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Abstract
Background: After the A/H1N1 influenza pandemic in 2009, two new drugs against 
the influenza virus, laninamivir and peramivir, were released in 2010 in Japan. We in-
vestigated the current usage and effectiveness of influenza medications and factors 
related to the time taken to alleviate fever.
Methods: Patients diagnosed with influenza during the 2012- 2013 season in Osaka 
Prefecture answered a postcard questionnaire that collected data regarding their de-
mographic characteristics, flu vaccination status, symptoms, prescribed drugs, and 
drug- related adverse events.
Results: The use of laninamivir consistently increased over the 3- year period and was 
prescribed at a similar rate as oseltamivir during the last year (39% and 45%, respec-
tively). None of the neuraminidase inhibitors had a significant effect on the fever or 
other symptoms of influenza infection (P=.59 and P=.70, respectively). Vaccinated influ-
enza patients experienced fever for a significantly longer duration than the nonvacci-
nated patients (P=.04). However, multivariate analysis showed that only influenza virus 
type, but not vaccination status, was related to the alleviation of fever within 2 days.
Conclusions: There were no significant differences of effects on fever and symptoms 
among neuraminidase inhibitors. Virus type was only related to the alleviation of fever.
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1  | INTRODUCTION

Influenza infection is one of the most common viral infections on a 
global basis annually, especially during winter in the temperate zone. 
After the H1N1 influenza pandemic occurred in 2009, two new drugs 
against influenza infection, laninamivir and peramivir, were released 
in 2010 in Japan. Four varieties of neuraminidase inhibitors are typ-
ically used in Japan: oseltamivir (orally administered twice a day for 

5 days), zanamivir (inhaled twice a day for 5 days), laninamivir (inhaled 
just once on the first day), and peramivir (intravenously administered 
just once on the first day or once daily for a maximum of 3 days). To 
investigate the status of influenza patients and their medication use, 
we started to conduct a survey via a postcard questionnaire in Osaka 
Prefecture from the 2010 to 2011 winter season. Laninamivir ap-
peared to alleviate fever faster with fewer adverse events during the 
2010- 2011 season.1 Laninamivir was prescribed more often than it 
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was in the previous season, but the improvements in symptoms were 
similar between the four neuraminidase inhibitors during the 2011- 
2012 season.2

Clinics and hospitals are usually very busy during the winter sea-
son because there are typically many patients with viral infections, 
cardiovascular disease, or respiratory disease in addition to influenza. 
Therefore, time for a detailed investigation during the winter season 
is limited, which prompted us to conduct a less time- intensive self- 
reported survey via a postcard questionnaire for influenza. These 
postcard- based studies collected data regarding demographic charac-
teristics, flu vaccination status, symptoms, prescribed medications, and 
drug- related adverse events. This survey was initially conducted during 
the 2010- 2011 season, and the results were previously reported in a 
Japanese journal.1 The second study was conducted using the same 
method during the 2011- 2012 season and also reported in another 
Japanese journal.2 Our studies are considered to be very useful for cli-
nicians on primary care, because our studies are widely practiced in 
about 50 hospitals and clinics. The third study was conducted during 
the 2012- 2013 season to investigate the current usage and effective-
ness of influenza medications and factors related to the time taken to 
alleviate fever. We report here the complete findings of this survey.

2  | PATIENTS AND METHODS

This study was conducted in 54 hospitals or clinics in Osaka Prefecture. 
Each clinic was in charge of 10- 30 postcards, depending on the capac-
ity of their institution. A total of 1000 postcards was prepared for deliv-
ery. Patients were diagnosed using rapid influenza diagnostic tests, and 
neuraminidase inhibitors were prescribed between December 2012 
and April 2013. After informed consent was obtained from the patient, 
the doctors wrote the patient’s age, gender, influenza type (A or B), and 
drug details on the front page and provided the postcard to the patient. 

The patients answered questions regarding their flu vaccination status, 
symptoms, temperature (twice daily), and drug- related adverse events 
and then posted the postcards to Osaka City University. The symp-
toms they reported included their highest temperature (recorded twice 
daily, in the morning and in the evening), sore throat, fatigue, headache, 
runny nose, and joint pain. A sample postcard is shown in Figure 1. 
Most published studies have reported the effectiveness of neurami-
nidase inhibitors.3 Although the criterion for absence of fever in most 
studies was a temperature under 37.5°C, 37.8°C, or 38°C, we defined 
the absence of fever as a temperature under 37.0°C, because anything 
above this temperature is considered fever in Japan.

This study was approved by the Ethics Committee of Osaka City 
University (Approval No. 2465).

2.1 | Statistical analysis

The statistical analyzes were performed using JMP version 10 (SAS 
Institute, Inc., Cary, NC, USA). Statistical analyzes of demographic and 
clinical characteristic data were performed using nonparametric testing 
(Kruskal- Wallis test). Significant intergroup differences in demographics 
according to the Kruskal- Wallis test were evaluated by the Bonferroni 
correction. Significance was considered for P values <.008. Fisher’s 
exact test was used to compare between- group differences in the 
percentages of patients. We conducted a univariate analysis that was 
followed by a multivariate analysis with logistic regression models to 
examine the factors that were related to the alleviation of fever within 
2 days after the treatment with the neuraminidase inhibitors began.

3  | RESULTS

Of the 863 postcards that were delivered, 263 were returned. 
We compared the demographic data between the neuraminidase 

F IGURE  1 Postcard- based 
questionnaire distributed to patients 
with influenza. On the front page, the 
doctors documented the patient’s age, 
gender, type of influenza, prescribed 
anti- influenza drug, and other prescribed 
drugs before they gave the postcard to 
the patient. The patients responded to the 
questions on the back page. The responses 
included vaccination status, other medical 
conditions, temperature (twice daily), 
symptoms (sore throat, fatigue, headache, 
runny nose, and joint pain), and side effects

Doctors, please complete below:
Age   (          ) M F
Type of influenza virus : A B
Laninamivir Oselutamivir Zanamivir 

Peramivir
Other drugs (                                                 )

545-8585

To Osaka City University, 
Respiratory Medicine

Front page Back page
Please circle below

Did you have influenza last year?  Y/N
Did you receive a flu shot last year?  Y/N
Did you receive a flu shot this year?  Y/N
Do you have any of the following diseases?

None/Hypertension/Hyperlipidemia/ 
Diabetes mellitus/Asthma/Allergy/
Others 

Please provide your temperature following treatment
(Day 0 is the first day you used the influenza medication) 

Day 0 Day 1 Day 2 Day 3 Day 4

Morning ℃ ℃ ℃ ℃ ℃

Night ℃ ℃ ℃ ℃ ℃

Please write the day you improved 
if you have symptoms below

Sore 
throat

Fatigue Headache Runny 
nose

Joint pain

Day (     ) Day (     ) Day (     ) Day (     ) Day (     )

�� �� �� �� �� �� �� �� �� ��

Please provide information about any side effects:
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inhibitors (Table 1). Regarding age, there were significant differences 
among the neuraminidase inhibitors, except laninamivir vs peramivir. 
The patients who were prescribed laninamivir and peramivir were 
older (mainly older than 10 years), whereas oseltamivir and zanamivir 
were prescribed to younger patients (mainly younger than 9 years). 
Fewer patients prescribed laninamivir were infected in the previous 
year than were those prescribed oseltamivir and zanamivir. Moreover, 
fewer patients prescribed laninamivir were vaccinated this year than 
were those prescribed zanamivir, because the patients prescribed lan-
inamivir were older and mostly adults who have lower infection and 
vaccination rates than children.4 Laninamivir resulted in significantly 
fewer adverse events than oseltamivir. There were no significant dif-
ferences in sex, influenza type (A or B), vaccination during the previ-
ous year, or risk factors.

3.1 | Consistent increase in the use of laninamivir

Figure 2 illustrates the proportion of patients using each neuramini-
dase inhibitor during the 3- year period. The use of laninamivir consist-
ently increased (22%, 38%, and 39%), whereas the use of zanamivir 
decreased (29%, 21%, and 12%). The proportions of laninamivir and 
oseltamivir were similar during the 2011- 2012 (38% and 38%) and 
2012- 2013 (39% and 45%) seasons. Compared with oseltamivir, 
laninamivir was prescribed more often to older patients (P<.0001), 

as shown in Table 1. These results indicate that laninamivir was pre-
ferred for adults and oseltamivir was preferred for children. The use 
of oseltamivir, expressed as a proportion of all neuraminidase inhibi-
tors, did not change over the 3 years. Peramivir was prescribed for a 
small proportion of patients, because all of the patients were treated 
in outpatient clinics for infections that were not considered severe.

3.2 | Neuraminidase inhibitors had similar effects on 
influenza infections

The time taken to alleviate fever did not differ according to which 
neuraminidase inhibitor was used. Although peramivir helped resolve 
the fever earlier, the difference was not significant (P=.59). There 
were no significant differences in the duration of any other symptoms 
among the neuraminidase inhibitors (P=.70) (Figure 3).

3.3 | Effect of influenza virus type on the 
alleviation of fever 2 days after neuraminidase 
inhibitor treatment

The percentages of all patients with a high fever (>37.0°C) according 
to vaccination status are shown in Figure 4. The fever duration was 
significantly longer in vaccinated influenza patients during the 2012- 
2013 season (P=.04).

TABLE  1 Characteristics and clinical feature of patients, compared between the 4 four neuraminidase inhibitors

Oseltamivir Zanamivir Laninamivir Peramivir P value

Number, % 108, 45% 28, 12% 95, 39% 10, 4%

Gender

Male/female 55/53 14/14 43/52 4/6 n.s.

Age

Under 9 y.o. 85 17 14 0

Over 10 y.o. 23 11 81 10

Median (range) 5 (1- 90) 8.5 (4- 42) 19 (6- 88) 44.5 (10- 77) <.0001a,b,c,d,e

Type

A/B 101/7 24/4 88/7 10/0 n.s.

Infected last year

Yes/No/Unknown 18/88/2 11/17/0 3/92/0 0/9/1 .0003b,d

Vaccinated last year

Yes/No/Unknown 53/50/5 19/8/1 46/47/2 5/5/0 n.s.

Vaccinated this year

Yes/No 63/46 21/7 42/53 6/4 .02d

Risk factors

Yes/No 10/98 1/27 10/85 5/5 n.s.

Adverse events

Yes/No 25/83 4/24 6/89 2/8 .02b

aOseltamivir vs zanamivir.
bOseltamivir vs laninamivir.
cOseltamivir vs peramivir.
dZanamivir vs laninamivir.
eZanamivir vs peramivir P<.008 after Bonferroni correction.
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Table 2 shows the univariate and multivariate analyzes regarding 
the alleviation of fever within 2 days after the start of neuraminidase 
inhibitor treatment. In the univariate analyzes, fever was alleviated sig-
nificantly earlier in patients aged ≥10 years, patients with type A virus, 
patients not vaccinated this year, and patients treated with laninamivir 
compared to oseltamivir. We performed multivariate analysis of clini-
cally important factors to alleviate fever, such as age, virus type A or B, 
influenza infection last year, vaccination this year, vaccination last year, 
and drugs. In multivariate analysis, fever was alleviated significantly 
earlier only in patients with type A virus.

4  | DISCUSSION

This study revealed the current usage and no significant difference 
of effectiveness of neuraminidase inhibitors and its effectiveness, 
and also only influenza virus type was related to the alleviation of 
fever within 2 days. We found that the only factor affecting the 

alleviation of fever within 2 days after starting treatment with a 
neuraminidase inhibitor was influenza virus type; multivariate analy-
sis showed that fever in patients with type A compared with type 
B virus infection was alleviated earlier. Many previous reports re-
vealed patient with type A was alleviated earlier than type B after 
taking oseltamivir.5–7 Suzuki and Ichihara reported that higher age, 
virus typeA and lower maximum bodily temperature were related to 
the earlier alleviation of fever in children treated with oseltamivir.5 
Results of this study showed that factors, except vaccination this 
year, related to the time taken to alleviate fever were similar to the 
previous reports even in the patients treated with other neuramini-
dase inhibitors. The fever duration was significantly longer in vac-
cinated influenza patients during the 2012- 2013 season. However, 
multivariate analysis showed there were no significant differences 
between vaccinated and nonvaccinated patients or among the drugs 
used. Vaccinated patients were significantly younger than nonvac-
cinated patients (vaccinated:nonvaccinated 8:14 years old [median], 
P=.03), and there was no significant difference of pretreated bod-
ily temperature between vaccinated and nonvaccinated patients 
(vaccinated:nonvaccinated 38.3: 38.4°C [median], n.s.). The younger 
vaccinated patients may lead the longer duration of fever. Otherwise, 
vaccinated patient with low fever might not go to hospitals because 
they believed to be able to avoid influenza infection by vaccination. 
Upon the onset of influenza, fever or other symptoms of vaccinated 
patients may be equivalent to those of nonvaccinated patients. They 
might be the reasons for that vaccination did not shorten the dura-
tion of fever in this survey.

Regarding the prescribed drugs, the proportion of laninamivir pre-
scriptions consistently increased. Laninamivir is a drug that is inhaled 
just once. Its effects and adverse events are similar to those of other 
neuraminidase inhibitors, and it is also very convenient for patients, 
which may lead to high compliance. Laninamivir was released in Japan 
and several Asian countries in 2010, but it is not available in other 
countries. Oseltamivir tended to be prescribed to patients younger 
than 9 years, and laninamivir was prescribed more frequently to pa-
tients older than 10 years. Small children, especially those younger 
than 3 years, have difficulty inhaling laninamivir. Because oseltami-
vir is orally administered, it is preferred for children. However, most 

F IGURE  3  (Left) Percentage of patients 
with a high fever (>37.0°C) according 
to which neuraminidase inhibitor was 
prescribed. There were no significant 
differences between the groups. (Right) 
Length of time required to alleviate all 
of the symptoms according to which 
neuraminidase inhibitor was prescribed. 
There were no significant differences 
between the groups
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F IGURE  2 Proportion of patients using each neuraminidase 
inhibitor for the 3 y starting in the 2010- 2011 season. Laninamivir 
use increased consistently each year, whereas the use of zanamivir 
decreased. The use of oseltamivir remained the same. Peramivir was 
prescribed to only a few patients
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patients, including adults and elderly patients, inhaled laninamivir in 
front of the doctor, pharmacist, or medical staff to confirm proper and 
complete inhalation. A previous report indicated that patients older 
than 3 years could inhale laninamivir properly.8 Children may be able 
to inhale laninamivir under the observation of medical staff. As lanin-
amivir was not released until 2010, it has not been distributed to all 

doctors. The proportion of laninamivir use may further increase in the 
future.

All of the medications were prescribed in outpatient clinics for 
patients with less severe influenza infection; therefore, peramivir was 
prescribed to only a few patients because it is used to prevent the 
spread of influenza infection in clinics or hospitals during long hos-
pital stays, and it should be infused via an intravenous drip for longer 
than 15 minutes. However, peramivir can also be used for more se-
vere infections in patients who need to receive mechanical ventilation. 
The National Institute of Infectious Diseases of Japan reported that 
influenza drug resistance was not observed during the 2012- 2013 
season.9 Before the 2009 pandemic, the A/H1N1 virus was almost 
entirely resistant to oseltamivir.10 The 2009 pandemic erased this re-
sistance to oseltamivir. Conducting this survey every year helps us to 
understand the effectiveness of anti- influenza drugs.

We used a postcard- based questionnaire in this study. The post-
card return rate was only 30.5%; therefore, the sample may not be 
representative of all patients with influenza. The Ministry of Health, 
Labour and Welfare provided the number of prescriptions of neuramin-
idase inhibitors in 2012- 2013 based on data furnished by pharmaceu-
tical companies.11 These data showed the proportions of prescribed 
neuraminidase inhibitors to be 45% oseltamivir, 14% zanamivir, 39% 

F IGURE  4  In the 2012- 2013 season, vaccinated influenza 
patients experienced a significantly longer fever duration compared 
with nonvaccinated patients

0%

20%

40%

60%

80%

100%

P = .04

C
um

ul
at

iv
e 

pe
rc

en
ta

ge
 (%

)

TABLE  2 To alleviate fever 2 d after taking medicine

Variables n/N (%) Univariate OR (95% CI) P value Multivariate OR (95%) P value

Age

<9 69/115 (60%) 1 1

>10 89/115 (77%) 0.44 (0.25- 0.78) .004 0.53 (0.24- 1.13) .10

Gender

Female 83/119 (70%) 1

Male 74/110 (67%) 1.12 (0.64- 1.96) .69

Type

A 150/211 (71%) 1 1

B 8/18 (44%) 3.07 (1.16- 8.16) .02 2.91 (1.05- 8.34) .04

Flu, last year

Yes 18/31 (58%) 1 1

No 139/197 (71%) 0.58 (0.27- 1.26) .16 0.66 (0.27- 1.62) .36

Vaccine, last year

Yes 73/115 (63%) 1 1

No 77/107 (72%) 0.68 (0.38- 1.19) .18 0.91 (0.39- 2.19) .84

Vaccine, this year

Yes 78/124 (63%) 1 1

No 80/106 (75%) 0.55 (0.31- 0.98) .04 0.70 (0.28- 1.71) .44

Drug

Oseltamivir 66/106 (62%) 1 1

Laninamivir 74/97 (76%) 0.51 (0.28- 0.95) .03 0.77 (0.34- 1.72) .52

Zanamivir 18/27 (67%) 0.83 (0.34- 2.01) .67 0.66 (0.23- 1.75) .41

Complication

Yes 15/20 (75%) 1

No 138/201 (69%) 1.37 (0.48- 3.93) .56
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laninamivir, and 2% peramivir, similar to our findings: 45% oseltami-
vir, 12% zanamivir, 39% laninamivir, and 4% peramivir. Therefore, the 
population of this survey might be representative suggesting the reli-
ability of our data.

Although it is easy to perform this postcard survey and results 
in a low burden for doctors and patients, two biases and two limita-
tions exist. The first bias is a doctor’s bias. Doctors deciding which 
neuraminidase inhibitor to prescribe could lead to a prescription bias. 
We reported previously that there were no significant differences 
in sex, age distribution, or choice of prescribed drugs between our 
survey and the Japan Physicians Association report, which is one of 
the most reliable investigations of influenza in Japan.12 Our findings 
are relevant to the clinical setting. In this survey, oseltamivir and 
zanamivir were prescribed to young patients, mainly younger than 
9 years. Because there are many child influenza patients every year, 
vaccination is recommended.4 The patients who received oseltamivir 
and zanamivir may represent patients who were vaccinated during 
the same year or who were infected with the influenza virus during 
the previous year. The second bias is a patient’s bias regarding ad-
verse events. Laninamivir resulted in fewer adverse events than other 
drugs; however, it was difficult to determine the accuracy of these 
data because the reports depended on the patients’ judgment. The 
patients may have included influenza symptoms as adverse events 
or vice versa. The first limitation is the list of symptoms. Although 
cough is a common symptom of influenza, we assessed the symptoms 
of fever, sore throat, fatigue, headache, runny nose, and joint pain. 
For influenza patients, high fever and joint pain are the most com-
mon symptoms and were included in this study. The second limitation 
does not know the time of onset of influenza. We searched durations 
of fever after visiting hospitals or clinics; however, we did not show 
the onset of influenza. Kawai et al. reported the duration of fever de-
pends on the when the first dose of oseltamivir is administered and 
not on the onset. They categorized the patients using oseltamivir into 
four groups on the basis of time from the onset of fever to the start 
of treatment (0- 12, 13- 24, 25- 36, and 37- 48 hours). The time to alle-
viate fever was similar in each group.13

5  | CONCLUSION

There were no significant differences of effects on fever and symp-
toms among neuraminidase inhibitors. Virus type was only related to 
the alleviation of fever.
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