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Antimicrobial reports

Background: A granule formulation of baloxavir marboxil, a selective 
inhibitor of influenza cap-dependent endonuclease, was newly developed 
for children with difficulty swallowing tablets.
Methods: A multicenter open-label study was conducted during the 2017–
2018 influenza season to assess the safety, pharmacokinetics and clinical/
virologic outcomes of single, oral, weight-based doses of baloxavir granules 
in Japanese children infected with influenza virus. The primary clinical end-
point was the time to illness alleviation of influenza.
Results: All 33 enrolled children completed the study and received baloxa-
vir (1 mg/kg for 12 children weighing <10 kg, 10 mg for 21 children weigh-
ing 10 to <20 kg). Detected viruses were influenza B (36.4%), A(H1N1)
pdm09 (33.3%) and A(H3N2) (27.3%). Adverse events (AEs) were reported 
in 54.5% of children. No deaths, serious AEs or AEs leading to discontinua-
tion were reported. The mean (SD) plasma concentrations of baloxavir acid 
at 24 hours post-dose were 72.8 (24.0) and 51.3 (19.3) ng/mL in the 1-mg/kg 
and 10-mg dose groups, respectively. The median time to illness alleviation 
(95% confidence interval) was 45.3 (28.5–64.1) hours. A >4-log decrease 

in infectious viral titer occurred on day 2 and a temporary 2-log increase on 
day 4. Polymerase acidic protein/I38T/M-substituted viruses were detected 
in 5 children infected with influenza A, but none with influenza B.
Conclusions: Baloxavir granules and the weight-based dose regimen were 
considered to be well tolerated in children, with rapid influenza virus reduc-
tion and associated symptom alleviation. Evidence of baloxavir activity 
against influenza B was observed, but further data are required for confir-
mation.
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(Pediatr Infect Dis J 2020;39:706–712)

Influenza virus infection is an acute respiratory disease that is 
common in children. The number of influenza-infected individu-

als in the 2017–2018 season in Japan was approximately 22.5 mil-
lion; 42% of these were <15 years old and 10% were ≤4 years old.1 
Young children are at high risk of complications such as bronchitis, 
otitis media and bacterial pneumonia,2–4 or non-respiratory compli-
cations such as febrile seizures, abnormal behavior, myositis and 
influenza encephalopathy.2,5

Neuraminidase inhibitors (NAIs) are used to reduce the 
duration and severity of illness caused by influenza. NAIs approved 
in Japan include oral oseltamivir, inhaled zanamivir, inhaled lani-
namivir and intravenous peramivir. However, nonadherence to 
therapy affects the outcome, and the route of administration may 
influence compliance with influenza therapies.6 For example, 
oseltamivir must be administered for 5 days, potentially resulting 
in poor adherence; the recommended dose of inhaled zanamivir 
or laninamivir may not be delivered in young children and those 
with respiratory symptoms,7 and peramivir must be administered 
intravenously. To improve adherence, there is a medical need for 
anti-influenza drugs that are safe, well tolerated, and can be easily 
administered as a single dose to children.

Baloxavir marboxil (baloxavir) is an oral antiviral prod-
rug that is metabolized rapidly to the active form, baloxavir acid, 
which selectively inhibits cap-dependent endonuclease activity of 
the viral polymerase acidic protein (PA) of influenza types A and 
B.8,9 In a double-blind randomized controlled study in adults and 
adolescents with uncomplicated influenza, single-dose baloxavir 
significantly improved time to alleviation of influenza symptoms 
compared with placebo and significantly reduced infectious virus 
compared with placebo and oseltamivir.10 In an open-label study in 
Japanese children 6 months to <12 years of age with influenza, oral 
single-dose baloxavir with a dosage based on the body weight of 
children using a tablet formulation was well tolerated and appeared 
to be clinically effective compared with prior studies of NAIs in 
children with influenza.11 The plasma concentrations of baloxavir 
acid in the pediatric study were similar to those in the double-
blind randomized controlled studies in adults and adolescents.12,13 
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However, no children <1 year of age and only 2 children weighing 
<10 kg were assessed in the previous study.

A granule formulation of baloxavir has been newly devel-
oped for patients with difficulty swallowing tablets, especially 
younger children. This study was designed to assess the safety, 
pharmacokinetics (PK), and clinical and virologic outcomes of 
a granule formulation of baloxavir in influenza-infected children 
weighing <20 kg.

MATERIALS AND METHODS

Study Design
This was a multicenter, open-label, noncontrolled study in 

Japanese children during the 2017–2018 season conducted in 20 
study centers.

The study was conducted in accordance with the principles 
of the Declaration of Helsinki and Good Clinical Practice guide-
lines and approved by the institutional review board or ethics com-
mittee at each study center. Parents/legal guardians of participating 
children provided written informed consent; participating children 
gave written or verbal informed consent according to their capabili-
ties. The study was registered at the Japan Pharmaceutical Informa-
tion Center Clinical Trials Information (JapicCTI-173811).

Study Population
Children enrolled were <12 years of age with a body weight 

of <20 kg (≥2500 g at birth for children <1 year of age), diagnosed 
with influenza virus illness confirmed by fever ≥38°C, and had a 
nasal or throat swab sample that was positive for influenza virus by 
a rapid influenza diagnostic test. The time between onset of symp-
toms (when body temperature first exceeded 37.5°C) and screening 
was ≤48 hours.

Treatment Protocol
On day 1, children received a single oral dose of baloxavir 

2% granules (Shionogi & Co., Ltd., Osaka, Japan) without regard 
to food intake. The dose-depended on body weight at screening: 
children with a body weight <10 kg received 1 mg/kg of baloxavir 
(50 mg/kg of 2% granules); children with a body weight of 10 to 
<20 kg received 10 mg of baloxavir (500 mg of 2% granules). This 
weight-based dose regimen was determined according to a popula-
tion PK analysis using PK data collected in the phase 3 study of 
baloxavir tablets in Japanese children.12 Other anti-influenza drugs 
were prohibited within 30 days before screening.

Safety Assessment
Safety measures included incidence and severity of adverse 

events (AEs), treatment-related AEs, serious AEs, vital signs and 
clinical laboratory tests. AEs were classified by system organ class 
and preferred term using the Medical Dictionary for Regulatory 
Activities Version 19.1. Severity was categorized using the Com-
mon Terminology Criteria for Adverse Events Version 4.0.

Pharmacokinetic Assessments
Blood samples were collected for the measurement of 

plasma concentrations of baloxavir marboxil (in children <2 years 
of age only) and baloxavir acid, once between 0.5 and 2 hours post-
dose on days 1, 2 and 3 (optional), and once between days 6 and 22 
(Table, Supplemental Digital Content 3, http://links.lww.com/INF/
D970). Plasma concentrations were analyzed by a validated liquid 
chromatography-tandem mass spectrometry method and were sum-
marized at 24, 48 and 96 hours post-dose (C

24
, C

48
 and C

96
) with 

acceptable time windows of 20–28 hours, 44–52 hours and 92–100 
hours, respectively.

Clinical and Virologic Assessments
The following outcome measures were assessed by the 

child or parent/guardian11,14,15 and recorded in an electronic patient 
diary from pre-dose day 1 to post-dose day 14: body temperature 
(axillary); assessment of severity of 2 influenza symptoms (cough 
and nasal discharge/nasal congestion) on a 4-point rating scale 
(0 = absent, 1 = mild, 2 = moderate, 3 = severe); and assessment 
of ability to perform daily activities on an 11-point scale (Meth-
ods, Supplemental Digital Content 1, http://links.lww.com/INF/
D968).

For virology tests, nasopharyngeal swabs (or throat swabs 
if nasopharyngeal swabbing was not feasible) were collected by 
investigators on days 1, 2, 3 and/or 4, 6 and 9 (Table, Supplemen-
tal Digital Content 3, http://links.lww.com/INF/D970). Virologic 
testing facilities assessed influenza virus type/subtype, viral RNA 
load (Viroclinics Biosciences BV, Rotterdam, Netherlands), and 
infectious influenza virus titer (LSI Medience Corporation, Tokyo, 
Japan) in accordance with the previous pediatric study.11

The primary clinical endpoint was the time to illness alle-
viation (TTIA) of influenza defined as the time from baloxavir 
administration until both the following criteria were reached and 
sustained for at least 21.5 hours: cough and nasal discharge/nasal 
congestion both assessed as 0 (absent) or 1 (mild) and body tem-
perature <37.5°C.

The secondary endpoints included the time to resolution of 
fever (axillary temperature <37.5°C); the time to resumption of 
normal activity; the incidence of influenza-related complications 
(death, hospitalization, radiologically confirmed pneumonia, bron-
chitis, sinusitis, otitis media); the incidence of influenza-related 
complications particularly seen in children (influenza-associated 
encephalitis or encephalopathy, febrile seizures, myositis); and the 
change from baseline in infectious virus titer. The observed value 
of the virus titer was evaluated as a post-hoc endpoint.

Treatment-emergent influenza virus substitutions in PA/I38 
were defined as amino acid changes in PA/I38 occurring between 
day 1 and the last time point with ≥4 log

10
 virus particles/mL, using 

an influenza virus quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR) result. The baseline characteristics of 
children with emergence of PA/I38T/M substitutions were pre-
sented.

Co-infection with other respiratory viruses during the obser-
vation period was monitored using nasal or throat swab samples 
assayed by singleplex qRT-PCR for 20 respiratory viruses (includ-
ing influenza) and bacteria (Methods, Supplemental Digital Con-
tent 2, http://links.lww.com/INF/D969 and Table, Supplemental 
Digital Content 4, http://links.lww.com/INF/D971).16

Statistical Analysis
Sample size (N = 30) was set to provide sufficient numbers 

for a safety assessment of the granule formulation of baloxavir, 
taking into consideration the number of enrolled children weigh-
ing <20 kg in the previous phase 3 study,11 and was not based on a 
power calculation.

The safety population was all children who received study 
drug. The clinical and virologic analysis population was the inten-
tion-to-treat infected population, defined as children who received 
study drug with a confirmed diagnosis of influenza virus infection 
based on the qRT-PCR results.

A survival curve of TTIA was estimated using the Kaplan-
Meier method, and the median TTIA and its 95% confidence 
interval (CI) were calculated. Unless otherwise noted, continu-
ous variables were summarized using the number of non-missing 
observations, mean, SD, median, minimum and maximum values; 
categorical variables were summarized using the frequency count 

http://links.lww.com/INF/D970
http://links.lww.com/INF/D970
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and the percentage of children in each category. No formal hypoth-
esis testing was performed. The data are presented by weight group 
(<10 kg, 10 to <20 kg, and overall). All analyses were performed 
using SAS Version 9.2 or higher (SAS Institute, Cary, North Caro-
lina) and WinNonlin Version 6.2.1 (Certara L.P., Princeton, New 
Jersey).

RESULTS

Demographic and Baseline Clinical Characteristics
All 33 children who received baloxavir granules as per 

the dose regimen (safety population) were included in the ITTI 
population. Thirty-two children were included in the PK analyses. 
One child weighing 14.0 kg and administered a 10-mg dose was 
excluded because the child did not take the entire dose. In the ITTI 
population (Table 1), 6 children were <1 year of age, 13 children 
were 1 to <3 years of age, and 14 children were ≥3 years of age, and 
the age range from 43 days to 6 years; 12 children weighed <10 kg 
and 21 children weighed 10 to <20 kg. Virus subtyping based on 
qRT-PCR showed that the most common influenza virus strain was 
B subtype (36.4%; n = 12), followed by A(H1N1)pdm09 (33.3%; 
n = 11) and A(H3N2) (27.3%; n = 9). Co-infection was observed 
in 14 children.

Safety Outcomes
No serious AEs or AEs leading to study discontinuation 

were reported. AEs were reported in 18 (54.5%) of 33 children 

(Table 2). Most AEs (10/19) occurred on day 7 or earlier. All AEs 
were of mild or moderate (grade 1 or 2) severity.

The most common AE, vomiting (all mild), was reported in 
6 children (18.2%) and was considered not related to study drug. 
One child had an increase in platelet count on day 12 that was con-
sidered a mild treatment-related AE. There was no apparent differ-
ence in the incidence of AEs between children weighing <10 kg and 
10 to <20 kg. No clinically meaningful findings were observed in 
clinical laboratory tests and vital signs.

Pharmacokinetic Measures
Plasma baloxavir marboxil concentrations were below the 

lower limit of quantification (0.100 ng/mL) in 5 of 12 children at 
0.5–2 hours post-dose and for all 12 children at all other sampling 
points. Plasma concentrations of baloxavir acid were generally 
within the range of the concentrations observed in adults/adoles-
cents, or in children in the previous studies using the tablet for-
mulation (Fig. 1).12,13 The arithmetic mean (SD) plasma concentra-
tion of baloxavir acid was 72.8 (24.0) ng/mL for the 1-mg/kg dose  
(n = 6) and 51.3 (19.3) ng/mL for the 10-mg dose (n = 14) at 24 
hours (C

24
), 34.2 (5.85) ng/mL for the 1-mg/kg dose (n = 3) and 

35.0 (13.3) ng/mL for the 10-mg dose (n = 3) at 48 hours (C
48

), and 
11.9 (5.19) for the 10-mg dose (n = 10) at 96 hours (C

96
). No clear 

relationship was found between C
24

 and efficacy endpoints.

Clinical Measures
The median (95% CI) TTIA was 45.3 (28.5–64.1) hours 

(Table 3), with approximately 80% of children being alleviated 120 

TABLE 1. Demographics and Baseline Characteristics in the ITTI Population

Characteristics Body Weight  
<10 kg (N = 12)

Body Weight 10 to  
<20 kg (N = 21)

Overall  
(N = 33)

Age (years)    
  Mean ± SD 0.6 ± 0.7 3.5 ± 1.4 2.4 ± 1.9
  Median 0.5 4.0 2.0
  Range 0*–2 1–6 0*–6
  <1 year 6 (50.0) 0 6 (18.2)
  ≥1 to <3 years 6 (50.0) 7 (33.3) 13 (39.4)
  ≥3 years 0 14 (66.7) 14 (42.4)
Male 3 (25.0) 8 (38.1) 11 (33.3)
Weight (kg)    
  Mean ± SD 8.03 ± 1.45 14.48 ± 2.75 12.13 ± 3.92
  Median 8.35 14.00 11.80
  Range 4.0–9.8 10.5–19.2 4.0–19.2
Body temperature (°C)    
  Mean ± SD 38.95 ± 0.47 39.00 ± 0.55 38.98 ± 0.51
Time to treatment from influenza onset
  ≥0 to ≤12 hours 6 (50.0) 5 (23.8) 11 (33.3)
  >12 to ≤24 hours 6 (50.0) 12 (57.1) 18 (54.5)
  >24 to ≤36 hours 0 3 (14.3) 3 (9.1)
  >36 to ≤48 hours 0 1 (4.8) 1 (3.0)
Influenza virus type/subtype based on RIDT
  A 7 (58.3) 14 (66.7) 21 (63.6)
  B 5 (41.7) 7 (33.3) 12 (36.4)
Influenza virus subtype based on RT-PCR
  A(H1N1)pdm09 3 (25.0) 8 (38.1) 11 (33.3)
  A(H3N2) 4 (33.3) 5 (23.8) 9 (27.3)
  B 5 (41.7) 7 (33.3) 12 (36.4)
  A, subtype not specified 0 1 (4.8) 1 (3.0)
Influenza vaccination 4 (33.3) 4 (19.0) 8 (24.2)
Co-infection with respiratory virus or bacteria† 4 (33.3) 10 (47.6) 14 (42.4)

Data are presented as n (%) unless otherwise specified.
*The child was 43 days old at baseline.
†Co-infection of the following viruses were detected: bocavirus, coronavirus HKU1, coronavirus OC43, enterovirus, adeno-

virus, parainfluenza 1, parainfluenza 2, parainfluenza 4, and rhinovirus. Co-infections were observed at day 1 in 10 of 14 
(71.4%) children.

RIDT indicates rapid influenza diagnostic test.
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hours after treatment (Figure, Supplemental Digital Content 6, http://
links.lww.com/INF/D973). No obvious difference in the median 
TTIA between children weighing <10 kg and 10 to <20 kg was 
observed. The median (95% CI) TTIA was 58.9 (17.5–154.3) hours, 
26.8 (12.3–199.3) hours and 41.7 (19.3–86.9) hours in children 
infected with A(H1N1)pdm09, A(H3N2) and B virus, respectively.

The median (95% CI) time to resolution of fever for all chil-
dren was 34.0 (25.0–43.1) with 45.3 (16.2–58.9) hours, 26.8 (12.3–
44.1) hours and 30.7 (19.3–45.5) hours in children infected with 
A(H1N1)pdm09, A(H3N2) and B virus, respectively (Table 3). 
At 48 hours, 93.9% (31/33) of children had a normal temperature. 
The median time to resumption of normal activity was 80.3 (95% 
CI: 51.5–131.4) hours. Three children developed influenza-related 
complications (bronchitis = 1, otitis media = 2) as diagnosed by the 
study investigator. All were classified as mild or moderate in sever-
ity, resolved, and considered not related to study drug.

Virologic Measures
A greater than 4-log (log

10
 50% tissue culture infective dose 

per mL) reduction in mean infectious influenza virus titer was 
observed 1 day after baloxavir treatment (Fig. 2). An increase in 
infectious virus titer was observed in children with influenza B at 
day 4 and in children with A(H3N2) at day 6. For most children, 
infectious virus titer reached the lower limit of detection by day 9.

Of 33 children, 31 had baseline samples available for virus 
sequencing; no PA/I38X-substituted viruses were detected. Twenty-
six children had baseline and posttreatment samples available; PA/
I38T/M-substituted viruses were detected in 5 children at day 6 (n 
= 4) and day 9 (n = 1). Variants included 3 PA/I38T/I mixture (2 
with A(H3N2) and 1 with A(H1N1)pdm09) and PA/I38M (2 with 
A(H3N2) virus). No PA/I38-substituted viruses were observed in 
children infected with influenza B. An increase in infectious virus 

around day 4 or 6 was observed in children with influenza B and in 
children with PA/I38T/M-substituted viruses, respectively (Figure, 
Supplemental Digital Content 7A, http://links.lww.com/INF/D974). 
Fever recurrence after day 4 was seen in 3 of 5 children with PA/
I38T/M-substituted influenza A, 1 of 10 children with unsubstituted 
influenza A and 7 of 12 children with influenza B (Figure, Supple-
mental Digital Content 7B, http://links.lww.com/INF/D974).

DISCUSSION
This is the first study to examine the safety, PK and clinical/

virologic outcomes of a single oral dose of baloxavir 2% granules in 
young children with influenza virus infection. The granule formulation 
of baloxavir, which younger children can easily swallow, was admin-
istered using a weight-based dose regimen. Although the number of 
children investigated was small, this study provided complementary 
data for children weighing <10 kg and <2 years old, only a few of 
whom were included in the previous study using a tablet formulation.11 
Overall, the single-dose regimen was well tolerated, and no significant 
safety concerns related to the granule formulation were identified. 
The PK of baloxavir granules in children <20 kg (arithmetic mean C

24
 

51.3 and 72.8 ng/mL in the 10-mg and 1-mg/kg dose groups, respec-
tively) was not different from that of the tablet formulation in adults 
(59.7 ng/mL) and children (86.4, 59.0 and 45.5 ng/mL in the 40-, 20-, 
and 10-mg dose groups, respectively), especially when compared with 
the same dose (10 mg).12,13 Although the influenza seasons and target 
population, including body weight and age, differed from the previous 
studies, the median TTIA (45.3 hours) in this study were similar to 
those in the previous pediatric study (44.6 hours).11 Compared with 
non-controlled studies for NAI in Japan, the median TTIA was longer 
than that in children treated with an intravenous single-dose perami-
vir (29.1 hours) but shorter than that in inhaled laninamivir treated 

TABLE 2. Type and Duration of AEs

System Organ Class Preferred Term

Body Weight <10 kg (N = 12) Body Weight 10 to <20 kg (N = 21) Overall (N = 33)

Any Grade Grade 2 Any Grade Grade 2 Any Grade

n (%) (Duration in Days*: min., max.)

Any AE 6 (50.0) (1, NR) 3 (25.0) (7, NR) 12 (57.1) (1, 16) 4 (19.0) (10, 16) 18 (54.5) (1, NR)
Infections and infestations 4 (33.3) (7, NR) 3 (25.0) (7, NR) 6 (28.6) (4, 16) 3 (14.3) (12, 16) 10 (30.3) (4, NR)
  Nasopharyngitis 1 (8.3) (7) 1 (8.3) (7) 1 (4.8) (7) 0 2 (6.1) (7, 7)
  Otitis media 1 (8.3) (11) 0 1 (4.8) (12) 1 (4.8) (12) 2 (6.1) (11, 12)
  Upper respiratory tract infection 2 (16.7) (12, NR) 2 (16.7) (12, NR) 0 0 2 (6.1) (12, NR)
  Bronchitis 0 0 1 (4.8) (12) 1 (4.8) (12) 1 (3.0) (12)
  Conjunctivitis 0 0 1 (4.8) (4) 0 1 (3.0) (4)
  Otitis media acute 1 (8.3) (7) 1 (8.3) (7) 0 0 1 (3.0) (7)
  Parotitis 0 0 1 (4.8) (11) 0 1 (3.0) (11)
  Bacterial infection 0 0 1 (4.8) (16) 1 (4.8) (16) 1 (3.0) (16)
Respiratory, thoracic, and mediastinal 

disorders
1 (8.3) (4) 0 1 (4.8) (10) 0 2 (6.1) (4, 10)

  Asthma 0 0 1 (4.8) (10) 0 1 (3.0) (10)
  Cough 1 (8.3) (4) 0 0 0 1 (3.0) (4)
Gastrointestinal disorders 2 (16.7) (1, 2) 0 5 (23.8) (1, 3) 0 7 (21.2) (1, 3)
  Vomiting 2 (16.7) (1, 2) 0 4 (19.0) (1, 3) 0 6 (18.2) (1, 3)
  Constipation 0 0 1 (4.8) (3) 0 1 (3.0) (3)
Skin and subcutaneous tissue disorders 0 0 3 (14.3) (4, 15) 1 (4.8) (10) 3 (9.1) (4, 15)
  Dry skin 0 0 1 (4.8) (10) 1 (4.8) (10) 1 (3.0) (10)
  Eczema asteatotic 0 0 1 (4.8) (4) 0 1 (3.0) (4)
  Rash 0 0 1 (4.8) (15) 0 1 (3.0) (15)
Investigations 1 (8.3) (NR) 0 0 0 1 (3.0) (NR)
  Platelet count increased 1 (8.3) (NR) 0 0 0 1 (3.0) (NR)

All AEs were classified as grade 1 or grade 2.
One AE (platelet count increased) was considered to be study drug related.
*Duration of AE (days) = (date of outcome) − (date of onset) + 1. If the AE did not resolve or was not resolving by the day of outcome assessment, the duration of the AE is defined 

as NR.
max. indicates maximum; min., minimum; NR, not recorded.
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children.14,15 Also, the median time to resolution of fever (34.0 hours) 
was shorter than those in oseltamivir treated children (41–48 hours) 
in placebo-controlled studies.17–19 Moreover, the recently completed 
miniSTONE-2 study showed comparable time to resolution of fever in 

children treated with baloxavir (41.2 hours) tablets or oseltamivir (46.8 
hours).20 Taken together, these findings support the use of the granule 
formulation as an alternative to tablets for administration to younger 
children with influenza infection.

FIGURE 1. Plasma concentrations of baloxavir acid (active form of baloxavir marboxil) from (A) 0 to 120 hours and (B) 0 to 
480 hours. Data from the adult phase 3 study and previous pediatric study using a tablet formulation were included.9,10
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This study was conducted in the 2017–2018 season when 
influenza B virus infection was relatively common. Reflecting this, 
more children were infected with influenza B (12 children, 36%) 
than A(H3N2) (9 children, 27%) or A(H1N1)pdm09 (11 children, 
33%). The median TTIA in children infected with A(H3N2) or B 
virus was 26.8 or 41.7 hours, respectively, similar to those in the 
previous pediatric study using the tablet formulation (A(H3N2): 
45.2 hours, n = 86; B: 44.7 hours, n = 8).11 Although increases in 
infectious virus at Day 3 or later were observed in some children, 
mostly those with influenza B, >4-log reduction in infectious virus 
was seen in all children at say day, that may result in symptoms 
alleviation and fever resolution around day 2.

Treatment-emergent PA/I38X-substituted viruses with 
reduced susceptibility to baloxavir were detected in the previous 

adult and pediatric phase 3 studies.10,11 The previous pediatric study 
reported that children with PA/I38X-substituted viruses showed 
transient increases and prolongation of infectious virus detection.11 
In the current study, 5 children (19.2% of 26 children with paired 
sequence data available) were identified as having PA/I38X-substi-
tuted virus. The PA/I38X-substituted A(H3N2) was 4 of 9 children 
with paired sequence data available, which was more frequent than 
that in the previous pediatric study (age <12 years).11 In the previ-
ous pediatric study, a higher rate of PA/I38 substitution was associ-
ated with low baseline hemagglutination inhibition antibody titer, 
suggesting that acquired influenza virus immunity plays a benefi-
cial role for suppressing PA/I38 substitution virus emergence.11 
The higher rate of PA/I38X-substituted virus emergence in this 
study appears to be associated, in part, with low hemagglutination 

FIGURE 2. (A) Mean infec-
tious virus titer and (B) change 
from baseline in mean infec-
tious virus titer by virus type/
subtype. Data are presented as 
mean ± SD. The dotted line in 
panel A indicates the lower limit 
of detection (0.7 log10 TCID50). 
The subset of children who 
were positive for influenza virus 
titer at baseline was included in 
this analysis. Child numbers for 
A(H1N1)pdm09, A(H3N2) and 
B, respectively, were: n = 10, 9 
and 12 on day 1, day 2, day 6 
and day 9; n = 7, 6 and 4 on 
day 3; and n = 5, 5 and 9 on 
day 4. TCID50 indicates 50% tis-
sue culture infective dose.
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inhibition antibody titer in children (Table, Supplemental Digi-
tal Content 5, http://links.lww.com/INF/D972). A higher rate of 
resistant virus emergence in young children was also reported for 
oseltamivir.21 A diminish or lack of a memory T cell response to 
control influenza viral replication, might be a common theme in 
the emergence of drug-resistant viruses in children during antiviral 
treatment.

Increases in infectious virus were observed in most children 
with A(H3N2), particularly those with PA/I38X-substituted virus, 
and B infections. In children with A(H3N2), this increase was more 
common than in the previous study.11 The differences in virologic 
endpoints between this study and the previous one may be caused 
by the younger age of the children, the greater prevalence of influ-
enza B, and the high frequency of co-infections.

Age-based analyses showed that young children with PA/
I38X-substituted virus had longer TTIA and some also had co-
infections with other viruses (Figure, Supplemental Digital Content 
8, http://links.lww.com/INF/D975), which were also observed in 
the miniSTONE-2 study.20 In children with fever resolution before 
day 4, fever recurrence was observed in approximately 60% of 
children with PA/I38X-substituted virus or influenza B after day 4, 
although fever resolved again during the 14-day observation period 
(Figure, Supplemental Digital Content 7B, http://links.lww.com/
INF/D974). Our analyses suggest a potential association between 
the immature immune status of children and co-infection, fever 
recurrence, symptoms, or PA/I38X-substituted virus emergence. 
No influenza-related complication was observed in those children 
with PA/I38X-substituted virus, all of whom recovered without 
any additional influenza medication. However, further studies are 
required to draw any firm conclusions.

In conclusion, the weight-based dose regimen of baloxavir 
granules was considered to be well tolerated in children, with a 
rapid reduction in infectious virus associated with symptom allevi-
ation. The clinical impact of later increases in virus among younger 
children requires further assessment in a large study.
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TABLE 3. Efficacy Time-to-Event Outcomes by 
Influenza Virus Type or Subtype Based on RT-PCR in the 
ITTI Population (N = 33)

Event Outcome and Subgroup Median Time-to-Event,  
Hours (95% CI)

Time to alleviation of influenza illness (n = 33) 45.3 (28.5–64.1)
  Influenza A(H1N1)pdm09 (n = 11) 58.9 (17.5–154.3)
  Influenza A(H3N2) (n = 9) 26.8 (12.3–199.3)
  Influenza B (n = 12) 41.7 (19.3–86.9)
Time to resolution of fever (n = 33) 34.0 (25.0–43.1)
  Influenza A(H1N1)pdm09 (n = 11) 45.3 (16.2–58.9)
  Influenza A(H3N2) (n = 9) 26.8 (12.3–44.1)
  Influenza B (n = 12) 30.7 (19.3–45.5)

All children whose outcome was not missing were included in this analysis.
Influenza illness was composed of “cough,” “nasal discharge/nasal congestion,” and 

body temperature.
Children who did not experience the event outcome by the last observation time 

point were censored at the last observation time point.
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