nosocomial
infections that are detected. The higher rates of malignancies and
immunosuppression are consistent with previous studies highlight-
ing the susceptibility of immunocompromised patients for ARI
(Abbas et al., 2017; Chemaly et al., 2012, Chemaly et al., 2014;
Shah et al., 2012; Shah et al., 2016), while the higher rates of chronic
renal insufficiency and heart failure observed in the group of nosoco-
mial influenza might be due to higher age.

For PIV-3, there are several possible explanations for the differences
between nosocomial and community-acquired infections regarding
underlying malignancy and immunosuppression. While prolonged
hospital stay in the former groupmight lead to more nosocomial infec-
tions due to a higher probability of exposure to the pathogen, this find-
ing could be a result of a testing bias. Besides children, haematological
and oncological patients are susceptible to severe disease courses of
ARI and PIV-3 infection. A higher awareness of the severe outcomes
such as pneumonia and ARDS thus may have led tomore liberal testing
for viral infections, whereas mild respiratory symptoms were tolerated
in other hospitalized patients without further diagnostics. Thus, it is
possible that the disease burden of PIV-3 in hospital settings is
underestimated and that PIV-3 infection in hospitals is more com-
mon, but mainly in the form of an asymptomatic or mild infection.
This might also explain the detection of nosocomial infections later
in a season. In contrast, through increasing awareness of flu disease
and improved isolation workflows within an ongoing season noso-
comial influenza virus infections tend to decrease towards the end
of a season

The hospital stay was longer for patients with hospital acquired
infection, indicating an increased risk for nosocomial infection or a
protracted stay in hospital due to the infection (Beyersmann et al.,
2009; Manoukian et al., 2018, Wolkewitz et al., 2017). However, a
case control group would be needed to better assess the influence of
length of hospital stay on the probability of nosocomial infection.

There were several limitations in this study. The chosen time-
frame for nosocomial infection with onset of symptoms >72 hours
after admission might be too narrow for PIV-3. Although there is only
limited data, the median incubation period is estimated to be
2.6 days (Lessler et al., 2009). Approximately 97.1 % of the nosocomial
PIV-3 patients in this study had an onset of symptoms after 5.2 days,
more than 2 times the estimated incubation period. This suggests the
chosen timeframe to be a robust cut-off for the study of nosocomial
PIV-3 virus infections.

Additionally, the clinical outcomes might be biased towards a
higher severity in the community-acquired influenza group due to
UKL being a reference centre for ARDS. Ninety out of 95 cases of
ARDS in influenza are classified as community-acquired. Sixty-six
of them were referred from outside hospitals relying on UKL
expertise in treating these severely ill patients. Thus, the data set
might not be representative in the comparison of outcome param-
eters between the 2 patient groups. If these transferred patients
are excluded, there is no longer a difference in the occurrence of
ARDS (2.3% for nosocomial influenza vs. 2.9% for community-
acquired influenza).

5. Conclusion

In conclusion, nosocomial infections account for a substantial pro-
portion of infections with PIV-3 and influenza in a hospital setting
with immunocompromised or chronically ill patients. Intensified
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infection control management that addresses the culture of “working
while sick” among health care workers (Danzmann et al., 2013;
Huttunen and Syrj€anen, 2014; Szymczak et al., 2015, ) and increased
influenza vaccination rates might be able to lower the rates of noso-
comial infections (Ahmed et al., 2014; B�enet et al., 2012;
Huttunen and Syrj€anen, 2014). For PIV-3 however, neither a vaccina-
tion nor specific antiviral agents are available. Due to the various
sources of nosocomial infections—visitors, patients, and health care
workers—it is not possible to prevent all nosocomial infections.
Therefore, the assessment of baseline rates for nosocomial infections
facilitates the re-evaluation of hygiene measures should nosocomial
infections start to increase.
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