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Inferring HIV transmission
dynamics from phylogenetics

Andrew Leigh Brown
University of Edinburgh



Annual UK HIV Diagnoses

Estimates for 2012 ¥
MSM  Adjusted 3,250

HET  Adjusted 2,880

Source: PHE



Transmission dynamics depend on the
contact network

« Often reconstructed by \¢'A
interview data

— Number, gender &
identity of contacts in : it
last year



Transmission dynamics depend on the
contact network

. HIV b
— Rapid evolution : veRw s

— Similar sequences
reveal linked infections



Closely related viral sequences cluster in
a phylogenetic tree

oo w T8 - m O m | <
. | i |
| T |

* 9 clusters visualised in this tree



The UK national epidemic - subtype B

« Subtype B still >80% MSM

« Data from UK HIV Drug Resistance Database
— viral sequences from routine resistance assays

« 14,560 subtype B sequences, 1 per individual
~ 2/3 of diagnosed cases in MSM in 2007

U'UK HIV

Druge Resistance Datab:



Subtype B: 50% linked to = 1 other

15% linked to 10 or more
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Clusters of up to 100 individuals
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Incorporating real time

« Based on “molecular clock”
— viral mutations occur ~ constant rate

« Scale trees using calendar dates of samples
— "BEAST" software (Drummond & Rambaut 2007)



BEAST trees show clusters in time
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Gives transmission rate within clusters



Time interval between transmissions

* 1 sequence from each patient
— very dense sample

« Every split in tree (node) tracks a transmission
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Subtype B transmission intervals can be short
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intervals < 6
months _ 200
()
Acute HIV € 150
infection g
implicated 100
50

0

© © o
~ ™

< © o] o AN < (o]
Yo © N~ o o ~ AN
~ ~ ~

138
150
162
174

T Branch length (months)

median = 17 months



Timing of all splits gives a network from
the phylogeny
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6 years




s AN
\-?;}fi;
N

A3 ¥ .

A
ok -
ey

2 A

L5 T-l-i h-.. ."ii,

w14 ‘bz F .

SiFmav v R,

Vi o v

O73eaa 2 ﬂ‘i‘iﬁz"\l ’ SR
X J “v ..

7 years



A scale-free network?

“Cumulative distribution of
number of different sexual
partners decays as a scale-
free power law”

Lilieros et al 2001

In a scale free network, new
links are preferentially
attached to highly-connected
nodes

The web of hu

Promiscuous individualks are t

nlike clearly defined ‘real-world” net-

worle', soctal networks tend to be

subjective to some extent” because
the perception of what constitutes a soclal
link may differ between individuals. One
urambigucus type of connection. however,
Is sexual contact, and hers we analyse the
sexual behaviour of a random sample of
individuals’ to reveal the mathematical fea-
tures of a sexualcontact network. We find
that the ¢ 1 distrib of the

man sexual

linerabk target
matres. The resporse rate was 59%, which
correspords to 2,810 respondents. Two
independers analyses of nan-response errar
resealed that elderly people, particularly
women. are under-representsd in the sam-
ple; apart from this skew, the sample 1s rep-
inall

Erap!

Cannections In the petwork of sexual
contacts appear and disappear as sexual
reltions are inltlated and terminated. To

mumber of different sexual partners In one
year decays as a scale-fres power bew that
has a dmilar exponent for males and
females. The scale-free nature of the web of
human sexal contacts Indicates that strat-
egic safe-sex campaigns are likely to be the
most efficient way to prevent the spread of
sexually transmitted diseases

Mary real-world networks’ opify the
‘snall -world”  phenomencn’, so  called
because of the surprisngly small sverage
path lengths between nodes'’ n the
preserce of a large degree of clustering’®
(Fig. 1). Small-world networks are classed
a dngle-scal. broad-scale or scale-fres.
depending on thelr connectivity distribu-
ton, P(i), where k i the number of links
cannected to a node’. Scale-free networks,

the ity of this dynamic
netwark, in which links may be short-lived,
we first analysed the number, k. of s=x part-
ners over a relatively short dme period —
the 12 months before the survey. Figure 22
shorws the cumulative distribution, Fik), far
female and male respondents. The data
closely follow a straight line in a double-
logarithmic plot. which is consistent with
a power-law dependence. Males report a
larger number of sexual partners
than females”, but both show the same
scaling properties.

These results contrast with the exponen-
tial or gausstan disiributions — for which
there is a well-defined scale — found for
friendship networks'. Plasible explina-
tices for the structure of the sexual-contact
netwark described here Include increased

brief communications

contacts
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What does this mean?

Does a new network member link at random?

Or to a member with many existing links?

Cluster size distribution reveals social mechanics of partner
choice




Partner selection

« Partner selection independent of
their no. of partners

— Negative binomial

0.3+

but if: A
 Preferential: a new partner connects [/ N\

to one with many existing links v enwwws
— Yule/Waring

k=18=20 —
k=20=20

k=38=20
k=50=10
k=98=05




Preferential attachment in UK Subtype B

« Waring distribution is best fit

* Preferential attachment makes intervention difficult
— imperfect interventions ineffective if randomly given

* Most transmission interventions are not completely
effective...



Preferential attachment means
interventions are better if targeted

OPEN () ACCESS Freely available online @ PLOS I ONE

Using HIV Networks to Inform Real Time Prevention
Interventions

Susan J. Little'*, Sergei L. Kosakovsky Pond’, Christy M. Anderson’, Jason A. Young’, Joel O. Wertheim’,
Sanjay R. Mehta', Susanne May?, Davey M. Smith'?

Plos One 2014 Jun 5:9:e98443.



New heterosexual infections

New UK infections — 2012

HET 2,880



The rest of the UK HIV epidemic

« 65% of UK HIV infections are heterosexual
— most derived from sub-Saharan Africa
— mostly not subtype B

* Most non-B is subtype C (~60%) & subtype A (12%)

« What has been happening in this epidemic?



Subtype B (22,507) Subtype C (10,872) Subtype A1 (2,025)

Subtype G (965) Subtype D (815) CRFO01_AE (652)

1%

29 1%

B Men (htsex) m MSM Men (IDU) Men (other)
B Women (htsex) ™ Women (IDU) Women (other) NA



Large non-B clusters are MSM/IDU
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Cluster dynamics over time

0 Clusters were picked in the 0 Cluster growth was calculated as
2007 HIV Rdb tree then re- the number of new sequences
identified in the 2010 tree per initial sequence (for each

cluster)
GB2007_A
GB2007_A
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Non-B cluster growth depends on risk group
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Conclusions

« High density sampling and phylogenetic analysis in time has
allowed the description of the transmission dynamics for UK HIV
« for subtype B
—  29% of clusters are large
— 20% of their transmission intervals < 6 months

— fits Waring distribution with parameter ~ 3.0
» preferential attachment
— Means random interventions are not very effective

* Leigh Brown AJ, Lycett SJ, Weinert L, Hughes GJ, Fearnhill E, Dunn DT, UK
HIV Drug Resistance Collaboration (2011) J Infect Dis 204:1463-1469



Conclusions

« High density sampling and phylogenetic analysis in time has
allowed the description of the transmission dynamics for UK HIV
« for subtype B
—  29% of clusters are large
— 20% of their transmission intervals < 6 months

— fits Waring distribution with parameter ~ 3.0
» preferential attachment
— Means random interventions are not very effective

Leigh Brown AJ, Lycett SJ, Weinert L, Hughes GJ, Fearnhill E, Dunn DT, UK
HIV Drug Resistance Collaboration (2011) J Infect Dis 204:1463-1469

« for non-B HIV
— far fewer very large clusters
— largest clusters crossovers to MSM/IDU
— MSM/IDU clusters growing fastest
— epidemic not growing within UK heterosexuals
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