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We discovered a highly virulent variant of subtype-B HIV-1 in the Netherlands. One hundred
two282 individuals with this variant had viraHeads-a 0.54 to— 0.74 logio increase (i.e., a ~3.47-
fold to 5.50-fold increase) in viral load compared witheepies-higher, and exhibited CD4 cell
decline twice as fast as2-times-faster, than-6;604 individuals with other subtype-B strains.
Without treatment, advanced HIV——CD4 cell counts below 350 cells per cubic
millimeterrm?®, with long-term clinical consequences——is expected to be reached, on average,
9 months after diagnosis for individuals in their thirties with this variant. The-102-individuals-had
typieal-aAge, sex, suspected mode of transmission, and place of birth for the aforementioned
102 individuals were typical for HIVV-positive people in the Netherlands, which suggestsing
that the effect-increased virulence is attributable to the wirusviral strain. Genetic sequence
analysis suggestsed that this variant arose in the 1990s from de novo mutation, not
recombination, with increased transmissibility and an unfamiliar molecular mechanism of
virulence.

The risk posed by viruses evolving to greater virulence,— thus causing greater damage
to their hosts,— has been much studied theoretically; despite few population-level examples (1-
3). The most notable recent example is the B.1.617.2 lineage (Delta variant) of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), for which an increased probability of
death has been reported (4-6), as well as increased transmissibility (7, 8). RNA viruses have long
been a particular concern, as their error-prone replication results in the greatest known rate of
mutation.—and thus large-high adaptive potential. Greater virulence could benefit the-a virus if
it is not outweighed by reduced opportunity for transmission. These antagonistic selection
pressures may result in an intermediate level of virulence that is optimal for viral fitness, as
observed for HIV (9). Concrete examples of such evolution in action, however, have been
elusive. Continued monitoring of HIV virulence is important for global health: 38 million people
currently live with the virus, and it has caused an estimated 33 million deaths (www.unaids.org).
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The main (M) group of HIV-1, responsible for the global pandemic, first emerged
around 1920 in the area of what is now Kinshasa, Democratic Republic of the Congo-area
areund-1920 (10), and had diversified into subtypes by 1960 (11). The subtypes, and the most
common circulating recombinant forms (CRFs) between the subtypes, took different routes for
global spread, establishing strong associations with geography (12), ethnicity, and mode of
transmission. Differences in virulence between subtypes and CRFs have been reported, though it
is challenging to disentangle genotypic effects on virulence from confounding effects while
retaining large sample sizes, given the strong associations between viral, host, and
epidemiological factors (13). The co-receptor used for cell entry has long been understood to
affect virulence (14, 15), and this has been proposed as a mechanism that underliesying
differences in virulence between subtypes and CRFs (13), as well as one reported difference
within a CRF (16).

HIV-1 virulence is most commonly measured by viral loads (the concentration of viral
particles in blood plasma) and CD4 counts (the concentration of CD4* T- cells in peripheral
blood, which tracks immune system damage by the virus). Successful treatment with
antiretroviral drugs suppresses viral load and interrupts the decline in CD4 counts that would
otherwise lead to AIDS. Both viral load and rate of CD4 cell decline are heritable properties—
that is, these properties are causally affected by viral genetics, leading to correlation between
an individual and whomever they infect (17-21). It has therefore been expected that viral load
and CD4 cell decline could change with the emergence of a new viral variant. We substantiate
that expectation with empirical evidence: we-by reporting a subtype--B variant of HIV-1 with
exceptionally high virulence; that has been circulating within the Netherlands during the }past
two decades.

Discovery of the highly virulent variant

Within an ongoing study (the BEEHIVE project;; www.beehive.ox.ac.uk), we identified
a group of 17 individuals with a distinct subtype-B viral variant, whose viral loads in the set-
point window of infection (6 to- 24 months after a positive test obtained early in the course of
infection) were highly elevated (Table 1, firstmiddle column). BEEHIVE is a study of
individuals enrolled in eight cohorts across Europe and Uganda; who were selected te-because
they have well-characterized dates of infection and samples available from early infection,; and
for whom whole viral genomes were sequenced. The 17 individuals with the distinct viral variant
comprised 15 from the ATHENA cohort in the Netherlands, ene-1 from Switzerland, and ene-1
from Belgium. See materials and Mmethods for details on the initial discovery.

Replication of the discovery in the Dutch ATHENA cohort

To replicate the finding and to investigate this viral variant in more detail, we then
analyzed data from 6;706 individuals in ATHENA with subtype-B infections (expanding on the
subset of 521 individuals from ATHENA who were eligible for inclusion in BEEHIVE). We
found 92 additional individuals infected with the viral variant, bringing the total to 109 such
individuals in either dataset. When replicating the BEEHIVE test ir-with the ATHENA data
(Table 1, seeend-right column), we again observed a large inerease-rise in viral load in
individuals with this viral variant: an increase of 0.54 logio copies/ml-perl (i.e., a ~3.47-fold
increase). The effect size was the same in a linear model including age at diagnosis and sex as
covariates, and persisted in newly diagnosed individuals over time (Fig. 1A). Henceforth, for

Commented [LKO9]: It is a bit confusing that “ATHENA
cohort™ is used in different places to refer to both the patient
group and the researcher group. Given that the official name
of the collaboration includes the word “Cohort,” might the
patient group instead be referred to as “ATHENA
participants,” “individuals in the ATHENA study,” or some
other term?

Commented [LK10]: Correct?


http://www.beehive.ox.ac.uk/

brevity, we refer to this viral variant as the “VB variant” (for \Mvirulent subtype B), to
individuals infected withby this variant as “VB individuals,” and to individuals infected with a
different strain of HIV as “petnon-VB individuals.”

Search for closely related viruses

To test whether the variant was more widely disseminated, we searched publicly
available databases for similar HIV viral genotypes. All results had {ess-than-<95% sequence
similarity to a representative viral sequence for the variant. Of the 17 VB individuals originally
found in BEEHIVE, one was from the Swiss HIV Cohort Study (22) (SHCS). By Eexamining
previously published data (23), we found that three other individuals from the SHCS were
found-te-be-closely related (a phylogenetic distance below 2.5%). The high coverage of the
Swiss HIV Cohort [{including 89% of reported new infections from 2009 through- 2018, with
roughly-~65% of the cohort sequenced (24)}] makes it unlikely that there-were-many more VB
individuals in Switzerland whe-were missedoverlooked. Data to assess viral load or CD4 cell
decline for these three individuals was-were not available, due-owing to early initiation of
treatment-initiation.

More--rapid CD4 cell decline

At the time of diagnosis, CD4 counts for VB individuals were already lower than for
non-VB individuals-at-time-of diagnosis; by 73 cells/mm?3-per-mm?® [{95% confidence interval
(CI): 12 to 1343]. Thesey counts subsequently declined faster, by ar furtheradditionat 49
cells/mm?3perrmm?® per year (Cl: 20 to 79), entep-of-in addition to the decline for comparable
netnon-VB individuals; [which-is-49 cells/mm3-permmm?® per year (Cl: 46 to 51) for men
diagnosed at the aged of 30 to- 39 years]. The VB variant is therefore associated with a doubling
in the rate of CD4 cell decline. These values are averages estimated by using a linear mixed
model adjusteding for sex and age at diagnosis. Figure 1B illustrates the CD4 count decline that
would be expected if disease progression were to continue linearly in the absence of treatment.
Initiating treatment at a CD4 count of 350 cells/mm?3-permm?, instead of immediately, was
previously shown to substantially increase the subsequent hazard for serious adverse events (25).
As seen in Fig. 1B, this stage of CD4 cell decline is reached in 9 months (ClI: 2 to 17) from the
time of diagnosis for VB individuals, cempared-as opposed to 36 months (Cl: 33 to 39) for
retnon-VB individuals, in males diagnosed at the aged of 30 to- 39 years. It is reached even
more quickly in older age groups, whem-for which we found te-have-progressively lower CD4
counts at time of diagnosis (SupplementaryTtable S1). At a CD4 count of 200 cells/mm3-per
mm?, there is a high risk of immediate AIDS-related complications; this stage of decline would
be reached, on average, between two-2 and three-3 years after diagnosis for VB individuals; and
between six-6 and seven-7 years after diagnosis for comparable retnon-VB individuals [{the
latter being similar to previous reports in Europe (26))].

The effect of the VB variant on CD4 cell decline remained after we adjusteding for the
effect of higher viral load. With this adjustment, VB individuals have a CD4 count at diagnosis
as would be expected given their high viral loads, but their subsequent decline in CD4 counts is
again twice as fast as for as comparable non-VB individuals with high viral loads=——their rate of
decline is accelerated by 44 cellssmm?3-permm?® per year-greater (Cl: 16 to 72). Comparing
Comparison of this additional decline with that expected from a +1 increase in logo viral load,
15 cells/mm3-permm? per year (Cl: 11 to 18), shows that the variant’s effect on CD4 count
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decline was-is equivalent to that expected from having-a-viraHoad-a +3.0 increase in logso viral
loadeepies-higher. The same analysis of measurements of CD4 percentages (the percentage of
all T cells that express CD4) showed that these also declined twice as fast for VB individuals,
and again this doubling in speed of decline remained when we adjusteding for the higher viral

load of the variant (Supplementary-TFtable S2; and Supplementany-Figure-fig. S1).

No difference in CD4 cells after treatment, or in mortality

Measurements of the-treatment success-ef-treatment include CD4 cell recovery; and
mortality. CD4 counts and percentages after treatment initiation were similar for VB and retnon-
VB individuals, as measured with both linear mixed modelting of the CD4 dynamics
(Supplementarny-TFtables S3 and S4; and Supplementary-Figure-fig. S2) and an individual-
matching procedure agrestic-of-in which the dynamics were unknown. The hazard for death
(from any cause) was also similar: VB individuals had a relative hazard of 1.4 (Cl: 0.7 to 2.8, Pp
=0.35, Cox proportional hazards model). Our study had the abilitypewer to detect only very
large differences in mortality, as reflected in the wide CI for relative hazard for death and shown
in Fig. 1C. VB individuals had similar CD4 counts and mortality after treatment despite a faster
CD4 cell decline before treatment; this could be explained by their tendency to start treatment
sooner after diagnosis (shewn-in-Supplementary-Figure-fig. S3). For example, although the
probability of having started treatment was estimated to be similar a6 months after diagnosis;
[42% (CI: 41 to 44%) for retnon-VB individuals compared withte 46% (Cl: 35 to 54%) for VB
individuals], at2-yearsafterdiagnoesis-it was different 2 years after diagnosis: [65% (Cl: 64 to
67%) for retnon-VB individuals and 93% (CI: 85 to 96%) for VB individuals]. Had VB
individuals not started treatment earlier than others, lower CD4 counts at treatment initiation
would have been expected, potentially causing increased morbidity and mortality (25).; £This
information could be relevant shewld-if VB or variants like it arebe found in settings with less
widespread availability of AIDS care.

Characteristics of individuals infected with the VB variant

VB individuals were mostly (82%) men who have sex with men, similar to Aetnon-VB
individuals (76%). Age at diagnosis was also similar for VB and aetnon-VB individuals
(Supplementary-Figure-fig. S4). Neither ethnicity nor host genotype data werewas available, but
the place of birth was mostly recorded as Western Europe for both groups (71% for aetnon-VB
individuals, 86% for VB individuals). VB individuals were present in all regions of the
Netherlands, but with a different distribution eempared-relative to that of retnon-VB
individuals (N = 102 versus N-=-6604 individuals, Pp < 1077, simulated Fisher’s exact test):- VB
individuals were more common in the south (25% of VB individuals versus 6% of retnon-VB
individuals) and less common in Amsterdam (20% versus 51%), as shown in Supplementary
Ftable S5. Supplementary-Table S6 lists the hospitals included in each region. The average time
from infection to diagnosis, for men who have sex with men in this cohort diagnosed in the late
2000s, was previously estimated to be 3.3 years (Cl: 3.3; to 4.0) (27).

Genotype of the VB variant

Sequence data from the BEEHIVE project areis whole--genome data, providing the 17
whole genomes available for the variant; sequence data from ATHENA is-are partial pol- gene
data only, available for the additional 92 VB individuals. We subtyped the 17 whole genomes
for the variant as pure subtype B [¢with 100% support fromusing two concordant methods (28,

Commented [LK17]: As meant?

Commented [LK18]: Or “of treatment efficacy”?

Commented [LK19]: As meant?



29)}], like most HIV-1 in the Netherlands. We predicted co-receptor usage from the 17 whole
genomes by using two concordant methods (30, 31): one was likely CXCRA4-tropic;; the other 16
were likely CCR5-tropic. Only one drug--resistance mutation was common for the VB variant:
Met*—Leu (M41L), present in 91 of 109 partial pol- gene sequences. Without other linked
resistance mutations, M41L causes only low-level resistance to zidovudine (32, 33). Two of the
whole genomes were found to be recombinants between the VB variant and another subtype-B
cluster in ATHENA (containing a small amount of sequence from the latter) and were excluded
from subsequent sequence analysis. Among whole genomes in BEEHIVE and all whole
genomes in the Los Alamos National Laboratory HIV Database (www.hiv.lanl.gov), none
appeared to be a candidate for a “:recombination parent>” of the VB variant—i.e., the many
mutations that distinguishing the VB variant from any other known virus appear to have arisen
de novo, not through recombination.

We compared the consensus sequence for the VB variant with the consensus of all Dutch
subtype-B sequences in BEEHIVE, at both the amino acid and the nucleotide level: tThere were
250 amino acid changes and 509 nucleotide changes, as well as insertions and deletions. These
alignments are included as Supplementary-Bdata S1, and the amino acid alignment is illustrated
in Supplementarny-Figure-fig. S5. The distribution of nucleotide changes over the genome is in
line with expectations (for example, less-fewer in the conserved pol gene region and more in the
variable env gene region; see Supplementary-Figure-fig. S6). The VB--variant genotype is thus
characterised-characterized by many mutations spread through the genome, meaning that a
single genetic cause for the enhanced virulence cannot be determined from the current data.

We conducted descriptive analyses of the mutations that distinguishirg the VB variant
from the Dutch subtype-B consensus. All of the amino- acid—level changes are listed in
Supplementary-data S2 with annotations. 36-6Of the observed amino acid substitutions
ebserved, 30 were previously shown to be positively associated with escape from cytotoxic T-
lymphocyte (CTL) response for at least one human leukocyte antigen type, and 13 were shown to
be negatively associated (34). To provide context for these numbers, within Dutch subtype-B
data in BEEHIVE we defined 16 other clades ef-that are similar size-to the lineage in size (see
materials and Mmethods). For each clade, we calculated the amino acid consensus sequence,
compared this to the Dutch subtype-B overall consensus, and determined CTL escape mutations.
This showed that the number of such mutations for the VB variant is typical; when permatised
normalized by its overall level of divergence (Supplementary-Figure-fig. S11). We also
calculated the ratio of rates of non-synonymous and synonymous changes —(dn/dsen/ds)— for
each gene, for the VB variant, and for the other 16 Dutch subtype--B clades used for comparison.
The VB variant had lower dn/dselrfes values than all of the other clades forin env, pol, and tat,
though its values were not extreme;; and-for the other genes, its dn/dser/ds value was in the range
spanned by the other clades (Supplementary-Figure-fig. S12). Finally, we-noted-that-at codon
position 77 of the protein Vpr, the consensus of all Dutch subtype-B sequences in BEEHIVE is
Gglutamine, whereaswhile the VB consensus is Aarginine. Glutamine was previously found to
be more common in long-term non-progressors, and mutation to Aarginine increased T cell
apoptosis in vitro and strongly increased T cell decline in sriee-mouse models (35). However,
both alleles have been commonly observed in subtype B to date (of 2178 subtype-B Vpr protein
sequences inen the Los Alamos National Laboratory HIV Database, 52% have Gglutamine; and
36% have Aarginine), making it implausible that this mutation alone is the dominant mechanism
for the virulence effect we observed-here.


http://www.hiv.lanl.gov/

Evolution of the VB variant

The maximume-likelihood phylogeny in Fig. 2A shows the VB variant in the context of
background sequences, demonstrating that it is a distinct genetic cluster characterized by high
viral loads. The phylogeny was inferred from 15 whole-genome VB--variant sequences and 100
randomly chosen whole-genome subtype-B background sequences from BEEHIVE. Figure 2B
shows a dated phylogeny for VB--variant sequences only, estimated by using BEAST (36) using
and partial pol sequences. ¥The diagram is colored by region, inferred with an ancestral state
reconstruction by parsimony (minimizing changes of region). Fhis-assigned-Amsterdam was
assigned to the most recent common ancestor in 97% of trees in the posterior, showing that this
reconstruction was robust to the uncertainty in the phylogeny. All VB--variant sequences date
from 2003 onwards; the time of their most recent common ancestor (TMRCA) was estimated as
1998.0 (95% credibility interval: 1995.7 to 2000.1). Trees were visualized by using ggtree (37).

Phylodynamics of the VB variant

The effective population size (Ne) of a pathogen is indicative of the number of infectious
people. For the VB variant, this-Ne was estimated by using a skygrid demographic model (38) in
BEAST; and is shown in Fig. 2C (scaled by the coalescent generation time t). Ne increased until
roughly 2010; after this, there is more uncertainty but a possible downward trend [{which ean
may be an artefact of Ne inference methods in the recent past (39)}]. The proportion of \VB-
variant cases among all new subtype-B diagnoses-that-are-/B-variant increased until a peak in
2008; and subsequently decreased-after-that, though again with appreciable uncertainty; absolute
numbers of both VB and retnon-VB diagnoses in our dataset have been decreasing since
roughly 2008 (Supplementany-Figure-fig. S7). In a recent analysis of an updated version of the
ATHENA dataset (40), 33 additional VB individuals were found;, which these-suggests that VB
diagnoses were stable until roughly 2013; and have since been declining-sinee, theugh-albeit
with farge-substantial uncertainty (the dataset is right-censored by several years; Supplementary
Figure-fig. S7).

We calculated the local branching index (LBI), which is a measure of fitness (41). For
HIV in a context where-in which most individuals start treatment without long delays, the LBI is
closely related to transmissibility (see Ssupplementary Ftext). Compared withte that of other
transmission clusters, the LBI was higher for the VB variant both in BEEHIVE (Pp =2 x 1077)
and ATHENA (Pp < 2 x 107'; Supplementary-Figure-fig. S8). High pre-treatment
transmissibility este-may explain why the VB variant grew to be the 10th largest of 1783
clusters in the full ATHENA tree.

Tree imbalance and evolution within the VB--variant clade

We found nothing unusual in the extent to which the VB variant’s phylogeny is
imbalanced, nor did we detect any indication of any-further evolution of viral load within the

variant’s clade (Ssupplementary Ftext; and Supplementary-Figure-fig. S9).

The first sampled VB individual

We retrieved and sequenced two additional samples from the VB individual who was
diagnosed in 1992, ten-10 years before subsequent diagnoses of other VB individuals--1992.
Phylogenetic analysis suggested that this individual was infected with a virus that had evolved
most of the way, but not entirelyatb-ofthe-way, toward VB--variant viruses typical of later dates
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(Ssupplementary Ftext; and Supplementary-Figure-fig. S10). This individual was diagnosed in
Amsterdam, consistent with the ancestral reconstruction of region. ©verIn the ten-10 years
before this first VB diagnosis, the proportion of individuals diagnosed in the Netherlands for
whom a viral sequence was available was roughly one--third. The proportion of those diagnosed
or undiagnosed would be smaller still. This means that the infector of the 1992 individual was
most likely not sampled, and it is plausible that two or three steps in the transmission chain

} were also unsampled. The long phylogenetic branch leading to the 1992
individual could therefore represent between-host evolution,—itis not necessarily within-host
evolution in a single individual.

Discussion

Previous studies of the heritability of viral load and CD4 cell decline led us to expect that
these properties could change with the emergence of a new variant of HIV-1. We provided
strong evidence for this, discovering a virulent subtype-B variant —(the <VB variant>)— that has
been circulating in the Netherlands since the late 1990s. We eharacterised-characterized the
variant’s genotype and evolutionary history, are-as well as its association with high viral loads,
rapid decline of CDA4 cells, and increased transmissibility. We found 107 individuals with the
variant (VB individuals™) whose age, sex, suspected mode of transmission, and region of birth
are all typical for people living with HIV in the Netherlands. This suggests that the observed
association is causal: that-tThe increased virulence is a property of the virus; rather than a
confounding property of individuals in this transmission cluster. An absence of viral load
evolution inside the clade of VB variants suggests that the increased virulence is a property of
the whole clade and not a subset of it—i.e., that the virulence evolution occurred on the long
branch that connectsing this clade to other known viruses.

Deferring the initiation of treatment until the development of a CD4 count e£<350
cells/mm?3per-rmm? (or the onset of AIDS); instead of immediately at a CD4 count e£>500
cells/mm3-per-mmm®-or-more; was previously shown to increase the subsequent hazard of serious
AIDS-related events by a factor of 3.6 (Cl: 2.0 to 6.7); and of any serious event (including death)
by a factor of 2.4 (Cl: 1.6 to 3.3) (25). This long-lasting immunological damage justifies WHO’s
classification of 350 CD4 cells/mm3-permm® as “:advanced HIV2”
(www.who.int/hiv/pub/guidelines/HIVstaging150307.pdf). Without treatment, advanced HIV is
expected to be reached in only 9 months (CI: 2 to 17) from the time of diagnosis for VB
individuals, compared withte 36 months (Cl: 33 to 39) for retnon-VB individuals, in males
diagnosed at the aged of 30 to- 39 years. #Advanced HIV is reached even more quickly in
older age groups,; furthermere-and there is considerable variation between individuals in
addition toen-tep-of these expected values. Many individuals could thereforeprogress-te-have
advanced HIV by the time they are diagnosed, with a poorer prognosis expected thereafter in
spite of treatment. In practice, there is still substantial variation in the delay from becoming
infected to starting treatment, making the VB variant a concern even in the high-awareness and
highly monitored context of the Dutch HIV-1 epidemic. In contexts with less awareness and
monitoring, where-in which diagnosis often occurs later in infection, the probability of reaching
advanced HIV before diagnosis would be even greater.

Future in vitro investigations could more firmly establish the role of the viral genotype,
and reveal an as-yet--unknown virulence mechanism at the molecular or cellular level. A higher
replicative capacity of the virus might be observed, given the increased viral loads seen here.
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However, it is likely that there will be more to the virulence mechanism: tThe VB variant
doubles the rate of CD4 cell decline, measured with both counts and T- cell percentages, even
after adjusting for its higher viral load. This rate is equivalent to the acceleration of CD4
degradation that would be expected from a wiraHead-3.0 logio elevation in viral loadeepies
higher, though the actual increase is by-a 0.54 to— 0.74 logo increaseeepies. This means that the
virulence normalised-normalized by the amount of virus the ““per--parasite pathogenicity>”
(42, 43), which for HIV is heritable (19)——is much higher for the VB variant. Using two
aforementioned methods, we predicted that, of the 17 whole genomes available, 16 use only the
R5 co-receptor for cell entry, which is typical for subtype-B viruses in early infection (13). This
finding suggests that the underlying virulence mechanism is distinct from the well-known effect
of cell tropism (14, 15).

Previous studies have reported population-wide increases (44, 45) and decreases (46) in
virulence over time. Mixed results between individual studies [{see meta-analysis-(47) for a
meta-analysis}] can be attributed to differences in epidemic context (such as the dominant
subtypes), statistical power, and observational biases over time. Temporal virulence trends could
also be due to changing confounders, such as a shift in which subpopulations are most affected,
the stage of infection at time of when-diagnosis-eceurs, or coinfections. We expand on these
studies by resolving a change in virulence to an individual viral variant.

The basic theory of an infectiousness—virulence trade-off is that infectiousness and
virulence are linked; (for example, by how fast a pathogen replicates in its host); and that
selection pressures favor intermediate values rather than extreme ones. With-teo-low-If
infectiousness is too low, the pathogen cannot be transmitted when its host contacts other hosts,
but with-tee-high-if virulence is too high, is-the host becomes too ill to have such contacts. In
the case of HIV, the implication of this theory is that we would not expect highly virulent viruses
to spread widely through a population in the absence of widespread treatment, because their
hosts would progress to AIDS very quickly, limiting the opportunities for transmission (9). Most
of the evolution that gave rise to the VB variant occurred before 1992, before effective
combination treatment was available. However, our findings may stimulate further interest in
whether widespread treatment shifts the balance of the infectious—virulence trade-off toward
higher virulence, thus promoting the emergence and spread of new virulent variants. Previous
modelling studies have investigated this idea for pathogens generally (48); and for HIV
specifically (49, 50). We discuss some subtleties of the argument in the Ssupplementary Ftext,
but our conclusion is that widespread treatment is helpful to prevent new virulent variants, not
harmful. The absolute fitness of viral variants must be considered; ret-enty-in addition to their
relative fitness, and treatment reduces the total onward transmission over the course of one
infection, regardless of virulencehew-virtlentitis. Put simply, ““viruses cannot mutate if they
cannot replicate>” (anonymous), ander ““the best way to stop it changing is to stop it>”” (Marc
Lipsitch). Early treatment also prevents CD4 cell decline from leading to later morbidity and
mortality; thus clinical, epidemiological, and evolutionary considerations are aligned. Our
discovery of a highly virulent and transmissible viral variant therefore emphasizes-trdertines the
importance of access to frequent testing for at-risk individuals; and of adherence to
recommendations for immediate treatment initiation for every person living with HIV
(www.who.int/hiv/pub/arv/).
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Healthcare, Mepha, and Sandoz. H.F.G.’s institution received money for participation in

the following clinical COVID-19 studies: 540-7773/5774 (Gilead), TICO (ACTIV-3,

INSIGHT/NIH), and the Morningsky study (Roche). Data and materials availability:

Code illustrating the analysis of the source clinical data, and of the genomic distribution

and annotation of VB--variant mutations, is openly available at GitHub
(https://github.com/ChrisHIV/hiv_vb_variant);; a version has also been deposited at

Zenodo (51). The 17 VVB--variant whole genomes are publicly available ater GenBank

with accession numbers MT458931 to- MT458935 and MW689459 to- MW689470; the

two putative recombinants are-have accession numbers MW689465 and MW689466.

Data on viral loads, pre-treatment CD4 counts, and mortality are provided as

Supplementary-Bdata S3. Requests for further data access can be made by submission of

a concept sheet to the corresponding authors; these will be reviewed on a case-by-case

basis, given that the data underlying this study contains sensitive and potentially

identifying information. Once submitted, the proposed research and/or

analysisresearchfanalysis will undergo review by the BEEHIVE Data Access Committee, Commented [LK33]: As meant? We avoid the “slash™
which includes representatives of the ATHENA eCohort, for evaluation of the-scientific T WEeE R i 15 i AilaIees, alimuei
value, relevance to the study, design and feasibility, statistical power, and overlap with e L e
existing projects. If the proposed analysis is for verification and/or

replicationverification/replication, data will then be made available. If the proposed

research is for novel science, upon completion of the review, feedback will be provided

to the proposer(s). In some circumstances, a revision of the concept may be requested. If

the concept is approved for implementation, a writing group will be established that will

consisting of the proposers (up to three persons that were centrally involved in the

development of the concept) and members of the BEEHIVE eCollaboration and

ATHENA €Cohort (or other appointed cohort representatives). All persons involved in

the process of reviewing these research concepts are bound by confidentiality. Ethics

approvalstatement: At initiation, the ATHENA eCohort was approved by the

institutional review board of all participating institutions-eentres. People entering Commented [LK34]: As meant?

beginning HIV care receive written material about participation in the ATHENA study

eohert and are being-informed by their treating physician of the purpose of data Commented [LK35]: Okay to change “ATHENA cohort” to

collection-of-data, after which they can consent verbally or elect-to-opt- out. Data are HIATEIERIA sy g, e (i (i s (10 e g tor
. . . . . . patients (and, by extension, the study itself) rather than the

pseudenymised-pseudonymized before being provided to investigators and may be used oy el ol Eeraia

for scientific purposes. A designated quality management coordinator safeguards
compliance with the European General Data Protection Regulation. Additional written
informed consent was obtained for these- ATHENA individuals enrolled in BEEHIVE for
whole-genome sequencing.
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Fig. 1. Clinical characteristics of “VB2 individuals. Those infected with the highly virulent
variant; (VB individuals) are representedshewn in red;; and—‘ret- /B individuals-those
infected with any other subtype-B virus; (non-VB individuals) are shown in blue. (A) abBox-
and-whisker plots of viral load, by year of diagnosis. Diagnosis dates were grouped to give
produce boundaries that coincideing with years and roughly equal numbers of VB individuals
(39, 35, and 27 in the second, third, and fourth groups, respectively; the pattern is robust to other
groupings). (B) the-eExpected decline in CD4 count in the absence of treatment. The model was
adjusted for Ssex and age at diagnosis-have-been-adjusted-for; values shown are for males
diagnosed at the aged of 30 to- 39 years. Fhe-sShadeding regions indicates 95% Clseenfidence
intervals in the model’s prediction of the-mean values, given the uncertainty in estimation of
parameter values (it does not reflect the variability between individuals in each of the two
groups, which is much greater). The herizontal-dashed black line denotesshows a CD4 count of
350 cells/mm?-per-ram?; (discussed-in-the-see text for details). (C) Fhe-pProbability of still
being alive at a given time after diagnosis.

Fig. 2. Phylogenetic and phylodynamic analysis of the VB variant. (A) A-#\\Vhole-genome
maximum-likelihood phylogeny of 15 VB--variant sequences and 100 background subtype-B
sequences. The color of each circle at-the-tips-indicates the individual’s viral loads in logio copies
per milliliterml. The inset scale bar shows the branch length scale in units of substitutions per
site. (B) A-dDated maximum-clade-credibility tree for 107 partial pol- gene sequences from the
VB variant. Colors indicates geographical regions-the-region-efthe-Netherlands (N, E, S, and
W: abbreviating-north, east, south, and west), which areis known for the branch tips; ard-but
are otherwise inferred by ancestral state reconstruction. The gray violin plot superimposed on
the root node shows the posterior density for its date; (i.e., the TMRCA); 1994 contains overflow
to earlier dates for clarity. (C) Fhe-eEffective population size (Ne) (scaled by the coalescent
generation time t) over time with 95% credibility intervals, with the same time axis as in (B)the

Table 1. Comparison of viral loads between individuals infected with the VB viral variant;
and other individuals. #When analyzing the viral loads of individuals in the ATHENA study,
we first excluded individuals who were in BEEHIVE, fer-so that the test te-would be
independent of the initial finding within the BEEHIVE study. After our statistical tests of viral
load, we did not exclude BEEHIVE individuals from the ATHENA data for subsequent analyses.
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FThe-number-ofindividuals-N, indicated-is-number of individuals after exeluding-those without
viral load measurements before treatment were excluded-; IQR, interquartile range.

Test Discovery Replication
[BEEHIVE dataset [ATHENA dataset
(Europe)] (Netherlands), excluding
overlap with BEEHIVE]
Dataset BEEHN/E (Europe) ATHENA (Netherlands).
bl | .
e

Viral load measurements
compareds

Mean and inter-guartile-range
¢IQR) of viral load in retnon-
VB individuals, in logio
copies per milliliterst

Mean and inter-gquartierange
¢IQR} of viral load in VB
individuals, in logio copies
per milliliterst

Viral load increase in VB
individuals

Pp value for increase

Set-point viral loads for N =
15 VB individuals and N =
2446 individuals with any

other HIV-1 strain

5.10
(IQR: 4.69 to- 5.58)

5.84
(IQR: 5.57 to—6.09)

0.74 logio copies/ml-permt

5x10°
(two-tailed t test, significant
at a level of 5 x 107 when
Bonferroni-corrected for
performing 50 such tests)

Mean pre-treatment log viral
loads for N =91 VB
individuals and N = 5272
individuals with any other
subtype-B HIV-1 strain
4.79
(IQR: 4.34 to—5.27)

5.33
(IQR: 4.94 to—5.75)

0.54 logzo copies/m|-permt

1x 10712
(one-tailed t test)




