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it was propagated were multiply and randomly connected. Viruses and
bacteria that are free to move easily, and where there is no previous
immunity, grow exponentially in a population before they either evoke
immunity in previously infected people, or die off as their hosts suc-
cumb to lethal pathogens (in which case, they decline exponentially to
zero or near-zero levels).

Exponential curves generally emerge in natural systems where growth
is unrestricted, such as the growth of any population (dividing cells or
free growth of viruses, bacteria, or other organisms) that is not limited
by resources (food, light, or space). Such trends occur where the rate at
which prevalence changes is a function of prevalence itself, that is, the
more infections that already exist, the greater will be the increase, up
to some limit such as death, recovery from infection, or lack of vulner-
able individuals. The earliest South African data show precisely such a
trend (the R? value of 0.9935 is a virtually perfect fit to the exponential
trend line), as illustrated in figure 7. This trend, taken together with
the later data, describes an almost perfect growth curve in which limits
to growth have not been reached. It also strongly suggests that HIV
transmission in South Africa occurs in a fully connected and random-
ized network without internal structural limits such as clustering or
formation of core groups of endemic but limited infection.

(Re)Organization of Sexual Networks and Prevalence Change

The patterns we see in prevalence trends strongly suggest that sexual
networks in Uganda are highly clustered or lumpy, with many locally
dense subnetworks that have fewer connections between them. In South
Africa, networks appear to be randomized and highly interlinked. The
catastrophe event or phase transition in the Uganda prevalence trend
resulted from a fairly sudden reorganization of the sexual network,
during which the density of links between local high-prevalence, high-
density networks—clusters or lumps in the network—and the rest of
the population were suddenly reduced. In South Africa, this has not
happened because the network is much more uniform, with large num-
bers of people multiply connected to one another.

In Uganda, the centers of infection were either clusters of highly inter-
linked and infected persons around a bar or night club, for instance,
or else highly sexually active persons such as soldiers or truck drivers.
People involved in culturally sanctioned networks of sexual exchange
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(e.g., wife-sharing, or sexual cleansing after the death of a spouse) are
also likely hubs. In terms of this model, it does not matter whether these
links were severed by behavior change (using a condom or reducing
the number and/or frequency of sexual contacts) or by death or other
factors. The result was the same: fewer links between highly infected
hubs, clusters or filaments and the rest of the population. Since infected
and highly sexually active hubs (whether individuals or groups/clus-
ters) are highly efficient in spreading HIV, reducing links from these
hubs creates a nonlinear decline in the transmission of HIV. If some
percentage reduction in sexual links occurs (say, 7 percent), then this
will have little effect within densely connected subnetworks, but it will
have a significant effect on linkage between clusters. In fact,  percent
reduction of cross-cluster links will effectively isolate some parts of the
population from infection. The effect overall will be a reorganization
of the total sexual network in which prevalence will be nonlinearly
related to 7. This can be described as a phase transition. In other words,
the rate of change in HIV prevalence was not directly proportional
(linear) to the sum of changes in individual sexual behavior or death
but was instead a function of the change in the organization of the
overall network, which had the effect of accelerating the decline in HIV
prevalence.

The structure of the South African sexual network appears,
from this analysis, to be quite different. In particular, it seems that
the sexual network spans the nation (and probably also much of the
southern African region, including, at least, Botswana, Lesotho, and
Swaziland, which share languages, culture, and population freely with
South Africa). There appear to be few clusters or hubs in a relatively
homogeneous network of sexual relations that ultimately incorporates
most sexually active people (and certainly all those with more than one
partner). In such a network, HIV spreads according to normal growth
curves (logistic or exponential) and has so far not reached a natural
limit. In fact, we cannot, as yet, say what that natural limit might be.

Given the lack of actual empirical data on sexual networks, then, it
appears that analysis of trends may serve as a proxy measure for the
structure of sexual networks. Since we know that the configuration of
sexual networks is critical to the transmission of sexually transmitted
infections, it follows that such knowledge can be crucial in understand-
ing the progress of the epidemic. This, in turn, can help us to create
and implement interventions that might be more effective than what we
have seen so far in Africa.
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Perhaps the most important lesson that we may derive from this new
understanding of networks and HIV transmission is that significant
change in HIV prevalence is a property of the social network rather
than of individual behavior. We must redirect our attention, then, from
the scale of the individual—behavior, psychology, risk assessment, and
so on—to the scale of the social. This represents a radical shift in
perspective.
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