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Abstract: Hepatitis C (HCV) is a serious infection caused by a blood-borne virus. It is a
contagious disease spreading rapidly via a variety of transmission mechanisms including
contaminated tattoo equipment. Effectively regulating commercial tattoo parlours can greatly
reduce this risk. This paper models the cost-effectiveness and optimal timing of such
interventions, and parameterizes the model with data for Vienna, Austria. This dynamic
model of the contagious spread of HCV via tattooing and other mechanisms accounts for

secondary infections and shows that regulation can be highly cost-effective.
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Introduction

The last decade has witnessed rapid spread of hepatitis C (HCV), a highly contagious blood-
borne pathogen which is characterized by substantial morbidity and mortality.! One
important vector of transmission is tattooing. This paper models HCV infection via this and
other means to help answer the question of whether and when commercial tattoo parlours
should be regulated to reduce the spread of HCV.

Altogether, 3.1% of the world’s population (170 million people) is infected with HCV.**
Yet hepatitis C has not received attention commensurate with the magnitude of the problem,
possibly because infection is usually asymptomatic for many years and less rapidly fatal than
is HIV/AIDS.* Nevertheless, HCV is more virulent, contagious, and prevalent than HIV. It
infects four times as many people than HIV, and is expected to kill more Americans than HIV
by the year 2010.%°

Hepatitis C can be spread in a variety of ways, including via (unscreened) blood
transfusion, organ transplantation, haemodialysis, colonoscopies, use of inadequately
sterilized medical, surgical or dental equipment, birth to an infected mother, injection drug
use, intranasal cocaine use, piercing, tattooing (including earrings and permanent make-up),
sexual contact with an infected partner, sharing razors, toothbrushes or nail-grooming
equipment, and occupational exposure to blood.>**’

Development of HCV screening and regulation of organ transplantation and blood
transfusion has been so successful that they have gone from “one of the most common” (10%)
to “hardly any” (0.004% to 0.0004% per unit transfused) sources of HCV transmission in the
United States.™” A question motivating this paper is whether tattooing may be similar in this
sense — a significant source of infections that are preventable via regulation.

Sexual contact is reported to be the second most common risk factor for Hepatitis C
acquisition.® The risk per pairing is very low, with 0-1.8% of HCV negative individuals
having sex with HCV positive partners becoming infected.’® Nonetheless, because sex is a
common behaviour and there are many HCV-infected individuals, the number of new
infections via sexual transmission is not small.*

Most HCV infections in developed countries today are transmitted via injection drug use.
20-40% of intravenous drug users become infected within the first year of using needles, with
this proportion reaching up to 92% for those who use longer than five years."* HCV-policy
interventions regarding drug addicts are almost identical to the respective HIV-policy
interventions, but may not be as effective because HCV is so much more virulent.”
Nevertheless, since 2000, primary prevention programs, risk reduction counselling, and
needle and syringe exchange programs seem to have substantially reduced infections via
injection drug use. **

There are widely divergent opinions concerning the proportions of HCV infections caused
by tattooing, with estimates ranging from less than 1%," to over 3%,%° and even up to more
than 20%: Haley and Fischer’s 1991/92 study'®*! of 626 selected patients of an orthopaedic
spinal clinic reports that 22% of patients with a tattoo exhibit an HCV infection (as opposed
to only 3.5% of patients with no tattoos). Moreover, Haley and Fischer'® report that
commercially-obtained tattoos may be the source of twice as many HCV infections as is
injection drug use. Other researchers argue, however, that the Haley-Fischer study
misinterpreted the data and that the likelihood of acquiring an HCV infection via tattooing is
rather small.® Nonetheless, there is some cause for concern that, at least in the United States,
tattooing might have been grossly underestimated as a source of HCV infection.

The goal of this paper is to investigate whether and when tattoo parlours should be
regulated to reduce their role in the spread of HCV. In particular, one might ask “At what



point in the spread of an HCV epidemic are expensive regulatory interventions cost-effective
in terms of the resulting benefits from reduced spread of HCV?” or “What is the minimum
level of success for a control program to guarantee cost-effectiveness?” Hence we present a
(six-state) nonlinear dynamic model of HCV spread (and progression) that captures the effects
of secondary HCV infections. The states of the model correspond to people who are
uninfected and hence susceptible to infection and infected people in both the acute or chronic
infection states, with all three infection states split between individuals seeking and not
seeking tattoos. We parameterize our model for Vienna, Austria by building off of a
pioneering study of Viennese tattoo parlours by Blaschke and Purkert® that provides unique
insights into the operational practices of tattoo parlours. In 2003 the Austrian Chamber of
Commerce instituted strict regulation of commercial tattoo parlours in order to control the
spread of HCV, % an action that is retrospectively justified by our analysis. However, other
cities and regions have not yet taken similar action. This paper may inform their deliberations
concerning such actions.

Mathematical models of the spread of contagious diseases have long been used to inform
public health interventions.”*** An important subset developed in response to the HIVV/AIDS
epidemic.”>? That work is highly relevant to HCV control because many of the transmission
vectors are similar. Indeed, interesting papers have been written using essentially identical
modelling methods for both diseases, but contrasting the implications that emerge because of
differences in parameter values.'®® In brief, HIV has lower infectivity because that virus is
less robust outside the human body, but the average cost per HIV infection is significantly
higher than with HCV.

There are more differences between HCV and HIV in the course of disease progression
post infection. A number of authors have developed interesting models of incidence and
progression of HCV infection. Such models are important for making medical treatment
decisions and for healthcare forecasting and planning purposes, but are less directly relevant
here, where the focus is primarily on modelling incidence (and its prevention).

Likewise, many papers have explicitly modelled the spread of HCV via other
mechanisms®*32 including injection drug use,*** sexual contact,®” and blood transfusion.®
This paper is, however, to the best of our knowledge, the first that models HCV transmission
via tattoos.

A mathematical model of HCV infection including tattooing

The discussion above suggests that governments may be contemplating regulating tattoo
parlours in order to reduce the spread of HCV. Safe tattooing practices include not only
simple hygiene like hand-washing and protective clothing, but also proper sterilisation
techniques for reusable equipment, and using one-shot, non-reusable needles and tubes.’
Thorough sterilisation is not inexpensive; as we will elaborate below, it could increase the
cost per tattoo by on the order of 15%. Hence, one might expect some resistance from
business interests, and quantification of the benefits vs. costs of regulation ought to enter the
public debate.

Such quantification should recognize secondary infections. When people get infected by
receiving a tattoo, they may subsequently infect others by having other types of HCV risky
contacts. (The number of secondary infections is not simply the so-called “reproductive rate”
of “the” tattoo-born epidemic because there are many HCV transmission mechanisms. An
HCV-infected person who gets a tattoo participates in two interrelated epidemics, one spreads
by tattooing and the other spreads by other means. Furthermore, HCV is still spreading. So,



decisions concerning tattoo parlour regulation pertain to the transient spread, not just steady
state conditions.

Hence, we need a dynamic model that explicitly tracks both forms of HCV transmission
in @ manner that supports “what if ” policy experiments to explore the effects of regulating
tattoo parlours earlier or later in the spread of the HCV epidemic.

Uncontrolled model of HCV spread

Paradoxically, it is convenient to begin the derivation of the model equations by initially
neglecting tattooing, addressing only transmission via other mechanisms (in total). Given this
simplification, it is sufficient to distinguish between three states: people who are uninfected
and hence susceptible to infection (S), and infected people in both the acute (A) and chronic
(C) infection state. Assuming, as is common in epidemiological models, that infection
spreads by random mixing the state equations in the absence of tattooing would be

S=k+ rA5A+ rCSC —(MS +OLTC)S
A=anS —(rac +ras +1a)A (1)
C=racA-(rcs +uc)C

where
n:=(A+C)/(S+A+C) ........ current HCV prevalence in percent,
Koo, annual inflow to the population (*“births’), all of whom are uninfected,
XY eoeene annual rate of transition from state X to state Y,
[T exit rate from death or other causes from state X, and
O v coefficient on random mixing’s generation of new infections.

The coefficient on random mixing, a, can be thought of as a sum over transmission
mechanisms of the product of the frequency of contact between individuals and the
probability that contact between an uninfected and an infected individual leads to a new
infection. Those components never appear individually and cannot be estimated separately,
so they are combined into a single parameter a.. There are many ways of intervening to
reduce transmission via these routes that merit modelling and study. However, the objective
here is to model the benefits of regulating tattoo parlours, so those issues are suppressed.

Considering HCV transmission via tattoo parlours requires dividing each of these three
states into two groups: (a) those who visit tattoo parlours with some frequency and (b) those
who do not (see Figure 1). Seeking tattoos is an activity that is usually initiated in early
adolescence, at roughly the same time that the other, dominant HCV-transmitting behaviours
(e.g., drug use) begin. Hence, letting & represent the fraction of people who will ever be
interested in getting a tattoo, we split the inflow of uninfected people, k, into a stream &-k
flowing into the population of uninfected individuals who seek tattoos (S;) and a stream (1—
d) -k of other uninfected people (So).

Fhxkxkx*  Figure 1 about herg ***x**x*

Transmission via means other than receiving tattoos proceeds exactly as before, but now
the proportion = of all people who are infected involves infected people seeking tattoos
(A + Cy) and other infected people (A, + C,), as well as the two groups of uninfected people
(So and Sy). Thus, prevalence is equal to



. Ag + A +Co +Cy
© So+Si+A+A +Cy+Cy

)

Tattoo-induced transmission is presumed to occur at a rate that is proportional to the
product of the annual rate with which susceptibles who visit tattoo parlours (S;) get tattoos (1),
the probability that an infection results from getting a tattoo with tattoo equipment that is
infectious (j3), and the probability that the tattoo equipment is infectious (¢p). The last term (¢)
is in turn the product of the probability that use of an infected tattoo recipient renders the
equipment infectious (0), and the probability the equipment has previously been used on
someone who was HCV positive (f((r;)), where 7, denotes the HCV prevalence among people
getting tattoos. Blaschke and Purkert’s? direct observations and discussions with tattoo shop
owners and equipment producers suggest that before regulation tattoo equipment was
typically used five times before being replaced. Assuming the prior HCV status (before the
tattoos) of successive customers is independent, this last probability can be written as

4 i
. . At + Ct
f(n)) = P{tattooing equipment exposed to HCV} =1 E 1—(1——) : 3)
5 -0 St + A +Cy

The final model flows reflect people “maturing out” of seeking tattoos. These are “within
infection state” flows from those seeking tattoos to those no longer seeking tattoos and are
presumed to be at an annual per capita rate g. Hence, the full model becomes:

S:o =(1-8)k + 0S¢ +rasAg +1csCo — (s +am)So
Ao = anSo + A — (rac +ras +1a)A
Co =racAo +9Ct —(rcs +uc )Co

: 4)
St =8k+rasA +rcsCy — (g +us +am+Ap6 f(ny))St
At = (am+ AP0 f(my ))St — (9 +rac +ras +1a)A
Ct =racA —(9+rcs +uc )Ct
where
Koo, annual inflow to the population (**births’), all of whom are uninfected,
O v fraction of people who are interested in getting a tattoo,
o JRR annual rate at which people are no longer interested in getting more tattoos,
XY eeen annual rate of transition from state X to state Y,
X coeeens annual exit rate from death or other causes from state X,
(o T annual rate of HCV infections attributed to tattooing,
A annual rate of getting tattoos,
S S probability an infection results from infectious equipment,
(S R probability an infected tattoo recipient renders the equipment infectious,

and where 7 is defined by Eq. (2), and f(r) is determined by Eq. (3).

Regulatory Control

One could imagine phasing in regulatory stringency. For instance, as the HCV prevalence
among people receiving commercial tattoos rose, one could impose increasingly stringent
rules that would in the context of this model be represented as requiring the sterilizing of



tattoo equipment for every fourth client, then every third, then every other, and only later for
each client. However, practical considerations of how public health regulations are
promulgated suggest adopting a simpler binary approach. Once the problem has become
sufficiently severe, public health officials act to solve it, and inspecting for and enforcing
compliance with a partial strategy might be more complex than with a simple policy of
requiring hygienic practices for every patient. Any such (successful) sterilisation/regulation
policy of tattoo parlours can be modelled as making 6 =0, but we explore implications of
regulations that reduce 6 (but do not make it zero) in sensitivity analyses.

Model simulations generate two outputs: (a) the number of sterilisations £ and (b) the
number of HCV infections | over time. As is customary, future outcomes are discounted at a
fixed annual discount rate r from the present (to) to the time of regulation (7) and beyond to
the (possibly infinite) end of the planning horizon (7)), so:

(1, T)= |e "A(St + A +Cy)dt, (5)

c—]'—.—|

T
IBe(to,r,T): Ie_rt (owcSo +(oc1c+7»[39 f(nt ))St )dt + e " (om:So + anSt )dt, (6)
to

A )

A e annual rate of getting tattoos,

(o T annual rate of HCV infections attributed to tattooing,

S R probability an infection results from infected equipment,

0 e probability an infected tattoo recipient renders the equipment infectious,
Mo, discount rate,

to.onnen current time,

T oeoeeereens point of starting the intervention,

T, end of planning horizon,

where & and f(rt;) are given by Egs. (2) and (3), respectively.

Running the model twice, with two different points (t=t; and t=t;) of intervention
(which includes running the model with and without control, i.e., t=t;=t; and t=t,=T)
generates an incremental cost (increase in the number of sterilisations) and an incremental
effectiveness (e.g., reduction in the number of HCV infections). The ratio of these two
quantities is the incremental cost-effectiveness of moving the point of intervention forward
from t; to t,.° Given estimates of the “cost of sterilisation” (y) and the cost of a newly
acquired HCV infection (I'y), cost-effectiveness results can be converted into a benefit-cost
ratio,

Igo (to.t2,T)—Igo(to,tz,T) Iy

BC(t1,t2) = — 7
(Wt = sk ”
ATTO incremental cost due to regulation, including using a new needle,
new ink, disposables, sterilisation of the tattooing equipment,
Iroee average cost of a newly acquired HCV infection,
to cooeernnn beginning of planning horizon,
t, 6o times of starting an intervention to regulate tattoo parlours, and



I end of planning horizon,

The optimal point in the epidemic for regulation to begin can be calculated as the time when
prevalence rises to the point that delaying regulation has an adverse benefit-cost ratio.

Sensitivity analyses can show how that optimal point of intervention changes with various
parameter values. We turn next to a discussion of those parameter values.

Parameterising the model for Vienna, Austria: Population and infection-related parameters

Most people begin receiving tattoos on average around age fifteen.?> There is no clear-cut
maximum age for getting a tattoo, but there is enough age-dependence that it does not make
sense to lump together all adults. Although many middle-aged people get tattoos, few older
people do, so we truncate the age range at 49. If there were no mortality, 15-49 year olds
would exit the model (by aging) at an annual rate of 1/35 = 0.02857 per year. The average
annual death rate for 15-49 year olds in Austria is 0.001475"° so we take
us =0.02857 +0.00148, or pus = 0.03 in round numbers.

There are currently 775,000 15-49 year olds in Vienna. Official statistics project that the
population of Vienna will increase by only ~6% by 2020, so for simplicity we assume the
population of 15-49 year olds will be constant at 775,000. Age distribution effects stemming
from the baby-boom and immigration are not critical for present purposes. If a population of
775,000 individuals is stable despite an exit rate of 3% that implies an inflow of 23,250.
Tattoo shops in Vienna serve not only residents of Vienna, but also people in adjoining areas
of Lower Austria and Burgenland, effectively expanding the relevant population base by 50%.
Hence, we set k = 1.5 - 23,250 = 34,875.

People exit the tattooing states not only by dying or turning 50 but also by no longer being
interested in getting more tattoos. In this model that is parameter g. We do not have a way of
estimating g directly, but we can estimate the sum of us and g indirectly from the average age
of someone getting a tattoo, which is about 26 (http://www.tattoo.dk/questionnaire/eng-
cyberresults.htm accessed 26 July 2004). To make the average age of people in a 15-49 year
old age box with constant inflow and a constant per capita outflow rate equal this value, that
constant per capita total annual exit rate must be (us + g) = 0.061, implying that g = 0.031.
More formally, we solve

49

Di-(ns+g) = 26

i=15

for us + g. This combined exit rate of us + g = 0.061 implies the average time someone who
enters the tattooing population spends willing to get tattoos is about 1/0.061 = 16.4 years.
Among those who get a tattoo, the average number of tattoos is 3.5
(http://www.tattoo.dk/questionnaire/eng-cyberresults.htm accessed 26 July 2004), suggesting
the average annual rate of getting tattoos is A = 3.5/16.4 = 0.2135.

Health Canada® finds that 8% of adolescents have tattoos and another 21% want to get
some, so we set & = 0.29. Estimates from other sources, countries, and ages generally
confirm that 8 = 0.29 is a reasonable base value,***? but we do sensitivity analysis for 0.25 < &
<0.33.

Given 6, the annual number of tattoos received by Viennese residents is 3.5 - 3 - Kvienna =
= 3.5 - 0.29 - 23,250 = 23,600. That is 65% of the 36,197 tattoos, Blaschke and Purkert*
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estimate are given annually in Vienna, matching well the conventional wisdom that two-thirds
of those receiving tattoos in Vienna actually living in Vienna, with the remainder
predominantly from neighbouring regions. Hence, as mentioned, the population affected by
regulation of Vienna’s tattoo shops is 1.5 times the population of Vienna.

Transition rates from the acute to the susceptible and chronic states are set to ras = 0.9 and
rac = 1.1 because the acute stage lasts 6 months and about 55% of those who are infected
progress to the chronic state.** The transition rate from chronic to susceptible (rcs) reflects
both spontaneous remission (0.002 per person per year) and treatment. According to Siebert
et al.**, 61% of people respond to treatment over a 16-year period, suggesting an average
annual rate of 0.61/16 = 0.038125, for a combined rate of about rcs = 0.04.

Chronic HCV can be lethal, but only over an extended period, so most HCV deaths occur
after age 50. We reflect those delayed deaths in the social cost per HCV infection, but the
death rate for HCV infected 15-49 year olds is not dramatically higher than it is for other
15-49 year olds. The average age of receiving a tattoo is 26 so we are interested in the
cumulative HCV death rate over a period of 50 — 26 = 24 years, which is approximately
9.5%.“ The equivalent annual death rate is 1—(1-9.5%)"%*=0.415%. Given that the
background exit rate for 15-49 year-olds without HCV was ps = 0.03, we set uc = 0.03415.
Since HCV is primarily fatal in the long run, the exit rate in the acute state is the same as in
the susceptible state, i.e., ua = us = 0.03.

Parameter a is difficult to estimate, but two independent, indirect calculations suggest
similar values. Tattooing is not the primary source of HCV transmission, so a can be
estimated indirectly given a plausible steady-state prevalence. For Eqg. (1) in steady state

o= (rac +ras +pa)(rcs +uc) '
(rac +rcs +pc)(@-7)

The steady state prevalence 7 is not known because the HCV epidemic has not stabilized.
However, it is probably modest. Hence, given the parameter values cited above, a. can
reasonably be modelled as being a few percent greater than the total exit rate for individuals
with chronic infection (rcs + uc), divided by the proportion of infected people who progress to
the chronic state, or a little more than (rcs = 0.04 + xc = 0.03415)/0.55 = 0.135. An
independent estimate can be based on the fact that in 2003 (after tattoo parlour regulation),
2,393 Austrians were diagnosed with acute HCV infection.* There are roughly twice as
many acute infections as are diagnosed because only 25% are symptomatic and roughly one-
third of the others are caught,*® and 0.25 + 33% - 0.75 = 0.5. The resulting estimate of 2 -
2,393 = 4,786 new infections ought to match the Austrian population of 15-49 year olds
(about 3.875 million), times the HCV prevalence (0.8%),* times o, implying o. = 0.15. As a
compromise we set
o = 0.14 in the base case.

There is considerable uncertainty concerning 3. On the one hand, literature suggests that
the probability of becoming infected with HCV given one needle stick with an infectious
needle is 1.8%.*" On the other hand, a tattoo might be thought of as an ongoing series of
pricks over 0.5-2 hours. Some Austrian HCV experts have suggested that once a tattoo is
bleeding the chance of an HCV infection via an infected needle may approach 100%. There
is likewise no standard figure in the literature for the probability that tattoo equipment
becomes infectious when it is used on someone who is infected (6). Fortunately g and 6
appear everywhere jointly in the model, so we treat the product of the parameters 3 and 6 as a
single parameter with a base case value -6 = 0.5, but explore the entire range of possible
values from 0-100%.



Parameterising the model for Vienna, Austria: Objective function parameters

We use an annual discount rate of r = 3% and consider 0% and 5% in the sensitivity
analysis.*® Based on Blaschke and Purkert?!, Rauner et al.®® estimate the incremental
materials and other non-labour costs of sterilisation and other hygienic procedures induced by
regulation would be approximately € 6.11. Assuming that staff costs are about € 60 per hour
and sterilisation takes about 10 minutes, adds € 10 in labour costs for total sterilisation costs
of about
€ 16.— per tattoo. Before regulation a typical tattoo cost about € 100 so this represents an
incremental cost of about 15%. We assume this is not enough of a price increase to drive
significant numbers of customers to underground or unregulated tattoo sources.

For the benefit-cost analysis, we assign the present value of the expected value of all
future HCV-related social and health costs to the moment of infection. We use Siebert et
al.’s** Markov model to predict the HCV epidemic and related costs and incorporated
productivity losses per life year lost.***® The average social costs per additional infection
include (a) symptomatic acute care costs of € 1,814 for the 25%- who are symptomatic,
yielding an average of € 450, (b) chronic health care costs incurred by the 55% of those
infected who progress to the chronic stage, and (c) € 26,310 per life year lost, reflecting
productivity/consumption losses based on the average yearly Austrian gross income.®®
Lifetime costs are much lower for the roughly 61% of individuals exhibiting a chronic HCV
infection who are successfully treated (€ 46,760 per case) than for those for whom treatment
fails (€ 267,560), so the total wundiscounted cost per infection s
I'r=p=€450+0.55-(0.61-€46,760 +0.39 - €267,560) = €73,530. Most chronic costs occur
considerably after the time of infection. Discounting back to the time of infection at a 3%
(5%) annual rate reduces the total discounted costs per infection to €37,730 (€25,780). Thus,
the discounted cost per infection is quite sensitive to the discount rate because those costs are
distributed over 50+ years post-infection. Note that discounting calculations are done with
detailed projections of the timing of future costs, but in round terms the modal chronic stage
costs are about 24 years post-infection, and $450 + ($73,530—$450)/1.03% = $36,400, which
is close to the $37,730 figure from more detailed calculations.

Total social costs are dominated by mortality. Health care costs are less one-quarter of the
total, at € 15,450 undiscounted, or € 9,190 and € 6,630 when discounting at 3% and 5%,
respectively. Table 1 summarizes the parameters.

*Axxxx* Table 1 about here *******

Initial conditions representing Vienna before regulation
Reflecting an overall HCV prevalence of 0.8% and the observed number of acute infections,

Rauner et al. (2004) derive initial conditions for Vienna in 2003 of:
S, =989,452, A, =539, C, =5,435,
< ) - (8)

S, =162,375, A =409, C, =2,907.

Results

Using the initial conditions for Vienna in 2003 and running the model with and without
regulation suggests that regulating tattoo shops was an extremely cost-effective action. In



particular, the benefit-cost ratio of control for to= t;=2003 and t,=T=2063 when
discounting with the usual r=3% is

166,012—-40,653 37,730
984,245 16.11

BC(2003,2063) = = 298.

Discounting at 0% and 5% the ratio becomes 844 and 157, respectively. Since health care
costs are on the order of one-quarter of the total social costs, it was also cost-effective for
Vienna to regulate its tattoo parlours even if no monetary value is placed on premature deaths
due to HCV. In net present value terms (subtracting the incremental cost of sterilisation from
the social cost savings), over the next 60 years regulation would generate a net (3%)
discounted value of social benefits of approximately € 1.518-10°.

These are, to be blunt, spectacularly high benefit-cost ratios, but one might be suspicious
of projections over such a long time horizon, particularly given that the HCV epidemic has
already morphed several times in terms of what are the dominant transmission vectors. For
that matter, tattooing is to some extent a fad. It is entirely possible that at some point in the
not too distant future, few people will even be seeking tattoos.

So we might be interested in a “semi-long term” perspective, one that focuses only on
costs and infections over a shorter time horizon, but which tracks the long-term consequences
of any infections created or averted within that shorter term planning horizon. With this
model we can do that simply by adjusting T. Generally speaking, the shorter T is, the lower
the benefit-cost ratio because some future secondary infections are ignored, but the benefit-
cost ratio does not fall precipitously because shortening the horizon not only reduces benefits
(credits fewer infections averted) it also reduces the costs (counts up sterilisations only
through time T). Specifically, with T—-t,=10, BC(2003,2013) =79 and the present value of
net social benefits is still approximately € 0.423-10°. Reducing the planning horizon to a
single Austrian legislative period (T-ty=4) still yields a cost-benefit ratio of
BC(2003,2007) =58. Even if T—ty=1, the benefit-cost ratio is still highly favourable (49).

Of course the choice facing Viennese policy makers in 2003 was not so much to regulate
in 2003 or never regulate, but rather to take action or not in 2003, but leaving open the
possibility of enacting regulations at some subsequent time, say 2004. For regulating tattoo
shops in 2003 instead of 2004, the benefit-cost ratio for T =2063 is

43,119-40,653 37,730

BC(2003,2004) = :
984,245-949,363 16.11

= 166.

In other words, procrastinating for a year would have saved about 35,000 sterilisations, but at
the cost of about 2,500 more HCV infections. Since the social cost per HCV infection is
about 200 times the cost per sterilisation, procrastinating is a bad idea. Looking at it the other
way, moving regulation up from 2004 to 2003 has a benefit-cost ratio of 166.

With our base case parameters, regulating tattoo parlours is not only a cost-effective way
to make a modest dent in the HCV epidemic. Now that transmission has been reduced for
transfusions and other sources that were historically important, regulating tattoo parlours may
make a material difference to the future course of the epidemic. ,In fact, regulation can not
only lower the intensity of an HCV epidemic, it may also greatly reduce the endemic level of
HCV prevalence.”® In the long run, the HCV epidemic may, however, spread in ways quite
different than what is captured in our simple model’s equations. So running the current model
to steady state or over very long time horizons is done mostly for illustrative purposes.

As noted, there is enormous uncertainty concerning the parameter constellation 3-6, and
there is also uncertainty concerning other parameters, notably o and 6. Does that parametric

10



uncertainty change our results? Holding other parameters at base case values, Table 2 shows
the results for the BC ratio and for Tyn, defined as the shortest planning horizon for which the
benefit-cost ratio is larger than one when starting with initial conditions for Vienna in 2003.

The short answer is that varying these parameter values can substantially change the
benefit-cost ratio of regulating tattoo parlours. However, the ratio under base case conditions
was so large (298:1), that only extreme parameter variation brings that ratio down to
anywhere near the critical level of 1. E.g., if -6 > 0.0033 regulation is always justified in
terms of the cost benefit ratio (for the base case parameter values). If the overall conclusion
that Viennese regulation was cost-effective is wrong, it is wrong because of structural
modelling errors, not poor parameter estimates.

*Ahkkkhkk

**xxx** Table 2 about here

It is interesting to observe that an increase in the fraction of people, who are interested in
getting a tattoo (8) reduces the BC ratio and vice versa. That appears to be related to the
opportunity to prevent secondary infections. More people getting tattoos means more
infections averted, but it also means more expensive sterilisations. However, the larger the
non-tattoo population relative to the tattoo population, the more important secondary
infections are relative to primary, tattoo-induced infections. Conversely, increasing the
frequency of non-tattoo transmission (o) increases the BC ratio of tattoo regulation
significantly, again because more secondary infections are averted per primary, tattoo-induced
infection that is averted.

So far the results have ”praised” Vienna for regulating tattoo parlours in 2003 when the
HCV prevalence was about 0.8%, but perhaps Viennese decision-makers should have acted
even sooner when HCV prevalence was lower than 0.8%. We can investigate this by finding
the smallest prevalence such that implementing regulation now is better than waiting another
year. That breakeven prevalence is around 1/100 of today’s value, i.e. ©1=0.008%. No one
really knows in what year the HCV prevalence was that low, but it was probably before
tattoos became as popular as they are now and almost certainly it was before the first antibody
assays to identify HCV were introduced.™

Table 3 shows this breakeven prevalence for which regulation is first cost-justified
depends on (1) the length of the planning horizon T and (2) whether one recognizes all HCV
infections, including secondary infections, or one uses a naive model that considers only
primary infections. More specifically, the naive model compares the cost of sterilisation to
the product of the cost of HCV infection times the probability that someone seeking a tattoo
will become infected via by receiving that tattoo.

Longer planning horizons reduce the breakeven prevalence. More dramatically,
recognizing secondary injections cuts dramatically that minimum prevalence for which
intervention is justified. In other words, a model such as this one that recognizes secondary
infections would recommend intervening sooner than would a naive model that neglected
secondary infections. How much sooner depends on the rate of change in prevalence.
However, the delay in intervention from using a naive model could be considerable, as long
as five years even if HCV prevalence is increasing at a compound rate of 20% per year.

*khkkkhkk

***%x*x Table 3 about here

This information is relevant for decision makers in other cities that may not yet have
instituted regulations and which may be at different points in the HCV epidemics’ spread.
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Conclusions

The analysis above yields three interrelated conclusions, all of which are fairly robust with
respect to parameter uncertainty. (1) Regulating tattoo parlours was a cost-effective form of
HCV control for Vienna in 2003 and, by extension, merits consideration in other jurisdictions.
(2) It is possible to create simple, dynamic, policy simulation model that reflects both direct
infections from tattoos and also secondary infections spread via additional tattoos and other,
non-tattoo mechanisms. (3) The policy recommendation from such a dynamic model that
incorporates secondary infections can be markedly different than that of a naive model with
regard to the stage in the epidemic at which a regulatory intervention is cost-justified. Hence,
it would seem sensible for jurisdictions with both tattoo parlours and HCV to use this or some
related model to inform decisions about whether and when to regulate those tattoo parlours.

The breakeven threshold prevalence for which regulation becomes cost-justified was very
low when our model was parameterized for Vienna, Austria. Put another way, even with an
HCV prevalence as low as 0.8%, with Viennese parameter values, regulating tattoo parlours
yielded a benefit-cost ratio on the order of 300 relative to doing nothing and on the order of
150 relative to waiting another year. It is hard to imagine that benefit-cost ratios for other
first-world cities with HCV prevalence on the order of 0.5 — 1.0% would not also be
favourable.

The results may or may not extend to third world countries because most of the social
benefit from averting HCV infections in Vienna stems from avoiding quite expensive medical
interventions and from extending the lives of people with very high annual earnings. On the
other hand, the majority of the cost of complying with the regulation was driven by labour
rates, specifically additional time required by tattoo parlour staff to sterilize equipment. So in
countries with lower wage scales, the cost per sterilisation would also be lower.

Various extensions of the model are possible, including: more detailed modelling of
subpopulations to see if tattooing may serve as a “bridge” connecting what would otherwise
be low- and high-risk subpopulations, crediting tattoo regulation with averting the spread of
other blood-born viruses such as HIV/AIDS, and including risk-response of tattoo customers,
whereby imperfect regulation might increase the number of people who seek tattoos and,
hence, who are exposed to some reduced but still positive risk of infection.
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Table 1: Base case parameter values

Value Description Interval
k 34,875 Annual inflow to the population (=“births”) -
1) 0.29  Fraction of people who are interested in getting a tattoo 0.25-0.33
g 0.031 Annual rate at which people are no longer interested in getting more tattoos -
Fas 0.9  Annual rate of transition from “acute” to “susceptible” -
Fac 1.1 Annual rate of transition from “acute” to “chronic” -
frcs  0.04  Annual rate of transition from “chronic” to “acute” -
ps - 0.03  Annual exit rate from the pool of susceptibles -
pa - 0.03 | Annual exit rate from the acute state -
pc | 0.03415 Annual exit rate from the chronic state -
A 0.2135 Annual rate of getting tattoos -
o 0.14  Coefficient of HCV spread via methods other than tattoos 0.13-0.15
B-6 0.5  Probability of an infection resulting from getting a tattoo with tattoo 0-1
equipment that is infectious
r 0.03  Discount rate 0-0.05
T 60 Length of planning horizon (years) 1-60
y  16.11 Cost of sterilization process (in €) including using a new needle, new ink, -
sterilization of the tattooing pen, etc.
I, 37,730 Social cost of an HCV infection (in €), discounted to the time of infection for ~ 25,780-

r = 0%, 3% and 5% 73,530




Table 2: lllustration of how the specific cost-benefit ratio results BC(2003,2004) of
regulate now vs. next year depend on what is assumed for the probability of an infection
resulting from getting a tattoo with tattoo equipment that is infectious before regulation
(B-9), on considerations reflecting HCV infection from reasons other than tattooing (a),
and the length of the planning horizon T. (Tmin is the shortest planning horizon for which
intervention yields a favourable cost benefit ratio.)

o=014 o =013 a=0.15 o=014 o=0.14
6=0.29 6=0.29 6=0.29 6=0.25 6=0.33

B-O BC Thin BC Thin BC Thin BC Trmin BC Trmin
0.001 0.31 — 0.27 - 0.36 - 0.31 3 0.3 -
0.01 3 3 3 3 4 2 3 3 3 3
0.02 6 1 5 1 7 1 6 1 6 1
0.05 15 1 13 1 18 1 15 1 15 1
0.1 31 1 27 1 36 1 31 1 31 1
0.2 63 1 55 1 73 1 63 1 63 1
0.3 96 1 84 1 112 1 97 1 96 1
0.4 130 1 113 1 152 1 131 1 130 1
0.5 166 1 144 1 192 1 166 1 165 1
0.6 202 1 175 1 235 1 203 1 201 1
0.7 239 1 208 1 278 1 240 1 238 1
0.8 278 1 241 1 323 1 279 1 277 1
0.9 318 1 276 1 369 1 319 1 316 1
0.95 338 1 294 1 393 1 339 1 337 1
0.99 355 1 308 1 412 1 356 1 353 1
1 359 1 312 1 417 1 360 1 357 1




Table 3: Minimum prevalence for which intervention is cost-justified as a function of planning horizon and
whether secondary infections are recognized

Planning horizon T Full (inclusive) Model Naive Model Tracking Direct Infections Only
1 0.016% 0.04%
2 0.015% 0.037%
3 0.014% 0.035%
4 0.013% 0.033%
5 0.012% 0.032%
6 0.0112% 0.03%
7 0.011% 0.028%
8 0.01% 0.027%
9 0.0099% 0.025%




Fig 1: Flow chart of the HCV model (Equation (4)) for ¢:=6 - f(r;) as defined by Equation (3)
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