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Early evolution of biochemical markers in severe and non-severe
patients infected with COVID-19
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Generally, Coronavirus disease 2019 (COVID-19) is an emerging
infection that has caused a pandemic, it is due to a virus of the
coronavirus family called severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) which can evolve into severe forms
leading to death. Several biochemical alterations have been
described in COVID-19 patients with great significance for clinical
diagnosis and outcome prediction. The aim of this study is to
compare early evolution of biochemical disturbances in COVID-19
patients and correlate them to severity of the disease. This study
was conducted in 70 COVID-19 patients hospitalized at the Avicenna
military hospital. 20 patients in the medical intensive care unit
(severe group) and 50 patients in the COVID-19 isolation hospital
(non-severe group). Across our laboratory data analysis of the two
groups of COVID-19 patients, we demonstrated that high titles
and early elevation of ferretinemia, Interleukin-6, High-Sensitivity
Troponin T (us), NT-Pro-BNP, Blood Urea nitrogen, Creatinine and
LDH are significantly correlated to severity of the disease.

The analysis of this study through the recent scientific literature
demonstrates the interest of early monitoring of biochemical
markers in the diagnosis of severity and monitoring of severe forms
of COVID-19
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INTRODUCTION

Long-term In December 2019, a cluster of severe
unexplained pneumoniawas identified in the city of Wuhan,
in china [1]. This was caused by a novel Coronavirus species
called SARS-COV-2 [2]. The World Health Organization
(WHO) assigned in February 2020 the name COVID-19
to designate the disease caused by this virus. COVID-19
may be asymptomatic which amplifies viral spread [3].
However, common clinical symptoms include dry cough,
fever, and fatigue [4]. Less common symptoms include
headache, abdominal pain, nausea, vomiting, anosmia,
and dysgeusia [4,5]. The severe forms of COVID-19 are
similar to those of acute respiratory syndrome (SARS).
World Health Organization’s (WHO) guidelines define
“severe disease” as adults with pneumonia associated with
one the following conditions: respiratory rate >30 breaths/
min; severe respiratory distress; or oxygen saturation
(SpO2) < 90% on room air [6]. In this study we describe
biochemical disturbances of SARS-CoV-2 infection in
a sample of patients that may correlate with COVID-19
disease severity.

PATIENTS AND METHODS

To This is a prospective comparative study including
adult patients with COVID-19 disease hospitalized In
Avicenna military hospital, Marrakech from 1 February to
31™ May 2021. The inclusion criteria for enrollment into
the study were: positive real-time polymerase chain reaction
(RT-PCR) fromnaso-pharyngeal swab specimens, age =
18 years, complete clinical data. The clinical pneumonia
severity was defined as suggested in the literature [6,7].
The study was sponsored by the faculty of Medicine
and Pharmacy of Marrakech (Cadi Ayyad University),
approved by ethic commission of Avicenna military
hospital, and complied with the Declaration of Helsinki.
During the study period 70 Non-vaccinated COVID-19
patients were hospitalized at the Avicenna military
hospital, 50 patients in the COVID-19 isolation hospital
(non-severe group) and 20 patients in the medical intensive
care unit (severe group). All blood samples were obtained
at the admission, at 24-48 hours, 48-72 hours, and 72-
96 hours on a dry tube, centrifuged at 3000 rpm for five
minutes. The determination of biochemical parameters was
performed on the Cobas Roche® multiparametric analyzer.

-1



© Archives of Medicine 14 (3) 2022: 001-004

All of the 70 patients underwent a screening of biochemical
indexs: Inflammatory Biomarkers (Procalcitonin, CRP,
ferritinemia) Cardiac markers (High-Sensitivity Troponin
T(us), NT-proBNP), renal function tests (Blood urea
nitrogen, creatinine), liver Function tests (AST, ALT, LDH,
albumin), pro-inflammatory cytokine (Interleukine-6).

Statistical analysis

Statistical analysis was performed on IBM SPSS
Statistics V25, latest version. Quantitative variables are
expressed as median and mean and Fisher's test was used
for analysis of qualitative variables. Pearson correlation
analysis was used to analyze the relationship between
different biochemical parameters and severity/outcome of
COVID-19. A P-value <0.05 was considered statistically
significant.

RESULTS

Epidemiology

Overall, 70 COVID-19 patients were admitted at
our hospital, 20 patients (severe group) in the medical
intensive care unit and 50 patients (non-severe group) in

the COVID-19 stable unit. Their ages ranged from 30 to

Reference

94 years; the median patient age was 59 years (64 years on
severe group versus 58 years on non-severe group). 84% of
patients were male. The median diagnostic delay was 9 days
on severe group and 6 days on non-severe group. The main
comorbidities were diabetes (18%), diabetes associated to
arterial hypertension (10%), arterial hypertension (8%)
and nephropathies (7%).

Biochemical alterations

We compared the biochemical abnormalities between
the 2 study groups as listed in Tab.1.

Inflammation markers

C-reactive protein (CRP) increased in 75% first day
[median 141.2 mg/L »s. 84.2 mg/L, p = 0.2], 94% second
day [median 135.5 mg/L »s. 38.2 mg/L, p = 0.03], then
28% third day [median 148.4 mg/L vs. 27.6 mg/L, p =
0.01]. Procalcitonin (PCT) increased in 25% first day
[median 1.9 ng/mL 5. 0.58 ng/mL, p = 0.1], 30% second
day [median 6.0 ng/ml »s. 0.33 ng/mL, p = 0.08], then
18% third day [median 5.55 ng/mL »s. 0.12 ng/mL, p
= 0.01]. Hyperferritnemia was noticed in 57% first day
[median 1069.8 ng/ml »s. 507.1 ng/ml, p = 0,01], 58%
second day [median 993.7 ng/ml vs. 520.3 ng/ml, p =

Moderee

Tab. 1. We compared the biochemi- Paramétre Values Total (n=50)  Severe (n=20) P
cal abnormalities between the 2 a— —
study groups as listed in. Pr°(c(j";;'t1‘;”'” 18 (25%) 7 (14%) 11 (55%) 0.1
Pro(cda;cltZC;nm 21 (30%) 5 (10%) 16 (80%) 0.08
y' - 0.5 ng/mL
Pro(c;;;lgc;n'n 13 (18%) 0 (0%) 13 (65%) 0.01
CRP (day 1) 53 (75%) 35 (70%) 18 (90%) 0.2
CRP (day 2) <5 mg/L 66 (94%) 46 (92%) 20 (100%) 0.03
CRP (day 3) 20 (28%) 8 (16%) 12 (60%) 0.01
Hypezze;;lt;?emla 40 (57%) 26 (52%) 14 (70%) 0.01
Hype?;e;”tz';‘em'a 41 (58%) 27 (54%) 14 (70%) 0.04
Y2l | 30-400 ng/mL
Hypegear;'g;‘em'a 31 (44%) 17 (34%) 14 (70%) 0.1
'”t‘(?(;'j;‘g”'G 13 pg/mL 66 (94%) 46 (92%) | 20 (100%) 0.03
High-sensitivity o o o
troponin T (day 1) 4 (5%) 0 (0%) 4 (20%) <0.01
High itivit <0.014 ng/mL
igh-sensitivity o o, o
troponin T (day 2) 3 (4%) 0 (0%) 3 (15%) 0.08
NT-Pro-BNP (day 1) | <125 pg/mL 3 (4%) 1 (2%) 2 (10%) <0.01
Blood urea o o o
nitrogen (day 1) 23 (32%) 11 (22%) 12 (60%) <0.01
Blood 2.50-7.50
00d urea
mmol/L o 9 o,
nitrogen (day 2) 32 (45%) 16 (32%) 16 (80%) <0.01
Creatinine (day 1) 1 60-120 umol/L 16 (22%) 8 (16%) 8 (40%) 0.2
Creatinine (day 2) 17 (24%) 5 (10%) 12 (60%) 0.05
Albumin (day 1) 35-50 gL 9 (13%) 1 (2%) 8 (40%) 0.01
Albumin (day 2) 9 15 (21%) 4 (2%) 11 (55%) <0.01
ALT (day 1) <65 UL 11 (15%) 6 (12%) 5 (25%) 0.09
ALT (day 2) 9 (13%) 6 (12%) 3 (15%) 0.1
AST (day 1) <50 U/L 17 (24%) 9 (18%) 8 (40%) 0.07
AST (day 2) 6 (8%) 4 (8%) 2 (10%) 0.1
LDH (day 1 - 55 (78% 5 (70%, 100%; :
(day 1) 135-225 U/L (78%) 35 (70%) 20 (100%) 0.06
LDH (day 2) 58 (82%) 38 (76%) 20 (100%) 0.08
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0.04], then 44% third day [median 1147.7 ng/ml vs. 660.6
ng/mL, p = 0.1]. Interleukin-6 (IL-6) was screened second
day and we found increased titles in 94% [median 969.4
pg/mL vs. 87.0 pg/mL, p = 0.03].

Cardiac markers

High-Sensitivity Troponin T testing was positive in 5%
first day (p<0.01), 4% the second day (p= 0.08), all patients
were from the severe group. Pro-Brain Natriuretic Peptide
(NT-Pro-BNP) measured the first day, was increased in 4%
(2 patients from severe group vs. 1 from non-severe group
p< 0.01).

Renal function

Blood Urea nitrogen increased in 32% first day [median
18.2mmol/L »s. 8.2 mmol/l, p<0.01], 45% second day
[median 17.4 mmol/L vs. 8.7 mmol/L, p<0.01]. The
increase increatinine in 22% first day [median 144.1 umol/L
vs. 117.5 pmol/L, p= 0.2], 24% second day [median 156.5
pumol/L vs. 86.9 pumol/L, p= 0.05]. Hypoalbuminemia in
13% first day [median 30.7 g/L »s. 32.3 g/L, p= 0.01],
21% second day [median 27.8 g/L vs. 31.6 g/L, p<0.01]

Liver function

ALT increased in 15% first day [median 102 U/L us.
45 U/L, p= 0,09] 13% second day [median 52 U/L »s. 34
U/L, p= 0.1]. The increase inAST in 24% first day [median
29U/L vs. 33 U/L, p= 0.07], 8% second day [median 156.5
U/L vs. 86.9 U/L, p= 0.1]. LDH increased in 78% firs t
day [median 583 U/L s. 420 U/L, p= 0.06], 82% second
day [median 527 U/L zs. 415 U/L, p= 0.08]

DISCUSSION

The aim of our study was to compare the early
biochemical COVID-19
between severe and non-severe patients, and to report the
correlation between these disturbances and the clinical
form of the disease. Diabetes and arterial hypertension
were the main comorbidities noted in our study, especially

disturbances associated to

in the severe group. These results matches most of studies,
relating higher morbidity and mortality among patient
with comorbidities [8-12]. Overall, inflammation markers
titles increased differently between the two study groups. In
fact, Ferretinemia increase was the most significant at the
admission (P= 0.01), Interleukin-6 and CRP the second
day (P= 0 =03), then Procalcitonin and CRP the third day
(P=0.01). Hyperferritinemia is a part of the innate immune
response, lymphocyte function modulator that can be used
for monitoring inflammation [13,14] and associated to
Interleukin-6 as a key markers of macrophage activation
syndrome in severe COVID-19, potentially implicating
it in a pro-inflammatory and prothromboticsyndrome
[15,16]. Interleukin-6 is a pro inflammatory cytokine

associated with negative clinical outcomes and significantly
elevated in complicated COVID-19 patients [17]. CRP is
a good predictor of inflammation outcomes in different
tissues, and being also a good screening tool for severity
in initial phase of COVID-19 [18,19]. Procalcitonin titles
tends to be close to normal range on non-severe patients,
a significant increase may reflects bacterial co-infection or
evolution to a severe form [20,21]. In our study, increased
ALT, AST and LDH levels especially at the admission were
significantly associated to severe forms of COVID-19.
Studies showed that liver markers increase was suggestive
of evolution to severe forms and bad outcomes [22-24].
Abnormal titles ofHigh-sensitivity troponin and NT-Pro-
BNP, especially at the admission, was highly correlated to
severe forms and leading to fatal outcome. High titles of
troponin is mainly directly linked to myocadial infraction,
and indirectly to systemic arterial embolism [25-28]. NT-
pro-BNP titles of severe COVID-19 patients at admission,
may be an excellent risk factor of poor prognoses or in
hospital death [29]. The blood urea nitrogen, creatinine
and albumin abnormalities are excellent predictive tools for
COVID-19 severity and possible kidney damage [30-32].
Besides, concentrations of amylase, lipase, lactic acid and
plasma angiotensin II may be suggestive of the evolution
of COVID-19 [30,33]. In addition, HDL-Cholesterol and
serum potassium concentrations were negatively correlated
with the severity of the disease [34]. In fact, HDL-
Cholesterol is known to be a protective factor in a plenty of
COVID-19 forms, including the pneumonia.

CONCLUSION

Procalcitonin, CRP, Ferretinemia, High-sensitivity
troponin, NT-Pro-BNE blood urea nitrogen, creatinine,
albumin and LDH are very good predictive tools of severity
of COVID-19, especially in the first 72 Hours. A close
supervision and adapted biochemical parameters screening
are vital for patients, especially those with comorbidities,
more at risk to develop a severe form with bad outcome.

CONFLICTS OF INTEREST

The authors declare no competing interests.

All authors declare that the material has not been
published elsewhere, or has not been submitted to another

publisher.
DATA AVAILABILITY

Authors declare that all related data are available
concerning researchers by the corresponding author's
email.

ACKNOWLEDGMENTS

None.



REFERENCES

© Archives of Medicine 14 (3) 2022: 001-004

11.

Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients
with pneumonia in China, 2019. N Engl J Med. 2020; 382:727-733.

Wu Y, Ho W, Huang Y, et al. SARS-CoV-2 is an appropriate name for
the new coronavirus. The Lancet. 2020;395:949-950.

Gondi S, Beckman AL, Deveau N, et al. Personal protective
equipment needs in the USA during the COVID-19 pandemic. The
Lancet. 2020; 395:€90-91.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in
Wuhan, China. Jama. 2020; 323:1061-1069.

Vaira LA, Salzano G, Fois AG, et al. Potential pathogenesis of
ageusia and anosmia in COVID-19 patients. InInternational forum
of allergy & rhinology 2020;9:1103-1104.

COVID W. Clinical management: living guidance. World Health
Organization. 2021;520.

Lim WS, Van Der Eerden MM, Laing R,etla. Defining community
acquired pneumonia severity on presentation to hospital: an
international derivation and validation study. Thorax. 2003 1;
58:377-382.

Duan J, Wang X, Chi J, et al. Correlation between the variables
collected at admission and progression to severe cases during
hospitalization among patients with COVID-19 in Chongging. J
Med Virol. 2020; 92:2616-2622.

Yang J, Zheng YA, Gou X, et al. Prevalence of comorbidities and
its effects in patients infected with SARS-CoV-2: a systematic review
and meta-analysis. Int J Infect Dis.2020;94:91-95.

. Guo T, Fan Y, Chen M, et al. Cardiovascular implications of fatal

outcomes of patients with coronavirus disease 2019 (COVID-19).
JAMA cardiology. 2020; 5:811-118.

Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138
Hospitalized Patients With 2019 Novel Coronavirus-Infected
Pneumonia in Wuhan, China. JAMA 2020;323:1061-1069.

. Kernan KF, Carcillo JA. Hyperferritinemia and inflammation.

International immunology. 2017 ;29:401-409.

. Senjo H, Higuchi T, Okada S, et al. Hyperferritinemia: causes and

significance in a general hospital. Hematology. 2018; 23:817-822.

. Hanff TC, Mohareb AM, Giri J, et al. Thrombosis in <scp>COVID</

scp>19. Am J Hematol 2020;95:1578-1589.

. Colafrancesco S, Alessandri C, Conti F, COVID-19 gone bad: A

new character in the spectrum of the hyperferritinemic syndrome?.
Autoimmunity reviews. 2020;19(7):102573.

. Coomes EA, Haghbayan H. Interleukin-6 in COVID-19: a systematic

review and meta-analysis. Reviews in medical virology. 2020; 30:1-9.

. Luo X, Zhou W, Yan X, et al. Prognostic value of C-reactive protein

in patients with coronavirus 2019. Clinical Infectious Diseases.
2020; 71:2174-2179.

. Tan C, Huang Y, Shi F, et al. C-reactive protein correlates with

computed tomographic findings and predicts severe COVID-19
early. J Med Virol. 2020;92:856-862.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

Ponti G, Maccaferri M, Ruini C, et al. Biomarkers associated with
COVID-19 disease progression. Critical reviews in clinical laboratory
sciences. 2020 ;57:389-399.

Zhang JJ, Dong X, Cao YY, et al. Clinical characteristics of 140
patients infected with SARS-CoV-2 in Wuhan, China. Allergy. 2020;
75(7):1730-1741.

Wu J, Song S, Cao H-C, et al. Liver diseases in COVID-19: Etiology,
treatment and prognosis. World J Gastroenterol 2020;26:2286-
2293.

Cai Q, Huang D, Yu H, et al. COVID-19: Abnormal liver function
tests. J. Hepatol. 2020 ;73:566-574.

Mittal A, Farooqui MS. Study of dynamic changes in the parameters
of liver function tests in COVID-19 patients: A hospital-based study
in Eastern Nepal. J BiomedSci. 2021; 8:60-64.

Lodigiani C, lapichino G, Carenzo L, et al. Venous and arterial
thromboembolic complications in COVID-19 patients admitted to
an academic hospital in Milan, Italy. Thrombosis research. 2020
;191:9-14.

Middeldorp S, Coppens M, van Haaps TF, et al. Incidence of
venous thromboembolism in hospitalized patients with COVID-19.
Journal of Thrombosis and Haemostasis. 2020 ;18:1995-2002.

Imazio M, Klingel K, Kindermann |, et al. COVID-19 pandemic
and troponin: Indirect myocardial injury, myocardial inflammation
or myocarditis?. Heart. 2020; 106:1127-1131.

Wichmann D, Sperhake J-P, Lutgehetmann M, et al. Autopsy
findings and venous thromboembolism in patients With COVID-19.
Ann Intern Med 2020;173:268-277.

Lei Gao, Dan Jiang, Xue-song Wen, et al. Prognostic value of
NT-proBNP in patients with severe COVID-19. Respiratory research.
2020; 21:1-7.

Liu W, Tao ZW, Wang L, et al. Analysis of factors associated
with disease outcomes in hospitalized patients with 2019 novel
coronavirus disease. Chinese Medical J. 2020; 133:1032-1038.

Zhou H, Zhang Z, Dobrinina M, et al. Urinalysis, but not blood
biochemistry, detects the early renal Impairment in Patients with
COVID-19. Diagnostics. 2022; 12:602.

. Cheng, Luo R, Wang K, et al. Kidney disease is associated with in-

hospital death of patients with COVID-19. Kidney Int. 2020;97:829-
838.

Bao J, Li C, Zhang K, et al. Comparative analysis of laboratory
indexes of severe and non-severe patients infected with COVID-19.
Clinica chimica acta. 2020; 509:180-94.

Wang D, Li R, Wang J, et al. Correlation analysis between disease
severity and clinical and biochemical characteristics of 143 cases
of COVID-19 in Wuhan, China: a descriptive study. BMC infectious
diseases. 2020; 20:1-9.

Gordon EM, Figueroa DM, Barochia AV, et al. High-density
lipoproteins and apolipoprotein Al: potential new players in the
prevention and treatment of lung disease. Frontiers in Pharmacol.
2016 21;7:323.



https://doi.org/10.1056/NEJMoa2001017.
https://doi.org/10.1056/NEJMoa2001017.
https://doi.org/10.1016/S0140-6736(20)30557-2
https://doi.org/10.1016/S0140-6736(20)30557-2
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7255297/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7255297/
https://jamanetwork.com/journals/jama/fullarticle/2761044
https://jamanetwork.com/journals/jama/fullarticle/2761044
https://jamanetwork.com/journals/jama/fullarticle/2761044
https://www.fonovim.com.br/arquivos/ff7a14aec99d2d2fad658c8be380dc33-Potential-pathogenesis-of-ageusia-and-anosmia-in-COVID-19-patients.pdf
https://www.fonovim.com.br/arquivos/ff7a14aec99d2d2fad658c8be380dc33-Potential-pathogenesis-of-ageusia-and-anosmia-in-COVID-19-patients.pdf
https://www.fonovim.com.br/arquivos/ff7a14aec99d2d2fad658c8be380dc33-Potential-pathogenesis-of-ageusia-and-anosmia-in-COVID-19-patients.pdf
https://thorax.bmj.com/content/thoraxjnl/58/5/377.full.pdf?gathStatIcon=true
https://thorax.bmj.com/content/thoraxjnl/58/5/377.full.pdf?gathStatIcon=true
https://thorax.bmj.com/content/thoraxjnl/58/5/377.full.pdf?gathStatIcon=true
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7283752/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7283752/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7283752/
https://www.sciencedirect.com/science/article/pii/S1201971220301363
https://www.sciencedirect.com/science/article/pii/S1201971220301363
https://www.sciencedirect.com/science/article/pii/S1201971220301363
https://jamanetwork.com/Journals/Jamacardiology/Fullarticle/2763845
https://jamanetwork.com/Journals/Jamacardiology/Fullarticle/2763845
https://jamanetwork.com/Journals/Jamacardiology/Fullarticle/2763845
https://jamanetwork.com/Journals/Jamacardiology/Fullarticle/2763845
https://jamanetwork.com/Journals/Jamacardiology/Fullarticle/2763845
https://academic.oup.com/intimm/article/29/9/401/3852570
https://academic.oup.com/intimm/article/29/9/401/3852570
https://www.tandfonline.com/doi/pdf/10.1080/10245332.2018.1488569
https://www.tandfonline.com/doi/pdf/10.1080/10245332.2018.1488569
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7674272/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7674272/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7199723/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7199723/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7199723/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7460877/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7460877/
https://www.medrxiv.org/content/medrxiv/early/2020/03/23/2020.03.21.20040360.full.pdf
https://www.medrxiv.org/content/medrxiv/early/2020/03/23/2020.03.21.20040360.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262341/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262341/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262341/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7284147/
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/pt/covidwho-1433
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/pt/covidwho-1433
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/pt/covidwho-1433
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/pt/covidwho-1433
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7194951/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7194951/
https://doi.org/10.1016/j.jhep.2020.06.006.
https://doi.org/10.1016/j.jhep.2020.06.006.
https://doi.org/10.1016/j.jhep.2020.06.006.
https://doi.org/10.1016/j.thromres.2020.04.024.
https://doi.org/10.1016/j.thromres.2020.04.024.
https://doi.org/10.1016/j.thromres.2020.04.024.
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jth.14888
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jth.14888
https://heart.bmj.com/content/heartjnl/106/15/1127.full.pdf
https://heart.bmj.com/content/heartjnl/106/15/1127.full.pdf
https://heart.bmj.com/content/heartjnl/106/15/1127.full.pdf
https://www.acpjournals.org/doi/full/10.7326/M20-2003?fbclid=IwAR14fsKFwrx-D5WjYH_ImmyJ3wnA4gHv_7pU0tfHgYUEsfDL47Iq_3DVOko
https://www.acpjournals.org/doi/full/10.7326/M20-2003?fbclid=IwAR14fsKFwrx-D5WjYH_ImmyJ3wnA4gHv_7pU0tfHgYUEsfDL47Iq_3DVOko
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-020-01352-w
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-020-01352-w
https://medcentral.net/doi/pdf/10.1097/CM9.0000000000000775
https://medcentral.net/doi/pdf/10.1097/CM9.0000000000000775
https://medcentral.net/doi/pdf/10.1097/CM9.0000000000000775
https://www.mdpi.com/2075-4418/12/3/602/pdf
https://www.mdpi.com/2075-4418/12/3/602/pdf
https://www.mdpi.com/2075-4418/12/3/602/pdf
https://www.sciencedirect.com/science/article/pii/S0085253820302556
https://www.sciencedirect.com/science/article/pii/S0085253820302556
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7274996/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7274996/
https://link.springer.com/article/10.1186/s12879-020-05242-w
https://link.springer.com/article/10.1186/s12879-020-05242-w
https://link.springer.com/article/10.1186/s12879-020-05242-w
https://www.frontiersin.org/articles/10.3389/fphar.2016.00323/full
https://www.frontiersin.org/articles/10.3389/fphar.2016.00323/full
https://www.frontiersin.org/articles/10.3389/fphar.2016.00323/full

