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Social network dynamics and HIV transmission

Pichard B. Rothenberg, John }. Potterat*, Donald E. Woodhouse*,
_tephen Q. Muth*, William W. Darrow" and Alden S. Klovdahl*

Objective: To prospectively study changes in the social networks of persons at
presumably high risk for HIV in a community with low prevalence and little
endogenous transmission.

Methods: From a cohort of 595 persons at high risk (prostitutes, injecting drug users,
and sexual partners of these persons} and nearly 6000 identified contacts, we
examined the social networks of a subset of 96 persons who were interviewed once
per year for 3 years. We assessed their network configuration, network stability, and
changes in risk configuration and risk behavior using epidemiologic and social
network analysis, and visualization techniques.

Results: Some significant decrease in personal risk-taking was documented during
the course of the study, particularly with regard to needle-sharing. The size and
number of connected components {groups that are completely connected) declined.
Microstructures (small subgroups of persons that interact intensely) were either not
present, or declined appreciably during the period of observation.

Conclusions: In this area of low prevalence, the lack of endogenous transmission of
HIV may be related in part to the lack of a network structure that fosters active
propagation, despite the continued presence of risky behaviors. Although the
relative contribution of network structure and personal behavior cannot be
ascertained from these data, the study suggests an important rofe for network
configuration in the transmissicn dynamics of HIV. € 1998 Lippincott-Raven Publishers
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Keywords: H1V, social networks, transmission dynamics,
injecting drug user, sexual activity

Intrc duction

In studying HIV transmission dynamics. substantial
itention has been devoted to observations about
personal behavior [1-3]. Understanding ot HIV trans-
Mmission has been considerably advanced, however, by a
wries  ~modeling studies [4-7] that use a “compartment’
Ippre a to consider the ineeractions of groups with
varying characteristics and behaviors. More recently,
Mathematical modeling efforts have incorporated net-
work seructure into the evaluation of transmission

dvnamics. Warts and May [8] first proposed a model that

took concurrent partnerships into account. Morris and
Kretzschmar [9] also demonstrated the importance of
concurrent, as opposed to sequental, sexual parmerships.
in epidemic propagation. Kretzschmar and colleagues
[10] used several aspects of network structure to evaluate
gonorrhea control efforts. Ghani er al. [11] have exam-
med the effect of sampling biases and nussing data in net-
work information.

Theoretical considerations of network structure have
been paralleled by studies of actual neoworks ot persons
who, because of their sexual activiey or drug use. are at
risk for HIV/AIDS and other intectious conditions
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[12-15]. Little has been presented to date, however, on
the changing character of such networks, a critical issue
for understanding the transmission dynamics of HIV. In
this report, we tollow up earlier work on a cohort of
5935 persons at risk for HIV transmission in Colorado
Springs (Colorade, USA) [12,13,16-18]. We used the
simple empirical approach reported by Morgan et al.
[19], which we call the stability index, for determining
the amount of change that respondents experience in
their necworks over a 3-year period and examined that
change for the cntire range of relationships as well as
for uniplex connections (sexual, drug-using, and neec-
dle-sharing). We then assessed the changing size and
shape of networks over the interval of observation, as
well as changes in the risk-taking reported by respon-
dents and in the risk configuration that they face, and
considered how such changes mayv be used to evaluate
the potential for disease transmission and, by extension,
the potential for evaluation of intervention programs.

Methods

Study characteristics

The detailed methods used in this study have been
described previously [12,13]. Between 1988 and 1992
i Colorado Springs (1990 population, 397 000), we
recruited 595 persons at risk for HIV into a prospective
study of social networks and disease transmission. Each
respondent underwent an extensive interview that
included demographic and medical history, drug use
and sexual activity, knowledge about HIV, and the
open-ended elicitation of social, sexual, drug-using
(drugs, but not needles. used together), and needle-
sharing contacts. Respondents were asked to provide
specific information about their relationships with
contacts (e.g., use of condoms, type of sexual contact.
frequency of contact), and about the contacts’ relation-
ships with each other for the first 16 contacts named.
The study design called for these interviews to be
repeated at yearly intervals. In this highly mobile popu-
lation, 178 persons were interviewed twice and
96 were interviewed three times. The general demo-
graphic characteristics of those interviewed one, two,
or three times were not substantially different. Network
data for those interviewed twice were not presented.
since their dynamic change was similar to that observed
for those interviewed three times.

Network configuration

For 96 persons who were interviewed three times
approximately 1 vear apart. we identitied two cohorts:
those interviewed first in vear | of the study (cohorr 1;
44 subjects). and those interviewed first in year 2 of the
study (cohort 2; 32 subjects). For each cohort, we
examined five sets of network connections (secking
contacts from the previous 6 months): sexual, social,

drug-using, needle-sharing, and ‘any’ (implving tha,
any of the four connections were present). These
30 groups of respondents (fwo cohorts X five connec.
tions X three interviews) together with the contacy
they named were of varying size and were used to
assess changes in network properties over time. For an
additional 278 persons in the original cohorr, we
obmined two interviews and the remainder were inter.
viewed once. Those with two inrerviews demonstrared
change that was similar to the change obscrved for
those interviewed three times.

Assessing network stability

We used a measure of network stability described by
Morgan ef al. [19]: the proportion of all the named
contacts who appear in a network at two fimepoints,
B/(A + C = B), where A represents the persons at time
I. C represents the persons at time 2, and B is the
intersection of A and C . We chose this measure
(reterred to here as the stability index) in preference to
others that use more complicared transformations
[20.21] because it contains information on the propor-
tion of contacts who were members of a person’s net-
work at both timepoints, and on the relative size of the
nerworks named at the two timepoints.

Assessing behavioral change
In keeping with hypotheses about the influence of

network strucrure on transmission [14.22,23], we
distinguished between risk behavior {what a person

does) and risk configuration (the context in which such |

behavior occurs). Since we had information on
multiplex relationships, we assigned each person a risk
configurarion based on the sum of sexual partmers plus
needle-sharing partners divided by the total number of
possible relationships (i.e., four times the number of
contacts named, since a respondent could name up o
tour types of relationships with a contace). We
estimated risk behavior as the sum of needle-sharing
partners plus sexual partners (adjusted for condom use)
plus drug-using partners (multiplied by 0.3 to adjust for
unreported risk) plus social partners (multiplied by
0.1 to adjust for unreported risk) divided by the num-
ber of actual connections. These adjustment factors
were based on an arbitrary impression of the extent to
which risky behavior may not have been reported.
Thus, risk configuration provided an estimate of risky
structure within a personal network. and risk behavior
provided an estimate of the proportion of available risk
in whrch the respondent mighe partake.

Assessing structural change

For each of the 30 subgroups we used UCINET IV
(24} and KRACKPLOT [25] to assess the number and
size of connected components (a subgroup of the net-

work within which there is a path of some length from *
cach person to every other person), degree centrality-
(the number of persons or contacts to which an indi- .

vidual is directly connected), information centrality (an
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Clique, n=5

Clique, n=4
Clique, n=3

*There are two 2-Cliques in this group of six: N5-N4-N17-
N19-N6 and N13-N19-N6-N4-N17,

Fig. = Definitions for structural measures showing an exam-
ple i a network for these analyses. A “clique’ is a group of
at least size n within which each person is connected to
every other person in the group (in this analysis we use
7 =3). An ‘N-clique’ is a group of at least size n within
which each person is N or fewer steps from every other per-
ion; connections outside the N-cliques are used to count
steps n this analysis we use n = 3 and N = 2). A *k-plex” is
a g .p of size n within which each person is directly
connected to at feast n —k members of the group (in this
analysiswe use n = 3orn = +and k = 2).

et cre of the mean distance of a person from every
oth.  person i the nerwork). the number of cliques of
size 3 (where a clique is a group of size n within which
cach person is connected to every other person in the
group), the number of 2-cliques of minimum size 3
rwhere an N=clique is a group of at least size 1 within
which each person is N or fewer steps from cvery other
person connections ouside the N-cliques are used to
cotteps). and the number of k-plexes of sizes 3 and
Hoth k=2 (where a k-plex is a group ot size n
within which cach person is directy connecred o at
least 11 = b members of the groupl. All these neasures
are standard tools of network analvsis [24.26], which,
despite complicated definitions. are stratghtforward
Measurements of nerwork structure (Fige 11, Most of
the - fower order structures on which we focus have
M- visual analogs. A clique of size 3 1y a rangle,
e cclique of size 4 s a square with the diagonals pre-
it A 2-plex (r=3) is stmply a tine passing through
three people. A 2-plex (0= 4) is a square without che
Jiaconals. Only the 2-clique is more complex, since it
mvolves contacts outside the small croup iselfl These
Measures of comectiviey. whose higher order manifes-
B s require this formal nondon, are frequently used

by researchers to examine the microstructure of

networks. Inour analvsis. we use them as summarty

measures of the extent o which . nAartic nerxvork 1.

mterconnected, and the wav i which such connectiv-

v changes over ome.

Statistical methods

Although o considerable statistical liccrature relares net-
work anmalvsis to graph theory [26] and provides tools
for inference and hvpothesis testing, many of these
metheds are not applicable to targeted samples [27.25].
In the lateer case. the use of standard stacistical methods
is impeded by potential violation of assumptions about
random samples drawn from normally distribured
populations. Nonetheless, in the dara presented here. 4
nenwork assessment involving a substantial number of
subnerworks that have been similariv construcred.
statistical resting may be useful as a mechanism for
comparison. We used a critical ratio for the difference
of prorortions 1o compare changes in risk configuration
and risk behavior, a ¥~ for goodness of fit 1o assess
changes over tme, and the Pearson’s rank correlation
to compare the stability index with nerwork size.

Results

The subgroups within this large network of persons at
sk for HIV {cohort 1. begun in the first vear of the
study, and cohort 2, begun in the second vear) both
changed with regard to participants. behavioral config-
uration. and network structure. Although not designed
as an intervention project, this studyv was able to use
these techniques to record dyvnamic differences over a
3-vear period that suggest diminution in risk on the
part of respondents who remained with the project for
the entire interval.

Network stability

AL I-year intervals, the stability of networks varied
with the tvpe of relationship. For example. the stabilin:
mdex was 6.3% for drug-using partners in cohort 2 and
39.5% tor sexual parmers in cohort | (Table 1), In wen-
cral, for both cohores. sexual and social networks
became more stable in the second interval comparison
(mme 2 —wme 3 versus time 1 - tme 2). drug-using
parmerships did not change in their low stability, and
needle-sharing partnerships remamed unstable in
cohort T bur became somewhar more stable in cohort
2o As expected, chiere was a negative correlation
between the total neework size and the stability index.
This correlation was small and non-signiticant tor
drug-using (r = =0.13, P> 0.10) and needle-sharing
(r=-0.16, P> 0.10) nerworks, bue was larger and
significant for sexual (r = —0.28, P < 0.01} and social
(r==0.26, P <1.01) nerworks (data from both cohores
conmbined).
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Table 1. Change in stability index from time 1 to time 2 (T -T12)
and time 2 to time 3 (T2~ T3) for sexual, needle-sharing, drug-
using, social, and all contacts.

Change in stability index (%)

T1-T2 T2-T3
Cohort 1
Ali 12.7 22.6
Sexual 13.6 39.5
Needle-sharing 9.5 9.2
Drug-using 8.6 7.9
Social 17.3 26.3
Cohort 2
All 141 206
Sexual 22.2 36.9
Needle-sharing 15.3 24.5
Drug-using - 6.3 8.9
Social 17.2 26.8

Risk behavior and risk configuration

Both behavior and configuration changed in the direc-
tion of decreasing risk from the first to the third time
interval (Table 2). The two cohorts differed with
respect to the amount and statistical significance of
change. The smaller cohort (cohort 1) changed little in
its overall configuration throughout the period of
observation. Although there was a 6% decline in risk
behavior, the decline was not significant. Cohort 2, on

the other hand, demonstrated a significant decline i,
both configuration (4%) and behavior (9%}). This over.
all measure of network change was probably the resyjy
of a substantial change in the extent to which needle.
sharing occurred. Those who remained in the study
and who continued to share ncedles reported fewer
sharing partners, and many reported that they no longer
shared needles. The diminudon in needle-sharing wj
accompanied by significant network structural changes
{F1g. 2), such as an increase in the number and decrease
in the size of connected compenents (see below). The
change in needle-sharing accounted for 22% of the risk
behavior reduction observed for cohort 2 between time
I and time 3,

Structural change

Connected components (networks of persons in which
there is a path of some length between all members)
reflect the degree of interconnectedness, and hence of
potential transmission, in a group. Over the 3 years of
observation, the number of components increased for
multiplex relationships, suggesting increasing segmenta-
tion (diminished intergroup contact) of the overall
group (Table 3). However, such segmentation was not
demonstrable for any of the specific uniplex relation-
ships (sexual, drug-using, needle-sharing, social) in

Table 2, Change in risk configuration and risk behavior over the 3-year interval (T1 to T3) of observatian.

Configuration change

T1-T2

Risk change

T72-T3 T1-T3 T1 -T2 T2 -T3 T1-T3
Cohort 1
Difference* 0.01 -0.02 -0.01 -0.02 ~-0.04 -0.06
P value NS NS NS NS NS NS
Cohort 2
Difference* -0.03 -0.01 —-0.04 -0.07 -0.02 .09
P value NS NS < 0.01 < Q.05 NS < 0.01

Difference in the proportion between the two time periods is indicated. A critical ratio (z-value) was used to test for significance.

Table 3. Changes in connected components and measures of centrality in the subgroups at three time periods (T1, T2, T3) spaced 1 year

apart.
Any contact Sex Needle Drug Social
T T2 T3 T1 T2 T3 T2 T3 T1 T2 T3 T T2 13
Cohort 1
Connected components
Number 17 27 28 34 39 36 9 10 16 20 14 34 35 39
Largest 328 199 219 71 33 88 24 30 107 39 62 20 20 30
Degree
Mean 13 10 12 6 3 5 5 4 2 2 2 2 2 2
Largest 55 33 50 54 33 48 13 T4 20 24 17 19 15 20
Information centrality ‘
Mean 050 0.41 0.50 081 1.02 0.71 0.86 0.79 G6.49 3 044 0535 063  0.61
Largest Q.65 0.53 0.62 098 1.28 0.88 .01 0.92 0.86 112 078 0499 1.1 1.11
Cohort 2
Connected components
Nurnber 35 47 46 42 47 48 9 7 28 27 26 44 30 50
Largest 174 68 74 34 12 14 3 5 32 24 >4 37 15 22
Degree
Mean 10 3 8 5 3 3 3 2 2 2 2 2 2 2
Largest 36 25 24 14 11 13 7 4 31 13 18 36 14 2
Information centrality
Mean 0.56 0.86 086 085 125 . 1.51 .60 0.70 0.54 062 0.73 73
Largest 070 096 099 103 1.49 161 146 1.67 1.09 119 095 1.14 1.28 1.29
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Time 1

EIET

Time 2

Fig. 2. Change in needle-sharing network of the 52 persons in cohort 2, each interviewed three times at 1-vear intervals,
demonstrating marked diminution in needle-sharing activity. At each interaction, the same 52 people were interviewed, and
these diagrams depict those who said they shared needles and the contacts with whom they shared them.

either cohort. In addition, the size of the largest
¢ ected components diminished appreciably tor all
re.attonships in both cohorts, and for sex and needle-
sharing relationships in cohort 2. In general, mean
degree (the number of contacts per respondent, a
straightforward measure of centrality) remained con-
stant or dimunished i both cohorts tor all relationships
and tor each of the four tvpes of contact individually.
T+ largest degree observed was unchanged in cohort

1. but diminished appreciably tor all relacionships, and
for cach relationship mdividuallv. in cohore 2. The pat-
tern for intormation centralinv 4 measure of the mean
distance ot a participant trom any ocher participant) was
constant. Statistical tools for testing the patterns and
the differences are noc available [26]. but taken
together, these changes suggest a diminution in group
interaction (smaller and fewer components) and a
decrease in intragroup interaction Jowered centraliny).
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Table 4. Changes in measures of connectivity in the subgroups at three time periads (T1, T2, T3 spaced 1 vear apart.

No. groups
Any contact Sen Needle Drug Social
T1 12 T3 T T2 T3 11 T2 T3 1 T2 T3 T1 T2 73
Cohort 1
Cligues (size 3) 13 9 1 1 0 0 0 2 0 13 3 1 6 2 0
2-Cligues 77 51 56 37 30 30 13 i0 10 32 22 23 45 43 Rl
2-Plex (n = 3 5142 3267 4400 2161 1127 184 221 208 203 1231 958 382 1200 795 1221
2-Plex in = 4) 26 8 4 0 0 1 1 0 19 5 4 1 0 0
Cohort 2
Cliques (size 3) 2 0 2 0 0 0 0 0 G 1 0 0 2 0 0
2-Cliques 64 53 55 42 24 20 7 a 3 36 25 29 47 44 44
2-Plex (n = 3) 3884 1873 2544 757 317 2849 3 52 10 1170 390 978 1667 852 1138
2-Plex in = 4) . 2 3 2 0 0 0 0 0 0] 0 0 2 1 0 o]

Cliques are groups within which all three persons are connected to each other, 2-Cliques are groups of size 3 within which all persons are
two steps or fewer from each other. 2-plexes of size 3 are groups within which all persons are connected to at least one other person in the
group. 2-plexes of size 4 are groups within which all persons are connected to at least two other members of the group (see text for fylt

definitions).

Direct measures of connectivity, so-called ‘microstruc-
tures’ or ‘cvcles’, provide a more consistent view of
structural events (Table 4). With only a few exceptions,
all measures of small subgroup formation or of the den-
sity of activity within such small subgroups demonstrate
a diminution in cohesion over the years. Such diminu-
tion 1s exemplified by the pattern of 2-cliques (groups
of three people who arc connected to each other by
two or fewer steps). In every instance, for both cohorts
and for all relationships together and each separately,
the number of 2-cliques diminishes. Of particular note
18 that for most uniplex relationships in both cohorts
there were virtually no k-plexes of size n =4, k=2,
meaning that therc were no groups of four people
within which each person was related by needle-
sharing or sexual activity to two of the others. The sole
exception was within the drug-sharing network of
cohort 1. but these k-plexes fell in number from 19 to
tour over the 3 years of observation. The decline or
absence of these microstructures for sexual or needle-
sharing relationships has direct relevance to the likeli-
hood of disease transmission.

HIV-positive persons

In the larger study of 595 respondents, we idendified
only 17 who were HIV-positive. Seven out of 17
HIV-positive respondents appeared in the subgroups
discussed here. The remaining 10 were either inter-
viewed tewer than three fimes or were not named as
contacts within these groups. Of these seven. only two
appeared (onc time each) in sex or needle-sharing net-
works. None of the HIV-positive persons occupied a
position of centrality either in the subgroup as a whole,
or within a specified elique or microstructure. During
the enrire period of the study, we identified only one
episode that suggested actual transmission of HIV,
despite the presence of well-documented risk-taking
behaviors on the part of known positive persons and
the continuing low-grade introduction of HIV into this
communiry [17].

Discussion

A sizeable group at risk for HIV. documentation of
behaviors that foster viral exchange [12], and the
absence of significant endogenous propagation of the
virus [17] provoke a re-examination of purely behav-
1oral explanations for the HIV epidemic. Personal risk-
taking plavs an obvious role in viral acquisition, but
discase spread, and in particular the explosive epidemic
witnessed in some areas. mav bear a less straightforward
relationship to personal behavior. In cross-sectional
analyses of this study population, we previously deter-
mined that HIV-positive persons occupied a peripheral
location in the overall network. since more than half of
them were not part of a large connected component of
over 3600 people [13] and the remainder who were in
this connected component were of low centrality [18).
Such a configuration stands in sharp contrast to the
high centrality of HIV-positive persons who were part
of a network of injecting drug users in the high preva-
lence area of Bushwick (Brooklvn. New York, USA)
[14]. Such preliminary observations suggested that
social network structure mayv facilitare or obstruct trans-
nussion within a population and thacr the dynamics of
network change may be crucial for understanding the
dvnamics of trausmission.

In the present analysis of nerwork dvnamics. member-
ship varied substantially from vear ro vear, a not unex-
pected finding tn view of the activiry and the nature of
refationships within che group. In general, sexual con-
nections appeared to be more durable than other types
ot relationships, and drug-using partners were the most
changeable. Persons with large networks had greater
changeover of partners than those with small networks.
In our context, with an interval of a year berween
interviews, it is perhaps surprising that there was any
stability at all, and that stability actually increased for a
number of subgroups (particularly those recruited in
the second year of the study). In the absence of shorter

s g

‘;
l
{
[

juration b
cach tarm
Laward o
oan o

Sewer

y the .
.:Ud,\'- ris
context)
able ov.
segruited
Sese
72~k. A
Fig. =

CONEONAL

Lyven 1o
e sty
Cliques «
1and -
a0 SuL
ACTW O
a squars
any of th
i boeth
the num.
latrer <
went
nter.
ware des
are obv
eral ove
called "2
absent ¢
High -
nont
anv s

Thus, &
of the :
potenn:
needlo-
14
beh:
non o
that the
‘Spring~
Caon of
Forson
kl]ﬂ‘.«
‘\.\"’C
sbl

ST

sequeti
data) w
part o1
have b
pot:




Social network dynamics and HIV Rothenberg et al.

{uration information, it is difficult to assess the role of
.ch turnover per se in transmission, but the tendency
-oward increasing stability fits with a priori expectations
1t cnvironment of low transmission by providing
Zawe opportunities for contact.

in the cohort recruited during the first vear of the
udv. risk configuration (the riskiness of the social
context) and risk behavior (the risks people took) were
«able over the period of observation. In the cohort
recrutted during the second year of the study, both
-hese measures changed in the direction of diminished
sk tth a particular diminution in needle-sharing
Fig. -). For either cohort, the dynamics of risk are
consonant with the lack of significant transmission.

Even more striking are the changes that took place in
‘he simple microstructure of these groups (Table 4).
Cliques of'size 3 (a trangle) were uncommon in cohort
i and virtually absent from cohort 2 (in fact, there were
no + -h structures in the sex and needle-sharing
networks of cohort 2). There were no cliques of size 4
a1 square with diagonals) or cliques of greater size in
any of the subgroups examined. Similarly, all subgroups
in both cohorts exhibited a significant diminution in
‘he number of 2-cliques that occurred over time. These
latter structures are complex (Fig. 1) and their consis-
rent ocrease 1s evidence of attenuation of complex
mtet . tions among small groups of people. The struc-
ture designated ‘2-plex (n = 3) (three people in a line)
ire obviously plentiful, but they too decreased in gen-
cral over time, especially in cohort 2. The structure
called *2-plex (n = 4)’, (a square) were also virtually
absent from the sex and needle-sharing networks.
Higher order structures (for which the complex
nor aclature is more appropriate) were not present in
any ot the groups.

Thus, the structure of these groups was largely devoid
of the types of interactions that would heighten the
potenaial for viral transmission, either by the sexual or
needle-sharing route, as suggested by Friedman et al.
{147 Coupled with stability or diminution in risky
bel - ors and risk configuration, and with the sugges-
tion of increased segmentation of networks, it appears
that the soctal network context observed in Colorado
Springs from 1988 to 1992 did not facilitate transmis-
son of HIV. As noted, amongst those HIV-positive
persons who were present in these subgroups, we
Know of only one episode of probable transmission.
Wi ay have missed other such episodes and it is pos-
vb - chat some transmission took place. But intense
sty of HIV reports during the study [17] and sub-
equent survedlance in Colorado Springs (unpublished
dara) wich particular attention to respondents who were
part ot this project suggese that such transmission must
have been rare. Although attrition in this study is a
por nnal source of bias. the absence of transmission in

the total study group of 595 suggests that those who
remained in the study may not have deviated apprecia-
bly from those who did not. Thus. althouch these data
do not provide a quantitative approach to atrributing
HIV transmission (or lack of 1t) to risk behavior versus

network change. structural factors appear to playv an
important role in inhibiting ¢pidemic takeott.

The network strucrure described here provides a
marked contrast with that demonstrated in a recentdy
described outbreak of svphilis [29]. In that outbreak.
the investigators documented a marked increase in the
number and complexiry of microstructures during the
period of most active transmission of syphilis.
Subsequent ethnographic follow-up revealed continued
sexual activity amongst the persons involved, but sug-
gested significanr alteration of structure. Although such
observations are obviously not in parallel settings. nor
relate to the same disease process, they do suggest an
important contribution ot network structure to the
dynamics of transmission.

Because our research coincided with ongoing commu-
nity-wide interventon efforts [12,17], the observed
changes may have resulted from such intervention
efforts, or possiblv from client contact associated with
the study itself. Both are difficult to rule out, and it is
possible that program or study factors mayv have influ-
enced the personal behaviors to which they would
have been targeted. The ditferences in the risk taking
of the two cohorts. in the presence of a constant pro-
gram effect (no special campaigns) speaks against such
impact. In addidon, it is unlikely that program inter-
vention would have had a direct effect on the observed
changes in network structure. The fact that such
change may take place spontaneously in a group at pre-
sumptive risk is a cautionary note for evaluation of an
Intervention’s impact.

We can only speculate abour what the social nerwork
structure mayv have been in New York and San
Francisco during the late 1970s, or in areas of the world
where heterosexual transmission plavs an important

role. We might surmise that such networks consisted of
large connected components. that the proportion ot

potential risk interactions in a person’s environment
was high, that people availed themiselves of chese risks,
that short-term network stabiliey was low. and that
complex microstructures abounded. We might also
suggest that the diminution of homosexual transmission
of HIV has resulted not only from well-documenced
changes in personal behavior [3]. but mav also have
resulted trom changes in micro- and macroncowork
structure.

Despite the overall size ot this study (395 respondents
and nearly 6000 named conracts), itis a sample of one.
The replication ot this and other studv designs in arcas
of ditfering prevalence and ditfering trajectories,
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coupled with frequent acquisition ot itormation about
change. will provide a broader perspective about the
nature of transmission. What may be generalizable from
this study is the approach: consideration of personal
risk-taking in a dyvnamic socual context may advance
our understanding of the HIV epidenuc,
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