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Supplementary Information

Supplementary Box 1:

Translation from animal models to protective efficacy in humans

The concentration of antibody required to protect an individual from infection will increase
with the inoculum size. In animal studies high inoculum sizes (10* to 108 infectious units) are
commonly used. Although the average viral dose a human encounters in community
transmission is unknown, it is likely much lower than the dose used in animal studies.
Therefore, if one has achieved 80% protective efficacy with a certain antibody concentration
in an animal study, then a lower concentration of the same antibody would theoretically be
required to achieve the same efficacy in human community transmission (Supplementary
Box 1 Figure 1). The fold-reduction in antibody concentration that will achieve the same
protective efficacy in humans depends on the Hill coefficient of the concentration-inhibition
curve from a pseudovirus assay, with a bigger scaling factor being required for less steep
relationships*.
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Supplementary Box 1, Figure 1: The fold reduction in the concentration of an antibody that
would be required to achieve the same protective efficacy (of 80%) in human transmission
compared with a high dose (10° I1U) animal challenge model. This fold reduction depends on
the average human inoculum size (which is not known but likely less than the dose used in
animal studies, assumed here to be 10° IU), and the Hill coefficient of the concentration-
inhibition curve from an in vitro pseudoviral inhibition assay.

* More generally the fold reduction in antibody concentration required for a protection
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Supplementary Box 2:

The effects of high inoculum on viral-immune dynamics

A high initial inoculum may act to shorten the time to peak viral load and affect the relative
timing of viral and immune dynamics. In human infection it is thought a ‘cytokine storm’
evolving later in infection is central to much of the pathogenesis of severe disease. In most
cases, this appears to arise as viral levels in the upper airways are declining (Suppl Box 2
Figure panel A). Higher inocula and more rapid declines in viral levels in some animal models
may act to separate the timing of the peak of virus and immune response in these models
(Figure panel B).

Recall responses after vaccination should act to accelerate the development of the host
response, leading to earlier control of viral replication (Panel C). However, higher inocula
may reduce the time window in which recall responses can act to effectively slow viral
growth (Figure panel D).
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Supplementary Methods

For Figure 2d, data were extracted from the original publications using an online digitizer tool
(https://apps.automeris.io/wpd/). All Ct values were converted into RNA equivalent copies per
ml quantity according to. A linear regression was used to obtain a parametric relationship
between log10 RNA copies per ml and Ct values:

Log 10 VL =14.11 - 0.3231 Ct

Extracted data showed considerable variability and contained values below detection
limits. Before fitting, we performed a log transformation of the non-zero data and employed a
censored regression method to accommodate values below the lower limit of detection. More
specifically, a censored regression method was used to estimate the decay slope from peak in
the extracted viral load data. In some studies®®, where longitudinal data was obtainable
(because there were no overlapping data points, with clear distinction between patients, or
because the raw data was available), a censored mixed effect model (with random intercepts
and slopes) was used to estimate the decay rate. This was performed using the CensReg (normal
censored regression) and Imec (mixed effect censored regression) libraries in R (v3.63).
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