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SUMMARY

Background: Uncontrolled systemic inflammatory responses significantly contribute to the pathogenesis of severe
community-acquired pneumonia (CAP) following SARS-CoV-2 infection (CASP). Elderly populations, being par-
ticularly vulnerable to respiratory infections, demonstrate both increased susceptibility to SARS-CoV-2 infection
and greater disease severity. This study aimed to identify readily available routine hematological biomarkers that
could serve as independent risk factors for predicting severe CASP (sCASP) in elderly patients.

Methods: A retrospective study was conducted to analyze 77 elderly people with CASP. According to the severity
of the disease, the elderly people were divided into a non-sCASP group and a sCASP group, and the routine com-
prehensive laboratory examinations were compared.

Results: A total of 77 elderly patients with CASP were enrolled in this study, comprising 35 cases in the non-
SCASP group and 42 cases in the sCASP group. Significant differences were observed in admission laboratory pa-
rameters, including routine blood counts, coagulation profiles, liver and kidney function tests, inflammatory
markers, and composite laboratory-derived indices, between non-sCASP and sCASP cases infected with SARS-
CoV-2 Omicron subvariants BA.5.2 and BF.7 (p < 0.05). Multivariate logistic regression and receiver operating
characteristic (ROC) curve analyses identified lactate > 1.95 mmol/L, D-dimer > 0.85 mg/L, and IL-6 > 33.5
pg/mL as the most probable independent risk factors for sCASP in elderly patients. Notably, the combined diag-
nostic model (lactate-D-dimer-I1L-6) demonstrated superior predictive performance for disease severity (AUC =
0.981; 95% CI: 0.954 - 1) compared to any single biomarker alone.

Conclusions: Elevated admission lactate, D-dimer, and IL-6 can be used as independent risk factors for the evalu-
ation of CASP severity in elderly people, and the joint detection might be a better choice. This is imperative for
guiding the development of effective interventions to alleviate severe patients’ symptoms and burden.
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INTRODUCTION

The main epidemiological characteristics of communi-
ty-acquired acute respiratory infectious diseases include
diverse respiratory pathogenic microorganisms and clin-
Manuscript accepted May 13, 2025 ical manifestations, seasonal cycle, high contagion po-

Clin. Lab. 1/2026 1


mailto:wang_yu_l@163.com

Xu Han et al.

tential and transmissibility, global pandemic potential,
and vaccine prevention for only partial respiratory in-
fections [1]. Importantly, community-acquired pneumo-
nia (CAP) caused by a large variety of respiratory path-
ogenic bacteria, viruses, atypical microorganisms, fun-
gi, and co-infections has made the most significant im-
pact and has become the most significant challenge on
the public health and a financial burden for healthcare
systems; a significant cause of morbidity, hospitaliza-
tions, and mortality annually [2,3]. Particularly, it is the
leading cause of death among the elderly population due
to severe CAP (sCAP) [4]. The COVID-19 pandemic
has also led to a significant enhancement in the people’s
perception and awareness regarding this topic [5].

The COVID-19 pandemic continues to be fueled by the
emergence of highly infectious SARS-CoV-2 variants,
maintaining its status as one of the most prevalent acute
respiratory infectious diseases worldwide. This poses a
significant threat, particularly to vulnerable populations
such as the "one old and one young" (the elderly and
young children) and immunocompromised individuals
[6]. Remarkably, the persistent circulation of SARS-
CoV-2 presents significant diagnostic challenges, as
COVID-19's diverse clinical manifestations often over-
lap with those of other acute respiratory infections,
complicating early differential diagnosis [7,8]. A range
of molecular diagnostic techniques available include
real-time reverse transcription polymerase chain reac-
tion (RT-PCR), which is considered the gold standard
for SARS-CoV-2 diagnosis [9]. However, there is an ur-
gent need for accessible laboratory-based hematological
diagnostic tools to complement RT-PCR testing, partic-
ularly when false-negative or false-positive results oc-
cur due to nasopharyngeal swab sampling limitations or
technical constraints - a critical concern in emergency
settings and resource-limited environments [10].

The human immune system is a critical factor in antivi-
ral immunity and disease progression [11]. Emerging
evidence indicates that SARS-CoV-2 infection triggers
excessive pulmonary and systemic inflammation, medi-
ated through both innate and adaptive immune path-
ways. This inflammatory cascade involves aberrant acti-
vation of nonspecific innate immune cells (particularly
neutrophils and monocytes/macrophages) alongside
dysfunctional adaptive immune responses characterized
by lymphocyte exhaustion. These maladaptive immune
mechanisms collectively contribute to the immunopa-
thology underlying severe COVID-19 progression [12].
Early diagnosis and accurate assessment of disease se-
verity are crucial for improving clinical outcomes in se-
vere community-acquired pneumonia (SCAP) caused by
SARS-CoV-2 infection (sCASP). However, consider-
able controversy persists regarding the risk factors and
predictive value of various hematological parameters
associated with CAP incidence, disease progression,
and patient prognosis. This study, therefore, aimed to
identify routinely available hematological biomarkers
that may serve as independent risk factors for evaluating
sCASP in elderly populations.

MATERIALS AND METHODS

Study population

This retrospective cohort study utilized data extracted
from the hospital information system (HIS) of Tianjin
Jinnan Hospital. The study protocol received ethical ap-
proval from the Institutional Review Board of Tianjin
Jinnan Hospital (approval number: 2022-02) and was
conducted in accordance with the Declaration of Helsin-
ki. No informed consent was required due to the retro-
spective nature of the study. We enrolled elderly people
hospitalized with acute lower respiratory tract infection
symptoms and diagnosed with severe CAP from De-
cember 1, 2022, through October 31, 2023, in the Tian-
jin Jinnan Hospital. Inclusion criteria were age > 60
years, subpleural patchy ground-glass opacities on chest
high-resolution CT, and minimum one of the following
symptoms: fever (> 38.0°C), cough, pleuritic chest pain,
dyspnea, or focal chest signs on auscultation. Exclusion
criteria were no SARS-CoV-2 detection, patients with
primary immunodeficiency and secondary immunodefi-
ciency, hospital-acquired pneumonia, and less than 24
hours of hospitalization.

Clinical data were recorded on admission

Within 24 hours of admission, the following clinical pa-
rameters were anonymously extracted from electronic
medical records: demographic characteristics, laborato-
ry data including complete blood count, coagulation pa-
rameters, biochemical parameters, trace elements, and
inflammatory markers. The study incorporated the cal-
culation of ten laboratory composite derived indexes as
follows: NLR, absolute neutrophil count-to-absolute
lymphocyte count ratio; PLR, platelet count-to-absolute
lymphocyte count ratio; PMR, platelet count-to-absolute
monocyte count ratio; MLR, absolute monocyte count-
to-absolute lymphocyte count ratio; AISI, aggregate in-
dex of systemic inflammation (AISI = absolute neutro-
phil count x platelet count x absolute monocyte count/
absolute lymphocyte count); SII, systemic immune in-
flammation index (SII = platelet count x absolute neu-
trophil count/absolute lymphocyte count); SIRI, system-
ic inflammation response index (SIRI = absolute neutro-
phil count x absolute monocyte count/absolute lympho-
cyte count); NPAR, neutrophil percentage-to-albumin
ratio; UAR, uric acid-to-albumin ratio; CLR, C reactive
protein-to-absolute lymphocyte count ratio; and CPR, C
reactive protein-to-procalcitonin ratio.

Statistical analysis

Statistical analyses were performed using SPSS 26.0
software. Normally distributed continuous variables
were expressed as mean + standard deviation and com-
pared with a #-test. Non-normally distributed continuous
variables were expressed as the median value (P25,
P75), and the Mann-Whitney U rank sum test was used
to compare the two groups. Categorical data were pres-
ented as n (%) and compared using a chi-squared test.
The multivariate logistic analysis was performed using
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the backward elimination method for covariates with
p < 0.05 in the univariate analysis. The multivariate lo-
gistic regression model was constructed for factors with
sCSAP. The receiver operating characteristic curve
(ROC) was used for the cutoff value analysis. A p-value
of less than 0.05 was considered statistically significant.

RESULTS

Comparison of demographic characteristics between
non-sCASP group and sCASP group

A total of 77 elderly patients diagnosed with CASP
were stratified into two groups: non-sCASP (n = 35)
and sCASP (n = 42) (Figure 1). Baseline characteristic
comparison revealed statistically significant differences
in age and gender distribution between the groups (p <
0.05), as described in Supplemental Table S1.

Correlates between laboratory hematological pa-
rameters and disease severity in elderly people with
CSAP

In the two CASP groups, we conducted an analysis of
clinical laboratory hematological parameters and ob-
served that most hematological parameters exhibited
significantly distinct effects between the SCASP group
and the non-sCASP group. Specifically, the variables
analyzed included absolute white blood cell (WBC)
count, absolute neutrophil (NEUT) count, prothrombin
time (PT), activated partial thromboplastin time
(APTT), D-dimer, aspartate aminotransferase (AST), al-
bumin (ALB), lactate dehydrogenase (LDH), blood urea
nitrogen (BUN), creatinine, uric acid, lactate, calcium
(Ca), iron (Fe), magnesium (Mg), phosphorus (P), C-re-
active protein (CRP), procalcitonin (PCT), and interleu-
kin-6 (IL-6) (p < 0.05), as detailed in Supplemental Ta-
ble S1.

Correlates between laboratory composite derived in-
dexes and disease severity in elderly people with
CSAP

In these two CASP groups, we conducted an analysis of
clinically relevant laboratory-derived composite indexes
and observed that various variables exhibited signifi-
cantly distinct effects between the SCASP group and the
non-sCASP group among elderly individuals. Specifi-
cally, the NLR, SII, SIRI, NPAR, UAR, and CLR val-
ues in the SCASP group were significantly higher than
those in the non-sCASP group (p < 0.05), as detailed in
Supplemental Table S2.

Results of univariate logistic regression analysis

The univariate analysis revealed that the following 23
independent variables were significantly different (p <
0.05): age and gender; WBC, NEUT, APTT, D-dimer,
ALB, LDH, BUN, creatinine, uric acid, lactate, Ca, Fe,
Mg, and P; inflammatory factors: CRP and IL-6; and
laboratory composite derived indexes: NLR, SII,
NPAR, UAR, and CLR, as described in Supplemental
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Table S3 and Figure 2.

Results of the multivariate logistic regression analy-
sis

Subsequently, multicollinearity analysis was performed
on all parameters that showed statistical significance in
the univariate analysis. Variables with a variance infla-
tion factor (VIF) > 10, namely WBC, NEUT, urea, uric
acid, NLR, SII, UAR, and CLR, were excluded from
further multivariate logistic regression analysis. The re-
maining 15 variables were included in the multivariable
logistic regression model, which identified three inde-
pendent predictors of SCASP (p < 0.05): lactate (OR:
115.203, 95% CI: 2.786 - 4,763.976, p = 0.012); D-
dimer (OR: 5.541, 95% CI: 1.199 - 25.609, p = 0.028);
and IL-6 (OR: 1.059, 95% CI: 1.004 - 1.117, p = 0.035).
These findings indicate that elevated lactate, D-dimer,
and IL-6 levels are independently associated with the
development of sSCASP, as illustrated in Figure 3.

Prediction of severity by ROC curves

Based on these findings, we propose that lactate, D-di-
mer, and IL-6 are clinically meaningful biomarkers for
predicting the severity of CASP. Receiver operating
characteristic (ROC) curve analysis demonstrated that
lactate (AUC: 0.812, 95% CI: 0.719 - 0.904) had supe-
rior differentiating power in distinguishing elderly
SCASP cases from non-sCASP cases compared to D-di-
mer (AUC: 0.769, 95% CI: 0.664 - 0.874) and IL-6
(AUC: 0.727, 95% CI: 0.615 - 0.838). The optimal cut-
off values for predicting CASP severity were: lactate:
1.95 mmol/L; D-dimer: 0.85 mg/L; and IL-6: 33.5
pg/mL. Notably, the combination of all three biomark-
ers (lactate + D-dimer + IL-6) exhibited significantly
enhanced diagnostic performance (AUC: 0.981, 95%
CI: 0.954 - 1.000), outperforming any single marker
alone (Figure 4).

DISCUSSION

As is well recognized, a defining clinical characteristic
for COVID-19 is its unpredictable clinical course,
which can rapidly deteriorate into sCASP [13]. With a
significant improvement in the researchers’ awareness
regarding this topic, it is of practical significance to dis-
tinguish the severity of the disease by using derivative
indicators [14]. Univariate analysis showed that NLR
and SII were significantly associated with SCASP in el-
derly COVID-19 patients. Severe infection triggers a
complex interplay between COVID-19-associated coag-
ulopathy, ARDS, and multi-organ dysfunction [15].
Consistent with prior research [16,17], our multivariate
analysis identified elevated admission lactate and D-di-
mer levels as independent risk factors for severe CASP
in elderly patients. These findings support the clinical
utility of admission lactate for disease severity assess-
ment, while also underscoring the importance of moni-
toring D-dimer levels, given their parallel increase. Al-
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Hospitalized patients with community-acquired
pneumonia
December 1, 2022-October 31, 2022 (n = 184)

Patients with positive SARS-CoV-2
(n=280)

Patients with no SARS-CoV-2 detection

were excluded (n = 104)

Patients that were eligible for analysis

m=177)
Non-sCASP sCASP group
group (n = 35) (n=42)

Figure 1. The flowchart of the study process.

Patients with primary immunodeficiency
and secondary immunodeficien were

excluded (n = 3)

Variables OR (95% CI) p-value
Age 3 1.08 (1.027, 1.135) 0.003
Gender (male) - 3.346 (1.306, 8.574) 0.012
WBC i 1.167 (1.008, 1.35) 0.038
NEUT + 1.205 (1.036, 1.401) 0.015
PT L 1.23 (0.833, 1.818) 0.298
APTT [ 1.081 (0,997, 1.173) 0.06
D-dimer —H— 1.567 (1.153, 2.132) 0.004
AST | 1.007 (0.991, 1.024) 0.392
ALB ¥ 0.832 (0.748, 0.925) 0.001
LDH 1 1.005 (1.001, 1.01) 0.011
BUN wh 1.272 (1.097, 1.474) 0.001
Creatinine | 1.018 (1.004, 1.031) 0.01
Uric acid | 1.005 (1.001, 1.009) 0.008
Lactate } 12.449 (3.713, 41.744) <0.001
Ca ko 0.013 (0.001, 0.107) <0.001
Fe ' 1.079 (1.017, 1.145) 0.011
Mg ko 0.003 (0, 0.129) 0.002
P o 0.092 (0.014, 0.595) 0.012
CRP I 1.023 (1.01, 1.037) 0.001
PCT I 1.859 (0.633, 5.46) 0.259
IL-6 I 1.026 (1.01, 1.043) 0.002
NLR ¥ 1.083 (1.011, 1.16) 0.023
SII | 1(1, 1.001) 0.03
SIRI # 1.09 (0.962, 1.234) 0.176
NPAR e —— 4.142 (1.872, 9.165) <0.001
UAR w 1.233 (1.083, 1.404) 0.002
CLR : 1 : : : : : 1.008 (1.002, 1.014) 0.015
-1 l 3 5 7 17 27 37 47

Figure 2. Forest plot of univariate logistic regression analysis for risk factors associated with sSCASP on admission.
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Figure 3. Forest plot of multivariate logistic regression analysis for risk factors associated with sCASP on admission.
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Figure 4. Receiver operator characteristic curve of sCASP and risk factors.

though univariate analysis revealed significant differ-
ences in both IL-6 and CRP levels between sCASP and
non-sCASP groups, subsequent multivariate logistic re-
gression confirmed admission IL-6 as the sole inflam-
matory marker independently predictive of severe out-
comes. Our observation corresponds with the descrip-
tion made by Brandenburg et al. [18] and Mahmood et
al. [19]. This highlights the importance of IL-6 as a pre-
diction tool for not only assessing COVID-19 clinical
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outcomes but also monitoring the efficacy of anti-IL-6
treatment [20,21]. Remarkably, multiple studies have
demonstrated a significant association between circu-
lating trace element imbalances and COVID-19 disease
severity and clinical outcomes [22,23]. Univariate lo-
gistic regression analysis revealed significant associa-
tions between lower calcium (Ca), phosphorus (P),
magnesium (Mg) levels, and higher iron (Fe) levels, and
sCASP. However, these associations lost statistical sig-
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nificance in the multivariate analysis, suggesting that
while trace element imbalances may characterize CASP
patients, they are not independent risk factors. Regard-
ing inflammatory biomarkers, AUROC analysis identi-
fied lactate as the most robust independent predictor for
differentiating between elderly sCASP and non-sCASP
cases. Additionally, taking accessibility into account,
we combined these three biomarkers into one variable.
This combined model demonstrated a significantly
higher AUROC compared to any individual biomarker
alone, suggesting that a multi-marker approach may im-
prove the evaluation of sCASP and better inform on
clinical decision-making. However, due to the limita-
tions of our sample size and the retrospective design,
further large-scale studies are needed to validate these
findings.

Acknowledgment:
The authors gratefully acknowledge the students for
their skillful technical assistance.

Declaration of Interest:
The authors declared that no competing interest exists.

References:

1. Long Y, Zheng Y, Li C, et al. Respiratory pathogenic microbial
infections: a narrative review. Int J Med Sci 2024;21(5):826-36.
(PMID: 38617014)

2. Luthi-Corridori G, Boesing M, Roth A, et al. Predictors of Length
of Stay, Rehospitalization and Mortality in Community-Acquired
Pneumonia Patients: A Retrospective Cohort Study. J Clin Med
2023;12(17):5601. (PMID: 37685667)

3. File TM Jr, Ramirez JA. Community-Acquired Pneumonia. N
Engl J Med 2023;389(7):632-41. (PMID: 37585629)

4. Liu Y-N, Zhang Y-F, Xu Q, et al. Infection and co-infection pat-
terns of community-acquired pneumonia in patients of different
ages in China from 2009 to 2020: a national surveillance study.
Lancet Microbe 2023;4(5):¢330-9. (PMID: 37001538)

5. Spindel J, Furmanek S, Chandler T, Ramirez JA, Cavallazzi R. In
Patients Hospitalized for Community-Acquired Pneumonia,
SARS-CoV-2 Is Associated with Worse Clinical Outcomes When
Compared to Influenza. Pathogens 2023;12(4):571.

(PMID: 37111457)

6. Wang Y, Long Y, Wang F, Li C, Liu W. Characterization of
SARS-CoV-2 recombinants and emerging Omicron sublineages.
Int J Med Sci 2023;20(1):151-62. (PMID: 36619228)

7. Tan JY, Sim XYJ, Wee LE, et al. A comparative study on the
clinical features of COVID-19 with non-SARS-CoV-2 respiratory
viral infections. J Med Virol 2021;93(3):1548-55.

(PMID: 32881022)

8. Buchta C, Zeichhardt H, Griesmacher A, Schellenberg I, Kammel
M. Ignoring SARS-CoV-2 testing performance during COVID-
19. Lancet Microbe 2023;4(5):¢296. (PMID: 36746168)

9. Fomenko A, Weibel S, Moezi H, et al. Assessing severe acute
respiratory syndrome coronavirus 2 infectivity by reverse-tran-
scription polymerase chain reaction: A systematic review and
meta-analysis. Rev Med Virol 2022;32(5):¢2342.

(PMID: 35366033)

10. Chen Y, Huang S, Zhou L, Wang X, Yang H, Li W. Coronavirus
Disease 2019 (COVID-19): Emerging detection technologies and
auxiliary analysis. J Clin Lab Anal 2022;36(1):¢24152.

(PMID: 34894011)

11. Boechat JL, Chora I, Morais A, Delgado L. The immune response
to SARS-CoV-2 and COVID-19 immunopathology - Current per-
spectives. Pulmonology 2021;27(5):423-37. (PMID: 33867315)

12. Sun Y, Zou Y, Wang H, Cui G, Yu Z, Ren Z. Immune response
induced by novel coronavirus infection. Front Cell Infect Micro-
biol 2022;12:988604. (PMID: 36389144)

13. Hastak P, Cromer D, Malycha J, et al. Defining the correlates of
lymphopenia and independent predictors of poor clinical outcome
in adults hospitalized with COVID-19 in Australia. Sci Rep 2024;
14(1):11102. (PMID: 38750134)

14. Sayed AA. Assessing the Diagnostic Values of the Neutrophil-to-
Lymphocyte Ratio (NLR) and Systematic Immunoinflammatory
Index (SII) as Biomarkers in Predicting COVID-19 Severity: A
Multicentre Comparative Study. Medicina (Kaunas) 2024;60(4):
602. (PMID: 38674248)

15. Zhu Y, Sharma L, Chang D. Pathophysiology and clinical man-
agement of coronavirus disease (COVID-19): a mini-review.
Front Immunol 2023;14:1116131. (PMID: 37646038)

16. He S, Blomback M, Wallen H. COVID-19: Not a thrombotic dis-
ease but a thromboinflammatory disease. Ups J Med Sci 2024;
129. (PMID: 38327640)

17. Huang D, He D, Yao R, et al. Association of admission lactate
with mortality in adult patients with severe community-acquired
pneumonia. Am J Emerg Med 2023;65:87-94. (PMID: 36592566)

18. Brandenburg K, Ferrer-Espada R, Martinez-de-Tejada G, et al. A
Comparison between SARS-CoV-2 and Gram-Negative Bacteria-
Induced Hyperinflammation and Sepsis. Int J Mol Sci 2023;24
(20):15169. (PMID: 37894850)

19. Mahmood SBZ, Majid H, Arshad A, et al. Interleukin-6 (IL-6) as
a Predictor of Clinical Outcomes in Patients with COVID-19.
Clin Lab 2023;69(6). (PMID: 37307132)

20. Du P, Geng J, Wang F, Chen X, Huang Z, Wang Y. Role of IL-6
inhibitor in treatment of COVID-19-related cytokine release syn-
drome. Int J Med Sci 2021;18(6):1356-62. (PMID: 33628091)

21. Hafez W, Nasa P, Khairy A, et al. Interleukin-6 and the determi-
nants of severe COVID-19: A retrospective cohort study. Medi-
cine (Baltimore) 2023;102(45):¢36037. (PMID: 37960722)

22. Skalny AV, Timashev PS, Aschner M, et al. Serum Zinc, Copper,
and Other Biometals Are Associated with COVID-19 Severity
Markers. Metabolites 2021;11(4):244. (PMID: 33920813)

23. Herrera-Quintana L, Vazquez-Lorente H, Gamarra-Morales Y,
Molina-Lopez J, Planells E. Evolution of Status of Trace Ele-
ments and Metallothioneins in Patients with COVID-19: Rela-
tionship with Clinical, Biochemical, and Inflammatory Parame-
ters. Metabolites 2023;13(8):931. (PMID: 37623875)

Additional material can be found online at:
http://supplementary.clin-lab-publications.com/250301/

Clin. Lab. 1/2026



