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HIV Transmission Network Structure Reveals Characteristics of Bridging Individuals
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HIV transmission networks can be inferred by linking nodes
(individuals) that have highly similar genetic sequences via an edge
(putative transmission link).

«  The characteristics of members and the structure of their networks
can be used to better understand HIV local transmission dynamics.

* Some individuals (nodes) who are located centrally within
networks can act as ‘bridges’ to link previously disconnected parts
of the network.

* These ‘bridging’ individuals can have a disproportionate impact on
the spread of an epidemic.

To characterize individuals who serve as ‘bridges’ within the
San Diego HIV transmission network.

* We inferred a putative molecular transmission network from a
annotated collection of 1024 partial pol sequences, representing 713
San Diego Primary Infection Resource Consortium (SDPIRC)
participants sampled between 1996 and 2013, and 311 sequences
from chronically infected individuals residing locally.

« Two individuals (nodes) were linked if their sequences were <1.5%
genetically distant (TN93 evolutionary model). Multiple
connections were resolved into transmission clusters.

*  Three measures of centrality were measured within each cluster for
each node (Figure 1): a) Network degree, b) Mean path length, and
c) Betweenness centrality. We then analyzed relationships between
sociodemographic factors and network properties.

+  These measures were used to identify “bridging” individuals, who
by virtue of a central position in a cluster, linked together two sub-
clusters (Figure 2).

« We then created a “uniqueness’ score (Table 1) from 5
demographic attributes (age, race, ethnicity, HIV risk factor, and
location of residence). This score was used to identify the most
‘unique’ person(s) in each cluster. We then analyzed this
“uniqueness score” in relation to measures of centrality.

Figure 1: Example Network (cluster). Purple nodes have the highest
Network Degree (4 edges). The red node has both the shortest Mean
Path Length (MPL) to all other nodes in the cluster (i.e. fewest edges to
each other node). The red node also has the highest Betweeness

Centrality as 69% of paths from one node to another have to pass through

the red node. Blue nodes are not central in this cluster.

Figure 2. Definition of Bridging

A Figure 2: Bridging. Example A shows two

unlinked transmission clusters. In example B, the

addition of the red node has bridged (linked)

B these two separate clusters into one. Note that the

red node has the shortest MPL and highest
Betweenness centrality of all nodes in cluster B.

Results
Figure 4. The inferred San Diego HIV Transmission Network Younger Individuals are More Likely to Cluster

Figure 4. Map of inferred
HIV-1 transmission clusters
within the sampled
population coded by risk
factor (color), and sex
(shape).

“Attribute

Race, Ethnicity,
HIV Risk Factor

Uniqueness score of 1 if:

Individual in a cluster is different from >2/3 of cluster
members.
Individual's age is more than one standard deviation

Age from mean age of the overall cluster.

Individual’s zip code is entirely outside the area defined
Zip Code of as one standard deviation away from the midpoint of
Residence the cluster (measured using zip code centroids) (see

Figure 3).

Table 1: These five socio-demographic characteristics were used to determine the
most unique individual within each transmission sub-network. Sex was not
considered, since all clustering subjects were male.(Centroid=geographic midpoint)

Figure 3. Defining a Unique Zip Code

Figure 3: The blue star represents the
geographic midpoint of a cluster. The circle is
the area in which two-thirds of cluster members
reside (one standard deviation). A zip code of
residence is only considered unique when it lies
entirely outside this circle (eg. red zip code, but
not orange zip code).

* 431 (42.1%) of all sequences clustered, including 356 (50%) of
sequences from the SDPIRC

« Clustering individuals did not differ by race, ethnicity, HIV risk factor or
geography of residence from non-clustering individuals, but were younger
(32.5 +/- 8.9 vs. 35 +/-10.1 years, p=0.01, t-test ).

No Associations between Socio-demographic Factors and
Network Centrality

« 203 members of the transmission clusters with >2 nodes were analyzed.
« Network centrality calculations of all nodes identified 118 individuals as
‘central’ by mean path length, 18 individuals with a Betweenness Centrality
of >0.10%, and 83 individuals as high degree nodes (>3 connections) in
their respective clusters.

* No associations were found between any of the three measures of
centrality and race, ethnicity, sex, HIV risk factor, injection drug use,
methamphetamine use, or sexually transmitted infections.

“Centrality Measures  Individuals with Other Cluster P value (Chi-Sq/
Highest Members Mann-Whitney Test)
Uniqueness Score
Shortest Mean Path ~ 12/27 (44.4%) 9/66 (13.6%) 0.001
Length
Highest Degree 13/27 (48.1%) 40/66 (60.6%) 0271
>10% Betweenness  11/27 (40.7%) 7166 (10.6%) 0.001

Centrality

Table 2: Individuals identified as most central by shortest Mean Path Length, and
those having Betweenness Centrality >10% were significantly more likely to have
the highest uniqueness score within that cluster. In other words the most unique
individuals in a cluster were more likely to be the most central in their
cluster.

Conclusions

< In a cohort made up predominantly of individuals with recent
HIV infection, ~50% had virus genetically related to a virus
from another individual in the network (Figure 4)

Socio-demographic factors (age, HIV risk factors, race,
ethnicity, and sexually transmitted infections) were not
associated with centrality in the transmission network as
measured by degree distribution, mean path length, and
Betweenness Centrality.

Individuals who were most ‘unique’ within their cluster, and
therefore involved in disassortative transmission links, were
more likely to be most central by mean path length and
betweenness measurements (Table 2). In other words,
disassortative mixing from individuals who are ‘unique’ in a
cluster was most likely the reason for the bridging of sub-
networks.
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