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Assessment of T-cell subsets and
procalcitonin for diagnosing and
stratifying severity in community
acquired pneumonia

Fuquan Qi%, Yaoyao Zheng'™, Shuxian Zhang? & HuaYang?

Accurate risk stratification in community-acquired pneumonia (CAP) is essential for guiding timely and
effective clinical management. This study evaluated whether the combined assessment of circulating
T-lymphocyte subsets (T-cell subsets) and serum procalcitonin (PCT) enhances diagnostic accuracy
and severity classification in CAP. T-cell subsets, as markers of immune response, may complement
traditional inflammatory biomarkers. A retrospective analysis was conducted on 320 adult CAP
patients admitted to a tertiary hospital in Zhejiang, China, between February 2020 and November
2021. Patients were stratified using the Clinical Pulmonary Infection Score (CPIS <6 vs.>6) and
platelet-to-lymphocyte ratio (PLR<163 vs. >163). Laboratory assessments included serum PCT, white
blood cell count (WBC), C-reactive protein (CRP), neutrophil-to-lymphocyte ratio (NLR), interleukin-6
(IL-6), and T-cell subsets (CD3*, CD4*, CD8* counts, and CD4/CD8 ratio). Pathogens were identified
from 79 positive sputum or blood cultures. Patients with CPIS > 6 had significantly higher levels of
PCT, PLR, WBC, CRP, NLR, and IL-6, along with lower CD3* and CD4* T-cell counts, a reduced CD4/CD8
ratio, and elevated CD8* counts (all P<0.05). Similar trends were observed in patients with PLR>163.
Acinetobacter baumannii was significantly more prevalent in patients classified as moderate-to-high
risk or non-survivors (P <0.05). T-cell subsets monitoring demonstrated a sensitivity of 93.2%, while
PCT showed a specificity of 95.6% for predicting CAP severity. Combined evaluation of T-lymphocyte
subsets and serum procalcitonin levels enhances the accuracy of CAP severity stratification. The
elevated prevalence of Acinetobacter baumannii in severe cases highlights the importance of host—
pathogen interactions. Integrated immune and inflammatory profiling may facilitate precision-based
management strategies in CAP.
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Community-acquired pneumonia (CAP) is a common lower respiratory tract infection and a leading cause
of global morbidity and mortality, particularly outside hospital settings!. Its etiology is diverse, including
bacteria, mycoplasma, chlamydia, and viruses. However, evolving microbial patterns, widespread antibiotic use,
rising antimicrobial resistance, and an aging immunocompromised population have significantly altered CAP
incidence and pathogen profiles®. T cells, especially thymus-derived subsets, play a central role in host immune
responses and are critically involved in CAP pathogenesis®*.

Accurate severity stratification is essential for guiding CAP treatment and clinical decision-making®.
Common scoring systems such as the Pneumonia Severity Index (PSI) and CURB-65 are widely used to assess
severity®. While CURB-65 helps predict 30-day mortality, its predictive power for broader clinical outcomes
is limited”. As a result, there is growing interest in rapid and biologically relevant biomarkers to enhance risk
assessment and inform treatment strategiess.

Inflammatory markers—including white blood cell (WBC) count, C-reactive protein (CRP), and
procalcitonin (PCT)—are valuable for monitoring CAP progression®. In the UK, CAP accounts for over one
million hospital admissions annually and is the seventh leading cause of death, with mortality rates between
8.9% and 15.7%!°. In China, these rates are further driven by an aging population, pathogen shifts, and antibiotic
overuse!!. Individuals over 66 experience CAP at more than twice the rate of younger adults'?, a trend linked to

1Zhejiang Rongjun Hospital, Jiaxing Zhejiang 314001, China. 2Jiaxing Maternal and Child Health Care Hospital,
Jiaxing Zhejiang 314001, China. *‘email: yzheng202400@outlook.com

Scientific Reports|  (2025) 15:40130 | https://doi.org/10.1038/s41598-025-23926-8 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-23926-8&domain=pdf&date_stamp=2025-10-31

www.nature.com/scientificreports/

immunosenescence and nonspecific symptoms that delay diagnosis and treatment!*>!*. As CAP progresses, the
risk of severe disease significantly increases!®.

Severe CAP is associated with high healthcare resource use and increased mortality'®. Its diagnosis requires
more than clinical signs and includes laboratory, microbiological, and radiological assessments!”. According to
standard definitions, severe CAP may involve respiratory failure (respiratory rate > 31/min, PaO, <61 mmHg),
hemodynamic instability, altered consciousness, multi-lobar infiltrates, or renal dysfunction'®. Although sputum
and blood cultures are diagnostic gold standards, their low yield, slow turnaround, and high false-positive rates
limit their use in acute settings'.

Among biomarkers, PCT has shown high sensitivity and specificity for bacterial infections and systemic
inflammation?®?!. Serum PCT levels are typically < 0.06 ng/mL under non-infectious conditions, but can rise
more than tenfold during bacterial infection, supporting early diagnosis. Similarly, profiling T-cell subsets (CD3*,
CD4*, CD8*, and CD19*) via flow cytometry offers insight into immune function and cellular immunity?2. T-cell
subset analysis is useful for assessing immunologic competence and has diagnostic and prognostic relevance in
infectious, autoimmune, and hematologic disorders?®. Severe infections often involve T-cell dysfunction, with a
disrupted CD4*/CDS$" ratio indicating immune dysregulation, commonly seen in severe CAP?4?>,

This study aimed to evaluate the diagnostic and prognostic value of T-cell subset monitoring and PCT levels
in CAP. Specifically, we examined their association with disease severity using Clinical Pulmonary Infection
Score (CPIS) and platelet-to-lymphocyte ratio (PLR), and analyzed pathogen distribution across PSI risk groups.
Our findings aim to support precision medicine approaches in CAP management.

Materials and methods

Study design and participants

We conducted a retrospective analysis of clinical data from 526 adult patients with community-acquired
pneumonia (CAP) admitted to the Department of Respiratory and Critical Care Diseases at Zhejiang Rongjun
Hospital between January 2020 and December 2021. After excluding patients with incomplete clinical data, 320
patients (218 males, 102 females; mean age 56 + 16 years) were enrolled in the study. Inclusion criteria were as
follows:

o Age>18 years, and diagnosis of CAP according to Infectious Diseases Society of America/American Thorac-
ic Society (IDSA/ATS) guidelines, including those meeting the British Thoracic Society/American Thoracic
Society criteria for severe CAP.

Exclusion criteria were:

» Hospital-acquired pneumonia;

« Immunosuppressive conditions (e.g., AIDS, connective tissue diseases);

« Recent use of immunosuppressive medications or glucocorticoids;

« Diagnosis of malignancy;

« Other respiratory infections;

« Acute cardiovascular events (e.g., myocardial infarction, cerebral infarction).

In this study, Clinical Pulmonary Infection Score (CPIS) was designated as the primary severity classification for
stratifying patients into non-severe and severe CAP groups due to its established utility in capturing early disease
severity through clinical and laboratory indicators. CPIS was chosen as the reference standard for outcome
comparisons involving biomarker levels, including T-cell subsets and procalcitonin. In addition to CPIS, we
also examined disease severity using CURB-65 and Pneumonia Severity Index (PSI) to enable comparison with
established prognostic scoring systems and enhance generalizability of findings. The platelet-to-lymphocyte
ratio (PLR) was included as an exploratory inflammatory biomarker and not as a formal disease classification
tool; PLR-based subgrouping served to identify immuno-inflammatory phenotypes rather than define clinical
severity per se.

Group stratification and data collection

Patients were stratified by platelet-to-lymphocyte ratio (PLR) into two groups (PLR<163 and PLR > 163) and by
Clinical Pulmonary Infection Score (CPIS) into two groups (CPIS <6 and CPIS > 6). Clinical data were recorded
within 24 h of hospital admission and included demographics (age, sex, comorbidities), vital signs (body
temperature, heart rate, respiratory rate, blood pressure, level of consciousness), and laboratory parameters.
The laboratory parameters comprised T-lymphocyte subsets (T-cell subsets; including CD3*, CD4*, CD8* T-cell
counts and the CD4*/CD8" ratio), procalcitonin (PCT), white blood cell count (WBC), C-reactive protein
(CRP), neutrophil-to-lymphocyte ratio (NLR), and interleukin-6 (IL-6).

Laboratory measurements

Six milliliters of fasting venous blood were collected from each patient in the morning. For T-cell subsets
analysis, blood samples were collected into tubes containing sodium citrate as anticoagulant. T-cell subsets
(CD3*, CD4", and CD8" T-cell counts, and the CD4*/CD8" ratio) were quantified in whole blood using a flow
cytometer (Attune NxT, Thermo Fisher Scientific, Waltham, MA, USA). For PCT measurement, 6 mL of fasting
venous blood was centrifuged at 4,000 rpm for 9 min to obtain serum. Serum PCT levels were measured using
an enzyme-linked immunosorbent assay (ELISA) kit (Hubei Jinmei Bioengineering Co., Ltd., Wuhan, China)
according to the manufacturer’s instructions. All assay kits and procedures were followed precisely as specified by
the manufacturers. For culture-positive patients, fungal isolates were considered clinically significant infections
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only if supported by radiological evidence, systemic inflammatory markers, and clinical response to antifungal
therapy. Otherwise, they were regarded as colonizers.

Statistical analysis

Statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were tested for normality. Normally distributed data are presented as meanz+standard deviation
(SD) and compared between two groups using Student’s ¢-test. Non-normally distributed data are presented as
median (interquartile range) and compared using the Mann-Whitney U test. Categorical variables are expressed
as counts (percentages) and compared using the chi-square (x*) test. Spearman’s rank correlation coeflicient was
used to assess relationships between continuous variables. ROC analysis was conducted to assess the diagnostic
accuracy of biochemical and immune markers in distinguishing severe vs. non-severe CAP as defined by CPIS.
Prognostic endpoints such as mortality or ICU admission were recorded but not modeled in this analysis.
The PLR cutoff value of 163 was determined by ROC curve analysis using the Youden Index to identify the
optimal discrimination point for severe CAP (CPIS>6). A two-tailed P value <0.05 was considered statistically
significant.

Results

General patient characteristics

A total of 320 adult patients with CAP were enrolled (218 men and 102 women; mean age 56+ 16 years).
According to the Pneumonia Severity Index (PSI), 219 patients were classified as low risk (LR) and 101 as
moderate-to-high risk (MHR). By the CURB-65 criteria, 261 patients were considered low risk and 59 as high
risk. Based on standard criteria for severe CAP, 285 patients had non-severe disease and 35 had severe disease.
Seventeen patients died during hospitalization.

Comparison of biochemical marker levels by CPIS groups

Patients were stratified by CPIS into two groups (<6 vs.>6). Serum levels of platelet-to-lymphocyte ratio (PLR),
procalcitonin (PCT), white blood cell count (WBC), C-reactive protein (CRP), neutrophil-to-lymphocyte ratio
(NLR), and interleukin-6 (IL-6) were compared between the groups. As shown in Fig. 1, the CPIS>6 group had
significantly higher levels of all these markers than the CPIS<6 group (all P<0.05).
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Fig. 1. Comparison of serum inflammatory markers (PLR, PCT, WBC, CRP, NLR, IL-6) between patients with
CPIS<6 and > 6. Data are presented as mean + SD. *P<0.05, Mann-Whitney U test.
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Fig. 2. Distribution of T-cell subsets (CD3*, CD4", CD8*, CD4*/CD8" ratio) in CAP patients stratified by
CPIS<6vs.>6.*P<0.05.
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Fig. 3. Comparison of inflammatory marker levels (PCT, WBC, CRP, NLR, IL-6) in patients with PLR<163
vs.>163. *P<0.05.

T-cell subsets level discrepancies among patients with varying CPIS scores
Patients were stratified by CPIS into two groups (<6 vs. > 6) and serum levels of T-cell subsets were compared. As
shown in Fig. 2, the CPIS > 6 group had significantly lower CD3* and CD4" T cell counts and a lower CD4*/CD8*
ratio compared to the CPIS<6 group (all P<0.05). In contrast, CD8" T cell counts were significantly higher in
the CPIS> 6 group (P<0.05).

Biochemical marker levels by PLR groups
Patients were divided into two PLR groups (<163 vs.>163). Serum levels of PCT, WBC, CRP, NLR, and IL-6

were compared between the groups. As shown in Fig. 3, the PLR> 163 group had significantly higher levels of

these markers compared to the PLR <163 group (all P<0.05).
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Comparative analysis of T-cell subsets levels across CAP patients with divergent PLR levels
Patients were stratified into two groups based on PLR (<163 vs.>163), and serum levels of T-cell subsets were
compared. As shown in Fig. 4, the PLR > 163 group had significantly lower CD3* and CD4* T cell counts and a
lower CD4*/CD8"* ratio than the PLR <163 group (all P<0.05). In contrast, CD8"* T cell counts were significantly
higher in the PLR > 163 group (P <0.05).

The significance of serum biochemical markers and T-cell subsets levels in assessing CAP
severity

Receiver operating characteristic (ROC) curves were constructed to evaluate the diagnostic utility of serum
biochemical markers and lymphocyte subsets in determining CAP severity. As shown in Fig. 5A; Table 1, among
the biochemical markers, PLR exhibited the largest area under the curve (AUC), while the WBC count had the
smallest AUC. Similarly, in Fig. 5B; Table 1, the CD4*/CD8* ratio showed the largest AUC and the CD3* T cell
count had the smallest AUC for predicting CAP severity.

Pathogenic bacteria distribution among CAP patients with identical PSI scores
In total, 70 Gram-negative bacterial strains (57.7%), 16 Gram-positive strains (11.7%), and 33 fungal strains
(30.5%) were isolated from the 320 CAP patients (Table 2). Seven patients had fungal infections. According to
PSI classification, the detection rate of Acinetobacter baumannii was significantly higher in the moderate-to-
high risk (MHR) group than in the low-risk group (P<0.05). In contrast, the detection rates of Pseudomonas
aeruginosa and Staphylococcus aureus did not differ significantly between these groups (both P> 0.05).

As shown in Figs. 6 and 17 patients died during hospitalization. Among these non-survivors, the isolated
pathogens included 7 strains of A. baumannii, 2 of S. aureus, 2 of P. aeruginosa, and 1 fungal strain. The detection
rate of A. baumannii was significantly higher in the deceased patients compared to survivors (P <0.05).

Utility of T-cell subsets monitoring in conjunction with PCT detection for severe CAP
diagnosis

For diagnosing severe CAP, T-cell subsets monitoring had a sensitivity of 93.2% and a specificity of 83.1%. In
comparison, PCT detection had a sensitivity of 87.5% and a specificity of 95.6%.

Discussion

The rising incidence and mortality of community-acquired pneumonia (CAP) are closely linked to evolving
pathogen profiles and an increasing number of immunocompromised individuals. This has intensified efforts
to identify reliable biomarkers and microbial indicators for early diagnosis and risk stratification. Traditional
inflammatory markers such as white blood cell (WBC) count and C-reactive protein (CRP) have long been
used in clinical practice. More recently, the platelet-to-lymphocyte ratio (PLR) and procalcitonin (PCT) have
enhanced diagnostic accuracy. As a calcitonin precursor, PCT is highly specific for bacterial infections and is now
widely utilized to guide antibiotic therapy. Systemic inflammation in CAP can also trigger coagulation pathways,
contributing to increased capillary permeability and thrombosis. Nonetheless, the relationship between these
biomarkers and CAP severity remains under investigation, and pathogen distributions vary geographically.

PCT is typically produced at low levels by thyroid parafollicular cells under non-infectious conditions.
During bacterial infection, however, its synthesis is markedly upregulated by peripheral mononuclear cells and
the liver. Multiple studies have confirmed PCT’s superior sensitivity over WBC and CRP in detecting bacterial
CAP?”28_Tts association with disease severity has also been demonstrated?*, and when combined with tools
like PSI and CURB-65, it provides improved prognostic insight compared to PCT alone?!.

In our study, CPIS-based stratification revealed that patients with CPIS>6 had significantly elevated
levels of PLR, PCT, WBC, CRP, neutrophil-to-lymphocyte ratio (NLR), and interleukin-6 (IL-6). They also
exhibited lower CD3* and CD4* T-cell counts, a reduced CD4*/CD8" ratio, and elevated CD8* T-cell counts (all
P<0.05), suggesting that increased severity is accompanied by both inflammatory amplification and immune
dysregulation. We further analyzed pathogen distribution across 320 CAP patients stratified by PSI scores.
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Fig. 4. Distribution of T-cell subsets (CD3*, CD4*, CD8*, CD4*/CD8" ratio) among patients stratified by
PLR<163 vs.>163. *P<0.05.
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Fig. 5. ROC curve analysis for distinguishing severe vs. non-severe CAP based on (A) inflammatory markers
(PLR, CRP, IL-6, PCT, WBC, NLR) and (B) T-cell subsets (CD3*, CD4*, CD8"*, CD4*/CD8" ratio).

Gram-negative bacteria accounted for 75.8% of isolates, with Pseudomonas aeruginosa being the most frequently
detected (25/95). Among Gram-positive organisms, Staphylococcus aureus was the most common (10/95), and
nine cases involved fungal pathogens. In the low-risk (LR) group, P. aeruginosa predominated (17/43), while
traditional CAP pathogens like Streptococcus pneumoniae and Haemophilus influenzae were detected in only a
few cases. In contrast, A. baumannii was more frequent in the moderate-to-high-risk (MHR) group (14/37) and
absent in low-risk survivors. Among the 17 non-survivors, A. baumannii was isolated in seven cases, suggesting
a possible link to poor outcomes.

This study incorporated multiple severity scoring systems (CPIS, CURB-65, PSI) to allow cross-comparison
of diagnostic markers within different clinical frameworks. CPIS was selected as the primary reference for
statistical analysis due to its real-time applicability and emphasis on infection-related parameters. The inclusion
of PSI and CURB-65 provided additional context on patient prognosis, particularly mortality risk, while PLR
stratification was used to explore immune-inflammatory trends rather than to define severity. While multivariate
logistic regression across all severity indices was beyond the scope of this retrospective study, future prospective
work should aim to integrate biomarker levels within multivariable severity prediction models.

Our pathogen distribution findings align with prior literature indicating increased pathogen detection rates
in patients with higher PSI scores. However, some studies report no clear differences in specific pathogen types
(e.g., S. pneumoniae, Mycoplasma, H. influenzae) across severity levels. Notably, few Chinese studies have
systematically evaluated pathogen profiles by severity grade. In our cohort, detection of classic CAP pathogens
such as S. pneumoniae and H. influenzae was low, while multidrug-resistant organisms were more prevalent.
Several factors likely contributed: (1) inconsistent sputum quality, with nearly half of samples deemed inadequate;
(2) widespread empirical antibiotic use prior to hospitalization, particularly fluoroquinolones, which suppress
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95% CI

Index SE AUC | Upper limit | Lower limit | P

PLR 0.133 | 0.856 | 0.554 0.932 0.001
WBC 0.125 | 0.522 | 0.328 0.749 0.622
NLR 0.101 | 0.804 | 0.633 0.947 0.001
CRP 0.056 | 0.849 | 0.719 0.925 0.008
PCT 0.129 | 0.793 | 0.493 0.887 0.026
IL-6 0.058 | 0.815 | 0.654 0.816 0.015
CD3+ 0.043 | 0.712 | 0.432 0.843 0.034
CD4+ 0.067 | 0.744 | 0.559 0.852 0.021
CD8+ 0.062 | 0.759 | 0.605 0.869 0.017
CD4+/CD8+ | 0.105 | 0.801 | 0.720 0.911 0.005

Table 1. Diagnostic performance of inflammatory biomarkers and T-cell subsets for identifying severe CAP
(based on CPIS>6). All AUC values in this table are based on stratification using the CPIS as the primary
reference standard for severity classification.

Strain ‘ LR Group | MHR Group | Total Number
Gram-negative bacteria

Pseudomonas aeruginosa 17 8 25
Acinetobacter baumannii | 8 14 22
Klebsiella pneumoniae 4 3 7
Haemophilus influenzae 2 2 4
Escherichia coli 3 0 3
Other 3 6 9
Gram-positive bacteria

Staphylococcus aureus 6 4 10
Staphylococcus epidermidis | 3 0 3
Streptococcus pneumoniae | 3 0 3
Fungus 3 6 9
Candida albicans 2 3 5
Aspergillus fumigatus 1 2 3
Other fungal species 0 1 1

Table 2. Distribution of bacterial and fungal pathogens among community-acquired pneumonia patients
stratified by pneumonia severity index (PSI). Pathogen distribution was stratified by PSI.

typical bacteria and promote resistance; and (3) suboptimal sampling timing. These factors may have led to
underdiagnosis of conventional CAP pathogens. Improved patient education and sampling protocols are needed
to enhance diagnostic accuracy.

While several fungal species were isolated, we recognize that some may represent colonization, particularly
in patients with chronic pulmonary conditions or prior broad-spectrum antibiotic use. Only eight fungal cases
were classified as true infections based on clinical, radiologic, and inflammatory criteria. This distinction is
critical, as misclassification could influence perceived associations with disease severity or outcomes.

Notably, the proportion of S. pneumoniae in our cohort (3 out of 95 identified pathogens) was considerably
lower than the 7.43% reported in a recent national survey of adult CAP in China®2. Several factors may account
for this discrepancy. First, our study population included a substantial number of elderly patients and individuals
with underlying comorbidities, particularly COPD, which is associated with increased colonization or infection
by A. baumannii and P. aeruginosa rather than S. pneumoniae. Second, pre-hospital antibiotic use was common
among the patients referred to our hospital, which may have disproportionately suppressed typical pathogens
like S. pneumoniae, while allowing multidrug-resistant organisms to predominate in culture. Third, the quality
and timing of specimen collection, especially in patients with limited sputum production, may have influenced
the recovery of fastidious organisms such as S. pneumoniae. Taken together, these variables underscore the
importance of considering patient background and institutional context when interpreting pathogen distribution
patterns in CAP.

Interestingly, our data revealed elevated CD8" T-cell counts in patients with higher CPIS scores, in contrast
to previous reports of CD8* depletion in severe pneumonia®. This discrepancy may be due to population
differences; many of our patients had chronic inflammatory conditions such as COPD, which can alter T-cell
dynamics and induce compensatory CD8* proliferation. Moreover, the timing of immune profiling may play a

Scientific Reports |

(2025) 15:40130 | https://doi.org/10.1038/s41598-025-23926-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

18

14
12
10

(=]

S N

Pseudomonas aeruginosa Acinetobacter baumannii Staphylococcus aureus
W Low-risk group In the high risk group

Fig. 6. Distribution of key bacterial pathogens in low-risk (LR) vs. moderate-to-high risk (MHR) CAP
patients based on PSI classification. A. baumannii was significantly more prevalent in MHR patients.

role—early activation can precede immune exhaustion. These observations highlight the need for longitudinal
immunophenotyping in CAP.

Despite these limitations, our findings have practical implications. In the LR group, P. aeruginosa was
frequently isolated in elderly patients, underscoring the need for vigilance in older individuals. In the MHR
group, A. baumannii was strongly associated with mortality. Clinicians should maintain heightened suspicion
for this pathogen in high-risk CAP cases. Given our study’s single-center, retrospective nature, future multicenter
prospective studies are warranted to validate these associations and further clarify the role of immune biomarkers
and pathogen profiles in CAP severity.

Limitations

This study’s retrospective design presents several limitations. First, a subset of patients was transferred from
external hospitals or care facilities after receiving broad-spectrum antibiotics (e.g., fluoroquinolones, third-
generation cephalosporins), introducing the potential for misclassification bias. Some cases presumed to
represent community-acquired pneumonia (CAP) may have instead reflected healthcare-associated (HCAP)
or early hospital-acquired pneumonia (HAP). The relatively high detection rates of Acinetobacter baumannii
and Pseudomonas aeruginosa—organisms more typically associated with nosocomial infections—support
this concern. Although patients with documented HAP were excluded, aspiration events or early nosocomial
infections in referred patients may have been inadvertently included, potentially inflating the proportion of
multidrug-resistant pathogens and underrepresenting traditional CAP organisms such as Streptococcus
pneumoniae.

Second, fungal isolates may not always indicate true infection. Only eight fungal-positive cases in our cohort
were deemed clinically significant based on radiologic findings, systemic inflammatory markers, and response
to antifungal therapy. The possibility of colonization, particularly in patients with chronic pulmonary disease or
prior antibiotic exposure, cannot be excluded. Future studies should consider excluding transferred patients and
those with likely nosocomial pathogens to more accurately delineate the immune profile of true CAP.

Third, although this study emphasized the diagnostic utility of T-cell subsets and procalcitonin (PCT) in
assessing CAP severity, their prognostic value—such as predicting ICU admission or in-hospital mortality—was
not directly analyzed. While mortality data and pathogen distributions by survival status were collected, formal
survival analysis was not performed. Prospective studies incorporating time-to-event models are warranted to
validate these biomarkers as independent prognostic tools.

Additionally, due to the retrospective nature and limited event rates, multivariable regression analyses were
not conducted. Therefore, we could not control for potential confounding factors such as age, comorbidities,
or baseline disease severity. As a result, the independent predictive value of T-cell subsets and PCT remains
uncertain. Future prospective studies should incorporate logistic or Cox regression models to improve the
robustness and generalizability of the findings.

Lastly, the PLR threshold of 163 was determined via internal ROC curve analysis. While statistically valid for
this cohort, its applicability in other populations or clinical contexts requires external validation.

Conclusion

This study demonstrates that monitoring T-cell subsets and serum procalcitonin levels provides valuable insight
into the severity of community-acquired pneumonia (CAP), correlating well with established indices such as
PST and CURB-65. Both biomarkers offer rapid and accessible tools for early risk stratification, aiding in timely
clinical decision-making. Notably, patients in the low-risk group—particularly elderly individuals—should
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be monitored for Pseudomonas aeruginosa, while those in the moderate-to-high-risk group showed a higher
prevalence of Acinetobacter baumannii, warranting empiric antibiotic coverage. The high treatment success rate
observed supports the effectiveness of this stratified approach. Importantly, T-cell subsets monitoring exhibited
greater sensitivity, while PCT offered higher specificity in identifying severe CAP. Therefore, the combined use of
T-cell subsets and PCT enhances diagnostic accuracy and supports personalized management strategies in CAP.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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