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Objective: The risk factors and the impact of NAI treatments in patients with severe inﬂuenza Aassociated pneumonia remain unclear.
Methods: A multicenter, retrospective, observational study was conducted in Zhejiang, China during a
severe inﬂuenza epidemic in August 2017–May 2018. Clinical records of patients (>14 y) hospitalized
with laboratory-conﬁrmed inﬂuenza A virus infection and who developed severe pneumonia were
compared to those with mild-to-moderate pneumonia. Risk factors related to pneumonia severity and
effects of NAI treatments (monotherapy and combination of peramivir and oseltamivir) were analyzed.
Results: 202 patients with inﬂuenza A-associated severe pneumonia were enrolled, of whom 84 (41.6%)
had died. Male gender (OR = 1.782; 95% CI: 1.089–2.917; P = 0.022), chronic pulmonary disease (OR =
2.581; 95% CI: 1.447–4.603; P = 0.001) and diabetes mellitus (OR = 2.042; 95% CI: 1.135–3.673; P = 0.017)
were risk factors related to inﬂuenza A pneumonia severity. In cox proportional hazards model, severe
pneumonia patients treated with double dose oseltamivir (300mg/d) had a better survival rate compared
to those receiving a single dose (150 mg/d) (HR = 0.475; 95%CI: 0.254–0.887; P = 0.019). However,
different doses of peramivir (300 mg/d vs. 600 mg/d) and combination therapy (oseltamivir-peramivir vs.
monotherapy) showed no differences in 60-day mortality (P = 0.392 and P = 0.658, respectively).
Conclusions: Patients with male gender, chronic pulmonary disease, or diabetes mellitus were at high risk
of developing severe pneumonia after inﬂuenza A infection. Double dose oseltamivir might be
considered in treating inﬂuenza A-associated severe pneumonia.
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Introduction

Deﬁnitions

Intense seasonal inﬂuenza epidemics were observed during the
2017/2018 seasons in countries around the world, leading to
increased inﬂuenza-associated hospitalizations (Hammond et al.,
2018). Similarly, the 2017–2018 winter epidemic in China was
severe with higher levels of inﬂuenza like illness (ILI) activity, and
inﬂuenza-related hospitalization exceeded the peak levels of the
previous three inﬂuenza seasons (Chinese National Inﬂuenza
Center, 2019). Pandemic and seasonal inﬂuenza infections can
progress to severe pneumonia and cause substantial mortality
(Paules and Subbarao, 2017). Patients who are elderly, obese,
pregnant or with comorbidity are at high risks of hospitalization,
ICU admission and mortality (Mertz et al., 2013; Zhang et al., 2019).
In severe cases, inﬂuenza virus can induce alveolar epithelium
cell death, further leading to respiratory failure, acute respiratory
distress syndrome (ARDS) and multiorgan disfunction (Short et al.,
2014). Antiviral treatment is the primary approach against severe
inﬂuenza, with neuraminidase inhibitors (NAIs) (oseltamivir and
peramivir) most frequently used. The World Health Organization
(WHO) recommends a standard dose of NAIs for non-complicated
inﬂuenza (World Health Organization, 2010). There is substantial
variation in clinical treatment courses, and it is not known whether
a standard dose of NAIs is adequate for severe inﬂuenza (Hurt and
Kelly, 2016). Higher dose oseltamivir treatment was observed with
rapid reduction of virus load in inﬂuenza B patients (Lee et al.,
2013). However, studies of double dose oseltamivir and oseltamivir-peramivir combination therapy in hospitalized and ICU
patients found no improved clinical outcomes (South East Asia
Infectious Disease Clinical Research Network, 2013; Noel et al.,
2017; Wang et al., 2018). Nevertheless, previous observational
studies were affected by small sample sizes with limited
applicability to severe inﬂuenza pneumonia (Dixit et al., 2015;
Lee et al., 2013).
The objective of our study was to systematically assess clinical
characteristics, treatments and outcomes of hospitalized patients
with inﬂuenza A-associated severe pneumonia as compared to
those with mild-to-moderate pneumonia, and to evaluate the risk
factors related to pneumonia severity and identify the impact of
different NAI regimes.

Pneumonia was deﬁned according to the American Thoracic
Society-Infectious Diseases Society of America (ATS/IDSA) guideline (Mandell et al., 2007). Classiﬁcation as severe pneumonia
needed to meet one of the major criteria or at least three minor
criteria. Major criteria included (1) invasive mechanical ventilation, (2) septic shock with the need for vasopressors, and minor
criteria were (1) respiratory rate 30 breaths per min; (2) PaO2/
FiO2 250; (3) multilobar inﬁltrates; (4) confusion or disorientation; (5) blood urea nitrogen 20 mg/dL; (6) leucocyte count <4 
109cells/L; (7) platelet count <100  109cells/L; (8) core temperature <36  C; (9) hypotension requiring aggressive ﬂuid resuscitation (Mandell et al., 2007). Patients with pneumonia that did not
meet the criteria of severe pneumonia were classiﬁed as mild-tomoderate pneumonia. Septic shock was considered in patients
who required a vasopressor to maintain mean arterial pressure
65 mmHg and serum lactate >2 mmol/L despite adequate ﬂuid
resuscitation (Singer et al., 2016). Secondary infection was deﬁned
as the recurrence of symptoms and signs of infection along with
positive cultures of bacterial/fungal from lower respiratory tract
specimens and/or blood after 48 h admission (Rothberg and
Haessler, 2010).

Materials and methods

Results

Study design

Prevalence of inﬂuenza A-associated severe pneumonia

A multicenter, retrospective, observational study involving 13
teaching hospitals in Zhejiang, China between August 2017 and
May 2018 was conducted. Patients (>14 years) hospitalized with
inﬂuenza A infection and who developed severe pneumonia were
included. Inﬂuenza A virus was conﬁrmed by real-time polymerase
chain reaction (RT-PCR) or immunoﬂuorescence assay. We
collected 202 patients from the same season with mild-tomoderate pneumonia due to inﬂuenza A, who had complete
clinical records, for comparison. A team of trained physicians
reviewed all medical records and collected the following data:
demographics, comorbidities, clinical manifestations, laboratory
and chest radiographic features on admission, treatments and
clinical outcomes. Ethical approval was obtained from the research
ethics committee of the First Afﬁliated Hospital, Zhejiang
University School of Medicine, and informed consents were
waived due to the non-interventional nature of our study.

During the study period between August 2017 and May 2018,
4468 hospitalized patients from 13 hospitals in Zhejiang were
infected with inﬂuenza A virus and 202 (4.5%) developed severe
pneumonia. Of 202 severe cases, 84 (41.6%) had died. Our study
included a small number of the severe pneumonia cases (n = 16)
from August to September 2017 along with a majority collected
during the peak (n = 183) between January and February 2018
(Figure 1).

Statistical analysis
Categorical variables were presented as percentage and
compared by Chi-square test or Fisher’s exact test. Continuous
variables were expressed as median (interquartile ranges) and
compared with t test or Mann-Whitney U test. Signiﬁcant or
clinically plausible variables were included in multivariate logistic
regression with enter method to assess risk factors associated with
inﬂuenza A pneumonia severity. Results were presented as odds
ratio (OR) and 95% conﬁdence interval (CI). A stepwise Cox
proportional hazards model was used to estimate the cumulative
survival rate among different doses of oseltamivir treatments in
severe pneumonia group. Covariates included signiﬁcant or
potential clinically relevant baseline variables. Statistical analyses
were carried out by SPSS (version 22.0) and a P value <0.05 (2tailed) was considered signiﬁcant.

Clinical characteristics and outcomes
The proportion of patients aged 65 years old was signiﬁcantly
higher in the severe pneumonia group (P = 0.022) (Table 1).
Comorbidities including hypertension, chronic pulmonary disease,
diabetes mellitus, immunosuppression and symptoms including
fever, sputum, chest distress and hemoptysis were more
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Figure 1. Inﬂuenza A-associated severe pneumonia patients in Zhejiang, China, through August 2017 to May 2018. Weekly number of patients that were hospitalized.

Table 1
Clinical characteristics of 404 patients with inﬂuenza A-associated pneumonia according to disease severity.
Variables
Demographics
Age (median [IQR]) (yr)
Age 65y, n (%)
Male gender, n (%)
Smoking history, n (%)
Comorbidities, n (%)
Any comorbidity
Hypertension
Chronic pulmonary diseasea
Diabetes mellitus
Malignancy
Coronary heart disease
Chronic liver disease
Chronic renal disease
Immunosuppressionb
Clinical manifestations, n (%)
Fever
Cough
Sputum
Chest distress
Gastrointestinal
Hemoptysis
Laboratory results on admission
Leukocyte count (median [IQR]) (mm3)
Lymphocyte count (median [IQR]) (mm3)
Hemoglobin (median [IQR]) (g/L)
Platelet count (median [IQR]) (mm3)
Creatine kinase (median [IQR]) (UI/L)
Aspartate transaminase (median [IQR]) (UI/L)
Creatinine (median [IQR]) (mmol/L)
Lactate dehydrogenase (median [IQR]) (UI/L)
D-dimer (median [IQR]) (mg/L)
PaO2(median [IQR]) (mmHg)
K+ (median [IQR]) (mmol/L)
C-reactive protein (median [IQR]) (mg/L)
Procalcitonin (median [IQR]) (ng/mL)
Chest radiographic features on admission
Inﬁltrations involving bilateral lungs, n (%)

Mild-to-moderate pneumonia (n = 202)

Severe pneumonia (n = 202)

P values

61 (48–72.3)
84 (41.6)
118 (58.4)
63 (31.2)

66 (50.8–76)
107 (53.0)
141 (69.8)
70 (34.7)

.041
.022
.017
.459

120 (59.4)
67 (33.2)
24 (11.9)
22 (10.9)
10 (5.0)
11 (5.4)
6 (3.0)
6 (3.0)
1 (0.5)

139 (68.8)
87 (43.1)
50 (24.8)
42 (20.8)
8 (4.0)
12 (5.9)
13 (6.4)
12 (5.9)
14 (6.9)

.049
.040
.001
.006
.630
.830
.100
.148
.001

178 (88.1)
184 (91.1)
160 (79.2)
55 (27.2)
24 (11.9)
5 (2.5)

190 (94.1)
190 (94.1)
178 (88.1)
150 (74.3)
26 (12.9)
14 (6.9)

.036
.255
.015
<0.001
.763
.034

6 (4–8.9)
0.9 (0.6–1.3)
125 (112–138)
165 (125–231)
83 (43–192.3)
29 (21.3–43)
73 (61–88)
247 (191–324)
0.52 (0.31–0.91)
79 (64–103)
3.9 (3.6–4.3)
48.2 (21–99.1)
0.12 (0.05–0.4)

7.2 (4.5–10.1)
0.5 (0.3-0.7)
123 (102–137.8)
143 (105–211)
143 (51.8–358.8)
51 (30–93)
77 (61–102)
429 (277.8–710.8)
1.52 (0.77–3.08)
62.8 (50.1–81.9)
3.9 (3.5–4.3)
90 (42.9–148)
0.7 (0.2–3)

.015
<0.001
.307
.013
.001
<0.001
.066
<0.001
<0.001
<0.001
.673
<0.001
<0.001

78 (38.6)

188 (93.1)

<0.001

IQR, interquartile range.
a
Chronic pulmonary diseases include chronic obstructive pulmonary disease, asthma and bronchiectasis.
b
Immunosuppression includes receiving radiotherapy, chemotherapy or corticosteroid therapy within one month before symptom onset.
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Table 2
Treatment and clinical outcomes of 404 patients with inﬂuenza A-associated pneumonia according to disease severity.
Variables
Treatments
Invasive mechanical ventilation, n (%)
Extracorporeal membrane oxygenation, n (%)
Continuous renal replacement therapy, n (%)
Antibiotic treatment, n (%)
Corticosteroid treatment, n (%)
NAIs treatment, n (%)
NAIs administered 48 h from illness onset, n (%)
Duration of NAIs treatment (median [IQR]) (d)
Clinical outcomes
Septic Shock, n (%)
Secondary bacterial infection, n (%)
ICU admission, n (%)
60-day mortality, n (%)
Length of stay in hospital (median [IQR]) (d)

Mild-to-moderate pneumonia (n = 202)

Severe pneumonia (n = 202)

P values

0 (0)
0 (0)
0 (0)
199 (98.5)
67 (33.2)
192 (95.0)
23 (11.4)
6 (4–9.8)

140 (69.3)
13 (6.4)
11 (5.4)
200 (99.0)
159 (78.7)
191 (94.6)
17 (8.4)
7 (5–10)

<0.001
<0.001
.001
.653
<0.001
.823
.318
<0.001

0
1
0
0
9

39 (19.3)
57 (28.2)
135 (66.8)
84 (41.6)
16 (10–24)

<0.001
<0.001
<0.001
<0.001
<0.001

(0)
(0.5)
(0)
(0)
(6–13.3)

IQR, interquartile range; NAI, neuraminidase inhibitor; ICU, intensive care unit.

commonly seen in the severe pneumonia group. Among laboratory
results on admission, higher levels of leukocyte count, creatine
kinase, aspartate transaminase, lactate dehydrogenase, D-dimer,
C-reactive protein, procalcitonin and lower levels of lymphocyte
count, platelet count and PaO2 were observed in severe pneumonia
group. The chest image of 188 (93.1%) patients in the severe
pneumonia group showed inﬁltrations involving bilateral lungs,
which was signiﬁcantly higher than those in mild-to-moderate
pneumonia group (P < 0.001) (Table 1).
Supportive therapies provided for the severe pneumonia group
include invasive mechanical ventilation (69.3%), extracorporeal
membrane oxygenation (6.4%) and continuous renal replacement
therapy (5.4%). A higher percentage of corticosteroid treatment
was observed in the severe pneumonia group (78.7% vs. 33.2%, P <
0.001), but no difference in treatments using antibiotics and NAIs
between the two groups. The proportion of NAIs administered 48
h from illness onset in mild-to-moderate pneumonia group was
higher than the severe pneumonia group, although no statistical
difference was found (11.4% vs. 8.4%, P = 0.318). Patients with
severe pneumonia had signiﬁcantly higher rates of septic shock (P
< 0.001) and secondary infection (P < 0.001) comparing to mild-tomoderate pneumonia. 135 (66.8%) patients in the severe pneumonia group were admitted into the ICU and 84 (41.6%) had died
(Table 2).

Table 3
Multivariate analysis for risk factors associated with inﬂuenza A pneumonia
severity.
Factors

OR

95% CI

P values

Age
Male gender
Smoking history
Chronic pulmonary disease
Diabetes mellitus
Hypertension

1.000
1.782
0.780
2.581
2.042
1.283

0.986–1.013
1.089–2.917
0.470–1.293
1.447–4.603
1.135–3.673
0.811–2.030

.967
.022
.335
.001
.017
.287

OR, odds ratio; CI, conﬁdence interval.

Risk factors for inﬂuenza A-associated pneumonia severity
In the multivariate regression analysis, risk factors associated
with inﬂuenza A-associated pneumonia severity were as follows:
male gender (OR = 1.782; 95% CI: 1.089-2.917; P = 0.022), chronic
pulmonary disease (OR = 2.581; 95% CI: 1.447–4.603; P = 0.001)
and diabetes mellitus (OR = 2.042; 95% CI :1.135–3.673; P = 0.017),
whereas age, smoking history and hypertension were not the
independent risk factors (Table 3).
NAIs treatment on inﬂuenza A-associated severe pneumonia
Of 191 NAI-administered patients in the severe pneumonia
group, 122 (63.9%) received oseltamivir monotherapy, 40 (20.9%)
received peramivir monotherapy and 29 (15.2%) received
oseltamivir-peramivir combination therapy. Demographic information showed that patients treated with double dose oseltamivir (300 mg/d) were younger (P < 0.001) and had less
comorbidities (P = 0.002) compared to those with single dose
(150mg/d) treatment (Table S1). In adjusted Cox regression
survival analysis, double dose oseltamivir (300mg/d) recipients

Figure 2. Survival plot classiﬁed by oseltamivir treatments in patients with
inﬂuenza A-associated severe pneumonia. Cox regression for adjusted survival in
patients treated with 150 mg/d and 300 mg/d oseltamivir. Covariates included
oseltamivir treatment (300 mg/d vs. 150 mg/d; HR = 0.475, 95%CI: 0.254–0.887, P =
0.019), age, sex, any comorbidity, oseltamivir initial time and SOFA score. SOFA:
sequential organ failure assessment.

had a higher cumulative survival rate compared to single dose
(150mg/d) recipients (HR = 0.475, 95%CI: 0.254–0.887, P = 0.019;
Figure 2). However, there were no signiﬁcant differences in 60-day
mortality between patients who received double dose (300 mg/d)
and single dose (600 mg/d) peramivir treatment (P = 0.392)
(Table S2), and among oseltamivir-peramivir combination therapy,
oseltamivir monotherapy and peramivir monotherapy (P = 0.658)
(Table S3).
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Discussion
Our study found that 4.5% (202/4468) of inpatients had
inﬂuenza A-associated severe pneumonia and 1.9% (84/4468) of
them died during the 2017–2018 inﬂuenza season. The overall inhospital mortality during 2017–2018 was marginally higher than
the 1.2% in-hospital mortality of seasonal inﬂuenza during 2011–
2017 in China (Fu et al., 2019), although consistent with a global
report of 1.5% in-hospital mortality of inﬂuenza respiratory tract
infection in 2017 (GBD 2017 Inﬂuenza Collaborators, 2019). Fatality
due to inﬂuenza A-associated severe pneumonia was substantially
higher (84/202, 41.6%) than fatality reported among ICU admitted
patients during 2009–2016 (26.420.6%) (Shah et al., 2015;
Alvarez-Lerma et al., 2016; Chao et al., 2017). The high mortality
of inﬂuenza A-associated pneumonia observed in our study
suggests that more effective treatments toward this certain
population are urgently warranted.
Improved survival requires the identiﬁcation of factors
associated with severe pneumonia following inﬂuenza infection
and timely treatments, with host factors and treatment regiments
being key drivers of severity. Previous studies reported underlying
chronic medical conditions of the host, such as cardiac disease,
chronic pulmonary disease, immunosuppression, diabetes mellitus, obesity and pregnancy, were major factors associated with
inﬂuenza severity (Chow et al., 2019). Similarly, our study found
patients with comorbidities including chronic pulmonary disease
and diabetes mellitus had a higher predisposition to critical
inﬂuenza (Mertz et al., 2013; Zhang et al., 2019). Decreased lung
compliance is related to persistent viral RNA detection, which
contribute to the higher risk of progression to severe disease in
these patients (Chow et al., 2019). In our study, male gender was an
independent risk factor related to pneumonia severity, which
might be attributed to the higher frequency of comorbidities and
intense immune states observed in males (Bonmarin et al., 2015;
Shah et al., 2015). Virus factors driving enhancing disease severity
in patients may include virus type/subtype and key genetic
mutations (Kash and Taubenberger, 2015). Regrettably, few
hospitals in our study subtyped the inﬂuenza A virus, therefore
we were unable to assess the basis for routine inﬂuenza subtyping
for patients with severe pneumonia. According to national
surveillance reports, inﬂuenza A(H3N2) virus was predominant
during July to October 2017 in Southern China, and inﬂuenza A
(H1N1)pdm09 and B (Yamagata lineage) viruses gradually showed
up and became dominant between January and February 2018
(Chinese National Inﬂuenza Center, 2019).
NAIs are the predominant countermeasure available for
inﬂuenza infection (Chow et al., 2019). In this study, we mainly
focused on different NAI treatments for patients with inﬂuenza Aassociated severe pneumonia. NAIs are most beneﬁcial when
commenced within 48 h from illness onset when viral replication
is active (Lee et al., 2009). However, only a few patients (9.9%) had
received NAIs within 48 h of illness onset in our study. A higher rate
of NAI treatment within 48 h was observed in the mild-tomoderate pneumonia group, indicating the importance of prompt
diagnosis and NAIs treatment following infection.
The WHO guideline recommends a higher dose of oseltamivir
(e.g. 300 mg/d in adults) to treat critically ill patients. However,
whether a higher dose could provide additional protection against
severe inﬂuenza remains controversial due to the implications in
stockpile (Hurt and Kelly, 2016). Studies conducted in avian
inﬂuenza A(H7N9) infected patients (Wang et al., 2018), ICUadmitted patients with untyped inﬂuenza infection (Noel et al.,
2017) and pediatric patients with severe inﬂuenza (South East Asia
Infectious Disease Clinical Research Network, 2013) showed that
double dose oseltamivir (300 mg per day) did not present additive
effects on clinical outcomes (duration of mechanical ventilation

day, length of hospitalization, length of ICU stay or mortality)
compared with the standard dose. In our study, after adjusting for
covariates, double dose oseltamivir was correlated with improved
survival in patients with inﬂuenza A-associated severe pneumonia,
whereas different doses of peramivir and combination therapy of
oseltamivir-peramivir showed no differences in survival.
Higher viral loads and prolonged viral shedding are observed in
patients with severe inﬂuenza (Li et al., 2010), and an increased
dose of oseltamivir in animal models has shown correlation with
decreased mortality (Govorkova et al., 2007). Lee et al observed a
faster RNA decline rate in inﬂuenza B virus infected inpatients (n =
10) who were treated with 300 mg/d oseltamivir (Lee et al., 2013),
while Kumar et al. found that a triple dose oseltamivir in ICU
patients (n = 18) was associated with better virus clearance, but
observed no differences in clinical outcomes (Kumar, 2013). These
observational studies were small with a few ICU patient
populations, while our study focused on patients with community
acquired inﬂuenza A-associated severe pneumonia, a well-deﬁned
population and a substantially larger sample size than previous
studies. In addition, our study was conducted in the same inﬂuenza
season during the predominant circulation of A(H1N1)pdm09
subtype, therefore virus variations would have limited inﬂuence
on the potency of NAIs. Our study urges further research on virus
clearance and pharmacokinetics of different dose oseltamivir
treatments in inﬂuenza A-associated severe pneumonia.
Peramivir is an intravenous NAI favored for seriously ill patients
or those unable to tolerate oral antivirals (Wester and Shetty, 2016).
Reduction of mortality was insigniﬁcant between treatment of 300
mg or 600 mg peramivir once daily, which was congruent with other
studies in severe inﬂuenza (de Jong et al., 2014; Ison et al., 2014). This
might be potentially explained by the high-dose treating preference
towards more severe patients, however the group size in our study
was small (n = 43). In addition, our study found no signiﬁcant
difference in 60-day mortality among monotherapy and oseltamivirperamivir combination therapy. Similarly, studies of A(H7N9)
hospitalized patients comparing oseltamivir-peramivir combination
to monotherapy found no additional beneﬁts in virologic or clinical
outcomes (Wang et al., 2018; Zhang et al., 2016). Research on
seasonal inﬂuenza and A(H1N1)pdm09 infection also showed no
synergistic effect between oseltamivir-zanamivir bitherapy and
monotherapy (Duval et al., 2010; Escuret et al., 2012). Due to the
similarity in chemical structure, NAIs combination treatment might
not exert a greater antiviral effect (Duval et al., 2010). Novel antiviral
drugs such as Baloxavir Marboxil (Hayden et al., 2018) with different
mechanisms would be an option for potential combination therapy.
There are several limitations in this study. First, as an
observational and retrospective study, certain biases, such as the
lost information of patients with incomplete records, unstandardized disease course on patients’ admission, and physician’s
treatment preference, are difﬁcult to completely rule out. Secondly,
our study had a small sample size, and it is underpowered to evaluate
the effects of different NAIs treatments in subgroups. Our result
regarding the beneﬁt of double dose oseltamivir treatment in
inﬂuenza A-associated severe pneumonia must be interpreted
carefully and within the limitation of the study design. In addition,
the virologic response is a direct indicator in evaluating the effects of
different NAI regimens. However, we were unable to assess the daily
changes of viral RNA concentrations due to the retrospective nature
of our study.
Conclusions
A high rate of mortality due to inﬂuenza A-associated severe
pneumonia was observed among hospitalized patients in China
during a peak infection in the 2017–2018 season. Patients who
developed inﬂuenza A-associated pneumonia were more likely to
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be of male gender, with chronic pulmonary disease and diabetes
mellitus. Our study urges closer attention to this high-risk group
during inﬂuenza season, offering a chance for prompt NAIs
treatment, preventing progressing into severe pneumonia. We
also provided supportive evidence for double dose oseltamivir in
treating patients with inﬂuenza A-associated severe pneumonia.
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