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Microbicides and HIV: Help or Hindrance?

Eran Karmon, Malcolm Potts, and Wayne M. Getz

Abstract: We present a simple mathematical model for assessing
the effects of introducing a microbicide as an HI'V infection protective
method. As very little is known about the in vivo efficacy of micro-
bicides, we ran sample scenarios for microbicides of various effica-
cies. We found that, in general, if existing condom usage in a com-
munity is low, introducing a microbicide will most likely have a posi-
tive impact on HIV incidence as abandonment of condom use in favor
of microbicides will not play a significant role. If condom use in a
community is high, though, attrition of condom users could play arole
large enough to overwhelm any added risk reduction afforded new
microbicide users. Our model illustrates the importance of knowing
key behavioral parameters, such as the proportion of the population
that uses condoms, before microbicides can be safely introduced.
These parameters include the proportion of condom users likely to
maintain condom use and the proportion of condom nonusers likely to
adopt microbicides, as well as the efficacy of the candidate microbi-
cide.
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he use of vaginal microbicides as HIV transmission barri-

ers has been advocated for some time, but development has
been slow.! A vaginal preparation inserted before intercourse
may be more acceptable to a large number of women who
know their sexual partner may be a risk of HIV infection but
who cannot negotiate the use of condoms.? In the role of reach-
ing out and empowering women for whom condom use is not
possible, microbicides could be a significant force in reducing
new HIV infections. At the same time, new intervention meth-
ods may lead to changes in risk behavior.>* For example, a
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microbicide may be associated with some condom users
switching away from condoms, with the possible consequence
of putting those users at higher risk. Given that condoms are
highly likely to be a more effective barrier against HIV trans-
mission,” even a small reduction in their use can significantly
affect the epidemic.

Clinical trials that accurately gauge microbicide efficacy
in reducing HIV transmission risk are difficult to conduct.®
Thus the variance associated with estimates of microbicide ef-
ficacy is likely to be fairly large. Further, predicting whether
the availability of a microbicide will counteract any increased
risk resulting from changes in condom use should prove to be
difficult. The only completed clinical trials of microbicide ef-
ficacy in vivo are for the detergent nonoxynol 9. It was found
to have no significant impact on HIV infection rates.” Apart
from this trial, to the best of our knowledge, only in vivo tests
of potential microbial compounds have been undertaken.

Here we address the concerns raised above by using a
simple disease transmission model to examine how uncer-
tainty in microbicide efficacy and switching away from con-
dom use may affect the future course of an HIV/AIDS epi-
demic. We ask what level of abandonment of condoms would
be needed to overwhelm the potential advantage of increased
protection due to microbicides and also how microbicides of
different efficacies could be expected to affect the future
course of an HIV epidemic.

THE MODEL

The rate of production of new cases for an infectious
disease in a homogeneous population is typically modeled as
I'SI/N,® where S is the number of susceptible individuals, 7 is
the number of infected individuals, N the population size, and
I" the probability of infection given contact with an infected
individual, or average risk of infection per partnership with an
infected individual.

In a population in which condoms are used by a propor-
tion vy, of the population and prevent infection in a proportion
g, of the contacts in which they are used, per exposure risk is:

Fc = B(l - SC'YC), (1)

where B is the per exposure risk of HIV infection when no
protection of any kind is used.

Equation 1 assumes that some proportion vy, of a popu-
lation uses condoms and some proportion 1 — vy, uses no pro-
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FIGURE 1. Flow rates between groups after microbicide intro-
duction. Before introduction the population is divided into a
proportion y.of condom users (group C) and 1 — -y_nonusers
(group ®). After introduction, condom users can either main-
tain sole condom use (group C) or condom use concurrent
with microbicide use (C + M), or they may abandon condom
use in favor of sole microbicide use (group M). Condom non-
users either adopt microbicide use or remain protection non-
users.

tection whatsoever. Suppose that once microbicides are intro-
duced into a population, a proportion o, of the condom users
starts using microbicides and a proportion o, of the nonusers
starts using microbicides (Fig. 1). Of the proportion of condom
users adopting microbicides, some proportion p ceases using
condoms. Under these assumptions, it follows that the risk per
contact is:

ch = B(l - Sc’Yc(l - al) ~YPAEcr — 8m(Yca1(l - p)
+ay)(1=v,.))), )

where

Eem = (1 - (1 - 86)(1 - Sm)) (3)

In the absence of data to the contrary we assume that
condoms and microbicides confer protection independently.

For risk before the introduction of microbicides to be
lower than risk after introduction, the conditions I' ,,, <I" . must
hold. This corresponds to the following threshold condition
that the proportion p of condom users abandoning condoms
must satisfy:

a28m(1 - Yc) + alyc’,(sm - 80)

alsc(gm - 1)’Yc

)

p < Pthresh =

to ensure that the average per contact risk in the population will
be less after microbicide introduction.
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SAMPLE SCENARIOS

The efficacy of condoms ranges between 0.85-0.98°
(i.e., 0.85 <&, < 0.98). Additionally we assume that the effi-
cacy of a microbicide is somewhere between 0.2—0.6. The ac-
tual in vivo efficacy of candidate microbicides, however, is not
yet known. Because clinical trials of microbicide efficacy are
very difficult to conduct, the variance surrounding any esti-
mate of their efficacy will be high. Our analysis here is con-
ducted in the vein of a tale cautioning that if microbicide effi-
cacy is substantially less than that of condoms, i.e., around
0.3-0.7, then a public health education campaign must stress
that they cannot be used as a substitute for condoms, only as an
additional weapon in the fight against the transmission of HIV.
With this in mind, we present several scenarios using different
parameter values—actually distributions of values because
high variance is likely to be associated with estimates of mi-
crobicide efficacy and some of the other model parameters.
The precise shape of the parameter distributions is not critical
to our analysis. Rather, we seek to provide a sense of the degree
to which microbicide introductions could exacerbate AIDS
epidemics in various communities if the message of this paper
is not heeded.

In our first scenario we consider a distribution of micro-
bicide efficacies over the range 0.2 <g,, < 0.6 (see model in the
Appendix and Fig. 1 for details of how this and other param-
eters mentioned below enter into the model equations). In sub-
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FIGURE 2. The probability of a worse epidemic for various
values of parameter p, the proportion of condom users adopt-
ing microbicides while maintaining condom use, and param-
eter a,, the proportion of condom nonusers adopting micro-
bicides. Probabilities were found by counting the number of
times out of 20,000 draws of the remaining model parameters
from triangular distributions that resulted in per-exposure av-
erage HIV infection risk growing after microbicide introduc-
tion. Parameters were drawn over the following intervals: 0.85
<e.<098,02<¢,<0.6,04<a,<0.6,and 0.1 <vy_<0.4.
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sequent scenarios we will also consider efficacies over the
range 0.4 < g,, < 0.8. We continue with our first scenario by
supposing that 40—-60% of condom users start using microbi-
cides (i.e., 0.4 <a, <0.6) and 10-40% of the population uses
condoms before microbicides are available (i.e., 0.1 <y, <
0.4). This latter range is consistent with African communities
where condom use rates have been measured.’

In Figure 2 we plot results from model simulations of the
chances that a worse epidemic occurs as a function of the pro-

portion p of condom users that abandons condoms once micro-
bicides are introduced. We do this for specific proportions a,,
ranging from 0.0-0.6, of condom nonusers that begin using the
introduced microbicides. As expected, if no condom nonusers
adapt microbicides (a, = 0) then any attrition of condom users
results in a worse epidemic. More instructive is the fact that the
probability of a worse epidemic remains positive even when
60% of condom nonusers adopt microbicides, provided the
proportion of condom users abandoning condoms upon the in-
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FIGURE 3. Probability distributions of percent reduction in cumulative deaths over 25 years under microbicide and condom use
compared with condom use alone for low (5-20%), medium (10-40%), and high (50-80%) proportions of the population using
condoms before microbicides become available: viz. the area under the curve to the left of any negative percent value on the
abscissa represents the probability that number of deaths will exceed that percent value if microbicides are introduced. (Note
negative values correspond to % increase in deaths so that the gray area represents greater deaths under microbicide.) Parameters
were drawn from triangular distributions over the indicated intervals or given the indicated fixed values (for explanation of
parameters see Table 1). A, 0.2<¢,,<0.6, a, =0.2, and p=0.5.B,0.4<¢,,<0.8,a,=0.2,and p=0.5.C,0.2< ¢, < 0.6, a,
=0.5,and p=0.5.D,0.4<¢,<0.8 a,=0.5 and p=0.3.In all cases, 0.85 <¢.<0.98, 0.1 <y.< 0.4, and 0.4 < a, < 0.6. Also

for all cases, epidemic model parameters were set as follows: 8 = 7yr, A = 5000yr ', u = 1/34yr, c = 12yr .
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troduction of microbicides remains <40%. As suggested by
Eq. 2, Figure 2 shows that the threshold for the proportion of
condom users abandoning condom use falls as the proportion
of condom nonusers adopting microbicides rises. For example,
if half of the condom users who have taken on microbicides
abandon condoms (p = 0.5) then the chance of a worse epi-
demic is just <50%.

Apart from the simple probability of a worse epidemic
under microbicide use, health authorities would want to have
some inkling of the magnitude of any increases or decreases in
deaths due to AIDS that could be expected to result from mi-
crobicide introduction. The intricacies of a real HIV epidemic,
such as differences in the sexual behavior of individuals and
the presence of other disease cofactors (e.g. Chlamydia or tu-
berculosis), make it impossible to predict such numbers with
precision. However, estimates from single-group SIR mod-
els,'® modified to include frequency rather than mass-action
transmission'' (Appendix), provide a rough first-cut at such
numbers. This cut establishes a baseline set of values for com-
parison with more sophisticated analysis; and these baseline
values are generally more useful for assessing relative (i.e.,
percentage) than absolute (i.e., total number) changes due to
the introduction of a particular microbicide.

We used stochastic simulations of our model to generate
distributions of the percent of additional (cumulative) deaths
after 25 years under both microbicide and condom use com-
pared with condom use alone (20,000 simulations for each dis-
tribution with initial conditions set by running the model with-
out any intervention method until steady state was reached).
We did this for low, medium, and high levels of condom usage
under a variety of scenarios (Fig. 3) to assess the degree to
which the potential impact of a microbicide is strongly affected
by the amount of condom use in a population prior to micro-
bicide introduction.

In a low-use population (5-20%) the probability of a
worse epidemic is virtually zero after introduction of a micro-
bicide with an efficacy of 20-60% (Fig. 3A) while in a high-
use population (50-80%) it is a staggering 98%. In this latter
case, the increase in cumulative deaths could be as high as 6%.
These results indicate the importance of only introducing mi-
crobicides into communities where existing condom use is ei-
ther very low or a strong educational campaign stresses that
microbicides are a supplement to condom use and should be
used alone only in cases where condom use is impossible.

The potential negative impacts are, of course, less if mi-
crobicide efficacy is increased from the range 20-60% to 40—
80% (Fig. 3B). In the high-condom-use category, however, the
probability of a worse epidemic is still >50% (Fig. 3B) and in
the worst cases cumulative deaths over 25 years will increase
by >4%. Another way to reduce the chance of a worse epi-
demic is by increasing the proportion of condom nonusers who
take up microbicides from 20% (Fig. 3A) to 50% (Fig. 3C)
(a,). Figure 3C shows results for a 20-60% effective microbi-
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TABLE 1. Parameters Used in the Model

Ye Proportion of population using condoms before
microbicide introduction

a, Proportion of condom users adopting microbicides

p Proportion of condom users adopting microbicides
who abandon condoms

a, Proportion of condom nonusers adopting microbicides

e, Efficacy of condoms (percent by which condom use

reduces HIV transmission probability)
Efficacy of microbicides (percent by which
microbicide use reduces HIV transmission
probability)
Average number of contacts per year
Average time from infection to death in years
Number of immigrants into population per year

T > o0

Average residence time in population in years

cide, but with a, = 0.5. In this case the probability of a worse
epidemic is reduced to just below 60%.

Any decrease in the proportion of condom users aban-
doning condom use in favor of microbicides would not only
have dire consequences for the individuals involved but could
potentially be disastrous from a public health point of view.
For example, a decrease in condom users from p = 0.5 to p =
0.3 for the more effective microbicide case (compare Fig. 3D
with B) results in a dramatic increase in chance of a worse
epidemic from virtually 0 to 27% in populations that have me-
dium condom use. This bleak scenario illustrates the impor-
tance of maintaining condom use reduction to an absolute
minimum.

CONCLUSIONS

We developed a simple model for assessing the potential
effects of microbicide introduction and demonstrated the dan-
gers posed by nontarget groups (e.g., condom users) taking up
microbicides in favor of condoms. Simple models cannot pre-
dict real outcomes with precision because they omit many fea-
tures certain to affect the course of an epidemic. Even the most
complex models, however, omit details that could prove criti-
cal in predicting outcomes. Thus dramatic predictions from
models—whether from simple models such as ours or from
models more complex than ours—serve more as a call to action
for careful surveillance and assessment of a population before
microbicides are introduced than as a way of foretelling the
future. Variables such as the proportion of condom users aban-
doning condoms (p) and the proportion of the target group of
condom nonusers adopting microbicides (a,) are very difficult
to anticipate, but as our simulations show, their values greatly
affect the probability of worsening an AIDS epidemic. Thus,
until microbicides have efficacies comparable to condoms,
they can only be used to complement, rather than substitute for,
condom use.
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APPENDIX
Modified SIR Model

Let S be the number of susceptible individuals in a per-
fectly mixing, homogeneous population, / be the number of
infected individuals, and R be the number of individuals who
have died due to AIDS (R = 0 at time = 0). Further, N is total
population size S + I, ¢ is the average number of new sexual
partners per person per year, A is annual immigration, p is the
annual per capita attrition rate, and d is average time from in-
fection until death. I' is the method-specific risk of infection
per contact term. I' =T, (Eq. 1) in a population in which only
condoms are available, I, (Eq. 2) for a population in which
both condoms and a microbicide are available, and 1 if neither
method is available. The SIR'® model modified to include fre-
quency rather than mass action transmission'' comprises the
following three equations:

das cSI

EZA—WI‘—}LS &)
dl  cSI 1

E:WF_gl_'JJ (6)
drR 1

E:gl' @)

For this study, the following parameter values are used: d =
Tyr,'> A = 5000yr ', p = 1/34yr, ¢ = 12yr '. B, the risk of
infection per contact given no protection is used, is set to 0.2.
Initial conditions were found by running a model with no pro-
tection methods and the following initial conditions to equilib-
rium: S, = 100,000, 7/, =25000. The initial number of deaths R,
was set to 0 for the simulations including protection methods.

© 2003 Lippincott Williams & Wilkins

Triangular Distributions

The sum of 2 random variables each uniformly distrib-
uted on an interval [x,, x,] has a triangular distribution on [x,,
x,] with mean and mode (x; + x,)/2. We use triangular rather
than uniform distributions because a triangular, unlike a uni-
form, distribution is continuous when defined to be 0 forx = x;,
and x = x,.
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