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Abstract: The clinical picture of SARS-CoV-2 infection is variable, ranging from moderate to severe and critical forms.
Various studies have shown that disturbances in certain biochemical parameters are correlated with the severity of the
disease. They can be used to predict the risk of complications, allowing early and appropriate care of these patients. The
aim of our study is to evaluate the correlation between admission ferritin levels and mortality in COVID-19 patients. We
used data from the records of patients with positive RT-PCR admitted to the Mohamed V Military Training Hospital in
Rabat between april 2020 and december 2021. Demographic and biologic data were exctracted from DxLab LIS of
Dedalus. 1.310 patients are included; the average age is 56 years and 72% of patients are male. The all-cause mortality of
seriously ill hospitalized patients in the intensive care units are 23%. 73% of patients who died were over 60 years. The
mean ferritinemia at admission was 2040 ng/ml for patients who died versus 521 ng/ml for the survivors (p <0.01). The
AUC of the ROC curve for ferritin levels predicting all-cause mortality is 0.745. The threshold of 800 ng/ml allows a
sensitivity of 72% and a specificity of 30%. Logistic regression analysis showed that ferritin levels above 800 ng/ml and
age above 60 years are risk factors for mortality (p<0.01) independently of each other. At hospitalisation of COVID-19
patients, high ferritin levels would be correlated with a bad prognosis justifying an early and adapted care of these
patients.
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INTRODUCTION
First details of COVID 19 disease were

MATERIAL AND METHODS
We included adult patients hospitalized at the

reported in December 2019. The virus responsible,
Severe Acute Respiratory Coronavirus 2 (SARS-COV-
2), causes a constellation of symptoms affecting various
organs. One of the most severe clinical pictures is
characterized by an acute inflammatory syndrome
"cytokine  storm"™  suggestive  of  secondary
hemophagocytic lymphistiocytosis. Ferritin, a positive
acute phase protein, reaches very high concentrations in
the serum group of severe patients and has been
proposed by different authors as a bad prognostic factor
in COVID-109.

The aim of our retrospective descriptive study
is to analyse the correlation between admission ferritin
levels of patients hospitalized with COVID-19 and all-
cause mortality.

Mohamed V Military Instruction Hospital in Rabat for
COVID-19 between April 2020 and December 2021.
Only patients with a positive PCR result from a nasal or
pharyngeal swab and at least one ferritin test on
admission are included. Serum ferritin determination is
performed by immunochimiluminescence (CMIA) on
Abbott Architect. All demographic and biological data
are extracted from the DxLab LIS of Dedalus. The
prognosis of seriously ill patients admitted to the
Intensive Care Unit is determined by the physician.

The descriptive statistical study analyzed the
demographic characteristics of the patients and their
ferritinemia  results. Thereafter, we studied the
correlation between admission ferritin levels and all-
cause mortality. The y2 test is performed at the 1%
significance level. We calculated specificities and
sensitivities to generate a "receiver-operator” (ROC)
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curve. Then we calculated the area under the curve
(AUC) and used the J Youden statistic to evaluate the
ferritinemia  threshold that provides the best
performance for predicting all-cause mortality.
Descriptive statistics, data analysis and graphing were
performed using Excel and SPSS software.

RESULTS AND DISCUSSION

We included 1.310 patients, 72% are mal. Age
ranged from 18 to 98 years with a mean of 56 years and
a standard deviation of = 3 years. 47% of patients are
over than 60 years of age, 29% between 40 and 60
years, 17% between 25 and 40 years and 8% are under
25 years. According to gender, the average age of men

is 56.4 years while 56 years for women. The all-cause
mortality for seriously ill patients hospitalized in the
ICU is 23%. It is 34% for men and 28% for women.
73% of patients who died were over 60 years of age.
The mean ferritin level at admission in patients is 1,106
ng/ml, ranging from 2 ng/ml to 40,000 ng/ml. A level
higher than 300 ng/ml is found in 70% of patients.
Mean ferritin at admission was 2,040 ng/ml for the
group of dead patients versus 521 ng/ml for the
survivors (p <0.01). The following table summarizes
the evolution of the kinetics of ferritinemia according to
the days of hospitalization for surviving and non-
surviving patients.

Table 1: Evolution of ferritin according to the days of hospitalization

Mean ferritin for survivors (ng/ml) | Mean ferritin for non-survivors (ng/ml)
Day 1-3 522 2,109
Day 4-6 690 2,634
Day 7-10 | 783 1,843
Day 11-14 | 846 1,054

The AUC of the ROC curve for ferritin levels
allowing to predict all-cause mortality is 0.745. A

threshold of 800 ng/ml provides a sensitivity of 72%
and a specificity of 30% (Figure 1).

Sensibility
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Figure 1: ROC curve for ferritin at admission and mortality

Moreover, analysis using a logistic regression
model shows that a ferritin level above 800 ng/ml,
regardless of age, reduces very significantly the survival
probability for an individual with Covid-19 (p<0.01).
Similarly, an age over 60 years, regardless of ferritin
level, significantly increases the probability of death
(p<0.01).

There is no consensus on the criteria for
hospitalization of infected patients, so there is
heterogeneity in the demographics data of the patient

populations. In our study, the majority of patients are
male with an average age of 55 years. This male
predominance is found in other Moroccan studies [1, 2]
but also in most international meta-analysis [3, 4]. The
mechanism is not yet fully elucidated. According to
some authors, if the angiotensin-converting enzyme 2
(ACE2) receptor, the main cellular receptor of SARS-
CoV-2, favors the penetration of the virus into the cell,
its soluble form may constitute a protective factor
against COVID-19. The positive correlation between
circulating ACE2 activity and estrogen expression
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would explain the relative protection of women
compared to men in COVID-19 [5, 6]. For various
studies, the age category of hospitalized COVID-19
patients is between 49 and 69 years [3, 4, 7], with
severe forms occurring in adults older than 60 years of
age and in those with certain comorbidities, such as
cardiovascular disease and diabetes [8, 9]. Furthermore,
mortality related to COVID-19 is variable depending on
the inclusion criteria and confounding factors. The
majority of international publications report high in-
hospital mortality exceeding 20% [10-12]. In our series,
the rate is 23% for patients admitted to the ICU, close to
the 21% found in our first study (1) but much lower
than the rates exceeding 45% reported by other authors
[2, 13, 14]. Old age and the presence of comorbidity
have been identified as risk factors for mortality by
various authors [10, 14-16]. In our study, the mortality
rate is higher in patients over 60 years of age; therefore,
the age is an independent risk factor. Zhou et al., [10]
report similar data with a male mortality of 70% for an
average age of 69 years with the presence of
comorbidity in 67% of cases. In France, 89% of the
patients who died were over 65 years of age and 90%
had a comorbidity, the main ones being diabetes,
cardiac pathology, hypertension, pulmonary pathology
or morbid obesity [15]. In our study, the association of
comorbidity and mortality could not be performed
because of data’s collection mode.

The clinical manifestations of COVID-19
range from asymptomatic, mild, moderate to severe and
critical forms. Symptomatic infections cases are often
associated with several biochemical disturbances
including hyperferritinemia. Wu et al., [10] report an
increase in 78.5% of patients and for Zhou et al., [8],
80% of patients had a ferritin level above 300 ng/ml,
close to the rate found in our series. Furthermore,
ferritin levels are statistically higher in group of patients
with severe forms versus non-severe (1,17,18). Taneri
et al., [19] in a meta-analysis including 57,563 COVID-
19 patients confirmed this statistically significant
difference with p <0.001.

In our study population, we found a significant
difference in ferritin between the group including dead
patients and the survivor group, the levels in both
groups remain high during the 14 days of
hospitalization. Zhou et al., [10] reported a mean
ferritin level of 1,435 ng/ml in the non-survival group
versus 503 ng/ml in the survival group (p<0.001) with
high levels after 16 days of hospitalization. For lino et
al (14), the non-survivor group had a mean ferritin level
of 4,207.7 ng/ml versus 1,717.1ng/ml for survivors (p
<0.05). For Meng Jin et al., [20] the mean ferritin in
deceased patients is 1,407 ng/ml versus 566.90 ng/ml
for survivors (p < 0.001). Similar results were found by
Chen et al., [21] with a significant difference in median
ferritin levels between the non-survival and survival
groups with 1,414 ng/ml versus 481.2 ng/ml
respectively. Meta-analysis [4, 18, 22] have confirmed

this strong correlation with p<0.001. Some authors have
determined the threshold of ferritinemia allowing the
best performances in terms of sensitivity and specificity
to predict mortality. Qeadan et al., [23] found for a
threshold of 714.3 ng/ml, close to the one used in our
study, an AUC of 0.997 with an Odds ratio (OR) of 3.7.
These authors also reported a variability of the
threshold according to sex: 733.3 ng/ml for women with
an AUC of 0.996 and an OR of 5.1 while for men, it is
740 ng/ml, an AUC of 0.998 and an OR of 3.4. For
Zhou et al., [10], in univariate analysis, a ferritin level
above 300 ng/ml has an OR of 9.10. In a Brazilian
study, Lino et al., [14] reported an AUC of 0.79 with a
higher threshold of 1,873 ng/ml allowing a sensitivity
of 68.4% and specificity of 79.3%. Analysis using a
logistic regression model confirmed that ferritin level
higher than 1,873 ng/ml and age over 60 years were risk
factors for mortality independently of each other, with
an OR of 6.04 (p: 0.016) and an OR of 10.490 (p:
0.008) respectively.

The pathophysiology of the elevated ferritin
levels found in patients with serious condition and in
non-survivors is not fully elucidated. For different
authors, these levels do not only reflect a response of
the acute phase of the inflammation but probably play a
critical role in contributing to the development of the
cytokine storm [24]. Therefore, the H chain of ferritin
could play an important role in the activation of
macrophages to increase the secretion of inflammatory
cytokines [25].

Another explanation for these increased ferritin
levels could be the stimulation by IL6 of the
JAK/STAT3 signaling pathway leading to the
transcription of the gene for Hepcidin, the main
homeostasis hormone of iron metabolism [24]. The
increase in hepcidin blocks ferroportin, a protein that
transports iron out of cells, causing cellular
sequestration of iron mainly in hepatocytes, enterocytes
and macrophages. This intracellular sequestration of
iron leads to an up-regulation of cytosolic ferritin,
which sequesters and stores iron to prevent free
radical’s damage induced by iron [24, 26]. The dramatic
increase in ferritin levels in severe COVID-19
associated with lymphopenia, reduced NK cell activity,
liver  function disturbances and  coagulation
abnormalities have made it associated with
hyperferritinemic ~ syndromes  [25, 27]. These
syndromes, which include still disease, septic shock,
macrophage activation syndrome and catastrophic
antiphospholipid syndrome, are characterized by life-
threatening hyperinflammation that eventually leads to
multivisceral failure [25-27]. On the basis of such
results, some authors have even suggested the use of
rapid capillary blood ferritin tests at home for COVID-
19 patients, in addition to clinical evaluation. This
approach would allow the possibility of early treatment
with corticosteroids and the need for hospitalization to
be properly assessed in order to avoid saturation of the
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emergency services [28]. Future studies would also
explore the impact of new drugs targeting iron
metabolism in severe forms of COVID-19 [26, 27].

However, our study has several limitations,
mainly related to the retrospective nature of the study
and the collection of data from the LIS and not from the
patient record (absence of clinical data and notions of
comorbidities). On the other hand, our work cannot
claim to reflect the true mortality of patients since the
prognosis could only be determined for patients
transferred to the ICU. Furthermore, the interpretation
of ferritin was done in the absence of any pre-diagnostic
COVID-19 knowledge of the patients’ iron metabolism
(iron deficiency  or inflammatory ~ anemia,
hemoglobinopathies).

CONCLUSION

To our knowledge, our work is the most
extensive Moroccan study dealing with the place of
ferritin as a marker of clinical deterioration and bad
prognosis in hospitalized COVID- 19 patients.
However, the interpretation of ferritin must be done
taking into account clinical, radiological data and other
biological parameters of inflammation, coagulation and
organ damage.
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