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Purpose: To investigate the risk factors for prolonged viral shedding in influenza A patients treated with oseltamivir and analyze fever
patterns in chronic obstructive pulmonary disease (COPD) patients.

Patients and Methods: This retrospective study analyzed 309 hospitalized patients with RT-PCR-confirmed influenza A at a multi-
campus tertiary medical center from 2022 to 2025. Influenza A virus retesting was performed on day 6 of antiviral treatment to assess
viral clearance. Multivariate logistic regression was used to identify risk factors for prolonged viral shedding. ROC curve analysis
evaluated the predictive value of absolute lymphocyte count (ALC). Subgroup analyses compared fever patterns in COPD and non-
COPD patients using the Mann-Whitney U and chi-square (3°) tests.

Results: Overall, 309 influenza A inpatients were included. Six independent risk factors for prolonged viral shedding were identified:
older age (95% CI 1.01-1.05), lymphopenia (95% CI 0.09-0.38), cerebrovascular disorders (95% CI 1.64—16.08), immunosuppres-
sants (95% CI 1.05-3.36), delayed antiviral treatment (95% CI 4.13-15.27), and fungal coinfection (95% CI 1.25-4.69). Notably,
63.7% of the COPD patients were afebrile, compared to 23.6% of non-COPD patients (p < 0.05). In the COPD group, prolonged
shedders had higher odds of afebrile status (95% CI 1.39-12.59), lower ALC (95% CI 0.01-0.17) and delayed oseltamivir initiation
(95% CI 1.65-13.28) than nonprolonged shedders. The ALC demonstrated good predictive accuracy for prolonged viral shedding
(AUC 0.75 overall; AUC 0.77 for the COPD group).

Conclusion: Early antiviral therapy and targeted management for high-risk groups (especially COPD patients) are valuable. Afebrile
presentations in COPD patients highlight the importance of routine influenza testing during exacerbations.
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Introduction

Influenza is a highly contagious respiratory viral disease that poses a significant risk to global health and a considerable
disease burden on human health and economic development. The World Health Organization estimates that three to
five million individuals develop severe influenza each year globally and that 290,000 to 650,000 adults die from
influenza-related causes.'

Importantly, China faces unique epidemiological challenges: southern China reported an unusually high number of
influenza cases in the summer of 2022,% and the 2023-2024 influenza season was characterized by delayed onset and
high epidemic intensity.> These region-specific trends, combined with China’s large elderly population and high
prevalence of chronic comorbidities (eg, chronic obstructive pulmonary disease [COPD]), highlight the need for targeted
research in Chinese clinical settings. While oseltamivir is widely used for hospitalized adults with severe influenza in
China, data on viral shedding dynamics and clinical outcomes in this specific population remain scarce-particularly

compared to studies from Western countries.* This gap is critical, as genetic variations in influenza strains, differences in
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healthcare access, and population-specific comorbidity profiles may lead to distinct disease trajectories and treatment
responses.

Influenza A virus, with its unique antigenic drift and shift properties, retains substantial pandemic potential.” While
most influenza cases are mild and self-limiting, severe and life-threatening outcomes are disproportionately common
among the elderly and individuals with chronic conditions®’-groups that are highly represented in Chinese hospitals.
Importantly, our clinical observations reveal a key phenotypic difference in COPD patients coinfected with influenza A:
a subset of these patients lack fever, a hallmark symptom traditionally relied upon for influenza diagnosis.® This atypical
presentation is particularly relevant in China, where COPD has a high prevalence,” and influenza-related AECOPD
(acute exacerbation of COPD) constitutes a major cause of hospitalization and mortality. Given the paucity of data on
afebrile influenza in Chinese COPD patients and its potential to delay diagnosis and treatment, investigating this
population fills a critical gap in both local and global literature.

Notably, the Expert Consensus on the Acute Exacerbation of Chronic Obstructive Pulmonary Disease in China'® stipulates
that empirical antiviral therapy targeting influenza viruses is not recommended for patients with acute exacerbation of COPD
(AECOPD). Antiviral intervention may be considered exclusively for high-risk AECOPD patients who present with classic
influenza symptoms (eg, fever, myalgia, malaise, and respiratory tract infection), have symptom duration of fewer than
48 hours, and are evaluated during a documented influenza outbreak. This clinical guideline is predicated on the presence of
typical influenza manifestations, yet it fails to account for the atypical, afebrile presentation of influenza coinfection in a subset
of COPD patients — a oversight that may contribute to delayed antiviral treatment initiation and suboptimal clinical outcomes.

This study aimed to investigate the factors associated with prolonged viral shedding among inpatients with influenza
A who were treated with oseltamivir and analyze fever patterns in the COPD group.

Materials and Methods

Study Design

This study included a total of 468 RT-PCR-confirmed influenza A cases collected between 2022 and 2025. All cases
were sourced from the three campuses of the First Affiliated Hospital of Chongqing Medical University, located in
Jiulongpo District (Yuanjiagang Campus), Yuzhong District (Jingwei Campus), and Yubei District (Jinshan Campus).
This medical institution is a 4616-bed primary and tertiary university-affiliated hospital in Chongqing, China. The study
was approved by the Institutional Research Ethics Committee of the First Affiliated Hospital of Chongqing Medical
University (No. 2025-283-01). This retrospective study employed anonymized medical records and data obtained from
routine clinical care. The Institutional Ethics Committee waived the requirement for written informed consent, citing the

retrospective design of the study. All procedures performed in this study were in compliance with the Declaration of
Helsinki.

Participants
Inclusion Criteria

Adults over 18 years of age who presented with severe respiratory symptoms requiring hospitalization and who tested
positive for influenza virus via a PCR assay initiated oseltamivir treatment.

Exclusion Criteria

1. Patients who passed away during hospitalization or whose duration of hospitalization was less than 6 days

2. Individuals receiving additional antiviral medications specific to influenza A (eg, zanamivir, peramivir, or
baloxavir marboxil) alongside oseltamivir during the inpatient period

3. Patients with incomplete virological monitoring due to failure to undergo protocol-specific influenza A nucleic
acid testing within 6 days following the initiation of antiviral treatment

4. Patients with coinfection with influenza A virus and other respiratory viruses (eg, influenza B virus, SARS-CoV-2,
respiratory syncytial virus, or other coronaviruses).

1. Patients with hematological diseases or those who have undergone recent chemotherapy that influence lymphocyte
counts.
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Study Definitions

We collected baseline data from patients upon admission, including ALC, respiratory symptoms, comorbidities, and the
initiation time of antiviral treatment. The initial PCR test is conducted based on clinical suspicion of Influenza A, either
upon admission or during the hospital stay. The World Health Organization (WHO) recommended a standard five-day
treatment course of oseltamivir for influenza; Therefore, we will perform a PCR retest on Day 6, which corresponds to
the day following the completion of a five-day course of oseltamivir treatment. Delayed antiviral therapy was considered
when the duration of illness onset exceeded 48 hours. We defined prolonged shedders as patients who still required
hospitalization and had a positive PCR assay on day 6 of treatment. Immunosuppression was defined as a condition in
which an individual had been treated with systemic glucocorticoids, cyclophosphamide, methotrexate, or other immu-
nosuppressive agents. The primary outcome was factors associated with prolonged influenza A virus shedding. We also
investigated fever status and its associated influencing factors in patients with chronic obstructive pulmonary disease
(COPD) following infection, with influenza A as the secondary outcome.

Sample Processing and Influenza A (HINI) Virus Detection

The PCR assay was performed on day 6. If a repeat PCR assay was negative or if the patient was discharged, no further
tests were performed. Triple swabs were drawn from the patients’ throat and both nostrils and put into sterile viral
transport media. The tube was immediately sent to the laboratory or refrigerated at 4°C until it was transported to the
laboratory. Influenza A (HIN1) virus was detected by real-time RT-PCR, following the WHO protocol, in a Stratagene
MX3000 thermocycler.

Statistical Analysis

Continuous variables are expressed as medians and interquartile ranges (M [Q1, Q3]) for nonnormally distributed data,
with group comparisons conducted via the Mann—Whitney U-test. Categorical variables are presented as frequencies (n)
and percentages (%) and were analyzed by Pearson’s chi-square test, continuity-corrected chi-square test, or Fisher’s
exact test as appropriate, whereas the Cochran—Armitage trend test was used for ordered categorical variables. Univariate
and multivariate logistic regression analyses were performed to identify influencing factors, with the results reported as
odds ratios (ORs) and 95% confidence intervals (95% ClIs), and model fit was assessed via the Hosmer—Lemeshow test.
The predictive value of the absolute lymphocyte count (ALC) for the rate of prolonged viral shedding in influenza
A patients was evaluated through receiver operating characteristic (ROC) curve analysis, and the area under the curve
(AUC) with 95% CI, optimal cutoff value (determined by the Youden index), sensitivity, specificity, and predictive
values were calculated. All tests were two-tailed, with p < 0.05 considered statistically significant, and Bonferroni
correction was applied for multiple comparisons when appropriate. Data quality was verified through normality
(Shapiro—Wilk test) and homogeneity of variance (Levene’s test) assessments prior to analysis. Statistical analyses
were performed via SPSS version 26.0.

Results
Patient Characteristics and Clinical Features in the Prolonged Shedder Group and
Nonprolonged Shedder Group

Between June 2022 and February 2025, we screened 468 patients diagnosed with influenza A. A total of 159 patients
were excluded. The reasons for exclusion were: 42 patients did not receive oseltamivir monotherapy per protocol (includ-
ing those who either did not receive oseltamivir at all or received oseltamivir in combination with other influenza
antiviral agents). Eighty-four patients failed to complete the nucleic acid test within the prescribed time. Thirty-three
patients were diagnosed with influenza A virus coinfection involving other respiratory viruses.

A total of 309 participants were enrolled in the study; the median age was 69 years, and 223 (72.2%) were males.
Among these, 171 (55%) were prolonged shedders, and the others were nonprolonged shedders (45%) (Table 1). Subjects
in the prolonged shedder group were compared with those in the non-prolonged shedder group (Table 1). Univariate
analysis revealed factors associated with age, ALC, delayed antiviral therapy, rates of cobacterial and co-fungal
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Table | Factors Associated with Prolonged Shedding of the Influenza A Virus in All Patients

Factor All Patients Non-Prolonged Prolonged Shedders p-value Unadjusted Adjusted

(n =309) Shedders (n = 138,45%) (n=171,55%) OR (95% CI) OR (95% CI)
Age, Median (IQR) 71.00(61.00-79.00) 69.00(58.00-76.50) 74.00(67.00-80.00) 0.002 1.028(1.011-1.044) 1.027(1.007-1.047)
Absolute lymphocyte count, Median (IQR) 0.80 (0.50-1.00) 0.90(0.80-1.20) 0.60(0.40-0.80) 0.000 0.155(0.081-0.298) 0.187(0.093-0.377)
Male sex 223 (72.2%) 89 (64.5%) 134 (78.4%) 0.007 1.994(1.205-3.301)
Smoking history 147 (47.6%) 55 (39.9%) 92 (53.8%) 0.015 1.757(1.116-2.768)
Fever (No) 127 (41.1%) 45 (32.6%) 82 (48.0%) 0.006 1.904(1.195-3.033)
COPD 0.000
Non-COPD 174 (56.3%) 97 (70.3%) 77 (45.0%) Ref
COPD without ICS 75 (24.3%) 24 (17.4%) 51 (29.8%) 2.677(1.195-3.033)
COPD with ICS 60 (19.4%) 17 (12.3%) 43 (25.1%) 3.186(1.687-6.020)
Cardiovascular disease 148 (47.9%) 54 (39.1%) 94 (55.0%) 0.006 1.899(1.687-6.020)
Neurologic disorder 31 (10.0%) 7 (5.1%) 24 (14.0%) 3.055(1.275-7.324) 5.141(1.640-16.115)
Diabetes 51 (16.5%) 15 (10.9%) 36 (21.1%) 0.017 2.187(1.142-4.189)
Viral pneumonia 27 (8.7%) 10 (7.2%) 17 (9.9%) 0.404
Mechanical ventilation 103 (33.3%) 30 (21.7%) 73 (42.7%) 0.000 2.682(1.142-4.189)
Immunosuppression 189 (61.2%) 70 (50.7%) 119 (69.6%) 0.001 2.223(1.394-3.544) 1.875(1.047-3.360)
Delayed antiviral therapy 219 (70.9%) 71 (51.4%) 148 (86.5%) 0.000 6.072(3.497-10.543) | 7.932(4.123-15.260)
Bacterial co-infection 164 (53.1%) 57 (41.3%) 107 (62.6%) 0.000 2.376(1.501-3.760)
Fungal co-infection 81 (26.2%) 21 (15.2%) 60 (35.1%) 0.000 3.012(1.719-5.276) 2.425(1.252-4.697)

Notes: COPD=ICS: Patients with chronic obstructive pulmonary disease (COPD) who either use or do not use inhaled corticosteroids (ICS). Immunesuppression: the use
of systemic glucocorticoids, cyclophosphamide, methotrexate, and other immunosuppressive agents. Only statistically significant variables from univariate analysis (p < 0.1)
were included in the multivariate model. Blank cells indicate exclusion.

Abbreviations: ICS, Inhaled Corticosteroids; Cl, confidence interval; IQR, Interquartile Range; Ref, reference.

infections, mechanical ventilation, sex, smoking history, fever symptoms, chronic comorbidities (COPD, cardiovascular
disease, neurologic disorder, diabetes), and immunosuppression. After adjusting for potential confounders, prolonged
viral shedding was significantly associated with several risk factors. Positive associations (OR > 1) were observed for
older age (OR 1.027, 95% CI 1.007-1.047; p = 0.007), the presence of neurological disorders (OR 5.141, 95% CI
1.640-16.115; p = 0.005), immunosuppression (OR 1.875, 95% CI 1.047-3.360; p = 0.035), delayed initiation of
antiviral therapy (OR 7.932, 95% CI 4.123-15.260; p < 0.001), and co-fungal infection (OR 2.425, 95% CI
1.252-4.697; p = 0.009). In contrast, a higher ALC demonstrated a strong negative association (OR 0.187, 95% CI
0.093-0.377; p < 0.001), suggesting its protective effect against prolonged viral shedding.

Fever Status and Its Associated Influencing Factors in Patients with COPD Following

Infection with Influenza A

In the COPD group (n = 135), 63.7% of patients (n = 86) remained afebrile, whereas in the non-COPD group (n = 174),
only 23.6% of patients (n = 41) presented no fever (OR = 0.12 95% CI [0.06-0.23], p < 0.001). Consistent trends were
observed in both the subgroup analysis excluding ICS users (OR = 0.18, 95% CI [0.09-0.36], p < 0.001) and in the
propensity score-matched (PSM) cohort (OR = 0.20, 95% CI [0.08—0.53], p = 0.001). These findings demonstrate that the
proportion of afebrile patients in the COPD group was significantly greater than that in the non-COPD group (Table S1).

We further investigated the potential factors associated with the absence of fever in patients with COPD who were
infected with influenza A (Table 2). Compared with the fever group, the nonfever group was significantly younger (73.5
vs 78.0 years, p = 0.001) and had a higher ALC (0.75 vs 0.60, p = 0.019) and proportion of inhaled corticosteroid (ICS)
use (51.2% vs 32.7%, p = 0.037).

With fever as the dependent variable, factors that exhibited significant differences in the univariate analysis, namely,
age, ALC, and the use of ICS, were included in the multivariate logistic regression analysis. The results indicated that age
(OR 1.072; 95% CI 1.025-1.122; p = 0.002) and ALC (OR 0.314; 95% CI 0.107-0.928; p = 0.036) were significant
influencing factors for fever (Table 2). The above results suggested that in the COPD population, older age and lower

lymphocyte counts were associated with an increased rate of fever.
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Table 2 Factors Contributing to

Fever in Patients with COPD

Factor COPD Patients No Fever Fever (n = 49) p-value Unadjusted Adjusted
(n=135) (n=86) OR (95% CI) OR (95% CI)

Age, Median (IQR) 74.00 (69.00-80.00) 73.50 (68.00-78.00) 78.00 (72.00-84.00) 0.001 1.073(1.027-1.121) 1.072(1.025-1.122)

Absolute lymphocyte count, Median (IQR) 0.70 (0.40-1.00) 0.75 (0.50-1.00) 0.60 (0.40-0.85) 0.019 0.317(0.115-0.869) 0.314(0.107-0.928)

ICS 60 (44.4%) 44 (51.2%) 16 (32.7%) 0.037 0.463(0.223-0.962)

Diabetes 26 (19.3%) 18 (20.9%) 8 (16.3%) 0.514

Immunosuppression 113 (83.7%) 71 (82.6%) 42 (85.7%) 0.633

Bacterial co-infection 90 (66.7%) 55 (64.0%) 35 (71.4%) 0.376

Fungal co-infection 39 (28.9%) 29 (33.7%) 10 (20.4%) 0.101

Notes: Immunesuppression: the use of systemic glucocorticoids, cyclophosphamide, methotrexate, and other immunosuppressive agents. Only statistically significant
variables from univariate analysis (p < 0.1) were included in the multivariate model. Blank cells indicate exclusion.
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; ICS, Inhaled Corticosteroids; Cl, confidence interval; IQR, Interquartile Range.

Analysis of Factors Affecting the Duration of Viral Shedding in COPD Patients

A greater proportion of patients in the nonfever group than in the fever group exhibited prolonged viral shedding (63.7%
vs 36.3%, p = 0.000). Consequently, the COPD cohort was further stratified into nonprolonged shedder and prolonged
shedder subgroups.

Chi-square tests and Fisher’s exact probability tests revealed significant differences between the prolonged shedder
subgroup and the nonprolonged shedder subgroup in terms of fever (p = 0.006), ALC (p = 0.000) and delayed antiviral
therapy (p = 0.000). In contrast, no significant differences were noted in the use of ICSs or immunosuppressants (p > 0.05)
(Table 3).

Logistic regression analysis corroborated the aforementioned findings. In the COPD group, prolonged shedders
presented significantly greater odds of afebrile status (OR 4.183; 95% CI 1.390-12.590; p = 0.011), lower ALC (OR
0.040; 95% CI 0.009—-0.169; p = 0.000), and delayed initiation of oseltamivir therapy (OR 4.675; 95% CI 1.646-13.277;
p = 0.004) than nonprolonged shedders did (Table 3).

Optimal Cutoff Values for the ALC and ROC Curve Analysis

ROC curve analyses were performed to assess the predictive performance of ALC for prolonged viral shedding in
influenza A patients, with the corresponding results summarized in Figure 1 and Table S2. Among all participants
included in the study, the AUC for ALC was 0.751 (95% CI: 0.697-0.805), with an optimal cutoff value of 0.725 x 10°/
L, achieving a sensitivity of 69.0% and a specificity of 76.8%. Subgroup analysis for COPD patients revealed that the
AUC for ALC was 0.771 (95% CI: 0.688-0.854), with an optimal cutoff value of 0.750 x 10°/L, achieving a sensitivity

Table 3 Factors Associated with Prolonged Shedding of the Influenza A Virus in COPD Group

Factor COPD Non-Prolonged Prolonged p-value Unadjusted Adjusted
Patients (n = 135) | Shedders (n = 41) | Shedders (n = 94) OR (95% CI) OR (95% CI)

Age, Median (IQR) 74.00 (69.00-80.00) 73.00 (68.00-78.50) 76.00 (70.00-81.00) 0.176

Absolute lymphocyte count, Median (IQR) 0.70 (0.40-1.00) 0.90 (0.80-1.20) 0.60 (0.40-0.80) 0.000 0.083(0.026-0.264) 0.04(0.009-0.169)

Male sex 116 (85.9%) 35 (85.4%) 81 (86.2%) 0.902

Smoking history 96 (71.1%) 31 (75.6%) 65 (69.1%) 0.446

Fever (No) 86 (63.7%) 19 (46.3%) 67 (71.3%) 0.006 2.873(1.345-6.139) 4.183(1.390-12.590)

ICS 60 (44.4%) 17 (41.5%) 43 (45.7%) 0.645

Neurologic disorder 15 (11.1%) 3 (7.3%) 12 (12.8%) 0.530

Oxygenation Index (Ol) < 300 73 (54.1%) 21 (51.2%) 52 (55.3%) 0.660

Mechanicalventilation 65 (48.1%) 17 (41.5%) 48 (51.1%) 0.305

Immunosuppression 113 (83.7%) 35 (85.4%) 78 (83.0%) 0.730

Delayed antiviral therapy 104 (77.0%) 21 (51.2%) 83 (88.3%) 0.000 7.186(2.987-17.287) | 4.675(1.646-13.277)

Fungal co-infection 39 (28.9%) 8 (19.5%) 31 (33.0%) 0.112

Notes: Immunesuppression: the use of systemic glucocorticoids, cyclophosphamide, methotrexate, and other immunosuppressive agents. Only statistically significant

variables from univariate analysis (p < 0.1) were included in the multivariate model. Blank cells indicate exclusion.

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; ICS, Inhaled Corticosteroids; Cl, confidence interval; IQR, Interquartile Range.
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Figure | Receiver operating characteristic (ROC) analysis of ALC in predicting the prolonged viral A shedding. (a) For the overall participants. Area under ROC curve = 0.751.
(b) For the COPD group. Area under ROC curve = 0.771.

of 71.3% and a specificity of 78.0%. In both the overall sample and the COPD subgroup, the ALC demonstrated
predictive value for prolonged viral shedding.

Discussion

In this retrospective cohort study, we performed serial PCR assays of respiratory samples obtained from inpatients with
influenza A who were treated with oseltamivir at 5-day intervals. Old age, low ALC, cerebrovascular disorders, the use of
immunosuppressants, delayed initiation of antiviral treatment, and co-fungal infections are independently associated with
prolonged duration of viral shedding (>5 days).

Advanced age was identified as an independent risk factor for prolonged viral shedding in our cohort. This
observation was consistent with the broader concept of immunosenescence, which in the literature is characterized by
a progressive decline in immune function, including diminished T cell-mediated responses.''"'* While our study did not
directly assess immune cell function, the association we report aligns with established models of age-related immune
dysregulation. These models proposed that such dysregulation may contribute to impaired viral clearance in older
adults. '

Immunosuppressants, primarily systemic corticosteroids, were associated with prolonged viral shedding in our cohort.
Mechanistically, it has been proposed that such agents may delay viral clearance by suppressing inflammatory responses
and T-cell function.'>'® However, it remained challenging to distinguish whether the observed delay is directly
attributable to the pharmacological effects of the drugs or is instead driven by the severity of the underlying diseases
that necessitate such treatment. Therefore, our finding should be interpreted as identifying a high-risk patient phenotype-
those requiring systemic immunosuppression-rather than establishing a direct causal role of these agents. This ambiguity
mirrored the ongoing debate regarding corticosteroid use in influenza treatment.'” ' While some evidence suggested that
low-to-moderate doses may reduce mortality in severe influenza pneumonia, no benefit has been shown in mild cases,
and their role remains controversial.> Notably, inhaled corticosteroids (ICS) were not independently associated with
delayed viral clearance in our analysis. Interestingly, prior studies such as that by Luque-Paz et al have reported that ICS
use may be linked to higher detection rates of non-influenza respiratory viruses, suggesting a distinct profile of
respiratory infection risk.”!
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Lymphopenia (low ALC) signified more than just low cell counts, it reflected a pervasive immune dysregulation.
Central to this was impaired CD4+ T cell function, which undermined the essential help for B cell antibody production,
thereby bridging cellular and humoral immune defects.”*** This nexus helped explain the vulnerability to conditions like
hypogammaglobulinemia, which weakened antibody-mediated viral clearance and may foster a vicious cycle of persis-
tent infection and immune exhaustion.”***> Consequently, the synergy between compromised cellular and humoral
immunity appeared fundamental in driving prolonged viral shedding in immunocompromised hosts. This study further
demonstrated that the ALC served not only as an independent risk factor but also as a fair predictor of the risk of
prolonged viral shedding. When the ALC was markedly reduced (COPD group: <0.75x10%/L; overall subjects:
<0.725%x10°/L), such patients should strictly follow the specified nucleic acid retesting schedule. This quantitative
threshold for ALC provided a actionable reference for clinical management, enabling targeted monitoring of high-risk
patients.

Multivariate regression analysis revealed that, among hospitalized influenza patients overall, fungal co-infection was
an independent risk factor associated with prolonged viral shedding. However, this association did not achieve statistical
significance in the subgroup of patients with chronic obstructive pulmonary disease (COPD). In the general patient
population, the independent association between fungal infection and extended viral shedding suggested potential
underlying pathophysiological interactions. A biologically plausible hypothesis was that pulmonary fungal infections-
such as invasive pulmonary aspergillosis-may delay viral clearance through active modulation of the host immune
response, either directly or indirectly. Specifically, pathogenic fungi such as Aspergillus fumigatus may induce immu-
nosuppression via two key mechanisms. First, direct toxin-mediated suppression: fungal metabolites, including gliotoxin,
can impair the function and viability of phagocytic cells (eg, neutrophils and macrophages) and suppress lymphocyte
activity, thereby compromising critical effector mechanisms required for viral clearance.’® Second, systemic immune
reprogramming: fungal infection can stimulate the bone marrow to generate myeloid-derived suppressor cells (MDSCs),
which secrete inhibitory cytokines that suppress T-cell and natural killer (NK) cell proliferation and function, ultimately
attenuating adaptive antiviral immunity.”” These mechanisms suggested that fungal infection was not merely
a consequence of immune compromise but may also act as an active driver influencing disease progression and viral
kinetics through immune modulation. In COPD patients, however, the relationship between fungal infection and
prolonged viral shedding may be obscured by pre-existing conditions, including chronic immune-inflammatory dysre-
gulation, structural lung abnormalities, and a higher baseline prevalence of fungal colonization.?®*’

Up to 28% of patients with COPD may experience exacerbations attributable to influenza virus infection, and COPD
patients are prone to progressing to severe clinical outcomes upon influenza infection.®® Fever is one of the most
common and characteristic clinical manifestations of influenza A.* However, we have observed that some patients with
acute exacerbation of chronic obstructive pulmonary disease (AECOPD) who presented with aggravated cough and
dyspnea but lack fever symptoms may have underlying influenza infections that were easily overlooked by clinicians.
The data revealed that the proportion of afebrile patients in the COPD group was 63.7%, which was significantly greater
than that in the non-COPD group (23.6%). Ann et al demonstrated that elderly patients may exhibit a diminished
thermoregulatory capacity, and a lower proportion of older patients reported fever symptoms. Nevertheless, no significant
difference was observed in the mean peak temperature recorded between the older and younger groups.®! It is noteworthy
that this study has identified two apparently contradictory associations: in patients with COPD, advanced age and low
ALC were associated with an increased likelihood of fever (Table 2), whereas afebrile presentation was independently
linked to prolonged viral shedding (Table 3). This “fever paradox” suggested a complex and potentially distinct
relationship between fever, immune response, and viral clearance in the context of COPD. We proposed that these
associations did not represent opposing ends of a single linear pathway but instead reflected two distinct yet interrelated
immunopathological states. In individuals with advanced age and lymphopenia-features commonly associated with
immunosenescence-fever may not signify effective antiviral immunity but rather indicated dysregulated immune
responses and excessive inflammation, such as that seen in cytokine storm-like phenomena.>***> Conversely, the absence
of fever may reflect impaired or blunted immune activation, resulting in inadequate early viral control and delayed
clearance.*'** Therefore, both presentations-afebrile infection and febrile infection accompanied by severe lymphopenia
should be recognized as high-risk clinical phenotypes indicative of compromised viral clearance capacity in COPD
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patients. This study indicated that the absence of fever, a low absolute lymphocyte count, and delayed antiviral treatment
may all be important factors contributing to an increased risk of prolonged duration of viral shedding in patients with
COPD. Several studies showed that prolonged viral shedding was associated with longer hospital stay and poorer
outcome.”**> Although To KKW et al noted that prolonged viral shedding during the influenza season was not
significantly associated with an extended duration of respiratory symptoms, influenza viruses can be frequently detected
in hospitalized patients who do not exhibit typical signs of respiratory tract infections. These patients may serve as
a significant source of nosocomial viral transmission.*®

The clinical characteristics observed in the patients of this study — including advanced age, multiple comorbidities,
and immune dysregulation-reflect a broader population of high-risk individuals in hospital settings. Therefore, during
influenza season, for hospitalized patients with similar risk profiles, particularly those with chronic obstructive pulmon-
ary disease (COPD), our study findings supported several key management strategies: (1) influenza testing should be
routinely performed even in the absence of typical febrile manifestations; (2) early initiation of empirical antiviral
therapy was essential to reduce prolonged viral shedding; and (3) strict infection control measures, including timely
isolation, must be implemented to prevent nosocomial transmission.

Beyond antiviral therapy, adjunctive treatments such as intravenous immunoglobulin have been explored in severe or
immunocompromised influenza cases, particularly when immune impairment is suspected.’’* However, their role
remained supplementary and was not yet established for routine clinical practice. The current study underscored that
prompt recognition, timely antiviral treatment, and effective source control remain paramount for this vulnerable
inpatient population.

To the best of our knowledge, this was the first study to investigate the factors influencing fever patterns and the
prolonged duration of viral shedding in individuals with COPD caused by influenza A. Additionally, few studies have
explored viral shedding duration among hospitalized adult patients with influenza A in China. Nevertheless, several
limitations should be mentioned. First, owing to the retrospective design of this study, we were unable to fully exclude
potential biases. Some data (eg, vaccination records) were incomplete. Second, during the data collection, the specific
subtypes of the influenza A virus were not differentiated, and potential confounding factors such as viral mutations were
not accounted for.

Conclusion

This study suggested that early antiviral intervention and personalized management strategies for high-risk populations,
particularly patients with COPD, are valuable. During the flu season, for patients with COPD who have a normal body
temperature but aggravated respiratory symptoms, routine nasopharyngeal swab screening for influenza virus is recom-
mended to prevent missed diagnoses and treatment delays. Empirical antiviral therapy may be initiated prior to the
availability of test results.
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The authors report no conflicts of interest in this work.
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