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The role of the immune system (IS) in managing Mycobacterium tuberculosis (Mtb) during antitubercular 
drug treatment is difficult to characterize. To address this, we introduce a multiscale in silico framework 

that integrates an agent-based model (ABM) of the immune response [1], a physiologically based 
pharmacokinetic (PBPK) model of drug distribution in the lung [2], and a pharmacokinetic-

pharmacodynamic (PKPD) model capturing drug-induced bacterial killing [3]. We calibrate the integrated 
model using real clinical data and simulate the effect of rifampicin (RIF) monotherapy on a population of 

virtual patients. Our results indicate that the pharmacological treatment is essential to counter the infection 
and enhance the IS, although outcome depends on the balance between latency and reactivation.

Abstract

E(c) = EMAX cH/(EC50H+cH)
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E(c,i) = ɑE(c,f) + (1-ɑ)E(c,s)
E(c,e) = ɣEMAX(e)cH(e)/[EC50(e)H(e)+cH(e)]
E(c,f) = ɣ{ꞵ/[ɑ(ꞵ-1)+1]}EMAX(i)cH(i)/[EC50(i)H(i)+cH(i)]
E(c,s) = ɣ{1/[ɑ(ꞵ-1)+1]}EMAX(i)cH(i)/[EC50(i)H(i)+cH(i)]

The ABM C-ImmSim [1] reproduces both 
innate and adaptive immune responses by 
simulating molecule-mediated interactions 
and changes of state of immune cells and 

pathogens
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A population of individuals 
can be simulated, each with a 

unique IS and event history

RIF concentrations from 
the PBPK model are 

mapped to corresponding 
Mtb states

Parameters ɑ, ꞵ, ɣ control RIF effect:

The model is 
calibrated on 
clinical data 

[4,5]

Mtb clearance is observed in 
early stage of treatment 

15% of Mtb deaths in the first 
10 days are immune-mediated

In vitro PKPD estimate is 
used to calculate a death 
probability for Mtb that 

depends on drug 
concentration and cell state

P(c) = 1-exp[-E(c)Δt]

Relapse after treatment: 21% in simulations vs 20% in clinical data [4]

Pharmacological treatment 
enhance the IS activity 

Treatment outcome depends 
on balance between latency 

and reactivation
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