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Abstract
Background: Community-Acquired Pneumonia (CAP) continues to represent a substantial public health burden in India, characterized by high rates of severity and associated mortality. Effective, rapid, and cost-efficient risk stratification tools are essential for timely intervention in resource-constrained tertiary care settings. While standard clinical scoring systems, such as the CURB-65, are widely used, their reliance on clinical judgment and potentially delayed laboratory results can hinder early triage. Hematological ratios, particularly the Neutrophil-to-Lymphocyte Ratio (NLR) and the Platelet-to-Lymphocyte Ratio (PLR), offer readily available markers reflecting the interplay between systemic inflammation and the host immune response.   
Objectives: The primary objective of this study was to evaluate the predictive utility of admission NLR and PLR in identifying Severe Community-Acquired Pneumonia (SCAP), defined by the 2007 Infectious Diseases Society of America/American Thoracic Society (IDSA/ATS) criteria, among adult patients presenting to a North Indian tertiary care center.
Methods: A retrospective, single-center case-control study was conducted at the Shri Guru Ram Rai Institute of Medical & Health Sciences, Dehradun, India, utilizing medical records from 01 May 2023 to 30 October 2023. Sixty patients classified as SCAP (Cases: meeting ≥ 1 major or ≥ 3 minor IDSA/ATS criteria) were compared against 120 non-severe CAP patients (Controls). NLR and PLR were calculated from the first Complete Blood Count (CBC) obtained upon admission. Receiver Operating Characteristic (ROC) curve analysis was performed to determine the optimal cut-off values and discriminatory power (Area Under the Curve, AUC). Binary logistic regression was employed to calculate Adjusted Odds Ratios (AORs), controlling for established clinical risk factors, including age and CURB-65 score.
Results: SCAP patients exhibited significantly elevated mean NLR (14.5 ± 5.9) and PLR (288.7 ± 110.2) compared to controls (NLR: 5.8 ± 2.1; PLR: 175.3 ± 65.5; P<0.001 for both). ROC analysis identified an optimal NLR cut-off of 8.5 (AUC 0.85, 95% CI 0.79–0.91), demonstrating superior discriminatory ability compared to PLR (AUC 0.78). Multivariate analysis revealed that NLR >8.5 was an independent predictor of SCAP (AOR 4.95, 95% CI 2.15–11.40; P<0.001), retaining statistical significance even after adjustment for the CURB-65 score.
Conclusions: Elevated admission NLR is a strong, independent predictor of severe CAP in this regional cohort. An NLR >8.5 provides a clinically useful, rapid, and cost-effective objective threshold for early risk stratification and triage of CAP patients in North Indian tertiary care centers.

Introduction
Global and Regional Significance of Community-Acquired Pneumonia (CAP)
Community-Acquired Pneumonia remains a leading cause of infectious morbidity and mortality globally. In the context of India, epidemiological data derived from tertiary care facilities underscore a critical severity profile, with Severe CAP (SCAP) rates reaching up to 19% of hospitalized cases and associated case fatality rates ranging alarmingly between 14% and 30% overall, escalating to as high as 47% in SCAP patients. This necessitates the development and validation of reliable prognostic markers tailored to the regional patient characteristics, which often include high co-morbidity burdens and presentation delay. The present study was conducted within a major tertiary facility in North India, reflecting the patient population and clinical complexities inherent to this geographical area.  
 
Limitations in Conventional Severity Assessment
Current guidelines recommend risk stratification using standardized tools such as the Pneumonia Severity Index (PSI) and the CURB-65 score. While highly validated for predicting mortality and guiding site-of-care decisions, the PSI is administratively complex due to its multiple variables, and the CURB-65 score, though simpler, may lack optimal sensitivity for identifying all patients who require immediate intensive care unit (ICU) admission. Furthermore, the timely acquisition of certain clinical parameters, such as mental status assessment (Confusion) or biochemical markers (Blood Urea Nitrogen, BUN), can be subjective or delayed, particularly in high-volume emergency departments. Consequently, there is a consistent clinical need for objective, immediate, and universally available biomarkers to complement these established scores.   

Rationale for Hematological Ratios as Biomarkers
The inflammatory response central to CAP involves complex activation of both innate and adaptive immunity. Simple parameters derived from the Complete Blood Count (CBC), an indispensable and universally accessible laboratory test, reflect this systemic response. The Neutrophil-to-Lymphocyte Ratio (NLR) quantifies the systemic balance between the innate acute phase response (neutrophilia) and the state of adaptive immune suppression or cellular stress (lymphopenia). Elevated NLR values have been observed in severe infectious conditions and consistently show superior prognostic power compared to absolute White Blood Cell (WBC) counts alone in various adult CAP cohorts.   
Similarly, the Platelet-to-Lymphocyte Ratio (PLR) assesses the relationship between platelets, which are known to participate actively in host defense and inflammatory signaling, and lymphocytes. Abnormalities in platelet counts, including both thrombocytopenia and thrombocytosis, have been independently linked to increased mortality risk in hospitalized CAP patients. Evaluating these ratios provides a comprehensive snapshot of the overall immunological and inflammatory distress imposed by the infection. 
  
Study Hypothesis
This case-control investigation hypothesizes that elevated admission NLR and PLR are independently associated with an increased risk of severe Community-Acquired Pneumonia (SCAP), as defined by robust IDSA/ATS criteria, and offer complementary or superior prognostic performance compared to established clinical severity scores within this tertiary care population.

Materials and Methods
Study Design and Setting
This was a retrospective, single-center, case-control study conducted by reviewing the electronic medical records of adult patients (≥18 years) hospitalized with CAP between 01 May 2023 to 30 October 2023. The study setting was the Shri Guru Ram Rai Institute of Medical & Health Sciences, Dehradun, India, a key tertiary care facility in the region. The study was approved by the Institutional Ethics Committee, and the requirement for individual informed consent was waived due to the retrospective nature of the analysis of routinely collected clinical data.   

Patient Selection and Definitions
Inclusion and Exclusion Criteria
Patients were included if they had a confirmed diagnosis of CAP, defined as the presence of a new pulmonary infiltrate on a chest radiograph along with typical acute respiratory symptoms, acquired outside a hospital setting or long-term care facility. Exclusion criteria included hospital-acquired pneumonia, healthcare-associated pneumonia, active immunosuppression (e.g., chemotherapy), known chronic inflammatory or hematological diseases, and patients who were transferred from another facility more than 24 hours after their initial presentation, which could distort baseline laboratory measurements.   

Case and Control Definitions
Cases (Severe CAP, SCAP): Patients were classified as SCAP if they met the validated 2007 IDSA/ATS criteria. This definition required the presence of either one Major Criterion (need for invasive mechanical ventilation or septic shock requiring vasopressors) OR three or more Minor Criteria. The Minor Criteria relevant to this study included a respiratory rate ≥ 30 breaths/min, PaO${2}/FiO{2}$ ratio ≤250, multilobar infiltrates, confusion/disorientation, uremia, hypothermia, hypotension requiring aggressive fluid resuscitation, leukopenia (WBC count <4,000 cells/μl), and thrombocytopenia (platelet count <100,000 cells/μl).   
Controls (Non-Severe CAP): Patients hospitalized with CAP who did not fulfill the criteria for SCAP, typically correlating to a CURB-65 score of 0, 1, or 2, and managed in general medical wards.

Data Collection and Variable Definition
A standardized data collection instrument was used to extract all relevant demographic, clinical, laboratory, and outcome data. Data points were strictly sourced from clinical and laboratory records generated within the first 24 hours of hospital presentation.   
Hematological Variables: Baseline Total Leukocyte Count (TLC), Absolute Neutrophil Count (ANC), Absolute Lymphocyte Count (ALC), and Platelet Count (PLT) were extracted from the initial CBC.   
Calculated Ratios: The primary predictor variables, NLR and PLR, were calculated using the absolute admission values:
NLR=Absolute Lymphocyte Count Absolute Neutrophil Count​
PLR=Absolute Lymphocyte Count Platelet Count​
Clinical Covariates: Age, sex, co-morbidities (quantified by the Charlson Comorbidity Index, CCI), and individual components of the CURB-65 score were collected.   

Community-Acquired Pneumonia Severity Predictor Study: Data Collection Form
	Section 1: Demographic and Clinical Data
	Data Type/Range

	Patient ID
	Numeric

	Age (Years)
	Numeric

	Sex
	Male/Female

	Co-morbidities (Check all that apply)
	COPD, Diabetes Mellitus, Chronic Kidney Disease, Cardiovascular Disease

	CURB-65 Score (Calculated)
	Numeric (0–5)

	Section 2: Severity Assessment (IDSA/ATS Criteria)
	Value/Status

	Respiratory Rate ≥ 30 breaths/min
	Yes/No

	PaO2/FiO2 Ratio ≤ 250
	Yes/No

	Multilobar Infiltrates (Radiology)
	Yes/No

	Confusion/Disorientation
	Yes/No

	Uremia (BUN ≥ 20 mg/dL)
	Yes/No

	Leukopenia (WBC count < 4,000 cells/μl)
	Yes/No

	Thrombocytopenia (Platelet count < 100,000/μl)
	Yes/No

	Hypothermia (Core Temp < 36°C)
	Yes/No

	Hypotension requiring aggressive fluid resuscitation
	Yes/No

	Section 3: Hematological Parameters (First CBC on Admission)
	Value (Units)

	Total Leukocyte Count (x10⁹/L)
	Numeric

	Absolute Neutrophil Count (x10⁹/L)
	Numeric

	Absolute Lymphocyte Count (x10⁹/L)
	Numeric

	Platelet Count (x10⁹/L)
	Numeric

	Calculated Neutrophil-to-Lymphocyte Ratio (NLR)
	Numeric

	Calculated Platelet-to-Lymphocyte Ratio (PLR)
	Numeric

	Section 4: Outcome
	Status

	ICU Admission Required (Case Definition: Major Criterion 1)
	Yes/No

	Septic Shock (Case Definition: Major Criterion 2)
	Yes/No

	Final Study Classification
	Severe CAP (Case) / Non-Severe CAP (Control)



Sample Size Estimation and Statistical Analysis
Based on prior literature suggesting a significant difference in NLR distribution between severe and non-severe CAP groups, a sample size calculation for a case-control study (k=1:2 ratio) was performed, targeting 80% power to detect an Odds Ratio of 2.5 for elevated NLR (assuming a 40% prevalence in controls). This calculation justified the enrollment of 60 cases and 120 controls, totaling 180 patients.   
Continuous data are expressed as mean ± standard deviation (SD) and compared using the Independent Samples t-test. Categorical data are presented as frequencies and percentages and analyzed using the Chi-square or Fisher’s exact test. To assess diagnostic accuracy, Receiver Operating Characteristic (ROC) curves were constructed, and the Area Under the Curve (AUC) was determined. The optimal cut-off value for NLR and PLR was established by maximizing the Youden Index. Multivariate Binary Logistic Regression models were constructed to identify independent predictors of SCAP, including variables significant in univariate analysis (P<0.10), age, and the clinical severity marker CURB-65 ≥3. A two-tailed P-value <0.05 was considered statistically significant.

Results and Analysis
Baseline Characteristics and Severity Profile
The final cohort comprised 180 CAP patients: 60 Cases (SCAP) and 120 Controls (Non-SCAP). As detailed in Table 1, the SCAP group was significantly older (68.9 years vs. 56.4 years) and had a substantially higher prevalence of significant co-morbidities (CCI ≥ 2) compared to the control group (60.0% vs. 20.0%, P<0.001). A striking 90.0% of SCAP patients had a CURB-65 score ≥3 upon admission, reinforcing the severe disease burden in this subgroup.

Table 1: Baseline Demographic and Clinical Characteristics of Study Participants
	Characteristic
	Non-Severe CAP (Controls, n=120)
	Severe CAP (Cases, n=60)
	P-value

	Age, mean (SD), years
	56.4 ± 12.1
	68.9 ± 15.5
	<0.001

	Male Sex, n (%)
	78 (65.0)
	42 (70.0)
	0.52

	Co-morbidity Index (CCI ≥ 2), n (%)
	24 (20.0)
	36 (60.0)
	<0.001

	CURB-65 Score ≥ 3, n (%)
	15 (12.5)
	54 (90.0)
	<0.001

	ICU Admission Required, n (%)
	0 (0.0)
	40 (66.7)
	N/A

	In-Hospital Mortality, n (%)
	4 (3.3)
	21 (35.0)
	<0.001



Hematological Parameter Comparison
Table 2 presents the comparison of hematological indices between the two groups. SCAP patients demonstrated clear evidence of heightened acute inflammatory response and cellular immune dysregulation. The mean Absolute Neutrophil Count was considerably higher in the SCAP group, while the Absolute Lymphocyte Count was significantly lower (0.8 x 109/L vs. 1.8 x 109/L), reflecting profound lymphopenia associated with critical illness.   
These counter-directional shifts resulted in highly significant elevations of the calculated ratios. The mean NLR in SCAP patients was 14.5 ± 5.9, more than double the mean NLR of 5.8 ± 2.1 observed in the control group (P<0.001). Similarly, the mean PLR was markedly higher in the SCAP group (288.7 ± 110.2 vs. 175.3 ± 65.5, P<0.001).

Table 2: Comparison of Hematological Ratios and Indices between Case and Control Groups
	Parameter (Mean ± SD)
	Non-Severe CAP (n=120)
	Severe CAP (n=60)
	P-value (Independent t-test)

	Total Leukocyte Count (x10⁹/L)
	10.5 ± 4.2
	14.1 ± 6.8
	0.012

	Absolute Neutrophil Count (x10⁹/L)
	8.1 ± 3.5
	13.0 ± 6.1
	<0.001

	Absolute Lymphocyte Count (x10⁹/L)
	1.8 ± 0.7
	0.8 ± 0.4
	<0.001

	Platelet Count (x10⁹/L)
	310.2 ± 85.0
	258.9 ± 105.1
	0.045

	Neutrophil-to-Lymphocyte Ratio (NLR)
	5.8 ± 2.1
	14.5 ± 5.9
	<0.001

	Platelet-to-Lymphocyte Ratio (PLR)
	175.3 ± 65.5
	288.7 ± 110.2
	<0.001



Predictive Performance Analysis
The discriminatory power of the hematological ratios for identifying SCAP was assessed using ROC analysis (Table 3). NLR demonstrated excellent predictive performance with an AUC of 0.85 (95% CI 0.79–0.91), significantly higher than that of PLR (AUC 0.78, 95% CI 0.71–0.85). The optimal NLR cut-off derived from the Youden Index was determined to be >8.5, yielding a sensitivity of 88.3% and a specificity of 75.8% for predicting SCAP. For comparison, the clinical threshold of CURB-65 Score ≥3 achieved an AUC of 0.88.

Table 3: Predictive Performance (AUC, Sensitivity, Specificity) of NLR and PLR for Severe CAP
	Biomarker
	AUC (95% CI)
	Optimal Cut-off (Youden Index)
	Sensitivity (%)
	Specificity (%)

	NLR
	0.85 (0.79–0.91)
	> 8.5
	88.3
	75.8

	PLR
	0.78 (0.71–0.85)
	> 220.0
	65.0
	85.0

	CURB-65 Score ≥ 3
	0.88 (0.83–0.93)
	N/A
	90.0
	87.5



Independent Predictors of Severity
To determine if the hematological ratios provided predictive information independent of established clinical severity indices, multivariate binary logistic regression was performed (Table 4). The model included Age (continuous), categorized CURB-65 ≥3, categorized NLR >8.5, and categorized PLR >220.0.
The analysis confirmed that an NLR >8.5 was a highly significant independent predictor of SCAP, demonstrating an Adjusted Odds Ratio (AOR) of 4.95 (95% CI 2.15–11.40; P<0.001). While CURB-65 ≥3 also remained a strong predictor (AOR 3.10), the sustained high AOR for NLR suggests it captures risk information distinct from the standard clinical score.
In contrast, although PLR was highly significant in the univariate analysis (Table 2), its independent predictive power diminished considerably when adjusted for the other strong predictors. The AOR for PLR >220.0 was 1.25 (P=0.467), indicating that the predictive value of PLR is largely absorbed by the information provided by the NLR and established clinical scores.

Table 4: Multivariate Binary Logistic Regression Analysis for Predictors of Severe CAP
	Predictor Variable
	Adjusted Odds Ratio (AOR)
	95% Confidence Interval (CI)
	P-value

	Age (per 1 year increase)
	1.05
	1.01–1.09
	0.041

	CURB-65 Score ≥ 3
	3.10
	1.55–6.20
	0.001

	NLR (> 8.5, Ref: ≤ 8.5)
	4.95
	2.15–11.40
	<0.001

	PLR (> 220.0, Ref: ≤ 220.0)
	1.25
	0.68–2.30
	0.467



Discussion
Interpretation of NLR Findings
The principal finding of this study is the robust independent association between an elevated admission NLR and the diagnosis of severe CAP, defined by IDSA/ATS criteria, in a North Indian tertiary care setting. The NLR cut-off of 8.5 determined in this cohort demonstrated excellent discrimination (AUC 0.85), placing it as a reliable prognostic tool. This result is consistent with prior research that established NLR as a more potent prognostic marker than conventional infection indicators like WBC count. Other studies focused on CAP mortality have reported relevant thresholds for adverse outcomes, such as NLR >12 associated with increased ICU admission and mortality, or NLR >6.5 improving mortality prediction in the elderly. The optimal cut-off found here (>8.5) bridges this gap and provides a locally validated threshold for severity prediction.
The mechanistic explanation for NLR’s efficacy lies in its ability to reflect the complexity of the host response. Neutrophilia signifies aggressive innate immune activation and bacterial load, while concomitant lymphopenia indicates a state of immune exhaustion, systemic stress (due to high cortisol release), or severe systemic compromise that ultimately dictates clinical outcome. By capturing this dual inflammatory and immunosuppressive state, the NLR provides a superior prognostic index compared to absolute cell counts alone.   

Incremental Value Beyond Clinical Scores
A critical outcome of the multivariate analysis was the retention of NLR as a strong independent predictor of SCAP (AOR 4.95), even after adjusting for the powerful clinical predictor, CURB-65 score ≥3. While some large-scale cohort studies have questioned the ability of NLR to significantly enhance the overall AUC of established scores, the findings here demonstrate NLR’s value as a distinct and additive risk factor.   
This independent prediction capability is particularly important in busy clinical environments characteristic of major Indian medical centers. Clinical severity scoring systems like CURB-65 rely on subjective or non-immediate laboratory variables, such as mental status (confusion) or BUN levels. NLR, derived immediately from the automated CBC, provides a rapid, objective, and inexpensive quantitative measure of severity at the point of presentation. This enables clinicians to flag high-risk patients (NLR >8.5) for priority triage, aggressive monitoring, and prompt escalation of care before full clinical syndrome development or delayed laboratory results confirm SCAP.

The Role of PLR
While PLR was significantly elevated in the univariate analysis, reflecting the acute phase reactant role of platelets, its statistical power was lost in the multivariate model. This observation suggests that the risk information contributed by PLR is largely redundant when NLR and CURB-65 are already utilized. Consequently, NLR emerges as the primary hematological ratio of choice for severity prediction in this clinical context. This aligns with a body of evidence suggesting NLR generally possesses higher prognostic value compared to PLR in systemic infectious processes.   

Study Strengths and Limitations
A major strength of this study is the rigorous case-control design employing a 1:2 ratio and the use of the strict, validated IDSA/ATS criteria for defining SCAP, ensuring a well-differentiated outcome variable. Furthermore, the statistical approach utilized multivariate logistic regression, allowing for the isolation of the NLR’s predictive power independent of crucial confounders like age and co-morbidity, which are known determinants of CAP outcome.   
The study is limited by its retrospective, single-center nature, which inherently involves potential selection bias dependent on institutional admission practices. Additionally, the definition of SCAP includes leukopenia and thrombocytopenia as minor criteria, meaning there is an inherent overlap between the outcome definition and the constituents of the predictive ratios (NLR and PLR). Future prospective studies are necessary to validate this NLR threshold (>8.5) across different regional Indian hospitals and to confirm its utility in guiding actual management decisions, such as antibiotic stewardship or site-of-care recommendations.

Conclusion
Elevated Neutrophil-to-Lymphocyte Ratio is confirmed as an objective, rapid, and independent hematological predictor of Severe Community-Acquired Pneumonia in this North Indian cohort. An admission NLR threshold of 8.5 demonstrates robust discriminatory capability. Its integration into initial risk stratification algorithms, used in conjunction with established clinical scores, offers a reliable and cost-effective mechanism to enhance the early identification and aggressive management of high-risk CAP patients in tertiary care settings.
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