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Additional parameter ensembles

Figs show parameter ensembles obtained from fitting the CD8" T cell model (Eq (5)—(10)) simul-
taneously to viral titers and CD8% T cells from BALB/cJ mice infected with 75 TCID5q PR8. All other

parameter ensembles are shown in Fig[2|in the Main Text.
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Fig S1. Parameter ensembles. Parameter ensembles resulting from fitting the CD8' T cell model
(Eq 7, Main Text) to viral titers and CD8" T cells from mice infected with 75 TCID5sy PR8. The axes
limits reflect the imposed bounds. Additional ensemble plots are in Fig [2JA-C (Main Text) and Fig
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Fig S2. Parameter ensembles. Parameter ensembles resulting from fitting the CD8% T cell model
(Eq (B)(10), Main Text) to viral titers and CD8" T cells from mice infected with 75 TCIDsg PRS. The axes
limits reflect the imposed bounds. Additional ensemble plots are in Fig[2JA-C (Main Text) and Fig
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Regulation of the CD8" T cell response

To further understand the regulation of the CD8™' T cell response, we examined the 2-D parameter ensembles
(Fig 7C, Figs and the results from the sensitivity analysis (Fig . Overall, few parameters were
correlated. There was an expected, although small, positive correlation between the rate of CD8 infiltration
(&) and the associated half-saturation constant (Kg) (Fig[S2]), which represents the coordination between
CDS8g recruitment and the processes that prevent an overabundance of these cells. Likewise, a negative
correlation was detected between the rate of CD8p infiltration (£) and the initial number of CD8* T cells
(Ey) (Fig . The infiltration rate (£) was also positively correlated with the delay in CD8g expansion (7g)
(Fig[S2). The rates of CD8 expansion (1) and death (dg) are correlated (Fig2IC, Main Text), indicating
a balance between these two processes. This correlation was expected and reflects the coordination of
mechanisms that regulate CD8T T cell numbers, which may be necessary to limit excessive immunopathology
while still resolving the infection [1}3]. Further, because of this correlation and the sensitivity of n (Fig[S3),
the CD8™ T cell kinetics are sensitive to changes in dg (Fig . However, increasing the death rate had less
impact on the viral load kinetics, comparatively. Because dg is correlated with both 7 and the rate of CD8y
generation (¢) (Fig[2C), it naturally follows that 1 and ¢ are correlated (Fig[S2). Changing the rates of
virus infectivity (3), production (p), or clearance (c) had little effect on viral load and CD8% T cell kinetics

(Fig|S3).
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Fig S3. Sensitivity of the CD8" T cell model. Solutions of the CD8" T cell model (Eq 7; Main

Text) with the indicated parameter (3, k, p, ¢, §, dg, Ks,, &, Kg, or ) increased (red) or decreased (blue)
50% from the best-fit value (Table [1} Main Text). CD8g denotes effector CD8* T cells.
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Fig S4. Sensitivity of the CD8*% T cell model. Solutions of the CD8" T cell model (Eq (5)-(L0); Main
Text) with the indicated parameter (7g, dg, (, Tar, or Ep) increased (red) or decreased (blue) 50% from the
best-fit value (Table Main Text). CD8g and CD8y; denote effector and memory CD8* T cells, respectively.

Comparison of the density-dependent model and the CD8" T cell
model

We previously developed and characterized the density-dependent (DD) model in Eq (I)-(@) (Main Text) [4].
The model replicates the biphasic viral load decay while excluding the dynamics of specific immune responses
and assumes that the rate of infected cell clearance is dependent on their density (d4(l2) = da/ (K5 + I2))
(Fig . The CD8T T cell model (Eq 7, Main Text) is also capable of reproducing the biphasic viral
load decay (see Fig[IB). In this model, infected cell clearance is split into terms for non-specific clearance (4)
and CD8*' T cell-mediated clearance (dg(l2, E) = 0gE/(Ks + I2)) (Fig .

Because the CD8T T cell model is more mechanistic than the DD model, most of the correlations between
the parameters common to both models (i.e., the rates of virus infectivity (3), virus production (p), and
virus clearance (c)) were reduced (Fig[2A). In addition, the correlations between the infected cell clearance
parameters (d; and K or g and Kj,,) and between the rate of virus infectivity (8) and their ratios (64/Ks
or 0g/Ks, ) were abolished (Figs . There was a negative correlation between the infected cell clearance
parameters (§ and dg; Fig ), which may reflect the connection between the efficacy of early immune
mechanisms and the CD8% T cell response. This result is in line with experimental evidence that the innate
immune responses modulate the activation of adaptive immunity [5H9].

The differences in model structure between the two models yielded changes in parameter sensitivity
and model behavior during the rapid viral clearance phase (Fig . In the DD model, the most sensitive
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Fig S5. Sensitivity of the density-dependent model and the CD8" T cell model. (1) In the
density-dependent model (gray, Eq 7), the viral kinetics and the infection duration are sensitive to
small changes in the infected cell clearance parameter (d4). This parameter is well-defined with a narrow 95%
CL (2) In the CD8' T cell model (purple, Eq —), changing the CD8g-mediated infected cell clearance
parameter (0g) has little impact on viral kinetics or CD8" T cell kinetics. However, these kinetics are most
sensitive to changes in the rate of CD8g expansion (7)), which is well-defined with a narrow 95% CI.

parameter is the infected cell clearance, §; (Fig . A 50% decrease in this parameter resulted in a ~7
d delay in viral resolution (Fig . In the CD8" T cell model, however, viral resolution is delayed by
<1 d if the CD8g-mediated infected cell clearance parameter (0g) is reduced to half of its value (Figs
[S3). The rates of CD8g expansion (1) and death (dg) are sensitive and, thus, significantly influence the
viral resolution kinetics (Figs[S5HS4). A 50% decrease in 7 results in a ~6 d delay in recovery (Figs
whereas a 48% decrease in 7 prolongs the infection by ~30 d (Fig[3D-E). This bifurcation in recovery time is
a unique feature of the CD8' T cell model (discussed in the Main Text).

Linear analysis of whole lung histomorphometry

To further analyze the whole lung histomorphometry data in Fig[] we completed a linear regression on the
percent active lesioned area, the percent inactive lesioned area, and the number of CD8' T cells using the
function polyfit in MATLAB (Fig . The percent active lesion declines at a rate of -28.7%/d between 6-7 d
pi. The percent inactive lesion increases at a rate of 14.6%/d between 5-8 d pi, which corresponds to the
increase in CD8F T cells (4.7 x 10° cells/d). The percent inactive lesion and the CD8* T cells decline at
rates of -14.5%/d and —3.3 x 10° cells/d, respectively.




>
w
o O

=45 = 5 [a: 146%/d 2 6.5[3:47x107d
2 sl Do b m145% 8 |b:-33x10%d
30 ++‘ B % = a HH
z + z o) PRl R 60
515 920 @) ++
s 0 S et

Omm ™ EEE S (mEsem 35-5

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 81012
Time (d) Time (d) Time (d)

Fig S6. Linear regression analysis of whole lung histomorphometry and CD8" T cells. (A)
Percent active lesion area decreases by 28.7%/d from 6-7 d pi. (B) Percent inactive lesion area increases by
14.6%/d from 5-8 d pi, and decreases by -14.5%/d from 9-10 d pi. (C) CD8* T cells increase at a rate of
4.7 x 10° cells/d (0.17 log;, cells/d) from 5-8 d pi, and decrease at a rate of —3.3 x 10° cells/d (-0.11 log,
cells/d) from 9-10 d pi.

Gating strategy for flow cytometric analysis

Fig shows the gating strategy used to define CD8% T cells (Fig in the Main Text). Data shown are
from a representative naive animal.
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Fig S7. Flow cytometry gating strategy for CD8" T cell analysis. Live cells were first gated on
forward scatter (FSC-A) and side scatter (SSC-A) then as singlets. Following neutrophil (Ly6G"') and
macrophages (CD11c"F4/80M) exclusion, T cells were gated as CD3et with CD8T T cells subgated as
CD8atCD4~DX5™.
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