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Reply letter to: Inhibition of SARS-CoV-2 replication using
calcineurin inhibitors: Are concentrations required clinically
achievable?
Dear Editor,

In response to the letter by Dr. Solanich and col.,
we acknowledge the authors for their comment
about our recently published paper in Journal of
Internal Medicine [1], on Cyclosporine plus steroids
for COVID-19 treatment. Dr. Solanich and col.
argue that it is unlikely that an in vivo antiviral
effect of cyclosporine A (CsA) participates on the
beneficial effects observed in our study on patients
with COVID-19; their argument is based on a
published paper showing that an in vitro concen-
tration of 3.3 lM of CsA is necessary to reach
LD50 of antiviral activity against SARS-CoV-2
tested on Vero cell cultures [2], which would be
equivalent to 3968 ng/ml in plasma, representing
10 times the recommended clinical safe levels of
CsA. Then, since in our clinical pilot study we used
CsA at a maximum of 2 mg CsA/kg, this dose
would mean that the plasma levels reached are far
from the 3968 ng/ml needed to get the in vitro con-
centration that shows antiviral activity. Therefore,
we agree that the improvement observed in our
study in patients with COVID-19 may be due
mainly to the immunomodulatory effect of CsA,
mostly in patients with moderate-to-severe dis-
ease.

In general, extrapolating the in vitro results of
static drug testing, to the dynamic in vivo interac-
tions in humans, is a complex issue [3]. Even
across in vitro studies, results are difficult to com-
pare because of the use of distinct cell line models
or even human pulmonary explants [4], as well as
different virus strains, a multiplicity of infection,
timing and methods to assess the antiviral activity.
For example, Pfefferle and cols. determined differ-
ently in vitro LD50 for CsA testing across several
coronaviruses [2], whilst other studies showed that
even higher [5] or lower [6] concentrations of CsA
were needed to observe antiviral effects against
coronaviruses, tested upon distinct experimental
conditions. We do not know a specific study
testing in vitro, the antiviral CsA activity against
SARS-CoV-2.

Since we know neither the actual SARS-CoV-2 viral
load in these COVID-19 patients nor the differences
in viral load across tissues and cell types, we think
that when used at the recommended clinical doses,
an antiviral effect of CsA or tacrolimus could not be
ruled out. Interestingly, and unexpectedly, a recent
study in the UK showed that SARS-CoV-2 infections
were less frequent in transplantedpatients receiving
immunosuppressive therapy (mainly tacrolimus,
cyclosporine and steroids) compared with those on
a transplant waiting list, with no immunosuppres-
sion [7]. Similarly, an international, multicentric
study showed that only 144 out of 9845 patients
with kidney transplants and immunosuppressive
therapywere hospitalizedwithCOVID-19, andmost
of them, with comorbidities [8], suggest possible
protection by tacrolimus or CsA, acting upon unde-
termined mechanisms.

In conclusion, although our study was not
designed to prove that the benefit from CsA is the
consequence of an antiviral effect and we only
suggested this as a possibility, such effect cannot
be ruled out, and further research to test such
hypothesis is warranted.
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