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We would like to thank the reviewers for their thorough reading of the
manuscript and their excellent comments and suggestions. In this letter, we
present the reviewers’ comments in black and provide our responses in red. All
the changes made in response to the reviewers’ comments both in PBIOLOGY-
D-20-01314R1 and PNAS MS# 2020-04882 (see later) have been addressed in
the revised version of the manuscript. We believe that the manuscript has been
considerably improved by these changes. All coauthors agreed with these
changes.



Editor Remarks to Author:

| should make it clear that reviewer #1 informed us that s/he had seen
this manuscript elsewhere, but because you had not addressed any of the
concerns raised, they simply provided their previous review. We also recruited a
third reviewer; however, they also realized that they had seen the paper at
another journal, and because none of their concerns had been addressed, they
declined to submit a review.

Reply to Editor Remarks:

After first viral load data of COVID-19 patients published in [1] Feb19, we
immediately analyzed them, and submitted the results to PNAS as “PNAS MS#
2020-04882”. Our paper was sent to external review but was rejected mainly
because of the limited size of the datasets. At that time, it was difficult to find
additional datasets, but now several more datasets are available to address all
the comments from the reviewers in PBIOLOGY-D-20-01314R1 as well as PNAS
MS# 2020-04882. We have significantly improved this paper with the additional
data and analyses which, we believe, satisfy all the prior reviewers. Please find
our appeal and reconsider our revised manuscript.

You'll see that both of the reviewers raise significant concerns about the
manuscript, but the Academic Editor particularly focused on the following
reviewer comments when advising us not to consider your manuscript further:

1. “As a result, the major conclusion that SARS-CoV-2 has more severe infection
dynamics that mild MERS does not seem very robust or to add more insight than
just looking at viral loads.”

Reply to Editor comment 1:

In our current analysis, the viral load data from six published papers (only
a single paper was used in our previous version) of hospitalized COVID-19
patients were used [1-6]. We also added MERS-CoV data from Saudi Arabia [7].
For consistency, the viral load data from upper respiratory specimens were used
in the analysis except for the MERS-CoV data from Korea which is from sputum
or tracheal aspirate. We avoided discussing the “severity” of SARS-CoV-2 since
the data we have analyzed with regard to SARS-CoV and SARS-CoV-2 is not
annotated with patients’ severity. Here we focused on the quantitative comparison
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of SARS-CoV-2, MERS-CoV and SARS-CoV infection dynamics. In this revised
manuscript, we have now computed the time of the viral load peak relative to the
time of symptom onset. We found the peak comes earlier for SARS-CoV-2 cases
than for SARS-CoV or MERS. Combined with the finding of a larger reproduction
number at symptom onset, Rg,, our findings suggest the difficulty of using
antiviral therapy to control SARS-CoV-2 infection compared with the other two
coronaviruses.

2.“Since the parameter space seems very flat for most of the models, comparing
whether 'virus' (ie: SARS1, SARS2, MERS) is a significant factor in fitting a non-
linear mixed effects model to the entire data set seems important. (they also pool
both mild and severe MERS in the mixed effects - so they presumably did not
address the central conclusion of the manuscript using this approach).”

Reply to Editor comment 2:

In this new manuscript, the difference among the three coronaviruses
became clearer. In particular, we find the reproduction number at symptom onset
(Rso) and the time from symptom onset to the viral load peak differentiates the
dynamics of SARS-CoV-2 from that of SARS-CoV and MERS. As we did not have
data on the severity of COVID-19 in SARS-CoV-2 and SARS-CoV patients, the
mild and severe cases of MERS were combined in this revised manuscript.

3. “With the one drug class that does show an effect with late initiation, | found
the prediction of the viral load declining faster with late initiation (and even
crossing over) than with early initiation difficult to understand (Fig. 3C). The
authors do not offer an explanation of this behavior, which they should be able to
using their model. Thus, | find the inferences of the effects of different drug
classes and timing of treatment initiation not satisfactory.”

Reply to Editor comment 3:

In our revised work reported on here, we found an interesting property for
therapies that increase the death rate of infected cells. If drugs promoting
cytotoxicity are initiated after the peak viral load (i.e., late initiation), then the
drugs effectively enhance viral decay (since the cells producing virus are more
rapidly killed) and reduce the cumulative viral load (i.e., AUC). While, if the drugs
were initiated before the viral load peak (i.e., early initiation), then the drugs
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delayed the time of viral load peak rather than enhancing the rate of decay of the
viral load, and therefore had relatively mild effects on AUC reduction. Because
drugs promoting cytotoxicity cannot block ongoing de novo infection, the antiviral
effects depend on target cell availability. In other words, because a large fraction
of target cells remain at the early phase of infection, ongoing de novo infection is
not blocked by drugs enhancing clearance of infected cells and infection
continues albeit at slower speed. The revised manuscript explains these effects
in detail.

Data from 66 individuals are now analyzed yielding more robust results:

We used 39 cases in which viral loads were measured using nasal swabs
(China [1]), pharyngeal swabs (Germany [5]), nasopharyngeal swabs (Singapore
[6], France [4], USA [2]) and nasopharyngeal and oropharyngeal swabs (Korea
[3]) from SARS-CoV-2 infected patients, 13 cases of viral load from sputum or
tracheal aspirate (Korea [8]) and nasopharyngeal and oropharyngeal swabs
(Saudi Arabia [7]) from MERS-CoV infected patients, and 14 cases of viral load
from nasopharyngeal aspirate (Hong Kong [9]) from SARS-CoV infected patients,
respectively. The data are summarized in Table S1.

Additional quantitative analysis for combination therapies:

Effective combinations of anti-SARS-CoV-2 therapies might enhance the
antiviral effects and/or reduce the individual drug dose and/or the side effects, all
of which are highly desirable. This is expected when the modes of action are not
the same between drugs. To evaluate whether combination therapies provide
better outcomes than monotherapies, we have now expanded our paper to
include quantitative analysis of combination therapies for SARS-CoV-2 as well as
MERS-CoV and SARS-CoV.

Major changes in revision:
We added the following results in the Text and Supporting Information
during revision:

(iv) Combination therapy in Results and Discussion and Methods
Figure 3

Figure S1

Figure S2
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Figure S3
Figure S4
Figure S5
Figure S6



Reviewer #1 in PBIOLOGY-D-20-01314R1:

Reviewer #1 in PNAS MS# 2020-04882 as well:

Covid-19 represents a major human health challenge and timely and informative
assessment of viral dynamics could accelerate the development of therapeutics.
This manuscript addresses that question using published data on SARS, SARS-
CoV-2, and MERS. It comes to a number of conclusions about differences in viral
dynamics between infections as well as the potential impact of interventions. The
major weaknesses of the work are the poor data input, and the very poor fit of the
model to the data.

Reply to Reviewer summary:

We are glad that the reviewer recognized the importance of the study’s
purpose. We agree the sample size of the data was small in our previous analysis.
In this revised manuscript, longitudinal viral load data from hospitalized COVID-
19 patients described in six published papers (it was only a single paper
previously) were used [1-6]. We also included additional MERS-CoV data from
Saudi Arabia [7]. In total, we collected and analyzed the longitudinal viral load
data from 39 SARS-CoV-2 cases, 13 MERS-CoV cases, and 14 SARS-CoV
cases. The data are summarized in Table S1.

[ Major issues]

1. A major conclusion of the data relates to comparing different viruses, and in
the context of SARS-CoV-2 the comparison with mild / severe MERS is the
major one discussed. However, there are major differences in the data sets
that make this comparison difficult.

a. The detection limits for SARS-CoV-2 is 15 copies versus 1000 copies for
the other viruses. Six of 14 SARS-CoV-2 patients have no values >1000, and
another 5 have only 1 value >1000. This leaves 3 patients with > 1 value that
would have been detected in the other assays.

Reply to major comment 1-a:

As the reviewer noted, the viral load was not measured using the same
lower threshold in different studies. However, we do not think this limits the
comparison between the different viruses. The utility of mathematical model is
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that by fitting all of data simultaneously using a population approach in the context
of a mixed-effects model we can use the model to estimate the viral load even if
some data is missing or under the detection limit. Thus, even though the data
above the detection limited is scarce for some cases, we can robustly estimate
the parameters for those cases. Further, the data under detection limits were
treated properly using a commonly used approach in this field for handling
censored data (see Method section).

b. The data for mild MERS-CoV has only 4 datapoints that exceed the
detection limit (two of which are in the same patient). Put alternatively, the
data includes 5/8 patients for whom virus never exceeded the detection limit
(and the model predicts a rising viral load after cessation of collection in these
patients - 2 -4 weeks after symptoms). As a result, the major conclusion that
SARS-CoV-2 has more severe infection dynamics that mild MERS does not
seem very robust or to add more insight than just looking at viral loads.

Reply to major comment 1-b:

We agree that including patients without data above detection limit does
not make sense. In this version, only data from patients with more than three data
points above the detection limit were included in the analysis. Further, the data
from patients treated with antivirals were excluded (see Study data in
Supplementary Material). We also analyzed the data of mild and severe cases
of MERS together, because patients’ severity was not reported for the other two
coronaviruses.

2. The authors say that they use a mixed effects model, but then do not state
whether 'virus' as a fixed effect is significant. They instead appear to plot
central estimates from bootstrapping and compare these using a t test. Since
the parameter space seems very flat for most of the models, comparing
whether 'virus' (ie: SARS1, SARS2, MERS) is a significant factor in fitting a
non-linear mixed effects model to the entire dataset seems important. (they
also pool both mild and severe MERS in the mixed effects - so they
presumably did not address the central conclusion of the manuscript using
this approach).



Reply to major comment 2:

In the revised mixed effect model, the different viruses were used as fixed
effects (categorical variable). We then tested each of the model parameters to
determine if they covaried with the virus type. There was statistical support (i.e.,
significant difference) for the parameters y, g and V(0), to covary with the virus
type (see Table 1).

3. Table S1 shows a variety of parameter estimates for the different infections.
A number of the columns seem redundant (L = 1/ delta, C = 1/R0).
Parameters estimates for beta in SARS-CoV-2 vary by >10e4, and estimates
for VO vary by 10e10.

Reply to major comment 3:

We agree that the mean length of virus production of an infected cell (L =
1/8) and the death rate of infected cells § are mathematically identical (as well
as Rgy and C*). However, the biological meanings of these indices are important
in this study. Thus, we choose to retain them in Table S1. Also, note that the
values of our estimated parameters have been updated from those in previous
analysis and for example the estimates of beta for SARS-CoV-2 now cluster
around a few times 10e-6 with a few outliers and the estimates of V(0) for SARS-
CoV-2 vary by less than 1e4. Because t=0 is the time of symptom onset, we do
not find it surprising that V(0) estimates vary; recall some individuals with high
viral loads never show symptoms.

4. The modelis essentially a 'target cell limited' one. However, it seems implicitly
assumed that the number of target cells is the same for everyone (and thus
viral load can only vary with viral parameters). It also assumes no immune
response (even though many of the peaks are predicted to occur >10 days
from symptoms (which are 5-7 days from infection)). The assumption that
decline in viral levels occurs due to target cell destruction limits analysis of
drug effects. In addition, although the basal turnover of ‘'target' cells is
assumed to be low, the homeostatic replacement rate might be quite high
(and would affect interpretation).

Reply to major comment 4:



We agree that our simple mathematical model has limitations. However,
target cell limited models have proved very valuable in understanding infection
dynamics and therapy for HIV [10, 11], HCV [12], influenza [13], West Nile virus
[14] Zika virus [15] and for SARS-CoV-2 [16-18]. Although the model does not
explicitly describe immune responses, the effects of immune responses are
implicitly included in model parameters such as the infection rate, which can be
influenced by innate responses, and the death rate of infected cells, which can
be influenced by adaptive immune responses. Because of the simplicity of the
model, the model parameters can be estimated and compared among the various
coronaviruses. These points are now incorporated into the text at the beginning
of the methods section. Next steps will be to explicitly consider immune
responses in models after they become better studied. For influenza, which also
infects epithelial cells in the respiratory system, a model that included logistic
proliferation of target cells was tested and rejected because the estimated growth
rate was not significantly different than zero [13]. Also, observations in the human
trachea after influenza infection suggest epithelial cell replenishment mainly
occurs after the infection is cleared. Lastly, target cell limitation does not imply
that all epithelial cells need to die to limit infection. For the beta coronaviruses,
only a small fraction of all epithelial cells carry the ACE2 receptor and the required
protease enzymes need for viral entry and thus are target cells for these viruses.

In principle, when relevant data becomes available for the three
coronaviruses we study here, the effects the reviewer mentions could be included
in an extended version of our model. However, without experimentally or clinically
validated datasets, building a complicated model may end up including nonlinear
terms that are unvalidated and potentially far from reality. We also would face the
difficulty of identifiability of parameter as we discussed in our recent paper (S
Iwanami et al., 2020 in PLOS Biology). Further, in recent reports, different and
more complicated mathematical models reached similar conclusions especially
about the timing of drug initiation needed to reduce SARS-CoV-2 viral load [16,
19], suggesting robustness of our analyses here.

We added material to clarify that there are the limitations of our
mathematical model but that meaningful insights into COVID-19 therapies can
still be obtained (See Lines 329-338on Page 16).

5. The conclusions about drug effects are very dependent on assumptions of
viral dynamics. For example, there appear to be only 2 SARS-CoV-2 patients
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where there is a meaningful rise in virus (others have a one-off high value).
Yet conclusions about the relative impact of different drugs is dependent on
the assumption of viral growth after presentation. The assumption of target
cell limitation also strongly affects the interpretation of potential drug effects.

Reply to major comment 5:

In our revised manuscript, we now analyze longitudinal viral load data
from six published studies involving hospitalized COVID-19 patients [1-6]. We
also added MERS-CoV data from Saudi Arabia [7]. Using the simple (but
reasonable at least for these coronavirus infections) mathematical model in
combination with these published viral load data collected from the same
specimen, we now obtained reasonable and robust parameter estimations for
SARS-CoV-2, MERS-CoV, and SARS-CoV infection.

6. This is an important question and the authors apply a rational approach to
analysis. It is a pity that limitations in data fitting make it difficult to draw any
meaningful conclusions.

Reply to major comment 6:

Thank you for the positive comment on our mathematical model-based
quantitative data analysis for SARS-CoV-2, MERS-CoV, and SARS-CoV infection.
We agree available data were limited when we first submitted our manuscript. But
now we use several additional data sets to address all the reviewer’s comments.
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Reviewer #2 in PBIOLOGY-D-20-01314R1:

In this article, the authors apply standard models of viral dynamics to data on
SARS-CoV-2, MERS-CoV, and SARS-CoV viral load from infected patients and
draw inferences on the relative severity of the infections. They then use the
parameters estimated for SARS-CoV-2 and make predictions of the potency of
different types of interventions for SARS-CoV-2 infection. Their main conclusions
are: 1) SARS-CoV-2 infection is more severe than SARS-CoV infection and
comparable to severe MERS-CoV infection; 2) Different classes of drugs would
elicit different responses in curtailing overall viral load; 3) Timing of treatment
initiation can be critical to ensuring successful treatment. The data analysis is
done using mixed-effects modeling in Monolix, which is well equipped to handle
sparse datasets and yield population level parameters. Previously published data
on all three infections is used. The paper is well written.

Reply to Reviewer summary:

Thank you for your positive comments and giving us constructive
comments to improve the quality of our research. In this revised version, we have
added more data from papers published after the initial submission. Further, we
restricted the analysis for data from patients with more than three data points
above the detection limit to reliably estimate parameters for each individual. We
have updated the manuscript to clarify the data, analytical protocol, and
interpretation of the results.

| found the data analysis well done and the inferences there reliable (conclusion
1). I am not convinced, however, about the predictions made on the outcomes of
treatment and optimal timings (conclusions 2 and 3). On the data analysis, too,
more care is necessary in placing the results in the right context. My specific
comments are below.

[Comments]

1. | wish to draw the attention of the authors to the following preprint:
https://www.medrxiv.org/content/10.1101/2020.04.04.20047886v1. Here the
authors apply viral dynamics models to analyze patient data on SARS-CoV-
2 viral load measurements following treatment with many different drugs.
Estimates of RO are obtained and the effect of the timing of therapy initiation
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is predicted. Median RO was ~13 (range 2.3 - 46.7), which is at odds with the
estimates obtained in the present study (much lower). Further, late treatment
initiation was found to result in worse outcomes than early treatments, similar
to what is presently claimed, but based on a direct estimate of viral dynamics
parameters from patient data. Also, the present study claims that with one
class of drugs late treatment initiation may be beneficial, which may be
difficult to justify. The authors must comment on how their findings compare
with the results in the above preprint.

Reply to major comment 1:

We found the suggested paper is now published
(https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12543). In the published
version the estimate of RO is 8.6 (with a 95% CI of 1.9-17.6), which is lower than
in the preprint. Further, they assumed a constant 5 day incubation period. Given
that incubation period varies between patients, it is not appropriate to use the
fixed value. Further, the initial viral load at the time of infection was also fixed (i.e.,
the same for all the patients), which is biologically unmeasurable. In our study,
we used the time from symptom onset as the time scale and the initial viral load
at symptom onset was estimated from the data. Because we did not model from
the time of initial infection, we cannot compute the basic reproductive number RO,
which assumes fully susceptible target cell population. Rather, we now clarify that
what we compute is the reproductive number at symptom onset, RsO. Because
the number of target cells is likely reduced by the time of symptom onset, RsO is
below RO by definition, thus our finding is still reasonable.

The effect of antiviral therapies on viral dynamics was discussed together
with other comments below. We added new material on the comparison of our
results with those in recent papers on Lines 334-338 on Page17.

2. The predictions of the effects of drugs (Fig 3) show that treatment initiation
before the peak in viremia is necessary to curtail overall viral load, whereas
treatment initiation post the peak is unlikely to have a major effect, at least
with entry and viral production inhibitors. | wonder if this is because of the
metric used to assess the effect of the drugs, namely the area under the curve
of the viral load (AUC) (line 299). The viral load in the untreated case rises
following infection, attains a peak, and then declines naturally. The change in
viral load in the process is over many orders of magnitude, starting from ~100
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and reaching ~10° or 108 copies/ml at the peak (Fig. 1). In such a case, the
major contribution to the AUC will come from viral load around the peak. It is
no surprise thus that treatments started before the peak suppress this
contribution and appear to have an effect, whereas those that start post the
peak have already seen the major contribution made. It is thus important to
assess whether alternative metrics, which may be more indicative of disease
severity, would behave similarly. If the disease can be brought under control
quickly even with late treatment initiation, so that a cytokine storm is
prevented, it might still be worth the effort. Such aspects are missed in the
present analysis. With the one drug class that does show an effect with late
initiation, | found the prediction of the viral load declining faster with late
initiation (and even crossing over) than with early initiation difficult to
understand (Fig. 3C). The authors do not offer an explanation of this behavior,
which they should be able to using their model. Thus, | find the inferences of
the effects of different drug classes and timing of treatment initiation not
satisfactory.

Reply to major comment 2:

It is very important to find metrics of clinical severity of COVID-19.
Recently, it was reported that a combined metric of several cytokines is
associated with severe pneumonia. We are planning a clinical study to identify
such metrics in Japan. However, a severity index or other biomarkers were not
consistently reported along with longitudinal viral load data in the studies we
analyzed. Therefore, we used the area under the viral load curve (AUC) as a
metric, as was done in the Goncalves paper that you quoted above.

We revised our analysis of the effects of drugs that promote cytotoxicity.
We found that if such drugs were initiated after the viral load peak (i.e., late
initiation), then the drugs effectively enhance viral decay (since fewer infected
cells remain to produce virus) and reduce the AUC. Meanwhile, if such drugs
were initiated before the viral load peak (i.e., early initiation), the drug with
maximum efficacy in this simulation (which doubles the rate of infected cell death)
was to delay the time of the viral load peak rather than enhancing the viral load
decay, and therefore had relatively mild effects on AUC reduction. This is because
drugs promoting cytotoxicity do not block further ongoing de novo infection, the
antiviral effects depend on target cell availability. See the yellow curve in Fig 2C.
Theoretically, drugs increasing the infected cell death by 10-fold or more (so
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infected cells are removed immediately after infection), a rapid viral load decline
would be expected even under early treatment initiation.

[Minor comments]
1. Abstract: What is meant by 'severity' is not clear.

Reply to minor comment 1:

In this revised version, we avoided using the term “severity” as our
analysis focused on viral load only. Severity information was not consistently
available from the patients in different studies.

Line 99: The authors say that they are not in a position to assess the severity of
infection of the SARS-CoV-2 patients studied. Yet, with MERS-CoV data, the
distinction between mild and severe is made. It may help to specify the fate of the
SARS-CoV-2 patients studied - did they require hospitalization, suffer mortality,
etc.?

Reply to minor comment 2:

The same reply for minor comment 1. Also, we no longer make a
distinction between severe and mild MARS-CoV patients.
2. Line 275: please say what is novel about the model.
Reply to minor comment 3:

We no longer use the word ‘novel’ to describe our model because the
model was previously developed by our group. The novelty is in the framework
we used to compare the viral dynamics of different corona viruses.

3. Line 295: It may be cleaner to define the Heaviside function as H(t-t*).
Reply to minor comment 4:
We now describe the function more clearly: “H(t) is a Heaviside step

function defined as H(t) = 0 if t < t*: otherwise H(t) = 1"

4. Line 304: It may help to define what is meant by symptom onset.
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Reply to minor comment 5:

The symptom onset is the timing of appearance of any COVID-19 related
symptoms (fever, cough, and shortness of breath) reported by patients. We now
mention this in the paper.
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Reviewer #2 in PNAS MS# 2020-04882:
Suitable Quality?:Yes

Sufficient General Interest?:Yes
Conclusions Justified?:Yes

Clearly Written?:Yes

Procedures Described?:Yes
Supplemental Material Warranted?:Yes

Comments on Significance Statement:
Consider replacing the work "curative" | find it a little imprecise here.

[Comments]

This is a paper modelling the within host viral dynamics of SARS-CoV-2
compared to other coronaviruses, and the projected impact of different antivirals.
| think there needs to be clarification of why this model formulation and some of
the model fitting decisions were made and how this impacts results. There also
could be more use of inter-patient variation in the projected impact of the antiviral.
Throughout | would suggest a checking of language to be precise about what
exactly is being considered here and what this means in terms of treatment,
impact on viral dynamics and infectivity.

Reply to Reviewer summary:
The paper has been updated for better clarifications of models,
computational process, and interpretation of the results.

1. Line 33: What does it mean for infection dynamics to be more severe? It
would be good to be clear from the outset and throughout the paper that this
paper is considering treatment with antivirals targeting viral replication, not
the downstream effects of virus that can lead to observed symptoms. Both
could be considered treatments, but only one is an antiviral and that is what
is considered here.

Reply to comment 1:

We avoided using the term “severity” since our models only consider viral
load (information of clinical severity was not consistently available). In
assessment of treatment effect, we focused on the difference in cumulative viral
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load between on and off treatment, and not downstream processes such as
inflammation.

2. Line 56: A rogue "¥body"

Reply to comment 2:
We removed it.

3. Line 97: Could the p-values be reported as <....? How is mild and severe
MERS-CoV defined? Have any of the SARS-CoV-2 cases had severity
defined?

Reply to comment 3:

We reported the p-value not just the indication whether it is lower or larger
than a significance level following the APA guideline
(https://apastyle.apa.org/instructional-aids/numbers-statistics-quide.pdf). In the

revised version we no longer discuss mild and severe disease.

4. Line 101: "cases infection" feels a bit imprecise here, could you explain more
clearly what you mean? We are only looking at infections that have taken off
so the currently wording could be a little unclear.

Reply to comment 4:
We modified our terminology throughout the manuscript.

[Conclusion]

| found the first section of the conclusion talking about transmission a little jarring.
| think it would be helpful to motivate both treatment and transmission control
here. Though it is seemingly obvious that viral load links with probability of
transmission- has this actually been shown anywhere? This would be helpful to
discuss, and what shape this relationship could be given what is known about
other viruses transmitted in similar ways. How would the % reduction in AUC as
reported here, translate to infectivity reduction? I'm not expecting answers to this,
but | think it is worth discussing that these things needs to be considered for this
to be informative about reduction in transmission due to antivirals.
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Reply to comments on conclusion:

We have rewritten the discussion with less emphasis on transmission.
Now we only say the following: Although the connection between SARS-CoV-2
viral load and transmissibility has yet to be established, the connection has been
suggested for the other viruses [20-22] and may soon be identified for SARS-
CoV-2 as suggested by recent modelling [23].

[Methods]

1. Line 237: Assuming those under limit of detection (LOD) were at limit of
detection seems a little strange, as you could end up with the model trying to
fit to some kind of non-zero equilibrium at the LOD if there were repeated
measurements there. Could the authors discuss how this could influence the
results? | think this also leads to what seems to me to be a weird results for
MERS COV ID10, ID11 and ID15-17 throat swab, where there is a very late
viral increase that does not have any data points to support it. How does this
influence the results?

Reply to comment 1 on methods:

We agree this assumption is unreasonable given that may data points
are given at the detection limit, which generally implies they are below this limit
and only plotted this way for convenience. In our current analysis, we handled
these points as censored data in the software package we used for fitting, i.e.
Monolix — see Methods section of the paper for further details

2. The authors appear to use a target cell limited model. Could they please
discuss why they made this choice and how this will influence their results
compared to an immune system controlled model? This also needs to be
clear from the beginning of the paper that this type of model was used.

Reply to comment 2 on methods:
We now begin the methods section with a justification for using a target
cell limited model.

3. Aot of effort has gone in in the fitting to using a model that estimates the
variation in parameters. Is this propagated through to the antiviral model?
From the figures it does necessarily look like it. If not, why not? This would
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seem important to consider as day 2 symptoms may correspond to a range
of future viral dynamics and therefore antiviral impact.

Reply to comment 3 on methods:

Thank you for this suggestion. To see if inter-individual variation in
parameters would change the conclusions, we studied several different scenarios
varying the time of therapy initiation (1 or 4 days from symptom onset, which are
before and after the estimated peak viral load in our dataset) under hypothetical
drug therapies possessing different antiviral mechanisms with 95% inhibition rate.
In the following figure, which we now include as Fig S7 in the revised paper, we
found similar trends as observed in our Fig. 2ABC in which we used the median
values of our estimated parameters. This is now discussed on Lines 297-299 on
Page 14 in the revised manuscript.
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Blocking de novo infection Blocking virus production Promoting cytotoxicity

Viral RNA load (copies/ml)

Viral RNA load (copies/ml)

Viral RNA load (copies/ml)

0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Days after symptom onset Days after symptom onset Days after symptom onset

Target cell ratio
Target cell ratio
Target cell ratio

0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Days after symptom onset Days after symptom onset Days after symptom onset

—— Without the therapy
— With the therapy initiated after 1day from symptom onset
—— With the therapy initiated after 4day from symptom onset

Fig. L1. Predicted outcomes under anti-SARS-CoV-2 monotherapies
considering inter-individual variation in parameters. Expected viral load and
uninfected target cell proportion trajectories with and without treatment for the
three different treatments. The black curves are without treatment. The blue and
red curves are with treatment (efficacy is 95%) initiated at 1 days and at 4 days
since symptom onset, respectively. The shaded regions correspond to the 95%
predictive intervals.
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