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COMPARATIVE STUDY OF SERUM FERRITIN WITH C- REACTIVE PROTEIN
SERUM ADENOSINE DEAMINASE, AND OTHER BIOCHEMICAL
PARAMETERS IN COVID-19 PATIENTS
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ABSTRACT: - In COVID-19 pandemic clinical assessment is indispensable, but laboratory
markers, or biomarkers, can provide additional, objective information which can significantly
impact these components of patient care. COVID-19 is not a localized respiratory infection
but a multisystem disease caused by a diffuse systemic process involving a complex interplay
of the immunological, inflammatory and coagulative cascades. The understanding of what the
virus does to the body and how the body reacts to it has uncovered a gamut of potential
biomarkers. Our study demonstrates the different classes of biomarkers — immunological,
inflammatory, cardiac, biochemical in terms of their pathophysiological basis. The
correlation of serum ferritin with C- Reactive Protein (CRP), Adenosine Deaminase (ADA)
and biochemical parameters predicting cardiac injury, liver injury and renal injury were
evaluated. Serum ferritin and CRP was found to be significantly elevated with the disease
severity. Serum ADA levels were also significantly different in group with high ferritin,
which demonstrate that increased ADA leads to low adenosine, which is further responsible
for exaggeration of inflammatory response in Covid-19. This suggest the protective role of
adenosine in COVID 19. CKMB and LDH also serves as important biomarkers for cardiac
injury and was found to be significantly different in groups with high ferritin which also
suggestive of myocardial damage. Hepatic and renal bio parameters were also significantly
different in groups with high ferritin levels, which is also suggestive hepatic and renal
damage.
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INTRODUCTION:

Coronavirus disease 2019 (COVID-19) is a global pandemic caused by Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), it is now being recognized as a
multisystem disease which may cause even death. Hence timely diagnosis and proper
intervention is needed for better prognosis. Accordingly, COVID-19 has focused attention
not only on mechanisms by which the disease-causing coronavirus enters and infects the host
but also on new treatment strategies.

Several laboratory investigations have been associated with worse outcomes in patients with
COVID-19, of them acute phase reactants or inflammatory biomarkers have important role
such as Ferritin and C-Reactive Protein (CRP). Moreover, identification of laboratory
parameters capable of discriminating between severe and non-severe cases, or those at high
or low risk of mortality, will allow for improved clinical situational awareness.



The massive release of pro-inflammatory mediators and the aberrant activation of the
immune and coagulation systems, resembles the so-called cytokine release syndrome, a group
of conditions sharing the same pathogenic mechanism, although with a different aetiology™.
This cytokine storm accounts for the two main causes of mortality in COVID-19, ARDS and
secondary haemophagocytic lymphohistiocytosis, the latter occurring in a small subset of

patients . Furthermore, since increased levels of fe3rritin along with a cytokine storm have
been described in patients with severe COVID-19 , it has been specmzjlated that COVID-19
may be included in the spectrum of the hyperferritinemic syndromes .

ADA in humans is involved in the development and maintenance of the immune system.
However, ADA association has also been observed with epithelial

cell differentiation, neurotransmission, and gestation maintenance®. It has also been proposed
that ADA, in addition to adenosine breakdown, stimulates release of excitatory amino

acids and is necessary to the coupling of Al adenosine receptors and heterotrimeric G
proteins.” Adenosine deaminase deficiency leads to pulmonary fibrosis,® suggesting that
chronic exposure to high levels of adenosine can exacerbate inflammation responses rather
than suppressing them. The augmented activity of ADA in viral pneumonia further supports
the role of this enzyme as a marker of stimulated cell-mediated response. ADA activity has
been shown to be especially high in T cells and macrophages, and an increased activity of
serum ADA has been associated with conditions involving lymphocyte proliferation and
macrophage activation, i.e. a stimulated cell- mediated immune response "®. In viral
infections, the first line of defence in the lower respiratory tract is the pulmonary
macrophage. At the mucosal level, the immune response involves natural killer cells and T
lymphocytes. At later stages, viral infections may transiently suppress the alveolar
macrophage phagocytic system.

Patients with severe COVID-19 appear to have more frequent signs of liver dysfunction than
those with milder disease. An increase in alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and total bilirubin levels has been observed among many ICU
patients.” Infection of liver cells with SARS-CoV-2 cannot be excluded as 2-10% of patients
with COVID-19 have diarrhoea and viral RNA has been detected in both stool and blood
samples, which implies the possibility of hepatic virus presence.™ It is also likely that any
immune-mediated inflammation, in particular cytokine storm, but also pneumonia-associated
hypoxia, may lead to liver damage in critically ill COVID-19 patients.® 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.®

AIMS AND OBJECTIVES:-
The objective of this study is to see

1) association of serum ferritin levels of hospitalised COVID 19 patients with severity
of COVID 19

2) We also aim to see the association of serum ferritin levels with CRP, ADA and other
biochemical parameters.

3) We also aim to study whether serum ferritin or serum adenosine deaminase is better
in predicting the severity of Covid 19.
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STUDY DESIGN AND PARTICIPANTS: -

This retrospective cohort study included two cohorts of adult patients(>18years old) public
sector government hospital in India. All adult patients who were diagnosed with COVID-19
according to WHO interim guidance were screened, and those who died or were discharged
between June 2020), and July, 2020, were included in our study. Since the hospitals were the
designated hospitals for transfer of patients with COVID-19. Our study enrolled all adult
patients who were hospitalised for COVID-19 and had a definite outcome (dead or
discharged) at the early stage of the outbreak.

The study was approved by the Institutional Research Ethics Committee and the online verbal
informed consent was taken. We studied serum ferritin levels in all study subjects and
corelated it with serum C- reactive protein, adenosine deaminase (ADA)and other
biochemical parameters like SGOT, SGPT, Alkaline phosphatase, Total protein, serum
Albumin, serum total bilirubin and Direct bilirubin, blood urea and serum creatinine with
respect to the severity of the disease.

METHODS:-

All the biochemical parameters were done on auto analyser Serum ferritin was estimated by
turbidometry immunoassay, ADA was estimated by PNP- XOD/ Kinetic method , CRP by

immunoturbidometric assay, SGOT, SGPT by IFCC without pyridoxal phosphate, Alkaline
phosphatase by AMP method, Total protein by Biuret method, serum Albumin by BCG
method, serum total bilirubin and Direct bilirubin by Diazo method, Blood urea by Urease
and Serum Creatinine by Modified Jaffe’s Method.

STATISTICAL ANALYSIS: -

Data was entered into computer database using Microsoft excel spread sheet. The quantitative
variables were expressed in terms of mean and standard deviation. The means of two groups
were compared by using unpaired t-test. The means of more than two groups were compared
by using One wat ANOVA test followed by post hoc Bonferroni test. P value less than 0.05
was considered as significant. The analysis was done by using the Statistical Software SPSS
version 21

OBSERVATIONS AND RESULTS: -

Table no. 1

FERRITIN DISTRIBUTION :-

PARAMETER <=200 200-500 500-1000 >1000
SERUM FERRITIN 104 48 36 26
PERCENTAGE 48.60 22.43 16.82 12.15
Table no. 2

CORRELATION SERUM FERRITIN LEVELS WITH OTHER BIOCHEMICAL
PARAMETERS



Parameters Serum Number | Mean Std. P value Remark
ferritin Deviation
CRP <=200 104 17.5191 32.15430 | 0.000 CRP values for serum
(0-5) 200- 500 |48 15.4046 | 21.29573 ferritin >1000 was
500- 1000 | 36 31.1869 | 30.11805 significantly different
>1000 26 59.9792 | 25.434777 from<=200,200-500
and 500-1000
ADA <=200 104 13.1332 | 6.21567 0.000 ADA values for serum
200- 500 48 16.1629 | 6.20561 ferritin>1000 was
500- 1000 | 36 16.4842 | 6.64242 significantly different
>1000 26 23.3062 | 17.99416 from<= 200,200-500
and 500-1000
LDH <=200 104 402.837 | 122.5039 | 0.000 No significant
200- 500 48 559.854 | 443.2383 difference was found
500- 1000 | 36 822.222 653.6104 between serum ferritin
>1000 26 733.654 | 520.6285 <= 200& 200- 500 and
500-1000 & >1000
SGOT <=200 104 32.038 26.2290 0.000 Significant between <
200-500 | 48 40.667 | 18.6757 = 200 and >1000
And 200-500 and
500- 1000 | 36 45.944 30.3314 >1000
>1000 26 62.462 63.8763
SGPT <=200 104 22.806 14.1602 0.000 Significant between <
200-500 |48 39.688 | 32.8460 = 200 and 200-500 and
< =200>1000
500- 1000 | 36 34.167 20.5197
>1000 26 49.269 62.4862
ALKALINE <=200 104 01.385 44.2972 0.009 Significant between <
PHOSPHATASE = 200 and >1000
200- 4 . 42.1721
(ALP) 00- 500 8 95833 And 200-500 and
500- 1000 | 36 106.139 | 64.9787 >1000
>1000 26 180.346 | 320.2162
TOTAL <=200 |104 7.441 6.5354 0.170
PROTEIN 200-500 |48 10.308 | 14.4952 | NS
500- 1000 | 36 7.808 9.0106
>1000 26 5.812 0.9167
ALBUMIN <=200 104 4.104 0.6503 0.022 significant between
200-500 |48 3.902 0.4724 <=200 and >1000
500- 1000 | 36 4.300 4.4617 and
>1000 26 2.896 7660 500-1000 and >1000
TOTAL <=200 104 0.5009 0.33160 0.000 >1000 significantly
BILIRUBIN 200- 500 48 0.7563 0.95448 difference with <=200,
200-500 and 500-1000
500- 1000 | 36 0.8944 0.5132
>1000 26 1.7308 2.15940




SERUM < =200 104 0.882 0.3180 0.000 >1000 significantly
CREATININE differ with <=200,200-
200- 500 48 1.104 .3826 500 and 500-1000
500- 1000 | 36 1.022 2799
>1000 26 1.808 1.5197
BLOOD UREA <=200 104 24.587 11.2764 0.000 Significant difference
200- 500 48 29.104 13.7690 except <=200
and
500- 1000 | 36 41.750 22.1222 200-500
>1000 26 63.308 41.3142
CK-MB <=200 104 16.4725 | 10.46267 | 0.015 Significant difference
between <=200 and
200- 500 48 16.3781 | 9.24443 500-1000
500- 1000 | 36 25.6147 | 39.33128
>1000 26 25.4231 | 7.99852
SPO2 <=200 104 08.394 1.2651 0.000 SPO2 values for serum
ferritin> 1000 was
200-500 ) 48 98.208 1.9347 significantly different
500- 1000 | 36 97.306 3.8383 from<= 200,200-500
and 500-1000
>1000 26 93.038 6.3213
DISCUSSION: -

Though most patients with COVID- 19 have suffered from mild symptoms without
pneumonia, a large proportion of patients developed respiratory distress leading to death.
This has led the researchers to explore effective predictors of disease severity that can help in
assessing the severity of disease. In our study we found 104 cases of hospitalized Covid 19
were having serum ferritin within normal range. These 104 cases were having mean SPO2
98.394, which also suggest that ferritin level is not increased in non-severe Covid 19 patients,
whereas in 26 patients with serum ferritin level more than 1000 the mean SPO2 was found to
be 93.038 which suggest that hyperferritinemia occurs with the disease severity, or
hyperferrintenemia may be responsible for the worsening of disease. So, there is strong
association of ferritin levels with the severity of the disease'’. The CRP values were

significantly high in patients with ferritin >1000 i.e. 59.97 where the mean SPO2 was 93.038
indicating a strong association of CRP with the severity and the prognosis of the disease.? In
the systemic hyperinflammation phase of COVID-19 proposed by Siddigi and Mehra'?, there
is a significant elevation of inflammatory cytokines and biomarkers, such as interleukin (IL)-
2, IL-6, IL-7, granulocyte-colony stimulating factor, macrophage inflammatory protein 1-a,
tumour necrosis factor-a (TNF-a)), CRP, ferritin, PCT, and D-dimer. This stage consists of
the most severe manifestation of the cytokine storm, in which excessive hyperinflammation
may lead to cardiopulmonary collapse and multi-organ failure.**** Both CRP and ferritin are
significant crucial markers in predicting the severity of the disease as well as the prognosis of
the disease.**>'®

ADA values in patients with serum ferritin>1000 were significantly high from the patients
with serum ferritin <= 200,200-500 and 500-1000 which suggest the role ADA in



immunomodulation. High ADA levels may cause low adenosine which is further responsible
for inflammation. The role of adenosine in attenuating and modulating an excessive
inflammatory response is emerging. In experimental ischemia/reperfusion models, adenosine
and its agonists have been shown to block infiltration, trafficking, activation of PMNs and
production of superoxides, with mitigation of reperfusion damage *”. By the adenosine
signaling, platelets, endothelial cells, macrophages, T cells, and mast cells are also modulated
for an anti-inflammatory action. '® Given these properties, adenosine could be used to treat
acute lung injury (ALI) and ARDS.*?° In fact, the response of PMNSs to adenosine and the
presence of receptors for it on the human lung reinforce this hypothesis.?* In many animal
models of ALI and ARDS, adenosine or specific agonists have shown the ability to reduce
inflammation, regulate endothelial integrity, and balance lung fluids.”**** Serum ADA
reflects lymphocyte activation as part of the immune response. Although the pathophysiology
of COVID-19 remains largely enigmatic, recent studies identified similarities with Middle
East Respiratory Syndrome CoronaVirus (MERS-CoV) and SARS-CoV .** Adenosine and
the key adenosine regulators adenosine deaminase (ADA), adenosine kinase (ADK), and
equilibrative nucleoside transporter 1 may play a role in COVID-19 pathogenesis. Researches
have highlighted 1) the non-enzymatic role of ADA by which it might out-compete the virus
(SARS-CoV-2) for binding to the CD26 receptor, 2) the enzymatic roles of ADK and ADA
to increase adenosine levels and ameliorate Advanced Respiratory Distress Syndrome, and 3)
inhibition of adenosine transporters to reduce platelet activation, thrombosis and improve
COVID-19 outcomes. Depending on the stage of exposure to and infection by SARS-CoV-2,
enhancing adenosine levels by targeting key adenosine regulator like ADA and monitoring
its levels might be of prognostic and therapeutic use against COVID-19. A crucial role of
ADA is in the development and function of the immune system. In particular, it has been
observed that this catabolic enzyme, regulating extracellular adenosine levels, takes a
significant part in the regulation of adenosine receptor activation by endogenous adenosine,
with a deep impact in the tuning of immune cell responses under adverse conditions. A
number of ADA inhibitors have been designed and synthesized, classified as ground-state
and transition-state inhibitors. Drugs that affect adenosine-related mechanisms might find use
against SARS-CoV-2 infection and clinical features of COVID-19.

SARS-CoV-2 uses the ACE2 receptor to facilitate viral entry into target cells, causing
multiorgan dysfunction.?Ischaemic reperfusion injury and cytokine storm causes secondary
damage to the organs. Persistent damage to cardiomyocytes causes persistent LDH elevation.
A study showed that LDH elevation can reflect the severity of tissue injury and
inflammation.?” In our study LDH levels were increased in almost all groups, there was
significant difference in between the all groups except ferritin levels 500-1000and >1000.
Persistent disease progression may lead to irreversible multiorgan failure and can ultimately
lead to death.CK-MB is significantly high between <=200 and 500-1000 and also
significantly high which is suggestive of damage to the myocardial cells. The mechanisms
include direct infection of myocardial injury, specific binding to functional receptors on
cardiomyocytes, and immune-mediated myocardial injury. These mechanisms are not
independent and exist strictly in a temporal sequence, as there is a large possibility that these
three injury modes simultaneously exist and act together to result in permanent
cardiomyocyte loss.?® In our study, the patients with ferritin >1000, demonstrated low levels
of CKMB which may due to short half-life of CKMB. Early myocardial injury can be
predicted in patients with ferritin 500-1000, and as ferritin levels increases with due time ,
due to the short half-life of CKMB the levels may eventually decrease. Biochemical
parameters of liver injury like SGOT, SGPT, alkaline phosphatase and total bilirubin is also
significantly increased in patients with ferritin >1000, which is similar to previous studies



except Albumin was significantly low in ferritin >1000 and other groups and total protein
was not significant. Hypoalbuminemia in critically ill patients is multifactorial and is
attributed to increased capillary permeability, decreased protein synthesis, increased turnover,
decreased serum albumin total mass, increased volume of distribution, and increased
expression of vascular endothelial growth factor. Although common, the exact temporal
association of hypoalbuminemia is yet to be studied®. Parameters of kidney injury like blood
urea and serum creatinine also shows same difference, which may be secondary to
inflammation, ischemia and cytokine storm. Our results were similar to the previous
researches.**%

CONCLUSION:-

There is a crucial need to better recognize the full laboratory spectrum of COVID-19 and
factors responsible for immunomodulation in COVID 19. Inflammatory markers like CRP
and ferritin plays a crucial role in predicting the severity of the disease. ADA is elevated
which causes low adenosine levels ,so may accentuate inflammation in COVID 19. ADA
needs further attention and extensive research at various stages of COVID 19 and . With the
disease severity liver and kidney are also damaged due hyperinflammation, ischemia and
cytokine storm. Drugs that affect adenosine-related mechanisms might find use against
SARS-CoV-2 infection and clinical features of COVID-109.

Limitations :-

More extensive research about ADA and other biomarkers should be done according to the
stage of the disease. Patients irrespective of underlying co morbidities were included in the
study which may affect the biomarkers.

REFERENCES

1. Mehta, P., Mc Auley, D. F., & Brown, M., et al. HLH Across Speciality Collaboration,
UK. COVID-19: consider cytokine storm syndromes and immunosuppression Lancet.
395(10229), 1033-1034 (2020).

2. Alunno,A.,Carubbi,F.& Rodriguez Carrio,J.Storm, typhoon, cyclone or hurricane
inpatients with COVID-19?Bewareof the same storm that has a different origin. RMD Open.
6(1), e001295 (2020).

3. Ruan,Q.etal.Clinical predictors of mortality due to COVID19 based on ananalysis of data
of 150 patients fromWuhan.China. Intensive Care Med. 46(5), 846-848 (2020).

4. Moriwaki Y, Yamamoto T, Higashino K (Oct 1999). "Enzymes involved in purine
metabolism--a review of histochemical localization and functional implications". Histology
and Histopathology. 14 (4): 1321-1340. PMID 10506947

5. Cristalli G, Costanzi S, Lambertucci C, Lupidi G, Vittori S, Volpini R, Camaioni E (Mar
2001). "Adenosine deaminase: functional implications and different classes of


https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/10506947

inhibitors". Medicinal Research Reviews. 21 (2): 105-128. doi:10.1002/1098-
1128(200103)21:2<105::AID-MED1002>3.0.CO;2-U. PMID 11223861.

6. Blackburn MR (2003). "Too much of a good thing: adenosine overload in adenosine-
deaminase-deficient mice". Trends in Pharmacological Sciences. 24 (2): 66—
70. doi:10.1016/S0165-6147(02)00045-7. PMID 12559769.

7. Hovi T., J.F. Smith, A.C. Allison and S.C. Williams. 1976. Role of adenosine deaminase in
lymphocyte proliferation. CUn. Exp. Immunol. 23:395.

8. Nishikawa H., M. Suga, M. Ando, F. Tanaka and S. Araki. 1988. Serum adenosine
deaminase activity with Mycoplasmal pneumonia. (Letter) Chest 94: 1315.

9. Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and challenges. Lancet
Gastroenterol Hepatol; 2020.

10. Yeo C, Kaushal S, Yeo D. Enteric involvement of coronaviruses: is faecal-oral
transmission of SARS-CoV-2 possible?. Lancet Gastroenterol Hepatol. 2020;5:335-7.

11. Francesco carubbi, Lia Salvati etal Ferritin is associated with the severity of lung
involvement but not with worse prognosis in patients with COVID-19: data from two Italian
COVID-19 units. Scientific reports 4863(2021) — 83838.

12. Siddigi HK, Mehra MR. COVID-19 illness in native and immunosuppressed states: a
clinical-therapeutic staging proposal. J Heart Lung Transplant 2020; 39: 405-407. [PMC free
article] [PubMed] [Google Scholar]

13. Zhang W, Zhao Y, Zhang F, et al. The use of anti-inflammatory drugs in the treatment of
people with severe coronavirus disease 2019 (COVID-19): the experience of clinical
immunologists from China. Clin Immunol 2020; 214: 108393. [PMC free

article] [PubMed] [Google Scholar]

14. Siordia JA. Epidemiology and clinical features of COVID-19: A review of current
literature. J Clin Virol . 2020;127:104357. Available from:
https://dx.doi.org/10.1016/j.jcv.2020.104357.

15. Qin C, Zhou L, Hu Z. Dysregulation of immune response in patients with COVID-19 in
Wuhan, China. Clin Infect Dis. 2020;71(15):762—768. Available from: https://doi.org/10.
1093/cid/ciaa248.

16. Gao Y, Li T, Han M. Diagnostic utility of clinical laboratory data determinations for
patients with the severe COVID-19. J Med Virol. 2020;92:791-796. Available from:
https://doi.org/ 10.1002/jmv.25770.

17.Cronstein, B.N. Adenosine, an endogenous anti-inflammatory agent. J. Appl. Physiol.
1994, 76, 5-13.


https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2F1098-1128%28200103%2921%3A2%3C105%3A%3AAID-MED1002%3E3.0.CO%3B2-U
https://doi.org/10.1002%2F1098-1128%28200103%2921%3A2%3C105%3A%3AAID-MED1002%3E3.0.CO%3B2-U
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/11223861
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0165-6147%2802%2900045-7
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/12559769
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118652/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7118652/
https://www.ncbi.nlm.nih.gov/pubmed/32362390
https://scholar.google.com/scholar_lookup?journal=J+Heart+Lung%0aTransplant&title=COVID-19+illness+in+native+and+immunosuppressed+states:+a%0aclinical-therapeutic+staging+proposal&author=HK+Siddiqi&author=MR.+Mehra&volume=39&publication_year=2020&pages=405-407&pmid=32362390&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102614/
https://www.ncbi.nlm.nih.gov/pubmed/32222466
https://scholar.google.com/scholar_lookup?journal=Clin+Immunol&title=The+use+of+anti-inflammatory%0adrugs+in+the+treatment+of+people+with+severe+coronavirus+disease+2019%0a(COVID-19):+the+experience+of+clinical+immunologists+from%0aChina&author=W+Zhang&author=Y+Zhao&author=F+Zhang&volume=214&publication_year=2020&

18. Linden, J. Molecularapproach toadenosinereceptors: Receptor-Mediated Mechanisms of
Tissue Protection. Annu. Rev. Pharmacol. Toxicol. 2001, 41, 775-787.

19. Haselton, F.R.; Alexander, J.S.; Mueller, S.N. Adenosine decreases permeability of in
vitro endothelial monolayers. J. Appl. Physiol. 1993, 74, 1581-1590.

20.Hasko, G. Adenosine: An endogenous regulator of innate immunity. Trends Immunol.
2004, 25, 33-39.

21.Salvatore, C.A.; Jacobson, M.A.; Taylor, H.E.; Linden, J.; Johnson, R.G. Molecular
cloning and characterization of the human A3 adenosine receptor. Proc. Natl. Acad. Sci. USA
1993, 90, 10365-103609.

22.Chunn, J.L.; Young, H.W.J.; Banerjee, S.K.; Colasurdo, G.N.; Blackburn, M. Adenosine-
dependent airway inflammation and hyperresponsiveness in partially adenosine deaminase-
deficient mice. J. Immunol. 2001, 167, 4676-4685.

23.Blackburn, M.R.; Lee, C.G.; Young, H.W.; Zhu, Z.; Chunn, J.L.; Kang, M.J.; Banerjee,
S.K.; Elias, J.A. Adenosine mediates IL-13-induced inflammation and remodeling in the lung
and interacts in an IL-13-adenosine amplification pathway. J Clin Invest 2003, 112, 332—344.

24.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. 10.1016/s0140- 6736(20)30183-5 [PMC free article] [PubMed] [CrossRef] [Google
Scholar]

25.Jonathan D. Geiger, 1 Nabab Khan, 1 Madhuvika Murugan, 2 and Detlev Boison 2+ 3
Possible Role of Adenosine in COVID-19 Pathogenesis and Therapeutic Opportunities
Frontiers in Pharmacology November 2020 | Volume 11 | Article 594487

26.Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-cell RNA-seq data analysis on the
receptor ACE2 expression reveals the potential risk of different human organs vulnerable to
2019-nCoV infection. Front Med. 2020;14:185.

27.N. Lee, D. Hui, A. Wu et al., “A major outbreak of severe acute respiratory syndrome in
Hong Kong,” The New England Journal of Medicine, vol. 348, no. 20, pp. 1986-1994,
2003. View at: Publisher Site | Google Scholar

28.Lin Li,* Qi Zhou,? and Jiancheng Xu Changes of Laboratory Cardiac Markers and
Mechanisms of Cardiac Injury in Coronavirus Disease Review Article | BioMed Research
International Open AccessVolume 2020 |Article ID 7413673

29.Aziz M, Fatima R, Lee-Smith W, Assaly R. The association of low serum albumin level
with severe COVID-19: a systematic review and meta-analysis. Crit Care. (2020) 24:255.
doi: 10.1186/s13054-020-02995-3


https://doi.org/10.1056/NEJMoa030685
https://scholar.google.com/scholar_lookup?title=A%20major%20outbreak%20of%20severe%20acute%20respiratory%20syndrome%20in%20Hong%20Kong&author=N.%20Lee&author=D.%20Hui&author=A.%20Wu%20et%20al.&publication_year=2003
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/bmri/

30.Sina Vakilil, Amir Savardashtakiz, Sheida Jamalnia3, Reza Tabrizi4, Mohammad Hadi

Nematollahi5’6, Morteza Jafarinia7, Hamed Akbari®” Laboratory Findings of COVID-19
Infection are Conflicting in Different Age Groups and Pregnant Women: A Literature
Review Archives of Medical Research VVolume 51, Issue 7, October 2020, Pages 603-607

31.Madhusudan Samprathi* and Muralidharan Jayashree? Biomarkers in COVID-19: An Up-
To-Date ReviewFrontiers in Pediatrics March 2021 | Volume 8 | Article 607647



https://www.sciencedirect.com/journal/archives-of-medical-research
https://www.sciencedirect.com/journal/archives-of-medical-research/vol/51/issue/7
https://www.frontiersin.org/people/u/1045175
https://www.frontiersin.org/people/u/565888

