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Abstract 

Background: Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) has become a global pandemic causing significant mortality and morbidity and implementation of strict isolation measures. 

Serological testing can diagnose illness by detecting antibodies (IgM and IgG). Testing antibodies against SARS-CoV-2 is rapid 

and sensitive for the auxiliary diagnosis of COVID-19. The serum levels of CRP, D-dimers, and ferritin, which may be used in risk 

stratification to predict severe and fatal COVID-19 in hospitalized patients.  

Objectives The present study aimed to investigate the variations in COVID-19 Specific Immunoglobulin's and Some 

Inflammatory factors in COVID-19 Patients in Sabratha isolation center, Western Libya.   

Subjects and Methods: Sixty Confirmed COVID-19 patients hospitalized in the Isolation Centre located in Sabratha city, Libya 

from the 2nd October 2020 to the 2nd June 2021, were enrolled in this prospective study. Covid-19 patients were defined as positive 

cases after the detection of SARS-CoV-2 RNA in oro-nasopharyngeal swab samples. Data collected included demographic, clinical, 

and biological factors. Also, 30 healthy individuals without any chronic disease or respiratory symptoms were recruited for the 

control group. Blood samples were collected by vein puncture 5 ml of venous blood was withdrawn from each participant in the 

study by using disposable syringes under the aseptic technique; they were then transferred to a sterile tube for estimating biochemical 

parameters. Biochemical parameters were determined using automated COBAS E411 and INTEGRA 400 machines in the Sabratha 

Isolation Centre laboratory. The statistical significance of differences between groups was evaluated with the Kruskal-Wallis H test.  

Results: The results showed that patients with COVID-19 had a significant (P<0.0001) increase in IgM levels  at 0 day, 14 days, 

and 21 days, respectively compared with the healthy individuals. Also, IgG levels were showed a gradual significantly (P<0.0001) 

increase during COVID-19 Virus Infection among COVID-19  patients at 0 day, 14 days, and 21 days  compared with the controls. 

In addition, coronavirus infection caused a significant (P<0.0001) increase in D-dimer, CRP, and Ferritin levels compared with the 

healthy control individuals.  

Conclusion: It can be concluded that coronavirus infection caused a significant increase in IgM, IgG, D-dimer, CRP, and Ferritin 

levels at different periods compared to the controls. Further studies are needed to confirm these results. COVID-19 Specific 

Immunoglobulin's and Some Inflammatory factors in COVID-19 Patients These changes in IgM, IgG, D-dimer, CRP, and Ferritin 

levels during COVID-19 Virus Infection among COVID-19 patients may help the clinicians to better understand the COVID-19 

and provide more clinical treatment options. 
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Introduction 

Coronavirus disease 2019 (COVID-19) caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a 

worldwide pandemic since it emerged in December 2019 [1]. In only a 

few months after initial discovery in Wuhan, China, SARS-CoV-2 and 

the associated coronavirus disease 2019 have become a global pandemic 

causing significant mortality and morbidity and implementation of strict 

isolation measures [2]. Adverse outcomes of COVID-19 were associated 

with comorbidities, including cardiovascular disease, lung disease, and 

hypertension. These conditions are more prevalent in men and linked to 

smoking and drinking alcohol [3, 4]. Epidemiological studies showed that 

elder patients were more susceptible to severe diseases [4, 5], while 

children tend to have milder symptoms [4, 6, 7]. 

COVID-19 is from the same group of ribonucleic acid (RNA) viruses that 

caused severe acute respiratory syndrome (SARS) and Middle East 

respiratory syndrome (MERS) [8-11]. Corona viruses are enveloped, non 

segmented, single  stranded, positive-sense RNA viruses named after their 

corona- or crown like surface projections observed on electron 

microscopy that correspond to large surface spike proteins. Corona 

viruses are classified in the Nidovirales order [11-13].  

Presently the tested against COVID-19, not exclusively to the analyzed 

infection however to anticipate the movement towards serious and deadly 

structures, these indicators will empower hazard delineation, guide 

interventional studies to target patients at the upgraded hazard of creating 

extreme sickness and improve the portion of restricted human and 

specialized assets in the continuous pandemic. Additionally, ID of lab 

boundaries equipped for segregating among serious and non-extreme 

cases, or those at high or generally safe of mortality, will consider 

advanced clinical situational mindfulness [14].  

The fast and precise determination of COVID-19 adds to infection and 

flare-up administration by empowering speedy and exact general 

wellbeing observation, avoidance and control measures. Real-time 

reverse transcriptase polymerase chain reaction (RT-PCR) has been the 

primary means for diagnosing SARS-CoV-2 [15, 16]. However, 

molecular detection carries the risk of false-negatives because of low viral 

loads in specimens [16, 17]. Serological testing, another common 

laboratory diagnostic, can diagnose illness by detecting antibodies [16]. 

Knowing the pervasiveness of antibodies to the infection in the populace 

is significant as far as understanding its spread, and carrying out measures 

to control it. Seroprevalence surveys are necessary to inform and assist 

global policymakers in planning measures that could alleviate the 

economic burden of the disease, and prevent the collapse of the healthcare 

system [18]. 

Antibodies protect the host by binding to specific antigens (proteins) on 

the virus to neutralize its fusion and entry into the host cell and facilitate 

recognition and killing by phagocytic immune cells [2, 19]. In the SARS 

epidemic, the detection of IgM and IgG allowed for serological diagnosis 

[20, 21].  

Antibodies secure the host by restricting to explicit antigens (proteins) on 

the infection to kill its combination and section into the host cell and work 

with acknowledgment and killing by phagocytic invulnerable cells [2, 

19]. In the SARS plague, the recognition of IgM and IgG took into 

consideration serological determination [20, 21].Testing antibodies 

against SARS-CoV-2 is rapid and sensitive for the auxiliary diagnosis of 

COVID-19 [21, 22]. In humans, three kinds of antibodies or 

immunoglobulins have been the objective of COVID-19 serological tests: 

IgM, IgG, and IgA. Albeit the elements of the insusceptible reaction in 

COVID-19 are not completely seen, normally IgM antibodies are 

delivered by having invulnerable cells during the beginning phases of a 

viral disease. IgG is often the most abundant antibody in the blood and 

plays a more prominent role in the later stages of infection and in 

establishing long-term immune memory [2, 23]. While IgM and IgG 

antibodies have been the main applicants in COVID-19 serological test 

improvement, ongoing investigations show that IgA, predominately 

present in the mucosal tissue, may likewise play a critical role in the 

immune response and disease progression [2, 24]. Seroprevalence of 

Immunoglobulin Gamma antibodies against severe acute respiratory 

syndrome coronavirus 2 is important as a tool to estimate the extent of 

infection in a population [25]. Previous studies showed that the detectable 

antibodies concentrations persisted for more than two years in Middle 

East respiratory syndrome and severe acute respiratory 

syndrome coronavirus ‐infected patients [1, 26, 27]. 

Inflammatory biomarkers including C-reactive protein (CRP), and IL-6 

are significantly elevated in the early stages of the disease. In this regard, 

inflammation-associated biomarkers and coagulation test screening, 

including the assessment of IL-6, C-reactive protein, and  D-dimer [28]. 

C-reactive protein is a plasma protein induced by various inflammatory 

mediators such as IL-6 and produced by the liver [28, 29]. In this process, 

the increased level of CRP is associated with disease severity [28, 30]. 

Biomarkers, such as high serum ferritin have also emerged as poor 

prognostic factors [31]. Recent clinical data have indicated CRP [32, 33] 

and other factors may be related to the severity of COVID-19 [5, 33].  Tan 

et al. [34] found that C-reactive protein is a good accurate diagnostic tool 

in early predicting severe Coronavirus disease 2019. Overall, literature 

evidence suggests that in the early stage of COVID-19, CRP levels could 

reflect disease severity [34]. 

D-dimer and other Fibrin degradation products (FDPs) are the products 

of fibrin degradation that appear after blood clot destruction due to 

fibrinolysis in the blood. Blood d-dimer concentrations can help the 

diagnosis of thrombosis [28, 35]. There were numerous differences in 

laboratory findings between patients admitted to the ICU and those not, 

including, higher levels of D-dimer in ICU patients [36, 37]. 

 Ferritin is an acute phase protein that can be released from damaged 

hepatocytes [33, 38]. It is known that ferritin levels may increase during 

inflammatory, infectious and malignant diseases among others [39]. Also, 

hyperferritinemia has been previously recognized in abnormal liver 

function conditions or metabolic syndrome [33, 40-42]. The role of 

ferritin seems to be ignored even though clinical observation has 

discovered abnormal ferritin levels in severe COVID-19 patients [5, 33]. 

Ferritin variations were also consistent with CT manifestation, presenting 

the ability to act as a sensitive and accurate indicator. Then, the diagnostic 

value of ferritin for the incidence of severe illness was compared to that 

of age, sex, CRP, and LYM%, which had been recognized as the risk 

factors of COVID-19 [33, 34, 43, 44].  

Clinicians should consider the serum levels of CRP, D-dimers, and 

ferritin, which may be used in risk stratification to predict severe and fatal 

COVID-19 in hospitalized patients [45]. 

Objectives 

The present study aimed to investigate the variations in COVID-19 

specific immunoglobulin's and some inflammatory factors in COVID-19 

Patients in Sabratha isolation center, Western Libya. 

Subjects and methods  

Sixty Confirmed COVID-19 patients hospitalized in the Isolation Centre 

located in Sabratha city, Libya from the 2nd October 2020 to the 2nd June 

2021, were enrolled in this prospective study. Covid-19 patients were 

defined as positive cases after the detection of SARS-CoV-2 RNA in oro-

nasopharyngeal swab samples. This study was approved by the Research 

and Ethical Committee of the Faculty of Medicine, Sabratha University. 

Demographic data were extracted from electronic medical records and 
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patient files. Data collected included demographic, clinical, and 

biological factors, as well as complications at admission and during the 

hospital stay. Any missing or uncertain data were collected and clarified 

through direct communication with the relevant health care providers and 

family members of patients. Also, 30 healthy individuals without any 

chronic disease or respiratory symptoms were recruited for the control 

group. Blood samples were collected by vein puncture 5 ml of venous 

blood was withdrawn from each participant in the study by using 

disposable syringes under the aseptic technique. Biochemical parameters 

were determined using automatic immunoassay analyzer- Snibe Maglumi 

2000 Plus, COBAS E411, and INTEGRA 400 machines in the Sabratha 

Isolation Centre laboratory. 

Statistical analysis 

Continuous variables were presented as medians (interquartile range 

[IQR]). The data were analyzed using Graph Pad Prism software version 

7. The Kolmogorov-Smirnov test was used to assess the normality of the 

distribution of continuous variables. The statistical significance of 

differences between groups was evaluated with the Kruskal-Wallis H test.  

A  P-value of <0.05 was used to establish statistical significance. 

Results 

The mean age of the patients was 62.7 years (20–90 years); sixty patients, 

39 males (39%) and 21 females (35%) were included in the current study 

(Figure. 1). 

 

Figure. 1: Distribution of patients according to gender. 

Effect of Coronavirus infection on IgM, and IgG levels in 
COVID-19 Patients 

The results in table.1 and figure. 2 show that patients with COVID-19 had 

a significant (P<0.0001) increase in IgM levels [median (IQR), AU/mL], 

2.50 (1.23-12.85), 12.10 (1.70-78.30), and  8.30 (5.90-48.00) at 0 day, 14 

days, and 21 days, respectively compared with the healthy individuals 

[1.40 (0.98-2.03)]. Also, IgG levels [median (IQR), AU/mL], were 

showed a gradual significantly (P<0.0001) increase in during COVID-19 

Virus Infection among COVID-19 patients at 0 day, 14 days, and 21 days  

[8.80 (1.700-121.3), 154.0 (75.30-416.3), and 291.8 (243-510) compared 

with the controls 1.50 (1.00-2.40) (Table. 1& Figure. 3). 

 

P Value 

(Summary) 

Kruskal-

Wallis  

Statistic 

21 days 

Median (IQR) 
14 days 

Median (IQR) 
0 day 

Median (IQR) 
Control 

Median (IQR) 
Groups 

 

Parameters 

<0.0001 

(***) 

44.82 8.30 

 (5.90-48.00) 

12.10 

(1.70-78.30) 

2.50 

(1.23-12.85) 

1.40 

(0.98-2.03) 
IgM (AU/mL) 

<0.0001 

(***) 

120.8 291.8 

(243-510) 

154.0 

 (75.30-416.3) 

8.80 

(1.700-121.3) 

1.50 

(1.00-2.40) 
IgG (AU/mL) 

 

IQR:  Interquartile range, 

(***) significant difference compared with the controls at (P<0.001). 

Table (1): Median (IQR) of IgM, and IgG in control and during COVID-19 Virus Infection among COVID-19 Patients 
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Figure.2: Median (IQR) of IgM in controls and during 

COVID-19 Virus Infection among COVID-19 Patients. 

Figure.3: Median (IQR) of IgG  in controls and during 

COVID-19 Virus Infection among COVID-19 Patients. 

Effect of Coronavirus infection on serum D-dimer, CRP, and 
Ferritin levels in COVID-19 Patients 

Coronavirus infection caused a significant (P<0.0001) increase in D-

dimer levels (µg/ml) [median (IQR)], 0.61 (0.40-1.40), 0.65 (0.37-2.28), 

and  0.67 (0.42-3.12), in CRP levels (mg/L) 495.4 (228-1010), 664 

(232.5-1285), and 261 (119.2-605.0), and in Ferritin levels (µg/L) 62.75 

(23.08-183.7), 51 (9.7-93), and 26.55 (4.73-67.25) compared with the 

healthy control individuals 0.28 (0.20-0.32), 68.15 (45.10-99.28), and 

2.35 (1.38-3.18), respectively (Table. 2& Figures. 4-6). 

P Value 

(Summary) 

Kruskal-Wallis  

Statistic 

21 days 

Median (IQR) 
14 days 

Median (IQR) 
0 day 

Median (IQR) 
Control 

Median (IQR) 
Groups 

Parameters 

<0.0001 

(***) 

49.04 0.67 

(0.42-3.12) 

0.65 

 (0.37-2.28) 

0.61 

(0.40-1.40) 

0.28 

(0.20-0.32) 
D-dimer (µg/ml) 

<0.0001 

(***) 

62.85 261 

(119.2-605.0) 

664 

(232.5-1285) 

495.4 

 (228-1010) 

68.15 

(45.10-99.28) 
C-Reactive Protein 

(mg/L) 

<0.0001 

(***) 

64.74 26.55 

(4.73-67.25) 

51 

(9.7-93) 

62.75 

(23.08-183.7) 

2.35 

(1.38-3.18) 
Ferritin (µg/L) 

IQR:  Interquartile range,  

(***) significant difference compared with the controls at (P<0.001). 

Table (2): Median (IQR) of serum D-dimer, C- reactive protein (CRP), and Ferritin levels in control and during COVID-19 Virus Infection among 

COVID-19 Patients. 
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Figure.4: Median (IQR) of D-dimer in controls and during 

COVID-19 Virus Infection among COVID-19 Patients. 

Figure.5: Median (IQR) of C-reactive protein in controls and 

during COVID-19 Virus Infection among COVID-19 Patients. 
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Figure.6: Median (IQR) of Ferritin in controls and during COVID-19 Virus Infection among COVID-19 Patients. 

Discussion 

Serum immunoglobulin's against severe acute respiratory 

syndrome coronavirus‐2 were detectable within the first weeks after the 

onset of symptoms [1, 46-49]. They were detectable as early as 4 days 

and reached a peak in the second week after onset [1, 5, 46-48, 50]. 

Almost all the infected cases had seropositive antibodies in the first 3 

weeks post‐illness onset [1, 46]. So, positive detection of IgM and IgG 

antibodies specific to SARS-CoV-2 has also been recognized as 

deterministic evidence for confirmed SARS-CoV-2 infection [51-53]. 

Serological tests may be important tool to estimate the prevalence of virus 

infection, virus lethality, and provide information about risk factors and 

immunity such as the patient’s location, and age [18, 54]. Previous studies 

have suggested that the upsurge of IgG antibody to SARSCoV correlates 

with the clinical worsening of pneumonia [55-58]. Studies on severe acute 

respiratory syndrome (SARS) and the Middle East respiratory syndrome 

(MERS) showed that virus-specific antibodies were detectable in 80–

100% of patients at 2 weeks after symptom onset [46, 57, 60-63].  

The current study showed that corona virus infection caused a significant 

(P<0.0001) increase in serum IgM  and IgG levels  at 0 day, 14 days, and 

21 days, compared with the healthy individuals. Similar results were 

recorded by previous studies [1, 16, 21, 46, 58, 64]. During viral infection 

with SARS-CoV-2, the production of specific antibodies against the virus 

is consistent in most patients, except for immunodeficient patients. IgM 

can be detected as early as 3 days after infection and provides the first line 

of humoural immunity defense, after which high-affinity IgG responses 

are initiated and play a key role in long-term immune memory [21, 64]. It 

seems to be conclusive that IgM titer increases rapidly within the first 2 

weeks, persists in the following 1 to 2 weeks as the virus is being cleared, 

and declines by the 4th week after illness onset as the virus nucleic acid 

turns negative [1, 65]. Therefore, the decline of IgM may be an indicator 

of virus clearance, which may help determine the true nucleic acid 

conversion negative in conjunction with RT‐PCR testing. It could serve 

as a criterion for discharge and in ending quarantine, especially for mildly 

symptomatic or asymptomatic cases [1]. The IgM level showed 

heterogeneity within the group of deceased cases, and some patients had 

very high IgM levels which might be in the active status of the disease or 

very low IgM levels due to the long disease course. The increased IgM 

level in the deceased case group might be related to the higher disease 

severity in these patients and indicate a poor prognosis. Alternately, 

cytokine storm, severe immune dysfunction, and other comorbidities 

might be the important risk factors in these cases [21, 65-68]. 

Hsueh et al.,  [57]  reported that seroconversion for IgG (mean 10 days) 

occurred simultaneously, or 1 day earlier, than that for IgM and IgA 

(mean 11 days for both). IgG could be detected as early as 4 days after the 

onset of illness. The earliest time at which these three antibodies reached 

peak levels were similar (mean 15 days). A high IgG level (1:800) could 

persist for > 3 months. 

Long et al., [46] reported that Seroconversion for IgG and IgM occurred 

simultaneously or sequentially. After seroconversion, IgM and IgG titers 

were plateaued within 6 days. After 17-19 days of the onset of COVID-

19 symptoms, a positive virus-specific IgG  was reached 100%,  while 

after 20-22 days of the  onset of  COVID-19 symptoms, a positive virus-

specific IgM reached a peak of 94.1%.  Three weeks after the onset of the 

sympatoms of COVID-19, the virus-specific IgM and IgG antibody titers 

were increased in patients [46]. 

Jin et al., [16] reported that the sensitivities of serum IgM and IgG 

antibodies to diagnose COVID-19 were 48.1% and 88.9%, and the 

specificities were 100% and 90.9%, respectively. In the COVID-19 

group, the IgM-positive rate increased slightly at first and then decreased 

over time; in contrast, the IgG-positive rate increased to 100% and was 

higher than IgM at all times. However, the median IgG titer after 

conversion to virus-negative was double that before, and the difference 

was significant. The authors concluded that viral serological testing is an 

effective means of diagnosis for SARS-CsoV-2 infection.  

Hou et al., [21] reported that IgM levels increased during the first week 

after SARS-CoV-2 infection, peaked for 2 weeks and then reduced to 

near-background levels in most patients. The immunoglobulin M 

antibody levels were slightly higher in deceased patients than recovered 

patients, but, in these groups, the immunoglobulin G antibody levels did 

not significantly differ. The authors concluded that quantitative detection 

of IgM and IgG antibodies against SARS-CoV-2 quantitatively has 

potential significance for evaluating the severity and prognosis of 

COVID-19. 

Zhang et al., [52] found that the IgM and IgG positive rates were 50% and 

81% on day 0 (the day of first sampling) and increased to 81% and 100%, 
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respectively, on day 5. The IgG-positive rate was consistently higher than 

the IgM-positive rate, and this phenomenon was also observed in the 

study by Jin et al., [16] and Zhang et al., [52]. 

Liu et al., [53] observed that the IgM antibody response to SARS-CoV-2 

occurred earlier and peaked earlier than the IgG antibody response; the 

IgM antibody response began to decline at week 3 of the illness, while the 

IgG antibody response persisted and was maintained in patients with 

COVID-19; and severe cases of COVID-19 tended to have a more 

vigorous response in both IgG and IgM antibodies to COVID-19 illness. 

Importantly, the timing of IgM and IgG antibody occurrence in patients 

varies greatly, and this variation in timing may be associated with age as 

well as comorbidity [53, 69]. More care needs to be taken when using 

levels of anti-SARS-CoV-2 antibodies to make a clinical diagnosis of 

COVID-19 or determine discharge criteria [53]. 

Circulating ferritin, CRP, and D-dimers were reported to be expressed to 

a similar extent or more robustly expressed in COVID-19 compared with 

other acute states [70]. The results current study showed that patients with 

COVID-19 had a significant increase in serum CRP during COVID-19 

Virus Infection among COVID-19 patients at 0 day, 14 days, and 21 days 

compared with the controls. These results run parallel to the results of the 

previous studies [28, 53, 65, 71, 72]. The CRP was elevated in 65% of 

COVID-19 patients on admission and elevated in 93.9% of severe 

COVID-19 patients [28, 53]. CRP levels are strong biological indicators 

to represent the severity of the COVID-19 infection. CRP seems to be one 

of the first biomarkers to show physiological complications in COVID-

19 patients. In a study, CRP was elevated in 60.7% of patients [71]. A cut-

off of >10 mg/L for CRP is a predictor of poor outcome [44]. A 

retrospective study showed that a CRP level of 26 mg/L could serve as a 

cut-off to predict progression to severe disease [65]. Twenty-six studies 

in the second analysis showed significantly higher CRP in severe 

COVID-19 compared to non-severe COVID-19 [44, 73, 74]. C-reactive 

protein (CRP) levels are increased in COVID-19 patients and it has been 

shown that survivors had median CRP values of approximately 40 mg/L, 

while non-survivors had median values of 125 mg/L, indicating a strong 

correlation with disease severity and prognosis [45, 75]. CRP levels in 

COVID-19 patients who died were much higher than in patients who 

survived [28, 66]. The increase in CRP is strongly associated with 

COVID-19 severity and critical condition [28, 72]. 

Elevated D-dimer levels are very frequently seen in patients with COVID-

19. Several meta-analyses have shown that D-dimer levels have 

prognostic value and correlate with disease severity and in-hospital 

mortality [73]. D-dimer can be an early marker to guide the management 

of Covid-19 patients [74]. Correlations of abnormal coagulation 

parameters with poor prognosis have been observed. Non-survivors have 

shown significantly higher levels of plasma D-dimers compared to 

survivors [45, 76]. Coagulopathy and overt disseminated intravascular 

coagulation appear to be associated with high mortality rates. Among the 

coagulation parameters, D-dimer elevation > 1 ug/L was the strongest 

independent predictor of mortality [5, 45]. 

The present study showed that coronavirus infection caused a significant 

(P<0.0001) increase in the serum D-dimer levels compared with the 

healthy control individuals. This result is similar to the study of Guan et 

al., [71] who reported that the d-dimer level was significantly elevated 

among non-survivors compared to survivors. Also, Huang et al. [44] 

reported that COVID-19 patients with 0.5 μg/mL or higher levels of d-

dimer on admission need critical care support. Previous studies showed 

that d-dimer levels were higher in non-survive COVID-19 patients 

compared to survive ones [28, 76]. D-dimer on admission upper than 2.0 

μg/mL can predict mortality in hospitals among COVID-19 patients. The 

d-dimer level can be a basic and helpful biomarker to identify the patients 

with poor prognosis in the early stages and help to the management of 

COVID- 19 patients [28, 77].  

Viral clearance is the golden standard for defining the recovery of 

COVID-19 infections and predicting hospital length is extremely vital in 

the COVID-19 pandemic due to the lack of medical resources. Thus, 

authors suppose ferritin could act as both an effective discriminator for 

severity of illness and a predictor for prognosis [33, 66]. Ferritin is an 

intracellular protein that contains iron and is the major form of iron stored 

in the cells. Although this protein is found in most tissue and organs, small 

amounts are secreted into the blood and are the carrier of iron. Ferritin is 

used as an indirect marker of the total amount of iron stored in the body 

[28, 78]. Ferritin concentration increases significantly during infection or 

cancerous conditions. Also, ferritin is an acute phase reactant that rises in 

the course of the disease [28, 79].  

The current study showed that coronavirus infection caused a significant 

(P<0.0001) increase in the serum Ferritin levels compared with the 

healthy control individuals. This result is similar to the result of the study 

of Dahan et al., [80]  who reported that a significant increase in ferritin 

levels was demonstrated in patients with moderate and severe disease, 

compared to patients with mild disease (P = 0.006 and 0.005, 

respectively). Severe patients had significantly higher levels of ferritin 

(2817.6 ng/ml) than non-severe patients (708.6 ng/ml) P = 0.02. Cao et 

al., [33] reported that patients with elevated ferritin levels (>200 ng/mL) 

had a higher incidence of severe illness when compared with those with 

normal ferritin levels (≤ 200 ng/mL) (50.0% vs 2.9%). In addition, the 

severity of illness manifested a significantly higher level of ferritin as 

compared with non-severe ones (median 921.3 vs 130.7 ng/mL, p < 

0.001).  Furthermore, elevated ferritin group showed longer viral 

clearance time (median 16 vs 6 days, p < 0.001) and in-hospital length 

(median 18 vs 10 days, p < 0.001). These results suggest that ferritin could 

act as a simple and efficacious complementary tool to identify severe 

COVID-19 patients at an early stage and predict their outcome. This 

indicator would provide guidance for subsequent clinical practice, 

alleviate medical stress and reduce mortality. The authors concluded that 

serum ferritin might be an independent risk factor for severity of illness 

and predictor for prognosis of COVID-19 patients [33]. 

Also, Zhou et al., [5] found that ferritin levels were elevated in cases of 

COVID-19 with fatal outcomes compared with survivors. Li et al., [81] 

found that significantly elevated ferritin levels in patients with severe 

COVID-19. A decrease in ferritin levels was not seen along with patient 

improvement. Therefore, it was suggested that it is a sensitive marker of 

severe COVID-19, but it cannot be used for disease assessment.  Al-

Samkari et al., [82] recorded that elevated ferritin, and CRP were higher 

in patients with thrombotic complications. This knowledge thus suggests 

that elevated ferritin level is a marker of severe COVID-19 and is 

associated with thrombotic complications [39]. In addition, Lin et al., [83] 

reported that Chinese patients with severe Sars-CoV2 disease showed 

higher levels of serum ferritin than patients with a not severe one, 

confirming data from other authors on Chinese [84, 85]  and Caucasian 

populations [86, 87].  Studies on ferritin levels in COVID-19 patients 

have yielded equivocal results. It is not clear whether it is a bystander or 

a true characteristic of the disease [88]. Two retrospective studies have 

reported the minimal role of ferritin in predicting ICU admission and the 

need for ventilation and failure in predicting mortality [83, 89]. But 

another study and a meta-analysis showed findings to the contrary; ferritin 

levels could predict severe disease and mortality ([44, 83]. Elevation of 

ferritin levels may be due to secondary haemophagocytic lympho-

histiocytosis (sHLH) and cytokine storm syndrome that has been reported 

in severe COVID-19 patients. Based on body temperature, organomegaly, 

blood cell cytopenia, and ferritin levels, a predictive H-score has been 

proposed to estimate the risk of developing secondary haemophagocytic 

lymphohistiocytosis [45, 90]. Serum levels of ferritin progressively 

increased with the severity of the disease and correlate with poor 

prognosis in COVID-19 patients. Increased ferritin levels could be 

indicative of a strong inflammatory reaction in COVID-19 and recent 
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studies suggest that increased levels of circulating ferritin levels play a 

critical role by contributing to the development of a cytokine storm [91, 

92], resembling macrophage activating syndrome [93]. Ferritin is a key 

mediator of immune dysregulation, especially under extreme 

hyperferritinemia, via direct immune-suppressive and pro-inflammatory 

effects, contributing to the cytokine storm [94, 95]. Laboratory findings 

in patients with severe COVID-19 showed data consistent with cytokine 

storm involving elevated inflammatory markers, including ferritin, which 

has been associated with critical and life-threatening illness [90]. 

Conclusion 

It can be concluded that coronavirus infection caused a significant 

increase in IgM, IgG, D-dimer, CRP, and Ferritin levels at different 

periods compared to the controls. Further studies are needed to confirm 

these results. COVID-19 Specific Immunoglobulin's and Some 

Inflammatory factors in COVID-19 Patients These changes in IgM, IgG, 

D-dimer, CRP, and Ferritin levels during COVID-19 Virus Infection 

among COVID-19 patients may help the clinicians to better understand 

the COVID-19 and provide more clinical treatment options. 

References 

1. Zhou, W., Xu, X., Chang, Z., Wang, H., Zhong, X., et al. (2021) 

The dynamic changes of serum IgM and IgG against SARS‐
CoV‐2 in patients with COVID‐19. J Med Virol, 93: 924-933. 

2. Ghaari A, Meurant R, and Ardakani A. (2020) COVID-19 

Serological Tests: How Well Do They Actually Perform? 

Diagnostics, 10, 453; doi:10.3390/diagnostics10070453 

3. Hall KS, Samari G, Garbers S, Casey SE, Diallo DD, Orcutt M, 

Moresky RT, Martinez ME, and McGovern T.( 2020) Centring 

sexual and reproductive health and justice in the global COVID-

19 response, Lancet, 395(10231): 1175–1177. 

4. Yuki K, Fujiogi M, and Koutsogiannaki S.(2020) COVID-19 

pathophysiology: a review. Clin Immunol., 215(108427): 1-7. 

doi.org/10.1016/j.clim.2020.108427. 

5. Zhou F, Yu T, Du R, et al.( 2020) Clinical course and risk factors 

for mortality of adult inpatients with COVID-19 in Wuhan, 

China: a retrospective cohort study. Lancet 395(10229): 1054–

1062. 

6. Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, Zhang W, Wang 

Y, Bao S, Li Y, and Wu C. (2020) SARS-CoV-2 infection in 

children. New England J Med., 382(17):1663-1665. 

7. Qiu H, Wu J, Hong L, Luo Y, Song Q, and Chen D.(2020) 

Clinical and epidemiological features of 36 children with 

coronavirus disease 2019 (COVID-19) in Zhejiang,China: an 

observational cohort study, Lancet Infect Dis. 

8. The New York Times (NYT). As new cases surge, businesses 

face grim fallout.  

9. Lai CC, Liu YH, Wang CY, Wang YH, Hsueh SC, Yen MY, et 

al.( 2020) Asymptomatic carrier state, acute respiratory disease, 

and pneumonia due to severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2): facts and myths. J Microbiol 

Immunol Infect.  

10. Centers for Disease Control and Prevention (CDCP). 

Coronavirus disease 2019 (COVID-19) situation summary. 

Accessed February 19, (2020).  

11. Hageman JR. The coronavirus disease 2019 (COVID-19). 

Pediatric Annals, 2020; 49(3): e99-e100. doi:10.3928/19382359-

20200219-01 

12. WHO. whodirector-general-s-remarks-at-the-media-briefing-

on- 2019-ncov-on-11-february-(2020). 

13. Red Book Online (RBO). Coronaviruses, including SARS and 

MERS. aap.org/chapter.aspx? sectionid=189640073&bo 

okid=2205. Accessed February 26,(2020). 

14. Yousif, N. G., Altimimi, A. N., and Al-amran, F. G.( 2020) 

Hematological changes among Corona virus-19 patients: A 

longitudinal study. Systematic Reviews in Pharmacy, 11(5): 862-

866.. 

15. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al.(2020) 

Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet, 395(10223): 497-506.  

16. Jin Y, Wang M, Zuo Z, Fan C, Ye F, Cai Z, Wang  Y,  Cui  H,  

Pan K, and Xu A.(2020) Diagnostic value and dynamic variance 

of serum antibody in coronavirus disease 2019. Inter J Infect 

Dis., 94: 49–52. 

17. Borges, L. P., Martins, A. F., de Melo, M. S., de Oliveira, M. G. 

B., de Rezende Neto, J. M., Dósea, M. B., and de Souza, D. R. 

V.(2020 Seroprevalence of SARS-CoV-2 IgM and IgG 

antibodies in an asymptomatic population in Sergipe, Brazil. 

Revista Panamericana de Salud Pública, 44 

18. Janeway, C.A. Immunobiology, 5th edition: The Immune 

System in Health and Disease; Garland Publishing: New York, 

NY, USA, (2001). 

19. Woo PC, Lau SK, Wong BH et al.(2004) Detection of specific 

antibodies to severe acute respiratory syndrome (SARS) 

coronavirus nucleocapsid protein for serodiagnosis of SARS 

coronavirus pneumonia, J Clin Microbiol., 42: 2306–2309. 

20. Hou H, Wang T, Zhang B, Luo Y, Mao L, Wang F, Wu S  and  

Sun Z. Detection of IgM and IgG antibodies in patients with 

coronavirus disease 2019. Clinical and Translational 

Immunology, 2020; e1136. doi: 10.1002/cti2.1136 

21. General Office of National Health Committee (GONHC). Office 

of State Adminis-tration of Traditional Chinese Medicine. 

Notice on the issuance of strategic guidelines for diagnosis and 

treatment of novel coronavirus (2019- nCoV) infected 

pneumonia (seventh edition draft) (2020-01-28) [EB/OL].  

22. Azkur, A.K.; Akdis, M.; Azkur, D.; Sokolowska, M.; van de 

Veen,el at(2020). Immune response to SARS-CoV-2 and 

mechanisms of immunopathological changes in COVID-19. 

Allergy.  

23. Yu, H.Q.; Sun, B.Q.; Fang, Z.F.; Zhao, J.C.; Liu, X.Y.,et 

al.(2020) Distinct features of SARS-CoV-2-specific IgA 

response in COVID-19 patients, Eur. Respir. J. 

24. Sadhana M,  Kumar P, Deepika S,  Dolly G,  and  Anand 

B.(2020) Screening of Anti-SARS-CoV-2 IgG and IgM 

Antibodies in Blood Donors: An Experience during Beginning 

of COVID-19 Pandemic,   Arch Hematol Blood Dis., 3(2): 17-

22. 

25. Wu LP, Wang NC, Chang YH, et al.(2007) Duration of antibody 

responses after severe acute respiratory syndrome. Emerg Infect 

Dis. 13(10): 1562‐1564.  

26. Payne DC, Iblan I, Rha B, et al.(2016) Persistence of antibodies 

against Middle East respiratory syndrome coronavirus. Emerg 

Infect Dis. 22(10):1824‐1826.  

27. Hong LZ, Shou ZX, • Zheng DM, and Jin X. (2021) The most 

important biomarker associated with coagulation and 

inflammation among COVID 19 patients. Mole Cellul  Biochem.  

28. Valkanova V, Ebmeier KP, and Allan CL.(2013) CRP, IL-6 and 

depression: a systematic review and meta-analysis of 

longitudinal studies. J Affect Disord., 150(3):736–744. 

29. Gong J, Dong H, Xia SQ, Huang YZ, Wang D, el at. (2020) 

Correlation analysis between disease severity and inflammation-

related parameters in patients with COVID-19: a retrospective 

study, BMC Infect Dis., 20(1):1–7. 

30. Terpos E, Ntanasis‐Stathopoulos I, Elalamy I, Kastritis E, 

Sergentanis TN, et al.(2020) Hematological findings and 

complications of COVID‐19. Amer J Hematol., 2020; 1-14. 

DOI.10.1002/ajh.25829 

https://pubmed.ncbi.nlm.nih.gov/32706425/
https://pubmed.ncbi.nlm.nih.gov/32706425/
https://pubmed.ncbi.nlm.nih.gov/32706425/
https://www.mdpi.com/2075-4418/10/7/453
https://www.mdpi.com/2075-4418/10/7/453
https://www.mdpi.com/2075-4418/10/7/453
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30801-1/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30801-1/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30801-1/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30801-1/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7169933/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7169933/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7169933/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32171076/
https://pubmed.ncbi.nlm.nih.gov/32187458/
https://pubmed.ncbi.nlm.nih.gov/32187458/
https://pubmed.ncbi.nlm.nih.gov/32187458/
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.%201016/S1473-3099(20)30198-5
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.%201016/S1473-3099(20)30198-5
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.%201016/S1473-3099(20)30198-5
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.%201016/S1473-3099(20)30198-5
file:///C:/Users/user/Downloads/1.https:/www.nytimes.com/%202020/02/21%20/world/asia/china-coronavirus.html
file:///C:/Users/user/Downloads/1.https:/www.nytimes.com/%202020/02/21%20/world/asia/china-coronavirus.html
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jmii.2020.02
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jmii.2020.02
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jmii.2020.02
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jmii.2020.02
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1016/j.jmii.2020.02
https://www.cdc.gov/%20coronavirus/2019-nCoV/summary.html.
https://www.cdc.gov/%20coronavirus/2019-nCoV/summary.html.
https://www.cdc.gov/%20coronavirus/2019-nCoV/summary.html.
https://journals.healio.com/doi/10.3928/19382359-20200219-01
https://journals.healio.com/doi/10.3928/19382359-20200219-01
https://journals.healio.com/doi/10.3928/19382359-20200219-01
https://www.who.int/dg/speeches/detail/
https://www.who.int/dg/speeches/detail/
https://redbook.solutions/
https://redbook.solutions/
https://redbook.solutions/
https://www.sysrevpharm.org/articles/hematological-changes-among-corona-virus-19-patients-a-longitudinal-study.pdf
https://www.sysrevpharm.org/articles/hematological-changes-among-corona-virus-19-patients-a-longitudinal-study.pdf
https://www.sysrevpharm.org/articles/hematological-changes-among-corona-virus-19-patients-a-longitudinal-study.pdf
https://www.sysrevpharm.org/articles/hematological-changes-among-corona-virus-19-patients-a-longitudinal-study.pdf
http://dx.doi.org/10.1016/S0140-6736(20)30183-5.
http://dx.doi.org/10.1016/S0140-6736(20)30183-5.
http://dx.doi.org/10.1016/S0140-6736(20)30183-5.
https://pubmed.ncbi.nlm.nih.gov/32251798/
https://pubmed.ncbi.nlm.nih.gov/32251798/
https://pubmed.ncbi.nlm.nih.gov/32251798/
https://pubmed.ncbi.nlm.nih.gov/32251798/
file:///C:/Users/user/Downloads/1.%09.%20https:/doi.org/10.26633/RPSP.2020.108
file:///C:/Users/user/Downloads/1.%09.%20https:/doi.org/10.26633/RPSP.2020.108
file:///C:/Users/user/Downloads/1.%09.%20https:/doi.org/10.26633/RPSP.2020.108
file:///C:/Users/user/Downloads/1.%09.%20https:/doi.org/10.26633/RPSP.2020.108
file:///C:/Users/user/Downloads/1.%09.%20https:/doi.org/10.26633/RPSP.2020.108
https://pubmed.ncbi.nlm.nih.gov/1446415/
https://pubmed.ncbi.nlm.nih.gov/1446415/
https://pubmed.ncbi.nlm.nih.gov/1446415/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
https://pubmed.ncbi.nlm.nih.gov/15131220/
file:///C:/Users/user/Downloads/1.%09http:/www.nhc.gov.cn/%20yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/%20ce3e6945832a438eaae415350a8ce964.pdf
file:///C:/Users/user/Downloads/1.%09http:/www.nhc.gov.cn/%20yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/%20ce3e6945832a438eaae415350a8ce964.pdf
file:///C:/Users/user/Downloads/1.%09http:/www.nhc.gov.cn/%20yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/%20ce3e6945832a438eaae415350a8ce964.pdf
file:///C:/Users/user/Downloads/1.%09http:/www.nhc.gov.cn/%20yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/%20ce3e6945832a438eaae415350a8ce964.pdf
file:///C:/Users/user/Downloads/1.%09http:/www.nhc.gov.cn/%20yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/%20ce3e6945832a438eaae415350a8ce964.pdf
https://pubmed.ncbi.nlm.nih.gov/32396996/
https://pubmed.ncbi.nlm.nih.gov/32396996/
https://pubmed.ncbi.nlm.nih.gov/32396996/
https://pubmed.ncbi.nlm.nih.gov/32396996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236821/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236821/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236821/
https://www.nature.com/articles/s41467-020-19481-7
https://www.nature.com/articles/s41467-020-19481-7
https://www.nature.com/articles/s41467-020-19481-7
https://www.nature.com/articles/s41467-020-19481-7
https://www.nature.com/articles/s41467-020-19481-7
https://doi.org/10.3201/eid1310.070576.
https://doi.org/10.3201/eid1310.070576.
https://doi.org/10.3201/eid1310.070576.
https://doi.org/10.3201/eid2210.160706.
https://doi.org/10.3201/eid2210.160706.
https://doi.org/10.3201/eid2210.160706.
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11010-021-04122-4
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11010-021-04122-4
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1007/s11010-021-04122-4
https://pubmed.ncbi.nlm.nih.gov/20194822/
https://pubmed.ncbi.nlm.nih.gov/20194822/
https://pubmed.ncbi.nlm.nih.gov/20194822/
https://pubmed.ncbi.nlm.nih.gov/33349241/
https://pubmed.ncbi.nlm.nih.gov/33349241/
https://pubmed.ncbi.nlm.nih.gov/33349241/
https://pubmed.ncbi.nlm.nih.gov/33349241/
https://pubmed.ncbi.nlm.nih.gov/32282949/
https://pubmed.ncbi.nlm.nih.gov/32282949/
https://pubmed.ncbi.nlm.nih.gov/32282949/
https://pubmed.ncbi.nlm.nih.gov/32282949/


J Biotech.and Bioprocessing                                                                                                                                                                       Copy rights@ Azab Elsayed Azab et.al. 
 

 
Auctores Publishing – Volume 2(7)-053 www.auctoresonline.org  

ISSN: 2766-2314   Page 8 of 9 

31. Luo X, Zhou W, Yan X, Guo T, Wang B. Prognostic value of C-

reactive protein in patients with COVID-19. medRxiv preprint. 

32. Cao, P., Wu, Y., Wu, S., Wu, T., Zhang, Qet al. (2020) Elevated 

serum ferritin level effectively discriminates severity illness and 

predicts prognosis of COVID-19 patients.  

33. Tan C, Huang Y, Shi F, Tan K,MaQ, Chen Y, et al.(2020)  C-

reactive protein correlates with CT findings and predicts severe 

COVID-19 early. J Med Virol.  

34. Wilde J, Kitchen S, Kinsey S, Greaves M, and Preston F. (1989) 

Plasma D-dimer levels and their relationship to serum 

fibrinogen/fibrin degradation products in hypercoagulable states. 

Br J Haematol., 71(1):65–70 

35. Wang D, Hu B, Hu C, et al.(2020) Clinical characteristics of 138 

hospitalized patients with 2019 novel coronavirus-infected 

pneumonia in Wuhan, China. JAMA. 323(11):1061-1069.  

36. Xie M, and Chen Q.(2020) Insight into 2019 novel coronavirus -

An updated interim review and lessons from SARS-CoV and 

MERS-CoV. Inter J Infec Dis., 94: 119–124. 

doi.org/10.1016/j.ijid.2020.03.071. 

37. Wahab SF, and Logstrup BB. (2020)Case report: Atypical 

manifestations of COVID-19 in general practice: a case of 

gastrointestinal symptoms. BMJ Case Rep., 13: e237520. 

doi:10.1136/bcr-2020-237520. 

38. Bozzini C, Girelli D, Olivieri O, Martinelli N, Bassi A,et 

al.(2005) Prevalence of body iron excess in the metabolic 

syndrome. Diabetes Care, 28(8): 2061-2063. 

39. Trombini P, and Piperno A. (2007) Ferritin, metabolic syndrome 

and NAFLD: elective attractions and dangerous liaisons. Journal 

of hepatology 46(4): 549–552. 

40. Kowdley KV, Belt P, Wilson LA, Yeh MM, Neuschwander-

Tetri BA, Chalasani N, Sanyal AJ, Nelson JE, Network 

NCR.(2012) Serum ferritin is an independent predictor of 

histologic severity and advanced fibrosis in patients with 

nonalcoholic fatty liver disease. Hepatology. 55(1): 77–85. 

41. Jordan RE, Adab P, Cheng KK. (2020) Covid-19: risk factors for 

severe disease and death. BMJ. 368: m1198. 

42. Huang I, Pranata R, Lim MA, Oehadian A, and Alisjahbana 

B.(2020) C-reactive protein, procalcitonin, D-dimer, and ferritin 

in severe coronavirus disease-2019: a meta-analysis. Ther Adv 

Respir Dis., 14: 1753466620937175. doi: 

10.1177/1753466620937175 

43. Velavana TP., and Meyer CG. (2020) Perspective Mild versus 

severe COVID-19: Laboratory markers. Inter J Infect Dis., 95: 

304–307. 

44. Long, Q. X., Liu, B. Z., Deng, H. J., Wu, G. C., & Huang, A. L. 

et al.(2020)  Antibody responses to SARS-CoV-2 in patients 

with COVID-19. Nat ure Medicine, 26, 845–848. 

45. Sun B, Feng Y, Mo X, et al. (2020) Kinetics of SARS‐CoV‐2 

specific IgM and IgG responses in COVID‐19 patients. Emerg 

Microbes Infect. 9(1): 940‐948.  

46. Xiang F, Wang X, He X, et al.(2020) Antibody detection and 

dynamic characteristics in patients with COVID‐19. Clin Infect 

Dis. 

47. Okba NMA, Müller MA, Li W, et al.( 2020) Severe acute 

respiratory syndrome coronavirus 2‐specific antibody responses 

in coronavirus disease patients, Emerg Infect Dis., 26(7): 1478‐
1488. 

48. Lou B, Li TD, Zheng SF, et al.(2020) Serology characteristics of 

SARS‐CoV‐2 infection since exposure and post symptom onset, 

Eur Respir J. 2000763.  

49. China. NHCotPsRo. National Health Commission of the 

People’s Republic of China. Guidelines for diagnosis and 

treatment of novel coronavirus pneumonia (the seventh trial 

edition).  

50. Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, et al. (2020) 

Molecular and serological investigation of 2019-nCoV infected 

patients: implication of multiple shedding routes. Emerg 

Microbes Infect 9(1): 386–389. 

51. Liu X, Wang J, Xu X, Liao G,  Chen Y , and  Hu CH. (2020) 

Patterns of IgG and IgM antibody response in COVID-19 

patients, Emerging Microb Infect., 9: 1269-1274, DOI: 

10.1080/22221751.2020.1773324. 

52. Toulis P. Estimation of COVID-19 Prevalence from Serology 

Tests: A Partial Identification Approach, Working paper NO. 

2020-54 [cited 05/23/2020]. 

53. Hsueh PR, Hsiao CH, Yeh SH et al. (2003) Microbiologic 

characteristics, serologic response, and clinical manifestations in 

severe acute respiratory syndrome, Taiwan. Emerg Infect Dis 9: 

1163–1167. 

54. Peiris JS, Chu CM, Cheng VC et al. (2003) Clinical progression 

and viral load in a community outbreak of coronavirus associated 

SARS pneumonia: a prospective study, Lancet 361: 1767–1772. 

55. Hsueh PR, Huang LM, Chen PJ, Kao CL, and Yang PC.(2004)  

Chronological evolution of IgM, IgA, IgG and neutralisation 

antibodies after infection with SARS-associated coronavirus, 

Clin Microbiol Infect 10: 1062–1066. 

56. Peiris JS, Chu CM, Cheng VC et al. (2003) Clinical progression 

and viral load in a community outbreak of coronavirus associated 

SARS pneumonia: a prospective study. Lancet, 361: 1767–1772. 

57. Hsueh PR, Huang LM, Chen PJ, Kao CL, and Yang PC. (2004) 

Chronological evolution of IgM, IgA, IgG and neutralisation 

antibodies after infection with SARS-associated coronavirus. 

Clin Microbiol Infect, 10: 1062–1066 

58. Wang JT, Sheng WH, Fang CT et al. (2004) Clinical 

manifestations, laboratory findings, and treatment outcomes of 

SARS patients. Emerg Infect Dis., 10: 818–824. 

59. Li, G., Chen, X. and Xu, A. (2003) Profile of specific antibodies 

to the SARS-associated coronavirus,N. Engl. J. Med., 349, 508–

509. 

60. Drosten, C. et al.(2014) Transmission of MERS-coronavirus in 

household contacts, N. Engl. J. Med., 371: 828–835. 

61. Meyer, B., Drosten, C. and Muller, M. A. (2014) Serological 

assays for emerging coronaviruses: challenges and pitfalls,Virus 

Res., 194: 175–183. 

62. Park, W. B. et al.(2015) Kinetics of serologic responses to MERS 

coronavirus infection in humans, South Korea. Emerg. Infect. 

Dis., 21: 2186–2189. 

63. Corman, V. M. et al. (2016) Viral shedding and antibody 

response in 37 patients with Middle East respiratory syndrome 

coronavirus infection, Clin. Infect. Dis. 62, 477–483. 

64. Racine R, and Winslow GM. (2009) IgM in microbial infections: 

taken for granted? Immunol Lett., 125: 79–85. 

65. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al.( 2020) 

Remdesivir and chloroquine effectively inhibit the recently 

emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 30: 

269–271, doi:http://dx.doi.org/10.1038/s41422-020-0282-0. 

66. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y., 

Epidemiological and clinical characteristics of 99 cases of 2019 

novel coronavirus pneumonia in Wuhan, China: a descriptive 

study. Lancet, 395(10223): 507–513.  

67.  Xu X.W., Wu X.X., Jiang X.G., Xu K.J., Ying L.J., Ma 

C.L.(2020) Clinical findings in a group of patients infected with 

the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, 

China: retrospective case series, BMJ 368: m606. doi: 10. 

1136/bmj.m606. 

68. Zumla A, Hui DS, Azhar EI, Memish ZA, Maeurer M. (2020) 

Reducing mortality from 2019-nCoV: host-directed therapies 

should be an option. Lancet, 395: e35–e36. 

https://pubmed.ncbi.nlm.nih.gov/32445579/#:~:text=CRP%20was%20also%20an%20independent,good%20predictor%20of%20adverse%20outcome.
https://pubmed.ncbi.nlm.nih.gov/32445579/#:~:text=CRP%20was%20also%20an%20independent,good%20predictor%20of%20adverse%20outcome.
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.21203/rs.3.rs-31914/v1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.21203/rs.3.rs-31914/v1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.21203/rs.3.rs-31914/v1
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jmv.25871
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jmv.25871
file:///C:/Users/user/Downloads/1.%09https:/doi.org/10.1002/jmv.25871
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.1989.tb06276.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.1989.tb06276.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.1989.tb06276.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2141.1989.tb06276.x
https://doi.org/10.1001/%20jama.2020.1585.
https://doi.org/10.1001/%20jama.2020.1585.
https://doi.org/10.1001/%20jama.2020.1585.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262324/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262324/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262324/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262324/
https://casereports.bmj.com/content/13/8/e237520.responses
https://casereports.bmj.com/content/13/8/e237520.responses
https://casereports.bmj.com/content/13/8/e237520.responses
https://casereports.bmj.com/content/13/8/e237520.responses
https://care.diabetesjournals.org/content/28/8/2061#:~:text=The%20metabolic%20syndrome%2C%20clinically%20defined,of%20western%20adults%20(2).
https://care.diabetesjournals.org/content/28/8/2061#:~:text=The%20metabolic%20syndrome%2C%20clinically%20defined,of%20western%20adults%20(2).
https://care.diabetesjournals.org/content/28/8/2061#:~:text=The%20metabolic%20syndrome%2C%20clinically%20defined,of%20western%20adults%20(2).
https://pubmed.ncbi.nlm.nih.gov/17316880/
https://pubmed.ncbi.nlm.nih.gov/17316880/
https://pubmed.ncbi.nlm.nih.gov/17316880/
https://pubmed.ncbi.nlm.nih.gov/21953442/
https://pubmed.ncbi.nlm.nih.gov/21953442/
https://pubmed.ncbi.nlm.nih.gov/21953442/
https://pubmed.ncbi.nlm.nih.gov/21953442/
https://pubmed.ncbi.nlm.nih.gov/21953442/
https://www.bmj.com/content/368/bmj.m1198
https://www.bmj.com/content/368/bmj.m1198
https://www.thermofisher.com/procalcitonin/wo/en/understanding-procalcitonin.html?cid=0se_gaw_25052021_S24YWY
https://www.thermofisher.com/procalcitonin/wo/en/understanding-procalcitonin.html?cid=0se_gaw_25052021_S24YWY
https://www.thermofisher.com/procalcitonin/wo/en/understanding-procalcitonin.html?cid=0se_gaw_25052021_S24YWY
https://www.thermofisher.com/procalcitonin/wo/en/understanding-procalcitonin.html?cid=0se_gaw_25052021_S24YWY
https://www.thermofisher.com/procalcitonin/wo/en/understanding-procalcitonin.html?cid=0se_gaw_25052021_S24YWY
https://www.ijidonline.com/article/S1201-9712(20)30277-0/fulltext
https://www.ijidonline.com/article/S1201-9712(20)30277-0/fulltext
https://www.ijidonline.com/article/S1201-9712(20)30277-0/fulltext
https://www.nature.com/articles/s41591-020-0897-1
https://www.nature.com/articles/s41591-020-0897-1
https://www.nature.com/articles/s41591-020-0897-1
https://doi.org/10.1080/22221751.2020.1762515.
https://doi.org/10.1080/22221751.2020.1762515.
https://doi.org/10.1080/22221751.2020.1762515.
https://pubmed.ncbi.nlm.nih.gov/32306047/#:~:text=In%20the%20patients%20with%20confirmed,83.8%25%2C%20and%2088.9%25.
https://pubmed.ncbi.nlm.nih.gov/32306047/#:~:text=In%20the%20patients%20with%20confirmed,83.8%25%2C%20and%2088.9%25.
https://pubmed.ncbi.nlm.nih.gov/32306047/#:~:text=In%20the%20patients%20with%20confirmed,83.8%25%2C%20and%2088.9%25.
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.1183/13993003.00763-2020
https://doi.org/10.1183/13993003.00763-2020
https://doi.org/10.1183/13993003.00763-2020
https://journals.lww.com/cmj/fulltext/2020/05050/diagnosis_and_treatment_protocol_for_novel.13.aspx
https://journals.lww.com/cmj/fulltext/2020/05050/diagnosis_and_treatment_protocol_for_novel.13.aspx
https://journals.lww.com/cmj/fulltext/2020/05050/diagnosis_and_treatment_protocol_for_novel.13.aspx
https://journals.lww.com/cmj/fulltext/2020/05050/diagnosis_and_treatment_protocol_for_novel.13.aspx
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/10.1080/%2022221751.2020.1729
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/10.1080/%2022221751.2020.1729
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/10.1080/%2022221751.2020.1729
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/10.1080/%2022221751.2020.1729
https://pubmed.ncbi.nlm.nih.gov/32515684/
https://pubmed.ncbi.nlm.nih.gov/32515684/
https://pubmed.ncbi.nlm.nih.gov/32515684/
https://pubmed.ncbi.nlm.nih.gov/32515684/
https://bfi.uchicago.edu/work%20ing-paper/estimation-of-covid-19-prevalence-from-serology-tests-apartial-%20identi
https://bfi.uchicago.edu/work%20ing-paper/estimation-of-covid-19-prevalence-from-serology-tests-apartial-%20identi
https://bfi.uchicago.edu/work%20ing-paper/estimation-of-covid-19-prevalence-from-serology-tests-apartial-%20identi
https://pubmed.ncbi.nlm.nih.gov/14519257/
https://pubmed.ncbi.nlm.nih.gov/14519257/
https://pubmed.ncbi.nlm.nih.gov/14519257/
https://pubmed.ncbi.nlm.nih.gov/14519257/
https://pubmed.ncbi.nlm.nih.gov/12781535/
https://pubmed.ncbi.nlm.nih.gov/12781535/
https://pubmed.ncbi.nlm.nih.gov/12781535/
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)63847-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)63847-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)63847-7/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)63847-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/12781535/
https://pubmed.ncbi.nlm.nih.gov/12781535/
https://pubmed.ncbi.nlm.nih.gov/12781535/
https://pubmed.ncbi.nlm.nih.gov/15606632/
https://pubmed.ncbi.nlm.nih.gov/15606632/
https://pubmed.ncbi.nlm.nih.gov/15606632/
https://pubmed.ncbi.nlm.nih.gov/15606632/
https://pubmed.ncbi.nlm.nih.gov/15200814/
https://pubmed.ncbi.nlm.nih.gov/15200814/
https://pubmed.ncbi.nlm.nih.gov/15200814/
https://pubmed.ncbi.nlm.nih.gov/12890855/
https://pubmed.ncbi.nlm.nih.gov/12890855/
https://pubmed.ncbi.nlm.nih.gov/12890855/
https://www.nejm.org/doi/full/10.1056/NEJMoa1405858
https://www.nejm.org/doi/full/10.1056/NEJMoa1405858
https://pubmed.ncbi.nlm.nih.gov/24670324/
https://pubmed.ncbi.nlm.nih.gov/24670324/
https://pubmed.ncbi.nlm.nih.gov/24670324/
https://pubmed.ncbi.nlm.nih.gov/26583829/
https://pubmed.ncbi.nlm.nih.gov/26583829/
https://pubmed.ncbi.nlm.nih.gov/26583829/
https://pubmed.ncbi.nlm.nih.gov/26565003/
https://pubmed.ncbi.nlm.nih.gov/26565003/
https://pubmed.ncbi.nlm.nih.gov/26565003/
https://pubmed.ncbi.nlm.nih.gov/19539648/
https://pubmed.ncbi.nlm.nih.gov/19539648/
https://www.nature.com/articles/s41422-020-0282-0
https://www.nature.com/articles/s41422-020-0282-0
https://www.nature.com/articles/s41422-020-0282-0
https://www.nature.com/articles/s41422-020-0282-0
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/%2010.1016/S0140-6736(20)30
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/%2010.1016/S0140-6736(20)30
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/%2010.1016/S0140-6736(20)30
file:///C:/Users/user/Downloads/1.%09http:/dx.doi.org/%2010.1016/S0140-6736(20)30
https://pubmed.ncbi.nlm.nih.gov/32075786/
https://pubmed.ncbi.nlm.nih.gov/32075786/
https://pubmed.ncbi.nlm.nih.gov/32075786/
https://pubmed.ncbi.nlm.nih.gov/32075786/
https://pubmed.ncbi.nlm.nih.gov/32075786/
https://pubmed.ncbi.nlm.nih.gov/32035018/
https://pubmed.ncbi.nlm.nih.gov/32035018/
https://pubmed.ncbi.nlm.nih.gov/32035018/


J Biotech.and Bioprocessing                                                                                                                                                                       Copy rights@ Azab Elsayed Azab et.al. 
 

 
Auctores Publishing – Volume 2(7)-053 www.auctoresonline.org  

ISSN: 2766-2314   Page 9 of 9 

69. To KK, Tsang OT, LeungWS, et al. (2020) Temporal profiles of 

viral load in posterior oropharyngeal saliva samples and serum 

antibody responses during infection by SARSCoV-2: an 

observational cohort study. Lancet Infect Dis., 20(5): 565–574. 

70. Leisman DE, Ronner L, Pinotti R, et al. (2020) Cytokine 

elevation in severe and critical COVID-19: a rapid systematic 

review, meta-analysis, and comparison with other inflammatory 

syndromes. Lancet Respir Med, 8: 1233–1244. 

71. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, et al. (2020) Clinical 

characteristics of coronavirus disease 2019 in China. N Engl J 

Med. 382(18): 1708-1720.  

72. Ling W. (2020) C-reactive protein levels in the early stage of 

COVID-19. Med Mal Infect., 50(4):332–334  

73. Soraya GV, Ulhaq ZS. (2020) Crucial laboratory parameters in 

COVID-19 diagnosis and prognosis: an updated meta-analysis. 

Med Clin. 155:143–51. doi: 10.1016/j.medcle.2020.05.004 

74. Samprathi M and Jayashree M. (2021) Biomarkers in COVID-

19: An up-to-date review. Front. Pediatr. 8:607647.doi: 

10.3389/fped.2020.607647. 

75. Ruan Q, Yang K, Wang W, Jiang L, and Song J. (2020) Clinical 

predictors of mortality due to COVID-19 based on an analysis of 

data of 150 patients from Wuhan. China. Intensive Care Med.  

76. Tang N, Li D, Wang X, and Sun Z. (2020) Abnormal coagulation 

parameters are associated with poor prognosis in patients with 

novel coronavirus pneumonia. J Thromb Haemost., 18(4): 844–

847. 

77. Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, and Zhang Z. 

(2020) D-dimer levels on admission to predict in-hospital 

mortality in patients with Covid-19. J Thromb Haemost., 

18(6):1324–1329. 

78. Seckback J. (1982) Ferreting out the secrets of plant ferritin-a 

review. J Plant Nutr., 5(4–7): 369–394 

79. Stevens RG, Beasley RP, and Blumberg BS. (1986) Iron-binding 

proteins and risk of cancer in Taiwan. JNCI J Nati Cancer Instit, 

76(4):605–610. 

80. Dahan, S., Segal, G., Katz, I., Hellou, T., Tietel, M., Bryk, G., 

and Dagan, A. (2020) Ferritin as a Marker of Severity in COVID-

19 Patients: A Fatal Correlation.  Israel Med Assoc J., 22(8), 494-

500. 

81. Li Y, Hu Y, Yu J, et al. (2020) Retrospective analysis of 

laboratory testing in 54 patients with severe- or critical-type 2019 

novel coronavirus pneumonia. Lab Invest, 1–7. 

82. Al-Samkari H, Karp Leaf RS, Dzik WH, et al. (2020) COVID-

19 and coagulation: bleeding and thrombotic manifestations of 

SARS-CoV- 2 infection. Blood, 136:489–500. 

83. Lin Z, Long F, Yang Y, Chen X, Xu L, Yang M. (2020) Serum 

ferritin as an independent risk factor for severity in COVID-19 

patients. J Infect. 81:647–79. doi: 10.1016/j.jinf.2020.06.053 

84. Wu C, Chen X, Cai Y, et al. (2020) Risk factors associated with 

acute respiratory distress syndrome and death in patients with 

coronavirus disease 2019 pneumonia in Wuhan, China. JAMA 

Intern Med. 

85. Henry B.M., de Oliveira M., Benoit S., Plebani M., and Lippi G. 

(2020) Hematologic, biochemical and immune biomarker 

abnormalities associated with severe illness and mortality in 

coronavirus disease 2019 (COVID-19): a meta-analysis. Clin 

Chem Lab Med. 

86. Bhatraju PK, Ghassemieh BJ, Nichols M, et al. (2020) Covid-19 

in critically ill patients in the seattle region - case series. N Engl 

J Med. 

87. Xu Z, Shi L, Wang Y et al. (2020) Pathological findings of 

COVID-19 associated with acute respiratory distress syndrome. 

Lancet Respir Med, 8: 420–422. 

88. Kappert K, Jahi´c A, Tauber R. (2020) Assessment of serum 

ferritin as a biomarker in COVID-19: bystander or participant? 

Insights by comparison with other infectious and non-infectious 

diseases. Biomarkers. 25:616–25. doi: 

10.1080/1354750X.20201797880 

89. Bellmann-Weiler R, Lanser L, Barket R, Rangger L, Schapfl A, 

Schaber M, et al. (2020) Prevalence and predictive value of 

anemia and dysregulated iron homeostasis in patients with 

COVID-19 Infection. J ClinMed. 9:E2429. doi: 

10.3390/jcm9082429 

90. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, and 

Manson JJ. (2020) COVID-19: consider cytokine storm 

syndromes and immunosuppression. Lancet. 

91. Kernan KF, and Carcillo JA. (2017) Hyperferritinemia and 

inflammation. Int Immunol., 29 (9):401–409. 

92. Wessling-Resnick M. (2018) Crossing the irongate: why and 

how transferrin receptors mediate viral entry. Annu Rev Nutr., 

38:431–58. 

93. Shoenfeld Y. (2020) Corona (COVID-19) time musings: our 

involvement in COVID-19 pathogenesis, diagnosis, treatment 

and vaccine planning. Autoimmun Rev, 102538. 

94. Abbaspour N, Hurrell R, and Kelishadi R. (2014) Review on iron 

and its importance for human health. Research J Med Sci., 19(2): 

164–174. 

95. Vargas-Vargas M and Cortés-Rojo C. (2020) Ferritin levels and 

COVID-19. Rev Panam Salud Publica. 44:e72. 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI: 10.31579/2766-2314/053 

Ready to submit your research? Choose Auctores and benefit from:  
 

 fast, convenient online submission 
 rigorous peer review by experienced research in your field  
 rapid publication on acceptance  
 authors retain copyrights 
 unique DOI for all articles 
 immediate, unrestricted online access 

 

At Auctores, research is always in progress. 
 

Learn more www.auctoresonline.org/journals/biotechnology-and-
bioprocessing 

https://www.thelancet.com/article/S1473-3099(20)30196-1/fulltext
https://www.thelancet.com/article/S1473-3099(20)30196-1/fulltext
https://www.thelancet.com/article/S1473-3099(20)30196-1/fulltext
https://www.thelancet.com/article/S1473-3099(20)30196-1/fulltext
https://pubmed.ncbi.nlm.nih.gov/33075298/
https://pubmed.ncbi.nlm.nih.gov/33075298/
https://pubmed.ncbi.nlm.nih.gov/33075298/
https://pubmed.ncbi.nlm.nih.gov/33075298/
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://pubmed.ncbi.nlm.nih.gov/32243911/
https://pubmed.ncbi.nlm.nih.gov/32243911/
https://pubmed.ncbi.nlm.nih.gov/32864456/
https://pubmed.ncbi.nlm.nih.gov/32864456/
https://pubmed.ncbi.nlm.nih.gov/32864456/
https://pubmed.ncbi.nlm.nih.gov/33859967/
https://pubmed.ncbi.nlm.nih.gov/33859967/
https://pubmed.ncbi.nlm.nih.gov/33859967/
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://pubmed.ncbi.nlm.nih.gov/32125452/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32306492/
https://pubmed.ncbi.nlm.nih.gov/32306492/
https://pubmed.ncbi.nlm.nih.gov/32306492/
https://pubmed.ncbi.nlm.nih.gov/32306492/
https://www.tandfonline.com/doi/abs/10.1080/01904168209362966
https://www.tandfonline.com/doi/abs/10.1080/01904168209362966
https://pubmed.ncbi.nlm.nih.gov/3007843/
https://pubmed.ncbi.nlm.nih.gov/3007843/
https://pubmed.ncbi.nlm.nih.gov/3007843/
https://pubmed.ncbi.nlm.nih.gov/33236582/
https://pubmed.ncbi.nlm.nih.gov/33236582/
https://pubmed.ncbi.nlm.nih.gov/33236582/
https://pubmed.ncbi.nlm.nih.gov/33236582/
https://www.nature.com/articles/s41374-020-0431-6
https://www.nature.com/articles/s41374-020-0431-6
https://www.nature.com/articles/s41374-020-0431-6
https://pubmed.ncbi.nlm.nih.gov/32492712/
https://pubmed.ncbi.nlm.nih.gov/32492712/
https://pubmed.ncbi.nlm.nih.gov/32492712/
https://pubmed.ncbi.nlm.nih.gov/32592705/
https://pubmed.ncbi.nlm.nih.gov/32592705/
https://pubmed.ncbi.nlm.nih.gov/32592705/
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://read.qxmd.com/read/32286245/hematologic-biochemical-and-immune-biomarker-abnormalities-associated-with-severe-illness-and-mortality-in-coronavirus-disease-2019-covid-19-a-meta-analysis
https://read.qxmd.com/read/32286245/hematologic-biochemical-and-immune-biomarker-abnormalities-associated-with-severe-illness-and-mortality-in-coronavirus-disease-2019-covid-19-a-meta-analysis
https://read.qxmd.com/read/32286245/hematologic-biochemical-and-immune-biomarker-abnormalities-associated-with-severe-illness-and-mortality-in-coronavirus-disease-2019-covid-19-a-meta-analysis
https://read.qxmd.com/read/32286245/hematologic-biochemical-and-immune-biomarker-abnormalities-associated-with-severe-illness-and-mortality-in-coronavirus-disease-2019-covid-19-a-meta-analysis
https://read.qxmd.com/read/32286245/hematologic-biochemical-and-immune-biomarker-abnormalities-associated-with-severe-illness-and-mortality-in-coronavirus-disease-2019-covid-19-a-meta-analysis
https://doi.org/10.1056/NEJMoa2004500
https://doi.org/10.1056/NEJMoa2004500
https://doi.org/10.1056/NEJMoa2004500
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32085846/
https://pubmed.ncbi.nlm.nih.gov/32700561/
https://pubmed.ncbi.nlm.nih.gov/32700561/
https://pubmed.ncbi.nlm.nih.gov/32700561/
https://pubmed.ncbi.nlm.nih.gov/32700561/
https://pubmed.ncbi.nlm.nih.gov/32700561/
https://www.mdpi.com/2077-0383/9/8/2429
https://www.mdpi.com/2077-0383/9/8/2429
https://www.mdpi.com/2077-0383/9/8/2429
https://www.mdpi.com/2077-0383/9/8/2429
https://www.mdpi.com/2077-0383/9/8/2429
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30628-0/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30628-0/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30628-0/fulltext
https://pubmed.ncbi.nlm.nih.gov/28541437/
https://pubmed.ncbi.nlm.nih.gov/28541437/
https://pubmed.ncbi.nlm.nih.gov/29852086/
https://pubmed.ncbi.nlm.nih.gov/29852086/
https://pubmed.ncbi.nlm.nih.gov/29852086/
https://pubmed.ncbi.nlm.nih.gov/32268212/
https://pubmed.ncbi.nlm.nih.gov/32268212/
https://pubmed.ncbi.nlm.nih.gov/32268212/
https://pubmed.ncbi.nlm.nih.gov/24778671/
https://pubmed.ncbi.nlm.nih.gov/24778671/
https://pubmed.ncbi.nlm.nih.gov/24778671/
https://doi.org/10.26633/RPSP.2020.72
https://doi.org/10.26633/RPSP.2020.72
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/manuscript

