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The use of phylogenetic methods has be-
come increasingly helpful, in addition 
to classical epidemiological methods, in 
providing information on the structure 
and dynamics of human immunodefi-
ciency virus type 1 (HIV) epidemics. Key 
issues addressed by phylogenetic meth-
ods include the transmission of drug 
resistance [1, 2], the role of different in-
fection phases for transmission [3, 4],  
interactions between different transmis-
sion groups [5, 6], the spread of HIV 
between countries [7–9], as well as the 
impact of HIV genomes on set point viral 
load variation [10, 11] and other pheno-
types [12]. Most of these analyses have 
been performed using population-based 
Sanger sequences, which are being gen-
erated at a large scale because of routine 
genotypic resistance testing and, in some 
cohorts containing biobanks, by retro-
spective sequencing. With the ongoing 
switch of routine genotypic resistance 
testing to next-generation sequencing 
(NGS), the potential benefits and scope 
of phylogenetic analyses of HIV trans-
mission are likely to increase further [13].

Estimation of transmission direction-
ality emerged as a research question once 

HIV sequences became available [14, 
15]. However, correct prediction of di-
rectionality has turned out to be a major 
challenge for many reasons, including im-
perfect sampling times of index subjects 
and their partners, allowing for with-
in-host evolution, lack of background 
sequences from larger HIV-infected pop-
ulations, technical challenges that do not 
allow generation of all HIV variants pre-
sent in a given index subject or partner, 
dying out of variants over time in the 
index subject, superinfection and recom-
bination events over time, and potential 
differences between genes studied.

For many research questions, direc-
tionality is not central because identifying 
potential transmission pairs or clusters 
is sufficient for their assessment [16].  
Nevertheless, for detailed transmission 
studies of early pathogenesis events, par-
ticularly for legal cases, correct prediction 
of the directionality is of high importance. 
Once NGS became available, the expecta-
tion was that prediction of directionality 
most likely could be improved because the 
identification of a larger number of genetic 
variants should help improve the quality of 
the phylogenetic trees and might provide 
additional topological signals associated 
with directionality of transmission [13].

In this issue of The Journal of Infectious 
Diseases, Rose et al [17] present an inter-
esting study in which they tested whether 
prediction of directionality could be 
improved by using NGS. They performed 
454 NGS sequencing of a 323-nucleotide 
env fragment in 33 known index patients 
with chronic HIV infection and their 

partners who subsequently got infected 
during the HPTN 052 study [18, 19]. For 
index patients, 2 samples were available: 
one close to the seroconversion event of 
the partner (hereafter, “SC samples”) and 
an earlier one (hereafter, “early index 
samples”). The authors used 2 phyloge-
netic methods: the single-tree method 
and a bootstrap method. They showed 
that transmission directionality could be 
correctly predicted when using the sin-
gle-tree method in 22 of 33 pairs (67%) 
when using SC samples and in 23 pairs 
(74%) when using early index samples. For 
4 pairs (12%–13%), prediction was incor-
rect. In the remaining pairs, the predicted 
transmission directionality was equivocal 
or inconsistent. Thus, the method pro-
vided a correct estimate of transmission 
directionality for 85% of pairs for which 
it claimed to provide an unequivocal esti-
mate  (23 of 27 pairs involving early index 
samples and 22 of 26 pairs involving SC 
samples). By using the bootstrap method, 
transmission directionality was correctly 
predicted for 18 pairs (55%) involving SC 
samples and for 24 pairs (73%) involving 
early index samples. Transmission direc-
tionality was predicted incorrectly in 7 
pairs (21%) involving SC samples and in 4 
pairs involving early index samples.

At first glance, these results are rather 
disappointing because the analyses based 
on this impressive set of sequence data, 
combined with a perfect patient popu-
lation of prospectively studied serodis-
cordant couples, were not able to better 
predict transmission directionality; in 
particular, a wrong prediction was made 



in 15% of cases. It should, however, be 
noted that, as a positive side effect of this 
limited predictability of transmission di-
rectionality, some of the ethical problems 
associated with NGS data might be less 
serious than expected. In particular, the 
results showed that, despite the larger 
information content of NGS sequences, 
which can, in principle, allow the iden-
tification of transmitters [13], infer-
ences about directionality are associated 
with substantial uncertainty. Thus, these 
results should reduce the fears that NGS 
sequences will create qualitatively new 
privacy concerns [20, 21].

Why is prediction of transmission 
directionality not more reliable? First, this 
study considered a fragment of env, the 
most variable region of the HIV genome. 
Owing to its high diversity, env might 
be prone to increased polymerase chain 
reaction amplification bias and more 
convergent evolution than if more-con-
servative genes, such as pol, were chosen 
for such analysis. Second, the fragment 
was quite short, and if the same analysis 
were to be repeated using multiple genes 
and full-length NGS methods with high 
coverage, the accuracy of transmission 
directionality would most likely increase. 
However, generating haplotypes for full-
length sequences on the basis of NGS 
data is highly challenging and might not 
easily solve the problem [22]. Third, in 
60%–80% of HIV infections, the founder 
population is monoclonal or oligoclonal, 
and that population might not be found 
anymore in the index cases because of 
within-host evolution and extinction in 
the course of infection [23].

In conclusion, although this was a very 
well-conducted study to test the predict-
ability of transmission directionality, it 
showed that, for individual cases, reli-
able prediction is still not possible on the 
basis of sequence data alone (ie, in the 
absence of sound epidemiological data). 
Performance of this method could po-
tentially be improved if the analysis in-
cluded a diversity measure, based on the 
logic that, because the HIV population in 
index patients with chronic infection is, 

in most cases, much more diverse than 
that in their partners, knowledge of the 
relative diversity could enhance the re-
liability of predicting the transmission 
directionality.
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