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Dear Editor,

Antiviral resistance to oseltamivir, a frontline drug for influenza is a 
significant concern. Resistance often due to influenza A(H1N1)pdm09 
virus with H275Y mutation in the neuraminidase gene, and can lead to 
prolonged viral shedding, delayed recovery, and severe complications. 
Notably, oseltamivir resistance also causes cross-resistance to other 
neuraminidase inhibitors (NAI), such as peramivir.1 Here we reported a 
fatal case of oseltamivir-resistant influenza-related respiratory failure 
(see Fig. 1).

A 58-year-old man with a history of acute myeloid leukemia (AML) 
suffered from fever and productive cough for four days was admitted to 
the medical floor with hyperleukocytosis and positive influenza A an-
tigen. His AML was in complete remission after chemotherapy but he 
lost follow-up for three years. He did not receive any influenza vaccine. 
The initial blood white cell count was 230,200/μL with 89 % of blast 
cells, platelet 8000/μL, and hemoglobin 8.8 g/dL. Chest X-ray revealed 
faint patches at bilateral lower lung fields. He received one intravenous 
dose of peramivir 300 mg and subsequent oseltamivir. However, he 
experienced hypoxemic respiratory failure on D4 and tracheal intuba-
tion was performed. He underwent emergent leukapheresis on hospital 
day 1, 2, 4 and 5 (D1, D2, D4, D5). Bone marrow study showed relapsed 
AML, so he received chemotherapy with high-dose cytarabine since D6. 
Chest computed tomography (CT) revealed bilateral fine retic-
ulonodular infiltration and patchy wedge-shaped consolidations. 
Nucleic acid of influenza A was detected in endotracheal aspirate (ETA) 
on D4 and influenza A/H1N1 viruses were isolated from ETA on D4 and 
bronchoalveolar lavage (BAL) on D5. Hence, oral oseltamivir was kept 
for 10 days. Febrile neutropenia developed on D10 and bilateral pneu-
monia progressed. Influenza A virus was isolated again in BAL specimen 
on D14. Oseltamivir was administered for another five days. Hypoxemic 
respiratory failure did not respond to neuromuscular blockade and 
prone positioning. With persistent neutropenia and multiorgan failure, 
he expired on D28.

The susceptibility of influenza virus isolates to oseltamivir was 
assessed by determining the 50 % inhibitory concentration (IC50) fold 
change using a fluorescence-based neuraminidase inhibition assay.2 The 
fold change was compared to the local reference median IC50 of the same 

subtype strains from the same season. Following the WHO guideline, 
normal inhibition, reduced inhibition (RI), and highly reduced inhibi-
tion (HRI) is defined as a less than 10-fold increase, a 10- to 100-fold 
increase, and an at least 100-fold increase, respectively.3 The influ-
enza A/H1N1 virus isolate obtained from ETA and BAL showed HRI, 
with 709- and 689-fold increase of the local reference median IC50 in 
2020, i.e., 0.23 nM. However, the IC50 of the isolate on D14 showed an 
11-fold increase, indicative of RI. To detect single nucleotide poly-
morphism, a published protocol was followed to reveal the presence of 
H275Y amino acid substitution in these three influenza virus isolates.4

Partial sequences of the NA gene determined by Sanger dideoxy 
sequencing were respectively deposited as PV076893, PV076933, and 
PV076934 at the National Center of Biotechnology Information (NCBI) 
website.

In Taiwan, clinical cases of oseltamivir-resistant influenza were 
rarely reported, with approximately 1 % of influenza A (H1N1) virus 
isolates noted by the Taiwan CDC. Recognized risk factors for oselta-
mivir resistance include immunocompromised status, suboptimal 
dosing, receipt of prophylactic regimens, young age, and prior NAI 
exposure.5 Influenza caused by resistant strains heralds a higher risk of 
adverse outcomes, including increased treatment failure, delayed re-
covery, increased risk of secondary infections and 28-day crude mor-
tality rate, and underscores the need for effective antivirals.6

Oseltamivir resistance typically results from amino acid mutations in 
neuraminidase, as noted in this case. Notably, the fold change of IC50 in 
the last virus isolate was less than that of the other two isolates. This 
decrease in oseltamivir resistance was noted after the discontinuation of 
oseltamivir therapy for four days. The possibility of the emerging 
oseltamivir-sensitive virus in mixture with oseltamivir-resistant virus on 
D14 warrants further studies. Peramivir, another NAI, shares cross 
resistance with oseltamivir, while zanamivir with a distinct binding site 
shows a lower risk of cross resistance.1,7 There are two potential ther-
apeutic non-NAI antiviral agents to treat oseltamivir-resistant influenza 
in Taiwan. First, baloxavir marboxil, a polymerase acidic endonuclease 
inhibitor, can inhibit the viral RNA polymerase complex and prevent 
viral replication. Baloxavir has been shown to be in vitro active against 
NAI-resistant influenza virus strains.8 and clinically effective for limited 
cases of oseltamivir-resistant influenza A infection.9 Second, favipiravir, 
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a nucleoside analogue, inhibits viral RNA polymerase and effectively 
blocks replication of a broad range of RNA viruses, including 
NAI-resistant influenza viruses. No significant differences in favipiravir 
susceptibilities were found between NAI-resistant and NAI-susceptible 
influenza viruses.10 However, clinical effectiveness of favipiravir mon-
otherapy for oseltamivir-resistant influenza infection remains to be 
studied. Both drugs are not used as front-line agents for influenza 
treatment in Taiwan.

In conclusion, the present case reinforces the clinical scenario of 
antiviral resistance in the treatment of human cases of influenza. 
Documentation of viral clearance is warranted for the patients with 
unresolved or worsening influenza pneumonia. Frontline antiviral 
agents, such as oseltamivir or peramivir alone or in combination, may be 
ineffective for those with NAI-resistant influenza virus infection. Early 
detection of antiviral resistance is crucial to prevent miserable 
outcomes.
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Figure. Hospital course of an immunocompromised patient with bilateral pneumonia due to oseltamivir-resistant influenza A/H1N1 virus. 
Note: WBC: white blood cell; ETA: endotracheal aspirate; BAL: bronchoalveolar lavage; Flu: Influenza; ANC: Absolute neutrophil count; AKI: acute kidney injury; SCr, 
serum creatinine; ARDS: acute respiratory distress syndrome; CXR: chest X-ray; CT: computed tomography; IC50: half maximal inhibitory concentration.
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