Supplement to: Emergence and selection of Isoniazid and rifampin

resistance in tuberculosis granulomas

GranSim parameters

Table A: Host immune and bacterial growth parameters used to generate in silico

granulomas "2

of its intracellular bacteria

Parameter Unit* Value
Bacterial carrying capacity of each grid compartment Bacteria 115
Intracellular bacterial growth rate h' 0.027
Extracellular bacterial growth rate h' 0.015
Rate of death of bacteria trapped in caseated h' 5.1
compartments
Number of host cell deaths causing caseation 9
Time to heal caseation Days 10
TNF threshold for causing apoptosis Molecules 1150
Rate of TNF induced apoptosis s’ 1.7x10-6
Minimum chemokine concentration allowing chemotaxis Molecules 0.47
Maximum chemokine concentration allowing chemotaxis Molecules 480
Initial macrophage density Fraction of grid | 0.04
comp.
Time steps before a resting macrophage can move Timesteps 3
Time steps before an activated macrophage can move Timesteps 19
Time steps before an infected macrophage can move Timesteps 170
TNF threshold for activating NFkB Molecules 75
Rate of TNF induced NFkB activation s’ 1.06x10-5
Number of bacteria resting macrophage can phagocytose Bacteria 1
Probability of resting macrophage killing bacteria 0.12
Adjustment for killing probability of resting macrophages 0.2
with NFkB activated
Number of extracellular bacteria that can activate NFkB Bacteria 250
Threshold for intracellular bacteria causing chronically Bacteria 12
infected macrophages
Threshold for intracellular bacteria causing macrophage to | Bacteria 23
burst
Number of bacteria activated macrophage can Bacteria 5
phagocytose
Probability of an activated macrophage healing a caseated 0.0055
compartment in its Moore neighborhood
Probability of a T-cell moving to the same compartment as 0.046
a macrophage
IFN y -producing T-cell probability of inducing Fas/FasL 0.035
mediated apoptosis
IFN vy -producing T-cell probability of producing TNF 0.045
IFN y -producing T-cell probability of producing IFN 0.35
Cytotoxic T-cell probability of killing a macrophage 0.009
Cytotoxic T-cell probability of killing a macrophage and all 0.7




Cytotoxic T-cell probability of producing TNF 0.05
Regulatory T-cell probability of deactivating activated 0.008
macrophage
Time before maximum recruitment rates are reached Timesteps 980
Macrophage maximal recruitment probability 0.32
Macrophage chemokine recruitment threshold Molecules 0.86
Macrophage TNF recruitment threshold Molecules 0.011
Macrophage half sat for TNF recruitment Molecules 1.6
Macrophage half sat for chemokine recruitment Molecules 2.2
IFN y -producing T-cell maximal recruitment probability 0.15
IFN y -producing T-cell chemokine recruitment threshold Molecules 0.07
IFN y -producing T-cell TNF recruitment threshold Molecules 1.3
IFN vy -producing T-cell half sat for TNF recruitment Molecules 1.3
IFN y -producing T-cell half sat for chemokine recruitment Molecules 2
Cytotoxic T-cell maximal recruitment probability 0.12
Cytotoxic T-cell chemokine recruitment threshold Molecules 4.5
Cytotoxic T-cell TNF recruitment threshold Molecules 1.3
Cytotoxic T-cell half sat for TNF recruitment Molecules 1.2
Cytotoxic T-cell half sat for chemokine recruitment Molecules 9
Regulatory T-cell maximal recruitment probability 0.03
Regulatory T-cell chemokine recruitment threshold Molecules 2
Regulatory T-cell TNF recruitment threshold Molecules 1.7
Regulatory T-cell half sat for TNF recruitment Molecules 2.2
Regulatory T-cell half sat for chemokine recruitment Molecules 1.5

Table B: INH and RIF PK and PD parameters

Parameter Name Units INH RIF Reference

Plasma PK parameters

Absorption rate constant h’ 3 0.5 Fit to data in * guided by

(ka) values in *°

Intercompartmental L/h/kg | 0.1 0.5 Fit to data in * guided by

clearance rate constant (Q) values in +°

Plasma volume of L/kg 1 1 Fit to data in * guided by

distribution (V) values in +°

Peripheral volume of L/kg 30 0.5 Fit to data in * guided by

distribution (other organs values in +®

and tissues) (Vpe)

Plasma clearance rate L/h/kg | 1.2 0.4 Fit to data in * guided by

constant (CL) values in *°

Dose mg/kg | 15 20 3

Lung tissue PK

parameters

Degradation rate constant, | s 5.5x10° | 7.5x10® Fit to data in *

extracellular (Kgeg.e)

Degradation rate constant, | s 6.4x10° | 6.7x103

intracellular (Kgeg,)

Fit to data in *




Effective diffusivity (D) cm?s | 1.1x107 | 7x107 Fit to data in * guided by
values in ’

Cellular accumulation ratio | - 0.35 18 Fit to data in * guided by

(a) values in #""

Vascular permeability (p) cm/s 8.4x10° | 1x10°® Fit to data in  guided by
values in "

Permeability coefficient - 0.25 3.3 4

(PC)

PD parameters

C50 for intracellular Mtb mg/L 0.02 10 13-16

(Cso,81)

C50 for extracellular mg/L 0.04 1.23 13-16

replicating Mtb (Cso,se)

C50 for extracellular non- mg/L 0.5 5 13-16

replicating Mtb (Cso,sn)

C50 fold increase for - 10 10 v

resistant Mtb

Hill constant for intracellular | - 1 0.48 13-16

Mtb (Hs)

Hill constant for - 1 0.7 13-16

extracellular replicating Mtb

(He)

Hill constant for - 1 0.7 Assumed same as

extracellular non-replicating extracellular replicating

Mtb (Han)

Max activity intracellular s 7.7x10° [ 1.1*10* Fit to data in '® guided by

(Emax,BI) values in 14,15

Max activity extracellular s 2.6x10* | 5x10* Fit to data in '® guided by

(E max,BE )

values in ''°

Relationship between mutation frequency and granuloma resistance frequency

To quantify the relationship between mutation frequency and granuloma resistance
frequency, we vary mutation frequency while holding all other parameters constant as
defined in Table 1 in the main text. Results indicate that a linear function could
approximate this relationship (Figure S1).
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Figure A: Linear regression between mutation frequency and granuloma resistance
frequency support the assumption of a linear relationship between these two metrics.

Subpopulation-specific PK-PD within granulomas

To explore the influence of concentration dynamics on bacterial killing within
granulomas, we evaluate INH and RIF concentrations over 7 days of daily dosing in the
whole granuloma (Figure S2 A,E, left y-axes), or for each bacterial subpopulation
(Figure S2 B-D, F-H, left y-axes). Using the dose response curves shown in Figure 6,
we calculate the killing rate constants for susceptible Mtb (Figure S2, orange solid lines,
right y-axes) and resistant Mtb (orange dotted lines, right y-axes) for each concentration
profile. Note the decreasing concentrations that extracellular and non-replicating Mtb
are exposed to over the 7 days (Figure S2C,D,G,H), in contrast to the slightly increasing
concentrations in the granuloma as a whole (Figure S2A,E). This result indicates that
the extracellular and non-replicating Mtb that survive each dose, are the ones that are
exposed to lower concentrations.
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Figure B: Dynamics of antibiotic concentration and bacterial killing rate constants over 7
days of treatment. Blue curves on left y-axes show concentration of INH (A-D) and RIF
(E-H) averaged over entire granulomas (A,E) or for intracellular (B,F), extracellular
(C,G) or non-replicating (D,H) bacterial subpopulations. Orange curves on right y-axes
show bacterial Killing rate constants corresponding to the blue curves in each figure for

antibiotic susceptible Mtb (solid lines) and resistant Mtb (dotted lines).
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