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Abstract 

The clinical effectiveness of four neuraminidase inhibitors (NAIs) (oseltamivir, 

zanamivir, laninamivir, and peramivir) for children aged 0 months to 18 years with 

influenza A and B were investigated in the 2014-2015 to 2016-2017 influenza seasons 

in Japan.  A total of 1207 patients (747 with influenza A and 460 with influenza B) 

were enrolled.  The Cox proportional-hazards model using all of the patients showed 

that the duration of fever after administration of the first dose of the NAI was shorter 

in older patients (hazard ratio = 1.06 per 1 year of age, p<0.001) and that the duration 

of fever after administration of the first dose of the NAI was shorter in patients with 

influenza A infection than in patients with influenza B infection (hazard ratio = 2.21, 

p<0.001).  A logistic regression model showed that the number of biphasic fever 

episodes was 2.99-times greater for influenza B-infected patients than for influenza A-

infected patients (p<0.001).  The number of biphasic fever episodes in influenza A- or 

B-infected patients aged 0-4 years was 2.89-times greater than that in patients aged 

10-18 years (p = 0.010), and the number of episodes in influenza A- or B-infected 

patients aged 5-9 years was 2.13-times greater than that in patients aged 10-18 years 

(p = 0.012). (207 words) 
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Introduction 

It has been shown that neuraminidase inhibitors (NAIs) can alleviate the major 

symptoms of uncomplicated influenza A and B and reduce the duration by 

approximately 1 to 1.5 days when administered within 48 hours of onset of illness 

compared with the effect of a placebo [1-4].  NAIs reduce the incidence of acute otitis 

media in children aged one to five years who are suffering from seasonal influenza [5] 

and contribute to survival benefit in patients infected with influenza A(H1N1)pdm09 

virus [6].  In Japan, almost all patients with an influenza-like illness are tested with 

rapid antigen tests, and they are treated with one of the NAIs when positive; this has 

become standard practice in clinics nationwide [7].  The clinical effectiveness of 

zanamivir, laninamivir, and peramivir has been tested mainly in clinical trials 

compared to the effect of either a placebo or oseltamivir [1, 8-14], and there have been 

few studies in which the clinical effectiveness of four NAIs (oseltamivir, zanamivir, 

laninamivir, and peramivir) was compared [15, 16].  In the present study, we 

evaluated the clinical effectiveness of the four NAIs for children with influenza A and B 

by comparing the durations of fever after administration of the first doses of NAIs. 

 

 

PATIENTS AND METHODS 

Patients 

Outpatients aged 0 months to 18 years who had an axillary temperature of 

37.5°C or higher were diagnosed as having influenza virus infection based on results 

obtained by a rapid antigen test.  Patients were excluded from this study if the time 

from onset of fever to initiating administration was 48 hours or more or if body 

temperature fell to less than 37.5°C before starting administration.  Patients who had 
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bacterial infections (pneumonia, otitis media) were excluded.  Patients diagnosed as 

having influenza were treated with one of the NAIs (oseltamivir, zanamivir, 

laninamivir, and peramivir) after obtaining informed consent from the children’s 

parents.  The decision regarding administration of NAIs was left to the discretion of 

the physician.  Oseltamivir was administered at 2 mg/kg/dose (to a maximum of 75 

mg/dose) twice daily for 5 days, zanamivir was administered by inhalation at 10 

mg/dose twice daily for 5 days, laninamivir was administered as a single inhalation (20 

mg for patients less than 10 years of age and 40 mg for patients 10 years of age or 

more) and peramivir was administered intravenously at 10 mg/kg once daily (to a 

maximum of 600 mg/dose). 

 

Study procedures 

A prospective, multicenter observational study was conducted in the 2014-2015, 

2015-2016 and 2016-2017 influenza seasons at 25 pediatric clinics and in departments 

of pediatrics in 11 hospitals in Hokkaido, Japan. 

The age and sex of each patient and the date and results of the rapid diagnostic 

test were recorded by physicians.  The time of onset (the first time that the patient 

had a fever of more than 37.5°C), vaccination status, selection of NAIs, date and time of 

first administration of NAIs, and total number of administrations of NAIs were 

recorded by the parents of children.  The parents were also instructed to take their 

children’s axillary body temperatures at least four times daily and to plot the body 

temperatures on a graph with temperature on the vertical axis and time on the 

horizontal axis.  The time at which a temperature of less than 37.5°C was attained 

and maintained for more than 48 hours was defined as the time when the patient 

became afebrile.  If a patient’s temperature decreased to less than 37.5°C and 
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remained less than 37.5°C for more than 24 hours but later increased to more than 

37.5°C, the patient was considered to have biphasic fever.  All ethical approval for this 

study was obtained from the Institutional Review Board of Hokkaido University 

Hospital for Clinical Research (014-0172). 

 

Real-time reverse transcription PCR 

 Real-time reverse transcription PCR for detection of influenza A and B viruses 

was performed according to the referenced protocol [17]. 

 

Power calculation and statistical analysis 

 To detect a difference of 10% (from 50% to 40%) in the proportions of patients 

receiving NAIs whose temperature was less than 37.5°C at 24 hours after onset, 70% of 

the statistical power would be obtained with a two-sided alpha of 5% and the log-rank 

test of a pair-wise comparison without multiplicity adjustment if 300 patients (1200 

patients in total) could be enrolled for each NAI group.  

 In the primary analysis, the distributions of fever duration were depicted by the 

Kaplan-Meier method and the log-rank test was used for comparisons of estimated 

fever duration in each NAI group.  To adjust for confounding, we set the duration of 

fever as a dependent variable and set the following factors as clinically relevant 

independent variables in multivariate Cox regression analysis: type of NAI, age, sex, 

vaccination status, and time from onset to first dose of the NAI.  The Wald test was 

performed on statistical significance testing for the adjusted hazard ratio in the Cox 

regression analysis.  For the analysis of episodes of biphasic fever, a logistic regression 

model was used to determine factors (age, sex, anti-influenza drug, type of influenza, 

vaccination, and time from onset to administration) influencing the episodes of biphasic 
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fever with Firth’s method [18].  No multiplicity adjustment was performed in the 

analyses. 

In this study, the selection of NAIs was unbalanced among age groups (Table 1, 

supplemental Table 1).  There are at least three reasons for the unbalanced selection 

of NAIs.  First, the two inhalation NAIs, zanamivir and laninamivir, are mainly 

prescribed for teenagers [19].  Second, in March 2007, Japan’s Ministry of Health, 

Labor and Welfare (MHLW) issued a warning against the use of oseltamivir in 

teenagers, except for those at high risks, after reports of two suicides by teenagers 

shortly after ingestion of oseltamivir [20].  Third, peramivir is mainly administered to 

adult and elderly patients who are admitted to a hospital and are able to tolerate 

intravenous administration [19].  For these reasons, the results were analyzed 

separately by three age groups (0-4 years, 5-9 years and 10-18 years) to avoid a 

selection bias in addition to analysis of the results for all patients without stratification 

by age group. 

A two-sided p value of <0.05 was considered statistically significant.  All 

statistical analyses were performed using JMP software version 13.0.0 (SAS Institute, 

Cary, NC, USA). 

 

 

RESULTS 

Study population 

 A total of 1207 patients who were otherwise healthy were enrolled in this study.  

A total of 747 patients were infected with influenza A: 541, 138 and 68 patients in the 

2014-15, 2015-2016 and 2016-2017 influenza seasons, respectively.  A total of 460 

patients were infected with influenza B: 18, 422 and 20 patients in the 2014-15, 2015-
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2016 and 2016-2017 influenza seasons, respectively.  Patients under 5 years of age 

who were treated with either zanamivir or laninamivir were excluded due to 

uncertainty of inhalation.  The demographic characteristics of the patients are shown 

in Table 1.  The NAIs used in patients with influenza A and B in the three age groups 

are summarized in supplemental Table 1. 

 

Influenza virus typing 

 Of the 747 influenza A-positive and 460 B-positive samples by the rapid antigen 

test, 658 and 420 samples were tested by real-time reverse transcription PCR using 

type-specific primers, respectively, and were confirmed to be influenza A and B viruses, 

respectively. 

 

Durations of fever after administration of the first doses of NAIs in all patients without 

stratification by age group 

 Kaplan–Meier estimates for duration of fever after administration of the first 

dose of the NAI were stratified by age groups (Fig. 1).  Log-rank tests demonstrated 

statistically significant differences in duration of fever after administration of the first 

dose of the NAI among age groups (p = 0.012 for influenza A and p<0.001 for influenza 

B).  Kaplan–Meier estimates for duration of fever after administration of the first dose 

of each of the four NAIs stratified by age groups are shown in supplemental Fig. 1. 

 The Cox proportional-hazards model showed that the duration of fever after 

administration of the first dose of the NAI was shorter in older patients (hazard ratio = 

1.06 per 1 year of age, p<0.001) and that the duration of fever after administration of 

the first dose of the NAI was shorter in patients with influenza A infection than in 

patients with influenza B infection (hazard ratio = 2.21, p<0.001) (Table 2). 
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Durations of fever after administration of the first doses of NAIs in all patients 

stratified by age group 

 As explained in the statistical methods, the results were analyzed separately by 

three age groups to avoid a selection bias.  In the 0-4 years of age group, Kaplan-Meier 

curves showed that the duration of fever after administration of the first dose of the 

NAI was shorter in patients with influenza A infection than in patients with influenza 

B infection (Figs. 2A and 2B). This association was similar in the multivariate Cox 

regression model (hazard ratio = 2.60, p<0.001; Table 3).  The duration of fever after 

administration of the first dose of the NAI in patients whose time from onset of 

influenza virus infection to administration of NAIs was more than 24 hours was shorter 

than that in patients whose time from onset of influenza virus infection to 

administration of NAIs was less than 12 hours (hazard ratio = 1.40, p = 0.046).  There 

was no statistically significant association between duration of fever following 

commencement of treatment and choice of NAI (oseltamivir or peramivir), sex or 

vaccination status (Table 3).  There was no statistically significant difference between 

oseltamivir and peramivir in the Kaplan-Meier curves for the duration of fever after 

administration of the first dose of the NAI in all of the patients with influenza A or B 

(Fig. 3A), in patients with influenza A (Fig. 3B) or in patients with influenza B (Fig. 

3C). 

 In the 5-9 years of age group, Kaplan-Meier curves showed that the duration of 

fever after administration of the first dose of the NAI was shorter in patients with 

influenza A infection than in patients with influenza B infection (Figs. 2C, 2D, 2E and 

2F).  This association was similar in the multivariate Cox regression model (hazard 

ratio = 2.32, p<0.001; Table 3).  There was no statistically significant difference 
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between NAIs in the Kaplan-Meier curves for the duration of fever after administration 

of the first dose of the NAI in all of the patients with influenza A or B (Fig. 3D), in 

patients with influenza A (Fig. 3E) or in patients with influenza B (Fig. 3F).  However, 

multivariate Cox regression analysis showed that the duration of fever after 

administration of the first dose of the NAI was shorter in patients treated with 

oseltamivir (hazard ratio = 1.27, p = 0.048), peramivir (hazard ratio = 1.35, p = 0.049) 

or zanamivir (hazard ratio = 1.33, p = 0.023) than in patients treated with laninanivir 

(Table 3).  The duration of fever after administration of the first dose of laninamivir 

showed no statistically significant difference between 106 patients (90.6%) who inhaled 

laninamivir at a pharmacy and 11 patients (9.4%) who inhaled laninamivir at home in 

the 5-9 years of age group (log-rank test: χ2 = 0.40, d.f. = 1, p = 0.525).  There was no 

statistically significant association between duration of fever following commencement 

of treatment and time from onset of influenza virus infection to administration of NAIs, 

sex (p = 0.597) or vaccination status (p = 0.089). 

 In the 10-18 years of age group, Kaplan-Meier curves showed that the duration 

of fever after administration of the first dose of the NAI was shorter in patients with 

influenza A infection than in patients with influenza B infection (Figs. 2H and 2I) 

except for the patients administered oseltamivir or peramivir (Figs. 2G and 2J).  These 

statistically non-significant results were considered to be due to the small number of 

influenza B-infected patients aged 10-18 years who were administered oseltamivir 

(n=2) or peramivir (n=7).  In the multivariate Cox regression model, the duration of 

fever after administration of the first dose of the NAI was shorter in patients with 

influenza A infection than in patients with influenza B infection (hazard ratio = 1.75, 

p<0.001; Table 3).  The durations of fever after administration of the first dose of each 

of the four NAIs in influenza A-infected patients and influenza B-infected patients aged 
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10-18 years were shown separately by Kaplan–Meier estimates (Figs. 3G, 3H and 3I).  

Multivariate Cox regression analysis showed that the duration of fever after 

administration of the first dose of the NAI was shorter in patients treated with 

oseltamivir than in patients treated with zanamivir (hazard ratio = 1.91, p = 0.031; 

Table 3).  There was no statistically significant association between duration of fever 

following commencement of treatment and time from onset of influenza virus infection 

to administration of NAIs, sex (p = 0.672) or vaccination status (p = 0.147). 

 

Episodes of biphasic fever 

 Biphasic fever occurred in 9 (4.6%) of the 197 influenza A-infected patients and 

16 (17.8%) of the 90 influenza B-infected patients in the 0-4 years of age group, in 11 

(3.6%) of the 304 influenza A-infected patients and 36 (15.0%) of the 240 influenza B-

infected patients in the 5-9 years of age group, and in 12 (4.9%) of the 246 influenza A-

infected patients and 4 (3.1%) of the 130 influenza B-infected patients in the 10-18 

years of age group (Table 4).  These patients did not have infectious complications such 

as pneumonia or acute otitis media. 

 The logistic regression model showed that the number of biphasic fever episodes 

was 2.99-times greater for influenza B-infected patients than for influenza A-infected 

patients (p<0.001) (Supplemental table 3).  The number of biphasic fever episodes in 

influenza A- or B-infected patients aged 0-4 years was 2.89-times greater than that in 

patients aged 10-18 years (p = 0.010), and the number of episodes in influenza A- or B-

infected patients aged 5-9 years was 2.13-times greater than that in patients aged 10-

18 years (p = 0.012).  The choice of NAIs was weakly correlated with the number of 

biphasic fever episodes in influenza A-infected patients.  The logistic regression model 

for factors influencing episodes of biphasic fever showed no statistically significant 
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differences in time from onset to administration of NAIs, sex and vaccination.  The 

frequencies of biphasic fever in influenza A- and influenza B-infected patients in each 

age group were evaluated separately by the logistic regression model (Supplemental 

table 4). 

 

 

DISCUSSION 

 In the present study, we evaluated the clinical effectiveness of four NAIs for 

influenza A and B virus infections by comparing the durations of fever after 

administration of the first doses of NAIs.  In the 0-4 years of age group, the duration of 

fever after administration of the first dose of the NAI showed no statistically significant 

difference between patients administered oseltamivir and those administered 

peramivir (Table 3).  Although there have been several clinical studies concerning 

oseltamivir and peramivir [15, 16, 21, 22], the present study is the first study in which 

the clinical effectiveness of oseltamivir and that of peramivir were compared in 

influenza-infected patients aged 0-4 years.  In the 5-9 years of age group, the duration 

of fever after administration of the first dose of the NAI was shorter in patients treated 

with oseltamivir, zanamivir or peramivir than in patients treated with laninamivir.  In 

patients infected with influenza A virus, the duration of fever after administration of 

the first dose of either oseltamivir or peramivir was shorter than that in patients 

treated with laninamivir.  Contrary to our results, the clinical effectiveness of 

laninamivir has been reported to be almost the same as that of oseltamivir in pediatric 

patients infected with influenza A(H3N2) and influenza B viruses [11, 16] and in adult 

patients infected with influenza A(H3N2) and influenza A(H1N1) viruses carrying the 

H274Y mutation [12].  Incomplete delivery of laninamivir might partially explain the 
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delay of defervescence in the 5-9 years of age group.  In the 10-18 years of age group, 

the duration of fever after administration of the first dose of the NAI was shorter in 

influenza A-infected patients treated with oseltamivir than in those treated with 

zanamivir.  It has been reported that the mean duration of fever was significantly 

shorter in influenza A(H3N2)-infected patients treated with oseltamivir than in those 

treated with zanamivir [23]. 

 According to influenza surveillance by the National Institute of Infectious 

Diseases (NIID) in Japan, 98.8% and 95.5% of influenza A viruses were subtyped into 

influenza A(H3N2) in the 2014-2015 and 2016-2017 influenza seasons, respectively 

[24], indicating that more than 95% of influenza A viruses are expected to be influenza 

A(H3N2) virus.  The results of subanalysis in the 2014-2015 and 2016-2017 influenza 

seasons are summarized in supplemental Table 2 and supplemental Fig. 2.  Since 

oseltamivir- and peramivir-resistant influenza A viruses have rarely been detected 

(0.3% of influenza A(H3N2) viruses in the 2014-2015 season, 1.9% and 1.2% of 

influenza A(H1N1)pdm09 viruses in the 2015-2016 and 2016-2017 seasons, 

respectively)[24], there seemed to be no necessity to consider the oseltamivir resistance 

and peramivir resistance of influenza A viruses in this study. 

 The durations of fever after administration of the first doses of the NAIs in both 

influenza A-infected and influenza B-infected patients were shorter in older patients 

(Tables 2, 3, Fig. 1, supplemental Fig. 1).  It has been reported that duration of fever in 

patients with influenza tended to be shorter in old children than in young children 

when they were treated with oseltamivir, zanamivir or laninamivir [25-28].  These 

results might be explained partially by immaturity of the immune system against 

influenza viruses in younger children [29]. 

 The duration of fever after administration of the first dose of the NAI was 
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shorter in patients with influenza A infection than in patients with influenza B 

infection at all ages (Tables 2, 3).  It has been reported that oseltamivir was less 

effective against influenza B virus infection than against influenza A virus infection 

[30, 31] and that zanamivir and laninamivir were less effective against influenza B 

virus infection than against influenza A(H3N2) virus infection [28, 32].  The 50% 

inhibitory concentrations (IC50s) of the four NAIs for influenza B virus were higher 

than those for influenza A(H1N1) and influenza A(H3N2) viruses [33, 34].  These 

results could account for the reduced clinical effectiveness of NAIs against influenza B 

virus. 

 The duration of fever after administration of the first dose of the NAI was only 

slightly affected by the time from onset to administration in the 0-4 years of age group 

(Table 3).  The same result has been obtained in patients with influenza A and 

influenza B who were treated with oseltamivir [30]. 

 Biphasic fever in influenza has been observed in patients with influenza 

A(H3N2), A(H1N1) and B virus infections who were not administered NAIs [35] and in 

patients with influenza A(H3N2) and B virus infections who were administered NAIs 

[27, 28].  In this study, biphasic fever episodes were more frequently observed in 

influenza B-infected patients than in influenza A-infected patients and in patients 

younger than 10 years of age than in patients over 10 years of age (Tables 4, 5).  

Immaturity of the immune system against influenza viruses or little chance of prior 

exposure to influenza might be associated with the high frequency of biphasic fever in 

young persons. 

 Limitations of this study should be recognized.  This study was an 

observational, not a randomized, study.  The selection of NAIs was left to the 

discretion of the physician, introducing unmeasured selection bias.  Another limitation 
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is the lack of virological follow-up. 

 In this study, we evaluated the clinical effectiveness of four NAIs for children 

with influenza A and B by comparing the durations of fever after administration of the 

first doses of NAIs.  Although the four NAIs were effective for treatment of influenza, 

the duration of fever in patients with influenza was shorter in old children than in 

young children and was shorter in patients with influenza A infection than in patients 

with influenza B infection. 
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Figure legends 

Figure 1. Kaplan-Meier curves showing a comparison of times taken for body 

temperature to return to <37.5°C in different age groups of (A) influenza A-infected 

patients and (B) influenza B-infected patients. The median times were 24.0, 22.4, and 

19.0 hours for influenza A-infected patients aged 0-4, 5-9 and 10-18 years, respectively.  

The median times were 52.7, 40.2 and 33.5 hours for influenza B-infected patients aged 

0-4, 5-9 and 10-18 years, respectively. 

 

Figure 2.  Kaplan–Meier curves showing a comparison of times taken for body 

temperature to return to <37.5°C in patients with influenza A and influenza B aged 0-4 

years who were treated with oseltamivir (A) and peramivir (B); in patients with 

influenza A and influenza B aged 5-9 years who were treated with oseltamivir (C), 

zanamivir (D), laninamivir (E) and peramivir (F); and in patients with influenza A and 

influenza B aged 10-18 years who were treated with oseltamivir (G), zanamivir (H), 

laninamivir (I) and peramivir (J). 

 

Figure 3.  Kaplan–Meier curves showing a comparison of times taken for body 

temperature to return to <37.5°C in patients with influenza A or B aged 0-4 years (A), 

5-9 years (D) and 10-18 years (G), in patients with influenza A aged 0-4 years (B), 5-9 

years (E) and 10-18 years (H), and in patients with influenza B aged 0-4 years (C), 5-9 

years (F) and 10-18 years (I). 

 

Supplemental figure 1.  Kaplan–Meier curves showing a comparison of times taken for 

body temperature to return to <37.5°C in patients with influenza A (A, C, E, G) and 

influenza B (B, D, F, H) who were treated with oseltamivir (A, B), zanamivir (C, D), 
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laninamivir (E, F) and peramivir (G, H). 

 

Supplemental figure 2.  Kaplan–Meier curves showing a comparison of times taken for 

body temperature to return to <37.5°C in patients with influenza A aged 0-4 years (A), 

5-9 years (B) and 10-18 years (C) in 2014-2015 and 2016-2017. 
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Table 1. Background characteristics of patients infected with influenza A and B viruses 

 

 
Oseltamivir Zanamivir Laninamivir Peramivir p value 

No. of patients 374 332 277 224 
 

Age (yr) 
 

  
  

    Mean ± SD 4.8 ± 2.7 9.6 ± 2.4 10.2 ± 2.8 5.3 ± 3.7 <0.001 

    Range 0 - 18 5 - 17 5 - 17 0 - 16 
 

Age groups      

    0–4 years 175 (46.8%) 0 (0.0%) 0 (0.0%) 112 (50.0%)  

    5–9 years 184 (49.2%) 165 (49.7%) 117 (42.2%) 78 (34.8%) <0.001 

    10–18 years 15 (4.0%) 167 (50.3%) 160 (57.8%) 34 (15.2%)  

Sex 
 

  
  

    No. (%) of male 197 (52.7%) 172 (51.8%) 143 (51.6%) 121 (54.0%) 0.950 

    No. (%) of female 177 (47.3%) 160 (48.2%) 134 (48.4%) 103 (46.0%)  

Vaccinated against influenza 
 

  
  

   No. (%) vaccinated 177 (47.3%) 153 (46.1%) 130 (46.9%) 92 (41.1%) 0.469 

   No (%) not vaccinated 197 (52.7%) 179 (53.9%) 147 (53.1%) 132 (58.9%) 
 

Results of rapid antigen test 
 

  
  

   No. (%) of A 215 (57.5%) 185 (55.7%) 172 (62.1%) 175 (78.1%) <0.001 

   No. (%) of B 159 (42.5%) 147 (44.3%) 105 (37.9%) 49 (21.9%) 
 

Mean duration (hr) of illness before 

treatment ± SD 
19.2 ± 10.0 18.0 ± 10.4 17.3 ± 9.8 16.4 ± 11.3 0.008 

 

Table 1



Table 2. Results of Cox’s proportional hazards model to determine factors influencing duration of fever after administration of the first dose of the NAI 

 

Independent factors Unit/Control 

Patients infected with either 

influenza A or B (n=1207) 

Patients infected with influenza A 

(n=747) 

Patients infected with influenza B 

(n=460) 

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value 

Age * Per one year 1.06 (1.04-1.09) <0.001 1.06 (1.04-1.09) <0.001 1.07 (1.03-1.11) <0.001 

Type of influenza ** B 2.21 (1.95-2.51) <0.001 - - - - 

NAI chosen 
   

    

Oseltamivir *** Laninamivir 1.26 (1.05-1.52) 0.014 1.38 (1.09-1.75) 0.008 1.09 (0.80-1.49) 0.601 

Peramivir *** Laninamivir 1.24 (1.01-1.51) 0.039 1.32 (1.03-1.68) 0.027 1.01 (0.68-1.48) 0.953 

Peramivir Oseltamivir 0.98 (0.83-1.16) 0.813 0.96 (0.78-1.17) 0.659 0.93 (0.67-1.28) 0.661 

Zanamivir Laninamivir 1.09 (0.93-1.28) 0.297 0.99 (0.80-1.22) 0.925 1.20 (0.93-1.54) 0.167 

Oseltamivir *** Zanamivir 1.16 (0.97-1.38) 0.099 1.39 (1.11-1.75) 0.005 0.91 (0.68-1.21) 0.516 

Peramivir Zanamivir 1.14 (0.94-1.38) 0.197 1.33 (1.05-1.68) 0.018 0.85 (0.58-1.21) 0.366 

Time from onset to 

administration of NAIs 
       

≥ 12 hrs and < 24 hrs < 12 hrs 1.07 (0.94-1.23) 0.303 1.13 (0.96-1.34) 0.151 0.94 (0.74-1.21) 0.639 
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≥ 24 hrs **** < 12 hrs 1.24 (1.06-1.46) 0.007 1.31 (1.07-1.60) 0.010 1.20 (0.92-1.57) 0.183 

≥ 24 hrs **** 
≥ 12 hrs and < 

24 hrs 
1.16 (1.00-1.33) 0.044 1.16 (0.95-1.39) 0.139 1.27 (1.02-1.58) 0.033 

Sex Female 1.01 (0.90-1.13) 0.903 1.02 (0.89-1.19) 0.746 0.97 (0.81-1.17) 0.766 

Vaccination None 1.08 (0.96-1.21) 0.178 1.07 (0.92-1.24) 0.387 1.13 (0.94-1.36) 0.196 

 

* The duration of fever after administration of the first dose of the NAI was shorter in older patients. 

** The duration of fever after administration of the first dose of the NAI was shorter in patients with influenza A infection than in patients with influenza 

B infection. 

*** The duration of fever after administration of the first dose of oseltamivir was shorter than that after administration of the first dose of either 

laninamivir or zanamivir in patients with influenza A infection.  The duration of fever after administration of the first dose of peramivir was shorter 

than that after administration of the first dose of laninamivir in patients with influenza A infection. 

**** The duration of fever after administration of the first dose of the NAI was shorter in patients whose time from onset of influenza virus infection to 

administration of the NAI was longer. 



Table 3. Results of Cox’s proportional hazards model to determine factors influencing duration of fever after administration of the first dose of the NAI 

in children aged 0 to 4 years, 5 to 9 years, and 10 to 18 years 

 

Independent factors Unit/Control 

Patients infected with either 

influenza A or B 

Patients infected with influenza 

A 
Patients infected with influenza B 

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value 

(A) 0–4 years        

Type of influenza * B 2.60 (1.97-3.46) <0.001 - - - - 

NAI chosen 
 

      

Peramivir Oseltamivir 0.92 (0.72-1.17) 0.505 0.96 (0.72-1.27) 0.766 0.80 (0.46-1.31) 0.382 

Time from onset to 

administration of NAIs 
       

≥ 12 hrs and < 24 hrs < 12 hrs 1.18 (0.89-1.57) 0.242 1.14 (0.83-1.59) 0.414 1.62 (0.89-3.07) 0.116 

≥ 24 hrs ** < 12 hrs 1.40 (1.01-1.94) 0.046 1.53 (1.02-2.28) 0.041 1.81 (0.94-3.62) 0.075 

≥ 24 hrs 
≥ 12 hrs and 

< 24 hrs 
1.18 (0.88-1.59) 0.265 1.34 (0.91-1.95) 0.140 1.12 (0.68-1.83) 0.655 

Sex Female 0.89 (0.70-1.13) 0.342 0.92 (0.69-1.24) 0.592 0.81 (0.52-1.26) 0.353 

Vaccination None 0.88 (0.69-1.11) 0.282 0.86 (0.64-1.15) 0.304 0.97 (0.63-1.49) 0.890 

(B) 5–9 years        

Type of influenza * B 2.32 (1.93-2.79) <0.001 - - - - 

NAI chosen 
 

      

Oseltamivir *** Laninamivir 1.27 (1.00-1.62) 0.048* 1.45 (1.06-2.01) 0.021* 1.01 (0.71-1.46) 0.945 
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Peramivir *** Laninamivir 1.35 (1.00-1.80) 0.049* 1.50 (1.02-2.18) 0.037* 0.97 (0.58-1.60) 0.920 

Peramivir Oseltamivir 1.06 (0.80-1.39) 0.690 1.03 (0.73-1.44) 0.874 0.96 (0.58-1.53) 0.875 

Zanamivir *** Laninamivir 1.33 (1.04-1.70) 0.023* 1.23 (0.88-1.73) 0.218 1.33 (0.93-1.93) 0.125 

Oseltamivir Zanamivir 0.96 (0.78-1.19) 0.703 1.18 (0.88-1.59) 0.274 0.76 (0.56-1.04) 0.084 

Peramivir Zanamivir 1.01 (0.76-1.34) 0.918 1.21 (0.85-1.73) 0.291 0.73 (0.44-1.17) 0.198 

Time from onset to 

administration of NAIs 
       

≥ 12 hrs and < 24 hrs < 12 hrs 0.98 (0.79-1.21) 0.827 1.07 (0.82-1.40) 0.627 0.81 (0.58-1.13) 0.210 

≥ 24 hrs < 12 hrs 1.20 (0.94-1.53) 0.139 1.18 (0.85-1.63) 0.327 1.20 (0.84-1.74) 0.314 

≥ 24 hrs 
≥ 12 hrs and 

< 24 hrs 
1.23 (0.99-1.51) 0.058 1.10 (0.82-1.48) 0.518 1.50 (1.09-2.03) 0.012* 

Sex Female 1.05 (0.88-1.24) 0.597 1.10 (0.88-1.39) 0.407 1.02 (0.79-1.32) 0.881 

Vaccination None 1.16 (0.98-1.38) 0.089 1.19 (0.94-1.51) 0.144 1.19 (0.91-1.54) 0.201 

(C) 10–18 years        

Type of influenza * B 1.75 (1.40-2.20) <0.001 - - - - 

NAI chosen 
 

      

Oseltamivir Laninamivir 1.76 (0.98-2.95) 0.057 1.58 (0.83-2.77) 0.153 2.71 (0.43-9.42) 0.241 

Peramivir Laninamivir 1.04 (0.69-1.53) 0.838 0.96 (0.60-1.51) 0.875 2.16 (0.86-4.69) 0.095 

Peramivir Oseltamivir 0.59 (0.32-1.13) 0.111 0.61 (0.31-1.24) 0.166 0.80 (0.17-5.71) 0.793 

Zanamivir Laninamivir 0.92 (0.74-1.15) 0.468 0.83 (0.63-1.10) 0.191 1.05 (0.73-1.52) 0.790 

Oseltamivir **** Zanamivir 1.91 (1.07-3.18) 0.031* 1.90 (1.01-3.32) 0.048* 2.58 (0.41-8.86) 0.261 



Peramivir Zanamivir 1.13 (0.75-1.65) 0.545 1.16 (0.72-1.80) 0.529 2.06 (0.83-4.41) 0.113 

Time from onset to 

administration of NAIs 
       

≥ 12 hrs and < 24 hrs < 12 hrs 1.11 (0.86-1.43) 0.422 1.13 (0.85-1.53) 0.400 0.89 (0.56-1.47) 0.647 

≥ 24 hrs < 12 hrs 1.18 (0.88-1.58) 0.262 1.38 (0.96-1.96) 0.083 0.82 (0.48-1.41) 0.461 

≥ 24 hrs 
≥ 12 hrs and 

< 24 hrs 
1.07 (0.82-1.38) 0.618 1.21 (0.86-1.69) 0.267 0.91 (0.60-1.37) 0.670 

Sex Female 1.05 (0.85-1.29) 0.672 1.00 (0.77-1.30) 0.993 1.09 (0.75-1.58) 0.658 

Vaccination None 1.17 (0.94-1.46) 0.147 1.18 (0.90-1.55) 0.225 1.29 (0.88-1.89) 0.186 

 

* The duration of fever after administration of the first dose of the NAI was shorter in patients with influenza A infection than in patients with influenza 

B infection. 

** The duration of fever after administration of the first dose of the NAI was shorter in patients whose time from onset of influenza virus infection to 

administration of the NAI was longer. 

*** In the 5-9 years of age group, the duration of fever after administration of the first dose of oseltamivir was shorter than that after administration of 

the first dose of laninamivir in patients with influenza A infection.  The duration of fever after administration of the first dose of peramivir was shorter 

than that after administration of the first dose of laninamivir in patients with influenza A infection.  The duration of fever after administration of the 

first dose of zanamivir was shorter than that after administration of the first dose of laninamivir in patients with influenza A or B infection. 

**** In the 10-18 years of age group, the duration of fever after administration of the first dose of oseltamivir was shorter than that after administration 

of the first dose of zanamivir in patients with influenza A infection. 

 

 

 

 

 



Table 4. Episodes of biphasic fever in patients with influenza A and B who were treated with the NAIs by age groups 

Age group Virus type Total 

NAIs used 

Oseltamivir Zanamivir Laninamivir Peramivir 

0–4 years A 9/197 (4.6%) 5/105 (4.8%) - - 4/92 (4.4%) 

 B 16/90 (17.8%) 11/70 (15.7%) - - 5/20 (25.0%) 

5–9 years A 11/304 (3.6%) 2/97 (2.1%) 3/83 (3.6%) 5/68 (7.4%) 1/56 (1.8%) 

 B 36/240 (15.0%) 14/87 (16.1%) 12/82 (14.6%) 6/49 (12.2%) 4/22 (18.2%) 

10–18 years A 12/246 (4.9%) 0/13 (0.0%) 7/102 (6.9%) 5/104 (4.8%) 0/27 (0.0%) 

 B 4/130 (3.1%) 0/2 (0.0%) 2/65 (3.1%) 2/56 (3.6%) 0/7 (0.0%) 
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Supplemental table 1. Selection of NAIs in patients with influenza A and B by age groups 

 

Age group Virus type Total 

NAIs used 

Oseltamivir Zanamivir Laninamivir Peramivir 

0–4 years A 197 105 - - 92 

 B 90 70 - - 20 

5–9 years A 304 97 83 68 56 

 B 240 87 82 49 22 

10–18 years A 246 13 102 104 27 

 B 130 2 65 56 7 
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Supplemental Table 2. Results of Cox’s proportional hazards model to determine factors influencing 

duration of fever after administration of the first dose of the NAI in influenza A-infected children 

aged 0 to 4 years, 5 to 9 years, and 10 to 18 years in 2014-2015 and 2016-2017. 

 

Independent factors Unit/Control 
Patients infected with influenza A 

Hazard ratio (95% CI) p value 

(A) 0–4 years    

NAI chosen 
 

  

Peramivir Oseltamivir 1.16 (0.82-1.63) 0.407 

Time from onset to 

administration of NAIs 
   

≥ 12 hrs and < 24 hrs < 12 hrs 1.20 (0.83-1.77) 0.334 

≥ 24 hrs * < 12 hrs 2.17 (1.31-3.51) 0.003 

≥ 24 hrs * ≥ 12 hrs and < 24 hrs 1.80 (1.12-2.83) 0.017 

Sex Female 1.15 (0.82-1.60) 0.427 

Vaccination None 0.86 (0.61-1.21) 0.387 

(B) 5–9 years    

NAI chosen 
 

  

Oseltamivir Laninamivir 1.33 (0.95-1.89) 0.101 

Peramivir ** Laninamivir 1.67 (1.04-2.63) 0.034 

Peramivir Oseltamivir 1.25 (0.80-1.91) 0.313 

Zanamivir Laninamivir 1.25 (0.88-1.79) 0.218 

Oseltamivir Zanamivir 1.07 (0.78-1.46) 0.690 

Peramivir Zanamivir 1.34 (0.85-2.05) 0.204 

Time from onset to 

administration of NAIs 
   

≥ 12 hrs and < 24 hrs < 12 hrs 1.05 (0.79-1.42) 0.723 

≥ 24 hrs < 12 hrs 1.09 (0.75-1.57) 0.637 

≥ 24 hrs ≥ 12 hrs and < 24 hrs 1.04 (0.73-1.44) 0.839 

Sex Female 1.05 (0.82-1.36) 0.680 

Vaccination None 1.08 (0.83-1.39) 0.572 

(C) 10–18 years    
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NAI chosen 
 

  

Oseltamivir Laninamivir 2.13 (0.74-4.88) 0.147 

Peramivir Laninamivir 0.81 (0.45-1.39) 0.454 

Peramivir Oseltamivir 0.38 (0.14-1.21) 0.096 

Zanamivir Laninamivir 0.77 (0.58-1.03) 0.081 

Oseltamivir Zanamivir 2.76 (0.95-6.35) 0.060 

Peramivir Zanamivir 1.05 (0.59-1.77) 0.862 

Time from onset to 

administration of NAIs 
   

≥ 12 hrs and < 24 hrs < 12 hrs 1.03 (0.75-1.43) 0.844 

≥ 24 hrs < 12 hrs 1.20 (0.81-1.75) 0.365 

≥ 24 hrs ≥ 12 hrs and < 24 hrs 1.16 (0.80-1.66) 0.435 

Sex Female 1.00 (0.76-1.32) 0.997 

Vaccination None 1.09 (0.81-1.46) 0.553 

 

* The duration of fever after administration of the first dose of the NAI was shorter in patients whose 

time from onset of influenza virus infection to administration of the NAI was longer. 

** In the 5-9 years of age group, the duration of fever after administration of the first dose of peramivir 

was shorter than that after administration of the first dose of laninamivir in patients with influenza A 

infection. 

 

 

 

 



Supplemental table 3. Results of logistic regression model to determine factors influencing episodes of biphasic fever 

 

Independent factors Unit/Control 

Patients infected with either 

influenza A or B (n=1207) 

Patients infected with influenza A 

(n=747) 

Patients infected with influenza B 

(n=460) 

Odds ratio (95% CI) p value Odds ratio (95% CI) p value Odds ratio (95% CI) p value 

Type of influenza * A 2.99 (1.90-4.80) <0.001 - - - - 

Age group 
 

      

0-4 years ** 10-18 years 2.89 (1.27-6.77) 0.010 3.00 (0.78-14.13) 0.102 5.83 (1.78-22.40) 0.002 

5-9 years *** 10-18 years 2.13 (1.17-4.04) 0.012 1.10 (0.46-2.59) 1.000 5.11 (1.97-16.58) <0.001 

0-4 years 5-9 years 1.36 (0.74-2.51) 0.329 2.73 (0.84-11.15) 0.085 1.14 (0.54-2.37) 0.768 

NAI chosen 
   

    

Laninamivir Zanamivir 1.01 (0.53-1.90) 1.000 1.11 (0.45-2.72) 1.000 0.87 (0.34-2.13) 0.817 

Laninamivir **** Peramivir 1.30 (0.57-3.02) 0.538 4.19 (1.10-20.50) 0.027 0.53 (0.18-1.60) 0.276 

Oseltamivir Peramivir 1.01 (0.53-2.01) 1.000 1.23 (0.40-4.03) 0.866 0.61 (0.27-1.47) 0.291 

Zanamivir **** Peramivir 1.29 (0.60-2.89) 0.519 3.77 (1.01-18.20) 0.039 0.62 (0.23-1.69) 0.374 

Laninamivir Oseltamivir 1.28 (0.62-2.63) 0.516 3.40 (0.94-15.28) 0.053 0.88 (0.34-2.18) 0.832 
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Zanamivir Oseltamivir 1.27 (0.66-2.49) 0.483 3.06 (0.87-13.56) 0.073 1.01 (0.45-2.24) 1.000 

Time from onset to 

administration of NAIs 
       

≥ 12 hrs and < 24 hrs < 12 hrs 1.07 (0.63-1.87) 0.854 0.72 (0.33-1.57) 0.445 1.71 (0.80-3.99) 0.155 

≥ 24 hrs < 12 hrs 1.00 (0.54-1.86) 1.000 0.70 (0.25-1.78) 0.471 1.44 (0.62-3.53) 0.389 

≥ 24 hrs 
≥ 12 hrs and < 

24 hrs 
0.93 (0.54-1.57) 0.831 0.98 (0.35-2.48) 1.000 0.84 (0.44-1.59) 0.611 

Sex Female 1.24 (0.80-1.94) 0.342 1.23 (0.61-2.53) 0.623 1.41 (0.80-2.52) 0.232 

Vaccination None 0.73 (0.46-1.13) 0.159 0.66 (0.31-1.35) 0.260 0.76 (0.42-1.34) 0.344 

 

* The number of biphasic fever episodes in patients infected with influenza B virus was 2.99-times greater than that in patients infected with influenza A 

virus. 

** The number of biphasic fever episodes in influenza A- or B-infected patients aged 0-4 years was 2.89-times greater than that in patients aged 10-18 

years, and the number of biphasic fever episodes in influenza B-infected patients aged 0-4 years was 5.83-times greater than that in patients aged 10-18 

years. 

*** The number of biphasic fever episodes in influenza A- or B-infected patients aged 5-9 years was 2.13-times greater than that in patients aged 10-18 

years, and the number of biphasic fever episodes in influenza B-infected patients aged 5-9 years was 5.11-times greater than that in patients aged 10-18 

years. 

**** The number of biphasic fever episodes in influenza A-infected patients treated with laninamivir was 4.19-times greater than that in patients treated 

with peramivir, and the number of biphasic fever episodes in influenza A-infected patients treated with zanamivir was 3.77-times greater than that in 

patients treated with peramivir. 

 

 



Supplemental table 4. Results of logistic regression model to determine factors influencing episodes of 

biphasic fever in children aged 0 to 4 years, 5 to 9 years, and 10 to 18 years 

 

Independent factors Unit/Control Odds ratio (95% CI) p value 

(A) 0 – 4 years    

Type of influenza * A 4.73 (2.00-11.8) <0.001 

NAI chosen 
   

Oseltamivir Peramivir 0.77 (0.32-1.96) 0.662 

Time from onset to administration 

of NAIs 
   

≥ 12 hrs and < 24 hrs < 12 hrs 0.89 (0.33-2.54) 1.000 

≥ 24 hrs < 12 hrs 0.84 (0.27-2.64) 0.914 

≥ 24 hrs ≥ 12 hrs and < 24 hrs 0.94 (0.33-2.51) 1.000 

Sex Female 1.48 (0.65-3.51) 0.358 

Vaccination None 1.30 (0.57-3.03) 0.557 

(B) 5 – 9 years    

Type of influenza ** A 4.34 (2.24-9.06) <0.001 

NAI chosen 
   

Laninamivir Zanamivir 1.14 (0.49-2.59) 0.867 

Laninamivir Peramivir 1.08 (0.37-3.47) 1.000 

Oseltamivir Peramivir 0.86 (0.32-2.67) 1.000 

Zanamivir Peramivir 0.95 (0.35-2.95) 1.000 

Laninamivir Oseltamivir 1.25 (0.54-2.81) 0.650 

Zanamivir Oseltamivir 1.10 (0.52-2.33) 0.916 

Time from onset to administration 

of NAIs 
   

≥ 12 hrs and < 24 hrs < 12 hrs 1.55 (0.72-3.60) 0.254 

≥ 24 hrs < 12 hrs 1.29 (0.53-3.25) 0.611 

≥ 24 hrs ≥ 12 hrs and < 24 hrs 0.83 (0.39-1.69) 0.620 

Sex Female 1.10 (0.60-2.02) 0.840 

Vaccination None 0.63 (0.33-1.16) 0.134 
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(C) 10 – 18 years    

Type of influenza A 0.60 (0.17-1.71) 0.337 

NAI chosen 
   

Laninamivir Zanamivir 0.85 (0.31-2.28) 1.000 

Laninamivir Peramivir 5.23 (0.58-692.95) 0.089 

Oseltamivir Peramivir 2.83 (0.01-539.95) 1.000 

Zanamivir Peramivir 6.17 (0.72-809.80) 0.055 

Laninamivir Oseltamivir 1.85 (0.20-246.05) 0.488 

Zanamivir Oseltamivir 2.18 (0.24-288.47) 0.382 

Time from onset to administration 

of NAIs 
   

≥ 12 hrs and < 24 hrs < 12 hrs 0.60 (0.19-1.90) 0.428 

≥ 24 hrs < 12 hrs 0.80 (0.21-2.76) 1.000 

≥ 24 hrs ≥ 12 hrs and < 24 hrs 1.34 (0.36-4.57) 1.000 

Sex Female 1.70 (0.63-4.94) 0.310 

Vaccination None 0.46 (0.14-1.32) 0.141 

 

* In the 0-4 years of age group, the number of biphasic fever episodes in patients infected with influenza 

B virus was 4.73-times greater than that in patients infected with influenza A virus. 

** In the 5-9 years of age group, the number of biphasic fever episodes in patients infected with 

influenza B virus was 4.34-times greater than that in patients infected with influenza A virus. 


