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Abstract. Background: Men who have sex with men (MSM) are disproportionately affected by HIV. The proven
efficacy of circumcision in reducing the risk of HIV acquisition among African heterosexual males has raised the question
of whether this protective effect may extend to MSM populations. We examined the potential impact of circumcision on an
HIV epidemic within a population of MSM.Methods:Amathematical model was developed to simulate HIV transmission
in an MSM population. The model incorporated both circumcision and seropositioning, and was used to predict the
reduction in HIV prevalence and incidence as a result of the two interventions. Estimates for the time required to achieve
these gains were also calculated. Results: We derive simple formulae for the decrease in HIV prevalence with increased
circumcision. Our model predicts that if an initially uncircumcisedMSM population in a developed country with a baseline
HIV prevalence of 10% underwent universal circumcision, HIV incidence would only be reduced to 95% of pre-
intervention levels and HIV prevalence to 9.6% after 20 years. In the longer term, our model predicts that prevalence would
only decrease from 10% to 6%, but this would take several generations to achieve. The effectiveness of circumcision
increases marginally with higher degrees of seropositioning. Conclusions: The results of these calculations suggest that
circumcision as a public health intervention will not produce a substantial decrease in HIV prevalence or incidence among
MSM in the near future, and only modest reductions are achievable in the long-term.
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Introduction

Men who have sex with men (MSM) remain disproportionately
affected by HIV epidemic in resource-rich countries.1,2 Despite
widespread health promotion and education campaigns targeting
gay men, increases in HIV incidence among MSM have been
observed in several jurisdictions over the past decade.2–5

Much research in recent years has focussed on potential
biomedical interventions to prevent HIV transmission.
Strategies, including candidate microbicides and vaccines,
have thus far failed to provide protection against HIV
infection.6,7 Clinical trials have provided strong evidence that
circumcision can reduce the risk of HIV acquisition by around
50% in heterosexual African men.8–11 However, the evidence
that circumcision provides protection against HIV among MSM
is limited and conflicting.9 MostMSM acquire HIV via receptive
unprotected anal intercourse (UAI)12 and the potential reduction
in HIV risk afforded by circumcision would most likely be
limited to the insertive UAI partner.

Two key factors could account for an increasingly important
role of circumcision, should it afford MSM a degree of

protection against HIV. First, the prevalence of circumcision
is declining in many resource-rich countries.13,14 Second,
‘seropositioning’, where HIV-negative MSM adopt the
insertive role in UAI to reduce their HIV risk, is being
commonly reported throughout the world.5,15 Should
increasing proportions of uncircumcised HIV-negative MSM
take the insertive role in UAI with HIV-positive partners, then
the proportion of new HIV infections attributable to insertive
UAI is likely to increase.

At a population level, the effect of increased levels of
male circumcision, either alone or in combination with
seropositioning, on the MSM HIV epidemic is unknown.16,17

We therefore developed a mathematical model to explore likely
effects of male circumcision on HIV prevalence and incidence
among MSM.

Methods
We used a mathematical model to investigate the effect of
circumcision on HIV under different levels of circumcision
coverage and seropositioning. The intention of this modelling
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is to determine a representation of the problem, containing the
most important features of how circumcision may impact on
HIV transmission among MSM, while still enabling the
derivation of explicit formulae of how HIV prevalence in the
MSM community will change with levels of circumcision. These
formulae provide estimates of the expected reduction in HIV
prevalence for the MSM community as well as establishing its
relative benefits compared with practices such as
seropositioning.

We assumed that the only mode of HIV transmission was
UAI. We also assumed that circumcision reduced the risk of
infection via insertive UAI by the same amount as shown for
heterosexual men (i.e. 50%) but the risk of acquisition for
receptive UAI was unchanged.

The compartmental mathematical model is described by the
following system of differential equations where X and Y
represent the number of uninfected and HIV-infected MSM
(both diagnosed and undiagnosed) respectively:

dX

dt
¼ 1� bY

X þ Y
X � dXX ; and

dY

dt
¼ bY

X þ Y
X � dYY

where population sizes have been scaled so that the rate of entry
of new MSM to the uninfected population is 1 per year. The
probability of HIV transmission per time unit through UAI
between an infected and uninfected MSM is given by:

b ¼ 1� ð1� pRÞnRð1� pI ð1� gmÞÞnI :

The parameters pR and pI denote the probabilities of HIV
infection per act of UAI when receptive or insertive respectively,
nR and nI represent the number of receptive and insertive UAI
acts per unit of time, m is the fraction of MSM who are
circumcised, g is the reduced risk of HIV infection for
insertive UAI due to circumcision, and dX and dY are the
rates at which MSM no longer practise UAI due to death or
change in sexual activity for each of the uninfected and infected
groups respectively. Since the probability of HIV transmission
per act of UAI is small,12 b simplifies to:

b ¼ pRnR þ pInI ð1� gmÞ:

The value of b will vary from country to country. In the
calculations below, which are relevant to a country such as
Australia, the value of b is determined using current levels of
HIV prevalence and mortality rates commensurate with a
population where antiretroviral therapy (ART) is used to the
extent typical of a resource-rich country; i.e. ART is widely
available but not used by everyone. As such, it implicitly
includes the effect of reduced probability of transmission due
to lower viral loads with ART. A full description of the model is
given in the Appendix.

Relative to HIV prevalence P0, when there is no
circumcision, an increase of circumcision within a fraction m
of the MSM population results in an HIV prevalence that is
determined from the steady-state level in the mathematical
model, given by:

Prevalence � P0 � ð1� P0Þg
1þ r

m ð1Þ

where r= pR/pI expresses the relative risk of infection of
receptive to insertive acts (see the Appendix for the
derivation of this and the following equations). So the
decrease in prevalence is given by:

P0 � Prevalence � ð1� P0Þg
1þ r

m ð2Þ

Seropositioning was modelled by increasing the proportion
of total insertive UAI acts by uninfected men while not changing
the total number of UAI acts. The degree to which
seropositioning is practised was assumed to be the effective
level in the population in the simulations. However, this is likely
to be lower than the perceived level as a result of non-disclosure
of HIV status to sexual partners or HIV infections remaining
undiagnosed. The level of seropositioning is described by
the variable s = 1�nR/nI, such that s= 0 represents no
seropositioning so that the number of receptive and insertive
acts are equal between HIV-infected and uninfected individuals,
and s = 1 represents full seropositioning so that there are no
receptive acts by an uninfected MSM with an infected
MSM. Relative to HIV prevalence P0 when there is no
circumcision and no seropositioning, an increase in both of
these results in the steady-state level of:

Prevalence ¼ 1� ð1� P0Þð2� sÞðr þ 1Þ
2ðrð1� sÞ þ 1� gmÞ ð3Þ

The parameters used in the numerical simulation of the model
can be found in Table 1. With no seropositioning, we assumed
nR= nI= 15 UAI acts per year, which produced an HIV
prevalence of 10%, a value consistent with the estimated 8%
prevalence among MSM in Australia,18 and with the average
12.8% prevalence among MSM in low and middle-income
countries throughout the world (Table 1).19 Estimates of
change in HIV prevalence with increasing circumcision and
seropositioning were determined from these steady-state values.
Calculations of incidence were determined numerically from the
model differential equations. Coverage by circumcision was
varied between 0% and 100%, and seropositioning was
varied such that the proportion of UAI acts by uninfected
men that were insertive ranged from 50% to 100%.

Table 1. List of model parameters and their values

Parameter Value

Current HIV prevalence 10%19,20

Relative risk of infection of receptive
v. insertive UAI

1012

Average rate of death, emigration, etc. 0.03 per year21

Average reduction in risk by circumcision
for insertive acts

50%8,10,11
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Results

Circumcision in a MSM population without
seropositioning

In this scenario, we investigated changes in HIV incidence and
prevalence resulting from a circumcision intervention. We
considered a population with no circumcised men initially
and modelled the effect of circumcising a given percentage of
men. The proportion of UAI acts by uninfected men that are
insertive was kept constant at 50%. Studies of the per-contact
risk of MSM acquiring HIV infection in the USA indicate that
the risk of acquiring HIV from receptive UAI is 0.82% when the
partner was known to be infected with HIV and 0.27% for
someone with unknown serostatus.12 However, the per-contact
risk for insertive UAI was ~10-fold lower at 0.06% and 0.04%
respectively.12 Hence we assume that the relative risk of HIV
infection from receptive UAI is much more likely than through
insertive UAI.

The change in HIV incidence after the intervention is
shown in Fig. 1 for a typical resource-rich country where the
availability of combination ART results in a mortality rate of
HIV-infected individuals that is similar to that of uninfected
individuals.21 By circumcising 50% or 100% of the MSM
population, incidence quickly drops to 97% or 95% of its
value before the intervention respectively, as a consequence
of the immediate reduction in risk due to circumcision.
However, over the next 20 years, the additional reduction in
HIV incidence is only minimal.

Long-term trends in HIV prevalence are shown in Fig. 2 and
the decrease due to the intervention is given by the following
expression, which was derived from our model (Eqn 2):

Decrease in prevalence

� Fraction uninfected� circumcision protection
1þ relative risk of receptive vs insertive UAI

� percent circumcised

For example, in Australia ~10% of MSM are HIV-positive,20

so the fraction uninfected is 0.90. Given this value and the values
from Table 1, we obtain:

Decrease in prevalence � 0:90� 0:5
1þ 10

� percent circumcised

¼ 0:04� percent circumcised

If the entire population was originally uncircumcised,
complete circumcision coverage could eventually decrease
HIV prevalence from 10% to just under 6%. However, after
20 years, HIV prevalence would only fall to 9.6% in a resource-
rich country, indicating that the length of time required to
achieve the majority of the long-term decrease in prevalence
is on the order of generations. This slow rate of decrease is a
consequence of the low mortality rate of individuals living with
HIV infection in resource-rich countries where ART is widely
available.

As would be expected, if the relative risk of infection from
receptive v. insertive UAI was half the above value, so r= 5, then
the benefits of circumcision are approximately twice that of the
above calculations, so complete circumcision would reduce HIV
prevalence from 10% to ~2%.

Circumcision in a MSM population practicing
seropositioning

We assumed the same parameter values as above, but in
addition, we considered the impact on HIV prevalence of
increasing the level of seropositioning at the start of the
intervention, holding it constant thereafter. HIV incidence for
different levels of achieved seropositioning and circumcision is
shown in Fig. 3. The graph shows that circumcision is slightly
more effective as the proportion of acts which are insertive
increases, but it also shows that the greatest reductions in
incidence are due to seropositioning. If there is a slight
increase in seropositioning such that 60% of acts by
uninfected men are insertive then incidence falls to 76% of
its previous level after 20 years for a resource-rich country.
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Fig. 1. HIV incidence as a percentage of incidence before the intervention.
The intervention involved increasing the percentage of circumcised men in
the population from 0% to either 50% or 100%.
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Fig. 2. Long-term HIV prevalence for different levels of circumcision
achieved in the intervention.
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Circumcision of all MSM in addition to the increased level of
seropositioning leads to a further decrease in incidence to 69% of
the baseline. In addition, achieving a level of seropositioning
such that 80% of acts were insertive causes the incidence to drop
to 40% of its pre-intervention level after 20 years.

The combinations of seropositioning and circumcision that
are necessary for a given reduction in HIV prevalence can be
determined through a formula similar to that solely through
circumcision (Eqn 3). With no increased circumcision, then
seropositioning, to the extent that only 44% instead of 50%
of UAI acts with HIV-infected MSM are receptive, will
eventually reduce HIV prevalence to zero.

Discussion

The results from this model indicate that circumcision is unlikely
to have a substantial impact on HIV incidence or prevalence in a
MSM population. Given a baseline HIV prevalence of 10%, as
in Australia, circumcising all MSM in an uncircumcised
population in a resource-rich country where seropositioning is
not practised would only reduce incidence to 95% of pre-
intervention levels after 20 years (Fig. 1). For countries where
HIV-associated mortality is significantly higher than mortality
rates for those not living with HIV, reductions in HIV incidence
will be proportionately faster, as the HIV-infected group is lost
more quickly. However, the extent of reduction in HIV
prevalence will not be affected.

If seropositioning was practised and 60% of UAI acts by
uninfected men were insertive, HIV incidence after 20 years
would be reduced to 69% of the baseline with complete
circumcision of an initially uncircumcised MSM population.
However, this level of seropositioning without a circumcision

intervention would itself reduce incidence to 76% of the baseline
(Fig. 3). HIV prevalence follows similar trends with a
circumcision-only intervention, reducing prevalence from
10% to 9.6% after 20 years and to 6% in the long term in a
resource-rich country. The low mortality rates of those living
with HIV in this setting due to the availability of combination
ART results in a slow change in HIV prevalence (Fig. 2). Greater
reductions in prevalence occur with increasing practice of
seropositioning.

Although the rate at which HIV prevalence is reduced is
slow, as described above for the continued high levels of HIV
incidence at 20 years, increased seropositioning can eventually
eliminate HIV prevalence on its own. With no increased
circumcision, a reduction of receptive UAI from 50% to 44%
is sufficient to eventually remove HIV infection from the MSM
community, provided there is no compensatory change in risk.
Given the model predictions of the sensitivity of prevalence to
seropositioning and the relative insensitivity to circumcision
alone, it is therefore understandable that circumcision will have
little additional benefit when combined with seropositioning.

In our model, the predicted benefits of circumcision among
MSM are less than those observed among African heterosexuals
in the three randomised circumcision trials.8,10,11 Simulations of
a circumcision intervention applied to a sub-Saharan population
with heterosexual intercourse as the only mode of HIV
transmission showed that HIV prevalence could decline to
50% of pre-intervention levels after 13 years;22 however, the
simulations presented here indicate that the prevalence among
MSM in resource-rich countries would only fall to 96% of its
pre-intervention level after 20 years (Fig. 1). For MSM, the great
majority of new infections occur through receptive UAI, for
which circumcision has no plausible effect.9 This contrasts with
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Fig. 3. HIV incidence as a percentage of incidence before the intervention over time. The
intervention involved increasing the percentage of circumcised men in the population from 0%
to the given value, and increasing the effective level of seropositioning from none (50% acts insertive)
to 60% insertive and 80% insertive.
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insertive vaginal sex as the key risk factor for sexual acquisition
among African heterosexual males in the randomised trials.
Additionally, any changes in HIV prevalence in developed
countries, where HIV infection among MSM contributes a
much greater proportion of new infections than heterosexual
transmission, will be much slower than in Africa, given lower
AIDS-associated mortality due to access to ART.

A substantial number of MSM in developed countries are
already circumcised.13,14 Therefore, it is unlikely that such a
circumcision intervention would provide the maximum
estimated benefit, since the decrease in HIV prevalence is
proportional to the size of the uncircumcised MSM
population at the baseline. For example, the estimated
reduction in HIV prevalence achieved by complete
circumcision would only be 2% in a population of MSM
among whom 50% are already circumcised.

A circumcision intervention among MSM who also practise
seropositioning could result in a greater reduction in HIV
prevalence compared with the decrease achieved with
circumcision alone. However, our model suggests that similar
benefits in terms of reductions in HIV prevalence could be
achieved by minimal increases in the practice of seropositioning
alone. Observational data on the benefits of circumcision are few
and conflicting on HIV acquisition among MSM who
predominantly practice the insertive role in UAI.23,24

Nonetheless, our model predicts that if effective
seropositioning is practised to a sufficient degree, HIV
acquisition could be significantly reduced to a much greater
extent than through circumcision.

Several limitations in our model should be noted. For
simplicity and clarity, we assumed homogeneity in sexual
behaviour for MSM who were not infected with HIV, and
our model did not include other factors that have an impact
on HIV transmission among MSM, such as different levels of
HIV viraemia during the acute, chronic and AIDS stages of
infection; concurrent sexually transmissible infections; the
structure of sexual contacts and other risk behaviours such as
injecting drug use.25,26 We also assumed that following the
intervention, there were no substantial changes in behaviour e.g.
increases in the number of UAI acts per year.

There is evidence that in some settings MSM wholly or
predominantly adopt a specific role (insertive or receptive) in
UAI27 and the benefit of circumcision to these groups may be
somewhat different than the results presented here for the whole
population. An analysis of circumcision and HIV incidence for
MSM in Australia determined that for men where virtually all
UAI with serodiscordant partners was in the insertive position,
being circumcised provided a ~five-fold reduction in HIV
incidence.28 Our model did not include separate insertive or
receptive only individuals, as this would have then required a
numerical rather than analytical solution and the introduction of
many more parameters, with an increasing level of uncertainty
due to model complexity. Neither did the model determine
benefit to subpopulations but to the community as a whole.
However, even under these simplifications, we determined that
seropositioning can substantially reduce HIV incidence for the
entire community irrespective of circumcision. In our
calculations, the additional benefit of circumcision was minor
to the community as a whole but would be expected to directly

benefit those who are preferentially insertive. A more detailed
analysis could be informative regarding the benefits of
circumcision to different groups within the MSM community.
Nevertheless, our calculations should be useful for public health
officials, HIV clinicians and researchers to estimate the impact
that circumcision could have in their own MSM community
without requiring the solution of complex systems of differential
equations with a large number of parameters.

In contrast to the substantial protective effect circumcision
affords African heterosexual men,8,10,11 our model suggests that
circumcision would have a minimal impact on the HIV epidemic
among MSM in resource-rich countries. Due to the improved
survival with effective ART for those living with HIV infection,
any substantial impact would take many generations to achieve.
Other more effective interventions to reduce HIV acquisition in
MSM are required.
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Appendix

Derivation of equations
The mathematical model for the number of uninfected X and infected Y MSM is described by the following system of differential
equations:

dX

dt
¼ 1� bY

X þ Y
X � dXX ;

dY

dt
¼ bY

X þ Y
X � dYY

where b= 1 – (1 – pR)
nR (1 – pI (1 – gm))nI with the following parameters:

Population sizes are scaled so that the rate of entry of new MSM to the uninfected population is 1 per year. The infection term
(bY/(X+ Y))X is the harmonic mean of the uninfected and infected populations scaled by an infection transmission parameter b. The
harmonic mean has the useful property of reducing to the smaller population if there is a large discrepancy between these populations,
since the number of infections should depend more on the number of infected men, who are the minority in the population. Also the
harmonic mean increases linearly as the populations increase and so the number of partnerships per man increases linearly as more
men enter the population. Since the probability of HIV transmission per UAI act is small,12 b simplifies to

b ¼ pRnR þ pInI ð1� gmÞ:
From these equations, the stable equilibrium solution can be found:

Y ¼ b� dY
dY ðbþ ðdX � dY ÞÞ

X ¼ 1
dX

1� b� dY
bþ ðdX � dY Þ

� �
¼ 1

bþ dX � dY

with the HIV prevalence Y/(X + Y) given by:

Prevalence ¼ 1� dY
b

when b> dY. For this parameter region, the uninfected state with Y= 0 is unstable. If b� dY then the uninfected state Y= 0 and X = 1/dX
is the only stable equilibrium (i.e. the epidemic cannot be sustained). This prevalence being non-negative indicates that the infected
state is the stable solution, whereas a negative value indicates that the uninfected state is the stable equilibrium solution and prevalence
reverts to zero.

Circumcision in a MSM population without seropositioning

Since pI is very much less than pR (the probability of infection for insertive UAI is small compared to the probability of being infected
when receptive) and with no seropositioning (nR= nI= n), we have for a fraction m of the population being circumcised:

1
b
¼ 1

nðpR þ pI Þð1� gmpI
pRþpI

Þ

Symbol Parameter

pR, pI The probability of being infected per act when receptive or insertive respectively
nR, nI The average number of contacts per individual per year as receptive or insertive
g The protective effect (1 – relative risk) of circumcision for an insertive partner
m The fraction of the population that is circumcised
dX, dY The combined death and exit rates of individuals from the sexually active population for

uninfected and infected individuals respectively
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� 1
nðpR þ pI Þ

1þ gmpI
pR þ pI

� �
so that:

Prevalence � ð1� dY
nðpR þ pI Þ

Þ � dY pI g
nðpR þ pI Þ2

m:

The HIV prevalence when there is no circumcision (m= 0) is given by

P0 ¼ 1� dY
nðpR þ pI Þ

so that this last equation can be rewritten as:

Prevalence � P0 � ð1� P0Þg
r þ 1

m

where r= pR/pI expresses the relative risk of receptive to insertive acts. This is the approximation used in estimates of the protective
effect of circumcision in an MSM population.

Circumcision in a MSM population practicing seropositioning

We now consider how prevalence changes with circumcision where seropositioning is practised. With seropositioning, the number of
acts between infected and uninfected individuals is assumed to remain constant, but the ratio of receptive to insertive acts between
these individuals changes. We assume here that the number of UAI acts, N, is constant regardless of the level of seropositioning.

The level of seropositioning is described by the variable s = 1 – nR/nI such that s = 0 represents no seropositioning so that the
number of receptive and insertive acts are equal between HIV-infected and uninfected individuals, and s= 1 represents full
seropositioning so that there are no receptive acts by an uninfected MSM with an infected MSM. HIV prevalence with circumcision
under different levels of seropositioning is given by:

b ¼ nRpR þ nIpI ð1� gmÞ

¼ nIpI
nR
nI

� pR
pI

þ 1� gm
� �

¼ nIpI ðð1� sÞr þ 1� gmÞ
Since we assume that the total number of UAI is unchanged by seropositioning,

nI þ nR ¼ N

then:

s ¼ 1� N � nI
nI

¼ 2� N

nI

and the number of insertive UAI acts is given by nI=N/(2 –s). Therefore:

b ¼ pINðrð1� sÞ þ 1� gmÞ
2� s

and:

Prevalence ¼ 1� dY ð2� sÞ
NpI ðð1� sÞr þ 1� gmÞ

Prevalence in the absence of circumcision and seropositioning is given by

P0 ¼ 1� 2dY
NpI ðr þ 1Þ

so that:

Prevalence ¼ 1� ð1� P0Þð2� sÞðr þ 1Þ
2ðrð1� sÞ þ 1� gmÞ
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