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Abstract
Purpose  We studied the incidence, morbidity and mortality of all patients presenting in our teaching hospital with proven 
influenza virus and/or respiratory syncytial virus (RSV) infection during the influenza epidemic season 2018 which was 
characterized by a predominant incidence of influenza virus B type B of the Yamagata line.
Methods  In the fall of 2017, specific precaution measures in addition to standard measures were implemented, including 
standardized testing for influenza virus A,B and RSV by multiplex PCR of pharyngeal swabsData from all consecutive 
patients were analyzed retrospectively.
Results  Overall 651 patients were examined for the presence of influenza virus and RSV; 214 patients had influenza virus A 
(n = 36), B (n = 152), and/or RSV (n = 30), including four patients with dual infection. 86% of cases had influenza virus (80% 
B), and 14% RSV infection. N = 23 cases were treated as outpatients. The rate of acute viral respiratory infections (influenza 
virus and RSV) was 191 of 2776 (6.9%) admissions to medical wards. Of n = 191 hospitalized cases, n = 44 cases (20.6%) had 
nosocomial infection. Viral infections were associated with a high morbidity (pneumonia 28.5%, mortality 4.7%). Independ-
ent predictors of prolonged hospitalization were the presence of pneumonia, NIV and renal complications, and independent 
predictors of pneumonia were age ≥ 65 years, bedridden status and CRP ≥ 2.9 mg/dL.
Conclusions  The rate of nosocomial cases was high despite established precaution measures. RSV was associated with mor-
bidity and mortality comparable to influenza. Pneumonia remains the main complication of acute viral respiratory infections, 
and antimicrobial treatment should include both antiviral as well as antibacterial agents.
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Abbreviations
NIV	� Noninvasive mechanical ventilation
MV	� (Invasive) mechanical ventilation

Introduction

Data provided by the influenza surveillance of the Robert 
Koch-Institute (RKI) by the end of 2017 indicated the begin 
of an epidemic with influenza almost exclusively through 
influenza virus B type B of the Yamagata line [1]. Since the 
until January 2018 recommended trivalent vaccination did 
not include this line but the Victoria line instead, and in view 
of the low vaccination rates in Germany, a high number of 
influenza patients was expected to occur, both ambulatory 
and hospitalized. Therefore, in our hospital defined addi-
tional specific precaution measures were established includ-
ing regular testing for influenza virus A and B as well as RSV 
by pharyngeal swabs and PCR.

RSV infections in adults represent a considerable diagnos-
tic and therapeutic challenge [3–6]. Clinical characteristics 
are not distinctive to other viral infections [3, 7–9]. Excess 
hospitalisation and mortality rates comparable to nonpan-
demic influenza virus [5, 10–13] or even higher [14] have 
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been reported. The incidence, morbidity and mortality of 
RSV as compared to influenza viruses varies from season to 
season [14, 15].

In fact, Germany suffered a strong epidemic season 
throughout all regions through January–April of 2018, 
including n = 608 outbreaks and n = 1287 deaths reported 
to the RKI up to week 16 of 2018 [2]. Accordingly, our 
hospital experienced an unusually high number of patients 
presenting with symptoms of acute respiratory infection, and 
it faced a strong challenge to limit nosocomial transmissions.

This well-defined epidemic offered a unique opportunity 
to study the following issues: (1) relation of influenza virus 
and RSV infections; (2) rate of nosocomial cases; (3) mor-
bidity of viral respiratory infection, as reflected by rate of 
pneumonia, rate of need for ventilatory support, rate of com-
plications, length of hospitalization; (4) mortality of viral 
respiratory infection; (5) predictors of death; (6) predictors 
of prolonged hospitalization; (7) analysis of pneumonia 
cases.

Methods

Epidemiologic background

Data on an ongoing influenza season are provided online 
weekly by the “Arbeitsgemeinschaft Influenza (AGI) am 
Robert Koch-Insitut (RKI)” (https​://influ​enza.rki.de). 
These data are specified for each region in Germany. They 
are based on a nationwide network collecting data of viral 
respiratory tract infections from about 600 sentinel offices 
of pediatrics, general practitioners and specialists for inter-
nal medicine. The current activity of influenza is expressed 
in an index of activity called “Praxisindex”; the activity is 
reported as normal, mildly, moderately, strongly or very 
strongly elevated. In addition, data on viral isolations are 
collected to inform about the most prevalent circulating 
virus types.

The season 2017/2018 yielded a very strongly elevated 
influenza activity throughout Germany in particular dur-
ing the sixth and tenth week of 2018. The virus types cor-
responded to influenza virus A (29%; 26% H1N1 and 3% 
H3N2) and influenza virus B (71%; 99% Yamagata line, 1% 
Victoria line) [1].

Setting and patients

All consecutive patients diagnosed with a respiratory tract 
infection through influenza virus A, influenza virus B and/
or RSV during the influenza season (January–April 2018) 
at the “Augusta-Kranken-Anstalt Bochum” were retrospec-
tively recorded.

The “Augusta-Kranken-Anstalt Bochum” is a 500-bed 
teaching hospital located in Bochum, North-Rhine West-
falia, Germany (http://augus​ta-bochu​m.de). It provides 
several specialities of internal medicine including a depart-
ment of respiratory and infectious diseases, an emergency, 
an intermediate care and an intensive care unit.

In October 2017, specific precaution measures in addition 
to standard measures were implemented in the hospital with 
following key points: (1) definition of patients who receive 
testing for influenza virus A, B and RSV, i.e. all patients 
with symptoms and signs of respiratory infection; (2) testing 
by multiplex PCR of pharyngeal swabs; (3) isolation of (a) 
patients with clinical presentation typical for influenza and 
(b) with proven influenza infection for 5 days (if treated with 
oseltamivir), 7 days (if not treated) from the onset of symp-
toms; and at least 10 days in patients with severe immuno-
suppression; (4) offer of influenza vaccination free of charge 
for all staff members; (5) immediate notification of sickness 
and suspending from work of symptomatic staff members. 
In case of close contacts of patients with unexpected viral 
infections with asymptomatic patients or members of the 
staff, the latter received prophylactic oseltamivir 1 × 75 mg 
orally per day until results of PCR testing of patients were 
available.

Moreover, an anti-influenza treatment police was defined. 
Patients should receive immediate antiviral treatment with 
oseltamivir (2 × 75 mg orally) in case of (1) clinical pres-
entation typical for influenza until result of PCR testing, 
(2) proven influenza infection and (3) severe acute respira-
tory infection and/or pneumonia until result of PCR testing, 
all in case of an onset of symptoms of less than 3 days in 
immunocompetent and 7 days in immunosuppressed cases. 
Regular treatment duration was defined as 5 days, but could 
be extended in severely ill patients. No specific treatment 
was defined for RSV infection. Antibacterial treatment was 
left to the discretion of the attending physicians.

Diagnosis

An etiological diagnosis of respiratory tract infection with 
influenza virus A, B, and/or RSV was made by a multiplex 
PCR of a pharyngeal swabThe RIDAGENE Flu and RSV 
R-Biopharm, Darmstadt, Germany, tests were used. Accord-
ing to manufacturer´s informations, the analytic sensitivity 
was 50 copies/mL; the sensitivity and specificity were 96 
and 100% for influenza virus A, 91 and 100% for influenza 
virus B, and 100% each for RSV. Results were available 
within 24 h.

In patients with productive cough, a sputum sample was 
obtained. A sputum sample was judged as valid in the pres-
ence of neutrophils. In patients with pneumonia, diagnostic 
work-up included blood cultures and urinary antigen testing 
for S. pneumoniae and Legionella pneumophila.

https://influenza.rki.de
http://augusta-bochum.de
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Data collection

The following variables from patients with proven viral 
infection were recorded: age, sex, community- or noso-
comially acquired, type of viral infection (influenza virus 
A, B and/or RSV), treatment setting (ambulatory or hospi-
tal) comorbidities (classified as cardiac, pulmonary, renal, 
hepatic, peripheral artery disease, CNS, psychiatric, neo-
plastic and diabetes mellitus), functional status (bedrid-
den or not), severe immunosuppression (neutropenia, T- or 
B-cell deficiency, steroids and others), symptoms at diag-
nosis (fever, cough, expectoration, dyspnea, others), physi-
cal examination (respiratory rate, blood pressure, heart rate, 
confusion, others), laboratory parameters (hemoglobin, 
leucocyte and platelet count, GFR, creatinine, CRP, blood 
glucose), blood gas analyses (pH, pO2, pCO2, oxygen satu-
ration), presence of infiltrates on chest radiograph, microbio-
logical investigation (sputum cultures, blood cultures, urine 
antigen testing for pneumococci and Legionella), type of 
antimicrobial treatment, complications (cardiac, pulmonary, 
renal, CNS), ventilatory support [noninvasive ventilation 
(NIV) and/or invasive mechanical ventilation (MV)], out-
comes (length of hospitalization, Definitions.

Nosocomial acquisition of viral infection was assumed 
in patients with symptoms suggestive of acute respiratory 
tract infection at more than 48 h after hospitalisation. Pneu-
monia was diagnosed in case of the symptoms and signs 
of lower respiratory tract infection together with the pres-
ence of infiltrates on chest radiograph. Complications were 
defined as acute events associated with viral infection: (a) 
cardiac: heart failure, arrhythmia or myocardial infarction; 
(b) pulmonary: acute or acute on chronic respiratory failure 
(hypoxemia defined as pO2 ≤ 55 mmHg and/or hypercap-
nia ≥ 50 mmHg on room air); (c) renal: serum-creatinine and 
GFR above the reference values in patients without known 
renal disease or acute on chronic deterioration (any increase 
of serum-creatinine and GFR) in patients with known renal 
disease; (d) neurological: disorientation or vascular events. 
Prolonged hospitalization was defined as a length of hospi-
talization longer than the median value of all hospitalized 
patients. Death was defined as in-hospital death.

Statistics

Continuous variables were compared by Student’s t-test, cat-
egorical variables with the chi-square test (or the Fisher’s 
exact-test in case of small expected values). Multivariate 
analysis of categorical variables was performed using a 
stepwise forward logistic regression model. Significant vari-
ables in univariate analysis were included in the multivariate 
model.

Statistics were applied using SPSS Version 25. Level of 
significance was set at p < 0.05.

Results

Epidemiology

During January–April 2018, n = 651 cases were examined 
by PCR for influenza virus and RSV. Overall 214 patients 
had a PCR swab positive for influenza virus A (n = 36), 
B (n = 152), and/or RSV (n = 30), including four patients 
with dual infection (n = 1) influenza virus B/RSV infec-
tion; n = 2 influenza virus A and B; n = 1 influenza virus 
A/RSV infection. Of the influenza cases, 80% had influenza 
virus B and 20% influenza virus A. Thus, 86% of cases had 
influenza virus, and 14% RSV infection.

The distribution of influenza virus and RSV infection 
by weeks is given in Fig. 1a, b. Week 9 had the highest 
number of cases for both patients with influenza virus and 
RSV (n = 39, 18.2% of cases). The distribution of cases 
with influenza corresponded to the incidence in North-
rhine Westfalia provided by the RKI surveillance (https​://
influ​enza.rki.de/Diagr​ams.aspx?agiRe​gion=7).

Overall n = 23 cases were treated as outpatients; of 
the n = 191 hospitalized cases, n = 44 cases (20.6%) had 
onset of symptoms and a diagnosis established more than 
48 h after admission and were classified as nosocomial. 
Of influenza virus A, n = 8 (22.2%) were nosocomial, of 
influenza virus B n = 33 (21.7%), and of RSV n = 3 (10%).

The n = 44 cases included one outbreak of five cases.
The rate of acute viral respiratory infections (influenza 

virus and RSV) was 191 of 2776 (6.9%) admissions to 
medical wards during the period.

Patient characteristics

Mean age was 69.9 ± 15.4 years (range 19–98), n = 115 
were male (54%) and n = 99 (46%) female. Of the whole 
population, n = 23 were treated as outpatients (11%).

The patients presented with fever as defined by tem-
perature ≥ 38 grades Celsius (n = 88/175, 50%), cough 
(n = 181/203, 89%), expectoration (n = 71/202, 35%), and 
dyspnea (n = 112/204, 55%); an additional n = 43/201 
(21%) had gastrointestinal symptoms, mainly diarrhea. 
Two patients had exclusively gastrointestinal symptoms.

The most common comorbidity was cardiac (48%), fol-
lowed by renal disease (31%), pulmonary disease (27%; 
COPD: 20%) and diabetes mellitus (22%). Overall, n = 177 
patients (77.9%) had at least one comorbidity. Other 
comorbidities are listed in Table 1. Immunosuppression 
was present in n = 26 (12.1%) of patients.

Mean respiratory rate was 21,6 / min (13–52), blood 
pressure was 135 (range 54–210) systolic and 78 (34–115) 
diastolic mmHg, heart rate 93 bpm (48–145), temperature 

https://influenza.rki.de/Diagrams.aspx?agiRegion=7
https://influenza.rki.de/Diagrams.aspx?agiRegion=7
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37.9 (range 35.8–40.1) grades Celsius. N = 30 (14%) 
patients were bedridden; n = 27 (12.6%) patients had new 
onset of confusion.

Laboratory results and blood gas analyses at admission 
are summarized in Table 2. Leukopenia < 2000/µL was pre-
sent in n = 3 (1.4%), thrombopenia < 150,000/µL in n = 57 
patients (26.6%). Overall, n = 28(13.1%) patients had severe 
hypoxia with pO2 ≤ 55 mmHg, and n = 8 patients (3.7%) had 
hypercapnia with pCO2 ≥ 50 mmHg.

Microbial investigation

Patients had productive sputum and were able to provide a 
sputum sample in n = 36 cases (16.8%). Overall n = 16 path-
ogens in valid sputum samples could be isolated in 15 cases, 
including Staphylococcus aureus (n = 5; MSSA n = 4 and 
MRSA n = 1), Haemophilus influenzae (n = 3), Moraxella 
catarrhalis (n = 1), enterobacteriaceae (n = 5; Klebsiella oxy-
toca n = 2, E. coli n = 3), Pseudomonas aeruginosa (n = 2).

A positive pneumococcal antigen test was found in n = 4 
patients. Legionella antigen tests were negative throughout.

Fig. 1   a Distribution of patients 
with influenza virus A and B by 
weeks in 2018. b Distribution of 
patients with RSV infection by 
weeks in 2018

Table 1   Patient comorbidity

Comorbidity n (%)

Cardiac 104 (48.6)
Peripheral artery disease 30 (14)
Pulmonary 57 (26.2)
COPD 43 (20.1)
Renal 67 (31.3)
Hepatic 8 (3.7)
CNS 13 (6.1)
Psychiatric 50 (23.4)
Neoplasia 24 (11.2)
Diabetes mellitus 47 (22)
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Blood cultures yielded a pathogen in n = 7 patients, 
including Staphylococcus aureus (n = 3) and Klebsiella 
pneumoniae (n = 1); three further isolates were not related 
to respiratory infection (Escherichia coli (n = 2), Staphylo-
coccus epidermidis (n = 1)).

Complications

Pneumonia, as evidenced by infiltrates in chest radiographs 
was present in n = 61 cases (28.5%).

Fifty nine patients (31%) experienced acute or acute 
on chronic respiratory failure during hospitalization. Fur-
ther complications included cardiac (n = 55, 25.7%), renal 

(n = 55, 25.7%), and neurological complications (n = 20, 
9.3%).

N = 27 (12.6%) of patients were admitted at the IMC/ICU. 
Seven patients (3.3%) had to be transferred to the IMC/ICU 
during hospitalization.

Acute and/or acute on chronic respiratory hypercapnic 
failure required noninvasive ventilation in 25 cases (11.7%) 
and invasive mechanical ventilation in 8 cases (3.7%).

Antimicrobial treatment

A total of n = 45 (21%) patients had already received anti-
bacterial agents as outpatients.

The majority of patients received antiviral treatment with 
oseltamivir (n = 145, 67.8%). Antibacterial treatment was 
administered in nearly half of the patients (n = 106, 49.5%), 
including the following agents: penicillins (n = 77, 36%), 
cephalosporins (n = 11, 5.1%), macrolides (n = 25, 11,7%), 
quinolones (n = 15, 7%) and carbapenems (n = 8, 3.7%).

Outcomes

The median hospitalization time was 9 days (range 1–68) 
(Fig. 2). Overall, ten patients (4.7%) died.

Predictors of death

In univariate analysis, male sex, confusion, pneumonia, bed-
ridden status, NIV, MV and renal complications were associ-
ated with in-hospital lethal outcome (Table 3).

No association was found for nosocomial infection, 
type of respiratory viral infection (influenza virus A, B, 
RSV), age (69.8 ± 15.5 versus 71.5 ± 13.9 years, p = 0.74), 

Table 2   Laboratory and blood gas analyses

n Mean, SD Min Max

RR sys 173 135.4 ± 25.7 54 210
RR dia 173 78.2 ± 14.5 34 115
Heart rate/min 171 93.1 ± 19.8 48 145
O2Sat % 155 91.8 ± 7.2 47 100
Temperature C 175 37.9 ± 1.1 35.8 40.1
Respiratory rate (min) 127 21.6 ± 5.9 13 52
Leucocytes /µL 211 7670 ± 3990 1.1 35
Hb g/dl 212 12.8 ± 2.15 5.6 17.6
Platelets /µL 211 207,000 ± 79, 400 68 666
CRP mg/dL 211 5.2 ± 6.4 0.10 34.9
Creatinine mg/dL 211 1.4 ± 1.2 0.4 9.7
GFR mL/min 211 68.8 ± 35.3 6 199
Glucose mg/dL 188 135 ± 59 73 397
pO2 mmHg 65 57.7 ± 9.3 32 82
pCO2 mmHg 65 36.8 ± 9.8 22 70

Fig. 2   Distribution of hospitali-
zation time of n = 191 patients. 
N = 23 patients were treated as 
outpatients
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comorbidities, immunosuppression, bacteremia, laboratory 
parameters and other than renal complications.

Also, treatment with oseltamivir was not found to be pro-
tective (OR 0.43 95% CI 0.1–1.5, p = 0.29). However, only 
half of the patients who died had received oseltamivir.

Pneumonia and MV were the strongest predictors of death 
(Table 3).

Predictors of hospitalization time

Nosocomial diagnosis, pneumonia, bedridden status, sputum 
production, dyspnea, peripheral artery disease, NIV, cardiac, 
renal and CNS-complications all predicted prolonged hospi-
talization time (above the median of 9 days) (Table 4). How-
ever, type of respiratory viral infection, age, sex, comorbidi-
ties, immunosuppression, bacteremia, laboratory parameters, 
and MV were not predictive.

Again, oseltamivir was not protective (OR 1.1, 95% CI 
0.6–2.1, p = 0.81; 67 of 89 patients with prolonged hospi-
talization had received oseltamivir).

Pneumonia, NIV and renal complications were independ-
ent predictors of prolonged hospitalisation in multivariate 
analysis (Table 4).

Analysis of pneumonia cases

The distribution of type of viral infection in n = 61 
patients with pneumonia was as follows: influenza virus 
A n = 16/33, 44.4%; influenza virus B n = 34/152, 22.4%, 
and RSV infection n = 15/30, 50%.

A bacterial co-infection could be defined in n = 12 cases 
(19.6%): Streptococcus pneumoniae (n = 3), Staphylococ-
cus aureus (MSSA) (n = 4), MRSA (n = 1), Klebsiella 
pneumoniae (n = 1), Klebsiella oxytoca (n = 1), Pseu-
domonas aeruginosa (n = 2).

All patients with pneumonia were hospitalized; 16/61 
cases (26.2%) were nosocomial. Three patients were 
admitted at IMC/ICU, and 4 further patients were trans-
ferred to it during follow up. Ventilatory support was 
administered in 20 cases (14 NIV, 6 MV). Pneumonia 
accounted for 56% of NIV and 75% of MV. Renal compli-
cations were present in 37.7% of patients with pneumonia.

Only 41/61 (67%) patients had received oseltamivir, and 
5/9 (55.6%) patients with pneumonia who died had not 
received the drug. Conversely, six patients (9.8%) with 
pneumonia had not received antibacterial treatment.

Nine patients (14.8%) with pneumonia died, accounting 
for 90% of deaths overall.

Death rates according to type of virus infection were 
influenza virus A 2/16 (12.5%); influenza virus B 6/34 
(17.4%); RSV 2/15 (13.3%); and mixed infection 1/4 
(25%).

The following factors were found to be indepen-
dently associated with pneumonia in multivariate anayl-
sis: age ≥ 65 years, bedridden status, CRP ≥ 2.9 mg/dL 
(Table 5). Sex, at least one comorbidity and nosocomial 
infection were not predictive.

Table 3   Predictors of death

Univariate analysis

OR 95% CI P

Male sex 8.2 1.0–66.2 0.02
Confusion 5.2 1.4–9.9 0.03
Pneumonia 22.7 2.8–183.5 < 0.0001
Bedridden status 7.1 1.9–26.3 0.006
NIV 9.1 2.4–37.2 0.003
MV 66.3 12.3–357.4 < 0.0001
Renal complications 7.5 1.9–30.3 0.003

Table 4   Predictors of length of 
hospitalization

Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Nosocomial diagnosis 7.8 3.4–17.9 < 0.0001
Pneumonia 2.4 1.3–4.4 0.007 14.2 1.6–126.1 0.02
Bedridden status 2.6 1.1–5.9 0.02
Sputum production 0.5 0.3–0.9 0.04
Dyspnea 1.8 1.0–3.4 0.046
Peripheral artery disease 2.6 1.1–5.9 0.02
NIV 5.6 1.9–15.6 < 0.0001 6.2 1.3–30.3 0.03
Cardiac complications 2.8 1.4–5.3 0.002
Renal complications 1.9 1.1–3.8 0.035 8.6 1.5–48.9 0.02
CNS complications 7.6 2.2–26.9 < 0.0001
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Discussion

The main findings of the study are the following: (1) the rate 
of nosocomial cases was high (20.6%); (2) RSV infection 
was frequent (14% of viral infections); (3) viral infections 
were associated with a high morbidity, including a high rate 
of pneumonia (28.5%) and a considerable mortality (4.7%); 
(4) independent predictors of prolonged hospitalization were 
the presence of pneumonia, NIV and renal complications; 
independent predictors of pneumonia were age ≥ 65 years, 
bedridden status and CRP ≥ 2.9 mg/dL.

The rate of infections meeting the definition of nosoco-
mial cases was high. However, the threshold of 48 h might 
not be entirely feasible for influenza virus and perhaps even 
less RSV which may have incubation times of up to 5 days. 
When the threshold for nosocomial cases was put at more 
than 5 days, the rate of nosocomial infections still reached 
16% (31/193 cases). This rate was lower as compared to a 
recent German study reporting 30% nosocomial cases using 
a threshold of more than 4 days [16] but still resulted despite 
the elaborate definition and implementation of precaution 
measures. Although transmission may predominantly result 
from patient-to-patient, it could also reflect patients and visi-
tors entering the hospital during the incubation period or 
asymptomatic or clinically atypical infection. Attempts to 
increase the compliance with precaution measures although 
indispensable may therefore not be sufficient to reduce noso-
comial transmissions. Thus, it appears that in periods of 
influenza epidemics with exceptional infection rates, it may 
be considered to test all patients admitted to medical wards 
by PCR of pharyngeal swabs.

Another gap may be the notoriously low influenza vacci-
nation rate of the staff and the failure to move back home in 
the presence of first symptoms of acute respiratory infection. 
Only continuous education and motivation will be able to 
improve compliance rates with vaccination and to establish 
personal discipline.

In our study, RSV was detected continuously during the 
influenza season in parallel to influenza virus infection in 
an approximate 1:7 relation. Half of the patients with RSV 
infection had pneumonia, comparable to influenza virus A 
but double as high compared to influenza virus B; likewise, 
death rates of pneumonia patients with RSV infection were 
comparable to influenza virus A and B but highest in mixed 
infections. Thus, our data confirm a high incidence in terms 

of morbidity and mortality of RSV infection in adults, and 
underline RSV as an underestimated etiology of respiratory 
tract infection in adults, including those not severely immu-
nosuppressed [3, 5–7]. Treatment options are limited, and 
studies are needed to evaluate treatment regimen for adult 
patients with RSV infection.

Rates of nosocomial cases of RSV were half compared 
to influenza virus but still reached 10%. Nosocomial trans-
missions and outbreaks have been repeatedly described in 
hemato-oncologic units [17, 18]. However, they are not con-
fined to immunosuppressed patients, and molecular testing 
in symptomatic patients should include both influenza virus 
and RSV.

The morbidity of patients hospitalized with acute viral 
infections was high. In particular, the rate of cases with 
pneumonia (28.5%) was impressive. In line with many 
reports of influenza epidemics, pneumonia was a potentially 
life-threatening complication [19]. An additional bacterial 
pathogen could be identified in 19% of cases and identi-
fied Streptococcus pneumoniae and Staphylococcus aureus 
whereas Haemophilus influenzae was only found in patients 
without pneumonia. These patterns correspond to the first 
comprehensive description of pulmonary complications of 
influenza virus infection, in particular to patients with “com-
bined influenza virus and pneumonia” [20]. A recent meta-
analysis found coinfection to be present in a range from 2 to 
65%. Coinfection has been reported to occur in up to 16.6% 
of critically ill patients with influenza virus; in addition, the 
rate seemed to have increased to up to 23.4% over years [21, 
22]. Influenza viruses enhance susceptibility to co-infection 
with common strains of bacteria, and bacterial coinfection 
seems to impact immunity to the virus as well [23].

In fact, pneumonia accounted for most deaths (90%) 
among patients with viral infections. The risk of pneumonia 
was independently associated with age ≥ 65 years, bedridden 
status, and CRP ≥ 2.9 mg/dL. Pneumonia was a predictor of 
death and also of prolonged hospitalization.

Since most patients were treated at the intermediate or 
intensive care unit, treatment limitation does not appear to 
account for the mortality rate. Treatment may result inad-
equate by failing to treat influenza virus infection as well 
as by failing to recognize bacterial superinfection. In fact, 
only two-thirds of patients with pneumonia had received 
oseltamivir, and only 55% of those dying with pneumonia, 
on the other hand, nearly 10% had not received antibacterial 

Table 5   Predictors of the 
development of pneumonia

Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Age ≥ 65 2.8 1.3–6.2 0.009 2.6 1.1–6.2 0.03
Bedridden status 6.7 2.8–15.8 < 0.0001 5.2 2.1–12.7 < 0.0001
CRP 2.8 1.5–5.4 < 0.0001 3.2 1.6–6.4 0.01
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treatment. In future reviews and guidelines, it should be 
stressed that there is some evidence from the 2009 H1N1 
epidemic for severe lower mortality of influenza virus infec-
tion treated with oseltamivir [24, 25], and that a positive 
PCR for viral pathogens does not imply to do without anti-
bacterial treatment. Obviously, antibacterial regimen should 
be cautiously selected covering pneumococci and Staphylo-
coccus aureus as well as enterobacteria and Pseudomonas 
aeruginosa when appropriate.

A major complication of acute viral respiratory infection 
is acute and acute on chronic respiratory failure. Whereas 
pneumonia accounted for 75% of cases with MV adminis-
tered, 45% of those who received NIV did not have pneumo-
nia. Accordingly, MV was a predictor of mortality, and NIV 
of prolonged hospitalization. Renal complications appeared 
to have additional impact on length of hospitalization as a 
surrogate for morbidity.

Limitations of this study include its retrospective design 
with its inherent potential of bias. Our database did not allow 
to differentiate transmission and delayed diagnosis in noso-
comial cases, and we were neither able to analyze the exact 
success of the implementation of the precaution measures. 
In addition, we ignore the exact vaccination rate of the staff, 
as well as suspension policies in view of healthcare person-
nel with symptomatic acute respiratory illness. On the other 
hand, we provide a comprehensive analysis of patients with 
acute viral (influenza virus and RSV) respiratory infections 
during a well-defined influenza epidemic predominantly 
caused by influenza virus B on the background of a previ-
ous intervention aimed at the establishment of additional 
specific preventive measures.

Our study provides support for the need of a compre-
hensive preventive policy during the influenza season. In 
view of the high rate of nosocomial cases, regular testing for 
influenza virus and RSV by PCR in all patients admitted to 
medical wards may be considered during influenza epidem-
ics. Pneumonia remains the main complication of acute viral 
respiratory infections, and antimicrobial treatment should 
include both antiviral as well as antibacterial agents. Acute 
respiratory failure (with and without pneumonia) is frequent 
and contributes to prolonged hospitalization .
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