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Abstract. We evaluate the potential impact of rectal microbicides for reducing HIV transmission in bathhouses. A new mathematical model describing
HIV transmission dynamics among men who have sex with men (MSM) in
bathhouses is constructed and analyzed. The model incorporates key features
affecting transmission, including: sexual role behavior (insertive and receptive anal intercourse acts), biological transmissibility of HIV, frequency and
efficacy of condom usage, and, most pertinently, frequency and efficacy of rectal microbicide usage. To evaluate the potential impact of rectal microbicide
usage, we quantify the effect of rectal microbicides (ranging in efficacy from
10% to 90%) on reducing the number of HIV infections in the bathhouse. We
conduct uncertainty analyses to assess the effect of variability in both biological and behavioral parameters. We find that even moderately effective rectal
microbicides (if used in 10% to 50% of the sex acts) would substantially reduce
transmission in bathhouses. For example, a 50% effective rectal microbicide
(used in 50% of sex acts) would reduce the number of secondary infections by
almost 13% at disease invasion . Our modeling analyses show that even moderately effective rectal microbicides could be very effective prevention tools for
reducing transmission in bathhouses, and also potentially limit the spread of
HIV in the community.

1. Introduction. There is a critical need to develop new HIV prevention strategies. Lately, developing topical microbicides for the prevention of vaginal or rectal transmission of HIV has become an area of increasing interest. The profound
differences in anatomy, histology, and microbiology between the vagina and rectum suggest that site-specific microbicides might be required. It is possible that a
product that could be used with impunity in the vaginal cavity may damage the
vulnerable lining of the intestinal tract and could actually increase the risk of HIV
transmission if used as a rectal microbicide. To date, there have been only three
human rectal microbicide studies in men who have sex with men (MSM); all the
studies evaluated the safety and acceptability of N-9[1, 2, 3]. In the first study[1], 35
seroconcordant couples received escalating doses of N-9 for up to 6 weeks without
obvious toxicity, although minor histological abnormalities were common in both
N-9 and placebo recipients. In a second smaller study[2], the use of N-9 products
resulted in significant rectal epithelial damage within 15 minutes of administration.
This observation was subsequently confirmed in a third larger study by the same
group[3]. Additional human vaginal[4] and animal rectal studies[5, 6] with N-9
have demonstrated limited efficacy and a potential for significant mucosal toxicity.
Therefore, this product is now contraindicated for rectal use. Despite these disappointing results, the feasibility of preventing rectal transmission has been recently
demonstrated using cyanovirin in the SIV/macaque model[7]. Whilst these data
are encouraging, the technical challenges in developing a similar product for use
in humans are considerable. In addition, it is currently unclear which elements of
the intestinal mucosa are the initial targets of infection[8] and also which region of
the colon needs protection. As rectal microbicides are developed there is an urgent
need to evaluate their potential impact on HIV transmission.
The majority of MSM practice insertive or receptive anal intercourse (AI)[9],
and this activity occurs within a community with a considerable prevalence of HIV
infection[9, 10]. Within the MSM community there are high-risk sexual zones (such
as bathhouses) where MSM congregate for sexual activity[11, 12, 13], and where
the frequency of unprotected AI is likely to be particularly high. Bathhouses are a
feature of most major North American and European cities. These facilities provide
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both communal and private spaces where MSM can engage in sexual activity with
multiple partners[12, 14]. There are approximately 80 such venues in the United
States of America (USA)[13, 15]. Almost all bathhouses provide condoms and lubricants, and some have sexually transmitted diseases and HIV testing facilities
for patrons[15]. Despite the availability of these products, it is estimated from
one study that at least 10.7% of patrons have unprotected AI in the bathhouse
setting[11]. As a consequence, bathhouses are high-risk zones for HIV transmission
and, therefore, should be used for targeting prevention strategies and health education for MSM[16, 17]. The purpose of our study is to evaluate the potential impact
of rectal microbicides for reducing HIV transmission in bathhouses.
2. Methods. Mathematical Model. We develop an ordinary differential equation
(ODE) model describing HIV infection amongst an MSM population in a bathhouse.
We assume that the bathhouse is permanently open, and that the population is large
and well mixed (i.e., we assume mass action mixing) such that an ODE model is
appropriate. The total number of MSM in the bathhouse at any time, N (t), is
subdivided into three groups: susceptible (i.e., uninfected) men, S(t), and HIVinfected men, I(t), and the HIV-exposed men E(t); thus, N (t) = S(t) + I(t) + E(t).
The population dynamics of the three groups S, I and E are modeled by the
equations












dS
dt

= π − β SI
N − µS

dI
dt

= ρ − µI

dE
dt

(1)

= σ + β SI
N − µE.

These three equations track the inflow and outflow of MSM into the bathhouse.
The inflow rates of susceptible, infected MSM, and exposed MSM are, respectively,
π, ρ, and σ. The average time spent in the bathhouse by MSM is 1/µ. Within
the bathhouse, we assume that HIV transmission takes place exclusively though
AI (both receptive and insertive acts occur); transmission is modeled by the term
β SI
N . The probability of HIV transmission (β) through either insertive or receptive
AI is given by
β = ci βi (I − η c ψic )(1 − η m ψim ) + cr βr (1 − η c ψrc )(1 − η m ψrm )
The probability of HIV transmission through insertive AI depends on three quantities: the rate of formation of AI partnerships where the insertive is susceptible
(ci ), the probability of transmission in one act of insertive AI (βi ), and the level of
protection against HIV infection due to microbicide usage or condom usage. If microbicides are used, HIV transmission is decreased by a factor of (1 − η m ψim ), where
η m is the microbicide efficacy and ψim is the frequency of microbicide use. Similarly, if condoms are used, HIV transmission is decreased by a factor of (1 − η c ψic ),
where η c is the condom efficacy and ψic is the frequency of condom use. Likewise,
HIV transmission through receptive AI is characterized by cr , βr , and the type of
protection utilized, (1 − η m ψrm )(1 − η c ψrc ). Once MSM are infected with HIV they
do not immediately become infectious, and they enter the exposed class. Since the
average interval of time spent in the exposed class is much larger than the average
duration of bathhouse visits, we assume that no exposed MSM become infectious
in the bathhouse.
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Parameter Definition
Symbol Minimum Maximum
Average length of bathhouse visit (hours)
1/µ
1
7
Viral transmission probability per inβi
0.0003
0.01
sertive partnership (insertive is HIV)2 [31, 32]
Viral transmission probability per recepβr
0.0006
0.02
tive partnership (receptive is HIV-)2 [31,
32]
Number of insertive partnerships per
ci
0.14
5
hour3
Number of receptive partnerships per
cr
0.14
5
hour3
Number of insertive partnerships per
Ci
1
5
bathhouse visit
Number of receptive partnerships per
Cr
1
5
bathhouse visit
Number of bathhouse visits per year
ν
1
2
Years that an MSM visits bathhouses
N
10
30
Total number of bathhouse visits4
n
10
60
Condom efficacy
ηc
0.8
0.95
Frequency of condom use when HIV- is
ψic
0
0.3
insertive
Frequency of condom use when HIV- is
ψrc
0
0.2
receptive
Microbicide efficacy5
ηm
0.1
0.9
Frequency of microbicide use when HIVψim
0.1
0.5
is insertive5
Frequency of microbicide use when HIVψrm
0.1
0.5
5
is receptive
Table 1. Parameters of the bathhouse model: parameter definition, symbol, minimum, maximum.
2
The broad range in β accounts for the fact that patrons can be
newly or chronically infected.
3
Calculated as ci,r = Ci,r µ.
4
Calculated as n = N ν.
5
Study variable.

Model Analysis. We analyze our model to obtain an expression for the average
number of secondary HIV infections within the bathhouse (which we denote by
R) assuming that virtually all MSM in the bathhouse are susceptible. For our
particular model, this concept is very much related to that of the basic reproduction
ratio, R0 [18], except that since exposed MSM do not become infectious in the
bathhouse, there is no tertiary HIV transmission in the bathhouse during one visit.
Thus, for the HIV transmission in a bathhouse when there are no infected entrants
(ρ = 0, σ = 0) we have R = β/µ[18] per bathhouse visit. If n visits are considered,
then R = nβ/µ. It is very important to note that R describes disease invasion
(where the number of susceptible MSM is much larger than that of HIV infected
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1.5
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MSM). Clearly, R also plays an important role in disease eradication where again
the condition of the number of susceptible MSM being much larger than that of HIV
infected MSM is met. However, the current situation with HIV is far from invasion
or eradication; rather, HIV is approaching an endemic equilibrium of constant
incidence and prevalence. In this context, R is used as a measure of the severity of
the HIV epidemic.
Parameter Values. In order to account for uncertainty in estimating the values
of the parameters, we use uncertainty analysis[19, 20] and sample from probability
distributions to predict R and its variability; see Table 1 for ranges and probability
distributions for each of the biological and behavioral parameters. In the absence
of detailed data that would allow the precise estimation of all of the parameters in
Table 1, we choose conservative ranges for these parameters in order to illustrate
the potential minimum impact of microbicides on HIV transmission in bathhouses.
For most parameters given in Table 1[19, 20], we sample uniform probability distributions 40000 times in order to predict the distribution of R. Two parameters
(microbicide efficacy and usage) are study variables and vary from 0 to 1. For the
convenience of a two-dimensional plot, we choose the same level of microbicide use
for both receptive and insertive AI, i.e., ψim = ψrm .
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Figure 1. The potential impact of rectal microbicides use on HIV
transmission in a bathhouse. The panels (a), (b), (c), and (d) show
the average number of secondary infections per infected individual
per bathhouse visit (R) considering a bathhouse full of susceptibles
versus the microbicide efficacy (η m ) for 0%, 10%, 30%, and 50%
microbicide use. The bars represent the standard deviation of the
average values.

3. Results. Our results in Fig. 1 show the levels of microbicide efficacy and usage
that are necessary in order to decrease R. For low microbicide use (i.e., 10%), R
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decreases slowly with increasing microbicide efficacy. However, for fairly modest
microbicide use (between 30%-50%), R becomes lower than 1 when microbicide
efficacy is greater than 30%. Therefore, our results imply that even if microbicide
use in bathhouses was fairly modest, microbicide efficacy would only need to exceed
30% in order to have a significant impact and decrease R below 1. Furthermore, a
50% effective rectal microbicide (used in 50% of sex acts) would reduce the number
of secondary infections at disease invasion (R) by almost 13%.

4. Discussion. The sexual behavior and condom usage of MSM attending bathhouses are critical determinants of HIV transmission rates. Unfortunately, detailed
data are limited. For our current analyses we assumed relatively low condom use
rates and high rates of receptive and insertive AI in order to reflect sexual activity in a high-risk setting. Our results clearly demonstrate that even modest usage
of moderately effective rectal microbicides by MSM could have a substantial impact on reducing HIV transmission within bathhouses. In addition, these products
would be of benefit in other high-risk environments such as circuit parties where
high levels of unprotected AI is known to occur[21]. Assuming that most of the
transmission of HIV in the USA MSM population occurs in high risk venues (such
as bathhouses, sex clubs, etc.), our results imply that microbicides could potentially
have a significant impact on the overall MSM HIV epidemic.
Whether moderately effective rectal microbicides can be developed remains to be
seen. However, if they are developed there is little doubt that these products would
be used by MSM[22, 23] many of whom are currently practicing unprotected AI[24,
25, 26]. Feasibility studies have determined both the need for rectal microbicides
for MSM, as well as the willingness of this group to participate in rectal microbicide
trials[27]. In a recent study of MSM in San Francisco, 41% of the men interviewed
had used a nonoxynol-9 (N-9) containing gel believing that N-9 would prevent HIV
infection[22]. A product with a good acceptability profile and a formulation that
does not interfere with AI is likely to increase microbicide use by MSM[28]. The
first generation of microbicides will likely be distributed in unit doses of lubricant in
foil packets (like Neosporin ointment). These could be made as readily available as
condoms are. Clients could be encouraged to use microbicides as standard lubricant
during sex.
MSM may not be the only target group for rectal microbicides. Preliminary
data suggest that 5-20% of heterosexuals engage in AI[29, 30], thus it is possible
that a fraction of the heterosexual population may also decrease their transmission risk through the use of rectal microbicides. Our modeling analyses clearly
show that development of rectal microbicides may provide another opportunity for
HIV prevention in at-risk populations. We have shown that even moderately effective microbicides could prevent new HIV infections in bathhouses, and perhaps
could even be instrumental in helping stem the spread of HIV infection into the
community. However, it should be noted that all our analyses have been based
on the assumption that risk behavior will not change. Obviously, if risk behavior
decreases, microbicides are likely to have an even greater impact in reducing transmission. Conversely, if risk behavior increases when microbicides are introduced,
then it is possible that a perverse outcome will result; HIV transmission will increase
rather than decline. Perverse outcomes have previously been shown to be possible
as a result of introduction of imperfect HIV vaccines and/or antiretrovirals[34, 35].

RECTAL MICROBICIDES AND HIV TRANSMISSION

7

Therefore, risk behaviors should be monitored when microbicides become readily
available.
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