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Antiviral Activity in Vitro
(EC50 Value)

Bridging of antiviral activity in vitro and the concentration in vivo. Abbreviation: EC50 value, half-

hours postinfection, Vero cells), which
was about 6-fold higher than that of Yao
et al [7]. In brief, the determination of
EC,, value in vitro can be significantly
influenced by many experimental fac-
tors, and there is a marked difference
between labs even if the method is
the same. Because the parameter R

(Ctrough,lung
dynamics index in evaluation of dosing

LTEC

/EC,;) is the key pharmaco-

regimen for antiviral drugs based on
PBPK modeling and in vitro antiviral
activity, the factors affecting the EC_
analysis should be taken into account.
In addition, the measurement of anti-
viral activity (EC,, value) in vitro re-
quires rigorous methods, and the EC_
value alone is not sufficient to judge a
drug’s in vivo antiviral activity [10].

IN CONCLUSION

o PBPK model is a novel strategy to op-
timize the dosing regimens by using
antiviral activity in vitro; however, the
development of this model must be
based on reasonable assumption.

o The predicted target tissue (lung) con-
centration must correctly match the
EC50 value in vitro.
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Response to Jia and Wang

To THE EpITOR—Thank you for the op-
portunity to respond to the letter by Jia
and Wang regarding our earlier publica-
tion [2].

We appreciate the comments made
by Jia and Wang, especially those recog-
nizing our novel strategy of integrating
the in vitro activity and lung concen-
tration of hydroxychloroquine (HCQ)
using a physiologically based pharmaco-
kinetic (PBPK) model to optimize dose
regimens. The time between the deter-
mination of anti-severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
activity of HCQ in vitro and the recom-
mendation of dose regimens of HCQ
and chloroquine (CQ) using PBPK simu-
lations were less than 1 week, and our
clinicians almost immediately used these
recommended human doses to evaluate
drug efficacy and safety in coronavirus di-
sease 2019 (COVID-19) patients in China
(ChiCTR2000029899). This would be ex-
tremely difficult without PBPK models.

We agree with Jia and Wang that the
“application of PBPK ... must rely on rig-
orous pharmacokinetic mechanism and
reasonable assumption.” We declared as-
sumptions and limitations of the model,
and indicated that future studies are un-
derway to update the models [2].

The comment “the target tissue (lung)
concentration of HCQ was overestimated
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and mismatched the in vitro activity
(EC,,)” suggests that Jia and Wang may
not have carefully read or understood our
approach and the assumptions presented
in the paper. We described HCQ dose
regimen optimization in the Methods
section as follows: “in a recent clinical
trial, 500 mg of chloroquine phosphate
given twice daily was shown to be effec-
e day 5). This
dosing regimen for chloroquine was

tive on study day 5 (R

used as the target for dose optimization
for hydroxychloroquine” Although we
calculated the R . for each compound
(CQ and HCQ), we ultimately used rel-
ative potency between the 2 compounds
to facilitate HCQ’s dosing recommenda-
tions, rather than judging whether HCQ
is effective or not. As compared to con-
ventional methods that predict clinical
efficacy based on in vitro and in vivo data
of the same compound, our approach
heavily relied on the emerging clinical
antiviral effect by CQ (CQ was reported
to be effective in 22 COVID-19 patients,
as released on a clinical trial website and
published later) [3-5]. Even for conven-
tional methods, “mismatching” in vivo
with in vitro data has been widely applied
in drug development to understand the
uncertainty of predicting in vivo efficacy/
safety. The same concept has long been
employed by industry and global regu-
lators to predict clinical drug-drug inter-
actions using different in vivo exposure
measures for different interaction mech-
anisms. A recent analysis by Jansson-
Lofmark et al [6] demonstrated a wide
range of ratios of unbound trough con-
centration in plasma to in vitro potency
for 164 marketed drugs across different
indications. As such, we suspect that an-
yone can confidently claim a drug’s in
vivo efficacy based on in vitro data before
the drug efficacy is determined clinically
(otherwise, we would either skip or sig-
nificantly shorten Phase II clinical trials
in today’s drug development).

We agree with Jia and Wang that “in vitro
activity was significantly affected by exper-
imental factors” Unfortunately, our group
was 1 of the first reporting half maximal

effective concentration (EC,) of HCQ
against SARS-CoV-2 [2]. Had we known
other groups’ findings at the time we did our
analyses, we would have considered them in
our analyses: for example, by conducting
sensitivity analyses or using average data.
Finally, we would like to reiterate our
response to an earlier letter to the ed-
itor: “although one can employ modeling
and pharmacology concepts to predict
the likelihood of clinical efficacy from in
vitro data, given the inherent limitations
of any modeling approach and assump-
tions being made, in vitro efficacy can
only be ultimately confirmed through
clinical trials. To this end, any modeling
analysis has to fit for purpose” [7].
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Symptomatic Severe Acute
Respiratory Syndrome
Coronavirus 2 (SARS-

CoV-2) Reinfection by a
Phylogenetically Distinct Strain

To THE EpiTOR—ToO and colleagues re-
ported the first documented case of an
asymptomatic reinfection with severe
acute respiratory syndrome coronavirus
2 (SARS-CoV-2) after 4.5 months [1].
As the patient experienced only mild
symptoms during the first episode, the
question remains whether a weak im-
mune response after the first episode
might explain the reinfection. It has been
suggested that patients with an asymp-
tomatic or mild SARS-CoV-2 infection
have a weaker immune response because
their antibody titers are significantly
lower than in patients with pneumonia
[2]. An estimated 20% do not serocon-
vert [3]. It also remains unclear whether
patients can have a symptomatic rein-
fection. A recent Italian study reported
no clinical reinfections within 3 months
after hospital discharge [4]. We here re-
port a symptomatic reinfection 93 days
after a moderate SARS-CoV-2 infection.

In March 2020, a 51-year-old women
presented to the general practitioner
symptoms of headache, fever, myalgia,
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