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Abstract To evaluate the factors associated with oselta-

mivir prescription and to study the effectiveness of osel-

tamivir in reducing influenza-related complications. A

prospective cohort study using the SOS Doctors (a network

of physicians who perform house-call visits in Attica,

Greece). Patients with confirmed or clinically suspected

influenza were followed up to 14 days during the

2011-2012 influenza period. 410 patients with confirmed or

suspected influenza were included. Healthy adults were

mainly enrolled, with a median age of 44 years. Influenza

diagnosis was mainly based on clinical criteria (65.8 % of

patients). Oseltamivir was prescribed for 45.4 % of them.

In a multivariate analysis, prescription of oseltamivir was

associated with the attending physician (p\ 0.001), posi-

tive influenza test (p\ 0.001) and diabetes (p = 0.027).

Data on complications were available for 351 patients, and

50 (15.8 %) of them reported at least one. Seven patients

required hospitalization. Types of complications (pneu-

monia, bronchitis, etc.) were not significantly different

between patients receiving and those not receiving oselta-

mivir. In the multivariate analysis, higher oseltamivir

prescription rate was associated with fewer complications

(p\ 0.001). Bearing in mind the limitations of a non-

randomized study, in a real-life setting, oseltamivir pre-

scription and the rate of complications in patients with

influenza were associated with the attending physician,

underlying diseases and diagnostic tests. Overall, when the

frequency of oseltamivir prescription increased, the

influenza-related complications decreased.

Introduction

Influenza is a common viral infection that usually presents

with mild symptoms and subsides without significant

complications; however, a significant number of patients

seek medical attention [1, 2]. Accordingly, influenza is

considered a high-cost infection [2]. Occasionally, com-

plications like pneumonia, bronchitis, otitis or pericarditis

occur either due to a secondary bacterial infection or to the

natural course of the viral illness [3]. Deaths are primarily

attributed to such complications or deterioration of under-

lying cardiac or lung disease, mainly among the elderly,

children and chronically ill patients [4, 5]. Anti-influenza

medications have been used for the treatment of patients

with severe or complicated influenza, as well as outpatients

with milder symptoms at higher risk for development of

complications [6, 7]; the profile of such patients is debated

[8].

Oseltamivir is the only orally available representative of

the neuraminidase inhibitors. Randomized controlled trials

and meta-analyses have concluded that the early use of

oseltamivir shortens the duration of influenza symptoms by

half to one day. Additionally, oseltamivir may reduce

influenza-related complications and cost in specific popu-

lations [9–11]. However, there are differences in the indi-

cations for oseltamivir use in Europe and United States; in
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Europe the manufacturer claims that oseltamivir reduces

complications while in the US, it was not allowed to do so

due to insufficient evidence on complications [12].

Few data are available regarding influenza in Greece

[13–16]. In a previous study, using the SOS network (a

network of physicians who perform house-call visits) in

Attica, it was shown that physicians prescribed oseltamivir

instead of antibiotics when a rapid influenza test was

positive [17]. In this study, we sought to evaluate the

factors associated with oseltamivir prescription as well as

the impact of oseltamivir use on the emergence of influenza

complications.

Methods

Study design and patient population

In this prospective observational study, we evaluated

patients who called the SOS Doctors in Attica, Greece,

during the influenza season between December 2011 and

April 2012. A standardized case report form was completed

for each patient by the attending physician. Patients with a

diagnosis of confirmed or suspected influenza according to

the assessment of the attending physician were included in

the study. Oseltamivir with or without antibiotics was

prescribed at the discretion of the attending physician; in

addition, the timing of oseltamivir prescription was not

predefined in the protocol of the study. Only patients

without complications at the time of the physician’s visit

were included in the study. Patients with a primary diag-

nosis of bacterial infection were excluded from the study.

A follow-up phone call was made by the attending

physician or the secretariat department of SOS Doctors

with the availability of a physician 2 weeks after the

medical visit. In the follow-up call, patients were asked if

the symptoms subsided or persisted. In the second scenario,

patients were asked whether he/she was examined by

another physician in the following days, the diagnosis of

that visit, and if any other medication was prescribed.

Patients with indeterminate outcome (i.e., persistent

symptoms without a follow-up visit to a physician or not

responding to the follow-up call) were excluded from the

analysis regarding complications. The study was approved

by the Ethics Committee of the SOS Doctors.

Data collection

Data regarding demographic characteristics (age, gender),

patient history (co-morbidity, medications), including the

history of a prior episode of influenza in the previous

influenza periods, influenza immunization status during the

previous 3 years, symptoms and signs, duration of

symptoms before physician’s visit, and presence of similar

symptoms in close contacts were recorded. With regard to

influenza, the data collection consisted of the method of

diagnosis (clinical or laboratory confirmation), prescription

of oseltamivir or other medications, need for hospitaliza-

tion for any reason, and cure or complications.

Definitions and outcomes

The diagnosis of influenza was either clinical (suspected

influenza, based on symptoms and signs of influenza during

an epidemic period) or microbiologically assisted (con-

firmed influenza, using a rapid influenza diagnostic test or

polymerase chain reaction [PCR]). The presence of fever or

cough and one or more of the following symptoms and

signs was used for clinical diagnosis: sore throat, pharyn-

geal erythema, catarrh/rhinorrhea, nasal congestion, pleu-

ritic chest pain, dyspnea (subjective or confirmed with

hypoxemia), frontal or retro-orbital headache, myalgia,

arthralgia, weakness or fatigue, red or watery eyes, nausea

or vomiting, diarrhea, and tachycardia. The rapid tests used

could directly detect influenza A or B viral antigen in

throat or nasal swabs.

Cure was defined as remission of all signs and symp-

toms until the follow-up phone call was made. The emer-

gence of pneumonia, bronchitis, otitis, sinusitis,

pericarditis, or other respiratory tract infection during or

following the influenza episode was defined as influenza-

related complication. High-risk patients for complications

were considered those with age over 65 years, chronic

cardiovascular disease (other than hypertension), chronic

respiratory disease (mainly asthma or chronic obstructive

pulmonary disease, [COPD]), diabetes mellitus, hemato-

logic or neurologic disease, obesity, pregnancy, or

immunosuppression. Differences in prescription of oselta-

mivir among the physicians (degree of oseltamivir use)

participating in the study was evaluated by comparing

physicians prescribing oseltamivir to more than half of

their patients (with confirmed or suspected influenza) with

physicians that prescribed oseltamivir to less than half of

their patients.

Data analysis and statistical methods

Comparison of continuous variables was performed using

the Student’s t-test or Mann-Whitney test (for normally and

non-normally distributed variables, respectively). Cate-

gorical variables were compared using v2. A p-value less

than 0.05 was defined to indicate statistical significance.

Variables that were significantly associated with prescrip-

tion of oseltamivir or complications were included in

multivariate logistic regression models. Diabetes mellitus,

obesity, chronic respiratory disease, chronic heart disease,
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high-risk patients, use of statins and angiotensin-converting

enzyme inhibitors (ACEi), and age were introduced in the

multivariate analyses regardless of their association with

complications or oseltamivir prescription in the univariate

analyses. All analyses were performed with SPSS 17.0

software (SPSS Inc., Chicago, IL, USA).

Results

Table 1 shows the characteristics of the 410 patients with

confirmed or suspected influenza included in the study. The

majority of the patients enrolled were female (63.7 %), the

median age was 44 years, and the most commonly

encountered co-morbidity was hypertension (17.8 %), fol-

lowed by endocrine diseases (mainly hypothyroidism,

13.2 %) and obesity (12.7 %). Overall, few patients with

chronic respiratory or heart disease were enrolled. The

influenza vaccination rate was low; 17.3 % of patients had

been vaccinated in any of the previous 3 years, while only

6.6 % had been vaccinated during the current influenza

season (2011-2012). The median duration of symptoms

prior to the physician’s visit and oseltamivir prescription

was 48 h (range 2-144). Fever (96.8 %) and cough (91 %)

were the most commonly reported symptoms; 43.4 % of

patients had a close contact with individuals with similar

symptoms. The diagnosis of influenza was based on clini-

cal criteria for the majority of patients (65.8 %). Patients

with confirmed or suspected influenza had similar co-

morbidity besides cortisol use (higher in confirmed cases)

and prior influenza (higher in suspected cases). Regarding

symptoms, fewer patients with confirmed influenza had

sore throat and nasal congestion, but more had cough and a

sense of dyspnea. None of the enrolled patients had an

influenza-related complication at the time of the physi-

cian’s visit.

The prescribed medications for influenza and patient

outcomes are presented in Table 2. Oseltamivir was pre-

scribed for 45.4 % of the patients. In addition, antibiotics

were prescribed for 17.2 % of those who also received

oseltamivir. Antibiotics alone were prescribed for 12.7 % of

patients. The rate of antibiotic prescription was not signifi-

cantly different for patients with suspected and confirmed

influenza (22.8 % vs 15.8 %, p = 0.12). In the univariate

analysis oseltamivir prescription was associated with older

age (p = 0.013), diabetes (p = 0.015), use of statins

(p = 0.034), a positive direct influenza test or PCR

(p\ 0.001), and the attending physician (p\ 0.001). On the

other hand, oseltamivir was not prescribed when the patient

had catarrh (p = 0.031), nasal congestion (p\ 0.001) or

headache (p = 0.013) or if they had a longer duration of

symptoms ([48 h, p = 0.002). In the multivariate analysis

(Table 3), following adjustment for age and co-morbidity,

prescription of oseltamivir was associated with the attending

physician (p\ 0.001), a positive influenza test (p\ 0.001),

and diabetes (p = 0.027). Nasal congestion was inversely

associated with oseltamivir prescription in the multivariate

analysis (p\ 0.001).

Data on complications were not available for 59 of the

410 patients because these patients could not be contacted

by or refused to answer a follow-up phone call. Out of the

351 patients whose outcome could be assessed, 50

(15.8 %) reported a complication, including bronchitis

(7.4 %), sinusitis (2.2 %), pneumonia (2 %), pharyngitis

(1.1 %), and otitis (0.6 %). Pericarditis, laryngitis, and

tonsillitis were reported in one patient each. Seven patients

required hospitalization (4 oseltamivir-treated patients).

The single death occurred in a 75-year-old female patient

with a history of hypertension and hypothyroidism who did

not receive oseltamivir on diagnosis.

Types of complications (e.g., bronchitis, pneumonia,

etc.) were similarly distributed between patients receiving

or not receiving oseltamivir. Complications were inver-

sely associated with the degree of oseltamivir use by the

individual attending physician. Among physicians who

prescribed oseltamivir to 0 %-50 % of their patients, the

rate of complications was 21.7 %; on the other hand,

among physicians who prescribed oseltamivir to 50 %-

100 % of their patients, the rate of complications was

9.6 % (p = 0.005). Other variables associated with more

complications in the univariate analysis were influenza

vaccination at any time in the previous 3 years

(p = 0.014), high-risk patients (p = 0.028), older age

(p = 0.024), and use of oseltamivir (0.034). Timing of

oseltamivir initiation and vaccination in the current

influenza season were not associated with complications.

In the multivariate analysis (Table 4), following adjust-

ment for age and co-morbidity, development of compli-

cations was associated with prior vaccination at any time

(p = 0.008) and oseltamivir use (p\ 0.001). The degree

of oseltamivir use by the individual physicians

(p\ 0.001) was associated with fewer complications. If

only patients with confirmed influenza were studied, the

attending physician and sore throat were associated with

lower complications, while prior vaccination was associ-

ated with more complications.

Factors associated in multivariate analysis with higher

oseltamivir prescription among physicians were a positive

test (p\ 0.001) and use of statins (p = 0.001); headache

(p\ 0.001), nasal congestion (p\ 0.001) and similar

symptoms in close contacts (p = 0.003) were inversely

associated with increased oseltamivir prescription. Factors

associated in multivariate analysis with undertaking a

diagnostic test were the attending physician (p\ 0.001),

coronary artery disease (p = 0.028) and dyspnea on pre-

sentation (p = 0.023).
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Discussion

In this prospective cohort of patients with confirmed or

suspected influenza during the 2011-2012 influenza season

in Athens, Greece, 46 % of patients received oseltamivir.

Prescription of oseltamivir was associated with the

attending physician, positive influenza test and diabetes.

Approximately 15 % of patients developed complications,

which mainly included bronchitis, pneumonia and sinusitis.

All types of complications were equally distributed

Table 1 Characteristics of the

410 patients with influenza or

influenza-like illness

Variable Number of patients, n (%)

Age, years (median, range) 44 (2-96)

Females 261 (63.7)

Males 149 (36.3)

Co-morbidity

Hypertension 73 (17.8)

Coronary disease 18 (4.4)

COPD/Asthma 17 (4.1)

DM 30 (7.3)

Endocrine 54 (13.2)

Obesity 52 (12.7)

High-risk patients§ 100 (24.4)

Medications

ACE inhibitors or ARBs 66 (16.1)

Statins 41 (10)

Prior surgery 64 (15.6)

Prior influenza immunization* 72 (17.7)

Before 2009 26 (6.4)

2009 9 (2.2)

2010 9 (2.2)

2011 28 (6.9)

Duration of symptoms before physician’s visit, hours (median, range) 48 (2-144)

Symptoms

Fever 397 (96.8)

Cough 373 (91.0)

Weakness or fatigue 296 (72.2)

Myalgia 292 (71.2)

Nasal congestion 256 (62.4)

Catarrh 244 (59.5)

Sore throat 225 (55)

Headache 215 (52.4)

Similar symptoms in close contacts 178 (43.4)

Method of diagnosis#

Clinical 268 (65.8)

Direct influenza test or PCR$ 139 (34.2)

Oseltamivir prescription rate per attending physician (median) 34.3 % (IQR 3.8 %-66.7 %)

ACE, angiotensin-converting-enzyme; ARBs, angiotensin II receptor blockers; COPD, chronic obstructive

pulmonary disease; CRF, chronic renal failure; DM, diabetes mellitus; IQR, inter-quartile range; PCR,

polymerase chain reaction

* Data regarding prior influenza immunization were available for 406 out of 410 patients
# Data regarding method of diagnosis were available for 407 out of 410 patients
§ High-risk patients were considered patients with any of the following: chronic cardiac disease (other than

hypertension), chronic respiratory disease (e.g., asthma or chronic obstructive pulmonary disease), diabetes

mellitus, obesity, or immunosuppression
$ Three patients were tested by PCR; all samples were positive
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between patients receiving oseltamivir and those not

receiving it. Fewer complications were observed when

physicians prescribed oseltamivir to the majority of their

patients than when physicians prescribed oseltamivir to

none or the minority of their patients.

This study showed that physicians have a key role in the

management and possibly outcomes of influenza. The

prescription of oseltamivir was driven mainly by two fac-

tors: the attending physician and a positive influenza test.

Physicians ordered an influenza test mainly when patients

had co-morbidity (coronary artery disease) or presented

with more-severe disease (e.g., sense of dyspnea). Later,

they prescribed oseltamivir more commonly to patients

with a positive test, and possibly higher co-morbidity (as

implied by the use of statins, the presence of diabetes, and

vaccination in the previous years).

Two studies on pediatric populations [18, 19] as well as

another one on adults and adolescents [20] reported a lower

frequency of influenza-related lower respiratory tract

infections and acute otitis media among patients treated

with oseltamivir versus placebo. Meta-analyses also

showed that influenza-related complications, especially

otitis media, were less common in both healthy and high-

risk patients with confirmed influenza treated with neu-

raminidase inhibitors than in those taking placebo

[10, 20, 21] or no antiviral therapy [22]. An updated ver-

sion of the 2003 Cochrane systematic review on the effi-

cacy of oseltamivir to reduce influenza complications in

healthy adults concluded that oseltamivir did not reduce

complications and called for the manufacturer to release all

relevant data [23]. In the meta-analysis performed when

these data were disclosed, oseltamivir was associated with

reduced investigator-mediated unverified pneumonia in

adults, but the difference was not statistically significant

when a more detailed diagnostic form for pneumonia was

used. Oseltamivir’s effect on unverified pneumonia in

children and prophylaxis was not significant. There was no

significant reduction in risk of unverified bronchitis, otitis

media, sinusitis, or any complication classified as serious

or leading to study withdrawal [24]. Finally, studies in

hospitalized patients with influenza showed that early

oseltamivir administration was associated with less-severe

disease on presentation and earlier discharge from the

hospital [25–27]. On the other hand, when patients with

mild influenza were studied, the effectiveness of oselta-

mivir in reducing complications of influenza was

Table 2 Treatment and outcomes of the included patients

Variable Number of patients, n/N (%)

Oseltamivir

Oseltamivir only 154/410 (37.6)

Oseltamivir and antibiotics* 32/410 (7.8)

Antibiotics alone 52/410 (12.7)

Remission 300/351 (85.5)

Complications 50/351 (14.2)

Bronchitis 26/351 (7.4)

Sinusitis 8/351 (2.3)

Pneumonia 7/351 (2.0)

Pharyngitis 4/351 (1.1)

Otitis 2/351 (0.6)

Other¥ 3/351 (0.9)

Required hospitalization 7/409 (1.7)

* Among those who received oseltamivir, 17.8 % also received

antibiotics
¥ ‘‘Other complications’’ comprised laryngitis (n = 1), lymphadenitis

(n = 1), and pericarditis (n = 1)

Table 3 Factors associated with oseltamivir prescription in univari-

ate and multivariate analyses

Variable p-value

(univariate)

p-value

(multivariate)

OR, 95 % CI

(multivariate)

Older age 0.013 0.61 1.01, 0.99-1.02

Diabetes 0.015 0.027 3.47, 1.16-10.44

Statins 0.034 0.24 1.99, 0.64-6.22

Positive test \0.001 \0.001 19.72, 9.18-

42.34

Attending

physician

\0.001 \0.001 0.15, 0.06-0.36

Catarrh 0.031 0.35 0.72, 0.36-1.44

Nasal congestion \0.001 \0.001 0.39, 0.20-0.77

Headache 0.013 0.81 0.93, 0.51-1.71

Symptoms[48 h 0.002 0.074 0.99, 0.98-1.01

Table 4 Factors associated with complications in univariate and

multivariate analyses

Variable p-value

(univariate)

p-value

(multivariate)

OR, 95 % CI

(multivariate)

Oseltamivir to

50-100 %*

0.005 \0.001 0.16, 0.07-

0.36

Vaccination at any

time

0.014 0.008 3.26, 1.44-

7.37

High-risk patients 0.028 0.60 1.34, 0.45-

3.99

Age 0.024 0.14 1.02, 0.99-

1.04

Oseltamivir 0.034 \0.001 4.90, 2.19-

10.97

Diabetes 0.85 0.055 0.21, 0.04-

1.03

Obesity 0.07 0.051 2.4, 0.99-5.78

* Oseltamivir prescribed to [50 % of the patients examined by a

given physician
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questionable [28, 29]. In any case, the benefits from osel-

tamivir use should outweigh the harm in terms of adverse

events and resistance, which are rarely studied in depth

[12, 22, 30, 31].

The other factor that was independently associated with

complications in this study was vaccination in any of the

previous 3 years, while vaccination during the current

season was not associated with complications. Vaccination

reduces the incidence and complications of influenza;

however, before 2012 (when the World Health Organiza-

tion announced that all people above 6 months of age

should be vaccinated annually for influenza) the adult

candidates for vaccination in Greece were older people

([65 years old) with co-morbidity. Accordingly, risk fac-

tors for vaccination in any of the previous 3 years in this

study were older age, diabetes, chronic pulmonary dis-

eases, chronic neurologic disorders and influenza in the

previous periods (data not shown). In addition, the rate of

vaccination in the 2011-2012 influenza period was low.

Therefore, vaccination may be a surrogate marker for co-

morbidity. Especially, among high-risk patients, vaccina-

tion during the previous 3 years was not associated with

more complications in this study (data not shown).

In this cohort, the commonly described risk factors for

complications after an influenza infection were not iden-

tified. Age, obesity, diabetes, pregnancy, and chronic res-

piratory, cardiovascular, hematologic and neurologic

diseases are among these factors. A systematic review

concluded that there is lack of strong evidence to support

the common belief that the aforementioned risk factors are

associated with outcomes after influenza [8]. Among the

most important limitations were the lack of power and lack

of adjustment for confounders in the studies included in the

systematic review. In addition, the level of evidence was

described as low or very low.

In this study, treatment was at the discretion of the

attending physician. Overall, the rate of antibiotic pre-

scription in this study was not essentially different com-

pared to similar published studies. Unfortunately,

inappropriate prescription of antibiotics for respiratory

tract infections, even when a viral infection is suspected, is

frequent in daily practice [32–34]. This is primarily

attributed to difficulties in clinically discriminating bacte-

rial from viral infections [35]. The co-administration of

antibiotics with antiviral medications has also been

described in the literature, even among ambulatory patients

with confirmed influenza [36, 37]. The reasons behind this

practice may be efforts to treat or prevent a secondary

bacterial infection, the anti-inflammatory effects of

antibiotics, efforts to control the seriousness of influenza,

presumed antiviral effects, and modification of the host’s

excessive immune reactions [36]. In addition, the

immunomodulatory properties of macrolides have been

reported as a potential means to reduce the inflammatory

process in influenza and possibly its complications [38];

small trials that refute this notion have been published [39].

Finally, following the A/H1N1 pandemic, several studies

have also reported increased demand for antibiotic pre-

scription in the whole or parts of the population, even

among patients who under different circumstances would

never have done so [40, 41].

The main limitation of the study was the significant

percentage of patients lost to follow-up. However, it was

expected that it would be difficult to contact all of the

enrolled patients by phone. In addition, several patients

refused to answer to the follow-up questions. A second

limitation might have been the short follow-up period. In

addition, we only recorded respiratory tract infections as

complications, while complications like deterioration of

cardiac and lung function were not recorded, since con-

tinuous monitoring would have been required. Third, at

follow-up, data regarding compliance with the prescribed

medications were not collected. Therefore, the outcomes of

the study may be biased by non-adherence of patients, a

common event in the treatment of upper respiratory tract

infections, even within randomized studies [42–44].

Fourth, the dose of oseltamivir was not pre-specified in the

protocol, as in most observational studies, and data

regarding dosage were not recorded. However, as in all

other countries, in Greece, oseltamivir is prescribed at a

dose of 75 mg twice daily for 5 days unless dosage

adjustment is required according to renal function. Fifth,

due to the small sample size, we were not able to detect

differences in hospitalization rates and mortality between

patients receiving or not receiving oseltamivir; as expected,

few patients required hospitalization. The study did not

have the power to show any difference in hospitalization

rate and would have required a larger number of patients.

Finally, the most appropriate study design to determine

whether there could be an improvement in outcomes after

oseltamivir prescription would be a randomized control

trial, or matched case control studies accounting for co-

morbidity, age and disease severity. In this study, oselta-

mivir prescription was at the discretion of the attending

physician, which was proven to be independently associ-

ated with lower complications.

In conclusion, this study showed that the rate of com-

plications was lower when physicians prescribed oselta-

mivir. Distinctive differences in symptoms or risk factors

for complications between patients with confirmed or

suspected influenza were not observed. However, oselta-

mivir was prescribed more when the test was positive. In

real-life settings, where it is not clear who might really

benefit from a medication like oseltamivir, it seems that

physicians order a direct influenza test and subsequently

prescribe oseltamivir in patients with higher co-morbidity,
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who are considered at higher risk for development of

complications. Future studies, including randomized trials,

should define better the populations for which a test should

be performed, identify the patients that would really benefit

from oseltamivir prescription, and study the effectiveness

and safety of oseltamivir on preventing complications,

hospitalizations and possibly deaths in these populations.

Compliance with ethical standards

No funding.

Conflict of interest There is no conflict of interest for all authors.

Ethical approval All procedures performed in studies involving

human participants were in accordance with the ethical standards of

the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical

standards.

This article does not contain any studies with animals performed by

any of the authors.

Informed consent Not required.

References

1. Barker WH, Mullooly JP (1980) Impact of epidemic type A

influenza in a defined adult population. Am J Epidemiol

112:798–811

2. Kavet J (1977) A perspective on the significance of pandemic

influenza. Am J Public Health 67:1063–1070

3. Rothberg MB, Haessler SD, Brown RB (2008) Complications of

viral influenza. Am J Med 121:258–264

4. World Health Organization (2005) State of the art of vaccine

research and development. Geneva: World Health Organization.

http://www.who.int/vaccine_research/documents/Dip%20814.pdf

5. Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Madhi SA,

Simmerman JM, Gordon A, Sato M, Howie S, Krishnan A, Ope

M, Lindblade KA, Carosone-Link P, Lucero M, Ochieng W,

Kamimoto L, Dueger E, Bhat N, Vong S, Theodoratou E, Chit-

taganpitch M, Chimah O, Balmaseda A, Buchy P, Harris E,

Evans V, Katayose M, Gaur B, O’Callaghan-Gordo C, Goswami

D, Arvelo W, Venter M, Briese T, Tokarz R, Widdowson MA,

Mounts AW, Breiman RF, Feikin DR, Klugman KP, Olsen SJ,

Gessner BD, Wright PF, Rudan I, Broor S, Simoes EA, Campbell

H (2011) Global burden of respiratory infections due to seasonal

influenza in young children: a systematic review and meta-anal-

ysis. Lancet 378:1917–1930

6. Fiore AE, Fry A, Shay D, Gubareva L, Bresee JS, Uyeki TM,

Centers for Disease Control and Prevention (2011) Antiviral

agents for the treatment and chemoprophylaxis of influenza—

recommendations of the Advisory Committee on Immunization

Practices (ACIP). MMWR Recomm Rep 60:1–24

7. Harper SA, Bradley JS, Englund JA, File TM, Gravenstein S,

Hayden FG, McGeer AJ, Neuzil KM, Pavia AT, Tapper ML,

Uyeki TM, Zimmerman RK, Expert Panel of the Infectious

Diseases Society of A (2009) Seasonal influenza in adults and

children–diagnosis, treatment, chemoprophylaxis, and institu-

tional outbreak management: clinical practice guidelines of the

Infectious Diseases Society of America. Clin Infect Dis

48:1003–1032

8. Mertz D, Kim TH, Johnstone J, Lam PP, Science M, Kuster SP,

Fadel SA, Tran D, Fernandez E, Bhatnagar N, Loeb M (2013)

Populations at risk for severe or complicated influenza illness:

systematic review and meta-analysis. BMJ 347:f5061

9. Burch J, Paulden M, Conti S, Stock C, Corbett M, Welton NJ,

Ades AE, Sutton A, Cooper N, Elliot AJ, Nicholson K, Duffy S,

McKenna C, Stewart L, Westwood M, Palmer S (2009) Antiviral

drugs for the treatment of influenza: a systematic review and

economic evaluation. Health Technol Assess 13:1–265, iii–iv

10. Falagas ME, Koletsi PK, Vouloumanou EK, Rafailidis PI,

Kapaskelis AM, Rello J (2010) Effectiveness and safety of neu-

raminidase inhibitors in reducing influenza complications: a

meta-analysis of randomized controlled trials. J Antimicrob

Chemother 65:1330–1346

11. Postma MJ, Novak A, Scheijbeler HW, Gyldmark M, van Gen-

ugten ML, Wilschut JC (2007) Cost effectiveness of oseltamivir

treatment for patients with influenza-like illness who are at

increased risk for serious complications of influenza: illustration

for the Netherlands. Pharmacoeconomics 25:497–509

12. Godlee F (2012) Withdraw approval for Tamiflu until NICE has

full data. BMJ 345:e8415

13. Kourti A, Spanakos G, Politi L, Stavropoulou A, Spanakis N,

Tsakris A (2012) Oseltamivir-resistant influenza A(H1N1) 2009

virus in Greece during the post-pandemic 2010–2011 season. Int J

Antimicrob Agents 40:72–74

14. Sypsa V, Bonovas S, Tsiodras S, Baka A, Efstathiou P, Malliori

M, Panagiotopoulos T, Nikolakopoulos I, Hatzakis A (2011)

Estimating the disease burden of 2009 pandemic influenza

A(H1N1) from surveillance and household surveys in Greece.

PLoS One 6:e20593

15. Theocharis G, Vouloumanou EK, Barbas SG, Spiropoulos T,

Rafailidis PI, Falagas ME (2011) Comparison of characteristics

of outpatients with 2009 H1N1 pandemic and seasonal influenza.

Int J Clin Pract 65:871–878

16. Tsagris V, Nika A, Kyriakou D, Kapetanakis I, Harahousou E,

Stripeli F, Maltezou H, Tsolia M (2012) Influenza A/H1N1/2009

outbreak in a neonatal intensive care unit. J Hosp Infect 81:36–40

17. Theocharis G, Vouloumanou EK, Rafailidis PI, Spiropoulos T,

Barbas SG, Falagas ME (2010) Evaluation of a direct test for

seasonal influenza in outpatients. Eur J Intern Med 21:434–438

18. Wang K, Shun-Shin M, Gill P, Perera R, Harnden A (2012)

Neuraminidase inhibitors for preventing and treating influenza in

children (published trials only). Cochrane Database Syst Rev

4:CD002744

19. Winther B, Block SL, Reisinger K, Dutkowski R (2010) Impact

of oseltamivir treatment on the incidence and course of acute

otitis media in children with influenza. Int J Pediatr Otorhino-

laryngol 74:684–688

20. Kaiser L, Wat C, Mills T, Mahoney P, Ward P, Hayden F (2003)

Impact of oseltamivir treatment on influenza-related lower res-

piratory tract complications and hospitalizations. Arch Intern

Med 163:1667–1672

21. Turner D, Wailoo A, Nicholson K, Cooper N, Sutton A, Abrams

K Systematic review and economic decision modelling for the

prevention and treatment of influenza A and B. http://www.nice.

org.uk/nicemedia/live/11509/32702/32702.pdf

22. Hsu J, Santesso N, Mustafa R, Brozek J, Chen YL, Hopkins JP,

Cheung A, Hovhannisyan G, Ivanova L, Flottorp SA, Saeterdal I,

Wong AD, Tian J, Uyeki TM, Akl EA, Alonso-Coello P, Smaill

F, Schunemann HJ (2012) Antivirals for treatment of influenza: a

systematic review and meta-analysis of observational studies.

Ann Intern Med 156:512–524

23. Jefferson T, Jones M, Doshi P, Del Mar C (2009) Neuraminidase

inhibitors for preventing and treating influenza in healthy adults:

systematic review and meta-analysis. BMJ 339:b5106

Oseltamivir and influenza complications

123

http://www.who.int/vaccine_research/documents/Dip%2520814.pdf
http://www.nice.org.uk/nicemedia/live/11509/32702/32702.pdf
http://www.nice.org.uk/nicemedia/live/11509/32702/32702.pdf


24. Jefferson T, Jones M, Doshi P, Spencer EA, Onakpoya I, Hene-

ghan CJ (2014) Oseltamivir for influenza in adults and children:

systematic review of clinical study reports and summary of reg-

ulatory comments. BMJ 348:g2545

25. Higuera Iglesias AL, Kudo K, Manabe T, Corcho Berdugo AE,

Corrales Baeza A, Alfaro Ramos L, Guevara Gutierrez R, Man-

jarrez Zavala ME, Takasaki J, Izumi S, Bautista E, Perez Padilla

JR (2011) Reducing occurrence and severity of pneumonia due to

pandemic H1N1 2009 by early oseltamivir administration: a

retrospective study in Mexico. PLoS One 6:e21838

26. Launes C, Garcia-Garcia JJ, Martinez-Planas A, Moraga F,

Soldevila N, Astigarraga I, Aristegui J, Korta J, Quintana JM,

Torner N, Dominguez A, Cases C, Controls in Pandemic Influ-

enza Working G (2013) Clinical features of influenza disease in

admitted children during the first postpandemic season and risk

factors for hospitalization: a multicentre Spanish experience. Clin

Microbiol Infect 19:E157–E162

27. Ploin D, Chidiac C, Carrat F, Cohen B, Javouhey E, Mayaud C,

Desenclos JC, Lina B, Leport C, Fluco study g (2013) Compli-

cations and factors associated with severity of influenza in hos-

pitalized children and adults during the pandemic wave of

A(H1N1)pdm2009 infections—the Fluco French cohort. J Clin

Virol 58:114–119

28. Bueno M, Calvo C, Mendez-Echevarria A, de Jose MI, Santos M,

Carrasco J, Tovizi M, Guillen S, de Blas A, Llorente M, Tarrago

A, Escosa L, Cilleruelo MJ, Tomatis C, Blazquez D, Otheo E,

Mazagatos D, Garcia-Garcia ML (2013) Oseltamivir treatment

for influenza in hospitalized children without underlying diseases.

Pediatr Infect Dis J 32:1066–1069

29. Lee JS, Park SY, Kim JS, You JY, Ju YS, Eom JS (2012) The

clinical effectiveness of oseltamivir in mild cases of pandemic

influenza A H1N1 2009 infection. Scand J Infect Dis 44:595–599

30. Cohen D (2012) Questions remain over safety and effectiveness

of oseltamivir. BMJ 344:e467

31. Hama R (2007) Oseltamivir’s adverse reactions: fifty sudden

deaths may be related to central suppression. BMJ 335:59

32. Bilcke J, Coenen S, Beutels P (2014) Influenza-like-illness and

clinically diagnosed flu: disease burden, costs and quality of life

for patients seeking ambulatory care or no professional care at all.

PLoS One 9:e102634

33. Jennings LC, Skopnik H, Burckhardt I, Hribar I, Del Piero L,

Deichmann KA (2009) Effect of rapid influenza testing on the

clinical management of paediatric influenza. Influenza Other

Respir Viruses 3:91–98

34. Jeong HW, Heo JY, Park JS, Kim WJ (2014) Effect of the

influenza virus rapid antigen test on a physician’s decision to

prescribe antibiotics and on patient length of stay in the emer-

gency department. PLoS One 9:e110978

35. Hersh AL, Jackson MA, Hicks LA (2013) Principles of judicious

antibiotic prescribing for upper respiratory tract infections in

pediatrics. Pediatrics 132:1146–1154

36. Azuma A, Yamaya M, Kadota J, Mikasa K, Kudoh S (2013) Use

of macrolides in the 2009 H1N1 virus infection outbreak: a sur-

vey of general practices in Japan. Respir Investig 51:257–259

37. Havers F, Thaker S, Clippard JR, Jackson M, McLean HQ,

Gaglani M, Monto AS, Zimmerman RK, Jackson L, Petrie JG,

Nowalk MP, Moehling KK, Flannery B, Thompson MG, Fry AM

(2014) Use of influenza antiviral agents by ambulatory care

clinicians during the 2012–2013 influenza season. Clin Infect Dis

59:774–782

38. Shinahara W, Takahashi E, Sawabuchi T, Arai M, Hirotsu N,

Takasaki Y, Shindo S, Shibao K, Yokoyama T, Nishikawa K,

Mino M, Iwaya M, Yamashita Y, Suzuki S, Mizuno D, Kido H

(2013) Immunomodulator clarithromycin enhances mucosal and

systemic immune responses and reduces re-infection rate in

pediatric patients with influenza treated with antiviral neu-

raminidase inhibitors: a retrospective analysis. PLoS One

8:e70060

39. Kakeya H, Seki M, Izumikawa K, Kosai K, Morinaga Y, Kuri-

hara S, Nakamura S, Imamura Y, Miyazaki T, Tsukamoto M,

Yanagihara K, Tashiro T, Kohno S (2014) Efficacy of combi-

nation therapy with oseltamivir phosphate and azithromycin for

influenza: a multicenter, open-label, randomized study. PLoS

One 9:e91293

40. Bernier A, Ligier C, Guillemot D, Watier L (2013) Did media

attention of the 2009 A(H1N1) influenza epidemic increase out-

patient antibiotic use in France?: a time-series analysis. PLoS

One 8:e69075

41. McNulty C, Joshi P, Butler CC, Atkinson L, Nichols T, Hogan A,

French D (2012) Have the public’s expectations for antibiotics for

acute uncomplicated respiratory tract infections changed since

the H1N1 influenza pandemic? A qualitative interview and

quantitative questionnaire study. BMJ Open 2:e000674

42. Behre U, Burow HM, Quinn P, Cree F, Harrison HE (1997)

Efficacy of twice-daily dosing of amoxycillin/clavulanate in

acute otitis media in children. Infection 25:163–166

43. Cohen R, Levy C, Doit C, De La Rocque F, Boucherat M,

Fitoussi F, Langue J, Bingen E (1996) Six-day amoxicillin vs.

ten-day penicillin V therapy for group A streptococcal tonsil-

lopharyngitis. Pediatr Infect Dis J 15:678–682

44. Venuta A, Laudizi L, Beverelli A, Bettelli F, Milioli S, Garetti E

(1998) Azithromycin compared with clarithromycin for the

treatment of streptococcal pharyngitis in children. J Int Med Res

26:152–158

K. Z. Vardakas et al.

123


	Impact of oseltamivir use on the reduction of complications in patients with influenza: a prospective study
	Abstract
	Introduction
	Methods
	Study design and patient population
	Data collection
	Definitions and outcomes
	Data analysis and statistical methods

	Results
	Discussion
	References




