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Background. Influenza affects approximately a billion people globally, including > 10 million Japanese individuals every year.
Baloxavir marboxil (baloxavir [BXM]; a selective cap-dependent endonuclease inhibitor) is approved for influenza treatment in
Japan. We compared the incidence of intra-familial transmission of influenza between BXM and oseltamivir (OTV) treatments using
a simulation model.

Methods. Using the JMDC Claims Database, we identified index case (IC) as the first family member diagnosed with influenza
during the 2018-19 influenza season, and classified the families into BXM or OTV group per the drug dispensed to ICs. Using a
novel influenza intra-familial infection model, we simulated the duration of influenza infection in ICs based on agent-specific virus
shedding periods. Intra-familial infections were defined as non-IC family members infected during the agent-specific viral shedding
period in ICs. The virus incubation periods in the non-IC family members were considered to exclude secondary infections from
potentially external exposure. The primary endpoint was proportion of families with intra-familial infections. For between-group
comparisons, we used a multivariate logistic regression model.

Results. The median proportion of families with intra-familial transmission was 9.57% and 19.35% in the BXM (N = 84 672)
and OTV (N = 62 004) groups, respectively. The multivariate odds ratio of 1.73 (2.5th-97.5th percentiles, 1.68-1.77) indicated a
substantially higher incidence of intra-familial infections in the OTV group versus the BXM group. Subgroup analyses by ICs’ age

category, virus type, and month of onset revealed similar trends favoring BXM.

Conclusions.
treatment.
Keywords.

BXM treatment of ICs may contribute to a greater reduction in intra-familial influenza transmission than OTV

baloxavir marboxil; intra-familial infection; Japan; influenza virus; oseltamivir.

Seasonal influenza is an acute respiratory infection caused
by influenza viruses, resulting in approximately 1 billion
cases, 3-5 million cases of severe illness, and up to 0.65 mil-
lion deaths per year worldwide [1]. Notably, Japan reports
the second highest number of cases in the Western Pacific
region, after China [2], with approximately 12 million cases
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reported in the 2018-19 season [3]. This places a substan-
tial clinical and economic burden on the Japanese healthcare
system. Although influenza affects people of all age groups,
morbidity and mortality can be high, especially among chil-
dren, elderly, and those with comorbidities [4]. Efficacy of
neuraminidase inhibitors (NAIs), such as oseltamivir (OTV),
zanamivir, laninamivir, and peramivir, in the treatment of in-
fluenza has been abundantly reported [5]. Baloxavir marboxil
(BXM), a selective cap-dependent endonuclease inhibitor, was
approved in Japan in February 2018 as a single oral dose for
the treatment of influenza types A and B [6]. This approval
was based on the results from 2 randomized controlled trials
(RCTs) in patients aged 12-64 years with uncomplicated influ-
enza (JapicCTI number 153090 [phase 2], and CAPSTONE-1
ClinicalTrials.gov number NCT02954354 [phase 3]), which
reported its superior efficacy in the time to alleviation of
symptoms and viral load compared with placebo and viral
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load reduction with OTV [7]. Similar results were observed
in an open-label study assessing the safety and effectiveness
of BXM in Japanese children (aged 1-11 years) with influenza
(JapicCTI number 163417) [8].

Considering that the average household in Japan includes 4
members [9] and secondary transmission to family members
represents a significant mode of influenza transmission in Japan
[10], it is crucial to not only alleviate patient symptoms for a
rapid recovery but also reduce intra-familial transmission. Post-
exposure prophylactic treatment of household family members
with either NATs [11] or BXM [9] is effective in reducing the in-
cidence of intra-familial transmission, irrespective of the treat-
ment of the first patient with influenza infection in the family
(index case [IC]). Although several studies have suggested that
treatment of ICs with an anti-influenza agent may reduce intra-
familial transmission of influenza without the need for prophy-
laxis in non-infected individuals [12-16], the magnitude of the
effect is variable and highly dependent on the time [17]. Komeda
et al reported a significantly reduced incidence of intra-familial
transmission with BXM treatment compared with OTV treat-
ment in ICs by using a Japanese claims database [18]. In many
of these studies, including Komeda et al’s [12, 13, 15, 18], intra-
familial infection was assumed to have occurred when the first
day of influenza onset in the family was considered to be day 1
and when other family members developed influenza on days
3-.8. However, these methodologies did not consider the possi-
bility of an infection from a source other than the IC (external
exposure) or the differential impact of anti-influenza agents on
the duration of viral shedding by the IC; this consideration may
change the probability and window of transmission to others
and, consequently, the incidence of intra-familial transmission
among ICs treated with different anti-influenza agents.

We applied the previously described influenza intra-familial
infection model [19] and the viral shedding period of BXM and
OTYV described in a clinical study [7] to the data set previously
analyzed by Komeda et al [18]. This enabled simulation of the du-
ration of influenza virus infection for both anti-influenza agents
in ICs and the incubation period of influenza virus (a period
when a person is infected but does not show symptoms) in other
family members infected with influenza, thereby overcoming the
limitation of the previously published studies. We aimed to com-
pare the incidence of intra-familial transmission of influenza be-
tween BXM and OTV treatments using a simulation model.

METHODS

Database

Patients medical information was derived from the JMDC
Claims Database (JMDC-DB). A unique family code assigned
to patients facilitated identification of family relationships. Data
were retrieved for 1 October 2018 to 30 April 30 2019, covering
most patients from the 2018-2019 influenza season in Japan.

Study Design and Population

The overall methodology of this retrospective cohort study
has been described previously [18]. This study was regis-
tered at the University Hospital Medical Information Network
Clinical Trials Registry as UMIN000038155 and conducted in
compliance with the Ethical Guidelines for Medical Research
Involving Human Subjects and the Guidance for Medical
Research Involving Human Subjects. Informed consent was not
required because the presented data are deidentified. The first
patient in a unique family diagnosed with influenza infection
(International Classification of Diseases (ICD)-10 codes: J09,
J10, and J11) in the JMDC-DB was considered the IC, and the
day when the IC was diagnosed with influenza infection was
defined as day 1.

Families meeting the following criteria were included in the
simulation: (1) all family members were enrolled in the health
insurance association from October 2018 to April 2019; (2) day
1 of IC occurred between 1 October 2018 and 23 April 23 2019;
(3) IC received BXM or OTV on day 1; and (4) IC was not hos-
pitalized on days 1-2. Exclusion criteria included families with
no member other than the IC, 22 ICs within the same month
of Day 1, or multiple anti-influenza agents dispensed to ICs on
days 1-2. The included families were grouped based on the anti-
influenza agent (BXM or OTV) dispensed to the IC on day 1.

Intra-Familial Infection Simulation Model

Saito et al (2021) [19] described a natural course of influenza in-
fection using an agent-based model that divides the period from
the first influenza infection to the disappearance of infectivity
into four distinct periods (Figure 1). We introduced a distribu-
tion for the variation in each period for data on infection within
families and a method for maximum likelihood estimation of
the parameters of each distribution, providing distributions for
a, ¢, and d under the assumption that the disease develops at the
point of infectivity, that is, b = 0.

For each family in the JMDC-DB, if a family member other
than the IC had a diagnosis of influenza, eligibility for intra-
familial infection was determined based on the simulation
model. The day when IC was diagnosed with influenza infection
(day 1) corresponded to the first time point of period c¢. We as-
sumed that ¢ + d corresponds to the virus shedding period in the
CAPSTONE-1 RCT comparing BXM and OTV [7] and gener-
ated it as a random number following a lognormal distribution.
The time to cessation of virus shedding determined by the in-
fectious virus titer was defined as the time between initiation of
anti-influenza treatment and when the infectious virus titer was
below the limit of detection (0.7 log, of the 50% tissue culture
infective dose [TCID, /mL]) the first time [7]. Specifically, the
[log-scale parameter, shape parameter] of the BXM and OTV
groups were estimated as [0.54, 0.64] and [1.17, 0.57], respec-
tively, based on the CAPSTONE-1 RCT, such that the median
of the log-normal distribution is 1.72 days and 3.23 days for the
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Any diagnosis in this time frame (day 3-8 ) would be classified as ‘intra-familial’ in
previously published studies, including Komeda at al. However, as per the model
applied in this study, scenario 1 would be classified as ‘intra-familial’ transmission
but scenario 2 would not be classified as ‘intra-familial’ transmission.

Diagnosis

Modified model of agent-based intra-familial transmission of influenza. Parameters a and b are based on the results by Saito et al [19], whereas parameters

cand d are based on the results by Hayden et al [7]. The beginning of period c is available from JMDC-DB as the date of a positive rapid influenza diagnostic test in most
cases. Patient status: (a) asymptomatic and noninfectious; (b) asymptomatic and infectious; (c) symptomatic and infectious; (¢) asymptomatic (post-recovery) and infectious.
Scenarios included in the figure are for illustrative purposes only and do not encompass all possibilities of intra-familial transmission. Scenario 1, intra-familial infection.
Scenario 2, secondary infection from external sources. Left panel describes the treatment course of influenza infection as described by Saito et al [19], whereas the right panel
describes how intra-familial infections were defined in JMDC-DB. Abbreviation: JMDC-DB, JMDC Claims Database.

BXM and OTYV groups, respectively. Based on the results of the
CAPSTONE-1 RCT [7] and the pediatric open-label study on
BXM [8], we assumed that there is no significant difference in
the duration of viral shedding between children and adults. If a
family member other than the IC had a diagnosis of influenza
infection, we estimated the date of influenza infection for that
family member by generating a random number corresponding
to periods a-b that follows a gamma distribution (shape param-
eter, 0.99; scale parameter, 1.46) with a mean of 1.43 days, as
described by Saito et al [19]. Consequently, we defined the pres-
ence of intra-familial infection when the duration of influenza
virus infectivity (shedding period) for each anti-influenza agent
in IC (periods b-d) overlapped with the virus incubation pe-
riod of other family members infected with influenza (periods
a-b). In Figure 1, both scenarios would have been classified
as intra-familial infections from the IC in the previously pub-
lished studies because of their diagnoses during days 3-8 in the
respective studies. Using the agent-specific intra-familial in-
fection simulation model, we compared the incidence of intra-
familial transmission of influenza virus infection between BXM
and OTV during the 2018-2019 influenza season.

Statistical Analyses
Primary endpoints were the number and proportion of families
with intra-familial infections (Supplementary Material).

We generated 1000 simulated samples, repeated the odds
ratio (OR) computation, and calculated the median (50th per-
centile) of ORs as a measure of central tendency, and 2.5th and
97.5th percentiles to describe variability. Similarly, subgroup
analyses were conducted to assess the effectiveness of BXM

vs OTV in reducing intra-familial influenza transmission in
subpopulations where ICs were stratified by age group, virus
type, and infection onset. Methods for secondary analyses are
described in Supplementary Material. SAS 9.4 (SAS Institute,
Cary, North Carolina, USA) was used for all statistical analyses.

RESULTS

Analysis Population

Of the 3 933 733 families in the 2018-2019 influenza season in
the JMDC-DB, 146 676 were included in the analysis (BXM,
84 672; OTV, 62 004; Figure 2). ICs were predominantly
aged < 12 years in the overall and OTV groups, whereas most
ICs in BXM group were adults (Table 1). In all groups, most ICs
were male, with January 2019 being the most common month
of onset. Influenza type A infection was far more common com-
pared with type B in the overall population (71.0% vs 0.9%),
whereas virus type information was unknown for many ICs
(28.0%; Table 1). The overall concordance rate of influenza
virus types between the IC and the family member with sec-
ondary infection was > 99%, with a concordance of 99.5% for
type A and 85.5% for type B, when individuals with unknown
virus type were excluded (Table 2).

Incidence of Intra-Familial Transmission

The median proportion of families with intra-familial trans-
mission was 9.57% and 19.35% in the BXM and OTV groups,
respectively (Table 3). The median OR (2.5th and 97.5th per-
centiles), with BXM as control, from the multivariate regres-
sion model was 1.73 (1.68, 1.77), indicating substantially higher
odds of developing an intra-familial infection when the IC is
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Families in the 2018/19 influenza season JMDC-DB: 3933 733 families

Population incompatibility in the study : 3 752 108 families (95.4%)
[Reason for nonconformity]
»  Families with no IC in the enrollment period® : 3522 436 families (89.5%)
» + Families whose ICs have not been diagnosed with influenza in clinic : 998 families (0.0%)
+  Families whose ICs are not dispensed with the study drugP in day 1 : 144 393 families (3.7%)
*  Family with only IC 1 115 717 families (2.9%)
*  Family with two or more ICs : 14 859 families (0.4%)
A 4

Study Population: 181 625 Families

Primary population failure in analysis : 34 949 families (19.2%)
[Reason for nonconformity]
» « Families not observable by anyone from 10/2018 to day 1 : 34 507 families (98.7%)
»  Families with ICs hospitalized in day 1 ~day 2 : 88 families (0.3%)
»  Families who have received >1 anti-flu agents® in their day 1 ~day 2 : 480 families (1.4%)

\ 4

Primary population for analysis: 146 676 families

.| BXM: 84 672 families
| OTV: 62 004 families

Figure 2. Flow chart of the study cohort. Abbreviations: BXM, baloxavir marboxil; IC, index case; OTV, oseltamivir.
A 1 October 2018 to 23 April 2019.

°BXM or OTV.

‘Anti-influenza agents: BXM and OTV.

Table 1. Background Characteristics of Index Cases

BXM (N = 84 672) OTV (N = 62 004) Overall (N = 146 676)
Age <12 years 24 157 (28.5) 42 001 (67.7) 66 158 (45.1)
>12 years to <19 years 18909 (22.3) 3231 (5.2) 22140 (15.1)
>19 years to <65 years 40 254 (47.5) 16 082 (25.9) 56 336 (38.4)
>65 years 1352 (1.6) 690 (1.1) 2042 (1.4)
Sex Male 48 399 (57.2) 34 202 (55.2) 82 601 (56.3)
Female 36 273 (42.8) 27 802 (44.8) 64 075 (43.7)
Influenza virus type Type A 61 246 (72.3) 42 883 (69.2) 104 129 (71.0)
Type B 818 (1.0) 570 (0.9) 1388 (0.9)
Types A and B 24 (0.0° 15 (0.0)* 39 (0.0°
Unknown 22 584 (26.7) 18 536 (29.9) 41120 (28.0)
Time of onset 2018 October 146 (0.2) 172 (0.3) 318(0.2)
2018 November 613 (0.7) 421(0.7) 1034 (0.7)
2018 December 11167 (13.2) 6165 (9.9) 17 332 (11.8)
2019 January 58 548 (69.1) 40 211 (64.9) 98 759 (67.3)
2019 February 11 248 (13.3) 12 165 (19.6) 23413 (16.0)
2019 March 1952 (2.3) 1889 (3.0) 3841 (2.6)
2019 April 998 (1.2) 981 (1.6) 1979 (1.3)

All data are presented as no. (%).
Abbreviations: BXM, baloxavir marboxil; OSV, oseltamivir.
#Percentages are too low and appear 0.0 due to rounding off to one decimal value.
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Table 2. Concordance Rate of Influenza Type Between Index Cases (IC) and Family Members (Simulation)

IC
Simulation Number N Influenza Virus Type Type A Type B
1 24 560 Infected persons within family, except IC Type A 13 644 (99.6) 12 (15.0)
Type B 53 (0.4) 68 (85.0)
Overall 13 697 (100.0)° 80 (100.0)*
2 24 589 Infected persons within family, except IC Type A 13 701 (99.5) 12 (14.5)
Type B 69 (0.5) 71 (85.5)
Overall 13 770 (100.0)° 83 (100.0)°

Data are presented only for infected individuals (IC and intra-familial infections) whose virus type was known as either A or B. Individuals with unknown or coinfection with both virus types

(A and B) are excluded from the table.
All values are presented as no. (%) of overall data.

°0Of the infected individuals, 2 had coinfection with types A and B; virus type was not known for 11 324 infected individuals in simulation 1.

°Of the infected individuals, 3 had coinfection with types A and B; virus type was not known for 11 309 infected individuals in simulation 2.

treated with OTV compared with BXM (Table 3). The subgroup
analysis by IC’s age group showed that the incidence of intra-
familial infection was highest in the age groups of <7 and 2 7
to < 13 years. Moreover, OTV treatment resulted in substan-
tially higher intra-familial transmission compared with BXM
treatment, with median multivariate ORs ranging from 1.43
to 1.93 across age groups (Table 4). Regarding the viral type of
ICs, median multivariate ORs (2.5th and 97.5th percentiles)
for OTV for influenza A and B were 1.78 (1.73, 1.83) and 1.65
(1.16, 2.37), respectively, showing a tendency for the incidence
of intra-familial infection to be higher in the OTV group com-
pared with the BXM group across both virus types (Table 5).
Although the incidence of intra-familial infections varied by
month, the proportion of families with intra-familial transmis-
sion was highest in December 2018 for ICs treated with BXM
(10.13%) and January 2019 for ICs treated with OTV (20.67%;
Table 6). The median multivariate ORs ranged from 1.61 to
1.99, indicating the higher odds of intra-familial transmission
with OTV compared with BXM irrespective of the month of
onset of illness (Table 6). The simulated cumulative percent-
ages of intra-familial infections were 10.7% and 14.2% on day
3 in the BXM and OTV groups, respectively, and the difference
increased on day 6 (20.0% and 26.9% in the BXM and OTV
groups, respectively; Figure 3).

DISCUSSION

In this study, the odds of developing intra-familial infection
were substantially higher in the OTV group compared with the
BXM group, supporting the possibility that BXM, compared
with OTV, is more effective in suppressing influenza intra-
familial infections. This finding aligns with published literature
reporting better efficacy and effectiveness of BXM in terms of
time to cessation of viral shedding compared with OTV [7, 18,
20-22].

Although influenza symptoms are self-limiting and can sub-
side within a week in most patients, the infection can result in
severe illness or death in high-risk patients [1], thereby nega-
tively affecting the quality of life of patients, families, and care-
givers [23]. Furthermore, because most secondary infections
are acquired from a household member [24], curbing intra-
familial infections is a key goal of influenza prevention globally.
Using a simulation model that linked viral load dynamics from
clinical trial data to inter-host transmission, a study estimated
that approximately 22 million infections and > 6000 deaths
could have been prevented in the 2017-2018 epidemic in the
United States by administering BXM to 30% of the infected
cases within 48 hours after symptom onset, whereas treatment
within 24 hours would have doubled the positive impact [25].
Using viral shedding as a proxy measure of influenza infectivity,

Table 3. Proportion of Families With and Odds Ratios (ORs) for Intra-Familial Infection Based on the Simulation Results

Proportion of Families With an Intra-Familial Infection

Univariate Logistic Regression Model®

Multivariate Logistic Regression Model®

Drug (Number

of Families) Median (2.5th-97.5th percentile) Median OR (2.5th-975th percentile) Median OR (2.5th-975th percentile)
BXM (84 672) 9.567 (9.42, 9.72)

2.27 (2.22, 2.32) 1.73(1.68, 1.77)
OTV (62 004) 19.35 (19.16, 19.54)

BXM was used as a reference against OTV for the calculation of ORs.

Families with no missing data on age, sex, relationship, size of medical facility, time of onset, and influenza virus type for the included family members (corresponding to the IC) were in-

cluded in the analysis.
Number of simulations was set to 1000.

Abbreviations: BXM, baloxavir marboxil; IC, index case; OTV, oseltamivir.

“Logistic regression model with the presence or absence of an intra-familial infection as the outcome variable and drug group as the exposure variable.

PLogistic regression model as explained above further adjusted for covariates including age, sex, relationship, size of medical facility, time of onset, and influenza virus type.
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Table 4. Proportion of Families With and 0dds Ratios (ORs) for Intra-Familial Infection According to Age of the Index Case (IC) Based on Simulation
Results
Proportion of Families With Univariate Logistic Multivariate Logistic
an Intra-Familial Infection Regression Model® Regression Model®
Age Drug (Number Median (2.5th-97.5th Median OR Median OR
(years) of Families) percentile) (2.5th—97.5th percentile) (2.5th—97.6th percentile
<7 BXM (5493) 16.35 (15.62, 17.09)
1.56 (1.47, 1.65) 1.71 (1.61, 1.81)
OTV (32 278) 23.38 (23.10, 23.69)
27 10 <13 BXM (22 293) 12.48 (12.16, 12.81)
1.85 (1.78, 1.93) 1.93 (1.85, 2.01)
OTV (10 280) 20.89 (20.46, 21.43)
213 to <19 BXM (15 280) 6.58 (6.27, 6.88)
1.61 (1.47 1.76) 1.72 (1.567, 1.89)
OTV (2674) 10.17 (9.46, 10.92)
219 to <65 BXM (40 254) 8.25 (8.05, 8.45)
1.54 (1.48, 1.60) 1.60 (1.63, 1.66)
OTV (16 082) 12.19 (11.88, 12.50)
265 BXM (1352) 725 (6.14, 8.21)
1.35 (1.08, 1.69) 1.43 (1.15, 1.81)
OTV (690) 9.57 (8.12, 10.94)

BXM was used as a reference against OTV for the calculation of ORs.

Families with no missing data on age, sex, relationship, size of medical facility, time of onset, and influenza virus type for the included family members (corresponding to the IC) were in-

cluded in the analysis. Number of simulations was set to 1000.

Abbreviations: BXM, baloxavir marboxil; OTV, oseltamivir.

Logistic regression model with the presence or absence of an intra-familial infection as the outcome variable and drug group as the exposure variable.

5Logistic regression model as explained above further adjusted for covariates including sex, relationship, size of medical facility, time of onset, and influenza virus type.

as done previously [26, 27], our comparative findings for BXM
and OTV support the hypothesis that treatment of ICs with
BXM may contribute more to prevention of intra-familial influ-
enza than OTYV, possibly by reducing time to cessation of viral
shedding and more effectively suppressing viral load [21]. The
cumulative incidence of intra-familial infections differed be-
tween the BXM and OTV groups on day 3, and the difference
widened on day 6. This can be attributed to the earlier suppres-
sion of viral shedding by BXM than OTV, which was confirmed
in an RCT [7] and an observational study [18].

Compared with the results from Komeda et al [18]., our re-
sults showed a relatively low proportion of intra-familial infec-
tions for both BXM (9.57% vs 17.98%) and OTV (19.35% vs
24.16%) groups, despite having the same JMDC-DB population

spanning across the same influenza season. This variation is
probably owing to the novel intra-familial infection simulation
model applied in our study: the model likely provided a more
accurate representation of intra-familial infections by factoring
in the agent-specific viral shedding period, which was not ac-
counted for in the previous publication, and by effectively ex-
cluding any familial infections from external sources. This is
further reinforced by a very high concordance rate of 99.5% and
85.5% among ICs and their family members affected by influ-
enza types A and B, respectively.

Patients < 12 years of age appeared to have a higher rate of
infections with influenza virus variants with reduced BXM sus-
ceptibility compared with adults in previous clinical trials [7, 8].
Although the present study was not aimed to confirm whether

Table 5. Proportion of Families With and Odds Ratios (ORs) for Intra-Familial Infection According to Viral Type of the Index Case (IC) Infection Based on

the Simulation Results

Proportion of Families With
an Intra-Familial Infection

Drug (Number Median (2.5th-97.5th

Multivariate Logistic
Regression Model®

Univariate Logistic
Regression Model®

Median OR Median OR

Viral Type of Families) percentile) (2.5th-97.5th percentile) (2.5th-97.5th percentile)
Type A BXM (61 246) 9.67 (9.50, 9.85)
2.34 (2.29, 2.40) 1.78 (1.73, 1.83)
OTV (42 883) 20.05 (19.83, 20.29)
Type B BXM (818) 5.26 (4.16, 6.36)
1.70 (1.29, 2.28) 1.65 (1.16, 2.37)
QOTV (570) 8.77 (719, 10.18)
Unknown BXM (66 775) 754 (7.38, 7.68)
2.21(2.15,2.27) 1.67 (1.62, 1.72)
OTV (47 438) 15.24 (15.03, 15.45)

BXM was used as a reference against OTV for the calculation of ORs.

Families with no missing data on age, sex, relationship, size of medical facility, time of onset, and influenza virus type for the included family members (corresponding to the IC) were in-

cluded in the analysis. Number of simulations was set to 1000.

Abbreviations: BXM, baloxavir marboxil; OTV, oseltamivir.

“Logistic regression model with the presence or absence of an intra-familial infection as the outcome variable and drug group as the exposure variable.

PLogistic regression model as explained above further adjusted for covariates including age, sex, relationship, size of medical facility, and time of onset.
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Table 6. Proportion of Families With and 0dds Ratio (ORs) for Intra-Familial Infection According to Month of Onset of the Index Case (IC) Infection Based
on the Simulation Results

Onset of lliness

Drug (Number
of Families)

Proportion of Families With
an Intra-Familial Infection

Median (2.5th-97.5th
percentile)

Univariate Logistic
Regression Model®

Median OR

(2.5th—97.5th percentile)

Multivariate Logistic
Regression Model®

Median OR
(2.5th-97.5th percentile)

October to November 2018  BXM (759)

7.77(6.46, 9.35)

2.43(1.93, 3.09) 1.99(1.52, 2.66)
OTV (593) 17.03(15.18, 18.72)
December 2018 BXM (11 167) 10.13(9.73, 10.53)
2.02(1.90, 2.15) 1.75(1.63, 1.87)
OTV (6165) 18.53(17.94, 19.12)
January 2019 BXM (58 548) 9.95(9.77, 10.13)
2.36(2.30, 2.42) 1.75(1.70, 1.81)
OTV (40 211) 20.67(20.42, 20.92)
February 2019 BXM (11 248) 7.68(7.31, 8.03)
2.35(2.21, 2.50) 1.61(1.51, 1.73)
OTV (12 165) 16.35(15.96, 16.75)
March 2019 BXM (1952) 8.25(7.38, 9.14)
2.19(1.92, 2.50) 1.70(1.46, 1.99)
OTV (1889) 16.41 (15.40, 17.42)
April 2019 BXM (998) 6.71 (5.61, 7.82)
2.32 (1.91, 2.88) 1.68 (1.31, 2.12)
OTV (981) 14.37 (12.90, 15.60)

BXM was used as a reference against OTV for the calculation of ORs.
Families with no missing data on age, sex, relationship, size of medical facility, time of onset, and influenza virus type for the included family members (corresponding to the IC) were in-

cluded in the analysis.

Number of simulations was set to 1000.

Abbreviations: BXM, baloxavir marboxil; OTV, oseltamivir.

“Logistic regression model with the presence or absence of an intra-familial infection as the outcome variable and drug group as the exposure variable.

®Logistic regression model as explained above further adjusted for covariates including age, sex, relationship, size of medical facility, and influenza virus type.

low-susceptibility strains developed or whether they were trans-
mitted within families, our results did not indicate that presence
of treatment-emergent low-susceptibility strains might have

increased intra-familial transmission in the < 12-year age group.
However, it is crucial to monitor the susceptibility of circulating
viruses to antiviral agents in clinical settings and understand

1.0
Treatment: = BXM = = OTV
0.8 1
0.6
jo)
E
0.4 4
f—=—==- ATTTmT T
0.2 -
—_— Log rank test: P <.001
0.0+ ‘ ‘ ‘ T ‘ T
2 3 4 5 6 7 8
Days
Number of
intra-familial Family members who have been diagnosed with influenza (excluding IC), n (%)
infections
Number of families Ove:all, Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
(n) n (%)
BXM 18767 3663 9056 13115 15446 16 934 17974 18767
(84,672) (22.2) (4.3) (10.7) (15.5) (18.2) (20.0) (21.2) (22.2)
otV 18 352 3509 8826 12814 15 214 16 659 17633 18 352
(62,004) (29.6) (5.7) (14.2) (20.7) (24.5) (26.9) (28.4) (29.6)

Figure 3. Kaplan-Meier curve presenting the cumulative percentage of intra-familial transmission. This figure shows the percentage of households infected, where the
denominator is the number of households and the numerator is the number of households in which infections occurred. In the case of a household with more than 1 infected
member, the date of the last infection among the household members was used as the date of infection for the household. Abbreviations: BXM, baloxavir marboxil; IC, index
case; 0TV, oseltamivir.
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how community transmission is affected by presence of anti-
viral agents. To that effect, CENTERSTONE (NCT03969212)
[28], an ongoing placebo-controlled trial, assessing the efficacy
of BXM in reducing household transmission of Influenza A/B
virus, will provide valuable clinical data.

Our findings should be interpreted in light of the limitations
of this study. First, the results may not reflect the actual family
composition or shared household living, as data are based only
on the shared family code without any confirmation whether
the family members were actually living in the same household.
Future studies should assess the external validity of this study in
evaluating transmission outside the household (schools, long-
term care facilities, etc.) and potential application to countries
other than Japan. Second, the possibility of any pre-existing
infection in a non-IC family member before IC treatment and
prescriptions of anti-influenza agents for prophylaxis among
non-IC family members cannot be discounted; notably, only
OTV was approved for post-exposure prophylaxis of influenza
in Japan at the time of data collection. Third, our results are
based on data from a single season with limited cases of type
B virus; multi-season studies may shed more light on the im-
pact of yearly variation in virus subtypes, onsets, and infectivity
on intra-familial transmission. Fourth, JMDC database may
have included patients infected with viruses having reduced
susceptibility selected during the treatment with anti-influenza
agents. Indeed, in Japanese 2018/19 influenza season, both AH3
(56%) and AH1 (36%) pandemics were observed, and viruses
with reduced susceptibility to BXM or OTV were detected [29].
However, the percentage of patients infected with reduced sus-
ceptibility viruses and their impact on household transmission
with anti-influenza agents were not assessed because informa-
tion on virus subtype and/or altered susceptibility was unavail-
able in the database. Moreover, potential treatment-emergent
antiviral resistance with BXM vs OTV use in IC may develop
differently. Although the median viral shedding period was the
same in children and adults treated with BXM in the 2 studies
[7, 8], this assumption may not be true in patients treated with
OTYV. Finally, we applied the model described by Saito et al [19],
in which the asymptomatic period with virus shedding (b) was
determined as 0; however, because period b was common re-
gardless of treatment, it did not affect the comparison of the
transmission rates after anti-influenza treatment. Nonetheless,
our findings provide valuable epidemiological data with mul-
tiple strengths. The 2018-2019 season data from the JMDC-DB
provided a large sample size for robust analysis. Notably, use
of the diagnosis of influenza [18] instead of administration
of anti-influenza agents [13] to define onset of influenza (day
1) enabled adjustment for the viral type infecting the IC and
subgroup analyses. In addition, application of the influenza
intra-familial infection model to the database on a simulation
basis allowed incorporation of the differences in viral shedding
periods between BXM and OTV [7] and the period of infectivity

after onset in order to mimic plausible real-world transmission
dynamics with different anti-influenza agents. With the con-
sideration of an “asymptomatic but infective” phase of the IC
and an “asymptomatic and noninfective” phase of the family
member (Figure 1), the model allows accurate identification of
intra-familial infections and potentially excludes any cases from

external exposure.

CONCLUSION

Using the influenza intra-familial infection model, a national
insurance claims database, and shared family codes, we de-
rived that treatment with BXM substantially reduced the odds
of intra-familial infection from an IC compared with treatment
with OTV on a simulation basis. Our results provide more ac-
curate clinical information by considering the impact of indi-
vidual anti-influenza agents on viral shedding time.
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