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The current School Health and Safety Act in Japan states that children with influenza infection should stay 
home until day 6th after symptoms onset.  This was an amendment of a previous version recommending 
school return on day 3 after defervescence.  Here, we investigated the duration of fever and virus shedding 
after laninamivir treatment in 7 children infected with influenza A(H3N2) virus and 21 children with influenza 
B virus in relation to the school return timing recommended by the School Health and Safety Act during the 
2011-2012 influenza season.  Nasal discharge was collected on the first, second, and third hospital visits 
and virus titers were assessed by virus culture and real-time PCR.  Duration of fever after laninamivir 
treatment was 1 day longer for influenza B than for influenza A(H3N2).  Virus detection rates with 50% 
tissue culture infectious dose and viral RNA were highest at the first visit and gradually decreased at 
subsequent visits.  Virus positivity rates were detectable at the time of defervescence in less than half of 
the enrolled patients (14.3-42.9%).  Virus shedding rates were similarly low (0.0-19.0%) on day 3 or later 
from defervescence and on day 6 or later from fever onset (school return dates per the old and current 
School Health and Safety Act) regardless of the influenza type.  In conclusion, despite the higher efficacy of 
laninamivir against A(H3N2) viruses than B viruses, viral shedding is low after return to school for both 
types, regardless of the version of the School Health and Safety Act.
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Introduction
Influenza virus causes acute respiratory infections.  

Annual epidemics are caused by influenza virus types A and 
B, while pandemics have been solely associated with influ-
enza A viruses and occur less frequently (Cox and Subbarao 
2000; Wright and Webster 2001; Neumann et al. 2009).  
Neuraminidase inhibitors (NAIs), oseltamivir and zanami-
vir, have been used for influenza prevention and treatment 
since 2000 in Japan.  In 2010, two new NAIs, laninamivir 
and peramivir, were approved for prevention and treatment 
of influenza in Japan (Kawai et al. 2006; Sugaya and 
Ohashi 2010; Shobugawa et al. 2012; Yates et al. 2013; 
Hata et al. 2014).  Of special interest is laninamivir octano-
ate hydrate (laninamivir), a long-acting inhaled drug, that is 

approved for clinical use in Japan only (Sugaya and Ohashi 
2010; Watanabe et al.  2010).  The clinical efficacy of lanin-
amivir is reported to be similar to that of oseltamivir and 
zanamivir, although the former has been less frequently 
studied as it has not been approved in other countries 
(Sugaya and Ohashi 2010; Watanabe et al. 2010; Shobugawa 
et al. 2012; Ikematsu et al. 2014a, b, 2015b; Koseki et al. 
2014).  NAIs have been shown to significantly shorten the 
duration of fever in children infected with influenza virus, 
however, virus shedding could still be detected after defer-
vescence (Sugaya et al. 2007; Tamura et al. 2011).  Thus, 
patients might still be infectious and could spread the infec-
tion despite the resolution of fever.  Further, emergence of 
NAI-resistant variants during treatment may further limit 
the effectiveness of NAIs in children (Saito et al. 2010) and 
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prolong viral shedding (Kawai et al. 2009).
The recommended duration of school absence for chil-

dren infected with influenza in Japan was revised by the 
School Health and Safety Act in 2012 (Ministry of Health, 
Labour and Welfare 2012).  Previously, children were rec-
ommended to stay home for the duration of fever plus two 
days after defervescence (Takayama 2010).  The updated 
guideline for school absence recommends that school chil-
dren should stay home for a period of five days after the 
onset of illness regardless of the timing of defervescence.

In this study, we investigated the correlation between 
the duration of fever and viral shedding in influenza-
infected children treated with laninamivir.  We also assessed 
the emergence of drug-resistant viruses among treated 
patients and examined their viral load throughout the rec-
ommended period for school absence.

Patients and Methods
Patient enrollment and ethical statement

Pediatric patients who visited Sado General Hospital in Niigata 
Prefecture, Japan with influenza-like symptoms such as fever, sore 
throat, cough, malaise, and rhinorrhea in February or March 2012 
were enrolled in the study.  Patients were screened with a rapid influ-
enza diagnostic test kit licensed in Japan (Quick-Navi Flu, Denka 
Seiken Co., Ltd., Tokyo, Japan).  Influenza-positive patients or their 
guardians were informed about the study by clinicians, and those who 
provided written informed consent were enrolled.  This study was 
approved by the Ethical Committee of the Medical School of Niigata 
University.

Clinical samples and treatment
Patients were treated with laninamivir, which is approved for 

treatment of influenza infection in Japan.  The decision to use lanina-
mivir was based on the advice of clinicians and/or the preference of 
the patients or their guardians.  Laninamivir was prescribed as a sin-
gle inhaled dose in accordance with the prescription guidelines by the 
Ministry of Health, Labor and Welfare in Japan.  For children younger 
than 10 years, the prescribed dose was 20 mg.  Children 10 years or 
older received a dose of 40 mg.  All patients were administered the 
laninamivir under the supervision of a pharmacist within a few hours 
after receiving the prescription.

Specimen collection and clinical data
Nasal discharge was collected from patients on 3 occasions dur-

ing the first (before treatment), second (3-5 days after the first visit), 
and third (5-9 days after the first visit) visits.  Clinicians recorded the 
patients’ sex, age, date of clinical examination, date of fever onset, 
and vaccination status during the first visit.  Fever onset was defined 
as a temperature higher than 37.5°C.  Patients or their guardians were 
asked to fill the patient’s body temperature in a daily chart at 9 am, 12 
pm, and 8 pm until the third visit day.  Patients who did not return the 
body temperature chart were excluded from the analysis.  Samples 
were kept at the clinic at −20°C until being transport to Niigata 
University for further analysis.

Virological tests
The specimens were inoculated on Madin-Darby canine kidney 

(MDCK) cells and monitored for cytopathic effect (CPE).  RNA 

extraction and cDNA synthesis were performed on both the original 
clinical samples and CPE-positive cultures (Hoffmann et al. 2001; 
Dapat et al. 2009).  Isolates were screened for influenza using a previ-
ously reported cycling probe real-time polymerase chain reaction 
(PCR) method that allows typing and subtyping of influenza (Suzuki 
et al. 2010, 2011; Dapat et al. 2012).  Viral load was determined by 
using 50% tissue culture infectious dose (TCID50) and by quantifica-
tion of the influenza virus M gene using real-time PCR (Suzuki et al. 
2003; Daum et al. 2007).

Ten-fold serial dilutions of each culture-positive specimen were 
prepared and 100 μl of each dilution was inoculated onto three wells 
of MDCK cells in 96 well plates.  The plate was read after 48 hours 
by checking for CPE in each viral dilution.  The TCID50 titer was 
determined using the Reed-Muench method (LaBarre and Lowy 
2001).  The detection limit of the TCID50 assay was 0.5 TCID50/100 
μl.  Positivity rate for infectious titer was determined by proportion of 
viral strains that yielded measurable TCID50 titer above 0.5 log10 
TCID50/100 μl.

Quantitative real-time PCR using TaqMan probes was per-
formed on cDNA from the original clinical specimens.  The type A 
forward primer (5′-TAACCGAGGTCGAAACGTA-3′), type A 
reverse primer (5′-GCACGGTGAGCGTGAA-3′), and type A probe 
(5′-FAM-TCAGGCCCCCTCAAAGC-Eclipse-3′) were designed for 
the M gene of influenza A.  The type B forward primer 
(5′-GCATCTTTTGTTTTTTATCCATTCC-3′), type B reverse primer 
(5′-CACAATTGCCTACCTGCTTTCA-3′), and type B probe 
(5 ′ -FAM-TGCTAGTTCTGCTTTGCCTTCTCCATCTTCT-
Eclipse-3′) were designed for the M gene of influenza B.  The quanti-
tative real-time PCR conditions were 50 cycles of denaturation at 
95°C for 5 seconds and annealing at 60°C for 30 seconds.  The target 
sequence was cloned into a pM20-T vector (Takara Bio Inc., Shiga, 
Japan) using a Mighty TA cloning kit (Takara Bio Inc.) according to 
methods described previously (Suzuki et al. 2010).  The cloned prod-
uct was quantified with a spectrophotometer and serial dilution.  A 
standard curve for quantification was prepared.  Each sample and 
quantification control were run in duplicate wells.  The resulting viral 
load was expressed as genome-equivalent copies of viral RNA.  A 
cycle threshold value of < 40 was considered positive.  The lower 
detection limits were 2.86 and 2.92 copies per reaction against type A 
and type B, respectively.

NAI assay and analysis of 50% inhibitory concentration
Because the emergence of drug resistance can prolong fever, we 

assessed the susceptibility of all clinical samples isolated during the 
first, second, and third visits to the 4 approved NAIs (peramivir, osel-
tamivir, zanamivir, and laninamivir) using a fluorescence-based 50% 
inhibitory concentration (IC50) method using 2′-(4-methyl umbel-
liferyl)-a-D-N-acetylneuraminic acid (MUNANA; Sigma, St. Louis, 
MO, USA) (Dapat et al. 2013).  Laninamivir was provided by Daiichi 
Sankyo Co., Ltd. (Tokyo, Japan).  Oseltamivir was provided by 
Roche Products Ltd.  (Basel, Switzerland).  Zanamivir was obtained 
from GlaxoSmithKline (Brentford, UK).  Peramivir was provided by 
Shionogi & Co., Ltd. (Osaka, Japan).  IC50 values were calculated 
using XLfit software (ID Business Solutions Ltd., Surrey, UK).  A 
sample was defined as an outlier if its IC50 value was more than 3 
times the interquartile range (IQR) from the 75th percentile in a box-
and-whisker plot (Monto et al. 2006).
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Statistical analyses
First, we assessed clinical demographic information (sex, age, 

vaccination) and fever duration in relation to virus type/subtype in the 
laninamivir treatment group.  Fever was defined as a temperature 
higher than 37.5°C.  We evaluated the intervals (in days) from fever 
onset to first visit, from treatment to defervescence, and from fever 
onset to defervescence in relation to virus type/subtype.  Second, 
virus infectious titer and virus RNA load were compared at the first, 
second, and third visits.  Third, we compared the infectious titers and 
RNA loads of the A(H3N2) and B viruses after defervescence  
(< 37.5°C).  Finally, to determine the adequacy of the duration of 
school absence recommended in the Ordinance for Enforcement of 
the School Health and Safety Act, we compared virus infectious titer 
and viral load in children on day 3 or later from defervescence (the 
previous recommendation) and on day 6 or later from fever onset (the 
current recommendation).  Student’s t-test was used to compare 
means, and Fisher’s exact test was used to compare percentages.  All 
statistical analysis was performed using Microsoft Excel 2010 soft-
ware.  Statistical significance was defined as a p-value of < 0.05

Results
Patient characteristics

Twenty-eight patients enrolled in the study between 
February and March 2012.  All patients had influenza-like 
illness and were positive for influenza using the rapid test 
kit.  Subtyping by cycling probe real-time PCR showed that 
7 patients were infected with influenza A(H3N2) and 21 
patients had influenza B (Table 1).  All patients were given 
laninamivir at the first visit, which they inhaled at local 
pharmacies within a few hours of receiving the prescription.  
There were no statistically significant differences in sex, 
age, vaccination status, or interval from fever onset to first 
visit between patients infected with influenza A(H3N2) and 
B subjects (Table 1).  The average number of days from 
treatment to defervescence was significantly longer for 
patients infected with type B (2.3 ± 1.6 days) than for those 
infected with type A(H3N2) (1.1 ± 0.5 days) (p = 0.0005) 
(Table 1).  Similarly, the average duration from fever onset 

to defervescence was significantly longer for patients 
infected with type B (3.5 ± 1.7 days) than for those infected 
with type A(H3N2) (2.0 ± 1.0 days) (p = 0.032).

Virus infection titer and copy number
We then measured viral shedding after laninamivir 

treatment among children with influenza and compared 
TCID50 titers and virus copy numbers in relation to virus 
type/subtype at the first (before treatment), second (3-5 
days after the first visit), and third (5-9 days after the first 
visit) visits.  In general, viral load determined by infectious 
titer (TCID50) or RNA copies (real-time PCR) steadily 
decreased after laninamivir treatment for both influenza 
A(H3N2) and B (Fig. 1).  The virus positivity rate by 
TCID50 at the first visit was significantly lower for patients 
with influenza A(H3N2) (28.6%) than for those with type B 
(80.9%; p < 0.01).  However, the detection rates for influ-
enza A(H3N2) and B viruses did not significantly differ at 
the second (14.3% vs. 23.8%, respectively) or third (0.0% 
vs 4.8%, respectively) visit.  Influenza A(H3N2) and B 
virus titers and viral RNA copies were highest at the first 
visit and progressively decreased in subsequent visits (Table 
2).  One (4.8%) patient with influenza B persistently had 
high titers (6.3 TCID50/100 μl) and viral RNA copies (2.4 
log10 copies/μl) at the third visit despite being afebrile as of 
day 3 after fever onset (Fig. 1).

Virus shedding after defervescence
Next, we examined viral shedding patterns after defer-

vescence (body temperature < 37.5°C) in the study patients.  
Infectious virus shedding, measured by TCID50, was 
detected in one of the seven patients (14.3%) infected with 
influenza A(H3N2) virus and three of the 21 patients 
(14.3%) infected with influenza B virus at the visit that 
immediately followed defervescence (0-4 days after defer-
vescence) (Fig. 2A, B).  Viral RNA could be detected in 
three of the seven influenza A(H3N2) patients (42.9%) and 

Table 1.  Demographic characteristics of patients infected with influenza A(H3N2) and B treated with 
laninamivir.

Student’s t-test was used to compare means and Fisher’s exact test was used to compare percentages.
SD, standard deviation.
aNo data on fever onset for 1 patient with influenza A(H3N2) infection.
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Fig. 1.  Change in virus infectious titers and viral RNA copies after laninamivir treatment for patients with influenza 
A(H3N2) and B.  Day 0 indicates fever onset.  Panels A and B show virus infectious titers (TCID50 titer) for influenza 
A(H3N2) and B, respectively.  Panels C and D show viral RNA copies for influenza A(H3N2) and B, respectively.

 La, laninamivir.

Table 2.  Virus infectious titer (TCID50 titer) and virus RNA copy number before and after laninamivir treatment.

aFirst visit refers to sample collection before laninamivir treatment.
bSecond visit: Samples were collected within 2-5 days after start of laninamivir treatment.
cThird visit: Samples were collected within 5-9 days after start of laninamivir treatment.
dVirus culture was negative.
*Positive rate of sample at the first visit was significantly higher for B than for A(H3N2) (p < 0.005).
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nine of the 21 influenza B patients (42.9%) at the visit that 
followed defervescence (Fig. 2C, D).

Duration of viral shedding and the School Health and 
Safety Act

We next assessed virus isolation and viral RNA detec-
tion rates in relation to the previous and current government 
recommendations (Table 3).

First, we evaluated viral shedding on day 3 or later 
from defervescence, the recommended school return day in 
the previous School Health and Safety Act recommenda-
tion).  None (0.0%) of the 7 influenza A(H3N2) patients 
had detectable infectious virus shedding.  However, viral 
RNA could still be detected in one (14.3%) of the patients.  
In case of influenza B, one (4.8%) of the 21 patients had 
detectable infectious virus shedding and 3 (14.3%) had 
detectable viral RNA.

Second, we evaluated virus titers for TCID50 on day 6 
or later from fever onset (the revised school absence period 
in the School Health and Safety Act recommendation).  For 
influenza A(H3N2), none of the patients (0.0%) had detect-
able infectious virus shedding and only one (14.3%) had a 
detectable viral RNA.  For influenza B, one (4.8%) patient 
had detectable infectious virus and four (19.0%) displayed 
positive viral RNA result (Table 3).  The detection rates of 
influenza A(H3N2) and B were not different.

NAI assay
The IC50 values of the four tested NAIs (peramivir, 

oseltamivir, zanamivir, and laninamivir) were higher for 
type B influenza than for type A(H3N2) influenza, as was 
previously reported (Dapat et al. 2013).  On the first visit 
A(H3N2) and B isolates had lower averages of IC50 values 
to peramivir (A(H3N2): 0.16 nM, B 1.17 nM) than other 

Fig. 2.  Viral shedding after defervescence (body temperature < 37.5°C) in influenza A(H3N2) and B infected patients treated 
with laninamivir.  Day 0 indicates defervescence.  Panels A and B show virus infectious titers (TCID50 titer) for influen-
za A(H3N2) and B, respectively.  Panels C and D show viral RNA copies for influenza A(H3N2) and B, respectively.

 La, laninamivir.
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NAIs.  The average IC50 values for A(H3N2) were 0.56 nM 
for laninamivir, 0.64 nM for zanamivir, and 0.91 nM for 
oseltamivir.  For influenza B isolates, the average IC50 val-
ues were 4.42 nM, 12.97 nM, and 39.52 nM for laninami-
vir, zanamivir, and oseltamivir respectively (Table 4).  None 
of the isolates obtained at the first visit had reduced suscep-
tibility (outlier strains).  Additionally, we did not observe a 
change in the antiviral drug susceptibilities of the influenza 
A(H3N2) and B isolates at the second and third visits.  
These findings indicate that no strains with reduced suscep-
tibility or resistant phenotype were induced by laninamivir 
treatment.

Discussion
Laninamivir is a new long-acting NAI that was 

approved for influenza treatment in Japan in 2010 (Ikematsu 
and Kawai 2011).  Currently, the drug is only used in Japan.  
Because of its limited use, less studies have evaluated the 

clinical efficacy of laninamivir on defervescence and virus 
shedding compared with those for oseltamivir and zanami-
vir (Takemoto et al. 2013; Ikematsu et al. 2014a, b, 2015b; 
Koseki et al. 2014; Mizuno et al. 2014; Sugaya et al. 2015).  
In this study we examined virus shedding patterns in influ-
enza infected children after defervescence upon laninamivir 
treatment.

Comparing the duration of fever, laninamivir was less 
effective in patients infected with influenza B virus than in 
those infected with A(H3N2), consistent with previous 
studies (Ikematsu et al. 2014a, b).  In the present study, the 
average number of days from fever onset to defervescence 
was 1.5 days longer for influenza B than for influenza 
A(H3N2) upon laninamivir treatment.

Viral RNA shedding after laninamivir treatment as 
determined by real-time PCR did not significantly differ 
between influenza A(H3N2) and B.  This finding contrasts 
with previous studies that reported higher rates of viral 

Table 3.  Virus infectious titer (TCID50 titer) and virus RNA copy number for A(H3N2) 
and B viruses collected 3 days after defervescence and 6 days after fever onset.

aVirus culture was negative.

Table 4.  Susceptibility of isolates to four neuraminidase inhibitors at first, second and third visit after 
laninamivir treatment for A(H3N2) and B viruses.

SD, standard deviation.
aAverage value was calculated from viruses that showed IC50 titer below the cutoff.
bVirus culture was negative.
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shedding in influenza B patients treated with laninamivir 
(Ikematsu et al. 2014a, b).  Nonetheless, a German study 
reported that the period of viral RNA shedding, as deter-
mined by real-time PCR, was around 6-8 days and that 
there were no significant differences in duration between 
virus types or subtypes (Suess et al. 2012).  In addition, the 
authors found that the duration of detectable virus shedding 
was longer for real-time PCR than for virus culture—for 
both influenza A(H3N2) and B—as was the case in the 
present study.  Further investigation of the relation of viral 
shedding to influenza type and differences between detec-
tion methods is warranted.

It should be noted that virus isolation rates for influ-
enza A(H3N2) were much lower than influenza B, even at 
the first visit.  A recent study showed that clinical influenza 
A(H3N2) virus replicates poorly in MDCK cells and rap-
idly acquires HA or NA mutations when propagated in vitro 
(Chambers et al. 2014).  This may explain the low infec-
tious virus positivity rate in influenza A(H3N2) patients.

The School Health and Safety Act of 2012 is a revision 
of a law originally enacted in 1958 by the Ministry of 
Education (currently the Ministry of Education, Science 
and Technology).  Under this law, the recommended school 
return day for influenza was previously defined as 2 days 
after defervescence.  In 2012 this interval was changed to 5 
days after fever onset because of the widespread use of 
NAIs for influenza infection in Japan (Sugaya 2011).  
Studies have shown that the duration of fever was 1 to 2 
days shorter in patients treated with NAIs than in untreated 
patients (Saito et al. 2010; Dobson et al. 2015).  Thus, 
treated patients might return to school or work earlier than 
untreated patients and continue to shed virus.  This concern 
led the Japanese Ministry of Education, Culture, Sports, 
Science and Technology to change the duration of absence 
for school children.  In the revised act, children are advised 
to remain at home for 5 days after disease onset, regardless 
of fever duration.  In the present study, virus detection rate 
was low (0-15%) on day 3 or later from defervescence and 
similarly low (0-20%) on day 6 or later from fever onset.  
Therefore, the risk of spreading virus by treated children 
returning to school in accordance with previous and current 
recommendations is very limited.  The risk of infection 
spread could be further elucidated in future studies monitor-
ing classmates of index cases after their return to school.

In our study, IC50 values for peramivir to influenza 
A(H3N2) and B were lower than those for other NAIs.  It is 
well documented that IC50 values can vary depending on the 
methods used making it difficult to compare values obtained 
in different laboratories (Nguyen et al. 2010; Okomo-
Adhiambo et al. 2010; Murtaugh et al. 2013).  However, the 
lower IC50 values for peramivir compared to the other three 
NAIs are consistent with past reports (Okomo-Adhiambo et 
al. 2013; Leang et al. 2014; Farrukee et al. 2015; Ikematsu 
et al. 2015a; Tamura et al. 2015).  It has been shown that 
antiviral drug resistance can emerge upon treatment with 
NAIs (Thorlund et al. 2011).  In the present study, however, 

none of the isolates obtained following treatment with 
laninamivir possessed reduced susceptibility to any of the 
tested NAIs, consistent with other Japanese studies 
(Ikematsu et al. 2014a, b).  As previously reported, influ-
enza B viruses were less susceptible to NAIs than influenza 
A viruses (Ikematsu and Kawai 2011).  This could explain 
the higher virus detection rate for influenza B and longer 
duration of fever in this group of patients compared to 
influenza A(H3N2) infected patients.

The principal limitations of this study are its small 
sample size and the fact that only patients treated with 
laninamivir were enrolled.  The original study design 
included an oseltamivir treatment group, for the purpose of 
comparison with the laninamivir group.  However, only 3 
patients received oseltamivir, and the group was thus 
excluded from the analysis.  Future studies should enroll a 
larger number of patients and investigate other NAIs.  In 
particular, peramivir, oseltamivir, and zanamivir should be 
evaluated in relation to clinical course and viral shedding.
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