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Abstract
Background: The Sars-CoV-2 can cause severe pneumonia with multiorgan disease; thus, the identification of clinical
and laboratory predictors of the progression towards severe and fatal forms of this illness is needed. Here, we retrospectively evaluated and integrated laboratory parameters of 45 elderly subjects from a long-term care facility with
Sars-CoV-2 outbreak and spread, to identify potential common patterns of systemic response able to better stratify
patients’ clinical course and outcome.
Methods: Baseline white blood cells, granulocytes’, lymphocytes’, and platelets’ counts, hemoglobin, total iron,
ferritin, D-dimer, and interleukin-6 concentration were used to generate a principal component analysis. Statistical
analysis was performed by using R statistical package version 4.0.
Results: We identified 3 laboratory patterns of response, renamed as low-risk, intermediate-risk, and high-risk,
strongly associated with patients’ survival (p < 0.01). D-dimer, iron status, lymphocyte/monocyte count represented
the main markers discriminating high- and low-risk groups. Patients belonging to the high-risk group presented a
significantly longer time to ferritin decrease (p: 0.047). Iron-to-ferritin-ratio (IFR) significantly segregated recovered and
dead patients in the intermediate-risk group (p: 0.012).
Conclusions: Our data suggest that a combination of few laboratory parameters, i.e. iron status, D-dimer and lymphocyte/monocyte count at admission and during the hospital stay, can predict clinical progression in COVID-19.
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Background
Severe acute respiratory syndrome coronavirus 2 (SarsCoV-2), the viral agent causing the novel coronavirus
disease 2019 (COVID-19), has generated an ongoing
worldwide pandemic after its initial outbreak in Wuhan,
China [1, 2].
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Diagnosis of COVID-19 is typically performed using
polymerase chain reaction testing via nasopharyngeal
swab. However, because of the false-negative test result
rates of Sars-CoV-2 PCR testing by nasopharyngeal
swabs, several clinical, laboratory, and imaging findings
have been useful to make a presumptive diagnosis [3, 4].
Sars-CoV-2 infection may be asymptomatic, or it may
cause a wide spectrum of symptoms, such as fever, dry
cough, and shortness of breath. COVID-19 severity can
also progress to severe and eventually critical conditions
defined by respiratory failure, septic shock, and/or multiple organ dysfunction [5–9]. It is therefore of paramount
importance for clinicians to establish reliable predictors
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of the progression of this illness for timely clinical/therapeutic decision-making. Common laboratory abnormalities among hospitalized patients include lymphopenia
(83%), elevated inflammatory markers (eg., erythrocyte
sedimentation rate, C-reactive protein, ferritin, tumor
necrosis factor-α, IL-1, IL-6), and abnormal coagulation
parameters (eg., prolonged prothrombin time, thrombocytopenia, elevated D-dimer, low fibrinogen). Most
of these laboratory characteristics are nonspecific and
are common in pneumonia. Aside from the established
clinical risk factors, lymphopenia (absolute lymphocyte
count < 1.0 × 109/L) is the sole cardinal laboratory finding
with prognostic potential [1, 10–13]. Furthermore, different acute phase biomarkers, like ferritin, and a hypercoagulability state, indicated by elevated D-dimer, have all
been associated with greater illness severity and mortality [12, 13].
In the present study, we retrospectively evaluated and
integrated laboratory parameters/variables of 45 COVID19 patients admitted to our hospital, consisting of a
homogenous group of elderly subjects from a long-term
care facility with Sars-CoV-2 outbreak and spread, to
identify potential common patterns of systemic response
able to better stratify patients’ clinical course and outcome, independently from clinical co-morbidities.

Methods
All methods were carried out in accordance with relevant
guidelines and regulations.
Patients

This study was carried out at the ‘COVID unit’ of the
Magna Graecia University—“Mater Domini” Hospital in
Catanzaro, Italy from March 9th to April 1st, 2020. The
study was approved by the Magna Graecia University
institutional ethics committee, and a waiver of informed
consent was obtained by the committee.
All patients included in this case series had a SarsCov-2 laboratory-confirmed infection diagnosed by
quantitative reverse transcriptase-PCR (qRT-PCR) (GeneFinderTM COVID-19 Plus RealAmp Kit, Elitech Group)
performed on nasopharyngeal specimens or bronchoalveolar lavage (BAL).
Clinical and laboratory assessment

Basic information such as gender, age, clinical symptoms, and signs was collected from the admission
records. Admission testing included in the integrated
analysis were hematologic parameters (i.e. white blood
count (WBC), granulocyte count, lymphocyte count,
monocyte count, platelets count, neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio
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(MLR) platelet-to-lymphocyte ratio (PLR), hemoglobin
(HGB), and iron) and inflammatory markers (i.e. ferritin,
IL-6, and D-dimer) which were repeated along with the
hospitalization.
Statistical analysis

Statistical analysis was performed by using R statistical package version 4.0 [14]. Specifically, laboratory data
known to be associated with inflammation and routinely
performed in COVID-19 patients (white blood cells, neutrophils, lymphocytes, platelets counts, hemoglobin, ferritin, iron, D-dimer, and IL-6) were scaled to be used for
PCA estimation. On these results, patients were clustered
into 3 groups according to the K-means algorithm. Next,
Student’s t-test and ANOVA (according to the number of
groups to be tested) were used to evaluate differences in
the means of the different variables. Pearson’s Chi-Square
was used for comparisons between categorical variables.
Correlation between variables was assessed by Pearson’s
correlation test. Kaplan–Meier estimate and logrank tests
were used for time to events (ferritin, D-dimer, and IL-6
decrease) calculation. The following packages have been
used during the whole analysis: base package to perform
Student’s t-test, ANOVA and Pearson’s tests; ggpubr and
ggplot2, for figure preparation; corrplot and corrr for
correlation analysis; survminer for Kaplan Meier and
logrank tests; cluster and ggfortify for PCA calculation
and K-means based clustering, ggradar for radar plot.

Results
Patients’ characteristics at baseline

Fifty patients were admitted to our institution following a COVID-19 outbreak that occurred in a long-term
care facility. Of them, 45 patients with positive PCR SarsCov-2 laboratory-confirmed infection, presented all the
required laboratory variables at baseline and further presented D-dimer, IL-6, and ferritin during the follow-up;
thus, they were included in this retrospective analysis.
Complete clinical data together with relative therapy have
been recently published by Trecarichi et al. [15]. Patients’
characteristics at baseline are reported in Table 1.
Briefly, 19 males and 26 females with a median age of
81 years (range 55–98 years) and a median time from
symptoms appearance to admission to hospital of 5 days
were included in our analysis. Among them, 33 (73%)
were under treatment for hypertension, 23 (51%) presented neurological diseases, 19 (43%) had a chronic kidney failure and 11 (24%) assumed drugs for psychiatric
disorders. The overall mortality rate was 26.67%, in line
with that reported according to the median age of Italy
[16].
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Table 1 Demographic and clinical patients’ characteristics
at baseline
Patients (n = 45)
Age, years (median and range)

81 (55–98)

Sex
Male

19 (42%)

Female

26 (58%)

Comorbidities
Hypertension

33 (73%)

Type 2 DM

9 (20%)

Malignancy

7 (16%)

COPD
CKD
Obesity

7 (16%)
19 (42%)
5 (11%)

Neurological dis

23 (51%)

Psychiatric dis

11 (24%)

Outcome
Recovered

33 (73%)

Deaths

12 (27%)

Type 2 DM Type 2 Diabetes Mellitus, COPD Chronic Obstructive Pulmonary
Disease, CKD chronic kidney disease

Laboratory pattern of response to Sars‑CoV‑2 infection

We used baseline values of blood cell count and several
biochemical and coagulation-related parameters, widely
used for COVID-19 patient assessment to investigate
the occurrence of a specific pattern of response. To this
aim, we took advantage of a dimensionality reduction
approach, the PCA, which by segregating each patient
according to their whole laboratory profile (the more
similar are the profiles, the closer they are on the graph)
allowed us to identify potential subgroups (which could
be subsequently identified through k-means approach).
Specifically, white blood cells, granulocytes, lymphocytes, and platelets count, hemoglobin, total iron, ferritin, D-dimer, and interleukin 6 concentration were used
to automatically generate a PCA and to cluster patients
into 3 different and well-separated groups (Fig. 1a). The
3 clusters were found to be strongly associated with
patients’ survival (Chi-squared test p < 0.001) and were
thus renamed as low risk (1 death over 17 patients), intermediate-risk (4 deaths over 21 patients) and high risk
(7 deaths over 7 patients) (patients distribution according to age and sex are reported in Fig. 1b). As shown in
Fig. 1c, 6 out of 9 variables significantly discriminated the
3 groups, with D-dimer, lymphocytes/monocytes count,
and iron status representing the main markers of the
high- and low-risk group, respectively. Within the intermediate-risk group we registered 4 deaths, which led us
to hypothesize that the clustering algorithm presents a
reduced sensitivity for “borderline” patients. Indeed, we

assume that that in this group the presence of a “smoldering” systemic inflammation could have been hidden
by other confounding factors such as iron deficiency
anemia, which by reducing the values of serum ferritin
impairs its potential use as inflammatory marker, or iron
supplementation, which could lead to the opposite phenomenon. To this end, we evaluated the difference in iron
to ferritin ratio (IFR) as a surrogate marker of inflammation. Indeed, the increase of ferritin uncoupled from an
iron increase (or in the presence of low iron values) leads
to low IFR values and is usually associated with chronic
inflammation [15, 16]. Of note, we observed that the difference in IFR significantly segregates recovered and dead
patients (high IFR better prognosis) in the intermediaterisk group (p: 0.012) (Fig. 1d).
Time to ferritin decrease correlates with patients’ survival

In the attempt to identify informative markers useful for
monitoring illness severity and mortality, we investigated
the modulation of ferritin serum concentration during
hospitalization. Interestingly, we observed a quick ferritin increase followed by a decalage phase almost exclusively in recovering patients, which indeed presented a
significantly short time to ferritin decrease (intended as
the time from hospital admission to first and stable ferritin decrease during hospitalization) (Fig. 2a). This trend
was not observed neither for D-dimer nor for IL-6 concentration along hospitalization (Fig. 2b, c). Accordingly,
patients belonging to the high-risk group presented a
significantly longer time to ferritin decrease (Fig. 2d, p:
0.047).
Correlation analyses identify lympho/monocytes count,
D‑dimer, and iron status as “litmus paper” of the systemic
response to SARS‑CoV‑2 infection

Lastly, we performed a correlation analysis, including
derivative variables known to be associated with systemic
inflammation, such as neutrophils, monocytes, and platelets to lymphocytes ratio (NLR, MLR, and PLR respectively). Interestingly, as shown in Fig. 3a, we observed
the presence of three different clusters of correlated variables, which have been grouped accordingly to the main
systemic function/role they are involved in. Among the
different correlations observed, lymphocytes and monocytes experienced a similar modulation, possibly dependent on the mechanism of action of the virus. This strong
relationship has been observed independently of the risk
group (Fig. 3b). Moreover, we observed a direct correlation between IFR and IL-6 only in the intermediate risk
group, further underscoring the role of IFR in discriminating “hidden” inflammatory responses (Fig. 3c). Other
potential associations between laboratory variables and
Sex, Age, risk groups, and recovery/death have been
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Fig. 1 Baseline laboratory parameters define different patterns of response to Sars-CoV-2 infection. a Clustering analysis by a principal component
analysis (PCA) scatter plot. Colours and shapes respectively represent the 3 risk groups and the status of the patient (recovered or dead). b
distribution of patients according to risk group and age or sex. c ANOVA and T-test results of the 6 parameters which mainly influenced patients’
clustering, according to their distribution across risk groups. Within each sub-panel, p values for ANOVA comparison (bottom) and for each pairwise
comparison (top) are reported. d Patient distribution according to risk groups and dead/recovered status; on the right side, the histogram shows
the comparison of iron to ferritin ratio (IFR) between recovered and dead patients within the intermediate-risk group

explored and reported in Additional file 1: Figures S1–
S4. Briefly, we observed, among others, a direct correlation between the amount of IL-6 and D-dimer which is
statistically significant in female patients only, a strong
association between monocyte and lymphocyte counts
(which is independent from all other confounding variables and that could represent a sign of mononucleated
cells extravasation), an inverse correlation between IFR
and ferritin and a direct correlation between neutrophil
count and IL-6 concentration in patients who recovered
from lung disease (which could represent a normal control and functionality of the iron and IL-6 homeostasis).
Altogether, these results further underscore the relevant role of these markers in identifying critical patients
who potentially could benefit from increased monitoring
and early intervention.

Comorbidities are associated with the presence of markers
of the high‑risk group at baseline

To investigate if the presence of previous comorbidities
is associated with changes in baseline levels of inflammatory variables (thus potentially affecting patients’
outcome), we performed a multiple t-test, evaluating
every single variable for the association to each condition.Results are reported in Fig. 4a, b as radarplot
evaluating the impact of neurological and/or psychiatric disorders, cardiovascular-metabolic disease and
of a miscellaneous group which includes malignancies, chronic lung disease and chronic kidney disease.
Among others, the presence of a concomitant malignancy is associated with high levels of ferritin and low
levels of IFR, and, in line with other reports [17] correlates with a worse survival (Fig. 4c, Additional file 1:
Table S1, p: 0.047). Interestingly, we observed that the
presence of hypertension correlates with a worse outcome while not being significantly associated with any
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Fig. 2 Patients with a worse outcome present a significantly longer time to ferritin decrease. a–c Kaplan Meier curves reporting the time to ferritin,
D-dimer and IL-6 decrease (intended as the time from hospital admission to first and stable decrease during hospitalization) respectively, stratified
on dead/recovered status (p value calculated through LogRank test). d Kaplan Meier curves reporting the time to ferritin decrease stratified on risk
groups (p value calculated through LogRank test comparing High-Risk vs. Low-Risk patients)

change in laboratory parameters (Fig. 4b, Additional
file 1: Table S1, p: 0.033).

Discussion
COVID-19 is associated with a high disease burden with
nearly 20% of confirmed cases progressing towards critical illness [18]. The mortality rate in people infected with
Sars-Cov-2 increases steeply with age, and fatal outcomes
are almost exclusively seen in people older than 50 years

[19]. Among the latter, the elderly in long-term care facilities (LTCFs) have been reported as high vulnerable to
infections and at high risk for mortality. NFurthermore,
patients with severe illness are likely to suffer substantial sequelae associated with a new physical disability,
new cognitive impairment, and increased vulnerability to
recurrent infection [14, 20, 21].
Currently, many drugs have been adopted worldwide
for the treatment of Sars-Cov-2 pneumonia [22–27];
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Fig. 3 Correlations among lymph/monocytes count, D-dimer, and iron status affect the systemic response to SARS-CoV-2 infection. a Left:
correlation plot of all variables [including derivative variables such as iron to ferritin ratio (IFR), neutrophils to lymphocytes ratio (NLR), platelets to
lymphocytes ratio (PLR), monocytes to lymphocytes ratio (MLR)] to identify potential inter-variables correlations. The colour represents the direction
of the correlation. Only boxes showing a significant correlation have been coloured; right, network plot showing direction and distribution of
correlations between variables. Clusters of variables belonging to similar functions have been grouped. b Scatter plot representing the correlation
between lymphocytes and monocytes. Remarkably, almost all the deaths are localized within the lower left quadrant of the plot. c Scatter plot
showing the association between IL-6 and IFR. This correlation reaches statistical significance within the intermediate group only, further supporting
the discriminating role of IFR within this subgroup

however, most of these drugs failed to demonstrate
a clear clinical benefit. It is therefore of paramount
importance to properly identify patients who are likely
to develop critical illness for a timely pharmaco-invasive management while optimizing the use of limited
resources.
In this study, we retrospectively evaluated and integrated laboratory parameters/variables of a homogeneous cohort of 45 elderly subjects from a long-term care
facility with COVID-19, to identify potential prognostic factors able to better stratify patients’ clinical course
and outcome. Radiographic and laboratory abnormalities, such as lymphopenia and elevated lactate dehydrogenase, are known to be common, but on their own are

not specific for the diagnosis or the prognosis [1]. In
line with previous findings, we observed that low lymphocytes/monocytes count as well as the high level of
D-dimer in the peripheral blood significantly define a
group of patients with a shattering outcome (practically
100% mortality rate). The integration of these three laboratory abnormalities well describes the known course
and relative pathophysiology of COVID-19 [1, 10–13].
Indeed, profound lymphopenia occurs in individuals with
COVID-19 when SARS-CoV-2 infects and kills T lymphocyte cells. The viral inflammatory response, consisting of both the innate and the adaptive immune response,
impairs lymphopoiesis, and increases lymphocyte apoptosis. In the progression of the viral infection, when viral
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Fig. 4 Association between comorbidities and baseline levels of laboratory variables. a Distribution of different laboratory values according to
baseline comorbidities: left, radar-plot showing the p values of the t-test comparing each laboratory variable with each comorbidity. The distance
from the center correlates with the significance of the test (the more is far the more is significant); right, box plot representing the distribution
of only the significant variables in patients presenting with (1) or without (0) comorbidities. b Radar-plot reporting CVD (cardiovascular disease)
associated variables: none of them presents a significantly different distribution of laboratory variables. c Distribution of COVID-19-associated deaths
according to the presence or absence of malignancies at baseline

replication accelerates, epithelial-endothelial barrier
integrity is compromised, exacerbating the inflammatory
response. Finally, in severe COVID-19, fulminant activation of coagulation and consumption of clotting factors
occur [28, 29].
Importantly, our results show that the systemic iron
metabolism associated parameters, i.e. iron status, ferritin, and IFR, can help to better predict unfavorable
outcomes and to monitor illness progression/regression in COVID-19 patients. Ferritin is a key mediator of
immune dysregulation, especially under extreme hyperferritinemia, via direct immune-suppressive and proinflammatory effects, contributing to the cytokine storm.
Previous laboratory findings highlighted that a consistent

percentage of patients with elevated serum ferritin levels
faced a higher probability to experience serious complications from COVID-19 [30, 31]. Accordingly, ferroptosis, a novel programmed cell death, has been suggested
as an important cause of multiple organ involvement in
COVID-19 and it might serve as a new treatment target
[32–36].
In this study, we suggest a putative predictive value
of the iron metabolism status as a marker of inflammation which potentially offers a new parameter to better
stratify hospitalized patients—indeed, the increase of
ferritin accompanied by low iron values, which result
in elevated IFR, significantly segregates recovered and
dead patients and correlates with a better prognosis in

Biamonte et al. J Transl Med

(2021) 19:79

COVID-19 patients belonging to the so-called intermediate-risk group (4 deaths over 21 patients). Our
hypothesis is that in this group, which represents the
largest group, the early evaluation of IFR may function as a surrogate marker able to highlight the presence of a “smoldering” systemic inflammation, which
could have been hidden by other confounding factors. In agreement, we observed a direct correlation
between IFR and IL-6 only in the intermediate risk
group. Furthermore, we found that the kinetic changes
of ferritin levels, but not those of D-dimer and IL-6,
correlate with COVID-19 progression. Indeed, we
observed that almost exclusively in the recovering
patients, the ferritin concentration peak at the time of
hospital admission is followed by a gradual decrease
during the second and the third week of the disease
course. Accordingly, patients belonging to the highrisk group presented a significantly longer time to ferritin decrease.
Given the relevance of the COVID-19 pandemic
and the lack of definitive early prognostic markers, we
believe that any contribution which advances this field
is highly valuable. Indeed, one of the major problems
to evaluate the clinical status of COVID-19 patients at
admission is the still simplistic stratification into mild,
moderate and severe forms according to respiratory
sign/symptoms and need for oxygen therapy and/or
mechanical ventilation. The results of the present study
suggest that the proposed laboratory findings could
better and preventively stratify the patients in advance
to the development of the clinical manifestations with
a poor prognosis. It would be of interest to re-evaluate
patients included in published clinical trials according
to the suggested laboratory patterns of described here
in order to assess whether these patterns better predict
mortality of COVID-19 patients with mild, moderate
and severe clinical presentation and whether these laboratory parameters better predict response to recommended therapies such as dexamethasone, remdesivir
and heparin and monoclonal antibodies as well [37, 38].
This study has several limitations. First, the main
weakness of the present study is the small sample size,
which makes the reported findings hypothesis-generating. Second, this study included elderly patients from
a unique long-term care facility, which represents an
isolated outbreak in a rather homogenous population
at risk that may not be representative of the overall
heterogeneous general COVID-19 population. Testing
a consecutive group of random COVID-19 patients,
both retroactively and prospectively, will surely help
to assess whether the conclusions reached from such a
‘population isolate’ will have general predictive value.
Yet, it worth noting here that this study may have
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helped in generating robust evidence avoiding the confounding effects of multiple co-morbidities as in the
general population.

Conclusions
The main findings of this study generate the hypothesis
that a combination of few laboratory parameters, and in
particular iron status, D-dimer and lymphocyte count
can better and preventively stratify COVID-19 patients
with a poor prognosis in advance to the development of
the clinical manifestations. Despite the inherent value
of the present data for this population, its wide applicability to all COVID-19 patients requires validations
in larger study cohorts, such as in patients included in
clinical trials. This would allow to assess whether the
proposed laboratory patterns better predict mortality
of COVID-19 patients with mild, moderate and severe
clinical presentation as well as the response to recommended therapies.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12967-021-02744-2.
Additional file 1: Figure S1. Boxplot, correlation plots, density plots and
histograms reporting the association between each laboratory variable
and Sex. The p values for overall and group-based correlation is reported
in the top-right part of each image. Figure S2. Boxplot, correlation plots,
density plots and histograms reporting the association between each laboratory variable and Age, respectively. The p values for overall and groupbased correlation is reported in the top-right part of each image. Figure
S3. Boxplot, correlation plots, density plots and histograms reporting the
association between each laboratory variable and risk group, respectively.
The p values for overall and group-based correlation is reported in the
top-right part of each image. Figure S4. Boxplot, correlation plots, density
plots and histograms reporting the association between each laboratory
variable and survival, respectively. The p values for overall and groupbased correlation is reported in the top-right part of each image.
Abbreviations
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2 (COVID-19);
COVID-19: Coronavirus Disease-19; IFR: Iron-to-ferritin-ratio; IL-1: Interleukin-1;
IL-6: Interleukin-6; qRT-PCR: Quantitative Real-Time-Polymerase Chain Reaction; BAL: Bronchoalveolar lavage; WBC: White blood count; NLR: Neutrophilto-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; PLR: Platelet-tolymphocyte ratio; HGB: Hemoglobin; PCA: Principal Component Analysis;
Type 2 DM: Type 2 Diabetes Mellitus; COPD: Chronic Obstructive Pulmonary
Disease; CKD: Chronic kidney disease; LTCF: Long-term care facilities.
Acknowledgments
We thank Caterina Alessi for the technical support.
Authors’ contributions
Conceptualization: DT, GV and FC; methodology: FB, CB and SR; validation: FB,
CB, MM, SR, EMT, DF and CT; formal analysis: CB; investigation: FB, CB, GV, DT
and FC; data curation: FB, CB, MM, SR, EMT, DF, CT, GV, DT and FC; writing—
original draft preparation: FB, CB and DT; writing—review and editing: EMT, DF,
CT, FC, GV and DT; supervision: GV, DT and FC. All authors have agreed to the
published version of the manuscript. All authors read and approved the final
manuscript.

Biamonte et al. J Transl Med

(2021) 19:79

Page 9 of 10

Funding
This research received no external funding.
Availability of data and materials
All data utilized, generated or analyzed during these studies are included in
this published article.
Ethics approval and consent to participate
The study was approved by the Magna Graecia University institutional
ethics committee, and a waiver of informed consent was obtained by the
committee.
Consent for publication
Not applicable.

15.

16.

17.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Experimental and Clinical Medicine, Magna Graecia University, Catanzaro, Italy. 2 Annunziata Hospital, Cosenza, Italy. 3 Unit of Infectious
and Tropical Diseases, Department of Medical and Surgical Sciences, Magna
Graecia University, Catanzaro, Italy. 4 Department of Health Sciences, Magna
Græcia University of Catanzaro, Catanzaro, Italy. 5 Center of Interdepartmental
Services (CIS), “Magna Graecia” University of Catanzaro, Catanzaro, Italy.
Received: 19 December 2020 Accepted: 8 February 2021

18.
19.
20.

21.
References
1. Wiersinga WJ, Rhodes A. Pathophysiology, transmission, diagnosis, and
treatment of coronavirus disease 2019 (COVID-19): a review. JAMA. 2019.
https://doi.org/10.1001/jama.2020.12839.
2. Harrison AG, Lin T, Wang P. Mechanisms of SARS-CoV-2 transmission and
pathogenesis. Trends Immunol. 2020;41(12):1100–15.
3. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, Tan W. Detection of SARS-CoV-2
in different types of clinical specimens. JAMA. 2020;323(18):1843–4.
4. Peng L, Liu J, Xu W, Luo Q, Chen D, Lei Z, Huang Z, Li X, Deng K, Lin B,
Gao Z. SARS-CoV-2 can be detected in urine, blood, anal swabs, and
oropharyngeal swabs specimens. J Med Virol. 2020;92(9):1676–80.
5. Tian J, et al. Clinical characteristics and risk factors associated with COVID19 disease severity in patients with cancer in Wuhan, China: a multicentre, retrospective, cohort study. Lancet. 2020;21(7):893–903.
6. Guan WJ, China Medical Treatment Expert Group for Covid-19, et al.
Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med.
2020;382(18):1708–20.
7. Behzad S, Aghaghazvini L, Radmard AR, Gholamrezanezhad A. Extrapulmonary manifestations of COVID-19: radiologic and clinical overview. Clin
Imaging. 2020;66:35–41.
8. Kronbichler A, Kresse D, Yoon S, Lee KH, Effenberger M, Shin JI. Asymptomatic patients as a source of COVID-19 infections: a systematic review
and meta-analysis. Int J Infect Dis. 2020;98:180–6.
9. Perrotta F, Corbi G, Mazzeo G, Boccia M, Aronne L, D’Agnano V, Komici
K, Mazzarella G, Parrella R, Bianco A. COVID-19 and the elderly: insights
into pathogenesis and clinical decision-making. Aging Clin Exp Res.
2020;32(8):1599–608.
10. Rodriguez-Morales AJ, Latin American Network of Coronavirus Disease
2019-COVID-19 Research (LANCOVID-19), et al. Clinical, laboratory and
imaging features of COVID-19: a systematic review and meta-analysis.
Travel Med Infect Dis. 2020;34:101623.
11. Huang C, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet. 2020;395(10223):497–506.
12. Skevaki C, Fragkou PC, Cheng C, Xie M, Renz H. Laboratory characteristics of patients infected with the novel SARS-CoV-2 virus. J Infect.
2020;81(2):205–12.
13. Pereira MAM, et al. Laboratory findings in SARS-CoV-2 infections: state of
the art. Rev Assoc Med Bras. 2020;66(8):1152–6.
14. Scalise M, Torella M, Marino F, Ravo M, Giurato G, Vicinanza C, Cianflone E,
Mancuso T, Aquila I, Salerno L, Nassa G, Agosti V, De Angelis A, Urbanek K,

22.

23.
24.
25.
26.
27.
28.

29.
30.
31.
32.
33.

Berrino L, Veltri P, Paolino D, Mastroroberto P, De Feo M, Viglietto G, Weisz
A, Nadal-Ginard B, Ellison-Hughes GM, Torella D. Atrial myxomas arise
from multipotent cardiac stem cells. Eur Heart J. 2020;41(45):4332–45.
Trecarichi EM, Mazzitelli M, Serapide F, Pelle MC, Tassone B, Arrighi E,
Perri G, Fusco P, Scaglione V, Davoli C, Lionello R, La Gamba V, Marrazzo
G, Busceti MT, Giudice A, Ricchio M, Cancelliere A, Lio E, Procopio G, Costanzo FS, Foti DP, Matera G, Torti C, IDTM UMG COVID-19 Group. Clinical
characteristics and predictors of mortality associated with COVID-19 in
elderly patients from a long-term care facility. Sci Rep. 2020;10(1):20834.
Scortichini M, Dos Santos RS, De’Donato F, De Sario M, Michelozzi P,
Davoli M, Masselot P, Sera F, Gasparrini A. Excess mortality during the
COVID-19 outbreak in Italy: a two-stage interrupted time-series analysis.
Int J Epidemiol. 2021;49(6):1909–17.
Maia C, Martín-Sánchez E, Garcés JJ, De Cerio AL, Inogés S, Landecho MF,
Gil-Alzugaray B, Perez C, Botta C, Zabaleta A, Alegre F, Rincón C, Blanco
L, Sarvide S, Vilas-Zornoza A, Alignani D, Moreno C, Paiva A, Martinho
A, Alves R, Colado E, Quirós C, Olid M, Blanco A, Argemi J, Paiva B, Yuste
JR. Immunologic characterization of COVID-19 patients with hematological cancer. Haematologica. 2020. https://doi.org/10.3324/haema
tol.2020.269878.
Matheson NJ, Lehner PJ. How does SARS-CoV-2 cause COVID-19? Science.
2020;369(6503):510–1.
Petersen E, Koopmans M, Go U, Hamer DH, Petrosillo N, Castelli F, Storgaard M, Al Khalili S, Simonsen L. Comparing SARS-CoV-2 with SARS-CoV
and influenza pandemics. Lancet Infect Dis. 2020;20(9):e238–44.
Lai CC, Wang JH, Ko WC, Yen MY, Lu MC, Lee CM, Hsueh PR, Society of
Taiwan Long-term Care Infection Prevention and Control. COVID-19 in
long-term care facilities: an upcoming threat that cannot be ignored. J
Microbiol Immunol Infect. 2020;53(3):444–6.
Yen MY, Schwartz J, King CC, Lee CM, Hsueh PR, Society of Taiwan
Long-term Care Infection Prevention and Control. Recommendations for
protecting against and mitigating the COVID-19 pandemic in long-term
care facilities. J Microbiol Immunol Infect. 2020;53(3):447–53.
Botta C, Indrieri A, Garofalo E, Biamonte F, Bruni A, Pasqua P, Cesario F,
Costanzo FS, Longhini F, Mendocino F. COVID-19: high-JAKing of the
inflammatory “flight” by ruxolitinib to avoid the cytokine storm. Front
Oncol. 2020;10:599502.
Alhazzani W, et al. Surviving Sepsis Campaign: guidelines on the management of critically ill adults with coronavirus disease 2019 (COVID-19).
Intensive Care Med. 2020;46(5):854–87.
Wilson KC, Chotirmall SH, Bai C, Rello J, International Task Force on COVID19. COVID-19: interim guidance on management pending empirical
evidence. American Thoracic Society; 2020. Accessed July 7 2020.
Horby P, et al. Effect of dexamethasone in hospitalized patients
with COVID-19: preliminary report. medRxiv. 2020. https://doi.
org/10.1101/2020.06.22.20137273.
Beigel JH, et al. Remdesivir for the treatment of COVID-19: preliminary
report. N Engl J Med. 2020. https://doi.org/10.1056/NEJMoa2007764.
Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID19: immunity, inflammation and intervention. Nat Rev Immunol.
2020;20(6):363–74.
Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K, Marelli-Berg FM,
Madhur MS, Tomaszewski M, Maffia P, D’Acquisto F, Nicklin SA, Marian
AJ, Nosalski R, Murray EC, Guzik B, Berry C, Touyz RM, Kreutz R, Wang DW,
Bhella D, Sagliocco O, Crea F, Thomson EC, McInnes IB. COVID-19 and the
cardiovascular system: implications for risk assessment, diagnosis, and
treatment options. Cardiovasc Res. 2020;116(10):1666–87.
Colling ME, Kanthi Y. COVID-19-associated coagulopathy: an exploration
of mechanisms. Vasc Med. 2020;25(5):471–8.
Vargas-Vargas M, Cortés-Rojo C. Ferritin levels and COVID-19. Rev Panam
Salud Publica. 2020;44:e72.
Cheng L, Li H, Li L, Liu C, Yan S, Chen H, Li Y. Ferritin in the coronavirus
disease 2019 (COVID-19): a systematic review and meta-analysis. J Clin
Lab Anal. 2020;34(10):e23618.
Battaglia AM, Chirillo R, Aversa I, Sacco A, Costanzo F, Biamonte F. Ferroptosis and cancer: mitochondria meet the “iron maiden” cell death. Cells.
2020;9(6):1505.
Yang M, Lai CL. SARS-CoV-2 infection: can ferroptosis be a potential
treatment target for multiple organ involvment? Cell Death Discov. 2020.
https://doi.org/10.1038/s41420-020-00369-w.

Biamonte et al. J Transl Med

(2021) 19:79

34. Cianflone E, Torella M, Biamonte F, De Angelis A, Urbanek K, Costanzo FS,
Rota M, Ellison-Hughes GM, Torella D. Targeting cardiac stem cell senescence to treat cardiac aging and disease. Cells. 2020;9(6):1558.
35. Strzyz P. Iron expulsion by exosomes drives ferroptosis resistance. Nat Rev
Mol Cell Biol. 2020;21:4–5.
36. Mancuso T, Barone A, Salatino A, Molinaro C, Marino F, Scalise M, Torella
M, De Angelis A, Urbanek K, Torella D, Cianflone E. Unravelling the biology of adult cardiac stem cell-derived exosomes to foster endogenous
cardiac regeneration and repair. Int J Mol Sci. 2020;21(10):3725.

Page 10 of 10

37. Chen P, et al. SARS-CoV-2 neutralizing antibody LY-CoV555 in outpatients
with Covid-19. N Engl J Med. 2021;384(3):229–37.
38. Weinreich DM, et al. REGN-COV2, a neutralizing antibody cocktail, in
outpatients with Covid-19. N Engl J Med. 2020;384(3):238–51.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

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

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

