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1. Introduction 

The coronavirus disease 2019, caused by the novel 

severe acute respiratory syndrome coronavirus 2, 

represents a profound and ongoing clinical challenge 

to global healthcare systems.1 While the vast majority 

of infected individuals experience only mild to 

moderate respiratory symptoms, a highly significant 

and vulnerable subset of patients rapidly progresses 

to severe pneumonia, acute respiratory distress 

syndrome, multi-organ failure, and ultimately death. 

The catastrophic clinical deterioration observed in 

severe cases of COVID-19 is not solely a direct 
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A B S T R A C T  

The neutrophil-to-lymphocyte ratio is an established biomarker reflecting 
systemic inflammation and immune dysregulation. However, single baseline 
measurements upon hospital admission often fail to capture the highly 
dynamic immunological trajectory of patients infected with the severe acute 

respiratory syndrome coronavirus 2. This study aimed to evaluate the 
prognostic superiority of early variations in the neutrophil-to-lymphocyte 
ratio, defined as ΔNLR, compared to static baseline measurements for 
predicting in-hospital mortality among patients admitted to the emergency 

department and general medical wards. A systematic review and meta-
analysis were strictly conducted according to PRISMA guidelines. Data were 
meticulously extracted from ten selected observational cohort studies. The 
primary outcome assessed was in-hospital mortality. Standardized mean 

differences and 95 percent confidence intervals were calculated utilizing a 
DerSimonian-Laird random-effects model to appropriately account for 
anticipated clinical heterogeneity. The comprehensive meta-analysis 
integrated data from 4582 patients across ten independent studies. Both the 

baseline neutrophil-to-lymphocyte ratio and the early ΔNLR were 
significantly elevated in non-survivors compared to survivors. However, the 
early variation in the ratio, measured precisely at 24 to 48 hours post-
admission, demonstrated a significantly higher predictive value for in-

hospital mortality. The pooled standardized mean difference for baseline 
measurements between non-survivors and survivors was 0.82 (95 percent 
confidence interval: 0.61 to 1.03, p less than 0.001). In stark contrast, the 
pooled standardized mean difference for the early ΔNLR was 1.34 (95 percent 

confidence interval: 1.05 to 1.63, p less than 0.001), indicating a 
substantially stronger effect size and superior prognostic discrimination. In 
conclusion, early dynamic variations in the neutrophil-to-lymphocyte ratio 
offer superior prognostic value compared to static baseline measurements 

for predicting fatal outcomes in COVID-19 patients. Integrating kinetic 
monitoring into emergency and ward triage protocols can significantly 
optimize early risk stratification. 
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biological consequence of unchecked viral replication 

within the pulmonary parenchyma. Rather, this 

deterioration is primarily driven by a profoundly 

dysregulated and maladaptive host immune 

response.2 This aberrant immunological reaction, 

frequently and accurately referred to in the clinical 

literature as a cytokine storm, is characterized by 

overwhelming systemic hyperinflammation, diffuse 

vascular endothelial dysfunction, widespread 

coagulation abnormalities, and profound immune 

cellular exhaustion. Consequently, the early and 

accurate identification of patients who are at a high 

risk of rapid clinical deterioration is paramount. This 

imperative is particularly critical in high-volume, high-

pressure clinical settings such as the emergency 

department and general medical wards, where rapid 

resource allocation and critical triage decisions must 

be made continually to prevent excess mortality.3 

In the intensive pursuit of reliable, early risk 

stratification methodologies, routine hematological 

parameters have emerged as highly cost-effective, 

universally accessible, and deeply informative clinical 

tools.4 Among these various parameters, the 

neutrophil-to-lymphocyte ratio has garnered immense 

attention and validation within the specialized fields of 

clinical pathology and laboratory medicine. 

Physiologically, this specific mathematical ratio 

perfectly reflects the dynamic and delicate biological 

balance between the innate immune response and the 

adaptive immune response. Neutrophils, serving as 

the primary cellular effectors of the innate immune 

system, are the immediate first responders to acute 

tissue inflammation and viral infection.5 Conversely, 

lymphocytes represent the highly specific adaptive 

immune system, responsible for regulating targeted 

cellular cytotoxicity, humoral antibody production, 

and maintaining long-term immune tolerance. In the 

specific clinical context of COVID-19, the virus 

induces a unique and highly destructive hematological 

signature: it directly and indirectly causes severe 

cytopathic apoptotic effects on circulating 

lymphocytes while simultaneously stimulating robust, 

unchecked neutrophil mobilization and release from 

the bone marrow. This dual hematological 

phenomenon invariably leads to markedly elevated 

neutrophil-to-lymphocyte ratio values in peripheral 

blood samples.6 

Numerous robust clinical studies have successfully 

validated static, admission-based measurements of 

this ratio as an independent predictor of disease 

severity, the requirement for mechanical ventilation, 

and overall in-hospital mortality.7 However, utilizing a 

singular baseline measurement intrinsically possesses 

a critical and often overlooked clinical limitation: it 

merely captures a cross-sectional, static snapshot of 

the patient's highly complex immunological status at 

the exact moment of hospital presentation. A static 

baseline measurement fails entirely to account for the 

dynamic, ongoing evolution of the viral infection over 

subsequent hours and days.8 Furthermore, it cannot 

possibly capture or quantify the patient's specific 

physiological response to initial therapeutic 

interventions initiated in the emergency department, 

such as early oxygen therapy, aggressive fluid 

resuscitation, or the prompt administration of 

systemic immunomodulatory corticosteroids. Clinical 

observations consistently suggest that patients whose 

ratio continues to rise rapidly within the first 24 to 48 

hours, displaying a positive delta variation, are on an 

irreversible trajectory toward severe systemic failure. 

Conversely, patients whose ratio rapidly stabilizes or 

decreases in response to early treatment tend to 

experience highly favorable clinical outcomes.9 

Despite the rapidly growing body of primary 

literature tracking these specific kinetic changes, there 

remains a distinct lack of rigorous quantitative 

synthesis directly comparing the prognostic effect 

sizes of baseline measurements versus early dynamic 

changes, specifically in non-intensive care settings. 

The novelty of this study lies in its focused, highly 

specific comparative meta-analytical approach, which 

explicitly isolates the precise prognostic weight of early 
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ΔNLR variations against traditional static 

measurements, utilizing exclusively emergency 

department and general ward patient cohorts. By 

mathematically standardizing continuous laboratory 

data into pooled effect sizes, this study transcends the 

inherent limitations and confusion caused by the 

wildly heterogeneous cut-off values frequently 

reported in individual primary papers.10 The aim of 

this study was to systematically review the current 

literature and perform a comprehensive meta-analysis 

to definitively determine whether early variations in 

the neutrophil-to-lymphocyte ratio possess 

statistically and clinically superior prognostic value 

over static admission values for predicting in-hospital 

mortality in COVID-19 patients. 

 

2. Methods 

This comprehensive systematic review and meta-

analysis were meticulously designed, rigorously 

conducted, and completely reported in strict 

accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses guidelines. 

The entire methodological framework was constructed 

from inception to ensure the highest possible level of 

transparency, reproducibility, and scientific rigor 

suitable for advanced clinical pathology applications. 

The inclusion criteria for this meta-analysis were 

strictly defined prior to data collection to encompass 

ten highly relevant, peer-reviewed observational cohort 

studies. The selected studies specifically evaluated 

adult patients definitively diagnosed with COVID-19 

via reverse transcription polymerase chain reaction 

testing who were admitted directly to the emergency 

department or general hospital medical wards. 

The strict inclusion criteria were meticulously 

defined as follows: First, the study population must 

consist exclusively of adult patients aged 18 years or 

older with laboratory-confirmed COVID-19. Second, 

the clinical setting was strictly limited to emergency 

departments and non-intensive care wards at the time 

of the initial and secondary hematological 

measurements. Third, the study must have recorded 

both a baseline admission measurement and a 

subsequent serial measurement of the neutrophil-to-

lymphocyte ratio, allowing for the direct extraction or 

mathematical calculation of the early delta variation. 

This early variation was strictly defined as the absolute 

change in the ratio within 24 to 72 hours of hospital 

admission. Fourth, the primary reported clinical 

endpoint must clearly include in-hospital mortality. 

Finally, the study must provide continuous laboratory 

data, specifically means and standard deviations, or 

provide sufficient detailed statistical parameters to 

accurately impute these continuous values for the 

subsequent calculation of Standardized Mean 

Differences. Studies evaluating exclusively intensive 

care unit patients at baseline, pediatric cohorts, case 

reports, or studies lacking sufficient extractable 

hematological data were systematically and completely 

excluded from the analysis. 

Data extraction was performed systematically by 

two independent reviewers to ensure complete 

accuracy and eliminate any potential selection or 

confirmation bias. The extracted variables included 

the name of the first author, the precise year of 

publication, the specific observational study design, 

the country of origin, the total patient sample size, 

patient demographic characteristics including mean 

age and sex distribution, the exact timing of the 

hematological blood draws, and the final clinical 

outcomes categorized strictly into survivors and non-

survivors. The methodological quality and inherent 

risk of bias of the included observational cohort 

studies were rigorously evaluated utilizing the widely 

validated Newcastle-Ottawa Scale. This specific 

assessment scale evaluates studies based on three 

primary domains: the selection of the study groups, 

the comparability of the groups based on design or 

analysis, and the accurate ascertainment of either the 

exposure or outcome of interest. Studies achieving a 

total score of 7 or higher out of a maximum of 9 

possible stars were officially considered to possess a 
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remarkably low risk of bias and high methodological 

quality, making them entirely suitable for robust 

meta-analytical pooling. 

The meta-analysis was specifically performed to 

quantitatively evaluate and directly compare the 

prognostic value of the baseline admission ratio versus 

the early delta variation. Because the exact absolute 

values of the hematological ratios varied significantly 

across different international clinical laboratories, 

automated hematology analyzers, and highly diverse 

patient populations, the Standardized Mean Difference 

accompanied by a 95 percent Confidence Interval was 

utilized as the primary statistical summary measure. 

The Standardized Mean Difference effectively and 

elegantly normalizes the absolute numerical 

differences observed between survivors and non-

survivors, allowing for the seamless mathematical 

pooling of continuous data across highly diverse 

international cohorts. 

A robust random-effects model based precisely on 

the DerSimonian-Laird method was selected prior to 

the initiation of data analysis. This specific statistical 

model was utilized due to the anticipated clinical and 

methodological heterogeneity inherently present 

among the included global observational studies. 

Statistical heterogeneity across the primary studies 

was rigorously quantified using both the Cochran Q 

test and the I2 statistic. An I2 value greater than 50 

percent indicated the clear presence of substantial 

inter-study heterogeneity, necessitating the random-

effects approach. The precise statistical significance of 

the pooled effect sizes was determined utilizing the Z-

test, with a two-tailed p-value of less than 0.05 

officially considered to be statistically significant. 

 

3. Results and Discussion 

Figure 1 presents a highly structured and rigorous 

visual representation of the comprehensive literature 

search, screening, and study selection process, strictly 

adhering to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses guidelines. 

The architectural flow of this diagram is fundamentally 

divided into four distinct, sequential phases: 

identification, screening, eligibility, and final 

inclusion. The identification phase commenced with 

an exhaustive, highly protocolized search strategy 

executed across major international scientific 

databases, specifically capturing 1245 initial records. 

This massive initial yield underscores the intense 

global research focus on hematological biomarkers 

during the viral pandemic. Prior to any human 

screening, an automated and manual deduplication 

process was performed, successfully removing 312 

duplicate records. This critical first step ensured that 

the subsequent screening phases were completely 

insulated from the risk of double-counting patient 

cohorts, which is a frequent and highly damaging 

source of statistical bias in large-scale meta-analyses. 

Following deduplication, the screening phase 

encompassed the careful evaluation of 933 unique 

records based entirely on their titles and abstracts. 

During this primary triage stage, 885 records were 

systematically excluded due to clear irrelevance to the 

core study objectives. The sheer volume of exclusions 

at this stage highlights the highly specific, deeply 

targeted nature of this meta-analysis. Many of these 

excluded studies likely evaluated unrelated 

biomarkers, focused entirely on pediatric populations, 

or investigated non-viral etiologies of sepsis. The 

transition from the screening phase to the eligibility 

phase represents the most critical methodological 

bottleneck in the entire systematic review. A total of 48 

full-text reports were successfully retrieved for an 

intensely detailed, comprehensive assessment against 

the predefined, highly stringent inclusion criteria. 

The rightward-facing exclusion box in the eligibility 

row of the diagram provides profound insight into the 

rigorous methodological standards applied to this 

specific research question. A total of 38 full-text 

manuscripts were permanently excluded for failing to 

meet the exact parameters required for dynamic 

kinetic analysis. The accompanying exclusion list 
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details the primary reasons for rejection, which are 

scientifically crucial to understand. First, studies 

capturing patients who were immediately admitted to 

the intensive care unit upon hospital arrival were 

excluded. This exclusion was absolutely necessary 

because the primary aim of this meta-analysis was to 

evaluate the utility of dynamic hematological tracking 

specifically as an early triage tool in emergency 

departments and general wards, prior to the onset of 

frank critical illness. Second, and most importantly, 

manuscripts lacking explicit dynamic delta data 

calculated between 24 and 48 hours were rejected. 

Many studies in the broader literature only report a 

single, static baseline admission value. By strictly 

requiring serial, continuous measurements to 

calculate the absolute mathematical change over time, 

the selection process guaranteed that the final pooled 

data would definitively answer the research question 

regarding kinetic trajectories. Finally, studies missing 

clear, objective data on the primary clinical endpoint 

of in-hospital mortality were also excluded to maintain 

the prognostic integrity of the synthesis. 

The culmination of this highly rigorous, multi-stage 

filtration process is depicted in the final inclusion 

phase at the bottom of the diagram. Exactly ten high-

quality, peer-reviewed observational cohort studies 

successfully navigated every methodological hurdle. 

This final cohort of ten studies represents the absolute 

highest echelon of available clinical evidence directly 

comparing static versus dynamic hematological 

variations in non-intensive care settings. By providing 

a completely transparent, step-by-step mathematical 

accounting of how 1245 initial records were carefully 

distilled down to 10 definitive studies, Figure 1 

fundamentally establishes the reproducibility, 

scientific validity, and absolute methodological 

integrity of the entire meta-analysis. It assures the 

clinical pathology community that the resulting pooled 

data are derived exclusively from highly targeted, 

highly relevant, and highly scrutinized primary 

literature. 

Table 1 serves as the foundational epidemiological 

and methodological cornerstone of the entire meta-

analysis, providing an extensively detailed, 

comprehensive breakdown of the ten observational 

cohort studies that met the stringent inclusion 

criteria. This table is not merely a collection of 

demographic data; it is a profound testament to the 

global scale and the robust external validity of the 

synthesized clinical findings. The table systematically 

organizes complex study-level data into highly 

readable, distinct columns, capturing the first author 

and publication year, the geographical region of origin, 

the specific clinical setting at the time of admission, 

the total sample size, the strict dichotomous division 

of clinical outcomes into non-survivors and survivors, 

and the final methodological quality assessment score. 

The geographical diversity highlighted in the second 

column is scientifically paramount. The integrated 

data spans multiple continents and highly diverse 

healthcare systems, incorporating vast patient cohorts 

from France, Romania, Egypt, India, the United Arab 

Emirates, Switzerland, China, Indonesia, and Mexico. 

In the context of a global pandemic, regional treatment 

protocols, criteria for hospital admission, and inherent 

population genetics vary wildly. By successfully 

pooling continuous hematological data across such a 

deeply heterogeneous global landscape, Table 1 

demonstrates that the prognostic utility of dynamic 

hematological variations is a universal biological 

phenomenon, entirely independent of localized 

treatment biases or specific regional hospital 

capacities. This massive geographic spread 

significantly amplifies the external validity and the 

direct clinical applicability of the meta-analysis 

findings to emergency departments worldwide. The 

clinical setting column utilizes distinct graphical 

badges to clearly delineate the exact location of the 

patient cohorts during their initial hematological 

evaluations. The studies are accurately categorized 

into emergency departments, general medical wards, 

or a combination of both.  
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This specific categorization is clinically vital 

because it precisely captures the critical early window 

of hospital admission, entirely avoiding the 

confounding variables associated with patients who 

are already mechanically ventilated or receiving 

vasopressor support in the intensive care unit. The 

sample size columns reveal the immense statistical 

power of this quantitative synthesis. Table 1 

meticulously documents a massive combined cohort of 

4,582 hospitalized adult patients. Within this vast 

population, the clinical outcomes are distinctly divided 

into 973 non-survivors and 3,155 survivors, reflecting 

a pooled in-hospital mortality rate that accurately 

mirrors the established global epidemiological data for 

severe viral pneumonia cohorts requiring 

hospitalization. This large sample size completely 

ensures that the subsequent calculations of 

Standardized Mean Differences are highly robust and 

completely insulated from the extreme statistical 

volatility frequently seen in small-scale, single-center 
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case series. 

Finally, the rightmost column of Table 1 presents 

the critical results of the Newcastle-Ottawa Scale 

quality assessment, visually represented by color-

coded scoring badges. The Newcastle-Ottawa Scale is 

an internationally validated, highly rigorous tool 

utilized specifically to evaluate the inherent risk of bias 

in non-randomized, observational cohort studies. It 

systematically grades research based on the strict 

selection of the exposed and non-exposed cohorts, the 

precise comparability of those cohorts based on design 

or analysis, and the highly objective ascertainment of 

the final clinical outcomes. As clearly documented in 

the table, every single included study achieved a highly 

impressive score ranging from seven to nine out of a 

maximum possible nine points. Four studies achieved 

a perfect score of nine, indicating flawless 

methodological execution. This column definitively 

proves to the readership that the raw data feeding into 

the complex meta-analytical statistical models is of the 

absolute highest scientific caliber, completely devoid of 

significant selection bias, reporting bias, or major 

confounding errors. 

 

 

 

 

Table 2 presents the first major quantitative 

synthesis of the study, delivering a highly detailed, 

graphically advanced examination of the static 

baseline admission measurement and its direct 

mathematical relationship with fatal clinical 

outcomes. This table focuses entirely on the single 
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hematological snapshot taken at the exact moment the 

patient presents to the emergency department or 

general ward, prior to any significant inpatient 

therapeutic intervention. The architectural layout of 

the table brilliantly integrates raw clinical data, 

advanced biostatistical summaries, and a highly 

precise, mathematically scaled visual forest plot 

directly into a single, cohesive schematic framework. 

The core biostatistical metric utilized throughout this 

table is the Standardized Mean Difference, 

accompanied by its corresponding 95 percent 

confidence interval. Because the ten included 

international studies utilized vastly different 

automated hematology analyzers, distinct laboratory 

calibration protocols, and highly varied absolute cutoff 

values, reporting raw mean differences would be 

mathematically invalid and scientifically misleading. 

The utilization of the Standardized Mean Difference 

completely solves this inherent problem by elegantly 

normalizing the absolute numerical differences 

observed between the survivor and non-survivor 

cohorts across every single study. Looking at the data 

rows, a distinct and completely uniform pattern 

instantly emerges: every single one of the ten primary 

studies reports a highly positive Standardized Mean 

Difference. This definitively proves that across a 

massive, globally diverse population of 4,582 patients, 

the individuals who ultimately succumbed to the viral 

illness presented with significantly higher baseline 

systemic inflammation upon initial hospital admission 

compared directly to the patients who successfully 

survived. 

The pure CSS forest plot embedded within the right 

side of the table provides an immediate, striking visual 

confirmation of these statistical findings. The vertical 

dashed line perfectly represents the line of no effect, 

mathematically fixed at zero. Every single blue 

estimate box, representing the individual study 

findings, is positioned significantly to the right of this 

zero-line. The horizontal dark lines extending from 

these boxes represent the 95 percent confidence 

intervals. The visual width of these intervals is 

mathematically inversely proportional to the specific 

weight and sample size of each primary study. The 

climax of Table 2 is located in the highlighted footer 

row, which definitively presents the overall pooled 

statistical effect. The large, red diamond visually 

represents the final synthesized data from all ten 

cohorts. The center of this diamond rests exactly at a 

Standardized Mean Difference of 0.82, with the outer 

points of the diamond perfectly spanning the highly 

significant 95 percent confidence interval of 0.61 to 

1.03. From a strict clinical pathology perspective, an 

effect size of 0.82 is universally considered to be a large 

and highly significant biological signal. The 

corresponding Z-score of 7.65 yields a profound p-

value of less than 0.001, confirming absolute 

statistical significance. 

However, the statistical footer also transparently 

reports a critical biostatistical caveat: an I2 

heterogeneity value of 81 percent. This extremely high 

degree of statistical variance between the primary 

studies is precisely why the DerSimonian-Laird 

random-effects model was appropriately utilized. 

Pathophysiologically, this massive heterogeneity is 

entirely expected when evaluating static baseline 

measurements. A patient arriving at the emergency 

department with a high initial ratio might be 

experiencing the onset of a catastrophic, terminal 

cytokine storm. Conversely, another patient might 

present with the exact same elevated numerical ratio 

simply due to transient physiological stress, severe 

dehydration from viral gastroenteritis, or a completely 

unrelated, resolving acute inflammatory process. The 

static admission measurement, while statistically 

significant on a population level, completely fails to 

capture the individual patient's underlying 

physiological vector. It is a singular, isolated frame 

completely divorced from the rapidly moving, highly 

complex biological reality of a severe viral infection. 
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Table 3 represents the absolute pinnacle of this 

comprehensive systematic review, delivering the 

definitive, mathematically proven argument for the 

massive prognostic superiority of dynamic kinetic 

tracking over static admission measurements. While 

the previous table established that high initial 

inflammation correlates with mortality, Table 3 

entirely shifts the clinical paradigm by quantifying the 

exact prognostic weight of the dynamic, early absolute 

change in the hematological ratio occurring precisely 

within the first 24 to 48 hours of hospital admission. 

To visually underscore the supreme importance of 

these kinetic findings, the table utilizes a highly 

distinctive, deep teal and crimson color palette, 

immediately differentiating it from the static baseline 

data. The raw data and calculated Standardized Mean 

Differences presented in this table completely eclipse 

the findings of the static admission measurements. 

Across all ten international cohorts, the unmitigated, 

continuous escalation of the hematological ratio, 

manifesting clinically as a highly positive dynamic 

variation, is profoundly and inextricably linked to 

terminal clinical outcomes. When a patient's bone 

marrow continues to relentlessly pour destructive, 

hyper-activated neutrophils into the systemic 

circulation while their adaptive lymphocyte 

populations simultaneously suffer massive, rapid 

apoptotic collapse despite early medical interventions, 

the resulting mathematical ratio skyrockets. Table 3 

mathematically captures this exact catastrophic 

biological trajectory. 

The embedded forest plot visually demonstrates a 

massive, uniform shift to the extreme right side of the 

mathematical scale. Because the calculated effect 

sizes are so profoundly large, the graphical scale of the 

plot was strictly expanded to encompass a range from 

0.0 to 2.0. Individual primary studies, such as the 

cohort analyzed by Simadibrata and colleagues, report 

staggering individual effect sizes reaching as high as 

1.48. This clearly indicates a massive, undeniable 

physiological divergence occurring rapidly between the 

patients who are successfully responding to early 
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emergency department treatments and those who are 

plunging irreversibly into severe acute respiratory 

distress syndrome and subsequent multi-organ 

failure. The overall pooled statistical effect, highlighted 

prominently in the deep crimson diamond at the base 

of the table, provides the ultimate, definitive 

conclusion of the entire research endeavor. The pooled 

Standardized Mean Difference for the dynamic early 

variation escalates dramatically to an incredible 1.34, 

with a tightly bound 95 percent confidence interval 

spanning from 1.05 to 1.63. The corresponding Z-

score increases massively to 9.05, maintaining an 

absolute, unquestionable statistical significance with 

a p-value of less than 0.001. By comparing this 

dynamic pooled effect of 1.34 directly against the static 

baseline effect of 0.82, this meta-analysis provides 

irrefutable mathematical proof of prognostic 

superiority. 

Furthermore, the statistical footer reveals a highly 

critical and deeply fascinating biostatistical 

phenomenon: the I2 heterogeneity value drops 

noticeably to 68 percent. By actively calculating the 

mathematical difference between two sequential blood 

draws within the exact same individual patient, the 

dynamic tracking methodology inherently normalizes 

and completely erases a massive amount of the 

baseline biological noise and inter-patient variability 

that plagued the static measurements in Table 2. In 

essence, each individual patient acts as their own 

perfect internal baseline control. A sharply rising 

dynamic trajectory completely cuts through the 

confounding variables of initial dehydration, varied 

viral inoculums, and differing baseline health 

statuses, clearly illuminating the unchecked, highly 

lethal vector of profound innate immune hyperactivity 

and total adaptive immune failure. For clinical 

pathology and everyday medical practice, Table 3 

strongly dictates a mandatory, system-wide shift 

toward active kinetic immune monitoring, 

transforming a ubiquitous, incredibly inexpensive 

complete blood count into a highly precise, dynamic 

prognostic instrument for optimizing critical resource 

allocation and pre-emptive intensive care unit triage. 
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This highly rigorous, systematic review and 

extensively detailed meta-analysis provides 

compelling, quantitative, and clinically definitive 

evidence regarding the optimal utilization of routine 

hematological parameters in the context of viral 

sepsis. The core finding of this exhaustive study is 

absolutely clear: while an elevated static baseline 

neutrophil-to-lymphocyte ratio is undeniably a valid 

and statistically significant predictor of in-hospital 

mortality in COVID-19, the early dynamic variation of 

this exact same ratio offers profound and undeniable 

prognostic superiority.11 By carefully extracting and 

analyzing continuous pooled laboratory data from over 

4500 patients across ten highly distinct international 

cohorts, this study completely elucidated that the 

Standardized Mean Difference between non-survivors 

and survivors escalated massively from 0.82 at the 

time of initial hospital admission to 1.34 when 

systematically observing the early kinetic change 

within the first 48 hours. This dramatic increase in the 

statistical effect size mathematically confirms that 

meticulously tracking the specific vector of immune 

dysregulation over time is vastly superior to measuring 

a single, isolated point in time.12 
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To fully appreciate the clinical gravity of these 

statistical findings, it is absolutely essential to delve 

deeply into the complex pathophysiological and 

immunological mechanisms that fundamentally 

underpin the highly destructive host response to the 

SARS-CoV-2 virus.13 The absolute numerical values of 

neutrophils and lymphocytes measured in the 

peripheral blood are not merely arbitrary laboratory 

numbers generated by an automated hematology 

analyzer; they are direct, real-time cellular surrogates 

representing the raging, catastrophic biological war 

occurring between viral pathogenesis and the failing 

host defense mechanisms. The pathogenesis of severe 

COVID-19 begins when the viral spike protein binds 

with exceptionally high biological affinity to the 

Angiotensin-Converting Enzyme 2 receptors, which 

are densely expressed on the alveolar epithelial cells, 

vascular endothelial cells, and crucially, on various 

subsets of immune cells circulating in the blood. This 

initial viral entry and subsequent rapid intracellular 

replication immediately trigger a massive and 

uncoordinated innate immune response. The primary 

biological mechanism driving the numerator of our 

investigated mathematical ratio, the absolute 

neutrophil count, is the profound hyper-activation of 

the innate immune system.14 Alveolar macrophages 

detect viral molecular patterns and respond rapidly by 

massively upregulating the genetic transcription and 

subsequent systemic release of extremely potent pro-

inflammatory chemokines and cytokines, most 

notably Interleukin-6, Interleukin-8, Interleukin-1 

beta, and tumor necrosis factor-alpha, detailed in 

Figure 2. 

Interleukin-8, in particular, acts as a profound and 

relentless chemotactic signal, causing the rapid 

demargination of dormant neutrophils from the 

vascular endothelium and simultaneously stimulating 

the bone marrow to release massive quantities of both 

mature and immature neutrophils directly into the 

systemic circulation. Once deployed to the pulmonary 

tissues and the delicate systemic microvasculature, 

these hyper-activated neutrophils desperately attempt 

to sequester the virus by releasing vast quantities of 

reactive oxygen species, highly destructive proteolytic 

enzymes, and complex neutrophil extracellular traps. 

The process of forming neutrophil extracellular traps 

involves complex web-like structures composed of 

extruded granular proteins and sticky nuclear 

chromatin. While evolutionarily designed to capture 

invading bacterial pathogens, the unchecked, 

systemic, and overwhelming release of neutrophil 

extracellular traps in severe COVID-19 causes 

catastrophic collateral tissue damage. They directly 

induce profound vascular endothelial cell apoptosis, 

strongly activate the intrinsic coagulation cascade, 

and promote massive, diffuse immunothrombosis 

throughout the capillary beds. This widespread, 

unmitigated microvascular thrombosis is the primary 

physiological driver of acute respiratory distress 

syndrome and the subsequent fatal multi-organ 

failure, clearly seen in the patients who comprised the 

non-survivor cohorts, perfectly captured in our meta-

analysis data15, detailed in Figure 2. 

Simultaneously, we must critically examine the 

denominator of the mathematical ratio: the absolute 

lymphocyte count. Severe COVID-19 is universally 

characterized by profound, progressive, and highly 

destructive lymphopenia.16 The biological mechanisms 

driving this catastrophic failure of the adaptive 

immune system are highly complex and multifaceted. 

First, SARS-CoV-2 can directly infect specific 

lymphocytes via Angiotensin-Converting Enzyme 2 

and other cellular coreceptors, leading directly to rapid 

viral cytopathic cell death. Second, the massive 

systemic cytokine storm, particularly the 

astronomically high circulating levels of Interleukin-6 

and Tumor Necrosis Factor-alpha, creates a highly 

toxic systemic environment that essentially forces 

circulating T-cells and B-cells into states of 

accelerated apoptosis and highly inflammatory 

pyroptosis. Furthermore, the continuous and 

overwhelming viral antigenic stimulation leads directly 
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to severe T-cell exhaustion, which is biologically 

characterized by the rapid upregulation of inhibitory 

surface markers and a complete, irreversible loss of 

functional cellular proliferative capacity. Lastly, the 

severe systemic inflammation actively induces marked 

atrophy of the secondary lymphoid organs, completely 

suppressing the biological generation of new, naive 

lymphocytes from the germinal centers. 

Therefore, an initially high baseline ratio simply 

indicates that this highly destructive dual process—

innate hyperactivation combined with adaptive 

failure—has commenced prior to the patient arriving 

at the emergency department. However, the true 

clinical trajectory of COVID-19 is remarkably and 

notoriously heterogeneous.17 A patient may present to 

the emergency department with a high initial ratio 

purely due to transient physiological stress, mild 

dehydration, or a resolving initial early inflammatory 

phase. In these specific patients, standard supportive 

care, adequate fluid resuscitation, and early medical 

interventions will rapidly stabilize the immune system. 

The neutrophil count will begin to slowly decline as 

vascular demargination resolves, and the lymphocyte 

count will begin to actively recover. Consequently, 

their early delta variation will be highly negative or 

completely stable. This specific physiological recovery 

perfectly and seamlessly correlates with the massive 

survival cohorts accurately identified in our meta-

analysis. 

Conversely, patients who experience a positive, 

rapidly escalating early delta variation specifically 

within the critical first 24 to 48 hours are exhibiting 

an unmitigated, unstoppable immunological cascade. 

A rapidly rising delta value signifies that the bone 

marrow is continuing to relentlessly pour highly 

destructive neutrophils into the circulation, 

perpetuating the catastrophic cycle of neutrophil 

extracellular trap formation and diffuse endothelial 

destruction.18 Simultaneously, it definitively indicates 

that the adaptive immune system is failing entirely, 

with widespread lymphocyte apoptosis accelerating 

rapidly despite optimal medical support. The 

escalating delta value is not merely a mathematical 

laboratory marker; it is the precise, undeniable 

mathematical representation of a patient crossing the 

physiological point of no return toward a severe 

cytokine storm and intractable multi-organ failure. 

The substantially higher Standardized Mean 

Difference precisely observed for the delta variation 

perfectly captures this progressive, highly fatal 

physiological divergence between survivors and non-

survivors that a static, singular admission value 

completely and entirely misses. 

In evaluating the kinetic changes of this 

hematological parameter, clinical pathologists and 

treating physicians must critically address and 

interpret massive confounding clinical variables that 

frequently arise during the early hospital admission 

phase. A primary confounding factor involves the 

administration of systemic corticosteroids. The 

administration of dexamethasone or 

methylprednisolone is a highly established 

cornerstone of severe COVID-19 management.19 

However, these potent immunomodulators universally 

induce rapid, predictable, and artificial physiological 

changes in peripheral leukocyte counts. 

Corticosteroids forcefully inhibit the expression of 

vascular adhesion molecules, causing a massive, 

immediate demargination of mature neutrophils from 

the endothelial walls into the central circulating blood 

pool, thereby inducing a profound, transient 

neutrophilia. Simultaneously, corticosteroids actively 

induce the apoptosis of certain circulating lymphocyte 

subsets and heavily promote the sequestration of 

lymphocytes into the lymphatic tissues, exacerbating 

peripheral lymphopenia. Consequently, a patient 

receiving early, high-dose intravenous corticosteroids 

in the emergency department will almost certainly 

exhibit a massive, artificially inflated positive delta 

variation at the 24-hour mark, strictly due to 

pharmacology rather than advancing viral 

pathogenesis. Clinical algorithms utilizing this 
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dynamic parameter must meticulously adjust for the 

exact timing and dosage of corticosteroid 

administration to prevent highly erroneous risk 

stratification and entirely unnecessary panic 

regarding treatment failure. 

Furthermore, a second critical confounding 

variable that dramatically alters the interpretation of 

dynamic cellular trajectories is the development of 

secondary bacterial superinfections. While the 

primary viral pathogen induces a highly specific 

pattern of immune dysregulation, the sudden 

superimposition of a hospital-acquired bacterial 

pneumonia or an intravascular catheter-associated 

bloodstream infection will invariably trigger a 

completely secondary, massive wave of acute innate 

immune activation. A patient whose immune system 

was initially stabilizing, demonstrating a negative or 

flat hematological trajectory, may suddenly present 

with a violent, vertical spike in their delta 

measurement. This specific, sudden kinetic shift must 

prompt the immediate clinical suspicion of an occult 

secondary bacterial pathogen, necessitating rapid 

blood cultures, deep respiratory sputum sampling, 

and the prompt initiation of broad-spectrum empirical 

antibiotic therapy, rather than assuming a strictly 

viral-mediated deterioration.20 

Additionally, from a strict laboratory medicine 

perspective, minor analytical variances must be briefly 

acknowledged when synthesizing data across multiple 

international centers. Different clinical laboratories 

utilize highly variable automated hematology 

analyzers produced by distinct commercial 

manufacturers. These highly complex machines rely 

on subtly different proprietary technologies, utilizing 

varied techniques such as specifically tuned 

fluorescent flow cytometry, precise radio-frequency 

impedance, and multi-angle laser light scatter, to 

accurately classify and enumerate specific leukocyte 

subpopulations. While the internal calibration and 

rigorous quality control of these individual analyzers 

are remarkably high, extremely minor, inherent 

mechanical variances in how they specifically 

categorize complex, immature granulocytes or 

morphologically atypical reactive lymphocytes can 

introduce a very small degree of technical variance into 

the exact absolute numerical ratio calculated at 

different hospital sites. However, focusing precisely on 

the mathematical delta variation entirely mitigates this 

issue; because the delta measures the proportional 

physiological change occurring strictly within the 

same individual patient, utilizing the exact same 

hospital analyzer over a 48-hour period, the internal 

kinetic trajectory effectively cancels out any static, 

baseline mechanical calibration bias. 

From the specific operational perspective of clinical 

pathology, laboratory medicine, and acute care 

management, these definitive findings dictate an 

immediate, urgent, and fundamental paradigm shift in 

exactly how we utilize and interpret routine 

hematological data. The outdated era of relying strictly 

on static admission thresholds for triaging severe viral 

sepsis must definitively end. In crowded, high-volume 

emergency departments, reliance on highly advanced, 

novel biomarkers such as specific interleukin assays 

or complex functional flow cytometry is entirely 

impractical due to excessively high material costs, the 

requirement for highly specialized laboratory 

personnel, and unacceptably slow laboratory 

turnaround times. However, the standard Complete 

Blood Count with an automated differential is globally 

ubiquitous, incredibly inexpensive, seamlessly 

integrated into existing laboratory workflows, and 

readily available within minutes. By strictly mandating 

a repeat hematological analysis at exactly 24 to 48 

hours post-admission for all moderate to high-risk 

patients, clinical pathologists and attending 

physicians can actively calculate the dynamic delta 

trajectory with exceptional precision and absolutely 

zero added logistical burden to the healthcare 

system.17,18 

A sharply rising delta trajectory must immediately 

be recognized by the medical team as a critical 
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laboratory alert. It should instantly trigger intensive 

clinical considerations for the rapid escalation of care. 

This specific kinetic laboratory data provides the exact 

physiological rationale for the early, pre-emptive 

administration of powerful systemic 

immunomodulators, such as targeted Interleukin-6 

receptor antagonists or Janus kinase inhibitors, even 

if the patient's peripheral oxygen saturation appears 

temporarily, and deceptively, stable. Furthermore, this 

dynamic laboratory parameter serves as an incredibly 

powerful, entirely objective, and universally accessible 

tool for pre-emptive intensive care unit triage and the 

highly optimized allocation of extremely scarce critical 

care resources. By utilizing dynamic variations, we 

successfully transition from merely passively 

observing the severity of the illness to actively 

predicting its highly lethal trajectory. This study 

possesses minor limitations. Despite the rigorous 

utilization of a random-effects model, statistical 

heterogeneity was explicitly observed across the 

selected primary studies, which is largely attributable 

to unavoidable global differences in regional hospital 

treatment protocols.19,20 

 

4. Conclusion 

This comprehensive systematic review and 

extensively detailed meta-analysis provided 

compelling, robust, and mechanically validated 

evidence regarding the absolute optimal utilization of 

routine hematological biomarkers for advanced risk 

stratification in patients infected with the SARS-CoV-

2 virus. While the single, static measurement of the 

neutrophil-to-lymphocyte ratio upon initial hospital 

admission serves as a valid, acceptable, and 

statistically significant indicator of baseline systemic 

inflammation, it completely lacks the required 

temporal sensitivity to accurately predict the rapidly 

evolving and highly destructive nature of severe viral 

pneumonia. Our rigorous pooled data analysis 

demonstrated definitively that early dynamic 

variations in this specific ratio, precisely calculated 

within the critical first 24 to 48 hours of emergency 

department or ward admission, exhibit profound and 

highly significant prognostic superiority. The 

calculated standardized mean difference between non-

survivors and survivors was markedly and 

significantly wider for the dynamic variation compared 

directly to static baseline measurements, highlighting 

its vastly enhanced discriminatory power for 

accurately predicting fatal outcomes. 

Pathophysiologically, a rising dynamic trajectory 

accurately and continuously mirrors an unchecked, 

lethal vector of innate immune hyperactivity tightly 

coupled with total adaptive immune failure. It serves 

as an early, highly reliable, and easily accessible 

cellular harbinger of impending cytokine storm, 

diffuse immunothrombosis, and catastrophic multi-

organ failure driven specifically by widespread 

neutrophil extracellular trap formation and extreme 

lymphocyte exhaustion. For everyday, practical 

clinical practice, particularly within high-volume 

emergency departments and busy general medical 

wards, these definitive findings advocate strongly for a 

fundamental, system-wide shift toward active kinetic 

immune monitoring. Implementing standardized, 

serial complete blood counts during the early hospital 

admission phase allows clinical pathologists and 

attending physicians to actively calculate the delta 

trajectory, successfully transforming a ubiquitous and 

inexpensive standard laboratory test into a highly 

precise, dynamic prognostic instrument. Patients 

definitively identified with a highly positive, escalating 

hematological trajectory can and must be immediately 

prioritized for aggressive, targeted therapeutic 

interventions, optimized critical resource allocation, 

and pre-emptive intensive care unit triage, thereby 

ultimately improving overall clinical outcomes and 

significantly reducing in-hospital mortality rates 

globally. 
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