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Abstract

Angola has an extremely diverse HIV-1 epidemic fueled in part by the frequent interchange of people with the
Democratic Republic of Congo (DRC) and Republic of Congo (RC). Characterization of HIV-1 strains cir-
culating in Angola should help to better understand the origin of HIV-1 subtypes and recombinant forms and
their transmission dynamics. In this study we characterize the first near full-length HIV-1 genomic sequences
from HIV-1 infected individuals from Angola. Samples were obtained in 1993 from three HIV-1 infected
patients living in Cabinda, Angola. Near full-length genomic sequences were obtained from virus isolates.
Maximum likelihood phylogenetic tree inference and analyses of potential recombination patterns were per-
formed to evaluate the sequence classifications and origins. Phylogenetic and recombination analyses revealed
that one virus was a pure subtype J, another mostly subtype J with a small uncertain region, and the final virus
was classified as a H/U/CRF02_AG recombinant. Consistent with their epidemiological data, the subtype J
sequences were more closely related to each other than to other J sequences previously published. Based on the
env gene, taxa from Angola occur throughout the global subtype J phylogeny. HIV-1 subtypes J and H are
present in Angola at low levels since at least 1993. Low transmission efficiency and/or high recombination
potential may explain their limited epidemic success in Angola and worldwide. The high diversity of rare

subtypes in Angola suggests that Angola was part of the early establishment of the HIV-1 pandemic.

ACCORDING To THE World Health Organization (WHO)
there are currently about 35 million people living with
HIV/AIDS worldwide and it is estimated that ~ 39 million
people have died of AIDS since 1981." HIV can be divided
into two types: HIV-1, which is responsible for the worldwide
AIDS pandemic, and HIV-2, which is less prevalent and vir-
ulent.” Based on extreme genetic diversity, HIV-1 variants can
be classified into four major groups: M (main), O (outlier), N
(non-M, non-0O), and more recently P.3 The M group, which is
responsible for the pandemic, includes nine different subtypes
(A-D, F-H, J, and K), more than 70 circulating recombinant
forms (CRFs), and many unique recombinant forms (URFS).4
Groups O, N, and P have infected a relatively small number of
patients worldwide.

In sub-Saharan Africa almost all subtypes, CRFs, and URFs
circulate; the highest genetic diversity has been observed in
West Central Africa where the HIV-1 pandemic is believed to
have originated.>’ On a global perspective, the most prevalent
HIV-1 subtypes are C (50%), A (12%), B (11%), followed by

CRF02_AG (8%), G (5%), CRFO1_AE (5%), and D (2%). The
remaining subtypes and recombinant strains represent less than
1% of HIV-1 infections.>®® Currently there are only three full-
length genomes of subtype J and four of subtype H available in
the Los Alamos HIV sequence database.” Full-length subtype
J genomes are from Sweden and Cameroon (GenBank ac-
cession numbers AF082394, AF082395, GU237072) whereas
subtype H genomes are from Belgium, United Kingdom, and
Central African Republic (AF190127, AF190128, FJ711703,
AF005496). In addition, subtype J appears as fragments in
several CRFs and shorter sequences.*

Angola is a South-western African country surrounded by
Namibia, Zambia, Democratic Republic of Congo (DRC), and
Republic of Congo (RC). According to the UNAIDS report,
HIV/AIDS prevalence among adults in Angola was 2.4% in
2014.° Despite this low prevalence, all subtypes except B
and many CRFs and URFs have been detected in Angola, in
particular in the Provinces of Luanda and Cabinda where
most studies have been done. This high diversity is a direct
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consequence of the long-standing presence of HIV-1 in the
country and the frequent interchange of people with the DRC
and RC."*"* In this study we describe the first near full-length
HIV-1 genomic sequences from HIV-1 infected individuals from
Cabinda, a province of Angola, which is an exclave surrounded
by DRC in the south and east, and by the RC in the north.

Blood samples from HIV-1 infected individuals were col-
lected in 1993 from Hospital Distrital de Cabinda, Cabinda,
Angola. Samples were collected anonymously with oral con-
sent. The study was approved by the ethics committees of the
participating institutions. Virus isolates were obtained using the
co-cultivation method as described previously.'®> All three iso-
lates used the CCR5 co-receptor.'® Viral genomic RNA was
extracted from cell culture supernatant and reverse transcriptase—
polymerase chain reaction (RT-PCR) was performed using
Titan One Tube RT-PCR System (Roche Diagnostic Systems).
All amplifications were performed using the Expand Long
Template PCR system (Roche Diagnostic Systems) according
to the manufacturer’s instructions. New primers were designed
to amplify the full-length genomes (Supplementary Table S1;
Supplementary Data are available online at www .liebertpub
.com/aid). Amplified DNA fragments were purified using
JETQUICK Gel Extraction Spin Kit (GenoMed) and se-
quenced. The nucleotide sequence data were deposited in
GenBank with accession numbers KU310618-20. Genomic
sequences were aligned with a set of reference sequences
representative of all HIV-1 group M subt;/pes obtained from
the Los Alamos HIV Sequence Database'’ using Clustal x2.1
(www.clustal.org/clustal2/) and the alignment was manually
edited with GeneDoc (http://iubio.bio.indiana.edu/soft/molbio/
ibmpc/genedoc-readme.html). Maximum likelihood (ML)
trees were inferred with program PhyML using the Seaview
software (http://pbil.univ-lyonl.fr/software/seaview.html) us-
ing the best-fit substitution model identified by Modeltest v3.7
using the Akaike information criterion. To find the ML tree an
iterative heuristic method combining nearest neighbor inter-
change and subtree pruning and regrafting tree rearrangement
methods was used. The reliability of the obtained tree was
estimated with the approximate likelihood-ratio test. Potential
recombination patterns of our new near full-length sequences
were analyzed by bootscanning using SimPlot with a sliding
window of 500 bp advanced in 100 bp increments (http://sray.
med.som.jhmi.edu/SCRoftware/simplot/). For each window
100 bootstrap replicates were generated. Potential recombi-
nation breakpoints between subtypes were considered when
the percentage of permuted trees for a given subtype was above
70%. We also used RIP, jpHMM, and the branching index (BI)
to confirm the bootscanning results.'®>!

An overall genome-wide tree analysis of 93AOHDC250
and 93AOHDC253 showed that they clustered with subtype J
reference sequences and were more closely related to each
other than to the other J isolates, which is consistent with their
epidemiological data (Fig. 1). Note that this tree is not a true

>
FIG. 1. Overall tree classification of HIV-1 near full-length
genomes of isolates 93AOHDC250, 93AOHDC251, and
93A0OHDC253. ML trees were constructed with our se-
quences (highlighted by dots) and 136 reference sequences
representative of all HIV-1 group M subtypes. Cladistics
support is indicated by aLRT values. The scale is in units of
substitutions per site. aLRT, approximate likelihood-ratio test;
ML, maximum likelihood.

0942 BF

823

40_BF
28 BF

29_BF
47 _BF
- (3 _AB

——L =51 _01AB

: 21_A20

Ir"___l__-mm
i B D

4 ] ~
o 4 H.CF.90.056.AF000.540.96
L o & H.BE.D.95.VIL90.97.AF 190128
S IIAOHDC25)
o & H.GE.00.00GBAC4001 FIT11703
# HLBE.0.93.VID90.91 AF190127

11_epx
@ ). SE.0.93,5E0,9280 70,50.87. AFD0.8230.94
@ J.SE0.94.5E0.9173 7022 AFO0.82395

@ S3AOHDC2ES

@ 9IAOHDC250

® ).C0.0.57.0 0.97DC KTBI4TEF0.614151

ol 34 018
4 0.52 018
f 055 018
o 33 018
8
— (.54 0IB
1
: 48_0IB
53018

15 018

; 19_cpx
0 02_AG
63 0241

1
. I 1
! 1% cpx




A 93A0HDC253

|—-Q| A B e € D e F e © " 4
-3
b
. I
E
i,
i.
£
:l
2
x
= A
. A
- - — — _'lk\-\ P Fa
' - i
G | - S =
__— [
I— —
[
B 93A0HDC250

— A e C D= F — G " 4

»

%% of Permuted Trees
™
ot
e

u .

93A0HDC251
E
£ I 11 I I
§|
i PETAV < | A
¥ = ! . i
[soa] [T ——
%E - -1 ¥
[ ol I ) |
" « I -

084 WIAOHDC253
l 1CD97.J_9TDC_KTBI4TEF61415]

'S 1.SE.93.5E9280_TERT.AFO82394
L J.SE.94.5E9173_T022.AF082395

0.005
YIAOHDC250
0.99
. JCDST.) 97DC_KTBI47.EF614151
i I— J.SE.93.SE9280 7887 AFO82394
| A 1SE94.5E9173_T022.AF082395
0.01
J.SE.93. SE9280_7887.AF082394
0.78
0.99 JSE.94.5E9173_TO22AF082395
- 1.CD971 9TDC_KTBI4TEF614151
O 93A0HDC250
0.01
H.BE.93.VI99T.AF190128
0.97 H.CF90.056.AF005496
G3IAOHDC251
- H.BE 93.V1991 AF190127
H.GB.00.00GBACA001.FIT1 1703
0.0
O 93A0HDC251
ALRW.S2L92R W08 AB253421
i ALUG.07.p191084.1X236669
ALUAODSSUAD! 16.AF413987
- ALCDSTSTCD_KOC2AMD000S3

l— G.BE.96.DRCBL.AF084936
2 GPTxPT2695.AY612637
! G.GH.03.03GHI75G.AB287004
GNG.OLOINGPLO6GS. DO 68576

I

0.02

® G.BE.96.DRCBL.AF084936
@ G.NG.01LOINGPLOGES.DO168576
L ® GPTxPT2695.AY612637

_ﬂ.ﬂi—— ® G.GH.03.03GHI T5G.ABZET004
@ 93A0HDC251

ALCDITITCD_KCCLAMODD0S3
ALUADDIBUADN 16.AF413987
ALRW.9292RW008.AB253421
ALUGOT.pl91084.JX236669

0

0.02

FIG. 2. Genomic segment analysis of near full-length genomes. Panels show bootscanning and tree analyses of isolates
93A0HDC253 (A), 93AOHDC250 (B) and 93A0OHDC251 (C). Tree analysis was done for regions suggested by boot-
scanning to belong to different subtypes. A schematic genome map of the subtype composition of the isolates was produced
based on the results obtained by bootscanning. Color images available online at www.liebertpub.com/aid
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phylogeny as it cannot depict the evolutionary history of all
recombinant sequences; we used it here merely to investigate
the overall sequence-based similarity for our classification
purpose.

Bootscanning analysis showed no evidence of recombina-
tion in isolate 93AOHDC253 (Fig. 2A). Isolate 93AOHDC250
displayed an untypable region between positions 1450 and
2050 corresponding to the end of gag gene, the protease (PR)
region, and the first 192 nucleotides of RT, which was further

confirmed by phylogenetic analysis (Fig. 2B). BI results con-
firmed that 93AOHDC253 was a pure subtype J and that
93A0OHDC250 had a genomic region with no known subtype
in this gag/pol region (Fig. 3).

Comparing our new J sequences to existing J sequences in
the Los Alamos HIV database revealed that subtype J is quite
diverse (Fig. 4). In the region where most J sequence fragments
exist (HXB2 positions 7041-7358), 93AOHDC250 and
93A0OHDC253 cluster together with a previous sequence from
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FIG. 4. Subtype J env fragment comparison. At the time this report was written 185 subtype J sequence fragments were
available in the LANL HIV database. Their HXB2 coordinates covered various parts of the HIV-1 genome (A). Previous to
our new sequences, only three full subtype J genomes have been described (long horizontal lines at bottom of graph). The
most sequenced region was a part of env (HXB2 coordinates 7041-7358), indicated by the vertical lines in the graph. An
ML phylogeny of this region revealed that subtype J is very diverse (B). Our new sequences are highlighted by black dots.
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Angola, 93A0OHDC247.'° Interestingly, Angolan J sequences
occur throughout the phylogeny of this env region, suggesting
that the J epidemic in Angola is either the origin of subtype J
or that there has been a lot of influx of subtype J from
other geographic regions. The great diversity of subtype J has
been previously noted in analyses of J-containing CRF11 and
CRF13 genomes.***

The overall tree analysis showed that 93AOHDC251
clustered with subtype H reference sequences (Fig. 1).
Bootscanning analysis indicated an unclassifiable (U) re-
gion between positions 4936 and 5167 (corresponding to
vpr gene), and a region between positions 8151 and 8888
(corresponding to the nef gene and 3’LTR) appeared to
cluster between subtypes Al and G (Fig. 2C). BI analyses
again confirmed these results, and suggested that the nef/
LTR region was below the subtype-defining threshold for
subtype G (Fig. 3). Upon closer inspection using RIP, com-
paring this region to subtypes Al, G, and CRF02, it became
clear that this region was in fact derived from CRFO02;
93A0OHDC251 was closer to CRF02 than either Al or G in
all parts of this region, which included a CRF02 A/G
breakpoint (Fig. 5). Together, these analyses led to a classi-
fication of this genome sequence as the first H/U/CRF02_AG
recombinant.

In this report we describe the first three HIV-1 genomic
sequences from Angola, a country that with the DRC and RC
had a crucial role in the early dissemination of the HIV-1
epidemic.”'” Sequences were derived from isolates obtained
in 1993 from patients living in Cabinda, a province in the
North that borders both DRC and RC.

One isolate was a pure subtype J, another a J with an at this
point unclear segment, and one was an H-based recombinant.
The unclear region in 93AOHDC250 may be a divergent J
segment or a segment of an as yet undiscovered subtype. As
mentioned above, subtype J has previously been described as
very diverse and may hide further sub-subtypes or recombi-
nants of sub-subtype nature.*?

Despite being in circulation in Cabinda since 1993, as of
February 2015 only 27 J and 73 H sequences from Angola had
been deposited in the Los Alamos HIV Sequence Database
(3.1% and 8.3% of respective subtype sequences from Ango-
la). Globally, pure subtypes J and H are also very rare, which
suggests low biological fitness, low transmissibility, high re-
combination potential, and unsuccessful introductions into
high-risk populations. However, the isolates described herein
replicate to normal levels in different cell types suggesting that
their biological fitness is no different from other subtypes.
Interestingly, we have found that our J and H isolates are much
more sensitive (about nine times) to the CCRS-antagonist
TAK-779 when compared with isolates from other subtypes
that are more prevalent in Angola and Portugal.'® This sug-
gests poor binding to the main HIV co-receptor (CCRS), which
may indicate transmissibility problems of these subtypes. On
the other hand, J and H subtypes have been found in many
recombinants such as CRF04_cpx, CRF06_cpx, CRF11_cpx,
CRF13_cpx, CRF18_cpx, CRF27_cpx, and CRF49_cpx."”
Thus, the rarity of pure subtype J and H, together with the large
HIV-1 diversity in Angola and neighboring countries, which
suggests they have been around for long times, suggests that
these subtypes are less fit to transmit or establish infection by
themselves. Similar to how latent virus may survive within a
host through recombination with nonlatent immune escaping
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plasma virus, subtype J and H virus may do better if they
recombine with more fit subtypes.>*

HIV-1 subtypes J and H are present in Angola at low levels
since at least 1993. The high diversity among Angolan sub-
type J env sequences and the fact that the rare subtype H has
recombined in Angola together suggest that Angola is either
the origin of subtype J or, more complicated, that there has
been a lot of influx of subtype J from other geographic re-
gions. Low transmission efficiency and/or high recombina-
tion potential may explain their limited epidemic success in
Angola and worldwide.
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