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Abstract

Background: Dysregulated cytokine responses play a critical role in the pathogenesis of COVID-19; however, the age-specific

dynamics of Th1/Th2/Th17 responses and their interactions with bacterial co-infections in older adults with COVID-19 pneumonia

remain poorly understood.

Objectives: This study examined Th1/Th2/Th17 cytokine profiles (IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ, IL-17A) in hospitalized older

adults with COVID-19 pneumonia, assessed their association with mortality, and further evaluated their independent prognostic

value.

Methods: A total of 231 hospitalized patients aged 60 years and older were enrolled in this retrospective study. Retrospective

data were collected to assess age-related differences, disease progression, the impact of bacterial co-infections, and mortality

rates. Stepwise logistic regression was used to identify key confounding factors, and multivariable models were used to evaluate

independent prognostic indicators.

Results: IL-6 levels were significantly higher in the 80 - 89 age group than in the 60 - 69 and 70 - 79 age groups (P = 0.002 and P

= 0.009). IL-6 peaked within the first three days after symptom onset and remained elevated throughout the course of the

illness. IL-10 levels were higher during days 1 - 9 than during days 10 - 18 (P = 0.006). SARS-CoV-2 RNA-positive (S-RNA+) patients

had higher IL-6 and IL-10 levels than RNA-negative (S-RNA-) cases (P = 0.007, P = 0.03). Among S-RNA⁺ patients, those with

bacterial co-infection (S-RNA+BI) showed further elevations in IL-6 (P = 0.03). The three groups showed significant differences in

mortality (P < 0.001), with the highest rate in the S-RNA+BI group. In non-survivors, elevated IL-4, IL-6, and IL-10 were observed in

the S-RNA+BI subgroup, whereas only IL-6 and IL-10 were elevated in the S-RNA+ subgroup. ROC analysis identified the optimal

cut-off values of these cytokines for predicting mortality. After adjustment for CURB-65 in logistic regression, only IL-6

independently predicted mortality, whereas IL-4 and IL-10 were only associated with disease severity.

Conclusions: Univariate analysis indicated that IL-4, IL-6, and IL-10 were correlated with mortality in older adult patients with

COVID-19 pneumonia, particularly those with bacterial co-infections. After adjustment for disease severity, only IL-6 retained

independent prognostic value for mortality.
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1. Background

The COVID-19 pandemic, caused by the novel

coronavirus SARS-CoV-2, remains a major public health
challenge worldwide (1). Its impact has been particularly

severe in vulnerable populations, especially individuals
aged 60 years and older (2). In older adults, SARS-CoV-2

infection often results in more severe complications (3).
Mortality rates among older adults with COVID-19

pneumonia are also markedly higher (4). This increased

risk is likely attributable, at least in part, to age-related
physiological changes that weaken immune function

and exacerbate infection-induced inflammation (5).
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Cytokines, proteins or peptides integral to the

immune response, have been implicated in the severity

of COVID-19 (6). Pro-inflammatory cytokines, such as
interleukin (IL)-2, IL-6, tumor necrosis factor-alpha (TNF-

α), and interferon-gamma (IFN-γ), are essential for
initiating immune responses to infection (7). In

contrast, anti-inflammatory cytokines, such as IL-10,

regulate inflammation and maintain immune
homeostasis during prolonged infections (8). Previous

studies have highlighted the involvement of multiple
cytokines, including IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ,

and IL-17A, in the pathological process of COVID-19 (6, 9-

11). Notably, serum IL-6 levels have been reported to be

significantly higher in severe than in non-severe COVID-

19 cases (6, 12). However, levels of other cytokines, such
as IL-10, TNF-α, and IFN-γ, vary between severe and non-

severe cases, with some studies reporting elevations and
others reporting no such increases (12, 13). This

variability may reflect differences in the age distribution

of the patient populations studied.

Mean IL-2, IL-6, IL-10, and TNF-α levels in patients with

COVID-19 have been shown to correlate positively with

advancing age (6). The review by Witkowski underscores

that immunosenescence and inflammaging contribute

to heterogeneous immune responses in older adults (5).

Despite the central role of cytokine networks in

inflammaging, their age-stratified dynamics in COVID-19

remain insufficiently characterized. A clearer

understanding of cytokine-mediated immune

dysregulation in older adults with COVID-19 pneumonia

is essential for improving clinical management and

patient outcomes.

2. Objectives

Given this context, the present study aimed to

investigate cytokine profiles in older adults with COVID-

19 pneumonia, with a focus on their associations with

age, disease progression, comorbid bacterial infections,

and mortality outcomes. Our data suggest that IL-4, IL-6,

and IL-10 may help identify high-risk cases, particularly

when their levels exceed specific thresholds. These

biomarkers may assist clinicians in identifying patients

who require aggressive intervention before clinical

deterioration.

3. Methods

3.1. Study Population

This retrospective study was conducted at the

Affiliated Wuxi People’s Hospital of Nanjing Medical
University. The source population comprised all

consecutive inpatients aged 60 years or older who were

admitted to the Department of Respiratory and Critical

Care Medicine between December 2022 and August
2023. The inclusion criteria were as follows: 1) age of 60

years or older; 2) diagnosis of COVID-19 pneumonia
according to the Clinical Protocol for the Treatment of

Novel Coronavirus Infection (Trial Version 10); and 3)

availability of complete demographic, clinical,
laboratory, and outcome data. The exclusion criteria

were as follows: 1) missing Th1/Th2/Th17 cytokine
measurements; 2) incomplete medical records; and 3)

transfer to another hospital against medical advice. A

total of 231 older adults with COVID-19 pneumonia were

ultimately enrolled. All enrolled patients met the

inclusion criteria, and no individuals were excluded
based on the exclusion criteria during enrollment.

All patients had completed primary vaccination

under the national vaccination campaign. Medical

records were retrospectively reviewed to collect

demographic and clinical information, including sex,

age, clinical diagnosis, disease progression, CURB-65

score, and outcomes. The time points of symptom onset,

hospital admission, SARS-CoV-2 nucleic acid testing, and

discharge outcomes were systematically documented

for all participants. Th1/Th2/Th17 cytokine levels were

measured in peripheral blood samples collected at

admission, and only one measurement per patient was

included in the analysis. Of the 231 patients, 168 (72.73%)

were sampled within 24 hours of admission, 22 (9.52%)

within 24 - 48 hours, and the remaining 41 (17.75%)

beyond 48 hours. Other laboratory data included SARS-

CoV-2 RNA results, complete blood count (CBC), C-

reactive protein (CRP), procalcitonin (PCT), and sputum

culture results. Antiviral treatment with Paxlovid and

antibacterial therapy were administered according to

clinical conditions and microbiological results. The

demographic and clinical data of older adults with

COVID-19 pneumonia are presented in Table 1.

This study was approved by the Ethics Committee of

the Affiliated Wuxi People’s Hospital of Nanjing Medical

University (permit number: KY25029), and all

procedures adhered to the ethical standards of the 1975

Declaration of Helsinki.

3.2. Grouping

Patients were stratified into three groups according
to SARS-CoV-2 RNA status at admission and bacterial co-

infection: 1) SARS-CoV-2 RNA-positive without bacterial
co-infection (S-RNA+); 2) SARS-CoV-2 RNA-positive with

bacterial co-infection (S-RNA+BI); and 3) SARS-CoV-2 RNA-

negative (S-RNA−). All S-RNA− patients had negative

SARS-CoV-2 polymerase chain reaction (PCR) tests (2019-
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Table 1. Demographic and Clinical Data of Older Adults with COVID-19 Pneumonia a

Groups
Positive Negative Coinfection

Improved Death Improved Death Improved Death

Age (y) 77.44 ± 8.94 85.20 ± 7.46 75.67 ± 7.45 68 79.95 ± 8.59 82.13 ± 7.11

Male 76 3 15 - 40 14

Female 36 2 21 1 22 1

Time to admission (d) 9.60 ± 5.89 9.20 ± 6.22 10.00 ± 6.94 10 10.37 ± 5.54 11.67 ± 8.47

Hospital days 10.24 ± 7.14 12.60 ± 6.27 6.97 ± 2.81 21 11.61 ± 7.40 14.80 ± 10.63

Chronic underlying disease

Hypertension 62 (55.36) 1 (20.00) 27 (75.00) 1 (100) 30 (48.39) 5 (33.33)

Diabetes 31 (27.68) 2 (40.00) 13 (36.11) 0 (0) 14 (22.58) 1 (6.67)

Heart disease 25 (22.32) 1 (20.00) 4 (11.11) 0 (0) 18 (29.03) 3 (20.00)

Malignant tumor 12 (10.71) 1 (20.00) 1 (2.78) 0 (0) 11 (17.74) 2 (13.33)

Chronic lung disease 8 (7.14) 0 (0) 1 (2.78) 0 (0) 4 (6.45) 0 (0)

Cerebrovascular disease 4 (3.57) 0 (0) 2 (5.56) 0 (0) 8 (12.90) 0 (0)

Admission CURB-65 score 1.79 ± 0.70 2.40 ± 0.55 1.69 ± 0.67 2.0 2.10 ± 0.69 2.33 ± 0.62

a Values are expressed as number, No. (%) or mean ± SD. Abbreviations: > COVID-19, coronavirus disease 2019; CURB-65, confusion, urea, respiratory rate, blood pressure, age ≥ 65
years.

nCoV Nucleic Acid Detection Kit, Sansure Biotech) at

admission and a confirmed SARS-CoV-2 infection within

the preceding 4 weeks; those with earlier infection were
not included. Bacterial co-infection was defined by at

least one of the following: positive sputum culture,

white blood cell count (WBC) > 10 × 109/L, CRP > 100

mg/L, or PCT > 0.5 ng/mL. Most patients received

empirical or prophylactic antibiotics before or shortly

after admission, reducing the sputum culture positivity

rate. Given this limitation, we used a panel of laboratory

indicators to screen for potential bacterial co-infection

in this retrospective cohort. Based on established

clinical guidelines, abnormal WBC, CRP, and PCT values

were combined to identify secondary bacterial

infection. However, these inflammatory markers lack

bacterial specificity. Severe COVID-19 itself can trigger

robust systemic inflammation and increase these

indicators, potentially resulting in false-positive

classification of bacterial co-infection. In the S-RNA+BI

group, 51 patients were identified solely by

inflammatory biomarkers, and 26 cases were confirmed

by positive sputum culture.

To explore age-related differences in cytokine levels,

the S-RNA+ group was further categorized into four age

subgroups: 60 - 69, 70 - 79, 80 - 89, and 90 - 100 years. To

assess changes in cytokine levels during disease
progression, this group was also subdivided by the

interval from disease onset to cytokine measurement (1 -

3, 4 - 6, 7 - 9, 10 - 12, 13 - 15, and 16 - 18 days), with subgroups

containing fewer than 5 cases excluded.

3.3. Th1/Th2/Th17 Cytokines in Blood Samples

Blood levels of Th1/Th2/Th17 cytokines, including IL-4,
IL-6, IL-10, TNF-α, IFN-γ, and IL-17A, were obtained from

the Laboratory Information System (LIS). All cytokines
were measured using the BD Cytometric Bead Array

Human Th1/Th2/Th17 Cytokine Kit.

3.4. Statistical Analysis

GraphPad Prism 9.5.1 and SPSS 22.0 were used for

statistical analyses. The normality of all continuous data

was assessed. Across multiple groups, non-normally

distributed continuous variables were compared using

the Kruskal-Wallis test; pairwise post hoc comparisons

were performed using Dunn’s test when significance (P

< 0.05) was observed. Receiver operating characteristic

(ROC) curve analysis with the Youden index was used to

calculate optimal cutoff values for IL-4, IL-6, and IL-10.

Continuous variables were presented as mean ±

standard deviation (SD). For between-group

comparisons, non-normally distributed continuous

variables were analyzed using the Mann-Whitney U test,

whereas categorical variables were analyzed using the

χ2 test. Missing data were handled using complete-case

analysis.

To identify independent predictors of in-hospital

mortality, we performed stepwise logistic regression to

screen confounders (entry: P < 0.10; removal: P > 0.11).

Candidate covariates were selected based on clinical

relevance and previous literature, including age, sex,
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Table 2. Age-Specific Variations in Cytokine Profiles Among S-RNA+ Group Patients a

Ages IL-2 b IL-4 b IL-6 b IL-10 b TNF-α b IFN-γ b IL-17A b

60 - 69 (n = 24) 1.96 ± 1.66 1.60 ± 1.26 6.08 ± 5.16 c 12.63 ± 33.54 1.88 ± 1.09 2.35 ± 1.70 4.00 ± 2.76

70 - 79 (n = 43) 2.05 ± 1.97 1.88 ± 1.38 12.50 ± 18.69 d 5.55 ± 4.45 1.98 ± 0.81 2.46 ± 1.66 5.02 ± 5.50

80 - 89 (n = 39) 1.80 ± 1.36 1.84 ± 1.09 35.86 ± 42.12 5.55 ± 7.39 1.80 ± 0.75 2.10 ± 1.12 4.96 ± 4.93

90 - 100 (n = 11) 0.89 ± 0.74 1.35 ± 1.01 17.86 ± 16.75 3.35 ± 1.78 1.76 ± 0.74 1.62 ± 0.72 5.97 ± 6.39

a Values are expressed as mean ± SD. Abbreviations: S-RNA+, patients positive for SARS-CoV-2 RNA without bacterial co-infection.

b The serum concentration unit is pg/mL.

c P = 0.002, 60 - 69 versus 80 - 89 age group.

d P = 0.009, 70 - 79 versus 80 - 89 age group.

hypertension, diabetes, heart disease, malignancy,

chronic respiratory disease, cerebrovascular disease,

and baseline CURB-65 score. After screening,

multivariable logistic regression was used to assess the

independent association between cytokines and

mortality after adjustment for major confounders. All

tests were two-sided, and P < 0.05 indicated statistical

significance.

4. Results

4.1. Cytokine Levels in Older Adults With COVID-19
Pneumonia Across Age Groups

This study included 231 older adults with COVID-19

pneumonia, stratified into four age groups: 60 - 69, 70 -

79, 80 - 89, and 90 - 100 years. IL-6 levels gradually

increased with age in the 60 - 69, 70 - 79, and 80 - 89

groups. The 80 - 89-year group had significantly higher

IL-6 levels (35.86 ± 42.12 pg/mL) than the 60 - 69-year

group (6.08 ± 5.16 pg/mL; P = 0.002) and the 70 - 79-year

group (12.50 ± 18.69 pg/mL; P = 0.009). By contrast, IL-6

levels did not increase further in the 90 - 100-year group.

No significant intergroup differences were observed for

IL-2, IL-4, IL-10, TNF-α, IFN-γ, or IL-17A across age

subgroups (Table 2).

4.2. Cytokine Levels in Older Adults With COVID-19
Pneumonia Across Different Disease Courses

This study analyzed cytokine levels in S-RNA+

patients with COVID-19 pneumonia and their

association with disease progression. Serum IL-6 peaked

within the first 3 days of illness and then decreased

significantly (Table 1 in Supplementary File), although it

remained elevated above the normal reference range (>

5.30 pg/mL). No statistically significant differences in IL-

6 levels were detected across time points during the

disease course.

Serum IL-10 levels varied. They exceeded the reference

value (4.91 pg/mL) at 1 - 3, 4 - 6, and 7 - 9 days but fell

below it at 10 - 12, 13 - 15, and 16 - 18 days, with no

significant differences across these time points. When

grouped into 1 - 9 days and 10 - 18 days, IL-10 levels were

significantly higher in the early period (6.70 ± 6.35 vs

3.54 ± 1.81; U = 852.5; P = 0.006). In contrast, serum

concentrations of IL-2, IL-4, TNF-α, IFN-γ, and IL-17A

remained below the reference value at all time points,
with no significant between-group differences.

4.3. Cytokine Levels in Older Adults With COVID-19
Pneumonia in the S-RNA+, S-RNA−, and S-RNA+BI Groups

We also compared serum cytokine levels among

older adults with COVID-19 pneumonia in the S-RNA+, S-

RNA−, and S-RNA+BI groups (Table 3). Serum IL-6 levels

were significantly higher in the S-RNA+ group than in

the S-RNA− group (Z = 2.94; P = 0.007) and were further

elevated in the S-RNA+BI group (Z = 2.40; P = 0.03).

Moreover, serum IL-10 levels were higher in the S-RNA+

group than in the S-RNA− group (Z = 2.44; P = 0.03).

4.4. Analysis of Cytokine Markers for Predicting Mortality
Events

We investigated the association between mortality

and cytokine levels across groups. Mortality differed

significantly among the three groups (χ2 = 18.82; P <

0.001), with the S-RNA+BI group showing a markedly

higher mortality rate (19.48%) than the S-RNA+ group

(4.27%) and the S-RNA− group (2.70%). As presented in

Table 4, non-survivors in the S-RNA+BI group had

significantly higher serum IL-4, IL-6, and IL-10 levels than

survivors (P = 0.04, P < 0.001, and P = 0.001,

respectively). Likewise, non-survivors in the S-RNA+

group had significantly higher IL-6 and IL-10 levels than

survivors (P = 0.002 and P = 0.02, respectively).
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Table 3. Cytokine Levels in S-RNA+, S-RNA−, and S-RNA+BI COVID-19 Pneumonia Cohorts

Groups IL-2 a IL-4 a IL-6 a IL-10 a TNF-α a IFN-γ a IL-17A a

S-RNA+ (n = 117) 1.84 ± 1.64 1.76 ± 1.23 19.20 ± 29.71 6.79 ± 16.05 1.88 ± 0.85 2.24 ± 1.45 4.88 ± 4.92

S-RNA− (n = 37) 1.38 ± 1.25 2.05 ± 1.72 8.11 ± 14.86 b 4.29 ± 6.73 d 1.93 ± 0.98 2.00 ± 1.14 5.93 ± 4.33

S-RNA+BI (n = 77) 1.90 ± 2.03 2.04 ± 1.73 70.75 ± 202.20 c 7.78 ± 15.02 2.09 ± 1.13 4.72 ± 14.64 6.97 ± 6.72

aValues are expressed as mean ± SD. The serum concentration unit is pg/mL.

b P = 0.007, SARS-CoV-2 RNA-positive (S-RNA+) versus SARS-CoV-2 RNA-negative (S-RNA−) group.

c P = 0.03, S-RNA+ versus SARS-CoV-2 RNA-positive with bacterial infection (S-RNA+BI) group.

d P = 0.03, S-RNA+ versus S-RNA− group.

To identify potential cytokine markers for mortality

prediction, ROC analysis was performed in the S-RNA+
and S-RNA+BI groups to determine optimal cutoff values

using the Youden index. In the S-RNA+ group (Figure 1A),

IL-6 showed the highest area under the curve (AUC)
(0.88; 95% CI, 0.76 - 1.00; P = 0.004; sensitivity, 100%;

specificity, 69.64%), followed by IL-10 (0.80; 95% CI, 0.65 -
0.95; P = 0.02; sensitivity, 100%; specificity, 58.93%). The

optimal cutoffs for predicting mortality risk were IL-6 >

12.20 pg/mL and IL-10 > 4.43 pg/mL. In the S-RNA+BI
group (Figure 1B), IL-6 again had the highest AUC (0.87;

95% CI, 0.77 - 0.97; P < 0.001; sensitivity, 66.67%;
specificity, 69.64%), followed by IL-10 (0.77; 95% CI, 0.64 -

0.89; P = 0.002; sensitivity, 66.67%; specificity, 80.65%)

and IL-4 (0.67; 95% CI, 0.53 - 0.82; P = 0.04; sensitivity,

66.67%; specificity, 66.13%). The corresponding optimal

cutoffs were IL-4 > 1.91 pg/mL, IL-6 > 65.45 pg/mL, and IL-
10 > 6.35 pg/mL.

4.5. Adjusted Regression Analysis of Cytokines and Mortality

After stepwise multivariate regression, the baseline

CURB-65 score was confirmed as a key independent
factor for mortality (B = 0.079; SE = 0.026; β = 0.194; t =

2.997; P = 0.003). We further adjusted regression models

for CURB-65 to assess the independent prognostic roles
of IL-4, IL-6, and IL-10. After adjustment, higher IL-6

remained significantly associated with mortality and
acted as an independent prognostic marker (OR = 1.025;

95% CI, 1.013 - 1.037; P < 0.001). By comparison, IL-4 and IL-
10 showed no significant correlation with mortality

after correction, suggesting that their prognostic

relevance depended on overall disease severity.

5. Discussion

This study provides a detailed characterization of

Th1/Th2/Th17 cytokine profiles in older adults

hospitalized with COVID-19 pneumonia. It identifies age-
related patterns, disease progression dynamics, and

associations with bacterial co-infection and mortality.

Our findings indicate that IL-4, IL-6, and IL-10 are key

immunological indicators reflecting clinical severity
and may serve as early predictors of poor outcomes.

We observed a progressive increase in IL-6 levels with

age up to the 80 - 89-year group, followed by a plateau in

nonagenarians. This pattern aligns with the concept of

inflammaging, in which chronic low-grade

inflammation escalates with age, whereas immune

responsiveness becomes blunted in extreme old age (14,

15). The early peak in IL-6 during the first 3 days of illness

indicates a hyperinflammatory response at disease

onset. IL-6 remained elevated throughout the disease

course, underscoring a persistent inflammatory state in

older adults with COVID-19 pneumonia (16). In contrast,

IL-10 showed an early, transient increase during days 1 -

9, likely reflecting a compensatory anti-inflammatory

response that counterbalances IL-6-mediated

hyperinflammation. These temporal dynamics provide a

rationale for the timing of anti-cytokine therapies, such

as IL-6 receptor blockade, during the early

hyperinflammatory phase.

A comparison of cytokine levels across the S-RNA+, S-

RNA−, and S-RNA+BI groups showed that bacterial co-

infection amplifies systemic inflammation, as evidenced

by stepwise increases in IL-6 and IL-10 in the S-RNA+BI

cohort. The markedly higher IL-6 levels in these patients

support earlier findings that co-infections can intensify

inflammatory responses and lead to worse clinical

outcomes (17). Notably, we identified IL-4 as an

additional mortality-associated cytokine in the S-RNA+BI

group. This novel finding suggests that Th2-mediated

responses may contribute to fatal outcomes when

bacterial co-infections coexist with SARS-CoV-2 infection.

Mortality analyses showed that increased IL-6 and IL-
10 levels were associated with mortality across both S-

RNA+ cohorts. After stepwise multivariate regression,

the baseline CURB-65 score was confirmed as a key
independent factor for mortality. We therefore adjusted

subsequent regression models for CURB-65 to assess the
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Table 4. Cytokine Levels in Survivors and Non-Survivors in COVID-19 Pneumonia Cohorts a

Groups and Outcomes IL-2 b IL-4 b IL-6 b IL-10 b TNF-α b IFN-γ b IL-17A b

S-RNA+

Survivors (n = 112) 1.84 ± 1.66 1.75 ± 1.24 16.85 ± 24.13 6.42 ± 15.85 1.87 ± 0.85 2.20 ± 1.45 4.88 ± 4.84

Non-survivors (n = 5) 1.79 ± 0.93 1.89 ± 1.00 78.39 ± 69.00 d 15.14 ± 18.73 f 2.12 ± 0.78 3.10 ± 0.76 4.99 ± 6.74

S-RNA+BI

Survivors (n = 62) 1.79 ± 1.49 1.90 ± 1.75 20.50 ± 33.30 7.14 ± 16.43 2.04 ± 1.21 3.66 ± 10.70 6.40 ± 6.48

Non-survivors (n = 15) 2.38 ± 3.51 2.63 ± 1.55 c 278.46 ± 399.50 e 10.44 ± 6.23 g 2.25 ± 0.75 9.11 ± 25.29 9.29 ± 7.40

aValues are expressed as mean ± SD. Abbreviations: S-RNA+, SARS-CoV-2 RNA-positive; S-RNA+BI, SARS-CoV-2 RNA-positive with bacterial infection.

b The serum concentration unit is pg/mL.

c P = 0.04 survivors versus non-survivors in the S-RNA+BI group.

d P < 0.001 survivors versus non-survivors in the S-RNA+ group.

e P = 0.002 survivors versus non-survivors in the S-RNA+BI group.

f P = 0.02, survivors versus non-survivors in the S-RNA+ group.

g P = 0.001, survivors versus non-survivors in the S-RNA+BI group.

Figure 1. Receiver operating characteristic (ROC) curve analysis was conducted to distinguish survivors from non-survivors in the S-RNA+ (112 versus 5) and S-RNA+BI (62 versus
15) groups. An area under the ROC curve (AUC) closer to 1 indicates higher diagnostic accuracy. AUC data are presented as values (95% confidence intervals). A, In the S-RNA+
group, IL-6 showed the highest AUC value, sensitivity, and specificity. B, In the S-RNA+BI group, IL-6 showed the highest AUC value, while IL-10 had the highest specificity. The
cutoff values are internally derived and exploratory unless externally validated.

independent prognostic roles of IL-4, IL-6, and IL-10.

After adjustment, only higher IL-6 remained

significantly associated with mortality, serving as an

independent prognostic marker. Neither IL-4 nor IL-10

retained significance after correction, indicating that

their crude associations with mortality were largely

driven by underlying disease severity.

Despite the lack of independent prognostic value

after CURB-65 adjustment, IL-10 and IL-4 were included

in ROC analyses based on their univariate associations

to derive optimal cutoff values. In S-RNA+ patients, IL-6 >

12.2 pg/mL and IL-10 > 4.43 pg/mL showed high

sensitivity for mortality prediction; in the S-RNA+BI

group, IL-6 > 65.45 pg/mL, IL-10 > 6.35 pg/mL, and IL-4 >

1.91 pg/mL identified high-risk patients. Although only

https://brieflands.com/journals/jjm/articles/171273
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IL-6 was an independent prognostic biomarker,

evaluation of IL-4 and IL-10 alongside IL-6 provides

supplementary prognostic value, supporting a refined

biomarker-assisted strategy for clinical risk

stratification.

Interestingly, TNF-α, IFN-γ, IL-2, and IL-17A remained

largely unchanged across age groups and disease stages

(13). This suggests that the cytokine-driven

pathophysiological response in older adults with

COVID-19 pneumonia is dominated by IL-6, IL-10, and IL-4

(18, 19). It also highlights the importance of age-tailored

immunomodulatory strategies rather than broad

targeting of multiple cytokines.

5.1. Limitations

This study has several limitations. First, its single-

center retrospective design may introduce selection

bias and limit generalizability. Second, the relatively

small sample size of the nonagenarian subgroup

warrants cautious interpretation of the corresponding

results. Third, causality cannot be established from

observational data. Fourth, the small number of

mortality events in some subgroups may reduce the

reliability of ROC analyses and increase the risk of

overfitting. Fifth, all derived cytokine cutoff values are

exploratory internal findings and have not been

validated in an external cohort.

5.2. Conclusions

This study identifies distinct cytokine signatures in

older adults with COVID-19 pneumonia, highlighting IL-

6, IL-10, and IL-4 as clinically relevant immune indicators

for evaluating clinical severity and mortality risk. These

findings provide a basis for early risk stratification and

targeted interventions, especially in patients with

bacterial co-infections. Large-scale, prospective,

multicenter investigations are therefore needed to

validate the clinical utility of these cytokine cutoffs and

further refine risk stratification and targeted therapy in

this vulnerable population.
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