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Abstract
Background: Baloxavir marboxil (baloxavir) is a new anti-influenza virus agent that is comparable to oseltamivir
phosphate (oseltamivir). Since the efficacy of baloxavir in preventing household transmission of influenza is not well
established, we compared the secondary household influenza virus transmission rates between patients on
baloxavir vs oseltamivir.
Methods: Between October 2018 and March 2019, we enrolled index patients (diagnosed with influenza and
treated with baloxavir or oseltamivir) and household members. The secondary attack rate of household members
was compared between index patients treated with baloxavir vs oseltamivir. Risk factors of household transmission
were determined using multivariate logistic analyses.
Results: In total, 169 index patients with influenza type A were enrolled. The median age was 27.0 (interquartile
range; 11–57) years. The number of index patients treated with baloxavir and oseltamivir was 49 and 120,
respectively. The secondary attack rate was 9.0% (95% confidence interval [CI]: 4.6–15.6) in the baloxavir group and
13.5% (95% CI: 9.8–17.9) in the oseltamivir group. In the multivariate analysis, independent risk factors were 0–6
years of age (odds ratio [OR] 2.78, 95% CI: 1.33–5.82, p < 0.01) and not being on baloxavir treatment. (OR: 0.63, 95%
CI: 0.30–1.32, p = 0.22).
Conclusion: The household secondary attack rate of influenza was comparable in patients treated with baloxavir vs
oseltamivir. Therefore, baloxavir can be used as an alternative therapy to oseltamivir in reducing household
transmission of influenza.
Trial registration: Patients in this study were retrospectively registered. https://www.tosei.or.jp/clinical/pdf/2_
influenza.pdf.
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Introduction
One of the major ways of transmitting the influenza
virus is through household contact [1]. As the 2009 influenza A (H1N1) virus spread globally, many countries
implemented mitigation policies that included home
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isolation of persons with confirmed H1N1 infection [1].
This increased the risk of infection to other household
members. The risk factors for H1N1 transmission (to
other household members) include the presence of
young children in the household, household size, and
use of antiviral agents, such as neuraminidase inhibitors
[oseltamivir phosphate (oseltamivir), zanamivir hydrate
(zanamivir), laninamivir octanoat (laninamivir), and
peramivir hydrate (peramivir)] [2–6].
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Early oseltamivir treatment is effective in reducing the
duration of symptoms and the risk of household transmission [3, 5]. Furthermore, the use of zanamivir within
48 h of symptom onset reduced the risk of household
transmission [6]. However, the efficacy of reducing
household transmission of H1N1 varies among different
neuraminidase inhibitors [7].
Baloxavir marboxil (baloxavir) is a new class of antiviral agent that works as a cap-dependent endonuclease
inhibitor. Baloxavir has been shown to be superior to
oseltamivir in reducing the viral load 1 day after initiation of the trial regimen in patients with uncomplicated
influenza [8]. Therefore, we conducted a single-center
observational study to test our hypothesis that baloxavir
can be used as an alternative therapy to oseltamivir in
preventing household transmission of influenza.
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Variables

An index patient was defined as a patient diagnosed with
influenza and on treatment with either baloxavir or oseltamivir. The dose of the test products was based on the
package insert: Adults, baloxavir 40 mg (over 80 kg, 80
mg) single-dose administration or oseltamivir 75 mg
twice daily for 5 days; Children, baloxavir 40 mg (over
40 kg) or 20 mg (20–40 kg) single-dose administration or
oseltamivir 2 mg/kg twice daily for 5 days.
Family members included in the study were those who
lived with the index case. Household transmission was
defined as household members who were diagnosed with
the same influenza type as the index patient between 1
and 7 days after the onset of symptoms in the index
patient [6, 7].
Statistical analysis

Materials and methods
Setting and population

This study was a retrospective, single-center study conducted at the emergency medical department in Tosei
General Hospital, Japan.
Between October 2018 and March 2019, we enrolled
index patients with confirmed influenza A who were
treated within 48 h with either baloxavir or oseltamivir
(confirmed by phone call). Similarly, family members of
the confirmed cases were enrolled in the study. Influenza
infection was diagnosed using rapid influenza diagnostic
tests (RIDTs), Quick Chaser Flu A, B (Mizuho Medy),
from the nasopharyngeal specimen. Family members
who had previously undergone prophylactic treatment
for influenza were excluded from the study.
Both the patient and the family members provided informed consent prior to being included in the study, and
the study was approved by the Ethics Committee of
Tosei General Hospital (receipt No. 797).

The primary outcome was the secondary attack rate in
the baloxavir and oseltamivir groups. Secondary attack
rate was determined as the proportion of household
members who were infected. The 95% confidence interval (CI) of the secondary attack rates was estimated
using the Clopper–Pearson method [9]. The effect of
baloxavir on transmission was estimated using univariate
and multivariate logistic regression analyses, including
other factors. In patients’ backgrounds, qualitative and
stratified continuous variables were compared using the
Fisher exact or Pearson chi-square test. Continuous variables were compared using the Student t-test or the
Mann–Whitney U test, as appropriate. Multivariate logistic analyses were used for the logistic regression
models, and variables achieving a probability p-value of
< 0.2 in the univariate logistic analysis were included in
the multivariate analysis [10]. Predictive values were presented as odds ratios (ORs) with the respective 95% CI.
Two-tailed p values < 0.05 were considered statistically
significant, and analyses were performed using IBM
SPSS Statistics ver. 25 (IBM®).

Data collection

Clinical data were collected from medical records or by
phone call. For index patients, we collected data on the
age, sex, status of influenza vaccination in the same season, body temperature, and presence of respiratory tract
symptoms when influenza was diagnosed. For household
members, we collected data on the age groups, household
size, influenza vaccination in the same season, presence of
household transmission, and time duration from the
illness onset of the index case. The age groups were stratified into the following four groups according to a past
report and modified to the Japanese style: pre-school children (0–6 years), underage (7–19 years), adults (20–64
years), and elderly people (≥ 65 years) [4]. Furthermore,
the household size were stratified into the following three
groups according to a past report: ≤ 3, 4 and ≥ 5 [3].

Results
During the study period, 909 patients were confirmed with
influenza A; of whom, 169 index patients (18.6%) were eligible for this study. The median age was 27.0 (interquartile
range (interquartile range (IQR); 11–57) years, and 92 of
the 169 patients were male (54.4%). Forty-nine index patients and 122 household members in the baloxavir group
and 120 index patients and 296 household members in
the oseltamivir group were eligible for this study. The exclusion criteria are shown in Fig. 1.
No significant difference was observed in the baseline
characteristics of index patients who received baloxavir
and oseltamivir and their household members in the two
groups (Tables 1 and 2). Further, not all of the other
variables were significant.
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Fig. 1 Flow chart of extraction of the index patients, treated with baloxavir and oseltamivir for influenza infection, and their household members

Table 3 shows secondary attack rates of household
members in individual models. The secondary attack
rate in the baloxavir group (9.0%) was not statistically
different from that in the oseltamivir group (13.5%) (p =
0.34 by Pearson chi-square test). When stratified by age,
the secondary attack rate was highest in the 0–6-year
age group (27.5%; 95% CI: 15.9–41.7).
Table 1 Baseline characteristics of the index patients
Variables

Baloxavir group Oseltamivir group P value

N

49

Age of index patients 33 (13–53)
(years), median (IQR)

120
26 (10–56)

0–6

2 (4.1)

20 (16.7)

7–19

14 (28.6)

27 (22.5)

20–64

24 (49.0)

55 (45.8)

≥ 65

9 (18.3)

18 (15.0)

0.34

Male, n (%)

27 (55.1)

65 (54.2)

0.82

Influenza vaccination
in the same season,
n (%)

12 (24.5)

46 (38.3)

0.08

Body temperature
(°C) mean ± SD

38.7 ± 0.94

38.4 ± 1.73

0.42

Respiratory tract
symptom, n (%)

22 (44.9)

46 (38.3)

0.43

IQR Interquartile range, SD Standard deviation

Figure 2 shows the rate of secondary infections from
illness onset in the index case to illness onset in secondary cases. The median duration was 2 days (IQR 2–4) for
both groups. In the baloxavir group, the duration from
illness onset in the index case to illness onset in the secondary case among 11 out of 15 cases was less than 3
days (73.3%). Similarly, in the oseltamivir group, the duration from illness onset in the index case to illness onset
in the secondary case among 40 out of 48 cases was
below 3 days (83.3%).
Table 4 shows the results of univariate analysis of
factors affecting the household transmission of influenza virus. In the univariate analysis, variables with pvalues < 0.2 included aged 0–6 years of household
patients and index patient on baloxavir. The results
of multivariate analysis are shown in Tables 5. No
statistically significant differences were observed in
index patients on baloxavir treatment and the aged
0–6 years was an independent risk factor (OR: 2.78,
95% CI: 1.33–5.82, p < 0.01).

Discussion
Our observational study indicates that there is no association between baloxavir and reduced household
transmission. Baloxavir is a novel antiviral agent that
is administered as a prodrug and must be hydrolyzed
to its active form for anti-influenza activity. Baloxavir
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Table 2 Baseline characteristics of the household members
Variables

Baloxavir
group

Oseltamivir
group

N

122

296

0–6

10 (8.2)

31 (10.5)

7–19

27 (22.1)

47 (15.9)

≥ 65

73 (59.8)

171 (57.7)

12 (9.9)

47 (15.9)

95% CI

0–6

47

27.5

15.9–41.7

7–19

69

13.5

6.7–23.5

20–64

243

12.1

8.3–16.8

≥ 65

59

12.7

6.7–23.5

Age of index patients (years)
67

18.3

10.1–29.3

7–19

128

12.1

7.1–18.9

87 (27.4)

20–64

167

14.5

9.6–20.7

≥ 65

56

13.6

6.0–25.0

≤3

116

14.8

9.0–22.3

4

163

14.9

9.9–21.2

≥5

139

13.1

8.1–19.7

4

55 (45.1)

108 (36.5)

≥5

38 (31.1)

101 (34.1)

30 (24.6)

99 (33.4)

Influenza vaccination
in the same season,
n (%)

Secondary attack rates

Age of household patients (years)

0.14
29 (23.8)

Table 3 Secondary attack rates of household members in
individual models

0–6

Household size
≤3
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n
0.20

Age of household
members (years),
n (%)

20–64

P-value

(2020) 6:21

Household size
0.08

blocks influenza virus proliferation by inhibiting the
initiation of mRNA synthesis [11]. This virucidal
action results in viral load reduction 1 day after initiation of the trial regimen in patients with uncomplicated influenza [8].
Household transmission is one of the major ways of
spreading the influenza virus. Early reduction of viral
load may be necessary to avoid influenza transmission
[12], and several reports have shown that anti-influenza
drugs may reduce household transmission [3, 5]. To our
knowledge, this is the first study to compare the efficacy
of baloxavir to oseltamivir in reducing secondary influenza virus transmission. For the early prevention of viral
shedding in the infection, it is important to initiate
antiviral treatment within 48 h [13]. This study enrolled
patients who had undergone antiviral treatment within

Influenza vaccination in the same season in household patients
Yes

140

14.3

8.9–21.2

No

278

14.2

10.5–18.8

Index patients with treatment
Baloxavir

122

9.0

4.6–15.6

Oseltamivir

296

13.5

9.8–17.9

Respiratory tract symptoms in index patients
Yes

157

15.9

10.6–22.6

No

261

13.3

9.5–17.9

CI Confidence interval

48 h. Both groups of patients (baloxavir and oseltamivir)
had similar time-trends from illness-onset in the index
case to illness-onset in secondary cases in the households (Fig. 2). Previous studies have shown that the

Fig. 2 Time from illness-onset in the index case to illness-onset in secondary cases in the households of patients in the baloxavir and
oseltamivir groups
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Table 4 Univariate analyses of factors affecting household transmission of influenza infection
With household
transmission (n = 51)

Without household
transmission (n = 367)

Odds ratio (95% CI)

P value

0–6

12 (23.5)

35 (9.5)

2.92 (1.40–6.09)

< 0.01

7–19

7 (13.7)

62 (16.9)

0.93 (0.42–2.08)

0.87

20–64

27 (52.9)

216 (58.8)

0.77 (0.42–1.38)

0.38

≥ 65

5 (9.8)

54 (14.7)

0.63 (0.24–1.66)

0.34

0–6

7 (13.7)

60 (16.3)

0.81 (0.35–1.89)

0.63

7–19

14 (27.4)

114 (31.1)

0.84 (0.44–1.61)

0.60

20–64

23 (45.1)

144 (39.2)

1.29 (0.71–2.32)

0.40

≥ 65

7 (13.7)

49 (13.4)

1.03 (0.44–2.42)

0.94

≤3

15 (29.4)

101 (27.5)

1.10 (0.58–2.09)

0.78

4

22 (43.1)

141 (38.4)

1.22 (0.67–2.20)

0.52

≥5

Variables
Age of household patients (years), n (%)

Age of index patients (years), n (%)

Household size, n (%)

14 (27.4)

125 (34.1)

0.73 (0.38–1.41)

0.35

Influenza vaccination in the same
eason in household patients, n (%)

18 (35.3)

117 (31.9)

1.17 (0.63–2.16)

0.63

Index patients with baloxavir treatment, n (%)

10 (19.6)

108 (29.4)

0.59 (0.28–1.21)

0.14

Respiratory tract symptoms in index patients, n (%)

23 (45.1)

132 (36.0)

1.46 (0.81–2.64)

0.31

CI Confidence interval

longest duration from the onset of illness in index patients
to illness onset in secondary cases in the households is
24–48 h with neuraminidase inhibitor treatment [6, 14].
Our results in the oseltamivir groups are similar to past
reports.
Although baloxavir reduced the viral load 1 day after
initiation of treatment compared with oseltamivir [8],
the secondary attack rates (Table 3) were similar in both
baloxavir and oseltamivir groups. These findings imply
that the virological benefit of baloxavir has a smaller
effect on household transmission.
In baseline characteristics, the two groups were comparable in influenza vaccination in the same season
(Table 4). Therefore, influenza vaccination may be unable to prevent household transmission. A past report
showed similar results [15].
According to the multivariate analysis, age 0–6 years
was a risk factor for secondary influenza infection
(Table 5). This result is similar to that reported previously. Papenburg et al. reported that young children
were at the highest risk of influenza-like illness in
laboratory-confirmed H1N1 pandemic [2]. Similarly,
Table 5 Multivariate analysis of factors affecting household
transmission of influenza infection
Odds ratio (95% CI)

P-value

0–6 years of household patients

2.78 (1.33–5.82)

< 0.01

Index patients treated with baloxavir

0.63 (0.30–1.32)

0.22

Variables

CI Confidence interval

Viboud et al. reported that the risk of secondary attack
was higher in the 0–5-year age group [7]. We noted that
it might be difficult for younger children to avoid family
contact in their lives, hence the high risk of household
influenza infection. On the contrary, baloxavir treatment
was not associated with reduced household transmission.
Nishimura et al. reported that treatment with zanamivir
inhaler reduced the risk of household transmission, unlike oseltamivir [6]. Hirotsu et al. reported that peramivir
injection or treatments with zanamivir inhaler lowered
secondary infection rate compared to oseltamivir [7].
However, the ability of neuraminidase inhibitor peramivir
to reduce the viral load more rapidly than oseltamivir has
not been consistently demonstrated in previous studies
[16, 17]. Therefore, other factors may be involved in the
reduction of household transmission of influenza virus.
Ikematsu et al. reported the postexposure prophylactic
efficacy of baloxavir in preventing influenza in household
contacts of patients with influenza [18]. However, this
study did not indicate the effect of the antiviral drugs administered to index patients on disease transmission. Our
findings show that baloxavir is an effective antiviral drug
for preventing household transmission of influenza.
Our study has several limitations. First, the results
were based on a retrospective review of records and data
obtained telephonically. Second, the study was singlecentered, with a period of 1 year, limiting the number of
patients enrolled and the generalizability of our study
findings. Therefore, long-term prospective studies
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involving multiple institutions with more participants
are required. Third, although influenza A was defined
using a routine diagnosis kit in this study, details on influenza A subtypes, antiviral drug susceptibility, and viral
load were not confirmed. In 2018–2019 in Japan, prevalent influenza subtypes were A/H3 and A/Hapdm09 [19].
The National Institute of Infectious Diseases reported that
8% of influenza A (H3N2) cases were resistant to baloxavir; however, the virus was not resistant to oseltamivir
[20]. The reduced susceptibility sometimes causes a rebound in viral titers and prolongation of symptoms [8].
Therefore, further studies are needed to evaluate the impact of drug resistance on the household transmission of
influenza.

Conclusion
The household secondary attack rate of influenza was
comparable in patients treated with baloxavir and those
treated with oseltamivir. Therefore, baloxavir can be
used as an alternative therapy to oseltamivir in reducing
household transmission of influenza.
Abbreviations
RIDTs: Rapid influenza diagnostic tests; CI: Confidence intervals; ROC: Receiver
Operating Characteristic; ORs: Odds ratios; IQR: Interquartile range
Acknowledgments
We thank all clinicians of the emergency medical department at Tosei
General Hospital.
Authors’ contributions
TU and MY designed the research. TU, TK, and AO analyzed the data. TU, MY,
TK, SM, TM, KK, TY, YI, and TI interpreted the results. TU was a major
contributor in drafting the manuscript. All authors read and approved the
final version of the manuscript.
Funding
There are no funding sources for this study.
Availability of data and materials
All data generated or analyzed in this study are included in this published
article.
Ethics approval and consent to participate
This study was approved by the ethics committee of Tosei General Hospital
(receipt no. 797) and was performed according to the Declaration of Helsinki.
The identity of the study subjects was kept confidential during data
collection.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Pharmacy, Tosei General Hospital, 160, Nishi oiwakecho,
Seto, Aichi 489-8642, Japan. 2Department of Infection and Prevention, Tosei
General Hospital, 160, Nishi oiwakecho, Seto, Aichi 489-8642, Japan. 3College
of Pharmacy, Kinjo Gakuin University, 2-1723, Omori, Moriyama-ku, Nagoya,
Aichi 463-8521, Japan.

(2020) 6:21

Page 6 of 6

Received: 13 July 2020 Accepted: 15 September 2020

References
1. Cowling BJ, Chan KH, Fang VJ, Lau LLH, So HC, Fung ROP, et al.
Comparative epidemiology of pandemic and seasonal influenza a in
households. N Engl J Med. 2010;362:2175–84.
2. Papenburg J, Baz M, Hamelin MÈ, Rhéaume C, Carbonneau J, Ouakki M,
et al. Household transmission of the 2009 pandemic a/H1N1 influenza virus:
elevated laboratory-confirmed secondary attack rates and evidence of
asymptomatic infections. Clin Infect Dis. 2010;51:1033–41.
3. Goldstein E, Cowling BJ, O'Hagan JJ, Danon L, Fang VJ, Hagy A, et al.
Oseltamivir for treatment and prevention of pandemic influenza a/H1N1
virus infection in households, Milwaukee, 2009. BMC Infect Dis. 2010;10:211.
4. Marathe A, Lewis B, Chen J, Eubank S. Sensitivity of household transmission
to household contact structure and size. PLoS One. 2011;6:e22461.
5. Ng S, Cowling BJ, Fang VJ, Chan KH, Ip DK, Cheng CK. Effects of oseltamivir
treatment on duration of clinical illness and viral shedding and household
transmission of influenza virus. Clin Infect Dis. 2010;50:707–14.
6. Nishiura H, Oshitani H. Household transmission of influenza (H1N1-2009) in
Japan: age-specificity and reduction of household transmission risk by
zanamivir treatment. J Int Med Res. 2011;39:619–28.
7. Hirotsu N, Saisho Y, Hasegawa T. The effect of neuraminidase inhibitors on
household transmission in Japanese patients with influenza a and B
infection: a prospective, observational study. Influenza Other Respir Viruses.
2019;13:123–32.
8. Hayden FG, Sugaya N, Hirotsu N, Lee N, de Jong MD, Hurt AC, et al.
Baloxavir Marboxil for uncomplicated influenza in adults and adolescents. N
Engl J Med. 2018;379:913–23.
9. Luo H, Xu G, Li C, He L, Luo L, Wang Z, et al. Real-time artificial intelligence
for detection of upper gastrointestinal cancer by endoscopy: a multicentre,
case-control, diagnostic study. Lancet Oncol. 2019;20:1645–54.
10. Chen J, Bai H, Liu J, Chen G, Liao Q, Yang J, et al. Distinct clinical
characteristics and risk factors for mortality in female COVID-19 inpatients: a
sex-stratified large-scale cohort study in Wuhan, China. Clin Infect Dis. 2020;
1:ciaa920. https://doi.org/10.1093/cid/ciaa920.
11. Young-A Heo, Baloxavir: First Global Approval. Drugs. 2018;78(6):693–697.
12. Lee N, Chan PK, Hui DS, Rainer TH, Wong E, Choi KW, et al. Viral loads and
duration of viral shedding in adult patients hospitalized with influenza. J
Infect Dis. 2009;200:492–500.
13. Fielding JE, Kelly HA, Mercer GN, Glass K. Systematic review of influenza
a(H1N1)pdm09 virus shedding: duration is affected by severity, but not age.
Influenza Other Respir Viruses. 2014;8:142–50.
14. Hirotsu N, Wada K, Oshitani H. Risk factors of household transmission of
pandemic (H1N1) 2009 among patients treated with antivirals: a prospective
study at a primary clinic in Japan. PLoS One. 2012;7:e31519.
15. Viboud C, Boëlle PY, Cauchemez S, Lavenu A, Valleron AJ, Flahault A, et al.
Risk factors of influenza transmission in households. Br J Gen Pract. 2004;54:
684–9.
16. Nakamura S, Miyazaki T, Izumikawa K, Kakeya H, Saisho Y, Yanagihara K.
Efficacy and safety of intravenous peramivir compared with oseltamivir in
high-risk patients infected with influenza a and B viruses: a multicenter
randomized controlled study. Open Forum Infect Dis. 2017;19:129.
17. Ison MG, Hui DS, Clezy K, O'Neil BJ, Flynt A, Collis PJ, et al. A clinical trial of
intravenous peramivir compared with oral oseltamivir for the treatment of
seasonal influenza in hospitalized adults. Antivir Ther. 2013;18:651–61.
18. Ikematsu H, Hayden FG, Kawaguchi K, Kinoshita M, de Jong MD, Lee N,
et al. Baloxavir marboxil for prophylaxis against influenza in household
contacts. N Engl J Med. 2020;383:913–23.
19. National Institute of Infectiuos Diseases. Influenza 2018/2019, Japan.
Infectious Agent Surveillance Report (IASR); https://www.niid.go.jp/niid/en/
iasr-vol40-e/865-iasr/9288-477te.html. Accessed 1 Aug 2020.
20. National Institute of Infectiuos Diseases. Antiviral resistance surveillance in
Japan. Infectious Diseases Weekly Report (IDWR); https://www.niid.go.jp/
niid/en/influ-resist-e/9282-flu-r-e20191227.html. Accessed 1 Aug 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

