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Fig.5 HIVAEEIIR T HFEXRIRZHE
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A cluster of rapid disease progressors upon primary
HIV-1 infection shared a novel variant with
mutations in the p65%° and pol/vif genes
Haruyo Mori®, Yoko Kojima®, Takuya Kawahata?,
Motoo Matsuura®, Kenji Uno®, Mitsuru Konishi® and
Jun Komano

Few studies have described the etiologic factors
associated with rapid AIDS onset during primary
HIV-1 infection. Our molecular epidemiological
study identified a cluster of individuals infected
with HIV-1 variants characterized by novel muta-
tions in the p6**’?*! and pol/vif genes during 2011
and 2013 in Osaka, Japan. Individuals positive for
the novel HIV-1 variant showed rapid disease
progression, suggesting a role of viral mutations
in the fostering of the clinical course of HIV-1
infection.

HIV-1 infection usually progresses to AIDS. Some HIV-
1-infected individuals, known as long-term nonprogres-
sors, maintain a CD4" T-cell count above 500 cells/pl
and do not develop AIDS for more than 10 years after the
primary HIV-1 infection (PHI) even without antire-
troviral treatment [1]. Some long-term nonprogressors
are categorized as elite controllers who can retain viral
loads to undetectable levels [2]. In contrast, a small
percentage of individuals develop AIDS within 2—3 years
after a PHI [3,4]. Many factors, both viral and host, have
been described as regulators of HIV-1 disease progression
[5—-7]. However, factors that foster HIV-1 disease
progression remain to be clarified. Here, we describe a
local epidemic involving an HIV-1 variant carrying novel
mutations in p6*¢’?* and pol /vif in individuals with PHI
and rapid disease progression.

Since 1992, we have maintained a centralized con-
firmatory examination system at Osaka Prefectural
Institute of Public Health for monitoring HIV-1
infection; this system involves a regional network of
public health centers and primary care clinics that treat
sexually transmitted infections. Serological and nucleic
acid-based tests are performed, and HIV-1-positive
specimens from the network are subjected to molecular
epidemiological analysis of HIV-1 in Osaka prefecture
based on HIV-1 C2V3 sequences of env [8].

In 2012, we encountered a case of a seronegative HIV-1
infection that refers to an individual negative for anti-
HIV-1 antibody for prolonged period of time, although
positive for p24 viral antigen and/or viral RNA; such

DOI:10.1097/QAD.0000000000000771

cases have been rarely reported worldwide [9,10]. This
case visited a hospital in the southern part of Osaka
prefecture and was diagnosed with PHI via nucleic acid-
based tests. However, it required more than 8 months
until the results of western blot become fully positive for
anti-HIV-1 antibodies (Fig. 1a). The virus infecting this
individual clustered genetically with viruses isolated from
six other individuals with PHI; these seven cases were
mostly from the same district and were reported during
2011-2012. Those viruses were of subtype B with a
putative CCRS5 tropism based on the geno2pheno
algorithm [11]. Interestingly, the clinical features of those
PHIs were similar in that they involved extremely high
plasma viral loads (>107 copies/ml) and low CD4" T-cell
counts less than 200 cells/pl (range, 64—184). Of the
seven individuals, four initiated antiretroviral therapy
immediately after diagnosis of HIV-1 infection due to
severe clinical symptoms; two of these four cases
progressed to AIDS despite the early phase of HIV-
1 infection.

‘We investigated whether the viruses infecting these seven
individuals with PHI shared any genetic features.
Population sequencing of the HIV-1 gag-pol gene
(Methods, Supplemental Digital Content 1, http://
links.Iww.com/QAD/A730), which is routinely used
for monitoring antiretroviral drug resistance, demon-
strated that these viruses shared the foHowin% genetic
signatures: a 15-nucleotide insertion into p6*¥’?” the gag-
pol transframe region, resulting in duplication of the N-
QSRPE-C pentapeptidic sequence in the p6** open
reading frame and of N-EQTRA-C in the p6** open
reading frame (Fig. 1b) and two substitution mutations in
the pol/vif overlapping region; one mutation changed the
pol stop codon into a Gln-coding codon (TAG to CAG),
whereas the second mutation, located 12 nucleotides
downstream of the other mutation, generated both an
aberrant stop codon in the pol gene (AAG to TAG) and a
Lys-to-Asn codon replacement (AAA to AAT) in the
22nd amino acid of the Vif protein (Fig. 1¢). The
insertion mutation was located immediately upstream of
the p6°*¢ PTAP motif, which is known to support viral
budding [12,13]. The substitution mutations should result
in the addition of an aberrant tetrapeptide N-QNME-C
at the Pol carboxy terminus, namely integrase. The Vif
amino acid alteration was positioned near the interface
between Vif and core binding factor BB; therefore, this
change might affect Vif~APOBEC3G interactions
[14,15]. Although insertional mutations in p6*® are
described frequently [16,17], the N-QSRPE-C dupli-
cation is very rare. Moreover, an HIV-1 variant carrying
both p6¥’*! and pol/vif mutations has not, to our
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03/2012
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09/2012
11/2012
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>10,000,000 241 - -
1,200,000 64 - ~
15,000 198 - +
1,100 221 + +
96 264 + +

12-86 MSM 10/2012

11/2012

>10,000,000
9,300,000

117 - -
334

(b}

2

B
AA Pol S S EQTRA - - - - NS PTRRELIQVW
AA Gag FLQSRPE - -~ - - P TAPPETESTFIRSG
HXBZ TTTCTTCAGAGCAGACCAGAG---~-=-===mm==— CCAACAGCCCCACCAGAAGAGAGCTTCAGGTCTGGG

Novel HIV-1 TTTCTTCAGAGCAGACCAGAGCAGAGCAGACCAGAGCCAACAGCCCCACCAGAGGAGAGCTTCAGGTTTGGG

AA Gag FLQSRPE
AA Pol S SE QTR A
()
M Vif
AA IN
HXB2

Q S R PEPTAPPETESTFREFG
EQ TRANSPTRGETLGQVW

M ENRWQVMTIVWAQVDRMRTIRTWKS
Y G KQMAGDDT CVYV ASRQDETD™*
TATGGAAAACAGATGGCAGGTGATGATTGTGTGGCAAGTAGACAGGATGAGGATTAGAACATGGAAAAGT

Novel HIV-1 TATGGAAAACAGATGGCAGGTGATGATTGTGTGGCAAGTAGACAGGATGAGGATCAGAACATGGAATAGT

AA IN
AA Vif

Y G KQMAGDDT CV ASRAQDETD
M ENRWQVMIVWAQVDRMERTIRTWNS

Q N M E *

Fig. 1. Clinical and genetic features of the novel HIV-1 variants. (a) Serological examination data were available from five
patients infected with the novel HIV-1 variants; one case involved a seronegative infection (¥), and two cases involved rapid onset
of AIDS (underlined). High plasma viral loads and low CD4 counts were observed before or at seroconversion. pVL, plasma viral
load; ART, antiretroviral therapy. Western blot status: —, negative; &, indeterminate; +, positive; ND, not determined. (b and c)
Genetic signatures of the novel HIV-1 variants. HXB2 is a molecular clone representing the standard HIV-1 clade B. (b) A
duplication within p6826/7' resulted in a 5-amino acid repeat (underlined), and (c) substitution mutations within pol/vif resulted in
the addition of four amino acids at the integrase C-terminus and an amino acid substitution in Vif (underlined).

knowledge, been previously reported. These HIV-1
variants were not predicted to have major mutations
conferring resistance to any of the antiretroviral drugs.

Careful re-evaluation of our regional molecular surveil-
lance data revealed that this novel HIV-1 variant was
present in another 10 specimens examined between 2011
and 2013; these variants genetically clustered with the
seven variants described above. Interestingly, HIV-1
variants bearing similar substitution mutations in the

integrase were also detected in eight specimens collected
between 2009 and 2014. Of these eight variants, three
were non-B subtypes that were located separately in the
genetic phylogeny (Figure, Supplemental Digital Con-
tent 2, http://links.Iww.com/QAD/A730). Most of the
novel HIV-1 variants and closely related variants were
detected in specimens collected from MSM and were
from the same geographical area in Osaka. The novel
HIV-1 variant described here was not captured
before 2011.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Molecular epidemiology and clinical indicators of the
seven PHI cases, including the two AIDS cases, suggested
that these individuals might have been subject to rapid
HIV-1 disease progression due to the infection of HIV-1
variants bearing a unique set of mutations. To our
knowledge, this is the first study describing a link between
the rapidness of HIV-1 disease progression and the genetic
features of HIV-1 isolates from a local epidemic.
Molecular epidemiology indicated that each unique
genetic mutation in these novel HIV-1 variants probably
emerged independently in recent years and then
converged via recombination in the local community.
Clinical and virological details should provide insights
into the pathogenesis of HIV-1 infection. Previously, it
was noted that the seronegative HIV-1 infection could be
observed upon PHI in which a massive destruction of
host immunity took place quickly [9]. This pathophy-
siology is closely related to- rapid disease progression.
Seronegative HIV-1 infection is problematic because
rapid HIV-antibody tests are still widely used as primary
screening tests at voluntary counseling and testing sites.
Consequently, we would like to call attention to these
novel HIV-1 variants.
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Methods. SDC 1.

Serological and nucleic acid examination:

Serum samples positive in HIV-screening tests were sent to Osaka Prefectural Institute
of Public Health, and HIV-1 infection was confirmed via western blot (WB) assays
using LAV BLOT 1 (Bio-Rad, Tokyo, Japan). Samples negative and/or indeterminate on
WB assays were subjected to in-house real-time PCR assays using KK-TagMan probes
[S1] or to COBAS TagMan assays at a commercial laboratory.

Genetic analysis:

Viral RNA was extracted from serum samples, and reverse transcription (RT) and
nested PCR were performed as previously described [8]. The primer sequences were as
follows: SK38 5°-ATA ATC CAC CTA TCC CAG TAG GAG AAAT-3’ and RT20
5’-CTG CCA GTT CTA GCT CTG CTT C-3’ for RT and the initial PCR, PRO5 5’-AGA
CAG GYT AAT TTT TTA GGG A-3’ and RT4L 5°-TAC TTC TGT TAG TGC TTT
GGT TCC-3’ for nested PCR amplification of the gag-RT region, IN-Fout 5’-CAG
ACT CAC AAT ATG CAT TAG G-3’ and IN-Rout 5’-CCT GTA TGC AGA CCC CAA
TAT G-3’ for RT and the initial PCR, and IN-Fin 5’-CTG GCA TGG GTA CCA GCA
CAC AA-3’ and IN-Rin 5’-CCT AGT GGG ATG TGT ACT TCT GAA CTT A-3’ for
nested PCR amplification of the integrase region. Nucleic acid sequencing was
performed via the dideoxy method with BigDye terminator (Applied BioSystems,

Tokyo, Japan). Nucleic acid sequences were determined with a ABI 3130 Genetic
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Analyzer (Applied BioSystems) via direct sequencing. The nucleic acid and amino acid
sequences were compared with those of the reference strain HXB2 (accession No.
K03455). A phylogenetic tree was constructed using the neighbor-joining method in

MEGA 5 software [S2].

Nucleotide sequence accession numbers:

The novel HIV-1 p6 and integrase sequences are available in GenBank under the
following accession numbers:

LC033998-LC034020; L.C0O33853-LC033869; AB870487; AB870497; AB870499;

AB870503; AB870516; AB870509; AB870512; AB870525
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