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ABSTRACT 

Background: COVID-19 expressed with different clinical severity come from impaired regulated 

immune responses. The present study was aimed to completely compare between hematological 

factors, SARS-CoV-2-specific responses of antibodies, and inflammatory cytokine description among 

three distinct cohorts: active COVID-19 infected patients, healed individuals, and healthy controls 

which were unexposed to virus. Methods: descriptive study included 450 participants (150 for every 

group). Active patients were RT-PCR supported; healed individuals which were ≥4 weeks after 

symptom resolution; healthy controls which had no previous viral infection or vaccination. Blood 

samples have been tested for SARS-CoV-2 antibodies (anti-spike IgG, neutralizing antibodies, anti-

nucleocapsid IgG), complete blood counts, and cytokines (IL-6, TNF-α, IFN-γ) were done via 

multiplex immunoassay. Result: The present study yield a full detailed comparative- based analysis 

of main biomarkers among 450 individuals classified into active SARS-CoV-2 infection (n=150), 

recovered individuals (n=150), and healthy controls (n=150). the present study assess SARS-CoV-2-

specific antibodies (nucleocapsid IgG, spike IgG, neutralizing antibodies), hematological factors, 

and inflammatory cytokines (TNF-α, IL-6,  IFN-γ). Clinicall active infection was described by 

considerably increased antibody responses, lymphopenia, neutrophilia and a significant pro-

inflammatory cytokine analysis with high IL-6 (268.4±44 pg/mL) and TNF-α (218.6±39.3 pg/mL). on 

the other hand, IFN-γ mesures were maximum in recovered individuals (117.5±5.8 pg/mL), indicating 

a shift toward antigen specific immunity. These results outlined unique immunological stages of 

COVID-19 and have effects for comprehension of the pathogenesis, treatment targeting, and 

prolonged immunity. Conclusions: Active COVID-19 is defined by over activated antibody mediated 

immunity, pro-inflammatory cytokine control (IL-6/TNF-α), and hematological abnormal regulation. 

Recovery includes shift into regulated immunity with persistent neutralizing antibodies and high IFN-

γ, indicating establishment of immunological cellular memory. These different immunological 

signatures among infection phases might inform prognostic assessment and  stage-specific 

therapeutic strategies. 
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INTRODUCTION 

     The COVID-19 global outbreak has 

emphasized an important requirement to 

understand host-pathogen relationships and 

immune reactions to SARS-CoV-2. The 

disease diversity ranges from asymptomatic 

illness to deadly multisystem organ failure, 

mostly motivated by dysregulated immune 
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reactions. Main characteristics 

include:cytokine storm, hyperinflammation,  

and hematological anomaly such as 

neutrophilia and lymphocytopenia. Antibody 

reaction against viral proteins like 

nucleocapsid and spike serve as indicators of  

immunity and  infection, while cytokine 

expression profiles demonstrate the underlying 

inflammatory condition.  

      The appearance of SARS-CoV-2 in the 

latter part  of 2019 triggered the coronavirus 

disease 2019 (COVID-19) outbreak, 

exhibiting an exceptional international health  

public emergency[1]. The clinical 

presentations of COVID-19 are significantly 

diverse, varying from silent carriage and slight 

upper airway infection to extreme pneumonia, 

an acute respiratory distress syndrome 

(ARDS), multiple-organ failure, and death 

[2,3]. This wide- ranging disease is mainly 

recorded by the complex interaction between  

the host's immune response  and the virus. At 

the same time an effective immune reaction is 

impotant for viral elimination , an exaggerated 

response or a dysregulated   can lead to 

immunopathology and  damage to the tissue, 

which consider an  important sign of severe 

and life threatening COVID-19 [4,5]. Hence, 

analyzing the accurate hematological, 

immunological and  inflammatory signs at 

variable stages of infection is crucial for  

determining prognostic predictive, 

understanding the  pathogenesis and 

establishing specific preventive and  

therapeutic techniques. 

     The specific antibody mediated immune 

response, identified by the generation of  

antibodies specific for viral antigens, is an 

important defense process. Antibodies that 

directed against the SARS-CoV-2 spike (S) 

protein, especially those designed against the 

receptor-binding domain (RBD), can 

inactivate the virus by prevening its entrance 

through the target cells by the receptor called  

angiotensin-converting enzyme 2 

(ACE2)[6,7]. in the same way, antibodies 

directed against the nucleocapsid (N) protein, 

whereas less probable to be neutralizing, act as 

essential markers of encounter and infection 

[8]. The quality, magnitude and  strength of 

these antibody mediated responses, especially 

neutralizing antibody (NAb) levels, are 

important determinants of making shield 

against recurrence of infection and are vital for 

assessing vaccine effectiveness [9,10]. 

sequential studies have revealed that while 

antibody levels may diminsh over months, 

memory B cells continue to recall secondary 

immune response, likely enabling a fast 

anamnestic response after second-exposure 

[11,12]. 

      Simultaneously , the non-specific immune 

system and complement cascades play a 

conclusive role in clinical outcome. Crucial 

COVID-19 is often connected with a 

imbalanced generalized inflammatory 

response, frequently called a "cytokine storm" 

[13]. This condition is identified by elevated 

titers of  chemokines and pro-inflammatory 

cytokines  including interferon-gamma (IFN-

γ), tumor necrosis factor-alpha (TNF-α) and  

interleukin-6 (IL-6), [14,15]. The effect of 

IFN-γ is more complicated; it is a main 

cytokine against antiviral cellular immune 

response but can also participate to tissue 

inflammation. Especially  compromised or 

delayed type I interferon response in the 

beginning of an infection has been associated 

to severe illness, while a strong and prompt 

IFN response is linked with control of viral 

replication[18,19]. While IL-6, in particular, 

has been powerfully implicated which lead to 

promoting endothelial dysfunction, excessive 

inflammation and participating to the  immune 

mediated thrombosis detected in serious and 

acute cases [16,17].  

    Alterations in  Hematological levels are 

another noticeable character of COVID-19 and 

yield an important insights into the systemic 

effect of the viral infection. Lymphopenia or 
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high lymphocyte level, especially affecting T 

cells, is the most frequent laboratory outcomes 

and is a powerful predictor of mortality and 

disease severity [20,21]. On the other hand, 

neutrophilia and a high level of neutrophil-to-

lymphocyte ratio (NLR) are associated with a 

strong inflammatory response and are 

indicative of bad with poor prognosis [22,23]. 

These alterations reflect both the bone 

marrow's response to general inflammation 

and the direct impact of the virus on 

lymphocytes. 

       In spite of lot of researchs, a complete 

research, direct  analysis of these multiple 

variables including particular antibody 

patterns, wide hematological indexes, and in 

depth cytokine signling networks—over the 

marked phases of current infection and 

remission, used as a reference against non-

affected individuals, remains essential. Such 

an combined analysis can highlight the 

progressive change from acuteinfection and 

excessive inflammation to recovery and the 

formation of adaptive immune memory. 

    Thus, this observational study aims to 

present a overall profile by contrasting the 

amounts of SARS-CoV-2-specific antibodies ( 

anti-N IgG, and anti-S and neutralizing 

antibodies), main hematological variables 

(total WBC, lymphocyte , and neutrophil 

counts), and crucial inflammatory cytokines ( 

TNF-α,IL-6, and IFN-γ) across three distinct 

groups: patients with current COVID-19, 

patients who have healed from COVID-19, and 

healthy individuals with no pevious exposure. 

By explaining these clear immunological 

pattern, the results of the pesent study seek to 

augment the elucidation of COVID-19 

immune mediated pathogenesis and add to the 

framework for more exact medical control and 

immune  regulatory  procedures. My  present 

study aims to full comparison between these 

parameters above infected patients , recovered 

patients , and uninfected individuals to 

describe obviously  immune activity and 

inform medical treatment. 

 

METHODS 

     Study Protocol and Subjects:  

      An observational  study was carried out 

with 450 subjects (150 for each group). 

Current COVID-19 patients were RT-PCR 

established; healed individuals were >4 weeks 

post-symptom termination; healthy control had 

no history of COVID-19 or immunization. 

Study  groups were paired for age and 

biological sex. 

Laboratory Analysis:   

     Blood specimens were examined for 

SARS-CoV-2 antibodies (ELISA for 

spike/nucleocapsid IgG, surrogate 

neutralization test). Complete blood count with 

differential. Cytokine measurement (TNF-α, 

IL-6, IFN-γ) by using multiple immunoassay 

Statistical Evaluation: 

         Data evaluated by using SPSS v.26 with 

ANOVA/Chi-square tests. P<0.05 

aknowledged as significant. 

 

RESULTS 

 Population characteristics:   There are no 

considerable demographic differences among 

infected and control cohorts; healed cohort was 

a little older (Table 1). 

 Antibody mediated Immunity: Active 

patients revealed maximum antibody measures 

between all tests, followed by healed 

individuals. Healthy controls had slight 

reactivity (Tables 3–5, all p<0.001). 

Hematological Alterations: Clinically active 

infection related with increased WBCs, 

relative lymphopenia and neutrophilia 

evaluted against other cohorts (Table 2, 

p<0.05). 

Cytokine Signatures:  Pro-inflammatory 

cytokines TNF-α and IL-6 were significantly 

elevated in clinically active infection. IFN-γ 

was reduced in active patients but increased in 

healed individuals (Table 6, p<0.001). 
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Table 1: Population Characteristics of Study Participants. 

Characteristics 

Mean ± SD 

Active 

Infected 

Patients 

(n=150) 

Mean ± SD 

Healed 

individuals 

(n=150) 

Mean ± SD 

Healthy 

Control 

individuals 

(n=150) 

P 

value 

 Age (years)   28.8 ± 12.4 36.5 ± 14.3 27.3 ± 11.9 
0.7888 

Range 18 – 42y 19 – 56y 16 – 44y 

Gender 

Males 90 (60%) 70 (46.7%) 84 (56%) 0.156 

Females 60 (40%) 80 (53.3%) 66 (44%) 0.113 

 

Table 2: Hematological variables between Study cohorts. 

Characteristics 

Active 

Infected 

Patients 

(n=150) 

Healed 

individuals 

(n=150) 

Healthy 

Control 

individuals  

(n=150) 

P value 

WBCs Total Counts (x10⁹/L) 

Mean ± SD 7.86 ± 2.3 6.42 ± 1.8 5.98 ± 1.5 <0.05 

Range 4.3 – 15.6 4.0 – 10.2 4.1 – 8.9  

Neutrophils (%) 

Mean ± SD 5.53 ± 1.2 4.12 ± 1.0 3.85 ± 0.9 <0.01 

Range 3.5 – 8.1 2.8 – 6.5 2.5 – 5.8  

Lymphocytes (%) 

Mean ± SD 2.01 ± 0.8 2.45 ± 0.7 2.50 ± 0.6 <0.05 

Range 1.0 – 4.5 1.5 – 4.0 1.6 – 4.2  

 

Table 3: SARS-CoV-2 Spike Protein IgG , Neutralizing Antibody levels and SARS-CoV-2.  

Characteristics 

Active 

Infected 

Patients 

(n=150) 

Healed 

individuals 

(n=150) 

Healthy 

Control 

individuals  

(n=150) 

P 

value 

SARS-CoV-2 Spike Protein IgG 

Mean ± SD (AU/mL) 8.2 ± 0.51 6.7 ± 0.41 0.16 ± 0.12 <0.001 

Range 5.91 – 8.23 2.9 – 4.5 0.1 – 0.9  
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Characteristics 

Active 

Infected 

Patients 

(n=150) 

Healed 

individuals 

(n=150) 

Healthy 

Control 

individuals  

(n=150) 

P 

value 

Neutralizing Antibody IgG (titer) 

Mean ± SD 253.9 ± 48.1 236.82 ± 38.2 14.32 ± 5.1 <0.001 

Range 
167.82 – 

382.6 
156.6 – 349.5 3.1 – 34.5  

SARS-CoV-2 Nucleocapsid Protein IgG 

Mean ± SD (AU/mL) 4.2 ± 0.31 3.62 ± 0.41 0.16 ± 0.12 <0.001 

Range 3.9 – 5.2 2.9 – 4.5 0.1 – 0.9  

 

Table 6: Cytokine Profiles Among Study Cohorts. 

Characteristics 
Active Infected 

Patients (n=150) 

Healed individuals 

(n=150) 

Healthy 

Control 

individuals  

(n=150) 

P value 

IL-6 (pg/ml) 

Mean ± SD 268.4 ± 44 111.2 ± 4.6 33.5 ± 1.8 <0.001 

Range 180 – 365.7 85 – 135 28 – 40  

TNF-α (pg/ml) 

Mean ± SD 218.6 ± 39.3 91.8 ± 3.9 57.2 ± 2.1 <0.001 

Range 188 – 345 75 – 110 50 – 65  

IFN-γ (pg/ml) 

Mean ± SD 44.2 ± 22.6 117.5 ± 5.8 96.4 ± 2.7 <0.001 

Range 25 – 100 105 – 130 90 – 105  

 

DISCUSSION 

      This complete observational study yields a 

detailed overview of the hematological, 

immunological,  and inflammatory area of 

study among three vital phases of the SARS-

CoV-2-biological interaction: current acute 

infection, recovery, and prior exposure. The 

present study findings define obvious and 

important differences among these groups, 

strengthening and enlarging over established 

patterns of COVID-19 immune mediated 

pathogenesis while providing understanding of 

the  transition from acute infection to healing 

and the ability of long-term immunity. 

Antibody mediated Immunity: strong but 

variable Responses among Phases 

     The present study data demonstrate a strong 

and exact antibody mediated immune response 

in active COVID-19 individuals, defined by 

significantly high levels of anti-nucleocapsid 
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IgG, anti-spike IgG, and neutralizing 

antibodies when  compared to both healthy 

controls and healed individuals. The anti-spike 

IgG amounts detected in the active infection 

group (8.2 ± 0.51 AU/mL) are dependable with 

studies presenting powerful seroconversion 

during the first two weeks of clinically 

appeared infection [35]. The simultaneous 

elevated levels of neutralizing antibodies 

(mean 253.9) agree with results that 

neutralizing ability frequently correlates with  

the severity of disease, likely mirroring a 

higher antigenic level leading to a more 

effective B-cell response [36,18]. 

     Particularly, healed individuals, collected 

from patients after more than 4 weeks when 

symptom have been disappeared, preserved 

substantial titers of all  antibodies that have 

been measured, although at lower levels when 

compared to the acute stage. This endurance 

supports the idea of continueable , though 

potentially waning, antibody mediated 

memory [7,11]. The reduced titers of anti-N 

protein IgG when  compared to anti-S IgG in 

the healed group might show differential 

progression in antibody decline, like some 

studies propose anti-N antibodies decay more 

quickly[37]. Significantly, the maintained 

neutralizing ability in the healed group (mean 

236.82) recommend kept protective functional 

immunity, which is a main associate of 

protection against second infection [9]. 

Hematological Changes: indicator of 

Immune Dysregulation and Inflammatory 

Stress 

      The hematological pattern of active 

COVID-19 individuals showed a pattern 

characteristic of systemic inflammation and 

acute viral stress: high levels of total WBC 

counts caused by lymphopenia , accompanied 

by relative neutrophilia. This neutrophil-to-

lymphocyte inequality, measured in the 

present data, is an important  predictive marker 

for severe infection [22,23]. Lymphopenia, 

especially infleuencing CD8+ and CD4+ T 

cells, is a characteristic of severe SARS-CoV-

2 infection and is believed to be a result from a 

combination of cytokine-mediated apoptosis, 

direct viral effects,  and containment in the 

lungs [26,4].      in the healed group the 

hematological parameters become normal 

especially the neutrophil and lymphocyte 

levels  returning to levels closely similar to 

healthy controls group—spotlights the 

returnability of this imbalanced upon 

inflammation resolution and viral clearance. 

This adjustment might happened as a result of 

the restoration of immune balance and describe 

a good prognostic evidence for full 

improvement. 

The Cytokine Triad: different functions of 

TNF-α, IL-6, and IFN-γ 

    The most remarkable and clinically  

significant findings of the present study apply 

to the cytokine expression, which indicate a 

two category inflammatory condition between 

convalescence and active infection. Ongoing 

active COVID-19 patients showed a marked 

pro-inflammatory feature, with extensively 

increased levels of IL-6 (268.4 pg/mL) and 

TNF-α (218.6 pg/mL). This "cytokine storm" 

observable characteristic is an important for 

the pathophysiology of severe COVID-19 

infection [13].  While IL-6 acts as a main 

regulator of the responses of acute phase , 

which promotes Th17 differentiation, and 

correlate with the endothelial cells dysfunction 

and  the coagulopathy which is the sign of 

severe disease [15,16]. The achievement of IL-

6 receptor inhibitors (e.g., tocilizumab) in 

paricular patient categories highlight the 

pathogenic impact of the IL-6 cytokine [39]. 

IL-6 synergizes with TNF-α to  activate fever, 

inflammation, and tissue damage. The 

continuous elevated  levels of the tested 

cytokines in the active cohort highlight their 

significant role as activator, rather than just 

markers, to measure the severity of the  disease 

[14]. 
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       In clear difference, the cytokine scenario 

healed individuals was described by a 

significant shift. While TNF-α and IL-6 levels 

had declined significantly, they persisted 

slightly inceased above control measures, 

indicating a potent state of minor remaining 

immune activation or inflammation that 

justifies additional follow up assessment. The 

most powerful finding was the impressive high 

level of IFN-γ in the healed cohort (117.5 

pg/mL), exceeding levels in both healthy 

controls and active patients. IFN-γ is a main 

mediator cytokine of cell mediated immunity, 

mainly produced by NK cells and activated T 

cells. Its low amount during active infection 

might indicate T-cell exhaustion, 

sequestration, or a suppressive impact of the 

elevated IL-6 level [40]. The following 

elevation and rebound in convalescence 

probable indicate the activation and expansion 

of virus-specific T cells memory , an important 

component of life long protective immunity 

against the virus [17,10]. This increased IFN-γ 

level in healed group may yield a positive 

immunological effect, indicating a strong and 

functional adaptive immunological memory 

that might contribute to protection upon viral 

re-exposure. 

Combined Interpretation and Clinical 

Implications 

     The present study combined results support 

a variable model  immunologyof COVID-19. 

The acute phase is controlled by the activation 

of the innate immunity and the production of 

antibody, commonly at the cost of the 

imbalanced cascade of inflammatory events 

(high IL-6/TNF-α) and lymphocyte deficiency. 

Successful shift to post illness recovery 

involves the improvement of this hyper active 

inflammatory state,  hematological parameters 

normalization, and the appearance of a major 

cellular immune mark (high IFN-γ) beside 

continuous antibody mediated immunity. 

 

The present study findings have multiple 

research and clinical implications 

Prognostic Classification: The integrated 

assessment of IL-6, NLR,  and antibody levels 

at demonstration might improve initial risk 

classification for severe illness. 

Therapeutic Targeting: The result enhance the 

justification for anti-cytokine treatment (e.g., 

anti-IL-6R) in the acute excessive 

inflammatory phase but attention against their 

apply in advanced stages where a strong IFN-γ 

response might be beneficial. 

Long COVID Understanding: The mildly 

elevated TNF-α/IL-6 and markedly elevated 

IFN-γ in healed individuals makes me 

questioned  about their effect in the  Long 

COVID or Post-Acute Sequelae of COVID-19 

(PASC). Persistent activation of the immunity  

or a shifting immune set point might be 

effecting factors [41]. 

Insights of Vaccination: The immune status 

of healed individuals with rised IFN-γ and 

ongoing neutralizing antibodies yields a 

reference point for analyzing the durability and 

quality of vaccine-induced immunity, mainly 

for cellular immune responses. 

CONCLUSION 

     The present study outlines clear 

inflammatory and immunological distinctions 

between healthy states, active COVID-19,and 

convalescent. Active infection is defined by 

hematological stress responses, hyperactivated 

humoral immunity, and pro-inflammatory 

cytokine control. Convalescence indicates  

shifting toward balanced immunity with high 

IFN-γ. These analysis enhance the 

understanding the immunobiology of COVID-

19  and might guide therapeutic strategies 

focusing on  specific immune stages. 

RECOMMANDATIONS  

      The present study has few limitations due 

to its  design which is cross-sectional, because 

the study have only a single time point and 

could not infer longitudinal  or causality 

kinetics. The healed group's "time after 
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infection" was defined as >4 weeks, including 

a potentially diverse period where immune 

indicators are still in fluctuation. Prospective 

long term studies monitoring individuals from 

acute viral infection during prolonged  

convalescence are required to map the exact 

trajectory of these biological markers. In 

additon, intensive immunophenotyping (e.g., 

memory B cells, T-cell subsets) and functional 

methods would yield a more detailed 

understanding of the cellular immune 

fluctuating suggested by the current study 

cytokine results. 

     So, this  current study describes the distinct 

hematological, immunological,  and 

inflammatory signatures that describe active 

SARS-CoV-2 infection compared with 

recovery. The conversion from antibody 

driven state, excessive inflammatory 

congenital activation to one of stable adaptive 

immunity with a important IFN-γ signature 

signs a critical critical point in the host's battle 

versus the virus. Understanding these stages 

were essential for customizing stage-specific 

strategies and for describing the associates of 

sustained protective immunity. 
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