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Sars-Cov-2 interference in HEME production: is it the time for an early
predictive biomarker?
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Sars-Cov-2 is a new single-stranded RNA virus that seems to
have brought the entire planet to its knees in the last months.
First discovered in a seafood market of Wuhan, it causes a
particular kind of interstitial pneumonia and respiratory failure
that results in patient’s urgent need of respiratory mechanical
support [1]. This has a high impact on the hospitals congestion
conditioning and in turn also its mortality rate.

Sars-Cov-2 preferentially infects alveolar epithelial cells
through its spike protein causing the disruption of the
alveolocapillary membrane that leads to hypoxemic respirato-
ry failure and radiological “ground-glass” pattern [2].
Infection is further characterized by high C-reactive protein
and ferritin levels, anaemia and diffuse thrombosis [3, 4]. In
particular, thrombosis seems to drive the entire disease course:
Sars-Cov-2 infection triggers a large thrombophilic response
that results in diffuse occlusion of the smaller vessels, espe-
cially in the lungs where the result is a wide thrombotic mi-
croangiopathy [5] explaining the radiologic “ground glass”
pattern. This hypothesis is confirmed using clinical and
autoptic evidence of diffuse arterial and vein thrombosis
among Covid-19 patients [6] who benefit greatly from antico-
agulant therapy [7]. This thrombophilic state could be trig-
gered by the wide and powerful inflammatory response to
the Sars-Cov-2 infection and its cytokine storm [8].
Accordingly, Covid-19 patients have high serum levels of
IL-6 correlated with the severity of the respiratory failure
[9]. A multicentre trial is actually ongoing to test whether
Tocilizumab, a well know IL-6 blocker routinely used to treat
chronic inflammation of rheumatoid arthritis, can be used to
mitigate the negative effects of the inflammation and to reduce
the pulmonary damage seen in these patients (ClinicalTrials.

gov Identifier: NCT04317092). Not only IL-6 but also the
proinflammatory cytokine IL-1 was proposed to have a role
in the overwhelming inflammatory response of infected pa-
tients [10]. Furthermore, as IL-1 was shown to be a major
culprit in the development of many cardiovascular diseases
[11], its involvement in the Sars-Cov-2 infection could ex-
plain the high mortality and morbidity rate among
cardiopathic patients.

One of the most important lessons learned from previously
treated COVID-19 patients is that early diagnosis and treat-
ment can drastically improve the prognosis [12]. In view of
this, a strategy focused on screening would guarantee the
identification of asymptomatic patients where an early appro-
priate treatment could be the key to fighting this virus. This
approach, however, needs a low cost, fast, and accurate
screening method which, unfortunately, today is yet to be
developed. Identifying the mechanisms by which Sars-Cov-
2 damages the human body, focusing on the structural pro-
teins, could be a possible strategy to finding an effective so-
lution. Recently, Liu et al. reported the binding capacity of
some structural virus proteins, such as ORF8 and ORF10,
on the porphyrins and HEME group [13]. The authors showed
that the binding of these proteins could inhibit the iron inclu-
sion in the porphyrins, causing an increase in their concentra-
tions and a reduction in haemoglobin synthesis. In addition,
ORF 10 was shown to attack the 1-β chain of the
haemoglobin causing dissociation of the HEME group and
the loss of its iron ions resulting in increased serum iron and
in ferritin production. Free iron ions lead to an increased cel-
lular oxidative stress and could be one of the possible mech-
anisms through which Sars-Cov-2 triggers the inflammatory
response that destroys the lung alveolar cells. On the other
hand it could stimulate ferritin production, aminolevulinic ac-
id (ALA) synthetase transcription and, so, increased levels of
porphobilinogen and ALA. Even if its involvement is not yet
well described, ALA excess could explain, like in acquired
acute porphyria, extrapulmonary symptoms of Covid-19 pa-
tients like gastrointestinal, neurological and neuropsychiatric
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ones. Therefore, Sars-Cov-2, like hepatitis C virus and human
immunodeficiency virus, could lead to a particular form of
porphyria. This mechanism could also explain why traditional
molecules such as chloroquine show promising activity in
treating Covid-19 patients, even if no clear evidence is avail-
able regarding the true effectiveness and safety of this drug.
Severe and life-threatening side effects can usually occur, but
the lack of a standardized and useful treatment makes the risk
acceptable compared with the acute respiratory distress syn-
drome or multiorgan failure related death. It is hypothesised
that chloroquine could act via an interference with the endo-
cytosis mechanism of the virions. Furthermore, according to
the identified side effects including cardiac ones (i.e., QT pro-
longation), probably, there are other collateral pharmacody-
namic mechanisms occurring involving specific ions
channels.

If demonstrated, this mechanism could be a tool to open the
way to new strategies in early detection of infected individ-
uals. From this point of view, Sars-Cov-2 seems to be very
similar to malaria: many clinical and scientific reports have
shown that Covid-19, not only can be successfully treated
with chloroquine but also, like malaria, appears to be diag-
nosed much more frequently in blood group A patients [14].
Based on these results, it is reasonable to assume that low
functional HEME group levels can increase their production
through a positive feedback loop.

In conclusion, if an increase in HEME production pathway
brings increased precursor synthesis, could we routinely dose
marker for lead exposure or porphyria, such as serum
porphobilinogen and aminolaevulinic acid, as biomarkers in
the stages of infection? To date, there seem to be no further
published or ongoing studies about the link between Sars-
Cov-2 and porphobilinogen and ALA synthesis. These two
molecules, instead of others such as ferritin or bilirubin that
can increase in many conditions, could represent not only a
sensitive biomarker of Sars-Cov-2 infection but also a specific
and low-cost diagnostic test. Voided urine collection can be
easily done at home by patients, and, unlike the nasopharyn-
geal swab specimen, it usually does not require healthcare
intervention. Furthermore, it allows obtaining a lot of samples
on which ALA and porphobilinogen can be tested. This could
be useful for two reasons: it could allow reducing the impact
of the infection on the health system congestion, but, on the
other hand, it could also provide a useful method to screen and
to follow up very quickly the population without the need of
the healthcare professional intervention. In addition, if these
indicators would reflect the damaging activity of the virus,
they could potentially be used as a marker to monitor the
response to the treatments.

Further investigations are maybe necessary to assess this
role, but these hypotheses could be also a food for thought to
better understand the Sars-Cov-2 pathogenetic mechanisms
and to find new methods to fight against it.
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