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Hyperferritinemia in critically ill COVID-19 patients — Is ferritin the product of inflammation or a E

pathogenic mediator?
Dear editor:

Since the first case of novel coronavirus disease 2019 (COVID-19)
was identified in December 2019 in Wuhan (Hubei, China), the virus
has continued to spread around the world. Patients infected with the
novel coronavirus, designated as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), develop the disease COVID-19, which can
cause severe pneumonia and damage the liver, heart and kidneys. The
inflammatory cytokine storm has been recognized as the primary cause
of death [1], which is defined by the excessive and uncontrolled release
of pro-inflammatory cytokines, as has been reported in other infections
caused by pathogenic coronaviruses [2]. For instance, inflammatory
cytokines released by macrophages (IL-6, IL-10, and TNF-a) increase in
patients with severe COVID-19 disease, resulting in damage to the lungs
and other organs [1]. Consequently, measurements of plasma in-
flammatory markers could be useful for predicting the disease progress.

Studies on COVID-19 patients have reported the levels of some in-
flammatory markers such as procalcitonin, C-reactive protein, ery-
throcyte sedimentation rate and serum amyloid A. However, little at-
tention has been paid to ferritin, even though hyperferritinemia has
been shown to be associated with complications in other viral diseases
such as dengue fever [3]. In order to determine if the circulating ferritin
concentration could be used to predict COVID-19 progression, and to
associate hyperferritinemia with the development of the cytokine
storm, we reviewed all published studies that documented serum fer-
ritin levels in patients with severe and non-severe COVID-19 disease,
along with other inflammatory factors, which are summarized in
Table 1 [1-8]. Table 1 also includes studies reporting ferritin and cy-
tokine levels in COVID-19 survivors and non-survivors.

It should be noticed that most of the studies presented in Table 1
were retrospective in design and were performed at single centers in
Wuhan. These studies report ferritin concentrations of COVID-19 pa-
tients only at the time of hospital admission. It can be observed that the
concentrations of ferritin are generally within the normal range
(30-400 pg/L [3]) in patients with non-severe disease (according to the
National Health Commission of China guidelines for COVID-19 severity
classification). However, hyperferritinemia (ferritin level > 400 pg/L),
was observed in patients with severe disease on admission. In fact, the
average ferritin concentration was > 800 ug/L for patients with severe
disease. Moreover, ferritin levels on admission were between 1.5 and
5.3 times higher in patients classified with severe disease in comparison
to patients with less-severe COVID-19 disease. Table 1 also presents
studies comparing ferritin levels on admission between COVID-19 pa-
tients that did not survive and died at the hospital and patients that
were discharged after being successfully treated. These studies reported
that non-survivors showed ferritin levels on admission around 1400 pug/
L, which is between 3 and 4 times higher than that observed in survi-
vors. These studies also reported the levels of serum cytokines such as
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IL-6, which are especially high on admission in those patients devel-
oping severe disease. One study reported that both ferritin and IL-6
concentrations showed higher values in non-survivors in comparison to
discharged patients throughout the clinical course, and increased as the
patient deteriorates [8]. Liu et al. reported that, when patients began to
recover, the ferritin and IL-6 concentrations decreased [5]. This may
confirm that hyperferritinemia is associated with inflammatory states in
SARS-CoV-2 infection, and therefore, ferritin can be a useful parameter
to predict disease severity and the extent of the cytokine storm.
However, we should ask what the source of the increased plasma
ferritin concentration is and the potential role of this protein during
inflammation following COVID-19 disease development. Active ferritin
production during the course of inflammatory diseases can occur
(Fig. 1). Macrophages, which produce cytokines and account for the
majority of the immune cells in the lung parenchyma, might be re-
sponsible of the secretion of serum ferritin [9]. Moreover, ferritin
synthesis can be induced by several inflammatory stimuli including
cytokines, such as IL-6 [9]. Interestingly, high IL-6 concentrations in
COVID-19 patients have been correlated to disease severity [5]. Thus,
since ferritin might be actively secreted at the site of infection, it is
possible that ferritin can assume other functions apart from its classic
role as an iron storage protein. Accumulated data have implicated a role
for ferritin as a signaling molecule and direct mediator of the immune
system [9]. Complex feedback mechanisms between ferritin and cyto-
kines in the control of pro-inflammatory and anti-inflammatory med-
iators might exist as cytokines can induce ferritin expression, but fer-
ritin can induce the expression of pro- and anti-inflammatory cytokines
as well, as presented in Fig. 1 [9]. A debate between different schools of
thought exists regarding the pathogenic role of ferritin during in-
flammation [10]. An interesting area for future research would be the
analysis of the structure of plasma ferritin in COVID-19 patients. Fer-
ritin is composed of 2 different subunits, H and L. Different studies have
suggested that H subunit expression is driven by inflammatory stimuli
and H-ferritin may work as an immunomodulatory molecule, displaying
both pro-inflammatory and immunosuppressive functions [9,10].
Finally, if ferritin is involved as a pathogenic mediator in COVID-19,
techniques such as therapeutic plasma exchange might be beneficial for
SARS-CoV-2 infected patients as this will decrease the levels of ferritin
and cytokines. Plasma exchange is an automated process whereby the
patient’s plasma is removed and replaced by donor plasma from the
blood bank, and has been shown to be very beneficial in certain dis-
eases. Lastly, it is worth mentioning that most of the studies presented
in Table 1 were performed in Wuhan during the early phase of the
outbreak, where hospitals with inadequate medical facilities and in-
sufficient staff were overwhelmed with patients. These patients were on
the vanguard of the pandemic, and SARS-CoV-2 itself may have had
changes in virulence during human-to-human dissemination. Therefore,
hyperferritinemia in affected patients should be further verified in
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Fig. 1. Potential role of ferritin during inflammation following COVID-19 infection. Active ferritin production by macrophages and cytokines may lead to hy-
perferritinemia, which in turn, might promote the production of several pro-inflammatory (IL-13) and anti-inflammatory cytokines (IL-10) [9,10].

multi-center studies with larger sample sizes and performed in other
countries. Nevertheless, we believe that longitudinal monitoring of
ferritin during hospitalization may help to identify severe patients and
predict the progression of COVID-19 towards a worse clinical prognosis.
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