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Emergence of Drug Resistance

Influenza in UK, 2009

FIGURE 2

Influenza-like illness consultation rates in primary care and cumulative cases infected with oseltamivir-resistant influenza
A(HIN1)2009, United Kingdom, week 19 of 2009 to week 3 of 2011 [12]*
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How Does Antiviral Resistance Happen?

» Large/Improper antiviral treatment
» Antiviral exposure

» Mutation of virus / adaptive of bacteria (parasites)
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Benefits of Antiviral Treatment

» Reduce infectiousness

» shorten the duration of illness

» Alleveiate the unfomfortableness
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Treatment vs Emergence of Drug-resistance

Experimental studies suggest that the rate of developing resistance
increases with time, as resistant mutants in viruses isolated from
treated patients were mostly detected several days after the start
of treatment [M. KISO et al. 2004 and P. WARD et al. 2005].

BALANCE?
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Probability of NOT Developing Drug-resistance

a(a): The probability of being in the treated class (/1) at time a
following the initiation of treatment without developing
drug-resistance.

(H) a(a) : [0,00) — [0, 1] is a non-increasing, piecewise
continuous function with possibly finite number of jumps,
lim, oo (@) = 0, and [§* «(a) da is bounded.
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Flow Chart

A +5,1)

Figure: Model diagram for transitions between subpopulations.
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Assumptions

» No demographic birth and death < Total population N is a
constant.

» Treatment reduces the infectiousness, and therefore
transmissibility, of the drug-sensitive infection < 6, <1
[M.E. HALLORAN et al. 2006]

» Treatment may also shorten the infectious period <
1/~v; <1/~ [S. Moghadas et al. 2008]

» Resistance generally emerges with compromised transmission
fitness < d, < 1 [E. DOMINGO et al. 1997]
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Mathematical Model

5/(t) = —ﬂ(/5+5TIT+5RIR)S,
1(6) = B(s+6,17)S — (v, +1)ls.
r(t) = /0 nls(€)e 1 a(t - £) de,

g = N—=S(t)—Is(t) — I7(t) — Ir(t),
R(t) = ~sls +7vIT + kR
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Simplified Model

S = —ﬁ(/s +0. T+ 6RIR)S7
Is = B(ls+0,17)S = (vs +n)ls,

t
Iy = nls+/ nls(§)e T8/ (¢ — £) dg — v, I,
0
t
Ik = 5Rﬂ/R5_/ nls(€)e (0 (¢ — £) A€ — 7, lk.
0

Remark: The model can be derived by age-structure PDE system

as well.
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Basic Reproduction Number

In the absence of treatment, it can be easily seen that the basic
reproduction number for the drug-sensitive infection is

7?'O — BN/’YS
Let .
a* = lim / e Téa(€) de.
— 00 0
Then,

t
1
0<a*< |im/e—7r€d§:,
0

t—o0 ")/T

and therefore v, o™ represents the probability that an infected
individual will recover during the course of treatment.
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Control Reproduction Number

When treatment is implemented, introduction of one infection with
drug-sensitive strain brings

5 * Srn(l —v,a"
RiZ( Vs Ormyre | Orn(l - pa ))R
Ys+tn Vst Vs + 1

Introduction of an individual infected with the resistant strain into
the population will result in

)
Rp = R—%Ro.
TR

Therefore,
Re = max{RZ, Rr}.
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Epidemic Final Size

Final size relations:

BATs = SrB(N — Sw) — 7, log 55"

BAIR = (v +7,ma )|0g7 — B+ drna”) (N — Sx),

where A = 6r(7s + Y,n*) — 7. (1 4+ d7na*), and f denotes
Jo~ f(t)dt, £ = I(t)or R(t).
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Epidemic Final Size

Denote
14 drnat 1+ drna”
R (n) = 20T gy (L 0T07) 1
Vs TN Vs T rne
We have
» R*(0) = Ro;
> limp oo R*(1) = 077sRo/77: and
> In* = (vs0r — Vr)/[a* (70T — 7,0r)] > 0 such that

R*(n") = Rr-
YORK

‘‘‘‘‘‘‘‘‘‘‘



Epidemic Final Size

The final size inequalities

Vi log %
R
Seo * *
R < 5((7?77)) <R*(m), n<n,
and
So
VR IogS o)
Rr > e > R*(n), > n*.
R |:1 - Soo(n):| (77) n n
° N
If n = n* exists, we have the final size relation:
So v Seo(1")
I = 2R |1- .
o) 7 " [ N T
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Epidemic Final Size

We define the ratio of these two numbers as a function of n by
[
An) = —BR
(vs +rnat)ls
By computation, we can get
E(n) 1 / / Soo(m)
— —— 5 =E 1—-——=
(52 1) stn = £ (1 2572,

where
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Epidemic Final Size

Theorem
Suppose X' (n) > 0.

1. If6r/vx < 07/7;, then increasing treatment rate reduces the
epidemic final size.

2. If6r/7vs > 07/, then either the epidemic final size
decreases as the treatment rate increases for n > 0, or there
exists an 19 > 0 such that the epidemic final size decreases in
the interval of 0 < 1 < no, and has a local minimum at ng.
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treatment rate (1) )

FIgU r€l (a) Solid, dotted, and dashed curves correspond to the total number of infections (final size), total

number of untreated and treated sensitive infections, and total number of resistant infections, respectively, for

6r = 0.65 (red curves) and 6g = 0.9 (black curves). (b) Local minimum of E(n) for g = 0.65 (red curve) and
§r = 0.9 (black curve). Other parameter values are Ry = 1.8, Vs = 1/4 day™1, v =1/3 day™ 1!, Yg =1/4

day™!, k = 107° day ™!, and 57 = 0.4. Initial values of sub-populations are Sy = 10* — 1, I5(0) = 1, and

I7(0) = Ig(0) = 0.
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FIgU rel (a) 6g = 0.65 (red curve) and 6g = 0.9 (black curve). (b) §g = 0.65 (red curve) and g = 0.9
(black curve). Other parameter values are Ro = 1.8, vg = 1/4 day ™!, v =1/3 day™ 1, Vg =1/4 day !, YORK

% =10"° day~!, and 7 = 0.4. Initial values of sub-populations are Sy = 10* — 1, Is(0) = 1, and
I7(0) = Ir(0) = 0.
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FIng €. (a) 6g = 0.65 (red curves) and §g = 0.9 (black curves). (b) Behaviour of E(n) for §g = 0.65
1

curve) and §g = 0.9 (black curve). Other parameter values are Rg = 1.8, Vs =Vp =Yg = 1/4day”
days, and 67 = 0.4. Initial values of sub-populations are Sy = 10 — 1, I5(0) = 1, and I7(0) = Ig(0) = 0.
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Summary

» Treatment is not always efficient for the control of epidemic
final size;

» An opitmal treatment rate will minimize the epidemic size;

» Optimal treatment rates associate with the
transmissibility /duration of illness of drug-resistant strain (or,
the difference between two strains) .

Thank you!
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