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ABSTRACT 
Human influenza A(H5N1) infection remains a clinically important zoonotic disease, but evidence on antiviral 
effectiveness is limited by observational designs, heterogeneous treatment timing, and potentially overlapping 
patient populations. This systematic review synthesized evidence on antiviral regimens, treatment timing, 
clinical and virological outcomes, and antiviral resistance in laboratory-confirmed human A(H5N1) infection. A 
systematic search of PubMed, Scopus, and ScienceDirect was conducted from database inception to 1 July 2026. 
Methodological quality was assessed using the Newcastle–Ottawa Scale and the JBI Case Series Checklist. The 
clinical and methodological characteristics varied across studies; consequently, the findings were synthesized 
narratively. Potential population overlap was considered when synthesizing findings across publications to avoid 
duplicate aggregation of patient data. Of 2,329 records identified, 22 publications were included. Oseltamivir 
treatment was associated with a lower hazard of death than no documented anti-influenza antiviral treatment 
(adjusted hazard ratio 0.51, 95% confidence interval 0.34–0.77). Treatment within 2 days showed lower odds of 
death, although the overall estimate was not statistically significant (adjusted odds ratio 0.17, 95% confidence 
interval 0.03–1.04). Among patients without respiratory failure at treatment initiation, earlier treatment was 
associated with lower mortality (adjusted odds ratio 0.17, 95% confidence interval 0.03–0.89). Evidence for 
other antivirals was limited, and one confirmed treatment-emergent H274Y neuraminidase resistance event was 
identified. Overall, oseltamivir, particularly when initiated early and before advanced respiratory failure, was 
associated with improved clinical outcomes, although causal inference remains limited by confounding, 
heterogeneity, and potentially overlapping study populations. 
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INTRODUCTION 
Highly pathogenic avian influenza A(H5N1) remains 
an important zoonotic concern because the virus 
continues to circulate in animal populations and can 
sporadically infect humans [1,2]. A(H5N1) has spread 
globally through migratory birds, and contemporary 
clade 2.3.4.4b viruses have caused infections in 
poultry and terrestrial and marine mammals [1]. As 
of 7 August 2026, 1,002 laboratory-confirmed human 
A(H5N1) infections, including 479 deaths, had been 
reported from 25 countries worldwide [3].  
 
The clinical spectrum of human A(H5N1) infection is 
heterogeneous. The reports of human A(H5N1) 
infection frequently described viral pneumonia 
progressing to respiratory failure and acute 

respiratory distress syndrome, with multiorgan 
dysfunction, including renal and occasionally cardiac 
involvement, also commonly reported [4]. More 
recent reports of clade 2.3.4.4b infection in the United 
States documented predominantly mild illness, 
frequently involving conjunctivitis [5]. Four patients 
were hospitalized, three had pneumonia, and one 
died [6]. Most patients in these recent U.S. reports 
received antiviral treatment [5,6]. 
 
Antiviral treatment is central to current management 
recommendations for suspected or confirmed human 
A(H5N1) infection. CDC guidance recommends 
empiric oseltamivir as soon as possible when 
A(H5N1) infection is suspected and states that 
treatment should not be delayed while awaiting test 
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results; hospitalized patients are recommended to 
receive oseltamivir regardless of time since illness 
onset [7]. WHO guidance conditionally recommends 
oseltamivir for patients with suspected or confirmed 
severe influenza, with treatment administered as 
early as possible. This recommendation also applies 
to novel influenza A virus infections associated with 
high mortality or an unknown risk of severe disease 
[8]. Observational studies have reported that earlier 
oseltamivir initiation was associated with better 
clinical outcomes than later treatment [9–11]. 
 
Interpretation of the available evidence is 
complicated by several methodological limitations. 
No adequately powered randomized controlled trials 
have established the clinical effectiveness of antiviral 
treatment specifically in human A(H5N1) infection, 
and the available treatment evidence is predominantly 
observational [9]. Studies vary in treatment timing, 
disease severity, comparator structure, supportive 
care, and outcome reporting, limiting direct 
comparison across reports. Oseltamivir resistance 
further complicates interpretation: resistant 
A(H5N1) variants have emerged during treatment, 
and H274Y and N294S are among the principal 
neuraminidase substitutions reported in resistant 
human infections [12,13]. This systematic review 
aimed to synthesize evidence on antiviral regimens, 
treatment timing, clinical and virological outcomes, 
and resistance in laboratory-confirmed human 
influenza A(H5N1) infection. 
 
METHODS 
Study Design and Reporting 
This systematic review evaluated antiviral treatment, 
treatment timing, clinical and virological outcomes, 
and antiviral resistance in laboratory-confirmed 
human A(H5N1) infection. This systematic review 
was conducted and reported in accordance with the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 statement. The 
protocol was not prospectively registered. Narrative 
synthesis followed the principles of Synthesis 
Without Meta-analysis (SWiM). 
 
Eligibility Criteria 
Reports including both laboratory-confirmed and 
probable cases were eligible only if data for the 
laboratory-confirmed cases could be identified and 
extracted separately. The comparisons analysed 
included antiviral treatment versus no documented 
antiviral treatment, early versus delayed initiation of 
treatment, and comparisons between regimens, 
dosages, or treatment durations. Clinical outcomes of 
interest included mortality or survival; severity of 
illness, particularly respiratory involvement, including 
respiratory failure, acute respiratory distress 
syndrome, mechanical ventilation, and intensive care 
unit admission; and length of hospital stay. Virological 
outcomes included viral clearance or shedding, while 
antiviral resistance was also assessed.  
 
Randomized controlled trials, cohort studies, registry 
or surveillance analyses, outbreak investigations, and 
case series reporting relevant treatment or outcome 
data were eligible. Only articles published in English 

were included. Animal studies, in vitro or laboratory-
only studies, case reports, reviews, editorials, 
guidelines, and studies without A(H5N1)-specific 
antiviral treatment or outcome data were excluded. 
Potentially overlapping reports were retained when 
they provided unique information not available in the 
other study, such as treatment timing, antiviral 
regimen, virological outcomes, or antiviral resistance. 
 
Search Strategy and Study Selection  
A systematic literature search was conducted across 
PubMed, Scopus, and ScienceDirect from database 
inception to 1 July 2026. The search strategy 
combined terms related to influenza A(H5N1), avian 
influenza, antiviral treatment, human infection, and 
relevant clinical outcomes, with syntax adapted to 
the requirements of each database. All retrieved 
records were imported into Mendeley, and duplicate 
records were removed before screening. Two 
reviewers independently screened all titles and 
abstracts against the predefined eligibility criteria 
and subsequently assessed the full texts of potentially 
eligible reports. Disagreements were resolved 
through discussion and consensus; when consensus 
could not be reached, a third reviewer served as 
adjudicator. The study-selection process was reported 
in accordance with the PRISMA 2020 guidelines. 
 
Data Extraction and Assessment of Potential 
Population Overlap  
Data were extracted using a standardized extraction 
form. One reviewer performed the primary extraction 
of all included publications, and a second reviewer 
verified the extracted data against the original full-
text reports for accuracy and completeness. Any 
discrepancies were resolved by re-examination of the 
source publication and discussion between the two 
reviewers; unresolved discrepancies were 
adjudicated by a third reviewer. Extracted variables 
included study characteristics, population, antiviral 
agent, dose and duration when available, treatment 
timing, clinical and virological outcomes, comparative 
effect estimates, and antiviral resistance-associated 
substitutions. Potential population overlap between 
publications was assessed based on the reported 
study setting, recruitment period, source population, 
and patient characteristics. When substantial 
population overlap between two or more reports was 
considered likely, reports providing more 
comprehensive data or additional information were 
retained. 
 
Critical Appraisal and Data Synthesis 
Methodological quality was appraised using design-
appropriate tools. Cohort studies and comparative 
observational analyses were assessed using the 
Newcastle–Ottawa Scale (NOS), whereas case series 
and descriptive outbreak reports were evaluated 
using the Joanna Briggs Institute (JBI) Critical 
Appraisal Checklist for Case Series. Detailed study-
level assessments are presented in Supplementary 
Tables S1A and S1B. Appraisals were performed by 
one reviewer and subsequently verified by a second 
reviewer. Disagreements were resolved through 
discussion and consensus; when consensus could not 
be reached, a third reviewer served as adjudicator.
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For comparative studies, reported odds ratios (ORs), 
risk ratios (RRs), and hazard ratios (HRs), with 
corresponding 95% confidence intervals (CIs), were 
extracted, and adjusted estimates were prioritized 
when available. Meta-analysis was not performed 
because of methodological and clinical 
heterogeneity, including differences in study 
population definitions, outcome measures, disease 
severity, and treatment timing. The obtained data 
were therefore synthesized narratively according to 
antiviral exposure, timing of antiviral treatment 
initiation, clinical outcomes, virological outcomes, 
and antiviral resistance. 
 
 

RESULTS 
Study Selection and Characteristics 
The database search identified 2,329 records: 1,557 
from PubMed, 572 from Scopus, and 200 from 
ScienceDirect. After removal of 320 duplicates, 
2,009 records underwent title and abstract 
screening; 1,957 were excluded due to wrong study 
design, wrong population, and wrong intervention.  
Fifty-two reports were sought for retrieval; one was 
not retrieved, and 51 full texts were assessed. 
Twenty-nine reports were excluded at full-text 
review (28 wrong study design and one wrong 
population), leaving 22 publications to be included 
(Figure 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 1: PRISMA 2020 flow diagram of study identification and selection. 

 
 

Study-level antiviral treatment, treatment timing, 
and reported clinical, virological, and resistance 
outcomes are summarized in Table 1. A concise 
overview of study characteristics and each 
publication’s principal contribution to the 
synthesis is provided in Supplementary Table S2.  
 
 
 
 
 
 

The evidence base spanned 2004–2026 and consisted 
entirely of observational reports, including case 
series, retrospective cohorts, outbreak investigations, 
and registry/surveillance analyses. Geographically, 
the included publications were concentrated in 
Southeast Asia (n=11), East Asia (n=2), North 
America (n=3), and Turkey and Egypt (n=2); four 
publications were derived from multinational 
registry populations (Figure 2).  
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TABLE 1: Characteristics, antiviral treatment, and reported outcomes of included publications. 
 

Study Population N Antiviral(s) Treatment timing Clinical outcome(s) Virological outcome(s) Antiviral resistance 

Peiris 2004 Case series 
Hong Kong SAR, China;  
2003 family cluster 

2 Oseltamivir; 
amantadine 

Oseltamivir ~day 6; 
amantadine timing 
NR 

1/2 died NR M2 S31N; emergence 
indeterminate 

de Jong 2005 Case series 
Vietnam; 2004–2005 

8 Oseltamivir Days 2–8 4/8 died; 4/8 survived RNA undetectable in all 4 
survivors; persistent in 3/6 
evaluable at end of treatment 

H274Y in 2 fatal cases; 1 
treatment-emergent, 1 
indeterminate 

Kandun 2006 Case series 
Indonesia; 2005 family clusters 

7 Oseltamivir Days 5, 7, and 10 3/7 died; 4/7 recovered NR NR 

Oner 2006 Case series 
Turkey; 2005–2006 

8 Oseltamivir Approx. illness days  
1–10 

4/8 died; 4/8 survived NR NR 

Kandun 2008 Case series 
Indonesia; Jun 2005–Feb 2008 

127 Oseltamivir Median 7 d (0–21); 
<2, 2–4, 5–6, ≥7 d 

103/127 died; survival 
decreased with later 
treatment 

NR NR 

Taylor 2008 Case series 
Vietnam; 2007 

2 Oseltamivir Illness days 7–8 1/2 died; 1/2 survived Survivor RT-PCR negative by 
treatment day 5 

No phenotypic oseltamivir 
resistance detected 

Yu 2008 Retrospective cohort 
China; 2005–2008 

26 Oseltamivir; 
amantadine; 
rimantadine; 
ribavirin 

Illness days 4–12 17/26 died; 4/12 treated 
vs 13/14 untreated died 

NR NR 

Adisasmito 2010 Multinational 
Registry 12 countries,  
1997–2009 

308 Oseltamivir; 
/unspecified 
antivirals 

0–2 to ≥12 d; median 
NR 

174/308 died; 60/150 
oseltamivir vs 102/134 no 
documented antiviral 

NR NR 

Kandeel 2010 Retrospective cohort 
Egypt; 2006–2009 

63 Oseltamivir 0–2 vs >2 d; 3–4, 5–6, 
>7 d 

24/63 died; 1/25 early vs 
19/33 later (timing subset, 
n=58) 

NR N294S in 2 cases; baseline 
resistance; both died 

Soepandi 2010 Case series 
Indonesia; 2005–2008  

22 Oseltamivir Median day 7; range 
2–12 d 

18/22 died; 15/19 treated 
vs  
3/3 untreated died 

Clearance within 24–72 h in 3 
survivors 

NR 

Shinde 2011 Retrospective cohort 
Thailand; 2004–2006 

25 Oseltamivir Median 7 d (4–21) 17/25 died; 8/25 survived NR NR 

Chan 2012 Multinational registry 
10 countries, 2003–2011 

215 Oseltamivir 0–2 vs >2 d; 3–5, 6–
8, ≥9 d 

100/215 died; 4/22 
early vs 81/129 later 

NR NR 
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Study Population N Antiviral(s) Treatment timing Clinical outcome(s) Virological outcome(s) Antiviral resistance 

Kudo 2012 Case series 
Vietnam; 2007–2010 

8 Oseltamivir Illness days 2–9 3/8 died; days 2–6: 5/5 
survived; days 7–9: 3/3 
died 

NR NR 

Oner 2012  
Multinational registry 
Pediatric registry; 1997–2010 

193 Oseltamivir Per-day delay model 
(N=44); 
median/range NR 

94/193 died; 99/193 
survived 

NR NR 

Adisasmito 2013  
Retrospective study 
Indonesia; 2005–2010 

124 Oseltamivir Median 5 d  
(2005–2007) vs  
7 d (2008–2010) 

107/124 died; 17/124 
survived 

NR NR 

Humphries-Waa 2013 Case series 
Cambodia; 2005–2011 

18 Oseltamivir Median 9 d;  
range 5–26 d  
(n=5 treated) 

16/18 died;  
2/18 survived 

NR NR 

Zaman 2014 Multinational registry 
Azerbaijan, Indonesia, Pakistan, 
Turkey; 2005–2011 

153 Oseltamivir Median 7 d;  
0–2, 3–5, 6–8,  
9–11, ≥12 d 

CFR 79.1%; survival 5/8 at 
0–2 d, 6/18 at 3–5 d 

NR NR 

Pawestri 2020 Retrospective cohort 
Indonesia; 2005–2017 

180 Oseltamivir Median 7 d (0–18); 
≤4 vs >4 d;  
<7 vs ≥7 d 

153/180 died Median −0.55 log cDNA 
copies/mL at day 2;  
RNA commonly remained 
detectable 

No major NA resistance;  
M2 substitutions 131/153 
(V27A 119, S31N 14) 

Drehoff 2024 Outbreak investigation 
United States; Colorado poultry 
facilities, Jul 2024 

5 Oseltamivir Start day NR; testing 
median 2 d after 
onset 

0/5 deaths 4/4 retested cases negative on 
follow-up 

NR 

Garg 2025 Case series 
United States; Mar–Oct 2024 

46 Oseltamivir Median 2 d (0–8) 
among treated cases 

0/46 deaths NR NR 

Rolfes 2025 Case series 
United States; Mar 2024–May 2025 

70 Oseltamivir; baloxavir; 
peramivir; amantadine; 
rimantadine 

Median 2 d  
(−1 to 11); 
hospitalized median 
6 d 

1/70 died NR S247N (n=3), PA I38M (n=1), 
M2 S31N (n=1); emergence not 
established 

Chin 2026 Outbreak investigation, 
Cambodia;  
Feb–Mar 2023 family cluster 

2 Oseltamivir Day 7 and day 10 1/2 died; 1/2 recovered Two consecutive negative 
NP/OP tests before discharge 

NR 

 
Abbreviations: CFR, case-fatality rate; M2, matrix protein 2; NA, neuraminidase; NP/OP, nasopharyngeal/oropharyngeal; NR, not reported; PA, polymerase acidic protein; RT-
PCR, reverse-transcription polymerase chain reaction.
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FIGURE 2: Geographic distribution of the 22 included publications. 
 

Potential Overlap Among Study Populations  
Potentially overlapping patient populations were 
identified across several included publications. For 
overlapping populations, the most informative 
report was prioritized for each clinical outcome or 
comparison, while complementary findings from 
other publications were retained. Sample sizes and 
event counts from potentially overlapping 
populations were not aggregated as independent 
patient data. Adisasmito et al. [11], Chan et al. [10], 
Oner et al. [14], and Zaman et al. [15] analyzed 
populations derived from the Global Avian Influenza 
Registry. Adisasmito et al. [11] provided the 
principal treatment-versus-no-documented-antiviral 
analysis, whereas Chan et al. [10] provided the 
principal early-versus-later treatment analysis. 
Oner et al. [14] and Zaman et al. [15] provided 
complementary pediatric and delayed-entry timing 
analyses.  
 
Potential population overlaps were also identified 
among: (1) the Indonesian populations reported by 
Kandun et al. [16], Kandun et al. [17], Soepandi et al. 
[18], Adisasmito et al. [19], and Pawestri et al. [20]; 
(2) the Vietnamese populations reported by Taylor 
et al. [21] and Kudo et al. [22]; and (3) the United 
States populations represented by Garg et al. [5], 
Rolfes et al. [6], and Drehoff et al. [23]. Across 
studies with potential population overlap, outcome 
data for the same clinical endpoint were 
preferentially assigned to the most informative 
report, while overlapping studies were retained 
when they provided additional information. 
 
Antiviral Treatment  
Oseltamivir was the predominant antiviral used 
across the included studies. The standard adult dose 
was 75 mg twice daily, with pediatric dosing 
adjusted according to age or body weight. Higher 
doses were used in some critically ill patients; 150 
mg every 12 hours by nasogastric tube was 

administered to two patients with severe H5N1 
infection [21], while doses of up to 300 mg/day were 
reported in another clinical series of patients with 
ARDS [22]. 
 
The principal adjusted comparative evidence for 
oseltamivir treatment was derived from the 
multinational registry analysis [11]. Mortality 
occurred in 60/150 patients (40.0%) receiving 
oseltamivir alone compared with 102/134 patients 
(76.1%) with no documented anti-influenza 
antiviral treatment. Oseltamivir treatment was 
associated with a lower hazard of death in the 
propensity-score-adjusted Cox analysis (adjusted 
HR 0.51, 95% CI 0.34–0.77). In the Chinese cohort, 
mortality occurred in 4/12 patients (33.3%) 
receiving antiviral treatment compared with 13/14 
patients (92.9%) receiving no antiviral treatment 
[24]. In a Thai surveillance cohort, 17 of 25 patients 
(68.0%) died, while oseltamivir receipt did not 
differ significantly between fatal and nonfatal cases 
(71% vs 57%; P=0.65) [25]. In the Cambodian series, 
3/5 oseltamivir-treated patients (60.0%) died 
compared with 13/13 patients (100%) who did not 
receive oseltamivir [26]. 
 
Observational evidence on oseltamivir treatment 
was reported in Indonesian cohorts. In the 
Indonesian tertiary-referral series, 15/19 
oseltamivir-treated patients (78.9%) died, whereas 
all three patients who did not receive oseltamivir 
(100%) died within hours of referral before antiviral 
treatment could be administered [18]. A larger 
Indonesian cohort reported survival in 22/123 
oseltamivir-treated patients (17.9%), compared 
with no survivors among 57 patients who did not 
receive oseltamivir [20]. 
 
Among 70 U.S. H5N1 cases, antiviral treatment 
status was available for 67 patients; 54/67 (81%) 
received antiviral treatment, all with oseltamivir,
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whereas 13/67 did not receive antiviral treatment. 
Most infections were mild (66/70, 94%), four 
patients were hospitalized, and one patient died [6]. 
Because clinical outcomes were not stratified by 
antiviral treatment status, comparative 
effectiveness could not be assessed. Other antivirals, 
including amantadine, ribavirin, baloxavir, and 
peramivir, were used infrequently, often in 
combination, without suitable comparator groups 
[6,11,24]. 
 
Treatment Timing and Clinical Outcomes 
Earlier oseltamivir initiation was generally 
associated with better survival across observational 
analyses. In the principal timing analysis, mortality 
was 4/22 patients (18.2%) when oseltamivir was 
initiated within 2 days of symptom onset compared 
with 81/129 patients (62.8%) when treatment was 
initiated later [10]. Early treatment was associated 
with lower odds of death (adjusted OR 0.17, 95% CI 
0.03–1.04). Among patients without respiratory 
failure at treatment initiation, early treatment was 
associated with lower mortality (adjusted OR 0.17, 
95% CI 0.03–0.89). Adjusted for the timing of first 
presentation for medical care, early oseltamivir 
treatment was associated with lower odds of death 
(adjusted OR 0.13, 95% CI 0.03–0.56) [10]. 
Respiratory failure requiring mechanical ventilation 
at or before treatment initiation was strongly 
associated with mortality (adjusted OR 19.5, 95% CI 
4.19–90.84) [10]. 
 
Country-specific analyses showed similar patterns 
with earlier treatment. In Egypt, among 58 patients 
with complete oseltamivir treatment data, mortality 
was 1/25 (4.0%) in those treated within 0–2 days 
compared with 19/33 (57.6%) in those treated after 

day 2 [27]. Mortality increased across later 
treatment intervals, from 3/14 (21.4%) on days 3–4 
to 5/7 (71.4%) on days 5–6 and 11/12 (91.7%) after 
day 7 [27]. In a Cambodian family cluster, 
oseltamivir was initiated on illness days 7 and 10 in 
two confirmed cases, with one fatal outcome and 
one recovery [28]. In Indonesia, survival was 
reported in 1/1 patient treated before day 2, 4/11 
patients (36.4%) treated on days 2–4, 6/16 (37.5%) 
treated on days 5–6, and 10/54 (18.5%) treated on 
or after day 7 [17]. 
 
Analyses from the multinational registry evaluated 
treatment delay. Among treated children, each 
additional day of delay in oseltamivir initiation was 
associated with higher odds of death (adjusted OR 
1.75 per day, 95% CI 1.17–2.61; n=44) [14]. In a 
separate delayed-entry analysis, survival was 5/8 
patients (62.5%) treated within 0–2 days compared 
with 11/97 (11.3%) in the corresponding no-
antiviral comparison group (RR for survival 5.51, 
95% CI 2.54–11.94; P=0.002) [15]. For treatment 
initiated on days 3–5, survival was 6/18 (33.3%) 
versus 13/97 (13.4%) (RR for survival 2.49, 95% CI 
1.09–5.68; P=0.076) [15]. Indonesian cohort 
reported survival in 8/16 patients (50.0%) treated 
within 4 days compared with 19/106 (17.9%) 
treated after day 4, and in 16/51 patients (31.4%) 
treated before day 7 compared with 11/71 (15.5%) 
treated on or after day 7 [20]. A separate Indonesian 
health-system analysis documented median 
symptom-onset-to-oseltamivir intervals of 5 days in 
2005–2007 and 7 days in 2008–2010 (P=0.012), 
without a comparative treatment-timing effect 
estimate [19]. Key comparative estimates for 
antiviral treatment and treatment timing are 
summarized in Table 2. 

 
TABLE 2: Comparative estimates of antiviral treatment and treatment timing in human A(H5N1) infection. 

 

Study Comparison Outcome Event data 
Effect estimate 
(95% CI) 

Adisasmito 2010 
Oseltamivir vs no 
documented antiviral 

Mortality 
60/150 vs 
102/134 deaths 

Adjusted HR 0.51 (95% 
CI 0.34–0.77) 

Chan 2012 Oseltamivir ≤2 d vs >2 d Mortality 
4/22 vs 81/129 
deaths 

Adjusted OR 0.17 
(0.03–1.04) 

Chan 2012 
≤2 d vs later; no respiratory 
failure at treatment 

Mortality NR 
Adjusted OR 0.17 
(0.03–0.89) 

Chan 2012 
≤2 d vs later; additionally 
adjusted for first presentation 

Mortality NR 
Adjusted OR 0.13 
(0.03–0.56) 

Oner 2012 
Each additional day of delay 
in treated pediatric patients 

Mortality Model N=44 
Adjusted OR 1.75 
(1.17–2.61) 

Kandeel 2010 Oseltamivir 0–2 d vs >2 d Mortality 1/25 vs 19/33 
No adjusted estimate 
reported 

Pawestri 2020 Oseltamivir ≤4 d vs >4 d Mortality 8/16 vs 87/106 Unadjusted 

Pawestri 2020 Oseltamivir <7 d vs ≥7 d Mortality 35/51 vs 60/71 Unadjusted 

Zaman 2014 
Oseltamivir 0–2 d vs eligible 
no-antiviral risk set 

Survival 
5/8 vs 11/97 
survived 

RR 5.51 (2.54–11.94) 

CI, confidence interval; d, days; HR, hazard ratio; NR, not reported; OR, odds ratio; RR, risk ratio.
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Virological Outcomes 
Serial virological data showed variable changes in 
H5N1 viral RNA during oseltamivir treatment. In a 
Vietnamese case series, H5N1 virus was isolated 
from admission throat swabs in 6/7 patients, and 
serial measurements showed a rapid decline to 
undetectable levels in all four survivors. In contrast, 
viral RNA remained detectable at the completion of 
oseltamivir treatment in two patients who died, 
while another patient died on the second day after 
admission with an increase in viral RNA load [12]. 
Additional virological observations were reported 
in two critically ill patients with H5N1 infection. In 
the survivor, the first respiratory sample obtained 3 
days after oseltamivir initiation remained positive, 
but the tracheal aspirate became negative by 
treatment day 5. In the second patient, who died of 
progressive respiratory failure, H5N1 RNA was 
detected in tracheal aspirate, pleural fluid, stool, and 
plasma one day after treatment initiation; no 
subsequent virological samples were available to 
assess viral clearance [21]. In an Indonesian 
tertiary-referral series, viral clearance occurred 
within approximately 24–72 hours in all three 
survivors with serial throat-swab sampling [18].  
 
Quantitative virological data from a larger 
Indonesian cohort showed frequent H5N1 RNA 
detection at admission, including 142/163 nasal 
specimens (87.1%), 144/157 pharyngeal specimens 
(91.7%), and 85/92 lower-respiratory-tract 
specimens (92.4%) [20]. Admission viral loads were 
higher in fatal cases than in survivors, with median 
nasal viral loads of 4.3 versus 3.6 log cDNA copies/mL 
(P=.0135) and pharyngeal viral loads of 5.3 versus 4.5 
log cDNA copies/mL (P=.041). Among patients with 
serial pharyngeal sampling, viral RNA decreased by a 
median of 0.55 log cDNA copies/mL after 2 days of 
oseltamivir treatment; however, viral RNA remained 
detectable in 42/44 patients (95.5%) at the same 
time point [20]. Overall, viral RNA declined or became 
negative during oseltamivir treatment in several 
survivors, whereas persistent or increasing viral RNA 
was reported in some fatal cases.  
 
Antiviral Resistance   
Antiviral resistance was reported in several studies, 
with findings ranging from treatment-emergent 
neuraminidase resistance to pre-existing resistance-
associated substitutions. In Vietnamese patients 
with H5N1 infection, H274Y neuraminidase 
resistance was detected in two fatal cases receiving 
oseltamivir [12]. In one patient, H274Y was detected 
during treatment and persisted after treatment 
completion, but emergence could not be confirmed 
because a pretreatment sequence was unavailable, 
whereas in the second patient, wild-type 274H was 
detected at admission and after 2 days of treatment, 
followed by H274Y detection three days after 
treatment completion. Viral load increased in the 
first patient, whereas in the second patient it 
declined during treatment but remained detectable 
and subsequently increased after treatment. Both 
patients died. In contrast, viral RNA declined rapidly 
to undetectable levels in all four survivors, and 
H274Y was not reported in these patients [12]. 

Oseltamivir resistance was identified in two related 
Egyptian cases, both of whom died. The N294S 
neuraminidase substitution was present in the 
initial diagnostic specimens and was associated with 
a 12–15-fold reduction in oseltamivir susceptibility; 
therefore, the resistance was present before 
treatment rather than emerging during therapy 
[27]. In a larger Indonesian cohort, no H275Y was 
detected in admission specimens from 155 patients 
or in 168 post-treatment pharyngeal specimens 
from 78 oseltamivir-treated patients [20]. R293K 
and N295S were also not detected in the principal 
tested subsets. In contrast, M2 substitutions 
associated with adamantane resistance were 
common, occurring in 131/153 patients (85.6%); 
V27A was the most frequent substitution (119/153, 
77.8%), followed by S31N (14/153, 9.2%). M2 
resistance-associated substitutions were more 
frequent among fatal cases than survivors (117/132 
[88.6%] vs 14/21 [66.7%], P=.015) [20]. 
 
Resistance-associated markers were reported in 
recent U.S. H5N1 infections. NA S247N was 
identified in three viruses and was associated with 
reduced oseltamivir susceptibility; however, paired 
baseline specimens were unavailable and 
treatment-emergent selection could not be 
established [6]. PA I38M, associated with reduced 
baloxavir susceptibility, was detected in one patient 
with mild illness who had received only oseltamivir, 
while M2 S31N was detected in another mildly ill 
patient who had also received only oseltamivir [6]. 
In an earlier Hong Kong H5N1 case, M2 S31N was 
identified in an amantadine-treated child who 
recovered, but the absence of a susceptible 
pretreatment sequence prevented confirmation of 
treatment-emergent resistance [29]. 
 
Critical Appraisal  
All the evidence included was observational. 
Thirteen descriptive or case-series reports were 
appraised using the JBI Critical Appraisal Checklist 
for Case Series, and nine cohort or comparative 
observational analyses were assessed using the 
Newcastle–Ottawa Scale. In the JBI assessments, 
uncertainty was concentrated mainly in consecutive 
participant inclusion, which was unclear in 9 of 13 
reports, and complete inclusion, which was unclear 
in 6 of 13. Diagnostic ascertainment, demographic 
and clinical reporting, and statistical analysis were 
otherwise generally adequate. Among NOS-assessed 
studies, methodological limitations were concentrated 
in comparability and control of confounding: only 4 
of 9 analyses received the first Comparability star 
and none received the second. Exposure 
ascertainment, absence of outcome at baseline, 
outcome assessment, and adequacy of follow-up 
duration were generally well addressed. Detailed 
item-level assessments are provided in Supplementary 
Tables S1A and S1B. 
 
DISCUSSION  
This systematic review found that oseltamivir 
treatment was consistently associated with better 
clinical outcomes in human A(H5N1) infection, 
particularly when initiated earlier in the course of 
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illness. The strongest comparative analysis showed 
lower mortality among patients receiving 
oseltamivir than among those with no documented 
anti-influenza antiviral treatment (adjusted HR 0.51, 
95% CI 0.34–0.77) [11]. However, the evidence was 
observational, and treatment allocation was closely 
related to disease severity, healthcare access, and 
the opportunity to receive therapy.  
 
Treatment timing appeared to be an important 
modifier of outcome. In the principal timing 
analysis, treatment within 2 days showed lower 
odds of death, although the 95% CI included the null 
(adjusted OR 0.17, 95% CI 0.03–1.04) [10]. Among 
patients without respiratory failure at treatment 
initiation, early treatment was associated with 
lower mortality (adjusted OR 0.17, 95% CI 0.03–
0.89), while respiratory failure at or before 
treatment initiation was strongly associated with 
mortality [10]. Similar patterns were observed in 
pediatric, Egyptian, and Indonesian analyses 
[14,17,20,27]. Although timing thresholds differed 
across studies, the overall direction of evidence 
suggests that shorter treatment delay is associated 
with better outcomes, particularly before advanced 
respiratory failure develops.  
 
Virological findings were broadly consistent with 
the clinical observations but provided supportive 
rather than causal evidence. Viral RNA declined or 
became undetectable in several survivors during 
oseltamivir treatment, whereas persistent or 
increasing viral RNA was observed in some fatal 
cases [12,18,20,21]. In the larger Indonesian cohort, 
viral RNA remained detectable in most patients after 
2 days of treatment despite a reduction in viral load 
[20]. These findings suggest that persistent viral 
replication may accompany severe disease, but the 
absence of appropriate untreated virological 
comparators prevents attribution of viral clearance 
directly to oseltamivir.  
 
Neuraminidase inhibitor resistance was identified 
in a small number of fatal cases, whereas confirmed 
treatment-emergent resistance was documented in 
only one patient. Both patients with H274Y reported 
in the Vietnamese series died, although treatment-
emergent resistance could be confirmed in only one 
because pretreatment sequencing was unavailable 
in the other [12]. In contrast, pre-existing M2 
resistance-associated substitutions were common 
in some viral populations. Similarly, both Egyptian 
patients with baseline N294S resistance died [27]. In 
the larger Indonesian cohort, M2 resistance-
associated substitutions were more frequent among 
fatal cases than survivors (88.6% vs 66.7%, P=.015) 
[20]. However, these observations do not establish 
that antiviral resistance caused mortality, because 
the number of neuraminidase-resistant cases was 
very small and M2 substitutions were largely pre-
existing viral characteristics rather than treatment-
emergent mutations. Contemporary U.S. resistance-
associated markers were identified mainly in mild 
infections or without sufficient paired specimens to 
relate the mutations to treatment response [6].  
 

Thus, resistance may contribute to treatment failure 
in individual cases, but the available evidence is 
insufficient to quantify its independent effect on 
clinical outcomes. 
 
Earlier evidence predominantly involved 
hospitalized patients with severe disease and high 
mortality, whereas contemporary U.S. clade 2.3.4.4b 
infections were mostly mild [5,6]. Differences in 
clinical phenotype, viral characteristics, and case 
ascertainment limit direct extrapolation of historical 
mortality and treatment-effect estimates to 
contemporary infections. Evidence for antivirals 
other than oseltamivir was insufficient for 
comparative assessment because exposures were 
limited and appropriate comparator groups were 
generally unavailable [6,11,24,29].  
 
Overall, oseltamivir treatment was associated with 
better outcomes, particularly when initiated earlier 
and before advanced respiratory failure, although 
the magnitude of benefit remains uncertain. Future 
studies should use standardized treatment and 
severity definitions, patient-level deduplication, and 
integrated clinical and virological data to better 
define antiviral effectiveness in contemporary 
A(H5N1) infection. 
 
CONCLUSION 
Available human evidence suggests that oseltamivir 
treatment, particularly when initiated early and 
before the onset of advanced respiratory failure, is 
associated with improved clinical outcomes in 
A(H5N1) infection. However, the evidence remains 
predominantly observational and is limited by 
confounding, heterogeneous treatment timing and 
disease severity, incomplete exposure data, and 
potential overlap among several study populations. 
Confirmed treatment-emergent antiviral resistance 
was infrequently documented in the available 
clinical literature. These findings support current 
recommendations to initiate oseltamivir promptly 
and highlight the need for prospective clinical and 
virological data to better define treatment effectiveness 
across contemporary A(H5N1) infections. 
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