RESEARCH

Influenza-associated mortality in hospital care: a

retrospective cohort study of risk factors and impact of
oseltamivir in an English teaching hospital, 2016 to 2017

Mark Reacher*?, Ben Warne3, Lucy Reeve!, Neville Q. Verlander4, Nicholas K. Jones3, Kyriaki Ranellou3, Silvana Christous,
Callum Wright3, Saher Choudhry3, Maria Zambons, Clare Sander3, Hongyi Zhang?, Hamid Jalal>

1. Public Health England Field Service, Cambridge Institute of Public Health, Cambridge, United Kingdom

2. Public Health England and Cambridge Universities Hospitals NHS Foundation Trust Cambridge, Cambridge, United Kingdom
3. Cambridge University Hospitals NHS Foundation Trust, Cambridge, United Kingdom

4. Statistics Unit, Statistics, Modelling and Economics Department, National Infection Service — Data and Analytical Sciences,

Public Health England, London, United Kingdom

5. Division of Virology, Department of Pathology, University of Cambridge, United Kingdom
6. National Infection Service, Public Health England, London, United Kingdom

Correspondence: Mark Reacher (Mark.Reacher@phe.gov.uk)

Citation style for this article:

Reacher Mark, Warne Ben, Reeve Lucy, Verlander Neville Q., Jones Nicholas K., Ranellou Kyriaki, Christou Silvana, Wright Callum, Choudhry Saher, Zambon Maria,
Sander Clare, Zhang Hongyi, Jalal Hamid. Influenza-associated mortality in hospital care: a retrospective cohort study of risk factors and impact of oseltamivir in an
English teaching hospital, 2016 to 2017. Euro Surveill. 2019;24(44):pii=1900087. https://doi.org/10.2807/1560-7917.ES.2019.24.44.1900087

Article submitted on 26 Jan 2019 / accepted on 04 Sep 2019 / published on 31 Oct 2019

Background: Evidence of an oseltamivir treatment
effect on influenza A(H3N2) virus infections in hospi-
talised patients is incomplete. Aims: This cohort study
aimed to evaluate risk factors for death among PCR-
confirmed hospitalised cases of seasonal influenza
A(H3N2) of all ages and the impact of oseltamivir.
Methods: Participants included all 332 PCR-confirmed
influenza A(H3N2) cases diaghosed between 30 August
2016 and 17 March 2017 in an English university teach-
ing Hospital. Oseltamivir treatment effect on odds of
inpatient death was assessed by backward stepwise
multivariable logistic regression analysis. Results:
The odds of death were reduced by two thirds (odds
ratio (OR):0.32;95% confidence interval (Cl):0.11-
0.93), in inpatients treated with a standard course of
oseltamivir 75 mg two times daily for 5 days — com-
pared with those untreated with oseltamivir, after
adjustment for age, sex, current excess alcohol intake,
receipt of 2016/17 seasonal influenza vaccine, serum
haemoglobin and hospital vs community attribution
of acquisition of influenza. Conclusions: Oseltamivir
treatment given according to National Institutes of
Clinical Excellence (NICE); United States Centres for
Disease Control and Prevention (CDC); Infectious
Diseases Society of America (IDSA) and World Health
Organization (WHO) guidelines was shown to be effec-
tive in reducing the odds of mortality in inpatients
with PCR-confirmed seasonal influenza A(H3N2) after
adjustment in a busy routine English hospital set-
ting. Our results highlight the importance of hospi-
tals complying with relevant guidelines for prompt
seasonal influenza PCR testing and ensuring standard
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oseltamivir treatment to all PCR-confirmed cases of
seasonal influenza.

Introduction

Seasonal influenza, which recurs annually in winter,
remains a leading cause of morbidity and mortality
worldwide and a major challenge to hospitals, which
face severe pressures during this period of the year
[1,2]. Hospitalisation and mortality from influenza dis-
proportionately affect the elderly [3-5], with the risk of
mortality increasing with age over 65 years [6,7]. Other
factors associated with mortality include underlying
comorbidities [5,8], delay in presentation to medical
care [8] and viral subtype, with infection with influenza
A(H3N2) virus strains being of highest risk [3,5,7].

Circulating influenzavirus strains and vaccine effective-
ness vary from season to season [9-11]. Understanding
risk factors for poor outcome in seasonal influenza is
therefore important in optimising the prevention and
management of high-risk patients presenting to pri-
mary and secondary care and requires appropriately
designed observational studies [9,12].

In common with many hospitals in the northern
hemisphere winter of 2016/17, Cambridge University
Hospitals (CUH) National Health Service (NHS)
Foundation Trust was severely challenged by large
numbers of patients admitted with influenza virus
infection [13].



During this season, influenza A(H3N2) virus strain pre-
dominated and seasonal influenza vaccine was esti-
mated to have moderate effectiveness of between 30%
and 40% with lower levels of effectiveness in older
patients [14-17].

Although recommended by several national and inter-
national agencies for the treatment of seasonal influ-
enza in patients requiring hospitalisation, including the
National Institute for Health and Care Excellence (NICE)
[18,19], the United States (US) Centers for Disease
Control and Prevention (CDC) [20,21], the Infectious
Disease Society of America (IDSA) [22] and the World
Health Organization (WHO) [16], the evidence of an
effect of oseltamivir on influenza-associated mortal-
ity in hospitalised patients is limited [10]. Randomised
controlled trials (RCTs) have predominantly been under-
taken in outpatients and have indicated that oseltami-
vir reduced symptom duration and lower respiratory
tract complications in otherwise healthy adults [23,24].

A retrospective cohort study was undertaken in our
hospital of the clinical management of inpatients diag-
nosed by PCR with influenza A(H3N2) virus strain infec-
tion during the 2016/17 season to better understand
risk factors for inpatient death and whether any effect
of a standard course of oseltamivir 75 mg twice daily
for 5days was observed.

Methods

Institutional setting and approval

The CUH NHS Foundation Trust is a 1,100-bed univer-
sity teaching hospital providing district general hos-
pital services for Cambridgeshire and surrounding
counties and specialised tertiary-level services across
the East of England with a population of approximately
six million.

Ethical statement

The study was registered with the Safety and Quality
Support department of CUH NHS Foundation Trust
under a Service Evaluation/Outbreak Investigation
remit (Project Registration Number PRN 7053; 15
January 2018).

Legal basis for processing personal identifying
information

Processing and analysis of individual patient level data
was undertaken in compliance with the General Data
Protection Regulations [25,26].

Virological and bacteriological methods

A nose and a throat swab placed in a single tube of viral
transport medium were collected from each patient.
Detection of respiratory viruses was done by using a
multiplex real-time PCR assay as described previously
[27,28]. Bacteriology specimens were processed using
standard Public Health England (PHE) methods.

Individuals considered in the study

Individuals in this study were patients of any age
admitted to our hospital with a laboratory-confirmed
diagnosis of influenza A(H3N2) virus strain infection,
between 20 August 2016 and 17 March 2017. They were
identified through our hospital laboratory information
system (LIMS) and linked to electronic hospital medi-
cal record and general practitioner (GP) information
systems. Death or discharge alive was recorded for the
admission episode during which the virological swab
testing positive for the influenza A(H3N2) virus strain
was obtained.

Clinical data collection

Demographic and clinical details of the admission
episode, date and time of admission, discharge,
transfer and death, full blood count, blood chemis-
try, C-reactive protein, virology and bacteriology test
results, oseltamivir prescriptions and receipt of sea-
sonal influenza vaccination were extracted from the
electronic hospital medical record and GP information
systems described earlier to a structured epidemiologi-
cal proforma.

Active medical conditions were recorded and the non-
age adjusted Charlson comorbidity index score cal-
culated [29]. Risk factors and conditions not included
in the Charlson index were also recorded, comprising
radiological evidence of pneumonia, current smoker,
excessive alcohol use, admission with trauma, admis-
sion for surgery, pregnancy, hypertension, body
mass index (BMI)240kg/m? and receipt of respiratory
support. Respiratory support was categorised as
oxygen therapy, continuous positive airways pressure
(CPAP), non-invasive ventilation (NIV) and invasive
ventilation. Immune suppression was categorised as
absent or present and, if present, categorised as: high
dose steroids=40mg of prednisolone daily or equiva-
lent; receiving or within 6 months of receiving chemo-
therapy or generalised radiotherapy, organ transplant
or bone marrow transplant.

The clinical data abstraction proforma for oseltamivir
exposure posed the question ‘was this patient pre-
scribed oseltamivir, yes or no? If yes, did this patient
receive standard oseltamivir treatment 75mg twice
daily for 5 days, yes or no? If no, describe why not.’

The British National Formulary (BNF) standard course of
oseltamivir for treatment of seasonal influenza is 75 mg
twice daily for 5days. For children modified doses are
given according to body weight. Patients whose treat-
ment was completed according to this standard were
categorised as standard course.

In renal failure the standard 5-day dose is reduced in
adults to 30 mg twice daily if estimated glomerular fil-
tration rate (eGFR) is 30-60 mL/minute/1.73 m? or to
30 mg once daily if eGFR is 10-30 mL/minute/1.73 m2.
In children this is 40% of normal dose for weight twice
daily if eGFR is 30-60 mL/minute/1.73 m? or 40% of
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TABLE 1A

Analysis of single variables potentially associated with influenza A(H3N2) virus strain infection related deaths, Cambridge,
England, 2016/17 (n=332)

Variable Category or measure Expired Not expired OR (95%Cl) p value
Minimum 34 o
25th centile 71 53
Age at positive specimen (years) Median 84 74 1.04 (1.01-1.06) per year <0.001
75th centile 88 85
Maximum 102 101
Female 13 162 Reference
Sex 0.15
Male 19 138 1.72 (0.82-3.60)
. Yes 1 5 Reference
Body mass index (BMI)z 40 Kg/m? 0.6
No 31 295 1.90 (0.22-16.8)
Pregnant [ 3 0.00 (not estimable)
Pregnancy Not pregnant 13 159 Reference 0.3
Male 19 138 1.68 (0.80-3.54)
1. Not given 7 66 Reference
. 2. Non-standard course 3 18 1.57 (0.37-6.70)
Oseltamivir course completed - — 0.7
3. Appropriately modified 6 40 1.41 (0.44-4.51)
4. Standard course 16 176 0.86 (0.34-2.18)
Minimum o (o]
25th centile 2 2
Days between onset of influenza illness and first K
dose of oseltamivir Median 3 3 0.89 (0.74-1.06) per day delay 0.4
75th centile 5 5
Maximum 11 18
Yes 2 29 0.60 (0.13-2.68)
Current smoker 0.5
No 23 200 Reference
Yes 1 2 4.69 (0.41-53.6)
Long-term oxygen therapy 0.3
No 24 225 Reference
. Yes 14 111 1.32 (0.63-2.77)
Hypertension 0.5
No 18 189 Reference
Yes 1 4 2.39 (0.26-22.0)
Trauma 0.5
No 31 296 Reference
Yes 3 5 6.10 (1.39-26.8)
Excessive alcohol use 0.03
No 29 295 Reference
Yes 3 13 2.28 (0.61-8.48)
Surgery 0.25
No 29 287 Reference
Yes 3 61 0.40 (0.12-1.37)
Immune suppressed 0.11
No 29 238 Reference
Yes 11 110 0.90 (0.42-1.95)
Receipt of 2016/17 influenza vaccine £l 2 0.8
No 21 190 Reference
. Yes [ 2 0.00 (not estimable)
Steroids 0.5
No 32 298 Reference
Yes o 21 0.00 (not estimable)
Chemotherapy 0.04
No 32 279 Reference
Yes 1 1 9.65 (0.59-158)
Radiotherapy 0.14
No 31 299 Reference
Yes o 12 0.00 (not estimable)
Organ transplant 0.12
No 32 288 Reference
Yes [ 4 0.00 (not estimable)
Bone marrow transplant 0.4
No 32 296 Reference
. Yes o o Not estimable
Immune deficiency syndrome NA
No 32 300 Reference
Yes 2 21 0.89 (0.20-3.96)
Other category of immune suppression 0.9
No 30 279 Reference

OR: odds ratio; Cl: confidence interval; QF: quadratic function; NA: not applicable.
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TABLE 2A

Analysis of single variables potentially associated with influenza A(H3N2) virus strain infection related deaths, Cambridge,
England, 2016/17 (n=332)

VELEDL]E Category or measure Expired Not expired OR (95%Cl) p value
Minimum 68 45
25th centile 98.5 108
Haemoglobin concentration g/L Median 112 123 0.98 (0.96-0.99) per g/L 0.01
75th centile 124 135
Maximum 153 175
Minimum 28] o
25th centile 7.7 5.3
Total white cell count x 10°/L Median 10.1 7.3 QF? 0.008
75th centile 14.3 9.6
Maximum 48.5 53.6
Minimum 0.2 o
25th centile 0.5 0.5
Lymphocyte count x 10°/L Median 0.8 0.8 0.88 (0'57_1'31(7))9;1“ count per x 0.4
75th centile 1.2 1.2
Maximum 2.3 46.7
Minimum 5 1
25th centile 26.3 19.6
C-reactive protein mg/L Median 64.9 39.9 1.00 (1.00-1.01) 0.01
75th centile 164 76.6
Maximum 431 479
Minimum 48 8
25th centile 69 64
Creatinine mmol/L Median 99 84 QF® 0.002
75th centile 114 111
Maximum 187 742
Minimum 4.5 1.6
25th centile 7.2 4.6
Urea mmol/L Median 9.2 6.2 QFe <0.001
75th centile 11 8.6
Maximum 18.6 39.2
Minimum 5.1 3.4
25th centile 6.7 6
Glucose mmol/L Median 7.8 6.9 1.04 (0.95-1.13) per mmol/L 0.4
75th centile 8.9 8.7
Maximum 24 36.2
Yes 8 32 2.79 (1.16-6.73)
Required oxygen 0.03
No 24 268 Reference
Yes 1 3 3.20 (0.32-31.6)
Continuous positive airways pressure 0.4
No 31 297 Reference
Yes 3 3 10.2 (1.98-53.1)
Non-invasive ventilation 0.01
No 29 297 Reference
Yes 5 22 2.34 (0.82-6.68)
Invasive ventilation 0.14
No 27 278 Reference
Minimum o (]
25th centile 2 1
Charlson comorbidity index Median 2 2 1.21 (1.03-1.43) 0.03
75th centile 4 3
Maximum 8 10

OR: odds ratio; Cl: confidence interval; QF: quadratic function; NA: not applicable.
2 QF:linear part OR:1.28(95% Cl: 1.11-1.47); quadratic part OR:1.00(95%Cl:0.99-1.00).
® QF:linear part OR:1.05(95% Cl:1.01-1.09); quadratic part OR:1.00(95%Cl:1.00-1.00).

© QF: linear part OR:2.45(95% Cl:1.48-4.06); quadratic part OR:0.97(95% Cl: 0.94-0.99).
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TABLE 3A

Analysis of single variables potentially associated with influenza A(H3N2) virus strain infection related deaths, Cambridge,

England, 2016/17 (n=332)

Variable Category or measure Expired Not expired OR (95%Cl) p value
Minimum 19 16
Cycle threshold (CT) 25th centile 23 27
Median 27 30 0.96 (0.88-1.04) 0.3
value X
75th centile 32 32
Maximum 38 41
. X X Community 15 219 Reference
Place of acquisition of infection - 0.003
Hospital 17 81 3.06 (1.46-6.42)
Own home 25 251 Reference
Residential care 4 28 1.43 (0.47-4.42)
Admitted from N 0.5
Another hospital 3 13 2.32 (0.62-8.68)
Other o 4 0.00 (not estimable)
Oseltamivir prescribed for post-exposure Yes z 8 2.43 (0.49-12.0) e
prophylaxis No 30 292 Reference ’
No imaging 2 34 Reference
Pneumonia No pneumonia on image 16 214 1.27 (0.28-5.78) 0.005
Pneumonia on image 14 52 4.58 (0.98-21.4)
Yes 6 2 1.93 (0.74-5.05)
Myocardial infarction 3 23 10:7475:95 0.2
No 26 268 Reference
. . Yes 5 33 1.50 (0.54~4.16)
Congestive heart failure 0.5
No 27 267 Reference
. . Yes 3 8 3.78 (0.95-15.0)
Peripheral vascular disease 0.09
No 29 292 Reference
. Yes 8 47 1.79 (0.76-4.23)
Cerebro vascular disease 0.2
No 24 253 Reference
. Yes 8 38 2.30 (0.96-5.48)
Dementia 0.08
No 24 262 Reference
Yes 16 88 2.41 (1.15-5.03)
Chronic lung disease 0.02
No 16 212 Reference
. Yes 2 21 0.89 (0.20-3.96)
Connective tissue disease 0.9
No 30 279 Reference
. Yes 3 6 5.07 (1.20-21.3)
Peptic ulcer 0.047
No 29 294 Reference
Yes 1 2 4.81(0.42-54.5)
Mild liver disease S 0.3
No 31 298 Reference
Yes 3 9 3.34 (0.86-13.0)
Moderate or severe liver disease 0.11
No 29 291 Reference
Yes 0.95 (0.35-2.58)
Diabetes without end organ damage > 49 951035725 0.9
No 27 251 Reference
. . Yes 2 15 1.27 (0.28-5.81)
Diabetes with end organ damage 0.8
No 30 285 Reference
Yes 1 13 0.71 (0.09-5.63)
Hemiplegia 0.7
No 31 287 Reference
Yes 5 46 1.02 (0.37-2.79)
Moderate or severe kidney disease 0.97
No 27 254 Reference
Yes 22 1.31 (0.37-4.63)
Tumour without metastasis 3 3 3774:53 0.7
No 29 278 Reference
Yes 1 6 1.58 (0.18-13.6)
Tumour with metastasis 0.7
No 31 294 Reference
. Yes o 11 0.00 (not estimable)
Leukaemia 0.13
No 32 289 Reference
Yes o 16 0.00 (not estimable)
Lymphoma 0.07
No 32 284 Reference

OR: odds ratio; Cl: confidence interval; QF: quadratic function; NA: not applicable.
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normal dose by weight once daily if eGFR is 10-30 mL/
minute/1.73 m2. In patients with immune suppression
the standard course is extended from 5 to 10 days.
Patients whose treatment was modified for renal fail-
ure or immune suppression in accordance with the BNF
were categorised as having received an appropriately
modified standard course.

Cases whose oseltamivir treatment was neither stand-
ard, 75 mg twice daily for 5 days, nor appropriately
modified, were categorised as having received a non-
standard course of oseltamivir.

Oseltamivir exposure was categorised from these
responses as not received (category 1); received a
non-standard course (category 2); received an appro-
priately modified course (category 3); or received a
standard course 75 mg twice daily for 5 days (cate-
gory 4) compared with the BNF [30]. Time of starting
oseltamivir was calculated from the date of onset of
influenza symptoms to the date of the first dose given
in the pharmacy record, which is part of the electronic
patient record.

Alcohol exposure was obtained from a table enti-
tled ‘active conditions on admission’ which sought a
response for the item ‘Excessive alcohol use’ yes or no.
Hospital and primary care records were reviewed for
evidence of having received an NHS approved seasonal
influenza vaccine for the 2016/17 influenza season.
The clinical data abstraction questionnaire field read
‘Record of receipt of an NHS approved 16/17 seasonal
influenza vaccine? yes or no.’

The place of acquisition of influenza A(H3N2) virus
strain infection was attributed to the community when
symptom onset was before admission or within 2 days
of admission and if no outpatient contact with the
hospital had occurred within 2 days of onset of symp-
toms. Hospital acquisition was attributed where onset
of symptoms was more than 2 days after admission or
if outpatient, dialysis or chemotherapy day centre con-
tact at our hospital had occurred within 2 days of onset
of influenza illness.

Statistical analysis

Statistical analysis was undertaken in STATA15.1. using
single variable and multivariable regression methods
[31]. Single variable analysis associations between
inpatient death and individual risk factors, including
the individual components of the Charlson comorbid-
ity index and the non-age adjusted Charlson comorbid-
ity index, were examined by logistic regression using
likelihood ratio tests (LRT) and p values and odds
ratios (OR) and 95% confidence intervals (Cl) deter-
mined. Variables with p<o.2 by LRT in the single vari-
able analysis and sex were considered in the stepwise
multivariable logistic regression analysis. Appropriate
functional forms for continuous variables were deter-
mined by successively fitting cubic, quadratic and lin-
ear functions and selecting the simplest for which no

improvement in fit was observed by LRT in both single
and multivariable analyses.

The initial model consisted of sex and variables with
p<o.01 by LRT from the single variable analysis. A
backwards stepwise procedure was undertaken drop-
ping non-confounding variables with the largest LRT
p>0.1 one at a time. A variable was judged to be con-
founding if its omission resulted in a change of more
than 20% in the OR in one or more of the parameters
still in the model. The process continued until no fur-
ther variables could be removed.

Variables with p<o.1 in the single variable analysis
were then added in a forward procedure and the above
procedure repeated, at the end of which the remaining
variables with p>o0.1 were added and the backwards
stepwise procedure implemented.

The variables for the category of oseltamivir treatment
completed and receipt of 2016/17 seasonal influenza
vaccine were then added to the model. Following this,
variables which had been dropped from the model
were again added singly and then removed before add-
ing another to check that they should still be omitted.
Variables found to be substantial confounders were
then added to the model. The appropriate functions of
the continuous variables still in the model were again
determined to give the final multivariable model of risk
factors independently associated with inpatient death,
adjusting for the category of oseltamivir treatment
received and receipt of an NHS approved 2016/17 sea-
sonal influenza vaccine.

A second multivariable model was fitted replacing the
variable for the category of oseltamivir treatment with
the variable for the delay between the date of onset of
influenza illness and the date of commencing oseltami-
vir treatment.

Interactions

Interaction terms were tested between the categories
of oseltamivir treatment received, delay in receipt of
oseltamivir, receipt of approved 2016/17 seasonal
influenza vaccine and if immune suppressed. The vari-
able of the delay was considered in two two-way inter-
actions, one being with the receipt of seasonal vaccine
and the other immune suppressed. The two-way inter-
action between immune suppression and seasonal
vaccine receipt and the three-way interaction between
delay, seasonal vaccine receipt and immune suppres-
sion were tested. These interactions were considered
in both the single and multivariable analysis.

Results

Single variable analysis

The cohort comprised 332 patients with a mean age
of 68.6years (range:0—102) of whom 175 (52.7%) were
female. A total of 32 (9.6%) of these patients died
during admission (Table 1). The time from admission
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TABLE 2

Final multivariable analysis of variables independently associated with inpatient death, Cambridge, England, 2016/17

(n=329)*
Variable Category OR (95%Cl) p value
Age NA 1.06 per year (1.03-1.10) <0.001
Female Reference
Sex 0.19
Male 1.73 (0.76-1.94)
. Community Reference
Place of acquisition - 0.16
Hospital 1.82 (0.79-4.23)
Haemoglobin concentration g/L NA 0.97 (0.95-1.00) per g/L 0.02
. Yes 13.2 (1.93-90.5)
Excessive alcohol use 0.01
No Reference
1.Not given Reference
. 2. Non-standard course 0.3 (0.06-1.54)
Oseltamivir course completed - — 0.23
3. Appropriately modified course 0.34 (0.09-1.28)
4. Standard course 0.32 (0.11-0.93)
. . . Yes 0.63 (0.26-1.49)
Receipt of 2016/17 seasonal influenza vaccine 0.3
No Reference

Cl: confidence interval; NA: not applicable; OR: odds ratio.
2 0f 332 patients, 329 had serum haemoglobin concentration results.

to death, discharge or transfer to other hospitals was
median 7days (interquartile range: 3—23). Eight (2.4%)
patients were aged under 18years: one under 1year;
three aged 2years; one aged 5years; one aged 8years;
and two aged 17years, none of whom expired dur-
ing admission. Twenty-six (8.1%) of the patients were
admitted to an intensive care unit (ICU).

Oseltamivir was not prescribed for 73 of the 332 (22%)
of patients. Among these patients, the reasons for not
having been prescribed oseltamivir were because more
than 48hours had elapsed since onset of symptoms
(n=10; 13.7%), discharged before the positive PCR test
result for influenza A(H3N2) virus strain was available
(n=18; 24.7%), clinically improved (n=8; 11%), died
before the test result was received (n=2; 2.7%), drugs
stopped for palliative care (n=1; 1.4%), and no reason
given (n=34; 46.6%). No patients were detected as
having received oseltamivir before admission.

Significantly raised odds (p<o.05) for inpatient death
were observed for age (OR:1.04; 95%Cl:1.01-1.06)
per vyear, Charlson comorbidity index (OR:1.21;
95%Cl:1.03-1.43) per unit, excessive alcohol use
(OR:6.10; 95%Cl:1.39-26.8), peptic ulcer (OR:5.07;
95% Cl:1.2—21.3), radiological evidence of pneumonia
(OR:4.58; 95%Cl:0.98-21.4), requirement for oxygen
therapy (OR:2.79; 95%Cl:1.16—6.73) and receipt of
non-invasive ventilation (OR:10.2; 95%Cl:1.98-53.1).
Acquisition of infection within hospital compared
with community was also associated with raised odds
(OR:3.06; 95%Cl:1.46-6.42).

Completion of a standard course of oseltamivir 75mg
two times daily for 5 days compared with no treatment
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with oseltamivir showed a non-significant protective
effect (OR:0.86; 95%Cl:0.34-2.18). No protection
was observed for non-standard courses of oseltamivir
(OR:1.57; 95% Cl: 0.37—-6.70) or appropriately modified
course consistent with the BNF (OR:1.41; 95%Cl: 0.44—
4.51). No significant association was seen for delay
starting oseltamivir (OR:0.89; 95% Cl:0.74—1.06), with
having received the 2016/17 seasonal influenza vaccine
(OR:0.90; 95%Cl:0.42-1.95) or with being immune
suppressed (OR:0.40; 95%Cl: 0.12-37).

The significance of interaction terms were delay in
starting oseltamivir and 2016/17 seasonal influenza
vaccine p=0.14, delay and immune suppression p=o0.7,
immune suppression and seasonal influenza vaccine
p=o0.2, and delay in starting oseltamivir and immune
supressed and seasonal influenza vaccine p>0.999.

Six patients, all of whom survived, were confirmed
to have bacterial infection synergistic with influenza
A(H3N2) virus strain infection by positive cultures
for Streptococcus pneumoniae or Haemophilus influ-
enzae in blood or sputum. None of the patients who
expired had evidence of synergistic bacterial infection
with influenza A(H3N2) virus strain infection.

Multivariable analysis

The variables age, sex, place of acquisition, serum
haemoglobin concentration, excessive alcohol use,
category of oseltamivir course completed and receipt
of 2016/17 seasonal influenza vaccine met the criteria
for inclusion in the final multivariable model (Table 2).

Cases who received a BNF standard course of oseltami-
vir of 75mg two times daily for 5 days were significantly



TABLE 3

Multivariable analysis with delay in days between symptom onset and start of oseltamivir treatment, Cambridge, England,

2016/17 (n=299)*

Variable Category OR (95% ClI) p value
Age NA 1.06 per year (1.03-1.10) <0.001
Female Reference
Sex 0.19
Male 1.74 (0.75-4.01)
. Community Reference
Place of acquisition - 0.4
Hospital 1.43 (0.57-3.58)
Haemoglobin concentration g/L NA 0.97 (0.95-0.99) per g/L 0.01
. Yes 16.7 (1.77-156)
Excessive alcohol use 0.02
No Reference
Time delay from onset of symptoms to starting oseltamivir in days NA 0.92 per day (0.77-1.09) 0.1
Yes 0.59 (0.25-1.40)
Receipt of 2016/17 seasonal influenza vaccine 2 S 0.22
No Reference

Cl: confidence interval; NA: not applicable; OR: odds ratio.

2 0f 332 patients, 299 had information on time delay and haemoglobin concentration.

protected against death compared with those not given
oseltamivir (OR:0.32; 95%Cl:0.11-0.93) A protective
though non-significant association was also observed
for receipt of a non-standard course of oseltamivir
(OR:0.3; 95%Cl:0.06-1.54) and a BNF appropriately
modified course of oseltamivir (OR:0.34; 95%Cl: 0.09—
1.28). Receipt of the 2016/17 seasonal influenza
vaccine was not significantly protective (OR:0.63;
95% Cl:0.29—-1.49).

History of excessive alcohol use was associated with
a 13-fold (OR:13.2; 95%Cl:1.93-90.5) higher odds of
death. Higher serum haemoglobin was significantly
protective (OR: 0.97; 95%Cl:0.95-1.00) per gram
per litre. Males and those whose acquisition of infec-
tion was in hospital had non-significantly raised odds
(OR:1.73; 95%Cl: 0.76—1.94 and OR:1.82; 95% Cl: 0.79—
4.23 respectively).

In a second multivariable model, the category of
oseltamivir course received was replaced by the
delay in days between onset date and starting date
of oseltamivir treatment (Table 3). This delay was not
significantly associated with inpatient death (OR:0.92;
95% Cl: 0.77-1.09). The remaining variables had similar
odds as in the first multivariable model Tables 2 and 3.

None of the following interactions tested in the model
shown in Table 3 reached statistical significance: delay
in starting oseltamivir and receipt of 2016/17 seasonal
influenza vaccine p=0.6, delay and immune sup-
pressed p=0.6, immune suppressed and receipt of
2016/17 seasonal influenza vaccine p=0.3, and delay
and immune suppressed and receipt of 2016/17 sea-
sonal influenza vaccine p»0.999.

Variables significantly associated with raised odds in
single variable analysis p< 0.05 (Table 1) but excluded
in our multivariable model building (Tables 2 and 3)

were chemotherapy, total white cell count, serum
C-reactive protein, serum creatinine, serum urea, sup-
plementary oxygen therapy, non-invasive ventilation,
Charlson comorbidity index, radiological evidence of
pneumonia, chronic lung disease, and peptic ulcer.

Discussion

This study of a large cohort of laboratory-confirmed
seasonal influenza A (H3N2) cases admitted to a United
Kingdom (UK) NHS hospital measured the odds of all-
cause inpatient mortality. Our study has chronicled the
effectiveness of oseltamivir in reducing inpatient mor-
tality in a hospital typical of the UK NHS in winter sea-
son 2016/17 for the influenza A(H3N2) virus strain and
that a proportion of patients had not received oseltami-
vir treatment at standard BNF dose according to NICE
and WHO guidelines for several operational reasons,
some of which were amenable to improvement.

While RCTs of oseltamivir treatment of influenza virus
infection have been conducted in outpatients, there
are currently no completed placebo-controlled RCTs of
oseltamivir for treatment of influenza in hospitalised
patients, thus the need for observational studies [10].

The need for observational studies to supplement RCTs
is recognised [9] and can provide up to date measures
of effectiveness of interventions and treatments in
routine clinical settings with external validity. This is
important in seasonal influenza where the effective-
ness of vaccines and the virulence of circulating influ-
enza virus strains vary over time [10,11].

We identified clinical parameters in single variable
analysis recognised as risk factors for poor outcome
including elevated total white cell count and C-reactive
protein, pneumonia, and the need for supplementary
oxygen and ventilation [32], but these did not meet our
inclusion criteria for our final multivariable models.
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The variables meeting our selection criteria for our final
multivariable model (Table 2) were age, sex, place of
acquisition, serum haemoglobin concentration, exces-
sive alcohol use, category of oseltamivir treatment and
receipt of 2016/17 seasonal influenza vaccine.

The significant independent protective association
against inpatient death of higher serum haemoglobin
concentration is consistent with this being a marker of
good general nutrition and better health [33]. Excessive
alcohol use emerged as a major confounder and may
be explained at least in part, by its association with
severe liver disease, which is a well-recognised risk
factor for severe influenza virus infection. We com-
bined moderate and severe liver disease as a single
variable as required for the Charlson comorbidity index
but this was not associated with raised odds of inpa-
tient death in our single variable analysis (Table 1).

Recorded receipt of 2016/17 seasonal influenza vaccine
neither protected our cases from infection with influ-
enza (A(H3N2) virus strain nor modified the protec-
tive effect of oseltamivir on inpatient death as shown
by the non-significance of its interaction terms. These
results are in keeping with the observed poor effective-
ness of the vaccine against influenza A(H3N2) particu-
larly in the elderly [14,15,17].

The effectiveness of oseltamivir in the prevention and
treatment of seasonal and pandemic influenza remains
a subject of debate [34-36].

Acceptance of the protective effect of oseltamivir
against inpatient mortality in seasonal influenza
A(H3N2) virus strain infection shown in our study,
may be perceived to be at variance with meta-analy-
ses of RCTs, which have concluded that the benefits
of oseltamivir treatment are confined to shortening of
influenza symptoms [23,24,37,38]. However, these tri-
als have been done in outpatients and almost exclu-
sively in younger adults with no comorbidities and
are probably not generalisable to the largely elderly
hospitalised population in this study [9,39] for whom
oseltamivir treatment is recommended by NICE, IDSA,
CDC and WHO [16,18,19,22,40]. Our findings concur
with meta-analyses of observational studies conclud-
ing a protective effect of oseltamivir on mortality in
patients hospitalised with Influenza [41,42]. However,
Jones and Wolkewitz have raised concerns about the
meta-analysis by Muthuri et al. on handling of time-
dependent treatment and the absence of follow up
beyond hospital discharge [43,44].

In keeping with previous observational studies [42,45],
we found no evidence to support the notion that the
protective benefit of oseltamivir was limited in this
high-risk population to within 48 hours after the onset
of symptoms. The additional benefit found in our cohort
may reflect the higher proportions of elderly and immu-
nocompromised patients who have longer times from
symptom onset to cessation of viral replication [46,47].
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The failure to give oseltamivir treatment to cases of
influenza A (H3N2) virus strain admitted to hospital
may expose cases to an avoidable threefold higher
odds of inpatient mortality than would have been the
case had they been treated and as recommended by
national and international guidance. Infection ascribed
to being acquired in hospital as compared to being
acquired in the community met our selection crite-
ria for inclusion in our final multivariable models and
weak but non-significant association with raised odds
of inpatient mortality was seen. This may be explained
by greater comorbidity in the former group of patients.

We measured the odds of inpatient mortality as our
outcome using logistic regression and showed a pro-
tective effect of oseltamivir treatment in hospital-
ised patients. Our conclusion of a protective effect of
oseltamivir against inpatient mortality in hospitalised
patients is congruent with the conclusion of a recent
systematic review of systematic reviews [36].

Our conclusions contrast with studies measuring dura-
tion of admission as well as inpatient mortality using
survival analysis. A case for modelling discharge from
the population at risk as a competing hazard for death
during admission has been made [44,48]. Multistate
models were used comprising hospital admission,
oseltamivir treatment, discharge, and death timed
from onset of influenza symptoms using 1,391 case
records of confirmed pandemic influenza A(H1N1) virus
strain infection collected during 2009 and 2010 in the
UK by the UK Flu collaboration [48,49]. A corrected
hazard ratio (HR) of death in hospital associated with
oseltamivir treatment was found to be non-significant
(HR:1.03; 95%Cl:0.64—1.66) but significant for dis-
charge (HR:1.89; 95%Cl:1.65-2.16). Lytras et al. mod-
elled discharge from ICUs alive as a competing hazard
for death within the ICUs, for oseltamivir exposure
dichotomised to early (<48hours after onset) vs later
(>48hours) for influenza A(H3N2) virus strain infec-
tion in a cohort of 1,330 patients admitted to ICUs in
Greece over eight influenza seasons between 2010 and
2018 [50]. Although early treatment with oseltamivir
was associated with significantly lower mortality (rela-
tive risk (RR):0.69; 95%Cl: 0.49-0.94), the authors
ascribed this effect purely to increased cause-specific
hazard for discharge.

The absence of demonstrable protective effect of
oseltamivir on inpatient mortality in these studies
contrast to our results. This could be explained by the
differences in the influenza A virus strains being stud-
ied; treating discharge from the population at risk as a
competing hazard with patient death rather than con-
sidering death alone as the outcome; and differences
in adjustment for confounding. For example, no adjust-
ment was made for excessive alcohol use in these
studies, while we observed excessive alcohol use to be
a significant confounder of the relationship between
seasonal influenza A(H3N2) virus strain infection and
inpatient death.



Limitations

Our study was limited by being for a single season
from a single hospital and for cases only infected by
influenza A(H3N2) virus strain. We enrolled all influ-
enza A(H3N2) virus strain positive patients to our
study cohort, but it is possible that some cases may
still have been missed from viral swabbing. The small
proportion of children we recruited may reflect this.
Because we had few children aged under 18years, we
were unable to draw specific conclusions on this age
group. It is possible that we may not have recorded
fully oseltamivir given before admission to hospital,
but we think this is unlikely because data abstrac-
tors were clinicians reviewing the entire clinical record
including drugs given before admission and primary
care physician referral letters and with a study remit to
search for reasons why a completed standard course of
oseltamivir had not been given. No case of oseltamivir
having been given before admission was reported.

It is possible that a further proportion of our patients
had received seasonal influenza vaccine than we
recorded, because influenza vaccination is offered in
pharmacies and supermarkets from which vaccination
records may not have been completely transferred to
the primary care records which we used. We do not
think this would have led to a major impact on our con-
clusions because we did not detect a protective effect
for seasonal influenza vaccination alone or as an inter-
action term with oseltamivir, and because the 2016/17
influenza vaccine was of low effectiveness particularly
in the elderly [14]. Corroboration of our results in future
seasons in other centres and for other virus strains of
seasonal influenza is desirable.

Conclusions

Standard oseltamivir treatment of 75 mg twice daily for
5days was shown to be effective in reducing the odds
of inpatient mortality by two thirds (OR:0.32; 95%Cl:
0.11-0.93) in patients hospitalised with PCR-confirmed
seasonal influenza A(H3N2) virus strain infection in a
routine NHS setting.

Rapid treatment with oseltamivir requires rapid diag-
nosis of seasonal influenza virus infections and this
means hospitals must ensure routine use of influenza
molecular assays with high sensitivity and specificity
as recommended by NICE, CDC and IDSA.

Consideration should be given to revising current NICE
and PHE guidelines for hospitalised patients diagnosed
with seasonal influenza virus infection that oseltamivir
should be started within 48 hours of onset of influenza
symptoms, to align them with CDC and IDSA guide-
lines, which recommend that oseltamivir treatment for
confirmed and suspected hospitalised influenza cases
should be started on oseltamivir treatment 75 mg twice
daily for 5days regardless of the duration of influenza
illness before hospitalisation .
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As new antivirals for influenza viruses are developed,
further studies will be required to determine their effec-
tiveness in high-risk patients and inpatient settings.

Conflict of interest

None declared.

Authors’ contributions

Mark Reacher was responsible for the design of the study,
coordinated and oversaw the conduct and statistical analy-
sis of the study and wrote the paper.

Ben Warne contributed to the design of the study, data col-
lection and contributed to the writing of the paper.

Lucy Reeve oversaw data collection, designed the study data
base, oversaw data entry, data quality and data cleaning and
contributed to the writing of the paper.

Neville Q. Verlander undertook the statistical analysis and
reviewed the paper.

Nicholas Jones, Kyriaki Ranellou, Silvana Christou, Callum
Wright and Saher Choudhry undertook the review of medical
records and data abstraction and reviewed the paper.

Clare Sander supervised the review of medical records and
data abstraction and reviewed the paper.

References

1. luliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar
R, Tempia S, et al. Global Seasonal Influenza-associated
Mortality Collaborator Network. Estimates of global seasonal
influenza-associated respiratory mortality: a modelling study.
Lancet. 2018;391(10127):1285-300. https://doi.org/10.1016/
S0140-6736(17)33293-2 PMID: 29248255

2. LeeV]J, Ho ZJM, Goh EH, Campbell H, Cohen C, Cozza V, et
al. WHO Working Group on Influenza Burden of Disease.
Advances in measuring influenza burden of disease. Influenza
Other Respir Viruses. 2018;12(1):3-9. https://doi.org/10.1111/
irv.12533 PMID: 29460425

3. Thompson WW, Shay DK, Weintraub E, Brammer L, Bridges
CB, Cox NJ, et al. Influenza-associated hospitalizations in
the United States. JAMA. 2004;292(11):1333-40. https://doi.
org/10.1001/jama.292.11.1333 PMID: 15367555

4. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox
N, Anderson L), et al. Mortality associated with influenza
and respiratory syncytial virus in the United States. JAMA.
2003;289(2):179-86. https://doi.org/10.1001/jama.289.2.179
PMID: 12517228

5. Chaves SS, Aragon D, Bennett N, Cooper T, D’Mello T, Farley
M, et al. Patients hospitalized with laboratory-confirmed
influenza during the 2010-2011 influenza season: exploring
disease severity by virus type and subtype. ] Infect Dis.
2013;208(8):1305-14. https://doi.org/10.1093/infdis/jit316
PMID: 23863950

6. van Asten L, van den Wijngaard C, van Pelt W, van de Kassteele
J, Meijer A, van der Hoek W, et al. Mortality attributable
to 9 common infections: significant effect of influenza A,
respiratory syncytial virus, influenza B, norovirus, and
parainfluenza in elderly persons. J Infect Dis. 2012;206(5):628-
39. https://doi.org/10.1093/infdis/jis415 PMID: 22723641

7. Wu P, Goldstein E, Ho LM, Yang L, Nishiura H, Wu JT, et al.
Excess mortality associated with influenza A and B virus in
Hong Kong, 1998-2009. ] Infect Dis. 2012;206(12):1862-71.
https://doi.org/10.1093/infdis/jis628 PMID: 23045622

8. McGeer A, Green KA, Plevneshi A, Shigayeva A, Siddiqi
N, Raboud J, et al. Toronto Invasive Bacterial Diseases
Network. Antiviral therapy and outcomes of influenza
requiring hospitalization in Ontario, Canada. Clin Infect Dis.
2007;45(12):1568-75. https://doi.org/10.1086/523584 PMID:
18190317

9. Frieden TR. Evidence for Health Decision Making -
Beyond Randomized, Controlled Trials. N Engl ) Med.

www.eurosurveillance.org



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2017;377(5):465-75. https://doi.org/10.1056/NEJMra1614394
PMID: 28767357

Uyeki TM. Influenza. Ann Intern Med. 2017;167(5):1TC33-48.
https://doi.org/10.7326/AITC201709050 PMID: 28869984

Penttinen PM, Friede MH. Decreased effectiveness of the
influenza A(HiN1)pdmog strain in live attenuated influenza
vaccines: an observational bias or a technical challenge? Euro
Surveill. 2016;21(38):30350. https://doi.org/10.2807/1560-
7917.ES.2016.21.38.30350 PMID: 27684999

Bresee |, Fitzner J, Campbell H, Cohen C, Cozza V, Jara J, et

al. WHO Working Group on the Burden of Influenza Disease.
Progress and Remaining Gaps in Estimating the Global Disease
Burden of Influenza. Emerg Infect Dis. 2018;24(7):1173-7.
https://doi.org/10.3201/eid2407.171270 PMID: 29912681

Public Health England (PHE). Surveillance of influenza and
other respiratory viruses in the UK 2016 to 2017. London: PHE;
2017.

Pebody RG, Warburton F, Andrews N, Sinnathamby M,
Yonova |, Reynolds A, et al. Uptake and effectiveness of
influenza vaccine in those aged 65 years and older in the
United Kingdom, influenza seasons 2010/11 to 2016/17. Euro
Surveill. 2018;23(39). https://doi.org/10.2807/1560-7917.
ES.2018.23.39.1800092 PMID: 30280688

Kissling E, Rondy MI-MOVE/I-MOVE+ study team. Early 2016/17
vaccine effectiveness estimates against influenza A(H3N2):
I-MOVE multicentre case control studies at primary care and
hospital levels in Europe. Euro Surveill. 2017;22(7):30464.
https://doi.org/10.2807/1560-7917.ES.2017.22.7.30464 PMID:
28230524

World Health Organisation (WHO). WHO Guidelines for
Pharmacological Management of Pandemic Influenza A(H1N1)
2009 and other Influenza Viruses Revised February 2010.
Geneva: WHO; 2009.

Centers for Disease Control and Prevention (CDC). Seasonal
Influenza Vaccine Effectiveness, 2004-2018. Atlanta: CDC;
2018. Available from: https://wwwcdcgov/flu/professionals/
vaccination/effectiveness-studieshtm.

National Institute for Health and Care Excellence (NICE) NloCE.
NICE guidance amantadine, oseltamivir and zanamivir ta 168
2009’; 2009. [Accessed 30 Jul 2019]. Available from: https://
www.nice.org.uk/Guidance/ta168

National Institute for Health and Care Excellence (NICE).
NICE Influenza Pathway; 2018. [Accessed 30 July 2019].
Available from: https://pathways.nice.org.uk/pathways/
influenza#content=view-index

Center for Disease Control and Prevention (CDC). Influenza
antiviral medications: summary for clinicians: Treatment
Considerations for Patients Hospitalized with Suspected or
Confirmed Influenza 2019. [Accessed 30 July 2019]. Available
from: https://www.cdc.gov/flu/professionals/antivirals/
summary-clinicians.htm#Table1

Fiore AE, Fry A, Shay D, Gubareva L, Bresee JS, Uyeki
TMCenters for Disease Control and Prevention (CDC). Antiviral
agents for the treatment and chemoprophylaxis of influenza ---
recommendations of the Advisory Committee on Immunization
Practices (ACIP). MMWR Recomm Rep. 2011;60(1):1-24. PMID:
21248682

Uyeki TM, Bernstein HH, Bradley JS, Englund JA, File TM,

Fry AM, et al. Clinical Practice Guidelines by the Infectious
Diseases Society of America: 2018 Update on Diagnosis,
Treatment, Chemoprophylaxis, and Institutional Outbreak
Management of Seasonal Influenzaa. Clin Infect Dis.
2019;68(6):895-902. https://doi.org/10.1093/cid/ciy874
PMID: 30834445

Hernan MA, Lipsitch M. Oseltamivir and risk of lower
respiratory tract complications in patients with flu symptoms:
a meta-analysis of eleven randomized clinical trials. Clin Infect
Dis. 2011;53(3):277-9. https://doi.org/10.1093/cid/cir400
PMID: 21677258

Dobson J, Whitley R, Pocock S, Monto AS. Oseltamivir
treatment for influenza in adults: a meta-analysis of
randomised controlled trials. Lancet. 2015;385(9979):1729-

37. https://doi.org/10.1016/S0140-6736(14)62449-1 PMID:
25640810

European Union (EU). The EU general data protection regulation
2016/679 (GDPR) Article 9 EU GDPR “Processing of special
categories of personal data”. [Accessed 30 Jul 2019]. Available
from: https://eugdpr.org/

UK Government. The Data protection Act 2018.

[Accessed 30 July 2019]. Available from: https://ico.
org.uk/for-organisations/guide-to-data-protection/
guide-to-the-general-data-protection-regulation-gdpr/
Clark TW, Medina MJ, Batham S, Curran MD, Parmar S,
Nicholson KG. Adults hospitalised with acute respiratory
illness rarely have detectable bacteria in the absence of
COPD or pneumonia; viral infection predominates in a large

www.eurosurveillance.org

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

44.

prospective UK sample. J Infect. 2014;69(5):507-15. https://
doi.org/10.1016/j.jinf.2014.07.023 PMID: 25108123

Clark TW, Medina MJ, Batham S, Curran MD, Parmar S,
Nicholson KG. C-reactive protein level and microbial
aetiology in patients hospitalised with acute exacerbation
of COPD. Eur Respir J. 2015;45(1):76-86. https://doi.
0rg/10.1183/09031936.00092214 PMID: 25186260

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:

development and validation. ) Chronic Dis. 1987;40(5):373-83.
https://doi.org/10.1016/0021-9681(87)90171-8 PMID: 3558716

British National Formulary (BNF). Free online access to the
UK BNF (British National Formulary) content published by
NICE. Oseltamivir Directions for Administration. [Accessed
29 Oct 2019]. Available from: https://bnf.nice.org.uk/drug/
oseltamivir.html#directionsForAdministration

Rothman K], Greenland S. Modern Epidemiology. 2nd. ed.
Philadelphia: Lippincott, Williams and Wilkins; 1998. Chapter
4 Measures of effect and association 47 -66; Chapter 5 Types
of epidemiological study 67-78; Chapter 20 Introduction

to Regression Models 359-358; Chapter 21 Introduction to
Regression Modeling. p 401-343.

Myles PR, Semple MG, Lim WS, Openshaw PJ, Gadd EM, Read
RC, et al. Influenza Clinical Information Network (FLU-CIN).
Predictors of clinical outcome in a national hospitalised
cohort across both waves of the influenza A/H1N1 pandemic
2009-2010 in the UK. Thorax. 2012;67(8):709-17. https://doi.
org/10.1136/thoraxjnl-2011-200266 PMID: 22407890

Zhang Z, Pereira SL, Luo M, Matheson EM. Evaluation of Blood
Biomarkers Associated with Risk of Malnutrition in Older
Adults: A Systematic Review and Meta-Analysis. Nutrients.
2017;9(8):E829. https://doi.org/10.3390/nug9080829 PMID:
28771192

Kmietowicz Z. Study claiming Tamiflu saved lives was based
on “flawed” analysis. BMJ. 2014;348(mar18 3):g2228. https://
doi.org/10.1136/bmj.g2228 PMID: 24646608

Kmietowicz Z. Critics attack chief medical officer’s advice to
use antivirals for flu. BMJ. 2014;348(feb12 4):21496. https://
doi.org/10.1136/bmj.g1496 PMID: 24526786

Doll MK, Winters N, Boikos C, Kraicer-Melamed H, Gore G,
Quach C. Safety and effectiveness of neuraminidase inhibitors
for influenza treatment, prophylaxis, and outbreak control: a
systematic review of systematic reviews and/or meta-analyses.
J Antimicrob Chemother. 2017;72(11):2990-3007. https://doi.
org/10.1093/jac/dkx271 PMID: 28961794

Heneghan CJ, Onakpoya I, Jones MA, Doshi P, Del Mar CB,
Hama R, et al. Neuraminidase inhibitors for influenza: a
systematic review and meta-analysis of regulatory and
mortality data. Health Technol Assess. 2016;20(42):1-242.
https://doi.org/10.3310/hta20420 PMID: 27246259

Jefferson T, Jones M, Doshi P, Spencer EA, Onakpoya I,
Heneghan CJ. Oseltamivir for influenza in adults and children:
systematic review of clinical study reports and summary of
regulatory comments. BMJ. 2014;348(apro9 2):g2545. https://
doi.org/10.1136/bmj.g2545 PMID: 24811411

prevention Cfdca. “Have You Heard?” CDC recommendations
for influenza antiviral medications remain unchanged.
[Accessed 30 Jul 2019]. Available from: http://www.cdc.gov/
media/haveyouheard/stories/Influenza_antiviral2.html

Fiore AE, Fry A, Shay D, Gubareva L, Bresee JS, Uyeki
TMCenters for Disease Control and Prevention (CDC). Antiviral
agents for the treatment and chemoprophylaxis of influenza ---
recommendations of the Advisory Committee on Immunization
Practices (ACIP). MMWR Recomm Rep. 2011;60(1):1-24. PMID:
21248682

Beard KR, Brendish NJ, Clark TW. Treatment of influenza with
neuraminidase inhibitors. Curr Opin Infect Dis. 2018;31(6):514-
9. https://doi.org/10.1097/QC0.0000000000000496 PMID:
30320639

Muthuri SG, Venkatesan S, Myles PR, Leonardi-Bee J,

Al Khuwaitir TS, Al Mamun A, et al. PRIDE Consortium
Investigators. Effectiveness of neuraminidase inhibitors

in reducing mortality in patients admitted to hospital with
influenza A HiN1pdmog virus infection: a meta-analysis of
individual participant data. Lancet Respir Med. 2014;2(5):395-
404. https://doi.org/10.1016/S2213-2600(14)70041-4 PMID:
24815805

Jones M, Del Mar C, Hama R. Statistical and methodological
concerns about the beneficial effect of neuraminidase
inhibitors on mortality. Lancet Respir Med. 2014;2(7):e9-

10. https://doi.org/10.1016/52213-2600(14)70126-2 PMID:
24948431

Wolkewitz M, Schumacher M. Statistical and methodological
concerns about the beneficial effect of neuraminidase
inhibitors on mortality. Lancet Respir Med. 2014;2(7):€8-9.

11



45.

46.

47.

48.

49.

50.

https://doi.org/10.1016/S2213-2600(14)70115-8 PMID:
24948434

Hsu ], Santesso N, Mustafa R, Brozek J, Chen YL, Hopkins JP,
et al. Antivirals for treatment of influenza: a systematic review
and meta-analysis of observational studies. Ann Intern Med.
2012;156(7):512-24. https://doi.org/10.7326/0003-4819-156-7-
201204030-00411 PMID: 22371849

Lee N, Chan PK, Hui DS, Rainer TH, Wong E, Choi KW, et al.
Viral loads and duration of viral shedding in adult patients
hospitalized with influenza. ) Infect Dis. 2009;200(4):492-500.
https://doi.org/10.1086/600383 PMID: 19591575

Leekha S, Zitterkopf NL, Espy M}, Smith TF, Thompson RL,
Sampathkumar P. Duration of influenza A virus shedding in
hospitalized patients and implications for infection control.
Infect Control Hosp Epidemiol. 2007;28(9):1071-6. https://doi.
org/10.1086/520101 PMID: 17932829

Wolkewitz M, Schumacher M. Neuraminidase Inhibitors
and Hospital Mortality in British Patients with HiN1
Influenza A: A Re-Analysis of Observational Data. PLoS
One. 2016;11(9):e0160430. https://doi.org/10.1371/journal.
pone.o160430 PMID: 27583403

Wolkewitz M, Schumacher M. Survival biases lead to flawed
conclusions in observational treatment studies of influenza
patients. | Clin Epidemiol. 2017;84:121-9. https://doi.
org/10.1016/j.jclinepi.2017.01.008 PMID: 28188897

Lytras T, Mouratidou E, Andreopoulou A, Bonovas S, Tsiodras
S. Effect of early oseltamivir treatment on mortality in critically
ill patients with different types of influenza: a multi-season
cohort study. Clin Infect Dis. 2019. https://doi.org/10.1093/
cid/cizio01 PMID: 30753349

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2019.

12

www.eurosurveillance.org



