
Ferritin, a ubiquitous and highly conserved iron-binding 
protein, was first isolated from horse spleens in 1937 [1]. 

The quantification of serum ferritin in human was documented 
only in 1972, with the development of sensitive immunoas-
say techniques [2]. Since then, measuring serum ferritin has 
become a useful and convenient method to assess the status 
of intracellular iron [3]. In the last few decades, ferritin has 

emerged as a key molecule in the immune system, and its role 
as an acute phase reactant has been revealed and extensively 
reviewed [4-7]. 

At the end of 2019, a novel enveloped RNA coronavirus 
emerged as the cause of a cluster of pneumonia cases in Wuhan 
city, the capital of Hubei province in China [8]. It quickly spread 
throughout China and to other countries around the world, re-
sulting in a viral pandemic. The virus was isolated from human 
airway epithelial cells by Zhu and colleagues [8] and named se-
vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 
previously referred to as 2019-nCoV. In February 2020, the 
World Health Organization (WHO) declared coronavirus dis-
ease-2019 (COVID-19) as a public health emergency [9]. 

Understanding of COVID-19 epidemiology, clinical and 
laboratory features, as well as diagnosis and treatment, is still 
evolving. The disease caused by SARS-CoV-2 is known to cause 
varying degrees of illness [10]. Severity ranges from asymptom-
atic infection or mild disease characterized by dry cough, fever, 
dyspnea, and fatigue, to critical illness with respiratory failure, 
acute respiratory distress syndrome (ARDS), and death. 

Retrospective studies from China have described several 
risk factors for severe disease and death, including older age, 
male gender, and certain co-morbidities [11,12]. In addition, 
some laboratory features, particularly lymphopenia and ele-
vated D-dimer, have been shown to correlate with a deleteri-
ous outcome [13]. Recent data on the immunological features 
of COVID-19 underlined the importance of subpopulations of 
T lymphocytes in the different stages of the disease [14]. The 
cytokine milieu belonging to the IL-1 and IL-6 family was as-
sociated with more severe disease [15,16]. The potential role of 
anti-inflammatory drugs in the treatment of critical COVID-19 
patients was noted [17]. 

In light of these new findings, and considering the pivot-
al role of ferritin in infection and inflammation, we aimed to 
evaluate the correlation between ferritin and disease severity 
in COVID-19, hoping to find a novel prognostic marker that 
would predict the clinical outcomes in ill patients. Such an en-
deavor may help with rapid diagnosis and timely treatment for 
patients at the onset of their clinical symptoms. 



The study was approved by the institutional review boards of 
Assuta Ashdod Medical Center and of Sheba Medical Center. 
It was performed in accordance with the ethics standards laid 
down in the 1964 Declaration of Helsinki and its later amend-
ments. Data were analyzed and interpreted by the authors. All of 
the authors reviewed the manuscript and confirmed the accuracy  
and completeness of the data.

In this cross-sectional study, we obtained data regarding 39 pa-
tients with confirmed COVID-19 from two hospitals in Israel: 
Assuta Ashdod and Sheba medical centers. We reviewed the med-
ical records and compiled data for hospitalized patients between 
21 February 2020 and 30 March 2020. Clinical outcomes were 
followed until 31 March 2020. COVID-19 was diagnosed on the 
basis of the interim guidance issued by the WHO [18]. Confirmed 
cases of COVID-19 were defined as a positive result on poly-
merase-chain-reaction (PCR) assay of nasal and pharyngeal swab 
specimens. One patient was diagnosed using sputum sample. On-
ly PCR confirmed cases were included in the analysis. Laboratory 
findings were obtained from electronic medical records. All lab-
oratory tests were performed according to the clinical care needs 
of the patient. Laboratory assessments consisted of a complete 
blood count, blood chemical analysis including liver and renal 
function, electrolytes, C-reactive protein (CRP), lactate dehydro-
genase, creatine kinase, and ferritin. Chest X-rays were reviewed 
by the authors who extracted the data. Data were entered into a 
computerized database and checked by two physicians. If data 
were missing from the records or clarification was needed, we ob-
tained data by direct communication with attending doctors and 
other healthcare providers.

We defined the degree of severity of COVID-19 at the time of 
admission using the Report of the WHO-China Joint Mission on 
COVID-19 [19]. 
•  Mild disease included non-pneumonia and pneumonia cases
•  Moderate disease was defined as dyspnea, respiratory fre-

FiO2 ratio < 300, and/or lung infiltrates > 50% of the lung 
field within 24–48 hours

•  Severe or critical disease was defined as respiratory failure, 
septic shock, and/or multiple organ dysfunction/failure

Variables were initially compared using the non-parametric 
Kruskal–Wallis H because of a non-normal distribution. Se-
quential Mann-Whitney tests were used for further investiga-

tion. Descriptive statistics, comparison, and graph plotting were 
performed using IBM Statistical Package for the Social Scienc-
es statistics software, version 25 for Macintosh (SPSS, IBM 
Corp, Armonk, NY, USA).

A total of 39 participants were enrolled in an attempt to recog-
nize a simple yet efficient bio-marker for COVID-19 severity. 
Patient ages ranged from 19 to 82 years (mean 52.46 ± 2.76 
years), which distributed unevenly and not normally across 
different age groups. Male gender was more frequent (n=23, 
59%) than female gender (n=16, 41%). One-fifth of the cohort 
were smokers (n=8, 20.5%) , yet fewer than half of the patients 
were considered healthy without any history of chronic disease, 
(n=17, 43.6%)  [Table 1].



In our study, 51.3% (n=20) of the patients were considered to 
have a mild COVID-19, 21.3% (n=9) were considered to have 
moderate disease, and the remaining 25.6% (n=10) presented 
with severe disease, which required invasive ventilation. Plain 
chest X-rays were normal in 41% (n=16), while abnormal 
X-rays, unilateral or bilateral infiltrates, were demonstrated in 
15.4% (n=6) and 43.6% (n=17), respectively. Only 15.4% of the 
patients required vasopressor support. [Table 2].

The mean ferritin level of the entire study sample was 1249.37 ng/ml  
(SD-2176.34), with a range of 12709, starting from 6 ng/ml and 
toping at 12085 ng/ml. Patients with mild disease had the lowest 
ferritin level with a mean of 327.27 ng/ml, followed by patients in 
the moderate group with a mean of 1555 ng/ml. The severe group 
had a mean ferritin level of 2817.6 ng/ml. Comparing ferritin 
levels across different disease severity using the Kruskal–Wallis  
H test revealed a significant difference (  = 0.003). Further com-
parisons using the Mann-Whitney procedure reveled significant 

increase in ferritin levels, for both the moderate and severe dis-
ease groups, in comparison to the mildly ill group (  = 0.006 and 
0.005, respectively). Last, we did not find a significant difference 
between the moderate and severe disease groups ferritin levels (  
= 0.513 and  = 0.101, respectively) after excluding extremely 
deviant cases. When classifying patients by disease severity into 
severe and non-severe groups, we found that severe patients had 
significantly higher levels of ferritin, 2817.6 ng/ml compared to 
708.6 ng/ml in non-severe patients (  = 0.02). [Table 3, Figure 1, 
Figure 2].

At present, the pathophysiology, disease evolution, prognosis, 
and immune status of patients with COVID-19 are still unclear. 
Our study is a retrospective cohort study describing the epide-
miological and clinical characteristics of COVID-19 patients 
in Israel. In this study, ferritin levels were shown to correlate 
with illness severity in 39 patients with confirmed COVID-19 
disease [Table 3, Figure 1]. Severe patients had significantly 
higher levels of ferritin (2817.6 ng/ml) compared to non-severe 
patients (708.6 ng/ml) = 0.02. 

Ferritin is a large protein (440 kDa) present within the cy-
tosol, or less often, within the mitochondria of the cell, and it 



can sequester up to approximately 4500 atoms of iron [20]. 
Cytosolic ferritin is composed of a light (L ferritin) and heavy 
(H ferritin) subunits [21]. Twenty four subunits assemble into 
a structure designed to contain such large amounts of iron in a 
compact and bioavailable form [22]. The ratio of H to L subunits 
varies depending on the tissue type and the developmental stage 
of the cell, and can be modified in inflammatory and infectious 
conditions, as well as in response to xenobiotic stress [21]. In 
plasma, ferritin circulates as apoferritin, a non-iron containing 
molecule. The plasma level generally reflects overall iron stor-
age, with 1 ng of ferritin per ml indicating approximately 10 mg 
of total iron stores [23]. 

Due to its crucial role in cellular iron homeostasis, it is not 
surprising that ferritin synthesis is tightly regulated [24]. This 
control includes different levels: from DNA regulation via the 
promoter, to interactions with numerous iron regulatory proteins 
in the process of mRNA translation [25]; and finally to a diverse 
set of signaling pathways that affect ferritin content within cells. 
Of note, pathways related to inflammation and autoimmunity 
impacted ferritin regulation. Among these pathways, several 

-

of ferritin in different cell types [21,26-29]. Cytokines also reg-
ulate ferritin synthesis post-transcriptionally [30], alter ferritin 
levels indirectly through increasing nitric oxide [31] and stimu-
lated the secretion of ferritin from hepatocytes [32]. 

It has been well-established that elevated serum ferritin 
levels may suggest not only the presence of an iron overload 

state, but is also a marker of inflammatory, autoimmune, infec-
tious or malignant conditions [5,33,34]. Extremely high levels 
can be found in patients with macrophage activation syndrome 
(MAS) [35], adult-onset still disease (AOSD) (36), catastrophic 
anti-phospholipid syndrome (cAPS) and sepsis [5]. These four 
conditions were identified by Shoenfeld et al., and coined under 
the term 'hyperferritinemic syndrome’ [7,37-39]. 

The pathogenicity of the novel SARS-CoV-2 and its effects 
on the immune system has yet not been completely understood. 
However, accumulating evidence suggest that severe progres-
sive COVID-19 disease is associated with uncontrolled inflam-
mation and massive cytokine release, a condition very similar 
to secondary hemophagocytic lymphohistiocytosis (HLH) or 
MAS [10,40,41]. MAS is an aggressive and life-threatening 
syndrome of excessive immune activation, most commonly 
triggered by viral infections [42]. It is associated with immu-
nological abnormalities, including cytokine storm and hyper-
ferritinemia [42]. A cytokine profile resembling MAS, charac-
terized by elevated levels of IL-1, IL-2, IL-6, IL-7, IL-8, and 

disease requiring intensive care unit (ICU) admission [43]. In 
concert with our findings, a recent retrospective, multicenter 
study identified elevated levels of ferritin (mean 1297·6 ng/
ml in non-survivors vs 614·0 ng/ml in survivors;  < 0·001) 
and IL-6 (  < 0·0001) as predictors of mortality among 150 
confirmed COVID-19 cases [44]. Ferritin levels were also 
elevated in severe compared to moderate cases in a smaller 
retrospective study of 21 patients with COVID-19 conducted 
in China [16]. 



In light of this data, we postulate that severe COVID-19 dis-
ease may represent another condition belonging to the hyperfer-
ritinaemic syndromes, sharing a common pathophysiology with 
MAS [45,46]. According to this hypothesis, elevated ferritin is on-
ly the tip of the iceberg of a possible underlying dysregulated hy-
per-immune response. In this subgroup of critically ill patients, the 
inflammatory response flares out of control, leading to pulmonary 
and systemic life-threatening involvement. In order to identify  
these patients early and prioritized resources, we believe that all 
patients with COVID-19 should be screened for hyperferritinemia. 

The hypothesis of hyper-inflammation as a possible patho-
genic mechanism in COVID-19 raises an important question 
regarding the use of immunosuppression. Corticosteroids inhibit 
the host inflammatory response, but may also lead to severe in-
fections and delay viral clearance [47]. Lessons can be learned 
from previous epidemics with the two betacoronaviruses, severe 
acute respiratory syndrome (SARS-CoV) and Middle East re-
spiratory syndrome (MERS- CoV). Current evidence in patients 
with SARS-CoV [48] and MERS- CoV [49] show that adjunctive 
glucocorticoids therapy did not have a beneficial effect on mor-
tality. Therefore, according to the current WHO interim guidance, 
glucocorticoids should not be used routinely in all COVID-19 
patients, unless there are other evidence-based indications [50]. 
However, steroids use in the management of critically ill patients 
with COVID-19-related ARDS is currently controversial. Sev-

eral observational studies, as well as animal experiments, have 
demonstrated that corticosteroids might ameliorate acute lung 
injury in SARS-CoV patients, by induction of T-regulatory cells, 
promoting the differentiation of macrophage type 2 (M2) and 
reducing the burden of pro-inflammatory cytokines [51,52]. An 
ongoing randomized controlled trial by Zhou et al. [53] is eval-
uating intravenous methylprednisolone versus a control group 
in patients with severe COVID-19 disease, in hope to discover 
evidence either supporting or opposing this approach. As summa-
rized recently by Ferro and co-authors [54], other options in the 
growing therapeutic armamentarium of the disease include intra-
venous immunoglobulin (IVIG), small molecules and antibodies 
with selective cytokine blockade (e.g., anakinra or tocilizumab) 
and JAK inhibition. Further studies are urgently needed to better 
define the subgroup of patients that will benefit a more aggressive 
intervention with immunomodulatory drugs. 

Our study has some limitations. First, our sample size was small. 
We describe a modest-sized case series of hospitalized patients. 
In order to better define the clinical course of the disease, natu-
ral history, and risk factors for mortality, collection of data for a 
larger cohort would be needed. Second, this is a cross-sectional 
study, with ferritin levels taken on admission. It would be rele-
vant to investigate the change of ferritin levels over time to con-



firm its correlation with prognosis. In addition, we lack data re-
garding the total body iron storage in these patients. This could 
affect our results, since ferritin levels are expected to be lower 
in patients with iron deficiency anemia, even if they have severe 
COVID-19 disease. Last, we collected and analyzed data from 
only hospitalized patients. Outpatients with mild symptoms or 
patients under home observation were not included in this study. 
As a consequence, mild patients consisted only 51% of the cases 
in our cohort, compared to the general population where most 
infections (about 80%) are mild [55]. This may result in a se-
lection bias in our results and in our general understanding of 
the disease. At the same time, since we did find a significant 
different in ferritin levels when using mild hospitalized patients 
as a reference, it further strengthens our results. Further studies 
in the outpatient settings are required to get a complete picture 
of the spectrum of illness severity.

In the new era of COVID-19, extensive and rapid research is 
important to help guide clinical practices and public health pol-
icies. In this preliminary cross-sectional study, elevated ferri-
tin levels were shown to correlate with disease severity in 39 
patients from Israel with confirmed COVID-19 infection. Our 
results further strengthen the hypothesis that severe COVID-19 
disease might be due to a host immune system that gone awry, 
leaving ferritin behind as a remnant of this cytokine storm. 



Juno et al. characterized humoral and circulating follicular 
helper T cell (cTFH) immunity against spike in recovered 
patients with coronavirus disease-2019 (COVID-19). 
The authors found that S-specific antibodies, memory 
B cells and cTFH, are consistently elicited after severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
infection, demarking robust humoral immunity and positively 
associated with plasma neutralizing activity. Comparatively 
low frequencies of B cells or cTFH specific for the receptor 
binding domain of S were elicited. Notably, the phenotype 

of S-specific cTFH differentiated subjects with potent 
neutralizing responses, providing a potential biomarker of 
potency for S-based vaccines entering the clinic. Overall, 
although patients who recovered from COVID-19 displayed 
multiple hallmarks of effective immune recognition of S, the 
wide spectrum of neutralizing activity observed suggests 
that vaccines might require strategies to selectively target 
the most potent neutralizing epitopes

Vaccine development for severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) is focused on the 
trimeric spike protein that initiates infection. Each protomer 
in the trimeric spike has 22 glycosylation sites. How these 
sites are glycosylated may affect which cells the virus 
can infect and could shield some epitopes from antibody 
neutralization. Watanabe et al. expressed and purified 
recombinant glycosylated spike trimers, proteolysed them 

to yield glycopeptides containing a single glycan, and 
determined the composition of the glycan sites by mass 
spectrometry. The analysis provides a benchmark that 
can be used to measure antigen quality as vaccines and 
antibody tests are developed.


