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Abstract 

Background: The COVID-19 pandemic demands effective biomarkers for assessing disease 

severity. C-reactive protein (CRP), D-Dimer, and White Blood Cell counts (WBCs) have 

emerged as potential indicators of COVID-19 severity and prognosis. 

  

Materials and Methods: This study, conducted at Qalla Hospital, enrolled 112 confirmed 

COVID-19 patients and 35 healthy controls. Comprehensive clinical and laboratory evaluations 

included CRP, D-Dimer, and WBC measurements. Diagnosis of COVID-19 followed established 

clinical criteria and confirmed through SARS-CoV-2 testing. Rigorous assessments were 

conducted to ensure precise participant classification. 

 

Results: Significantly elevated CRP (p-value=0.0001), D-Dimer (p-value=0.0001), and WBCs 

were observed in COVID-19 patients compared to healthy controls. Elevated CRP levels 

indicating inflammation, increased D-Dimer levels associated with coagulation abnormalities, 

and raised WBCs within CRP level (0.943) indicative of an immune response were prevalent in 

COVID-19 patients. Gender distribution was balanced, while comorbidities such as diabetes 

mellitus (25%), hypertension (34.8%), kidney disease (6.2%), and multiple concurrent diseases 

(34%) were prevalent in the COVID-19 cohort. 

 

Discussion: The substantial differences in CRP, D-Dimer, and WBCs underscore their 

potential as valuable biomarkers for diagnosing and monitoring COVID-19 severity. These 

biomarkers could serve as critical tools in evaluating disease progression, predicting 

complications, and guiding tailored therapeutic interventions. Conclusion: CRP, D-Dimer, and 

WBCs exhibited marked disparities between healthy individuals and COVID-19 patients, 
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indicating their potential as diagnostic and prognostic indicators. Continued investigation into 

these biomarkers' utility may refine risk stratification and treatment strategies, ultimately 

improving patient outcomes in COVID-19 management. Understanding the clinical implications 

of CRP, D-Dimer, and WBC levels could profoundly impact disease management and patient 

care strategies.  
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Introduction 

Since the initial emergence of coronavirus disease 2019 (COVID-19) in China[1,2], the virus has 

swiftly disseminated worldwide, resulting in a global pandemic[3]. The fatality rate associated 

with COVID-19 stands at approximately 2%, while 5–10% of afflicted individuals progress to 

severe and potentially life-threatening illness[3]. COVID-19 primarily manifests as heightened 

inflammation and an immune system imbalance, leading to extensive damage across multiple 

organs. The chief contributor to mortality from COVID-19 is severe acute respiratory distress, 

stemming from the infection of lung epithelial cells and activation of alveolar macrophages[4]. 

Certain individuals affected by COVID-19 may experience severe illness or succumb to the 

disease[5], while a larger proportion generally encounter mild or moderate symptoms[6]. Risk 

factors linked to severe illness in COVID-19 include a range of elements, comprising advanced 

age (≥65 years), fertility, chronic obstructive pulmonary disease, chronic kidney conditions, 

diabetes mellitus, hypertension, hyperlipidemia, obesity, smoking, and immunodeficiency 

following transplantation[7–12]. Several biomarkers, including white blood cell (WBC) count, 

lymphocyte count, platelet count, albumin, ALT, lactate dehydrogenase (LDH), D-dimer, 

ferritin, interleukin-6, procalcitonin (PCT) levels, and prothrombin time (PT), have been 

identified as specific indicators of disease severity[13,14]. 

During the ongoing COVID-19 pandemic, instances of reinfection with SARS-CoV-2 have 

emerged, shedding light on the potential for individuals to contract the virus multiple times, often 

involving different viral clades or strains. This phenomenon suggests a certain level of 

vulnerability to reinfection, potentially from distinct genetic variants or lineages of the 

virus[14,15]. The evolution of SARS-CoV-2 has been marked by the emergence of various 

genetic mutations, leading to the development of diverse strains or variants. These alterations in 

the virus's genetic makeup contribute to its ability to adapt and survive in different environments. 

Consequently, individuals who have previously been infected with one variant may remain 

susceptible to infection from another variant due to differences in the viral structure or key 

components that the immune system recognizes[16]. 

Studies have indicated that immunity acquired from prior infection might wane over time. The 

duration and strength of immunity following natural infection vary among individuals, and some 

individuals may experience a decline in protective immunity, potentially rendering them 

susceptible to reinfection. Furthermore, while natural infection can induce an immune response, 
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it may not provide comprehensive protection against all variants. Certain variants could possess 

mutations that allow them to partially evade the immune response generated by previous 

infections, increasing the risk of reinfection in individuals previously infected with a different 

strain[17,18]. 

Behavioral factors, such as adherence to preventive measures and exposure to high viral loads, 

also play a role in susceptibility to reinfection. Instances of reinfection underscore the ongoing 

challenges in controlling the spread of SARS-CoV-2 and emphasize the need for continued 

vigilance, widespread vaccination, and adherence to public health guidelines to mitigate the risk 

of reinfection and curb the transmission of the virus. Scientific research continues to investigate 

the frequency, implications, and mechanisms behind reinfections to better understand and 

address this aspect of the pandemic[19]. 

This study examined specific biomarkers associated with severity and abnormalities in blood 

clotting in 152 patients across Omicron variants of COVID-19 in Iraq. 

 

Materials and Method 

Study design and patients: 

The present study was conducted at Qalla Hospital, focusing on patients diagnosed with COVID-

19 and a control group of healthy individuals. A total of 147 cases were enrolled, comprising 112 

confirmed COVID-19 patients and 35 control cases. Among the COVID-19 patients, there were 

53 males (47.3%) and 59 females (52.7%), whereas the control group consisted of 16 males 

(45.7%) and 19 females (54.3%). The enrollment of participants aimed to achieve representation 

across genders in both COVID-19 and control cohorts. The demographic characteristics of the 

COVID-19 patient cohort revealed comorbidities prevalent among the enrolled individuals. The 

distribution of comorbidities in COVID-19 patients was as follows: diabetes mellitus was 

observed in 28 cases (25%), hypertension in 39 cases (34.8%), kidney disease in 7 cases (6.2%), 

and multiple concurrent diseases in 38 cases (34%). 

All COVID-19 cases were diagnosed based on established clinical criteria and confirmed 

through laboratory testing for SARS-CoV-2 infection. The control group, comprising healthy 

individuals, underwent assessments to ensure the absence of COVID-19 symptoms and a 

negative SARS-CoV-2 test result. Data collection involved detailed medical history reviews, 

physical examinations, laboratory investigations, and analysis of various biomarkers and clinical 

parameters to assess disease severity, prognosis, and associated comorbidities among COVID-19 

patients. 
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Table  ) 1 (Clinical and Demographic characteristics of Covid-19 patients and control cases 

Parameters Control Cases % (N=35) Patients % (N=112) 

Age 35 (24-48) 44(33-57) 

Gender: Male 16 (45.7%) 53 (47.3%) 

Female 19 (54.3%) 59 (52.7%) 

Comorbidities 

 

Diabetes 0 28 (25%) 

Hypertension 0 39 (34.8) 

Kidney 0 7 (6.2%) 

Multiple 0 38 (34%) 

 

Biological Biomarkers: 

Biological marker tests conducted in this study aimed to evaluate specific indicators associated 

with COVID-19 severity and prognosis. The investigation included comprehensive analyses 

utilizing various laboratory analyzers for the assessment of key biomarkers. 

The study utilized a range of analyzers for the quantification of specific biological markers. The 

Cobas C111 analyzer (Roche Diagnostics) was employed for the investigation of C-reactive 

protein (CRP) levels in serum. CRP quantification aids in assessing the degree of inflammation, 

with normal values for adults considered to be <5.0 mg/L. This quantitative immunological 

determination of CRP provided essential insights into the inflammatory status among study 

participants[20]. 

Furthermore, the Cobas E411 analyzer (Roche Diagnostics) was utilized for the measurement of 

ferritin, a marker often associated with inflammation and iron storage regulation. The ferritin 

investigation aimed to provide additional information regarding inflammatory processes and 

potential iron metabolism abnormalities related to COVID-19 infection. 

The study also assessed D-dimer levels, a fibrin degradation product indicative of blood clot 

formation, using the fluorescence immunoassay iChroma™ II (Boditech Med Inc.). The D-dimer 

Rapid Quantitative Test identified elevated levels of D-dimer (>500 ng/ml) that might be 

associated with increased coagulation activity, aiding in the assessment of thrombotic risk among 

COVID-19 patients. 

Additionally, cardiac troponin I, a marker for myocardial injury, was analyzed using the Cobas 

E411 analyzer. Troponin I tests were conducted through a fully automated immunoassay analysis 

using ElectroChemiLuminescence technology. The normal range for troponin I levels in the 

study was defined between 0 and 0.4 ng/ml, providing crucial insights into potential cardiac 

complications among the participants. 
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The Medonic M‐Series haematology analyzer (Medonic M32; Boule Medical AB) was primarily 

employed for conducting complete blood count (CBC) tests, offering comprehensive insights 

into various blood cell parameters. 

The selection of these biological markers and the utilization of specialized analyzers aimed to 

provide a comprehensive understanding of the inflammatory, coagulation, and cardiac profiles 

among the study participants. 

 

Statistical Analysis: 

Statistical analysis involved the utilization of Analysis of Variance (ANOVA) to examine 

variations in CRP levels and D-Dimer. Additionally, simple linear regression was utilized to 

assess the relationship between CRP and WBCs. 

Ethical Approval: 

The research conducted in this study adhered to ethical guidelines and received approval from 

the General Directorate of Health (Approval Code: 0011-22). Prior to commencing the study, all 

protocols and procedures were reviewed and approved to ensure compliance with ethical 

standards and participant welfare. 

 

Results: 

Figure 1A and Figure 1B in the study present essential comparisons between healthy control 

individuals and patients in terms of CRP (C-reactive protein) and D-Dimer levels, respectively. 

The significance of these comparisons is emphasized by the remarkably low p-values of 0.0001, 

indicating highly significant differences between the groups. 

In Figure 1A, the focus is on CRP levels. CRP is an indicator of inflammation, and its elevation 

in the body can signal various conditions. The comparison reveals a substantial discrepancy 

between the healthy control group and the patient cohort regarding CRP levels. This substantial 

difference, indicated by the very low p-value, suggests that CRP levels significantly vary 

between these two groups. Typically, higher CRP levels are associated with inflammation or 

infection, and the stark difference observed here between the healthy control and patient groups 

could imply a potential health disparity or disease-related marker within the patient population 

studied. 

Moving to Figure 1B, the analysis centers on D-Dimer levels, which are often associated with 

blood clotting and can be elevated in certain medical conditions such as thrombosis or 

pulmonary embolism. The noteworthy contrast in D-Dimer levels between the healthy control 

group and the patient population, highlighted by the p-value of 0.0001, indicates a substantial 

difference. Elevated D-Dimer levels in patients compared to the healthy controls could suggest a 

potential thrombotic or clotting issue prevalent in the patient group. This finding might be 

indicative of a specific health condition or risk factor within this patient population. 
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Figure      )1(_ A: displays significant CRP level differences (p=0.0001) between healthy controls 

and patients, indicating potential health disparities in inflammation. Meanwhile, Figure 1B 

reveals noteworthy D-Dimer level contrasts (p=0.0001) between these groups, suggesting 

possible thrombotic issues in the patient population.  

 

The study, employing simple linear regression, identified a strong link between CRP and WBC 

levels, illustrated by an R-squared value of 0.943. This finding indicates that a significant 

proportion of the changes in CRP levels can be explained by fluctuations in WBC levels. 

Essentially, it implies that alterations in CRP levels hold considerable sway over the variations 

observed in WBC levels within the study group. 
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Figure   )2 ( The meaningful correlation between CRP (mg/dL) and WBC levels when the 

correlation coefficient surpasses 0.5. Using simple linear regression, the study uncovered a 

robust connection between CRP and WBC levels, evident from an R-squared value of 0.943. 

This suggests that a significant portion of the changes seen in CRP levels can be accounted for 

by variations in WBC levels. Essentially, within the study group, fluctuations in WBC levels are 

substantially influenced by CRP levels. 

Discussion 

In the present study, the comparison of CRP, WBCs and D-Dimer levels between healthy 

controls and COVID-19 patients provides valuable insights into the disease's pathophysiology, 

severity, and potential clinical implications. The enrollment aimed for gender-balanced 

representation in both groups. The COVID-19 patient demographic indicated prevalent 

comorbidities: diabetes mellitus in 25%, hypertension in 34.8%, kidney disease in 6.2%, and 

multiple concurrent diseases in 34%. Diagnosis of COVID-19 adhered to clinical criteria and 

confirmed via SARS-CoV-2 testing. Healthy controls underwent assessments to ensure absence 

of COVID-19 symptoms and negative SARS-CoV-2 results. 

In contrast,    elevated CRP levels are often indicative of inflammation and infection. In 

COVID-19, increased CRP levels have been extensively reported and associated with disease 

severity[21,22]. The substantial difference between healthy controls and COVID-19 patients' 

CRP levels, supported by a significant p-value of 0.0001, underscores the pronounced 

inflammatory response typically seen in COVID-19 patients. This finding aligns with previous 
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studies highlighting CRP as a valuable biomarker for monitoring disease progression and 

severity in COVID-19 cases. The observed disparity emphasizes the potential of CRP as a 

diagnostic and prognostic indicator in assessing the severity and monitoring the course of 

COVID-19[23,24]. 

 

Additionally, elevated D-Dimer levels are commonly linked to coagulation abnormalities and 

thrombotic events[22]. In COVID-19, coagulopathy and increased risk of thrombosis have been 

reported as significant complications. The noteworthy difference in D-Dimer levels between 

healthy controls and COVID-19 patients, supported by a p-value of 0.0001, suggests a 

heightened risk of thrombotic complications in the patient group. This finding corroborates the 

existing literature highlighting the association between elevated D-Dimer levels and increased 

thrombotic events in severe COVID-19 cases. Monitoring D-Dimer levels could aid in assessing 

the thrombotic risk and guiding therapeutic interventions in COVID-19 patients[5,25]. 

In addition, the strong correlation between CRP and WBC levels, reflected by the high R-

squared value of 0.943, emphasizes the interconnectedness between inflammatory markers and 

the immune response in COVID-19. This finding suggests that changes in CRP levels 

significantly influence fluctuations in WBC counts within COVID-19 patients. The intricate 

relationship between CRP and WBC levels highlights the dynamic immune-inflammatory 

response characterizing COVID-19 pathology. Understanding this relationship could offer 

insights into disease progression and guide therapeutic strategies targeting the immune-

inflammatory pathways in COVID-19[26–28]. 

Hence,    The significant disparities observed in CRP and D-Dimer levels between healthy 

individuals and those diagnosed with COVID-19 highlight the promising role of these 

biomarkers in the diagnosis and monitoring of disease severity in COVID-19 cases. These 

findings suggest the potential clinical utility of CRP and D-Dimer as valuable indicators for 

identifying and tracking the progression of COVID-19-related complications. Further research 

efforts should focus on delving deeper into the utility of these biomarkers in risk stratification, 

prognosis determination, and their potential role in guiding therapeutic interventions for COVID-

19 patients. Understanding the dynamics of these biomarkers in relation to disease severity and 

progression could aid in developing more effective strategies for patient management, potentially 

enabling earlier identification of severe cases and facilitating tailored treatment approaches. 

Therefore, continued investigations are warranted to elucidate the full extent of these biomarkers' 

clinical significance in the context of COVID-19[21,29]. 

Moreover, elucidating the mechanistic insights into the relationship between CRP, WBC levels, 

and COVID-19 pathology could pave the way for targeted therapies and interventions aimed at 

modulating the immune-inflammatory response to improve patient outcomes. 

In conclusion, the distinct biomarker profiles observed between healthy controls and COVID-19 

patients, along with the strong association between CRP, D-Dimer, and WBC levels, highlight 

the potential clinical relevance of these biomarkers in COVID-19 management. Further research 
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into these biomarkers' roles in disease progression and their implications for therapeutic 

interventions is crucial for enhancing our understanding and management of COVID-19. 

Author Contributions    All authors equally participated in writing, reviewing, and editing the 

manuscript.  

Conflict Of Interest Statement The authors declare no conflict of interest. 

The data that support the findings of this study are available from the corresponding author upon 

reasonable request 

References: 

1.  Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, Guan L, Wei Y, Li 

H, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, 

China: a retrospective cohort study. Lancet [Internet]. Elsevier Ltd; 2020; 395: 1054–62. doi: 

10.1016/S0140-6736(20)30566-3. 

2.  Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the Clinical Characteristics of 

Coronavirus Disease 2019 (COVID-19). J Gen Intern Med. Journal of General Internal Medicine; 2020; 

35: 1545–9. doi: 10.1007/s11606-020-05762-w. 

3.  Gavriatopoulou M, Ntanasis-Stathopoulos I, Korompoki E, Fotiou D, Migkou M, Tzanninis IG, 

Psaltopoulou T, Kastritis E, Terpos E, Dimopoulos MA. Emerging treatment strategies for COVID-19 

infection. Clin Exp Med [Internet]. Springer International Publishing; 2021; 21: 167–79. doi: 

10.1007/s10238-020-00671-y. 

4.  Machhi J, Herskovitz J, Senan AM, Dutta D, Nath B, Oleynikov MD, Blomberg WR, Meigs DD, 

Hasan M, Patel M, Kline P, Chang RCC, Chang L, et al. The Natural History, Pathobiology, and Clinical 

Manifestations of SARS-CoV-2 Infections. J Neuroimmune Pharmacol. Journal of Neuroimmune 

Pharmacology; 2020; 15: 359–86. doi: 10.1007/s11481-020-09944-5. 

5.  Ali HN, Ali KM, Rostam HM, Ali AM, Tawfeeq HM, Fatah MH, Figueredo GP. Clinical 

laboratory parameters and comorbidities associated with severity of coronavirus disease 2019 (COVID-

19) in Kurdistan Region of Iraq. Pract Lab Med [Internet]. Elsevier B.V.; 2022; 31: e00294. doi: 

10.1016/j.plabm.2022.e00294. 

6.  Gandhi RT, Lynch JB, del Rio C. Mild or Moderate Covid-19. N Engl J Med. 2020; 383: 1757–

66. doi: 10.1056/nejmcp2009249. 

7.  Matsunaga N, Hayakawa K, Terada M, Ohtsu H, Asai Y, Tsuzuki S, Suzuki S, Toyoda A, Suzuki 

K, Endo M, Fujii N, Suzuki M, Saito S, et al. Clinical Epidemiology of Hospitalized Patients with 

Coronavirus Disease 2019 (COVID-19) in Japan: Report of the COVID-19 Registry Japan. Clin Infect 

Dis. 2021; 73: E3677–89. doi: 10.1093/cid/ciaa1470. 

8.  Ahmed M, Saeed H, Ali AM, Ali KM, Rostam HM. The Impact of Smoking on COVID-19 

https://jmed.utq.edu/


Thi-Qar Medical Journal (TQMJ):Vol.( 26),No.(2),2023 

Web Site: https://jmed.utq.edu                                   Email: utjmed@utq.edu.iq 

ISSN (Print):1992-9218 

747 
 

Severity : A Multi-Analysis Study. 2023; 6: 229–39.  

9.  Ali AM, Tofiq AM, Rostam HM, Ali KM, Tawfeeq HM. Disease severity and efficacy of 

homologous vaccination among patients infected with SARS-CoV-2 Delta or Omicron VOCs, compared 

to unvaccinated using main biomarkers. J Med Virol. 2022; 94: 5867–76. doi: 10.1002/jmv.28098. 

10.  Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, Li Q, Jiang C, Zhou Y, Liu S, Ye C, Zhang P, 

Xing Y, et al. Risk factors of critical & mortal COVID-19 cases: A systematic literature review and meta-

analysis. J Infect. Elsevier Ltd; 2020; 81: e16–25. doi: 10.1016/j.jinf.2020.04.021. 

11.  Ali AM, Abdlwahid RF, Ali KM, Mahmood KI, Rashid PMA, Rostam HM. The influence of 

SARS-CoV-2 on male reproduction and men’s health. Eur J Clin Invest. 2023; : 1–11. doi: 

10.1111/eci.14097. 

12.  Ali AM, Tofiq AM, Rostam HM, Ali KM TH. Corrigendum on “Disease severity and efficacy of 

homologous vaccination among patients infected with SARS-CoV-2 Delta or Omicron VOCs, compared 

to unvaccinated using main biomarkers.” . J Med Virol. : :5867-5876. doi: doi: 10.1002/jmv.28824. 

13.  Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers associated with 

COVID-19 disease progression. Crit Rev Clin Lab Sci [Internet]. Taylor & Francis; 2020; 0: 389–99. doi: 

10.1080/10408363.2020.1770685. 

14.  Shrestha MR, Basnet A, Tamang B, Khadka S, Maharjan R, Maharjan R, Chand AB, 

Thapa S, Rai SK. Analysis of altered level of blood-based biomarkers in prognosis of COVID-19 

patients. PLoS One [Internet]. 2023; 18: 1–11. doi: 10.1371/journal.pone.0287117. 

15.  Ali AM, Ali KM, Fatah MH, Tawfeeq HM, Rostam HM. SARS-CoV-2 reinfection in 

patients negative for immunoglobulin G following recovery from COVID-19. New Microbes New Infect 

[Internet]. Elsevier Ltd; 2021; 43: 100926. doi: 10.1016/j.nmni.2021.100926. 

16.  Ali KM, Rashid PMA, Ali AM, Tofiq AM, Salih GF, Dana OI, Rostam HM. Clinical outcomes 

and phylogenetic analysis in reflection with three predominant clades of SARS-CoV-2 variants. Eur J 

Clin Invest. 2023; : 1–15. doi: 10.1111/eci.14004. 

17.  Chemaitelly H, Nagelkerke N, Ayoub HH, Coyle P, Tang P, Yassine HM, Al-Khatib HA, Smatti 

MK, Hasan MR, Al-Kanaani Z, Al-Kuwari E, Jeremijenko A, Kaleeckal AH, et al. Duration of immune 

protection of SARS-CoV-2 natural infection against reinfection. J Travel Med. 2022; 29: 1–11. doi: 

10.1093/jtm/taac109. 

18.  Fateh, Hawal Lateef, Negin Kamari, Ayad M. Ali, Jalal Moludi  and SR. . “Association between 

diet quality and BMI with side effects of Pfizer-BioNTech COVID-19 vaccine and SARS-CoV-2 

immunoglobulin G titers.” Nutr Food Sci. 2023; 53: 738–51. doi: doi/10.1108/NFS-09-2022-

0338/full/html. 

19.  Europe E, Control EC for DP and. Risk of SARS-CoV-2 transmission from newly-infected 

individuals with documented previous infection or vaccination. Tech Rep [Internet]. 2021; : 23. Available 

https://jmed.utq.edu/


Thi-Qar Medical Journal (TQMJ):Vol.( 26),No.(2),2023 

Web Site: https://jmed.utq.edu                                   Email: utjmed@utq.edu.iq 

ISSN (Print):1992-9218 

748 
 

from https://www.ecdc.europa.eu/en/publications-data/sars-cov-2-transmission-newly-infected-

individuals-previous-infection#no-link 

20.  Ali KM, Ali AM, Tawfeeq HM, Figueredo G, Rostam HM. Hypoalbuminemia in Patients 

Following Their Recovery from Severe Coronavirus Disease 2019. J Med Virol [Internet]. 2021; : 0–2. 

doi: 10.1002/jmv.27002. 

21.  Schneider M. The Role of Biomarkers in Hospitalized COVID-19 Patients With Systemic 

Manifestations. Biomark Insights. 2022; 17. doi: 10.1177/11772719221108909. 

22.  Ali AM, Rostam HM, Fatah MH, Noori CM, Ali KM, Tawfeeq HM. Serum troponin, D-dimer, 

and CRP level in severe coronavirus (COVID-19) patients. Immunity, Inflamm Dis. 2022; 10: 1–10. doi: 

10.1002/iid3.582. 

23.  Yamamoto A, Wada H, Ichikawa Y, Mizuno H, Tomida M, Masuda J, Makino K, Kodama S, 

Yoshida M, Fukui S, Moritani I, Inoue H, Shiraki K, et al. Evaluation of biomarkers of severity in 

patients with COVID-19 infection. J Clin Med. 2021; 10: 4–11. doi: 10.3390/jcm10173775. 

24.  Debi H, Itu ZT, Amin MT, Hussain F, Hossain MS. Association of serum C-reactive protein 

(CRP) and D-dimer concentration on the severity of COVID-19 cases with or without diabetes: a 

systematic review and meta-analysis. Expert Rev Endocrinol Metab [Internet]. Taylor & Francis; 2022; 

17: 83–93. doi: 10.1080/17446651.2022.2002146. 

25.  Elibol E, Baran H. The relation between serum D-dimer, ferritin and vitamin D levels, and 

dysgeusia symptoms, in patients with coronavirus disease 2019. J Laryngol Otol. 2021; 135: 45–9. doi: 

10.1017/S0022215120002765. 

26.  Ali ET, Jabbar AS, Al Ali HS, Hamadi SS, Jabir MS, Albukhaty S. Extensive Study on 

Hematological, Immunological, Inflammatory Markers, and Biochemical Profile to Identify the Risk 

Factors in COVID-19 Patients. Int J Inflam. 2022; 2022. doi: 10.1155/2022/5735546. 

27.  Lee YK, Haam JH, Cho SH, Kim YS. Cross-Sectional and Time-Dependent Analyses on 

Inflammatory Markers Following Natural Killer Cell Activity. Diagnostics. 2022; 12: 1–11. doi: 

10.3390/diagnostics12020448. 

28.  Ali, A.M., Tofiq, A.M., Rostam, H.M., Ali, K.M. and Tawfeeq, H.M. Response to comments to 

the editor on" Disease severity and efficacy of homologous vaccination among patients infected with 

SARS-CoV-2 Delta or Omicron VOCs, compared to unvaccinated using main biomarkers". J Med Virol. 

2023; 95: P.e28820.  

29.  Cohort-study AP, Smail SW, Babaei E, Amin K, Smail SW. Predictors for Severity and Mortality 

in COVID-19 : Hematological , Inflammatory , Coagulation , and Oxidative / Antioxidant Biomarkers as 

Predictors for Severity and Mortality in COVID-19 : A Prospective Cohort-Study. 2023; . doi: 

10.2147/IJGM.S402206. 

 

https://jmed.utq.edu/

