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Abstract
Background
Baloxavir marboxil (baloxavir) is a new anti-influenza drug that works as a cap-dependent endonuclease inhibitor. It is approved for prophylactic use against influenza in Japan, but there are few reports on this usage in hospitalized in-patients. It reportedly reduces patient susceptibility to influenza through a mechanism involving amino acid substitution.

Methods
Between August 2023 and July 2024, we investigated the efficacy of baloxavir as a prophylactic against influenza among in-patients at our hospital who had close contact with patients who were infected with influenza viruses in the same rooms. We also investigated the I38T influenza virus variant to baloxavir through samples taken from patients with the virus at the hospital.

Results
We enrolled a total of 45 in-patients who had close contact with other patients who were confirmed to be infected with influenza in the same room. Among 34 of them who were prescribed baloxavir prophylactically, none developed influenza within 5 days from their last contact with infected patients. Conversely, among the other 11 who did not use baloxavir, three became infected with influenza within 5 days following contact with the infected patient (P = 0.012). In 85 samples taken from the patients with influenza, 25 were H1N1 types and 60 were H3N2. We detected the I38T variant of the cap-dependent endonuclease-baloxavir complex structure in two of the H3N2-type samples. Both of these patients had contracted influenza from their children.

Conclusions
According to our results, Baloxavir represents an effective prophylactic against influenza for hospitalized in-patients. However, patients with genetic mutations related to decreased susceptibility to influenza, such as I38T variant, should nevertheless exercise higher levels of caution—particularly around children.
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Background
Baloxavir marboxil (baloxavir) is an antiviral agent against influenza that works as a cap-dependent endonuclease inhibitor. This differs from most other antiviral agents that target influenza, which function by inhibiting the neuraminidase enzyme.
Baloxavir has been proven to be more effective than oseltamivir, a neuraminidase inhibitor. Specifically, treatment with baloxavir shortened the duration of influenza-related illness by approximately 1 day compared to oseltamivir [1, 2].
Recently, baloxavir was reported to be effective as a prophylactic against influenza in individuals who had close contact with influenza-infected patients within their households [3, 4]. Baloxavir was approved for use as a prophylactic against influenza in 2020 in Japan. However, to the best of our knowledge, there have been no previous reports on its effectiveness for this application in hospitalized in-patients—many of whom are considered at high risk of developing severe influenza. Baloxavir reportedly reduces susceptibility to influenza through a mechanism involving amino acid substitution [5, 6].
In this study, we investigated the efficacy of baloxavir as a prophylactic against influenza in hospitalized in-patients, as well as the frequency of amino acid substitutions involved in its use.

Materials and methods
Setting and population
This was a single-center, retrospective study conducted on out-patient and in-patient populations at Kawasaki Medical School hospital, Japan.
We enrolled in-patients who had been in contact with patients who were confirmed to be infected with influenza in the same hospital rooms between August 2023 and July 2024 (i.e., the 2023–2024 influenza season). Throughout this season, all individuals were required to wear masks, and meetings were restricted to two persons in private rooms or in the ward lobby during the afternoon.
Furthermore, we collected samples of influenza from out-patients and in-patients at Kawasaki Medical School hospital.
All of the patients and their family members provided informed consent prior to inclusion in the study, and the study was approved by the Ethics Committee of Kawasaki Medical School (approval no.: 5316-02).

Data collection
We collected patient data, including age and sex, whether the patient was prescribed baloxavir as an anti-influenza prophylactic, and whether they developed influenza within 5 days following their last contact with an infected person. All of the patients who were prescribed the baloxavir prophylactic received their prescriptions within 24 h after their infected contacts had been diagnosed with influenza.
We also investigated the types of influenza and whether the strains harbored mutations related to baloxavir resistance. All influenza viral samples isolated from the patients at our hospital were investigated for mutations related to baloxavir resistance.
The influenza virus was detected in specimens using nasopharyngeal swabs using a standard influenza virus test via the Lumipulse L2400 instrument (Fujirebio Inc., Tokyo, Japan). For influenza-positive specimens, we further performed virus typing or subtyping analyses using reverse-transcription-quantitative-polymerase-chain-reaction (RT-qPCR) and investigated the presence of the I38T substitution mutation in the polymerase acidic subunit (PA). This was done using RT-qPCR previously reported primers [1] and newly designed locked nucleic acid (LNA)-based TaqMan probes: H3N2_38I (SUN-CA+GCA+A+T+ATGCA+CTC-BHQ), H3N2_I38T (FAM-CAGCA+A+C+ATGCA+CTC-BHQ), H1N1_38I (SUN-CTGCA+A+T+TTGCA+CAC-BHQ), and H1N1_I38T (FAM-CTGCA+A+C+TTGCA+CAC-BHQ).

Statistical analyses
GraphPad Prism 5 (GraphPad Software Inc., San Diego, CA, USA) was used for all statistical analyses. Differences between pairs of groups were analyzed using Chi-squared, Student’s t-, Fisher’s exact, or Mann-Whitney U tests to determine the 95% confidence intervals. P values of <0.05 were considered to be statistically significant.


Results
Table 1 shows the details of our cohort of patients with influenza over the 2023–2024 flu season, divided into those who received prophylactic baloxavir and those who did not. The recorded patient data included age, sex, type of influenza at onset, and the presence of secondary influenza.
Table 1Close contacts of patients with influenza *1, and  secondary influenza infections among them, with and without the prophylactic use of baloxavir marboxil, during the 2023–2024 flue season in Japan


[image: ]
NS Not Significant
*1Close contacts of patients with influenza were defined as those who had shared a hospital room at the commencement of the study 
*2Secondary influenza was defined as disease onset among close contacts within 4 days of the last known contact7)
*3All of the secondary influenza types were identified as the H3N2 type



Thirty-four patients were prescribed baloxavir prophylactically, whereas 11 were not. There was no significant difference in terms of sex between the patients who received prophylactic baloxavir vs those who did not, but there was a significant difference in the rate of secondary influenza infections between these groups (P=0.012). Specifically, 0.0% (0/34) of the patients who received baloxavir developed secondary influenza, compared to 27.3% (3/11) of those who did not. All of the secondary influenza infections were of the H3N2 type.
The data regarding mutations related to baloxavir resistance among the type A influenza isolates from the patients are presented in Table 2.
Table 2Mutations *1 related to resistance against baloxavir marboxil among type A influenza isolates from patients with influenza in Kawasaki Medical School Hospital during the 2023–2024 flu season


[image: ]
NS Not Significant
*1The isoleucine-38 (I38) T variant of the cap-dependent endonuclease-baloxavir marboxil complex structure was detected  
*2The two cases with the I38T variant were a 28-year-old woman and a 57-year-old man. Both were infected by their children



A total of 85 influenza type A viruses were isolated from patients at our hospital, including 27 (31.8%) in-patients and 58 (68.2%) out-patients. Of these, 25 (29.4%) were H1N1 strains, whereas the remaining 60 (70.6%) were H3N2 strains. None of the H1N1 strains harbored the I38T variant of the cap-dependent endonuclease-baloxavir complex structure, but two of the H3N2 isolates (3.3%) did. No other significant differences were observed between the influenza types. No mutant strains were found among the samples from patients with secondary influenza infections. The two patients who were infected with the I38T variant were a 28-year-old woman and a 57-year-old man. Both were infected with H3N2 influenza by their children, according to the medical histories provided by their attending physician. However, the children were not tested for mutations related to resistance against baloxavir marboxil

Discussion
The prophylactic use of baloxavir to prevent influenza infection has been previously reported [3]. This study focused on those who had close contact with others who were infected with influenza, and we found that the percentage of patients who became infected with influenza by close contact was significantly lower among those who received prophylactic baloxavir (1.9%) compared to those who did not (13.6%). In reality, individuals may have even closer contact with others who are influenza-infected within their households than in-patients do with other infected patients in hospital settings.
As hospitalized in-patients may be at a higher risk of developing severe influenza, particularly immunocompromised individuals and pregnant women [7], our study provides valuable data regarding ways to prevent such nosocomial infections. One recent systematic review focusing on the use of antivirals as influenza therapies during the post-exposure period analyzed 33 trials of six antivirals (zanamivir, oseltamivir, laninamivir, baloxavir, amantadine, and rimantadine) [8]. All six agents achieved significant reductions in symptomatic influenza in individuals who were at high risk of developing severe disease. Among these agents, we believe that baloxavir represents the optimal therapy for this purpose. This is because baloxavir can be administered via ingestion, which has a higher compliance rate compared to inhalation.
However, caution should be exercised in cases of influenza that harbor mutations related to baloxavir resistance. One study found that the PA I38T substitution, the most common mutation related to baloxavir resistance, was prevalent among Japanese children infected with H3N2 influenza viruses in 2018 [9]. This was quickly followed by a number of other similar reports over the following flu seasons [10–13] In a recent study, Chon et al. reported that two (0.8%) of the 234 total influenza A (H3N2) viruses they analyzed carried the PA/I38T substitution mutation prior to the administration of baloxavir treatment, and eight (14.8%) carried the substitution following baloxavir treatment, during the 2022–2023 influenza season in Japan [13]. All of the mutation-harboring samples in that study, other than one that was taken before the treatment, were from pediatric patients. In fact, these types of resistance-conferring substitutions have been observed much more commonly among children vs adults in several past reports [3, 14].
In our study, two of the untreated adult patients, both of whom were out-patients, were found to be infected with influenza viruses harboring the I38T mutation. However, both of these cases had most likely been infected with influenza through their children.
This study was subject to certain key limitations worth noting.
First, we did not survey the cost-effectiveness of baloxavir as a prophylactic for hospitalized in-patients. However, this aspect has been investigated in several previous reports [15–18]. Two studies investigated the economics of baloxavir vs laninamivir [15, 16], whereas another two compared baloxavir to oseltamivir [17, 18]. Baloxavir was determined to be more cost-effective than the other anti-influenza agents in all those reports. Therefore, baloxavir may be cost-effective for use as a prophylactic as well.
Our study on the efficacy of baloxavir as a prophylactic among hospitalized in-patients was a single-center observational study rather than a randomized controlled trial (RCT) or multi-center study. However, many hospitalized in-patients are considered at high risk for developing severe influenza, which may make it particularly difficult to perform an RCT on this approach in an ethical manner. Moreover, there might be few medical settings in Japan where baloxavir is being used prophylactically for in-patients because it has not been long since the drug was approved for this usage in the country.
In addition, we were unable to investigate the backgrounds of the patients we observed. As you know, patients with immunosuppression may be more susceptible to influenza infection. Therefore, detailed surveys are needed in the future.
Finally, this field of research would benefit highly from detailed investigations on influenza virus samples, including some taken from asymptomatic contacts with influenza patients, the detection of amino acid substitutions other than the I38T variant, and quantitative measurements of viral susceptibility to anti-influenza drugs such as the Effective Concentration 50 (EC50). In fact, few investigations have been performed in household contacts of patients with influenza patients who were asymptomatic but were confirmed to be infected through RT-PCR [3]. However, this type of testing is becoming more widespread in hospitals, as the testing of asymptomatic contacts of patients with influenza following isolation from other in-patients is considered a practical strategy to prevent secondary nosocomial infections.
Regarding amino acid substitutions conferring drug resistance in the influenza virus, almost all of the ones identified thus far have comprised the I38T variant [10, 13]. However, other mutations should be investigated in future studies, as well as the EC50 of baloxavir.

Conclusions
Baloxavir was effective as a prophylactic for preventing influenza infection among the Japanese hospitalized in-patients in our study. Particular caution should nevertheless be exercised, particularly around children, in cases of influenza that harbor drug-resistance mutations, such as the I38T variant. We eagerly anticipate more data concerning the use of baloxavir as a prophylactic treatment against influenza, as well as more investigations concerning influenza mutations, in future research.

Acknowledgements
We thank all of the clinicians at the emergency medical department of Kawasaki Medical School Hospital.

Authors’ contributions
TF and TO designed this study. EK and SU analyzed the data. ZM, YI, AO, HS, HM, YN, KO, DY, and MK interpreted the results. HW was a major contributor to drafting the manuscript. All of the authors have read and approved the final version of this manuscript.

Funding
No particular funding was received for this study.

Data availability
All data generated or analyzed in this study are included in this published report.

Declarations
Ethics approval and consent to participate
This study was approved by the ethics committee of Kawasaki Medical School (receipt no.: 5316–02) and performed in accordance with the Declaration of Helsinki. The identity of the study subjects was kept confidential during the data collection.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
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. https://​doi.​org/​10.​1056/​NEJMoa1716197.CrossrefPubMed


	2.
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. https://​doi.​org/​10.​3851/​IMP2442.CrossrefPubMed


	3.
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;383:309–20. https://​doi.​org/​10.​1056/​NEJMoa1915341.CrossrefPubMed


	4.
Umemura T, Mutoh Y, Kawamura T, Saito M, Mizuno T, Ota A, et al. Efficacy of baloxavir marboxil on household transmission of influenza infection. J Pharm Health Care Sci. 2020;6:21. https://​doi.​org/​10.​1186/​s40780-020-00178-4.CrossrefPubMedPubMedCentral


	5.
Yoshino R, Yasuo N, Sekijima M. Molecular dynamics simulation reveals the mechanism by which the influenza cap-dependent endonuclease acquires resistance against baloxavir marboxil. Sci Rep. 2019;9:17464. https://​doi.​org/​10.​1038/​s41598-019-53945-1.CrossrefPubMedPubMedCentral


	6.
Nakauchi M, Takashita E, Fujisaki S, Shirakura M, Ogawa R, Morita H, et al. Rapid detection of an I38T amino acid substitution in influenza polymerase acidic subunit associated with reduced susceptibility to baloxavir marboxil. Influenza Other Respir Viruses. 2020;14(4):436–43. https://​doi.​org/​10.​1111/​irv.​12728.CrossrefPubMedPubMedCentral


	7.
Cox NJ, Subbarao K. Influenza Lancet. 1999;354:1277–82. https://​doi.​org/​10.​1016/​S0140-6736(99)01241-6.CrossrefPubMed


	8.
Zhao Y, Gao Y, Guyatt G, Uyeki TM, Liu P, Liu M, et al. Antivirals for post-exposure prophylaxis of influenza: a systematic review and network meta-analysis. Lancet. 2024;404:764–72. https://​doi.​org/​10.​1016/​S0140-6736(24)01357-6.CrossrefPubMedPubMedCentral


	9.
Takashita E, Morita H, Ogawa R, Nakamura K, Fujisaki S, Shirakura M, et al. Susceptibility of influenza viruses to the novel cap-dependent endonuclease inhibitor baloxavir marboxil. Front Microbiol. 2018;9:3026. https://​doi.​org/​10.​3389/​fmicb.​2018.​03026.CrossrefPubMedPubMedCentral


	10.
Takashita E, Kawakami C, Ogawa R, Morita H, Fujisaki S, Shirakura M, et al. Influenza A(H3N2) virus exhibiting reduced susceptibility to baloxavir due to a polymerase acidic subunit I38T substitution detected from a hospitalized child without prior baloxavir treatment, Japan, January 2019. Euro Surveill. 2019;24:1900170. https://​doi.​org/​10.​2807/​1560-7917.​ES.​2019.​24.​12.​1900170.CrossrefPubMedPubMedCentral


	11.
Saito R, Osada H, Wagatsuma K, Chon I, Sato I, Kawashima T, et al. Duration of fever and symptoms in children after treatment with baloxavir marboxil and oseltamivir during the 2018–2019 season and detection of variant influenza A viruses with polymerase acidic subunit substitutions. Antivir Res. 2020;183: 104951. https://​doi.​org/​10.​1016/​j.​antiviral.​2020.​104951.CrossrefPubMed


	12.
Wagatsuma K, Saito R, Chon I, Phyu WW, Fujio K, Kawashima T, et al. Duration of fever and symptoms in influenza-infected children treated with baloxavir marboxil during the 2019–2020 season in Japan and detection of influenza virus with the PA E23K substitution. Antivir Res. 2022;201: 105310. https://​doi.​org/​10.​1016/​j.​antiviral.​2022.​105310.CrossrefPubMed


	13.
Chon I, Wagatsuma K, Saito R, Tang JW, Isamu S, Suzuki E, et al. Detection of influenza A(H3N2) viruses with polymerase acidic subunit substitutions after and prior to baloxavir marboxil treatment during the 2022–2023 influenza season in Japan. Antiviral Res. 2024;229: 105956. https://​doi.​org/​10.​1016/​j.​antiviral.​2024.​105956.CrossrefPubMed


	14.
Hirotsu N, Sakaguchi H, Fukao K, Kojima S, Piedra PA, Tsuchiya K, et al. Baloxavir safety and clinical and virologic outcomes in influenza virus-infected pediatric patients by age group: age-based pooled analysis of two pediatric studies conducted in Japan. BMC Pediatr. 2023;23:35. https://​doi.​org/​10.​1186/​s12887-023-03841-5.CrossrefPubMedPubMedCentral


	15.
Skrzeczek A, Ikeoka H, Hirotsu N, et al. Cost-effectiveness of baloxavir marboxil compared to laninamivir for the treatment of influenza in Japan. J Infect Chemother. 2021;27(2):296–305. https://​doi.​org/​10.​1016/​j.​jiac.​2020.​10.​018.CrossrefPubMed


	16.
Dronova M, Ikeoka H, Itsumura N, et al. Cost-effectiveness of baloxavir marboxil compared with laninamivir for the treatment of influenza in patients at high risk for complications in Japan. Curr Med Res Opin. 2021;37(7):1135–48. https://​doi.​org/​10.​1080/​03007995.​2021.​1914942.CrossrefPubMed


	17.
Kommandantvold SA, Chang SC, Surinach A, et al. Cost-effectiveness of baloxavir marboxil versus oseltamivir or no treatment for the management of influenza in the United States. Infect Dis Ther. 2024;13(9):2071–87. https://​doi.​org/​10.​1007/​s40121-024-01027-9.CrossrefPubMedPubMedCentral


	18.
Kommandantvold SA, Lemenuel-Diot A, Skedgel C, et al. A cost-effectiveness analysis of reduced viral transmission with baloxavir marboxil versus oseltamivir or no treatment for seasonal and pandemic influenza management in the United Kingdom. Expert Rev Pharmacoecon Outcomes Res. 2024;24(8):953–66. https://​doi.​org/​10.​1080/​14737167.​2024.​2365421.CrossrefPubMed




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


OEBPS/navigation.xhtml

    
      Contents


      
        		Efficacy of baloxavir marboxil as a prophylactic against influenza among in-patients and analysis of influenza virus mutations in their isolates at a Japanese hospital during the 2023–2024 flu season


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40780_2025_418_Tab2_HTML.png
Number of patients
with influenza

85

Inpatients:27(31.8%)
Outpatients:58 (68.2%)

Types of influenza

H1N1 H3N2:

25(29.4%) 60(70.6%)

Inpatients:8 (32.0%) | Inpatients:19 (31.7%)
Outpatients:17 (68.0%)|Outpatients:41 (68.3%)

Mutations related to
resistance against
baloxavir marboxil

0 (0.0%) 2 (3.3%)*?
0.41





OEBPS/css/sidebar.gif





OEBPS/images/40780_2025_418_Tab1_HTML.png
Prophylaxis of
baloxavir marboxil

Yes (n=34) ,5, No (n=11)
e

Males : Females 13:21 3:8
Age (year-old)
(Median, IQR ) 75, 62|.5—83.25 - 79, ?2.5—80
Type of influenza at HTNT:15 H1N1:4
onset H3N2:17 H3N2:6
B:2 B:1
Secondary influenza™ 0 (0.0%) 3 (27.3%)°
L ]

001





