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1 Introduction

The idea of opportunity cost is one of the fundamental insights of economics. The cost of

an action is the foregone benefit that would have been derived from the alternative option

not pursued. In other words, taking an action A often means that action B can no longer

be taken. The cost of taking A is that the benefits that could have sourced from B are lost.

This principle can be extended to situations where taking one action A, rather than

another, B, in turn avoids some subsequent action C that would otherwise be relied upon.

Suppose you are calculating the costs and benefits of taking action A. It goes without

saying that any direct benefits and costs from A need to be accounted for. However, since

failing to take action A makes action C necessary, avoiding the cost of C is an implicit

additional benefit of A. (Alternately, the need to take action C, and the costs this incurs,

are part of the opportunity cost of taking action B).

Consider the benefit of being vaccinated against Covid-19 in Australia. Australia

has approximately 6 million doses of the AstraZeneca vaccine that are sitting usused,

with capability to rapidly manufacture many more. Yet their recommended usage has

been largely restricted to those over 60. If this recommendation were changed, mass

vaccination could be substantially accelerated.

As the Australian Technical Advisory Group on Immunisation (ATAGI) points out,

the direct personal health benefit of Covid-19 vaccination is quite modest for non-elderly
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people given current rates of Covid-19 in Australia. As the risk of being exposed to

Covid-19 is low, the direct personal benefit of getting vaccinated (or indeed, taking any

actions to reduce that risk further) is small for the average non-elderly person. But this

completely misses the point. Covid-19 only remains rare in Australia, with secondary

spread typically halted quickly, because society pays enormous costs to keep it that way.

Australia has effectively decided that it will eliminate Covid-19 whenever there is an

outbreak, even at great social and economic cost. This effectively replaces nearly all of

the health-related social benefits of vaccination with a different benefit: a higher rate of

vaccination reduces the likelihood that our governments resort to imposing harsh and

very costly lockdowns. Such lockdowns have immense social costs.

This recognition does not require taking any stance on whether governments should

refrain from locking down. Instead, it requires only noting that under current government

policy, a low vaccination rate is leading to situations where lockdowns are introduced.

And conversely, that with a higher rate of vaccination lockdowns would be avoided.

This note examines these costs.

2 Lockdown Avoidance

Let an initial outbreak (from some imported index case) infect k of N people in a city,

randomly chosen with common (uniform) probability.

p(j) =
k
N
∀j ∈ {1, ..., N} (1)

We wish to know whether the outbreak is contained prior to lockdown, and how this

is affected by the vaccination status of individual j, Tj. We focus on the occasions where j

would be among the k initially infected if unvaccinated.1 Denote vaccine efficacy by v.

1For simplicity, we assume that no-one else in the population is vaccinated, and thus the k− 1 others
infected are unvaccinated. This is conservative for any k in two regards. See Appendix 1 for details.
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Let the probability distribution of secondary transmission from any individual i

be given by τi ∼ g(·). In particular, the probability of zero secondary transmission is

g(0). COVID-19 transmission is characterised by a large degree of overdispersion. This

means that the vast majority of people infect very few others, and the vast majority

of transmission is driven by a small fraction of the infected. Notably, multiple studies

(Adam et al., 2020; Geoghegan et al., 2020; Hasan et al., 2020; Endo et al., 2020) have

found that upwards of half of all infected individuals do not subsequently infect a single

other person (g(0) > 0.5).2

Define St(Tj) as an indicator for whether the outbreak survives until (at least) genera-

tion t, potentially as a function of the vaccination status of individual j.3 Analogously

define the size of generation t as kt.

2.1 Case 1: Vaccine Does Not Affect Transmission if Infected

First we consider the case where secondary transmission if infected while vaccinated is

the same as for the unvaccinated. This is too conservative, but provides a starting point.

The probability of an outbreak immediately dying out (that is, 1− Pr(S2 = 1)) if j is

unvaccinated is

Pr(S2(0) = 1) = 1− g(0)k (2)

compared to

Pr(S2(1) = 1) = 1− [v.g(0)k−1 + (1− v).g(0)k] (3)

if j is vaccinated.

We need to characterise how likely an outbreak is to survive until lockdown if it is not

eliminated by the second generation.

2Vaccinations play a beneficial role in reducing transmission irrespective of the degree of overdispersion
or level of g(0) - aggregate transmission is reduced the same irrespective. However, when g(0) is high,
outbreaks tend to either rapidly die or explode in size. Conveniently, this makes the mathematics of how
vaccination can kill outbreaks easier to model.

3Implicitly, we assume that lockdowns only occur if (at least) S2 = 1. See Appendix 1 for details.

3



Lemma 1. Let xi be i.i.d. with support over non-negative integers. Let a = ∑k
i=1 xi|∑k

i=1 xi > 0

and b = ∑k−1
i=1 xi|∑k−1

i=1 xi > 0. Then a first-order stochastically dominates b.

Proof. Let a = ∑k
i=1 xi > 0, and denote its probability mass function by f (·). Since xi is

i.i.d., w.l.o.g. let x1 > 0. xj ∀j ∈ 2, ..., k are then unconstrained.4 Accordingly,

f (x1 + ... + xk|x1 + ... + xk > 0) ≡ f (x1 + ... + xk|x1 > 0)

By similarity, letting g(·) be the probability mass function of b,

g(x1 + ... + xk−1|x1 + ... + xk−1 > 0) ≡ g(x1 + ... + xk−1|x1 > 0)

Since xk ≥ 0 (sometimes strictly), g first-order stochastically dominates f .

Consider k2(1) and k2(0) (the number of second round infections depending on

whether j is vaccinated), conditional on the outbreak surviving to the second generation.

With probability 1− v, individual j was infected, and thus k2(1) = k2(0) (and more

generally, they have equal conditional distributions). Call this set of states A. With

probability v, j was not infected. By Lemma 1, in the states where S2 = 1, k2(0)

first-order stochastically dominates k2(1). Call this set of states B. Intuitively, this

captures the fact that when vaccination prevents infection, fewer subsequent infections

occur (mathematically, this is made cleaner by τ being independent across individuals).

Combining over the two sets of states A and B to generate mixture distributions where

S2 = 1, it immediately follows that, conditional on the outbreak surviving to the second

generation, k2(0) first-order stochastically dominates k2(1) since F.O.S.D. is preserved

under mixtures.5

4Alternately, consider the following recipe. For each draw of a, randomly find a strictly positive element
in the sum. By the i.i.d property, each element j is selected with equal probability 1

k . The remaining elements
thus have their unconditional joint distribution, such that the sum (for that selection) has distribution
f (∑ xi|xj > 0). By the i.i.d property, this is equal for each j in turn, which implies f (a) = f (∑ xi|x1 > 0).

5Note that since the distribution of k2(0) is common in A and B, the same mixture distribution for k2(0)
results from any mixture of A and B. Thus it does not matter that conditioning on k2 > 1 weights the
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In effect, this means that conditional on surviving to the second generation, outbreaks

are weakly larger if j is unvaccinated. From this,6 we have

Pr(SL(1) = 1|S2(1) = 1) ≤ Pr(SL(0) = 1|S2(0) = 1) (4)

This implies that unconditional survival rates until lockdown (and thus the commence-

ment of lockdown) are

Pr(SL(1) = 1) =
(

1− [v.g(0)k−1 + (1− v).g(0)k]
)

.Pr(SL(1) = 1|S2(1) = 1) (5)

Pr(SL(0) = 1) =
(

1− g(0)k
)

.Pr(SL(0) = 1|S2(0) = 1) (6)

The proportional reduction in lockdown is thus,

1− Pr(SL(1) = 1
Pr(SL(0) = 1

≥ v.g(0)k−1(1− g(0))
1− g(0)k (7)

All of this assumes that individual j is (counterfactually, if unvaccinated) infected in

the initial outbreak. Thus we must multiply this benefit by the probability of j’s presence,
k
N

, yielding a total probability reduction (from j getting vaccinated, holding all else

constant) of at least
1
N

k.v.g(0)k−1(1− g(0))
1− g(0)k

Consider a lockdown of expected length l. Since N people are affected, this produces

N.l lockdown-person days. Thus, in expectation, individual j getting vaccinated avoids at

least

bk =
l.k.v.g(0)k−1(1− g(0))

1− g(0)k

states differently for k2(0) and k2(1).
6Once i has been involved - actually or possibly counterfactually if vaccinated - they are assumed to

play no further part. Simply, the probability of appearing again in the same early stage transmission chain
is vanishingly small. This means that the number of cases in the second generation is a sufficient statistic
for the likelihood of lockdown eventuating.
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lockdown-person days.

2.2 Case 2: Vaccine Reduces Transmission if Infected

The above assumes that if infected, a vaccinated person will on average infect just as many

others as an unvaccinated person would. This is unneccessarily pessimistic - research

from the UK showed that just one dose of AstraZeneca reduced secondary transmission

to close contacts by approximately 50% (Harris et al., 2021).

This number alone is not quite sufficient - it does not tell us where the reduction occurs.

For example, it could be that lots of people who would barely have been contagious and

would only have infected one or two people would instead infect zero if they had been

vaccinated (but still been infected themselves). Or it could be that highly contagious

superspreaders would spread to fewer, but still more than zero, people.

For simplicity, for an overall reduction in the secondary attack rate of λ, we shall

assume that the probability of any transmission is proportionally reduced by λ. That is, if

an individual i is vaccinated and becomes infected, with probability λ all transmission

is immediately avoided by virtue of their vaccination, and with probability 1− λ they

draw τi ∼ g(·).7 Thus the total probability of no onward transmission (if infected) is

λ + (1− λ)g(0).

In terms of onward transmission, this is functionally equivalent to vaccine efficacy

of ṽ = v + (1− v)λ, with g(0) conditional probability of no onward transmission in the

(1− v)(1− λ) share when infected.8

7For example, this is consistent with a world in which contagiousness is binary - people are either fully
contagious or they are not at all - and conditional on being contagious, τi is governed by the number of
social interactions a person has. In such a world, the vaccine would reduce secondary transmission by
rendering some (counterfactually contagious) people not contagious.

8The only difference is that in the (1− v)λ probability states, the vaccinated individual is infected. But
since onward transmission in these states is ruled out due to the vaccine, these states do not contribute to
second-generation survival.
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Under this assumption, individual j getting vaccinated avoids at least

bk =
l.k.(v + (1− v)λ).g(0)k−1(1− g(0))

1− g(0)k

lockdown-person days.

2.3 Aggregate Effects

To calculate the expected benefit, we simply integrate bk over the distribution of k that

lead to lockdowns. We note here that this is the distribution of initial outbreak sizes

that lead to lockdowns, which is not necessarily the same as the natural distribution of

all outbreak sizes (since presumably many small outbreaks die out without ever being

observed).

3 Estimated Benefits

In order to obtain estimates of this benefit, we need to choose reasonable values for the

parameters {l, v, λ, g(0), k}. We set:

• l = 14. That is, we assume that under the current vaccination timeline, major

Australian cities will continue to semi-regularly experience lockdowns. Our cal-

culations use a baseline of two week-long lockdowns (or a single two-week long

lockdown) per major city over the next 6 months. Given recent (and/or ongoing)

lockdowns over the past two months in Melbourne, Brisbane, Perth, Sydney, Mel-

bourne (again) and Adelaide, we feel that, if anything, this is erring on the side of

reckless optimism.

• v = 0.67, based on English estimates (Stowe et al., 2021) of the effectiveness of the

AstraZeneca vaccine against the Delta variant producing symptomatic disease.9

9Strictly speaking, it may be possible for asymptomatically infected vaccinated people to infect others.
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• λ = 0.48, based on Harris et al. (2021)’s estimate of the reduction in the secondary

infection probability of household contacts of infected people vaccinated with the

AstraZeneca vaccine (relative to unvaccinated people who tested positive).10

• k ∼ NegBinomial(Rt, φ), with mean Rt and overdispersion parameter φ. This

governs how likely lockdown-inducing outbreaks of different initial sizes are to

occur. (Since k = 0 outbreaks are never observed, we truncate the distribution to

satisfy k ≥ 1 and rescale the probability mass function accordingly).

– We conservatively set Rt = 4 This is lower than R0, because of widely available

testing and isolation of people with confirmed infections. If contact tracing

and other mitigation strategies reduce Rt further, this would amplify the social

benefit we calculate.

– We set φ = 0.1 based on our understanding of the available evidence regarding

the overdispersion of COVID-19 (Endo et al., 2020; Hasan et al., 2020).

• We set g(0) = 0.66. This is similar to values found in the literature (Adam et al.,

2020; Endo et al., 2020; Geoghegan et al., 2020; Hasan et al., 2020), and is similar to

what is implied by the negative binomial distribution. The results are little changed

if we impose g(0) = 0.5; this appears too conservative, but we raise this possibility

because g(0) may be reduced by the higher transmission of the Delta variant. (In

fact, in the negative binomial distribution, g(0) is rather insensitive to R for small φ,

so this seems unlikely). Also note that with proficient contact tracing, many infected

can be isolated before they have any chance to infect others. This raises g(0) further

above the level observed in the wild.

When we put all of this together, we obtain an estimate of the expectation of bk of

We assume this is rare.
10This is probably an underestimate of the benefit, for at least two reasons: (i) there is suggestive evidence

the estimated benefits were increasing with time since vaccination, and (ii) even if the vaccine truly reduces
secondary infections by 100%, household contacts would still face some residual risk of being infected by
third parties.
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5.1. Rescaling the estimate, this implies that an additional 1000 people vaccinated would

prevent one week of lockdown for about 700 people on average.
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A Discussion of Key Assumptions

Note 1. For simplicity, we assume that no-one else in the population is vaccinated, and thus the

k− 1 others infected are unvaccinated. This is conservative for any k in two regards.

First, as the vaccination rate rises, for any k, we increasingly underestimate how likely j is to

be involved. Since k− 1 others are infected and individual j is counterfactually infected (that is,

they are infected if unvaccinated, and infected with reduced probability otherwise), the number of

people exposed must exceed k by increasingly large amounts. Thus the probability that individual

j is one such person exceeds k
N .

Second, if vaccination reduces transmission if infected (which appears to be true), then for any

k, our assumption that the other infected individuals are unvaccinated means we use a conservative

estimate of g(0) (zero secondary transmission from an infected individual).

Both of these assumptions turn out to dampen the estimated proportional benefit of j being

vaccinated, given k. Provided the distribution of k that presently yields lockdown is observed,

the average weighted benefit across the distribution can be calculated correctly. Finally, as the

vaccination rate rises over time, the distribution of observed k will shift left. Since the lower bound

proportional benefit we find is monotonically decreasing in k, our lower bound estimate of the

aggregate proportional benefit will become increasingly conservative over time.

Note 2. Implicitly, we assume that lockdowns only occur if (at least) S2 = 1. In other words, we

assume that lockdowns only occur once secondary transmission is observed, and thus outbreaks

that do not produce any secondary transmissions and are thus immediately extinguished never

result in lockdown. This is a reasonable approximation of the Gladys Berejiklian lockdown function

but is perhaps unrealistic for the Dan Andrews lockdown function. All of our results extend to

situations where an initial snap-lockdown is ordered, which is then subsequently extended only if

(at a minimum) secondary transmission is observed. In such a case our math corresponds to the

benefit of vaccinations in avoiding (the initial) extension of the snap-lockdown.
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