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Hepatitis

IHepatitis refers to inflammation of the liver
Can| e caused by alcohol, certain
medications; andichemical, or by viral
Infection

IHepatitist Bivirusrand Hepatitis C virus are
WO suchipathogens
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[Hepatitis B Virus

DNAWirus that infects liver cells and leads to
acute or chronic Infection.

Acute disease for approx 1 year
. EXperience severe sympioms for up to a year,

Including jaundice, extreme fatigue, nausea,
vemiting and anaominal pain.
Chirenic infection leads to cirrhosis or
nepatocellular carcinoma.

5 About 25% of chronic carriers die from liver
cancer induced by the virus.

1 350 million of ehronic HBV infections worldwide:
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IHepatitis C Virus

RNAwirus that infects liver cells and leads to
acute or chronic Infection.

Acute disease for apprex: 6 months
- May experience symptems including decreasead

appetite, ratigue, andeminal pain, jaundice,
ltiching and flu-like symptoms.
Chronic infection leads to cirrhosis or
nepatocellular carcinoma.

- One third of chronic carriers develop cirrhosis of
the liver.

» 170 million of echronic HCV infections worldwide-







Treatment

Drug therapy.

HCV — Peginterferon ACRibavirin
HBYV — lamivudine and entecavir
neliective 1 eliminating the virus

Liver transplantation

. TThought that this would cure patients since liver s
primary source of infection

- New:liver is reinfected
Rapidly progressing




Standard of care

Tihe; current: standardi of care (SOC) for
HEV invelves 48—72 Weeks of treatment
wWith pegylatediinterferon and ribavirin.

Approximately: 40=60% of the patients
treated with SOC achieve a sustained viral
response; (SVR) after this treatment.




Compartments of infection

T'he fact that reinfection of the liver after
iransplantation occurs, suggests that
Virus Isipresent In other reservoirs

e virus can be: cireulating in the blood

which ultimately reintects the liver if drug
therapiesicannot clear it

We build en the basic model of in-host
dynamics to include a seconad
compartment of infection




Basic Model

A, K - production rate
B - efficacy of infection

dy, d,, d, - death rates/
clearance time

X - Uninfected cells
V. - Infected cells
V. - free virus

Nowak, M.A. and R.M. May, Virus Dynamics 12
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Basic Model

Model deesn't show: persistence of
Virus: aiter transplantation, but virus

does persist
VWe add anotiher compartment of

IRfection

2 Blood

Peripheral blood mononuclear cells and
various organs likely contribute to the high
rate of re-infection




Hepatitis B/C

d,

A uninfected i infected
", =

liver cells liver cells

w+ Bx+ Bz

A uninfected z infected
__ = 23

blood cells "~ \_blood cel

d, .

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125




Hepatitis B/C

Liver-blood-Virts model

A —-LB.xv—d x

Bxv—a,y

ky+tkw-—uv—pLBxv—pL zv
AZ _ﬁZZV _dZZ
B.zv—a,w

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125




Hepatitis B/C

kx ﬂxxO + kz ﬂzZO
a, Bx, Bz, tu a, fx,t[5z,tu

0

FIind disease-free and endemic equilibria
Stability’ dees not only depend on RO

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125




Hepatitis B/C

Liver-bloed-virts model
= Uninfected andl infected equilibrium

A A

X X

d, By +d,
0

X

ﬁ)CA)C‘7
(B +d, )a,
0 v
A A,
d Bv+d.
BAVv
O _Z <
(By+d, )a,

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125
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Hepatitis B/C

Infiected equilibrium

AV +Bv+C=0
A=up B

ay

w

B=ud [ +ud 5. +/|x,8x,8z[1—kxj +)|Z,BX,BZ[1—£]

a, a,

C:udde+Ax,Bde[ —k’“j+/lzﬁzdx( —ﬁj

C<0iis equivalent to RO>1
Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125




Hepatitis B/C

Theorem

. A unigue endemic;equilibrium if C<0
(RO>1)

i, AlUnigue endemic equilibrium iff B<0 and
C=0 or B>-4AC=0

i, Iworendemic equilibria if C>0, B<0 and
B2-4AC>0

v, Norendemic equilibrium otherwise

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125




Hepatitis B/C

Transcritical bifurcation (k. —a )k —a.)>0
Z w X Y

|
0.7 1

Basic Reproduction number R,

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125



Hepatitis B/C

(k. —a,)k,

Backward! bifurcation

| | |
095 05 0.75 1

Basic Reproduction number &,

Qesmi, Wu, Wu, Heffernan, Math Biosci, 224, 118-125



Hepatitis B/C

Change model assumptions to closer
reflect the biology of the system

k(a)

o TThe prolitferation rate of the virus
depenasioni therage of infection, starts
low and ramps up to a maximum
preduction rate

o(a)

o IThe mortality rate ofi an infected cell
depends on its age




Hepatitis B/C

A —Lxv—d x

—0,(a)y(a,1)

Tky (a)y(a,t)da+ T k (a)w(a,t)da—uv— [ xv— ,B’Z 4%

AZ _ﬁZZV_dZZ

-0, (a)w(a,t)

y(0,8) = Lx(@)v() w(0,1) = L,z(0)v(¢)
y(a,0) =0 w(a,0) =0

Qesmi, El-Saddany, Heffernan, Wu, submitted




Production rate

—H(a al))

k(a)=k a = a,and O else
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Death rate

oa)=9,if a<a,and J,+9J (1—-e"“")if a=a,

—~
2
@©
—
L
o
@®
b
0O
~
~
@©
—
Ko

2 4 6 8
a (age since infection)




Hepatitis B/C

B.x
yﬁx+ﬁz+u

—jt‘é_ (s)ds

Where N, j k(ae®  da

—j5 (s)ds

N jk (a)e ° da

Qesmi, elSaadany, Heffernan, Wu, submitted




Hepatitis B/C

A —LBxv—d x

AZ _ﬁZZV_dZZ

i ,Bx]oky (@0, (At —a)xt —a)da+ Tkw (@)T (@t —a)z(t—a)da

—uv—LBxv—LBzv a
—J.Jy (s)ds
g.(a)=e"

—]ié_w(s)ds
o (a)=e’

Qesmi, El-Saddany, Heffernan, Wu, submitted




Hepatitis B/C

it BOi< i then the DFE is locally asymptotically
stable

T RO > 1 then the DEE Is unstable

i ROI= 1 and (Ny' — 1) (Nw — 1) = 0 then the DFE
ofi the system is GAS.

B.x
yﬁx+ﬁz+u




I'ranscritical bifurcation

(Ny — 1) (Nw —-1)=0
The endemicistate undergoes a Iranscritical
pIiurcation;

+ For RO > 1, RO close to 1, the EE is LAS and
the DEE IS unstable.

o Ihe IHBV disease persists
» For RO < 1, the DFE is GAS.
2 'he HBV disease dies out




Hepatitis B/C

Transcriticall bifurcation

|

T T
40 BC BD

Production rate k™

Qesmi, ElSaadany, Heffernan, Wu, submitted



Backward bifurcation

(Ny — 1) (Nw —1) <O

When RO = 1, the LVB system undergoes a

packward bifurcation

o For Be < RO < 1, there s, an endemic
equiibrum whichi is LAS;

. I'he DEE Is LAS for RO < 1;

» For RO > 1, the DEE Is unstable and an
endemic equilibrium appears and is stable.




Hepatitis B/C

Backward! bifurcation

Saddle-node
Bifurcation

Production rate £™

Qesmi, EISaadany, Heffernan, Wu, submitted.




Coneclusions and Future Work

Drug therapy: may be effective at reducing Nx < 1
In the liver, buit may not be successiul in reducing
Nz < 1 and therefore, the virus can not be
eradicated.

CURRENT DEBATE

= Are there virusi producing cells in the blood 2111111

= Can use our model for liver transplantation studies
Compare to reate of reinfection data of the new liver

Give us an idea if virus and/or infected cells are needed for this
1o occur

34
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Figure 1-7 Immunobiology, 6/e. (© Garland Science 2005)
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Figure 1-8 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)

Innate immunity.
Adaptive immunity.

» Humoral and cell
mediated



Immune System

Bone marrow

pluripotent hematopoietic stem cell
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Figure 1-3 Immunobiology, 6/e. (© Garland Science 2005)

Macrophages,
Dendritic cells, etc

Lymphocytes
o I — produced by thymus

CD4
Helper T-cells

. Activated by antigen
presenting cells

. Activate the rest of the

immune response

CD8
Killer T-cells

» B - produced in bone marrow
Mature in spleen
Plasma cells, antibodies

»  Naive, activated memory

37




Immune System

Macrephages; Dendritic Lymphocytes and

lymph return to blood

Cel IS £ etc via the thoracic duct
Lymphogcytes

oI — produced by thymus

CD4
. Helper T-cells
- Activated by antigen presenting cells

. Activate the rest of the immune
response

CD&

. Killer T-cells V[ lymph
node

= Bi- produced in'bone marrow
Mature In Spleen periphera|

Plasma cells, antibodies tissue

Antigens from sites of infection
reach lymph nodes via lymphatics

0l Na Ive[ aCtlvatEd memory Figure 1-11 Immunobiology, 6/e. (© Garland Science 2005)
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Basic Model

Virus infects cell

Viral proteins synthesized
in cytosol

¥
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Figure 1-28 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)




