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Introduction
Understanding of HCV early evolution and the interplay between HCV and the mammalian host

will help to identify key aspects of early HCV infection that is crucial for the design of an

urgently needed prophylactic HCV vaccine. uPA-SCID chimeric mice with humanized livers

(SCID-MhL) are a useful tool for studying acute HCV infection in the absence of an adaptive

immune response.

Aim

Mice

To analyse and model the HCV kinetics from inoculation to steady state in the

uPA-SCID mouse model, using an agent-based modelling (ABM) approach.

Ten male mice (5 PXB SCID-MhL with hepatocyte donor: JFC [1 year, male

Caucasian] and human albumin > 9mg/mL, and 5 SCID mice without humanized

livers, SCID-M) were inoculated intravenously with HCV (genotype 1a)-infected

serum of 1x106 copies/animal. HCV RNA was measured using quantitative real-

time PCR (qRT-PCR) as previously reported [1].

Conclusions
➢ The ABM provides novel insights into the HCV life cycle in vivo.

➢ The model suggests a partial block of virion production possibly due to an

early stage of innate immune response.

Acknowledgements

References
[1] Umehara et al. Biochem Biophys Res Commun 2006; 21; 346(1): 67-73

[2] Dahari et al. Gastroenterology 128(4):1056-66

[3] Hailegiorgis et al. BioRxiv. 2022;https://doi.org/10.1101/2022.01.30.478385 

[4] Fortin et al. Journal of Machine Learning Research 2012;13:2171-5 

[5] Ozik et al. Winter Simulation Conference Proceedings; 2016; Washington, D.C 

1

2

3

8

9

10

Contact information
Kazuaki Chayama: chayama@mba.ocn.ne.jp

Harel Dahari:  hdahari@luc.edu

11

Zhenzhen Shi1#, Yuji Ishida2,3#, Nicholson T. Collier4, Michio Imamura3,5, Chise Tateno-Mukaidani2,3, Jonathan Ozik4, Jordan J. Feld6, 

Harel Dahari1*, Kauaki Chayama3, 7,8*

(1) The Program for Experimental & Theoretical Modeling, Division of Hepatology, Department of Medicine, Loyola University Medical Center, Maywood, IL, USA; (2) PhoenixBio Co., Ltd., Higashi-Hiroshima, Japan; (3)

Research Center for Hepatology and Gastroenterology, Hiroshima University, Hiroshima, Japan; (4) Consortium for Advanced Science and Engineering, University of Chicago, Chicago, IL; (5) Department of

Gastroenterology and Metabolism, Graduate School of Biomedical & Health Sciences, Hiroshima University, Hiroshima, Japan; (6) Toronto Centre for Liver Disease, Toronto, ON, Canada; (7) Collaborative Research

Laboratory of Medical Innovation, Graduate School of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan; (8) RIKEN Center for Integrative Medical Sciences, Yokohama, Japan. # Equally

contributed. *, Corresponding authors

Understanding acute HCV infection kinetics in humanized mice via

an agent-based modelling approach

Results7
The ABM quantitatively reproduces the multi-phasic HCV kinetic patterns observed (Fig. 4). The ABM predicts 

that the values for eclipse phase (), infection rate (), and a number of parameters associated with viral

production cycle (Fig. 3 and Table 1) that provides an insights into the multi-phasic HCV kinetics and a transit

decline at an early stage of infection.

We modified our recent ABM for hepatitis B virus acute infection that accounts for

two types of agents: human hepatocytes and virus in the blood [3]. The ABM

simulates a series of infection stages including initial infection of uninfected cells,

infected cells in a non-productive viral eclipse phase, and infected cells in a

productive infection phase releasing HCV virion, which then proceed to infect

additional hepatocytes (Fig. 2). The production of new virions follows a stochastic

production process (Fig. 3).

Fig 4: Serum HCV RNA kinetics (circles) and

ABM calibration (solid line) in 2 representative

SCID-MhL mice. Biphasic viral increase is

predicted to happen 5 days p.i. with transient viral

decline in between. (A) assuming blocking of viral

production ( =98%) and decline in virions

infectiousness (η=90%), or (B) without assuming

blocking of viral production only η=97% via GA

fitting approach (Table 1). Empty circles, HCV

RNA level lower than quantifiable limit (<6000

copies/mL).

Fig. 1: Kinetics of acute HCV infection in SCID mice. (A) HCV kinetics in SCID-M.

(B) HCV kinetics in SCID-MhL. Empty circles, HCV RNA level lower than quantifiable

limit (<6000 copies/mL).

Fig. 2: Schematic diagram of ABM

model of HCV infection. T, IE, and IP
represent cells that are uninfected, in

eclipse phase, and in the productive

phase of infection, respectively. Free

HCV in blood, V, is composed of
infectious () and non-infectious virus

(1- ). P(τ) represents virion secretion

from Ip. Possible blockage of viral

production or decline in infection by the

innate immune response starting at time

t p.i. is modeled with efficacies  and 𝜂,

respectively.

4 Viral kinetics

5 Agent-based modeling (ABM)

While in SCID-M HCV was rapidly cleared (Fig. 1A), a productive infection was

established in SCID-MhL (Fig. 1B). After an initial viral decline, the virus resurged,

followed by a transient decline (in 4 mice) that eventually stabilized at high steady

state levels (Fig. 1B). To account for a transient decline, a decrease in viral

production was assumed reminiscent of our previous observation of such transient

HCV decline seen in chimpanzees [2].

Table 1: ABM parameter estimations for 2 representative mice using GA algorithm shown in Fig. 4. The cycle constant (δ) 

and mid-point (α) were assumed to be 6 and 10, respectively (Fig. 3). [min-max] for simulations with J score <= 0.7. 

Fig. 3: Schematic diagram of viral production cycle for an individual hepatocyte. P(τ) is the

number of virions produced by an infected cell, and 𝑙 𝜏 is the time interval between production

cycle (h).

6 Model calibration
Model parameter fitting was done using a Genetic Algorithm (GA) with with the

DEAP Python library [4] and run with EMEWS [5] framework on the Midway2 high-

performance computing cluster at the University of Chicago.

This work was supported by NIH grants R01GM121600 and R01AI158666. This research was completed 

with resources provided by the Research Computing Center at the University of Chicago (Midway2 cluster).
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