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a b s t r a c t 

Objectives: Underlying immunodeficiency has been associated with worse clinical presentation and in- 

creased mortality in patients with COVID-19. We evaluated the mortality of solid organ transplant (SOT) 

recipients (SOTR) hospitalized in Spain due to COVID-19. 

Methods: Nationwide, retrospective, observational analysis of all adults hospitalized because of COVID-19 

in Spain during 2020. Stratification was made according to SOT status. The National Registry of Hospital 

Discharges was used, using the International Classification of Diseases, 10th revision coding list. 

Results: Of the 117,694 adults hospitalized during this period, 491 were SOTR: kidney 390 (79.4%), liver 

59 (12%), lung 27 (5.5%), and heart 19 (3.9%). Overall, the mortality of SOTR was 13.8%. After adjustment 

for baseline characteristics, SOTR was not associated with higher mortality risk (odds ratio [OR] = 0.79, 

95% confidence interval [CI] 0.60-1.03). However, lung transplantation was an independent factor related 

to mortality (OR = 3.26, 95% CI 1.33-7.43), while kidney, liver, and heart transplantation were not. Being 

a lung transplant recipient was the strongest prognostic factor in SOT patients (OR = 5.12, 95% CI 1.88- 

13.98). 

Conclusion: This nationwide study supports that the COVID-19 mortality rate in SOTR in Spain during 

2020 did not differ from the general population, except for lung transplant recipients, who presented 

worse outcomes. Efforts should be focused on the optimal management of lung transplant recipients 

with COVID-19. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The surge of SARS-CoV-2 infection at the end of 2019 in China 

nd its rapid spread worldwide is an unprecedented medical phe- 

omenon. By the end of 2021, estimates for excess mortality due 

o COVID-19 were over 18 million people globally [1] . During the 

rst wave after the pandemic onset, predictors of severe disease 
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ere soon unveiled and included older age, male gender, and cer- 

ain comorbidities including hypertension, obesity, diabetes, heart 

ailure, and chronic kidney disease [2] . Moreover, special attention 

as paid to people with immune deficiencies or prolonged im- 

unosuppressive therapy. Accordingly, the exacerbated inflamma- 

ory response after SARS-CoV-2 infection led to fears of a worse 

rognosis in people with cancer, autoimmune diseases, or solid or- 

an transplant (SOT) recipients (SOTR), among others [3–8] . 

Spain is a world leader in SOT. In the last 10 years, more than 

5,0 0 0 transplants have been made, significantly improving the 

urvival rate in a group of young patients with otherwise lim- 

ted life expectancy ( www.ont.es ). Nevertheless, SOTRs are at an 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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ncreased risk of some infections due to immunosuppressive ther- 

py [9] . Furthermore, in addition to baseline clinical conditions in 

his population, long-term exposure to immunosuppressive ther- 

py leads to increased comorbidities such as chronic kidney dis- 

ase, hypertension, and diabetes, among others [9–11] . In this con- 

ext, SARS-CoV-2 infection could lead to severe COVID-19 in a 

igher proportion of patients, justifying the excess mortality iden- 

ified in this population during the initial stages of the pandemic 

7 , 8] . 

Accordingly, the aim of this study was to evaluate the impact 

f SOT on COVID-19 mortality. Hence, we evaluated the mortality 

f SOT patients hospitalized in Spain due to COVID-19 before the 

ntroduction of the SARS-CoV-2 vaccine. 

ethods 

A retrospective study with data from population-based hospi- 

al discharge diagnoses at the Minimum Basic Data Set (MBDS) 

f the Spanish National Registry of Hospital Discharges (SNRHD) 

as performed. This national public registry belongs to the Spanish 

inistry of Health and records information from all patients dis- 

harged from hospitals/clinics across the country since the 1990s. 

revious studies have been performed on this registry for other ill- 

esses, including infectious diseases, and have recognized its high 

alue for producing estimates of current burden and time trends 

or different clinical conditions at the national level [4 , 5] . 

tudy population 

Our study was performed using all the data from January 01 to 

ecember 31, 2020, included in the SNRHD. During this period, the 

ain circulating variants in our setting were the original Wuhan, 

psilon, and Alfa. The criteria for diseases and procedures were de- 

ned according to the International Classification of Diseases, 10th 

evision, Clinical Modification (ICD-10-CM). We selected all hos- 

ital admissions assigned with the code U07.1 (COVID-19) as the 

ain diagnosis. 

Data regarding demographics and outcomes, including age, gen- 

er, ethnicity, length of admission, and intensive care unit admis- 

ion or in-hospital mortality were retrieved from the database. 

aseline conditions, as well as the presence of interstitial pneumo- 

ia and acute respiratory insufficiency, were recorded from other 

CD-10 codes in the dataset, regardless of position, for each episode 

f hospital admission. In addition, the age-adjusted Charlson Co- 

orbidity Index (CCI), which is a well-validated composite that 

redicts clinical outcomes in multiple illnesses, was calculated 

rom the previous data [12] . Among other medical conditions, it 

ncluded diabetes, heart failure, dementia, chronic kidney disease, 

iver disease, and cancer, most of which have been associated with 

evere COVID-19 [2 , 3] . Finally, patients were tagged as SOTR ac- 

ording to the Z94 code, which also identifies the type of organ 

ransplanted. 

tatistical analysis 

Quantitative variables are described as mean with SD or as 

edian with interquartile ranges (IQR). Qualitative variables were 

ummarized as counts and percentages. Bivariate comparisons of 

uantitative and qualitative variables were performed using the 

ruskal-Wallis test, Mann-Whitney U test, and the chi-square test. 

actors related to in-hospital mortality, both in the overall popula- 

ion and SOTR, were determined by binary logistic regression anal- 

ses. In addition, the 95% confidence interval (CI) was provided. All 

tatistical analyses were performed using the IBM SPSS package for 

indows v25.0 (IBM Corp, Armonk, New York). All tests were 2- 

ailed and only P -values < 0.05 were considered as significant. 
155 
thical aspects 

The Spanish Ministry of Health provided the database after re- 

oval of all potential patient identifiers. In accordance with Span- 

sh legislation, the patient’s informed consent was not needed for 

his analysis. The study protocol was approved by the Clinical Re- 

earch Ethics Committee of Puerta de Hierro University Hospital 

Madrid, Spain) (ref. PI_134-20). The procedures described here 

ere carried out in accordance with the ethical standards de- 

cribed in the 2013 Revised Declaration of Helsinki. 

esults 

opulation characteristics 

A total of 117,694 adults were hospitalized due to COVID-19 in 

pain during 2020 ( Table 1 ). Overall, 56.7% were male and 73% 

aucasian, with a mean age at admission of 66.5 years. Only 491 of 

hese patients (0.4%) were SOTRs (391 kidney, 59 liver, 27 lung, and 

9 heart). When compared, SOTRs were younger (mean age 56.8 vs 

6.6 years old, P < 0.001), more frequently male (65% vs 56.6%, P 

 0.001), and presented more baseline hypertension (67% vs 48.1%, 

 < 0.001), diabetes (33% vs 23.8%, P < 0.001), and chronic kidney 

isease (39.1% vs 11.1%, P < 0.001) than non-SOTR patients. In con- 

rast, the rate of obesity (5.9% vs 11.9%; P < 0.001), ischemic heart 

isease (4.1% vs 6.7%, P = 0.013), cerebrovascular disease (2.4% vs 

.2%; P < 0.001), dementia (0.8% vs 8.7%, P < 0.001), and chronic 

ung disease (8.1% vs 14.3%; P < 0.001) were lower among SOTRs. 

n addition, CCI was significantly lower in SOTR compared with the 

est (median three points [IQR 2-5] vs 3 [IQR 1-5], P = 0.004). 

utcomes and mortality risk 

The clinical outcomes of patients hospitalized with COVID-19 in 

pain are shown in Table 2 . SOTR presented a higher rate of in-

erstitial pneumonia (73.1% vs 64.3%, P < 0.001) but a lower rate 

f respiratory insufficiency (20.6% vs 40.5%, P < 0.001). Interest- 

ngly, no differences regarding intensive care unit admission (9.6% 

s 9.7%) or in-hospital mortality (13.8% vs 16%) were found. 

In order to determine the impact of SOTR status on COVID- 

9 in-hospital mortality, a multivariate analysis was performed 

 Figure 1 ). Male gender (odds ratio [OR] = 1.26, 95% CI 1.22-1.31), 

ypertension (OR = 1.12, 95% CI 1.08-1.16), obesity (OR = 1.24, 95% 

I 1.18-1.31), CCI (OR = 1.40, 95% CI 1.39-1.42), interstitial pneu- 

onia (OR = 1.14, 95% CI 1.10-1.19) and respiratory insufficiency 

OR = 2.33, 95% CI 2.26-2.41) were predictors of COVID-19 mor- 

ality, while SOT did not (OR = 0.79, 95% CI 0.60-1.03). However, 

hen each type of organ transplanted was considered individually, 

ung transplantation did indeed entail a higher mortality risk dur- 

ng COVID-19 admission (OR = 3.14, 95% CI 1.33-7.43), ( Figure 2 ). 

herefore, kidney (OR = 1.21, 95% CI 0.88-1.65), liver (OR = 0.81, 

5% CI 0.34-1.94), or heart transplantation (OR = 2.50, 95% CI 0.94- 

.48) were not associated with death after adjustment. 

Finally, we performed a logistic binary regression to deter- 

ine the factors related to in-hospital mortality in SOT patients, 

onfirming that age (OR = 1.09, 95% CI 1.06-1.12), male gender 

OR = 2.20, 95% CI 1.21-4.01), heart failure (OR = 2.34, 95% CI 

.06-5.13), lymphoma (OR = 15.7, 95% CI 1.20-206. 57), interstitial 

neumonia (OR = 2.74, 95% CI 1.19-6.34), respiratory insufficiency 

OR = 2.21, 95% CI 1.18-4.15) and lung transplant (OR = 5.12, 95% 

I 1.88-13.98) determined a higher mortality risk in this population 

Supplemental Table S1). 
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Table 1 

Distribution of baseline characteristics and major comorbidities in the study population. 

Total (N, %) SOT (n, %) Non-SOT (n, %) P -value 

COVID-19 hospitalized patients 117,694 491 (0.4) 117,201(99.6) - 

Mean age (SD) 66.5 (18) 56.8 (15.4) 66.6 (18) < 0.001 

Male gender 66,685 (56.7) 319 (65) 66,366 (56.6) < 0.001 

Hypertension 56,701 (48.2) 329 (67) 56,372 (48.1) < 0.001 

Diabetes mellitus 28,094 (23.9) 162 (33) 27,932 (23.8) < 0.001 

Obesity 13,966 (11.90) 29 (5.9) 13,937 (11.9) < 0.001 

Ischemic heart disease 7,858 (6.7) 20 (4.1) 7,838 (6.7) 0.013 

Heart failure 14,199 (12.1) 59 (12) 14,140 (12.1) 0.515 

Peripheral vascular disease 5,059 (4.3) 23 (4.7) 5,036 (4.3) 0.378 

Cerebrovascular disease (cerebrovascular accident or transient ischemic attack) 7,308 (6.2) 12 (2.4) 7,296 (6.2) < 0.001 

Hemiplegia 1,717 (1.5) 3 (0.6) 1,714 (1.5) 0.131 

Dementia 10,146 (8.6) 4 (0.8) 10,142 (8.7) < 0.001 

Chronic lung disease 16,814 (14.3) 40 (8.1) 16,774 (14.3) < 0.001 

Liver disease 6,001 (5.1) 24 (4.9) 5,161 (4.4) 0.340 

Chronic kidney disease 13,232 (11.2) 192 (39.1) 13,040 (11.1) < 0.001 

Connective tissue disease 2,019 (1.7) 5 (1) 2014 (1.7) 0.295 

Tumor 

Localized 346 (0.3) 1 (0.2) 345 (0.3) 0.492 

Metastatic 701 (0.6) 1 (0.2) 700 (0.6) 0.258 

Leukemia 697 (0.6) 1 (0.2) 696 (0.6) 0.380 

Lymphoma 610 (0.5) 5 (1) 605 (0.5) 0.114 

HIV 234 (0.2) 0 234 (0.2) 0.376 

Charlson comorbidity index (median, interquartile range) 3 (1-5) 3 (2-5) 3 (1-5) 0.004 

SOT, solid organ transplantation. 

Table 2 

Clinical outcomes in patients hospitalized with COVID-19 according to SOT status. 

Total 

(N, %) 

SOT 

(N, %) 

Non-SOT 

(N, %) 

P -value 

Interstitial pneumonia 75,739 (64.4) 359 (73.1) 75,380 (64.3) < 0.001 

Respiratory insufficiency 47,529 (40.4) 101 (20.6) 46,818 (39.9) < 0.001 

ICU admission 11,449 (9.7) 47 (9.6) 11,400 (9.7) 0.484 

In-hospital mortality 18,858 (16) 68 (13.8) 18,790 (16) 0.105 

Admission length (days) 

(Mean, SD) 

10.6 (11.7) 9.9 (7.5) 10.6 (11.8) 0.210 

ICU admission length (days) 

(Mean, SD) 

15.6 (17.6) 9.5 (6.7) 15.6 (17.6) < 0.001 

ICU, intensive care unit; SOT, solid organ transplantation. 
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ifferences according to the transplanted organ 

Because COVID-19 prognosis varied depending on the trans- 

lanted organ, we compared baseline conditions, clinical character- 

stics, and outcomes between kidney, liver, lung, and heart trans- 

lant recipients (Supplemental Table S2). It is noteworthy that 

ung transplant recipients were less hypertensive (22.2% vs 69.6%, 

 < 0.001) but presented more baseline cerebrovascular disease 

14.8% vs 1.7%, P = 0.003), hemiplegia (11% vs 0%, P < 0.001), and

hronic lung disease (18.5% vs 7.5%, P = 0.05) than other SOTR. 

n addition, these groups of patients developed more respiratory 

nsufficiency (48.1% vs 19%, P = 0.001) and presented a higher 

ortality rate (33.3% vs 12.7%, P = 0.007) than kidney, liver, and 

eart transplant patients, as previously confirmed in the multivari- 

te analysis. No differences between the groups were found regard- 

ng CCI score or the prevalence of lymphoma. 

iscussion 

Our results confirmed that lung transplants entailed a higher 

ortality risk than the general population, while kidney, liver, 

nd heart transplants did not. The variation in the mortality rates 

dentified for each organ transplanted could be related to the dif- 

erences in the clinical phenotypes and comorbidities for each pop- 

lation, at the same time probably conditioned by the transplanta- 

ion inclusion or exclusion criteria as well as baseline drug toxicity. 

In the 117,694 patients hospitalized due to COVID-19, in- 

ospital mortality was 16%, similar numbers to those published by 
156 
s and other Spanish researchers during the first year of the pan- 

emic [13 , 14] . Furthermore, the mortality rate in SOT patients was 

3.8%. Our findings are also concordant with the previous stud- 

es [6 , 15–18] . Even so, and regardless of the strength and size of

ome of these reports, there is still conflicting evidence regarding 

OVID-19 prognosis in SOTR. Some studies have shown that SOT is 

elated to higher COVID-19 severity and mortality, suggesting that 

his population might be indeed at higher risk [17 , 19] . However, 

he majority have shown otherwise, emphasizing that mortality in 

his population is related to age and comorbidities, and not to SOT 

tatus [6 , 15 , 20–24] . Our results confirm the latest, and, in our opin-

on, might help to justify the aforementioned discrepancies. First, 

ignificant differences regarding comorbidities were found when 

he two groups were compared, including conditions that are re- 

ated to calcineurin inhibitors, steroids, and other immunosuppres- 

ant drugs used to prevent graft rejection [9–11] . Second, it is re- 

arkable that SOTR developed less frequently acute respiratory in- 

ufficiency, despite presenting a higher interstitial pneumonia rate 

han non-SOTR. Respiratory insufficiency was the strongest related 

actor to mortality in the overall population. Accordingly, it must 

e considered that, because SOTR presented less respiratory insuf- 

ciency than not-SOT, other factors might justify the equal mor- 

ality seen in the two groups, such as the higher risk of acute 

idney injury, bacterial and fungal superinfection, and mechanical- 

entilation complications in SOTR than in the general population 

17 , 20 , 21 , 23 , 25] . In addition, and probably related to the previous,

OVID-19 management and treatment (antibiotics, steroids, remde- 

ivir, or tocilizumab) during 2020 has been different in SOTR than 
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Figure 1. Predictors of COVID-19 in-hospitality mortality for the Spanish population in 2020. Forrest-plot of multivariable logistic regression of factors associated with in- 

hospital mortality for the Spanish population in 2020. The odds ratio, 95% confidence interval, and P -value for being SOT recipient were 0.79 (0.60-1.03, P = 0.083). The 

rest of covariables were: male 1.26 (1.22-1.31, P < 0.001); hypertension 1.12 (1.08-1.16, P < 0.001); obesity 1.24 (1.18-1.31, P < 0.001), CCI (per point) 1.40 (1.39-1.42, P < 0.001); 

interstitial pneumonia 1.14 (1.10-1.19, P < 0.001); and respiratory insufficiency 2.33 (2.26-2.41, P < 0.001). CCI, Charlson Comorbidity Index; SOT, solid organ transplantation. 
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n non-SOTR [6 , 17 , 26] . Altogether, we believe that all these factors

ight explain the similar mortality rate identified in hospitalized 

atients with COVID-19 in both groups, despite the differences in 

aseline comorbidities and severity. 

One of the main findings of our study refers to the worse prog- 

osis of lung transplanted recipients. Other researchers have tried 

o identify different outcomes according to the type of transplant 

8 , 15 , 18 , 24] . In fact, Schaenman et al. pointed out that non-kidney

ransplanted patients were most likely to die because of COVID- 

9 [19] . In parallel, due to their lower prevalence, lung and heart 

ransplants have been worse characterized than liver and kidney 

ransplants [6 , 7 , 20–24] . To our knowledge, only Heldman et al.

ave been able to find a higher COVID-19-related mortality risk 

n lung transplant recipients [16] . In this interesting work, chronic 

ung allograft dysfunction (CLAD), but not age or comorbidities, 

as the only independent risk factor for mortality in these pa- 

ients. Our large population-based study allowed us to confirm 

hat lung transplant recipients indeed presented a higher mortal- 

ty risk after adjustment by comorbidities, while others SOTR did 

ot. However, it is noteworthy that cardiac transplant recipients 

lso presented a higher mortality trend when compared to kid- 

ey and liver transplant recipients, although this difference did not 

each statistical significance probably due to the small population 

ize. 

The comparison between different SOTRs revealed distinct clin- 

cal profiles that might justify their different outcomes. Accord- 

ngly, lung transplant recipients presented a higher rate of chronic 

ung disease, including probably a high CLAD rate, which could ex- 
157 
lain the higher presence of respiratory insufficiency and the sub- 

equent worse COVID-19 mortality identified in these patients. Fur- 

hermore, the worse outcomes seen in lung transplant recipients 

ight be also conditioned by the intrinsic impaired pulmonary 

ymph clearance, the alveolocapillary membrane disruption, and 

he worse immunity response to microorganisms or injuries that 

ung grafts characteristically present [16 , 27] . 

Another factor that can influence the worse prognosis of lung 

ransplant recipients is the higher baseline immunosuppression 

enerally used in this organ. Unfortunately, we were not able to 

nalyze immunosuppressant drugs that patients were receiving be- 

ore admission, because no information regarding treatments could 

e retrieved from the database. Although there is no strong ev- 

dence supporting that other immunosuppressants than steroids, 

uch as calcineurin inhibitors, mycophenolate, or mammalian tar- 

et of rapamycin (mTOR) inhibitors, increase SARS-CoV-2 severity 

nd mortality [6 , 19 , 23 , 24 , 26 , 28] , we believe that the higher doses

f steroids frequently used in lung transplant when compared to 

idney or liver transplant might also justify the worse outcomes 

escribed, as others have previously inferred [16 , 17] . It should be 

ighlighted that the presence of lymphoma, a surrogate marker 

f long-term immunosuppression after transplantation, was the 

trongest factor related to mortality in SOT patients, which sup- 

orts the theory that higher baseline immunosuppression confers 

igher mortality risk, as described by other authors [29] . 

In summary, our nationwide multicentric study highlights that 

OVID-19 prognosis in SOTR is mainly related to baseline organ 

amage, either due to the different conditions that led or were 
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Figure 2. Predictors of COVID-19 in-hospitality mortality for the Spanish population in 2020, considering the type of organ transplanted. Forrest-plot of multivariable logistic 

regression of factors associated with in-hospital mortality for the Spanish population in 2020, considering the type of organ transplanted. The odds ratio, 95% confidence 

interval, and P -value for each solid organ were: lung 3.14 (1.33-7.43, P < 0.001); heart 2.50 (0.94-7.48, P = 0.100); kidney 1.21 (0.88-1.65, P = 0.237); and liver 0.81 (0.34-1.94, 

P = 0.221). The rest of covariables were: male 1.26 (1.22-1.31, P < 0.001); hypertension 1.12 (1.08-1.16, P < 0.001); obesity 1.24 (1.18-1.31, P < 0.001), CCI (per point) 1.40 

(1.39-1.42, P < 0.001); interstitial pneumonia 1.14 (1.10-1.19, P < 0.001); and respiratory insufficiency 2.33 (2.26-2.41, P < 0.001). CCI, Charlson Comorbidity Index; SOT, solid 

organ transplantation. 
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elated to transplant, as well as pharmacologic toxicity from drugs 

o prevent rejection. 

Altogether, our findings reinforce the importance of preven- 

ive measures in order to attenuate certain comorbidities in SOTR 

nd minimize immunosuppression or drug toxicity. Moreover, this 

tudy highlights lung transplant recipients, as well as those who 

evelop post-transplant lymphoproliferative disorders, as a popu- 

ation particularly at risk because of all the aforementioned, where 

ot only these measures might be intensified but also clinical out- 

omes, treatments, and vaccine efficacy might be specifically ana- 

yzed in further studies. 

Our study has several limitations. While the SNRHD records 

ospital discharge diagnoses along with demographic data, this 

atabase lacks information related to certain previous clinical con- 

itions, as well as treatment or time from transplantation. There- 

ore, we have not been able to determine the impact of short-term 

s long-term transplantation and the severity of baseline condi- 

ions (baseline glomerular filtration rate, MELD or CHILD scores, 

entricular ejection fraction, or lung functional tests, among oth- 

rs). Similarly, we could not elucidate if respiratory chronic dis- 

ase in lung transplant recipients referred to the baseline condition 

hat led to transplantation or if it indeed assessed CLAD, which 
158 
as proven to be a major prognostic factor in this setting [16 , 27] .

n parallel, we were not able to precisely define COVID-19 sever- 

ty considering clinical and laboratory parameters, as well as the 

resence of superinfection, thrombo-embolic disease, and acute 

idney injury. However, we believe that the lack of these data 

s compensated by the size of the study population, the nation- 

ide spectrum of the study population, and the statistical power of 

he analysis. Furthermore, certain inclusion or selection bias might 

ccur because we only analyzed admitted patients. During 2020, 

ospital admission criteria differed significantly among SOTR and 

he rest of the population, as might be reflected in the differ- 

nt proportions of interstitial pneumonia and respiratory insuffi- 

iency between the two groups. However, we performed a multi- 

ariate analysis including both variables in order to attenuate these 

iases. Furthermore, it should be highlighted that we only ana- 

yzed patients whose admission was attributable to COVID-19, and 

ot asymptomatic carriers or those patients who presented pauci- 

ymptomatic SARS-CoV-2 infection during admission or outpatient 

urveillance. Secondly, we only analyzed the year 2020 to avoid 

election or information bias regarding vaccination in this popula- 

ion. However, nowadays, the majority of the population in Spain 

as received the complete vaccine cycle and new variants have 
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een discovered [30] . During our study period, the main circulating 

ariants were Wuhan and Alpha. Accordingly, our study does not 

over the impact of new variants, such as Omicron, on the progno- 

is of SARS-CoV2 infection in SOTR. Therefore, further studies are 

eeded to evaluate the impact of the vaccine and new variants in 

his population, as well as COVID-19 outcomes in SOTR after vac- 

ination. 

In conclusion, this nationwide study supports that the COVID- 

9 mortality rate in SOTR in Spain during 2020 did not differ from 

he general population except for lung transplant recipients, who 

resented more respiratory comorbidity leading to a higher res- 

iratory insufficiency rate and death. Therefore, efforts should be 

ocused on the optimal management of lung transplantation, mini- 

izing the impact of organ damage, immunosuppression, and drug 

oxicity that has been shown to determine COVID-19 prognosis in 

hese patients. 
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