Model Equations
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The virus is infects healthy type IT alveolar cells (AT2) and is productively shed by these infected cells I. Type I Interferon

(IFN) inihibits the formation of infected cells through an indirect response model. The virus is can also be phagocytosed
by dendritic cells (DC') and macrophages (M 1) and is undergoes non-specific clearance at a rate Sy .

2 Healthy Alveolar Type 2 Cell (AT2)
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(AT?2) cells are depleted due to infection by virus, apoptotic damage by (ROS) secreted by neutrophils (V) and damage
due to proinflammatory cytokines at a rate keyt damage- (AT?2) cells are additionally formed at a rate paro that is dependent
on the extent of (AT2) depletion and cleared with a death rate of Sa7s.

3 Infected Alveolar Type 2 Cells (/)
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Infected cells, (I) are formed by infection of (AT2) cells and non-specifically cleared at a rate S;. Additionally, they are
apoptotically cleared by cytotoxic T cells (CT'L) and (ROS), and phagocytosed by (DC) and (M1).



4 Healthy Alveolar Type 1 Cells (AT'1)

dAT1
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(AT1) are resistant to infection but can undergo inflammatory cell death mediated by (ROS) and proinflammatory
cytokines (Kcyt damage). Additionally, they are formed from differentiation (A72) cells and undergo non-specific clearance
at at a rate Sa71.

5 Damaged Alveolar Type 1 Cells (DAT1)

dDAT1
dt

DAT1 are formed by ROS-mediated and cytokine-mediated damage (kcyt_damage) of AT'1 cells.

= kROS_damage(ATl) + kcyt_damage(ATl) - ﬂdATl (DATl)

6 Damaged Alveolar Type 2 Cells (DAT?2)

d(DAT?2)
dt

(DAT?2) are formed by cytokine-mediated damage (Kcyt damage) of (AT2) cells and ROS-mediated damage of (AT2) and
().

= kROSfdamage(I + ATQ) + kcytidamage (ATQ) - BdATZ(DAT2)

7 Dendritic Cell Matuaration (DC')

dDC [ kv -V k-l kp(DAT1+ DAT?2)
= &pC

anc (TNFa) ) N

k .
Ky+V 'K, +1  Kp+ (DAT1+ DAT2)] [ DC(TNF) (KDC(TNF) T (TNFa)

(IFN~) ) o ) ( (GM — CSF) )]
Kpeorny) + (IFN7) PO(GM=OSE): Kpcoem-csry + (GM — CSF)

kpc(rrn-)- (

{ Kpc(rrio)
Kpe(rnioy + (1L10)

Mature (DC) are formed upon recognition of viral particles (V'), infected cells (I), and damaged (AT'1) and (AT2) cells.
(DC) maturation is further induced by (T'NFa), (IFN7), (GM — CSF), and inhibited by (IL10). Mature (DC) undergo
nonspecific clearance at at a rate 8pc.
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8 Macrophage Activation (M1)
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Activated (M1) are formed upon recognition of viral particles (V'), infected cells (I), and damaged (AT'1) and (AT2)
cells. (M1) activation is induced by (T'NFa), (IFN~), (GM — CSF), and inhibited by (IL10). Activated (M1) undergo
nonspecific clearance at at a rate 1.
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9 Neutrophil Activation (V)
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Activated (N) are formed upon recognition of viral particles (V'), infected cells (I), and damaged (AT'1) and (AT2) cells.

(N) activation is induced by (TNFa), (IFN7), (GM — CSF), and inhibited by (IL10). Activated (V) undergo nonspecific
clearance at at a rate Sy. Activated (N) migration is also induced by (IL17).
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10 T-helper 1 (Thl) Cell Activation (7'hl1)
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The production of (Thl) is activated by viral epitope-responsive mature (DC'), and further induced by (IL12), (IL2),
(IFN~), (IFN ) and inhibited by (IL10) and (TGF (). Additionally, the ability of (IFN+) and (IL6) to negatively regulate
each other’s activity is also incorporated. The clearance rate of (T'hl) is determined by a nonspecific death/deactivation rate
Brh1, and inter-compartmental transport rate ky.(rn1)-



11 T-helper 17 (Th17) Cell Activation (Thl7)
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The production of (T'h17) is activated by viral epitope-responsive mature (DC'), and further induced by (T'GF3), (IL6),
(IL1B) and inhibited by (IL10) and (IFN+) . Additionally, the ability of (IFN~y) and (IL6) to negatively regulate each
other’s activity is also incorporated. (Thl7) cells can also undergo (IL12)-mediated differentiation to (Thl) cells. The
clearance rate of (Thl7) is determined by a nonspecific death/deactivation rate Srp17, and inter-compartmental transport

rate Kiq(Thi7)-

12 Cytotoxic T Cell Activation (CTL)
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The production of (CTL) is activated by viral epitope-responsive mature (DC), and further induced by (IL12), (IL2),
(IFN~), (IFNp) and inhibited by (IL10) and (TGF ). Additionally, the ability of (I F'N+) and (IL6) to negatively regulate
each other’s activity is also incorporated. The clearance rate of (CTL) is determined by a nonspecific death/deactivation

rate Scrr, and inter-compartmental transport rate ky,.orr)-

13 T regulatory (Treg) Cell Activation (Treg)
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The production of (Treg) is activated by viral epitope-responsive mature (DC'), and further induced by (TGFf) and
(IL2) and inhibited by (IL17) and (IL6) . (Treg) cells can also undergo (I L12)-mediated differentiation to (T'h1) cells. The
clearance rate of (T'reg) is determined by a nonspecific death/deactivation rate fryeq, and inter-compartmental transport

rate ki (7reg)-

14 Tumor necrosis factor o (TN F«)
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(TNFa) is secreted by (DAT1), (DAT?2), (I), (M1), (Thl) and (Th17). (T NF«) additionally has a basal non-specific
production rate arNF.Q7NF(basal)s @ Clearance rate Sryp and inter-compartmental transport rate ki (rnrFa)-

15 Interluekin-6 (IL-6) (/L6)

dIL6
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(IL6) is secreted by (DAT1), (DAT?2), (I), (M1), (N) and (Th17). (IL6) additionally has a basal non-specific production
rate ayre-0rp6(basal); @ Clearance rate Sy and inter-compartmental transport rate ky,.rre)-

16 Interleukin-13 (IL-1B3) (/L1p)

dIL1B
dt

=arr1p [quﬁ(basaz) + arpipaary)-(DATL) + arpipry - I+ arpigaars) (DAT?2)
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(IL1B) is secreted by (DAT1), (DAT2), (I), (M1) and (DC). (IL13) additionally has a basal non-specific production
rate arp15-Q1L18(basal), @ clearance rate 8rr15 and inter-compartmental transport rate ky.rr1)-

17 Interferon v (IFNy) (IFN~)

dIFNvy
dt

(IFN~) issecreted by (T'h1), (CTL) and (DC). (IFNv) additionally has a basal non-specific production rate arpn~ .01 p N~y (basal
a clearance rate 7rn~ and inter-compartmental transport rate k,.rpn-)-
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18 Type I Interferons (IFNJ3)

dIFNJA
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(IFNB) is secreted by (I) and (DC). (IFN}j) additionally has a basal non-specific production rate a;rng.rpNg(basal) s
a clearance rate frrpnp and inter-compartmental transport rate k.(rrng)-

19 Interleukin-2 (IL-2) (/L2)

dIL2

Cdt

(IL2) is secreted by (DC) and (T'h1). (IL2) additionally has a basal non-specific production rate arr2.crr2(basat)> @
clearance rate 72 and inter-compartmental transport rate k. rr.2)-

= arpe [rr20asa) + arra(pe) (DC) + arparnny (Thl)| = Broa(IL2) — kyr(r12)(IL2)

20 Interluekin-12 (IL-12) (/L12)

dIL12
dt

(IL12) is secreted by (DC) and (M1). (1L12) additionally has a basal non-specific production rate arr12.07512(basal)> @
clearance rate 8712 and inter-compartmental transport rate ky,.(rz12)-

= arp12 [ p120asat) T @rr12(pe)y (DC) + arpian)y (M1)] — Brria(1L12) — kyy(r112)(1L12)

21 Interleukin-17 (IL-17) (/L17)

dIL17
dt

(IL17) is secreted by (CTL) and (Th17). (IL17) additionally has a basal non-specific production rate arr17.01117(basal)
a clearance rate 7717 and inter-compartmental transport rate k;p.(rp17)-

= 1117 [ 017 (basat) + rparernn (ThAT) + arpizern)(CTL)| — Broar(IL17) — ky(ra7)(IL17)

22 Interluekin-10 (IL-10) (/L10)

dIL10
dt

(IL10) is secreted by (T'reg). (IL10) additionally has a basal non-specific production rate arr10-07510(basal); & clearance
rate 87110 and inter-compartmental transport rate ky,.(rp10)-

= ar210 [ L10(basat) T QrL10(Treg) (TT€9)] — Bro1o(IL10) — kyy(r110)(1L10)

23 Transforming growth factor g (TGF-B) (TGFJ5)

dTGFB
dt

(TGFp) issecreted by (T'reg) and (T'h17). (I'GF ) additionally has a basal non-specific production rate argrg.arcrsasal)
a clearance rate frgrp and inter-compartmental transport rate ky.rqrg)-

= ararg [0rGFp®asal) + ATGRA(Treg) (TT€9) + arararmn (Th1T)] — Brars(TGFB) — kyrars) (TGFp)



24 Granulocyte macrophage-colony stimulating factor (GM-CSF) (GM—CSF)

d(GM — CSF
% = agM-csF [0GM—csF(basal) + @ar—cserany (ThL) + agr—csrun) (M1) + agrr—csrrnir) (Th17)]

— Bant—csr(GM — CSF) = kyaar—csiy(GM — CSF)

(GM — CSF) is secreted by (M1), (Thl7) and (Thl). (GM — CSF) additionally has a basal non-specific production
rate agM —CcSF-QGM—CSF(basal)> @ Clearance rate Sga—csr and inter-compartmental transport rate ky.aar—csr)-

25 C-reactive Protein

dCRPe:rt'racellula’r
dt

= kCRPisecretionVmiPTotisynth : UOlliver (ILGC) + ktr(CRP)UOZZi'uer - kdegiCRP(CRPeztracellular)

dC R Pyio0a
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CRP is produced in the liver ((CRPeyrtraceiiuiar)) and is induced by liver concentrations of (IL6). (CRP.yrtraceliuiar)
is tranported to blood at an inter-compartmental transit rate k. crp). (CRPpood) is also basally produced at a rate
kpasat_crp. Both (CRPegrtraceliular) and (C'RPyo0q) are cleared at a rate kqey crp from their respective compartments.

= kpasal_cRP — kir(crRP) = Kdeg cRP(CRPhiood)

26 Surfact Protein-D (SPD)

dSPD
dt

. IFN;
kmy + IFNg
— kyr(sppy(SPD)

= kbasal_SPD + aspp(ar2)(DAT2) + asppary) (DATY) + asppere nkkiu (1 ) -1-(CTL)

(SPD) is released by (DAT1), (DAT?2) and the cytotoxic clearance of (I) by (CTL) in the alveolar compartment. (SPD)
has an inter-compartmental transit rate of ky.(spp)-

27 Ferritin (FER)

dFER
dt

. 1PN,
kmpyiy + 1FNg
— ky(reR) (FER)

= kbasal FER + @pprar)(DAT1) + appriariz) (DAT2) + apprerr nkki (1 ) -1-(CTL)

(FER) is released by (DAT1), (DAT2) and the cytotoxic clearance of (I) by (CTL) in the alveolar compartment. (FER)
has an inter-compartmental transit rate of ks.(rpr)-

28 Immune Cell Transport

dIC, 0l g1y
= I —_ | = I
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I
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Cytokine Tranport

dCytokine.  treytokine
= — ine. (Cytokine
dt V0lplasma Peyokine. (Cy o

ITeytokine = ktr_cytokme (Cytokine)

Biomarker Tranport

dSPD

T_C = kir spp(SPD) — Bsppc(SPD_c)
dFER ¢

— = ktr rER(FER) — Brer.(FER_c)



