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WA s LTELHwLRTB Y, fit o HIV
Wy R AR ERINT A TETH D
SN OVEIE, BRI EARES R, BUR
W B A D RS, R ORGE E & D ICHURD
RBEZTHI LY EAREIHML, BAMLE
{pprbvnbhTwd, 0k, WBETIHEHR
e S AR T I8, RIS A HIROME
A 2 T L
4, WEBEEO WBE T 2HEEOPRI M S
N HBb ST, ZOBOBBIIHEIHE L
FEW 2 REER L7, PR ROBE R MHT 5720, K
FEW T O HIV B ENIEA~O Sk 36 L, bo
HIV BB & o litiid % 97 - 72,
i Bl

FER) : 41 5%, Bk

EFR

BEFERE, SRREE @ [ R L

BRIE ¢ 2004 48 12 B X Y {REBA I, 2005 4
SHINHMBNEDOND LD kol BEMICT
FiHIV 5ifk (PA ¥, ELISA ) BiEZRHshy
k23, CD4 BikY) »/33k$(CD4)37/ul, HIV-RNA
34x10°a¥—/mLTHY, WMEHCTICTTHAIA
BEilolin, BEMEAGICTAR. %8B, 5
EFOHIVAZY) —= v TREERETH 72, B
H AP HIVI D) A 7 xd - 7205, Fhb
Wb By 27 idh Y, EMERBERIIIIHAT
Hotz

il

PRIk « (7810-8563) M A RERITHE 1—8—1
BLATEOE ABLR BN ER L v & —
F - BB 5 — m %

FRR214E 5 A200

ABEREESE & & 175em, {KE 65kg, iR 375C.
CUEREE RS 2. BEY VoSHsned, ok
HErTREE R L, MENEEI RO R

WA R (Table 1) © A i 4 M3k 5,000/pL (Y
¥ 7332 103%), CRP 59g/dL, CD4 Btk T Mla%k 37/
ul, CD4/CD8 0.2, HIV-RNA 34x10°2 ¥ —/mL, i
7% 4 7 B. HHIV-1 JifR(ELISA &) Bk, Western
blot (WB) ¥ gpl60, pli8iz/s¥ K& Y. I1gG, IgA,
IgM, 1gG¥ 72 9 ARF R L. BD-F V74 ~ 426pg/
mL, % PCR Pneumocystis jiroveci Btk HURRHEIFE
P MESCT W T AT ABEERD S,

R (Fig. 1) @ Abits, PCPOWMHEEITo 1
A, BEECTHLT PRI VICHLTF 74 T F Y —
RIS %R L7278 28 9% B 12 Hydrocortisone  100mg
HHE L 0%, BRI EBESREShL
B 58 H & PR HI oWk E G, 7696 H 2 HH
HIVEONIRZ G L. 930 H £ ) 3Eaa 20, 3
7 LNF—B L OIEBHSEEROTRME 2 % 2
prednisolone Z i L7 (20mg/H x7 HH, 10mg/
Hx7BH). 20t FSEIEGE EHE» O OHH
Wildigk, WEHCTORIEEL--0RRRE %o
7z, PUHIV ZERSAH, HIVRNA RIHB 4 ICET L,
67 BRBICIZEE G0a¥—/ml) UT&ho7 B
#%, A4 VARGBEDT 8L Tw5, HIV-DNA
b FEIBRICIR 2 1A L 2006 46 4 BT EEBERLT
Lol CD4MGHMBEGIE A ICHmMLe A AR
= 123/uL, BUE 300~400/uL 12 TR L T . HIV
PARICELTR, WBER (577 y P11 EXLY
Ft) S THIEE gpl60, pl8 /Ny FARED LN T
W7AS, 2005 48 12 A BIRE, S FRIERL, 24D
FRALAZBATH ZORESEHRELTWS., PAK
2L BAHIVI Ab (P35 7THIVI23I v R
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Table 1 Laboratory data on admission

CBC Virology

WBC 5,000 /uL Hbs Ag (—)
Neut 765 % HCV Ab (—)
Ly 103 % CMV IgG (EIA) 63.3
Mono 7.6 % CMV IgM 043
Eos 5.6 % CMV/C7HRP (=)

RBC  5230,000 /uL VZV IgG (ETA) 316

Hb 15.3 g/dL HSV IgG (FA) X 244

Ht 46.8 % HHV-6 IgG (FA) X160

PLT 143,000 /pL

EB EA-DR 1gG (FA) <10
EB VCAIgG (FA) X 160

Serology/Immunoclogy measles (EIA) 353
CRP 599 g/dL
1aG 1,389 mg/dL Infection
IgA 454 mg/dL B-D glucan 426 pg/mL
IeM 98 mg/dL

< PCR analysis of sputum >

CD4 37 /pL TB {(—)
CD4% 8% MAC (=)
CD8 264 /L. PCP (+)
CD8% 61 %
Ch4/8 0.2 HIV-RNA (subtype B} 340,000 copies/mL

EIA: Enzyme Immunoassay, FA: fluorescence antibody technique
TB: tuberculosis, MAC; Mycobacterium Avium complex, PCP: Pneumocystis

Pneumonia

PA: BV Et#), ELISAKICL % HIV-1 Ag/Ab
(2006438, 4H, 2REY=>YA2 ) —YHIV
AgAb: VYA, 200745 HX7—F 72 b HIV
Ag/ABa Y ER7vtA 78y h¥x 8 2THlll
E) BT titer MR AWKKT L, 2006412 A
DRt b Lz, 2B, PABICHL CbodiE
Fvy b (ku¥4 7 HIV (Type 1) : ELLEF) I
TMEZIT, 1284% (20064E 12 B) ThHo 7z,
b/

AAEHI O HIV-1PLEICH 35 OS2 856 L, 1t
O HIV-1BHEHE OB EIT-> 7. HREFEN B
TUNEERPO HIV-1 B 108 (RA7uq M
REBHY 44, A7uA4 FRER»OH HIV #EEEG
3%, A70A FRMEFDIOHPHIV ES5H 34)
(Table 2). 2K #4 Il ¥ 4% 3k % % #f L Phytohae-
magglutinin-P (PHA) (2uM), 3 & U'HIV-1 Gag p24
(IpM : I AE/NA ), HIV1 Gag pl7 (02uM : 2
AEISAF), HIV gp41(0.2uM ; Fitzgerald Industries
Internal Inc) THIEL, 72 BRI, ©U v/ SERIETE
SE (CellTiter 96 AQueous One Solution Cell prolif-
eration Assay:Promega), @ IFNyy mRNA OEE
(realtime RT-PCR %), @ LD IFNy DiRE
DO P5E (human IEN-y ELISA high sensitivity ; Bender
MedSystems) #17o72. MEE, F4 DEFIIDE
2\ 0T o7 HEZEE student ttest ICTHEL
p<005 #FEEDH & L7,
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#E (Fig. 2)

AREF ORI A S 48 U BAERE, PHA X
LTk, V) v ssRI R, IFNy mRNA 53&, [FNy
AR, WThEBWCLESER LA, —F, HIV
BEFREICHT AR LtownwtFhicbntd
HIV JERESe# & FER, RICEFBDohhd o/ i
D HIV B o B i HIV BB EICH LS %
RL7z p2d R pl7 KT AR, 2704 Fikh
BERPL HIV 3% 5T, RBBERERICH~ETL
Twiz, gpdl T BRINICBWTS, A7uAF
5L HIV BHE5H T, REBREHICLSNK
ISAMET T 22 dH - 7z

z =B

HIV REGE ORI, MEHROH HIV Hifk< HIV
W, HIVEETFORBIZTITS. ¥ HT&HE
Fs (PAE), ELISABLR EDBBEER 7 Y —=
7 WA T HIV HE, B X OHIV SUR/Pifk & Bk 3
B, AP —Z v IR BB 03% B 5
a0, BHEOEAEIE WBHE° HIV-RNA B DM
HEMEEZTVBE T 5. WBEIHIVA O 7E&HA
(pl7, p24, p55), RY * I —¥ (p3l, pbl, pb6),
IR —7 (gpdl, gpl20, gple0) (234 % Hifk
2L gpl20/160 & gpdl b L < i3 p24 {29 B4
FEHPROONBHECHEE T 5. HLHIV Hulksih
FatElc e HTEERMT, 0~2% & FAEHIR O HIV B
BOMAENBICL > TLR% 5. Farzadegan H 5D
HME % (intravenous drug users:IVDUs) #%f

RAAEFHRE  HB83E H3F
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Fig. 1 Clinical course.
Peripheral blood HIV-1 RNA load (HIV-RNA), CD4 positive T lymphocyte counts (CD4), HIV-1 Ag/Ab
ELISA (ELISA), patterns of Western blot results are shown.
PCP; Pneumocystis pneumonia, TB; Tuberculosis, ART: antiretroviral therapy. ELISA; enzyme-linked im-

munosorbent assay.

hydrocortisone

IE Prednisolone(mg/day}

HIV.RNA CD4
400
1000000 | 300
10000 § 200
1001007 oemen.,  CD4 0
0' 0 *
HIV-DNA {copies/108 cells) 1551 701 391 nd
‘05 ‘06 ‘07
Mar Apr May Jul Dec  Jul Sep May
gp160 (env) + + + +* + +
gp120(env) - - - .
p68(pol) - - - -
pislgag) - - - - - .
pa2{pol}. - - K - - -
gpdt{env} S - : - -
pdblgag) - - - - - -
p3d(pol} - - - - - -
p24/25(gay) - - - - - - -
p1B{gay) * + + + + + B - - -
HIV-Ag/Ab 68 501 3.68 0.9 0.55
(ELISA) * + s s
HIV-Ab (PA} 512 512 64
+ + +
Table 2 Patient profiles
CD4 HIV-RNA ARV Duration CD4 (min) L . ,
Age (present) (present) (years) uL) Steroid use Steroid dose (max)
before ART Hydrocortisone 100mg
Case 41 345 < 50 24 7 after ART PSL 20mg
1 36 809 < 50 2 148 before ART mPSL 500mg
2 35 874 < 50 1 236 before ART mPSL 500mg
3 37 231 < 50 2 15 after ART PSL 20mg
4 49 514 < 50 36 4 after ART PSL 30mg
5 47 595 < 50 35 111 - 0
6 50 551 < 50 1 262 — 0
7 30 513 < 50 18 243 — 0
8 39 455 13,000 0 455 — 0
9 29 498 4,300 0 245 — 0
10 30 325 8400 0 224 - 0

CD4 (min): minimum CD4 T lymphocyte counts during clinical course,
Steroid dose (max): maximum steroid dose use during clinical course,

&L L72Wi98 T 03%?, Gibbonns ] HDIMLAIE %
W L2 Tid 18% MBS hTwb. B2
HOERELTIE 1) Y4 P, (2) HEoH
e AT L2 SREASIRES, SWEICHHIV Al

FR214E 5 A20H

BUIGL72Ban e, QfEyrsu7y YiuE (4)HIV-
2B, 5) YA VAHOER, (6) MAETMOME,
(7) BRAH, ZEFBFONE. NEFDOEE, B
BB LTS 2ED LR LTBY, 1) OV
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Fig. 2 Response of the peripheral blood mononuclear cells (PBMC) to HIV-specific protein.
5% 10* PBMCs were incubated in triplicate with PHA (2uM), Gag p24 (1uM), Gag pl7
(0.2uM), gpdl (0.2uM) for 3 days. (a) Proliferation assays were performed with a Cell prolif-
eration Assay kit. (b) IFNy mRNA expression of PBMC was evaluated by quantitative RT-
PCR. (c) Secretion of IFNy to the culture medium was assayed using an ELISA. Results are
expressed as the ratio of data of PBMC with antigens to data of PBMC without antigens.
*p < 001, ** p < 0.05 vs. patients without antiretroviral therapy (Student t-test).

1. case, 2. HIV-infected individuals with steroid use before starting ART, 3. HIV-infected in-
dividuals with steroid use after starting ART, 4. HIV-infected individuals with ART, 5. HIV-
infected individuals without ART, 6. HIV-negative controls.
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POHIV A5G, RIEIEE IS, BUSHEAME
TFLTWwWA A704 FOERICL ) HIVERRY
CTL Al S AL HIV-L % ¥ 28 7 12384 2 U P AME
TFLizew)#tEdrdsY. B HIVEOBEIZD
WTI, HIVEZOL O, GERICHESR S 2
HEVHIHEY BXUH HIV EICTHREMNS (&H
D HIV) DA 5720 HIV R CTL % HIV
WS DHAEOEENIRISND L) ENH B,
BECHEL T, SR o3 HIV 388 A X

D, PUROBIRLASRIE L & v ) HEY R, HE K
O RO HIV EE AL ) HIVIFER CTL
PR LERORED?D B, AEFTIE, R
R ORI k2 VWA, HIV-L AORSHBAR 45 7%
A7 o4 FOBAB LU HIV EO#EA %215
v, LR 0L (HIV-RNA, HIV-DNA @ #4)
eI, HIVIKEIET 2 Y283k 7 1 — v A5
RUTHEED D 5.

S, FABHHIVHES WBHICL2HETE
HEketET, HIVEBUCH T 5 in vitro OGS THE
LCwa HIV-1 BREGEDIERI 2 BB L 7. S HEO%E
PR HIV IS 5 B2 E 2 5 L CRRIEVEE
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pleEzZoND. T, AEFNL FEHIDEO HIV-1 and increase of viral load during immunosup-

YT o e " " pressive treatment in an HIV-1 infected patient
RNA AR EREELLT T8 0. B HIV-1Hufk b Bt 2 with Chlamydia trachomatis induced arthritis. ]
NpnZ &b b, EREMHLRRAETIE, HIV-1 R Clin Virol 2005 : 34 : 224—30.

6) Angel JB, Parato KG, Kumar A, Kravcik S,

EHESNE L LOERNLETHS. Badley AD, Fex C, etal : Progressive human

e HHIVRANEIC S T LAEEL L immunodeficiency virus-specific immune recov-
CARICEBOL LET. $4, THIVHRIH S 5 K Cry with piotonged viral suppression. J nfect
] OFEBICIR WA E T LABBESTRIGES 7) Pitcher CJ, Quittner C, Peterson DM, Connors
Wi LET M, Koup RA, Maino VC, et al. @ HIV-l-specific

- ) CD4+ T cells are detectable in most individuals
X Wk with active HIV-1 infection, but decline with
1) Van de Perre P, Simonon A, Msellati P, Hiti- prolonged viral suppression. Nat Med 1999 : 5 :
mana DG, Vaira D, Bazubagira A, et al. ¢ Postna- 518—25.
tal transmission of human immunodeficiency vi- 8) Selleri M, Orchi N, Zaniratti MS, Bellagamba R,
rus type 1 from mother to infant. A prospective Corpolongo A, Angeletti C, et al. © Effective
cohort study in Kigali, Rwanda. N Engl ] Med highly active antiretroviral therapy in patients
1991 : 325 : 593—S8. with primary HIV-1 infection prevents the evo-
2) Farzadegan H, Vlahov D, Solomon L, Munoz A, lution of the avidity of HIV-1-specific antibodies.
Astemborski J, Taylor E, et al. * Detection of hu- J Acquir Immune Defic Syndr 2007 ; 46 : 145—
man immunodeficiency virus type 1 infection by 50.
polymerase chain reaction in a cohort of sero- 9) Rosenberg ES, Altfeld M, Poon SH, Phillips MN,
negative intravenous drug users. J Infect Dis Wilkes BM, Eldridge R, et al. : Immune control
1993 ; 168 : 327—31. of HIV-1 after early treatment of acute infec-
3) Gibbons J, Cory JM, Hewlett IK, Epstein JS, tion. Nature 2000 ; 407 : 523—6.
Eyster ME : Silent infections with human im- 10) Luzuriaga K, McManus M, Catalina M, Mayack
munodeficiency virus type 1 are highly unlikely S, Sharkey M, Stevenson M, et al, @ Early ther-
in multitransfused seronegative hemophiliacs. apy of vertical human immunodeficiency virus
Blood 1990 ; 76 : 1924—6. type 1 (HIV-1) infection : control of viral replica-
4) Harcourt GC, Garrard S, Davenport MP, Ed- tion and absence of persistent HIV-1-specific im-
wards A, Phillips RE : HIV-1 variation dimin- mune responses. J Virol 2000 ; 74 : 6984—91.
ishes CD4 T lymphocyte recognition. J Exp 11) Desai N, Mathur M, Abu-Lawi K : HIV-1 sero-
Med 1998 : 188 : 1785—93. negativity in a child with proved perinatal HIV
5) Harrer T, Biuerle M, Bergmann S, Eismann K, infection on HAART. Sex Transm Infect 2005 :
Harrer EG : Inhibition of HIV-1-specific T-cells 81 : 3779.

A Case of HIV-1 Infection that Showed Western Blot Analysis for HIV-1
Negative After Antiretroviral Therapy

Rumi MINAMI, Soichiro TAKAHAMA, Hitoshi ANDO & Masahiro YAMAMOTO
Internal Medicine, Clinical Research Institute, National Hospital Organization, Kyushu Medical Center

Western blot (WB) is the most widely accepted confirmatory assay for detecting antibodies to the hu-
man immunodeficiency virus 1 (HIV-1). We report the case of an HIV-1 patient whose WB was negative for
over two years.

A 41-year-old Japanese man with Pneumocystis pneumonia (PCP) and pulmonary tuberculosis referred
in March 2005 was found to have positive HIV-1 ELISA and HIV RNA PCR, but HIV-1 WB with only two
bands, at gp160 and pl8, and no WB HIV-2 band. The CD4 count was 37/uL, and total immunoglobulin, IgG.
IgM, and IgG subclasses were normal The man was treated for PCP and pulmonary tuberculosis, then un-
derwent antiretroviral therapy. He had taken short-terms steroids to treat a drug allergy and immune re-
constitution syndrome. Six months later, his serological ELISA tests for HIV-1 and HIV DNA PCR were
negative and WB showed no positive band. The CD4 count recovered gradually, and exceeded 350/uL two
years later, but WB remained negative. Lymphoproliferative assays and interferon y expression against
HIV-pl7, p24, and p4l were studied and compared to those of other HIV-1 infected patients. Our patient
showed no response to pl7 or p24 and only a weak response to p4l. Other patients showed a response to
HIV-antigens, but patients with antiretroviral therapy or with histories of steroid use responded more
weakly than those with neither. These findings show that HIV-specific lymphocytes decline with antiretrovi-
ral therapy and steroid treatment within early HIV infection. It is therefore important to interpret negative
serological tests carefully in patients such as ours.

(JJ.A. Inf D. 83 : 251~255, 2009)
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BHAERESFEBALB SR CAKBERER>ERTH D, PEIT 8 RssA K, 8H
A AEH-LEKE b B, WARR TR E SIOFMRERIL L AR S HER b 3~4
BB EHFICE (o Tz, UL LILEIREED v — ¥ ¢ b7 — 71 — D RERAEBUS IR LS e
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Adaptation of HIV-1 to human leukocyte antigen class |

Yuka Kawashima', Katja Pfafferott>®, John Frater®>, Philippa Matthews’, Rebecca Payne’, Marylyn Addo’,
Hiroyuki Gatanaga®®, Mamoru Fujiwara', Atsuko Hachiya"®, Hirokazu Koizumi', Nozomi Kuse', Shinichi Oka®?,
Anna Duda®®, Andrew Prendergast®, Hayley Crawford®, Alasdair Leslie’, Zabrina Brumme’, Chanson Brumme’,
Todd Allen’, Christian Brander”?, Richard Kaslow'’, James Tang'?, Eric Hunter'!, Susan Allen'?, Joseph Mulenga'?,
Songee Branch'®, Tim Roach'?, Mina John®, Simon Mallal®, Anthony Ogwu'#, Roger Shapiro'®, Julia G. Prado”,
Sarah Fidler'®, Jonathan Weber'®, Oliver G. Pybus'®, Paul Klenerman™®”, Thumbi Ndung'u'’, Rodney Phillips**,
David Heckerman'®, P. Richard Harrigan'®, Bruce D. Walker”!”*°, Masafumi Takiguchi' & Philip Goulder>®!”

The rapid and extensive spread of the human immunodeficiency
virus (HIV) epidemic provides a rare opportunity to witness host—
pathogen co-evolution involving humans. A focal point is the
interaction between genes encoding human leukocyte antigen
(HLA) and those encoding HIV proteins. HLA molecules present
fragments (epitopes) of HIV proteins on the surface of infected
cells to enable immune recognition and killing by CD8" T cells;
particular HLA molecules, such as HLA-B*57, HLA-B*27 and
HLA-B*51, are more likely to mediate successful control of HIV
infection'. Mutation within these epitopes can allow viral escape
from CD8* T-cell recognition. Here we analysed viral sequences
and HLA alleles from >2,800 subjects, drawn from 9 distinct study
cohorts spanning 5 continents. Initial analysis of the HLA-B*51-
restricted epitope, TAFTIPSI (reverse transcriptase residues 128
135), showed a strong correlation between the frequency of the
escape mutation 135X and HLA-B*51 prevalence in the 9 study
cohorts (P = 0.0001). Extending these analyses to incorporate
other well-defined CD8" T-cell epitopes, including those
restricted by HLA-B*57 and HLA-B*27, showed that the frequency
of these epitope variants (n = 14) was consistently correlated with
the prevalence of the restricting HLA allele in the different cohorts
(together, P<C0.0001), demonstrating strong evidence of HIV
adaptation to HLA at a population level. This process of viral
adaptation may dismantle the well-established HLA associations
with control of HIV infection that are linked to the availability of
key epitopes, and highlights the challenge for a vaccine to keep
pace with the changing immunological landscape presented by
HIV.

The extent to which HIV is evolving at the population level in
response to immune selection pressure is under debate®®
Resolving the impact of HLA class I alleles on viral evolution is
problematic because it can be obscured by other influences, such as
founder effect® (polymorphisms present within the early strains
establishing the epidemic in a group). In addition, most HLA alleles
do not drive significant selection pressure on HIV, a proportion of
escape mutations revert to wild type after transmission, and different
HLA alleles may drive the identical escape mutation’.

To test the hypothesis that the frequency of escape mutations in a
given population is correlated with the prevalence of the relevant HLA
allele in that population, we studied nine distinct cohorts from North
America, the Caribbean, Europe, sub-Saharan Africa, Australia and
Japan, in which we performed HLA typing, and defined the viral muta-
tions arising within CD8" T-cell epitopes. We focused initially on a
well-characterized mutation, 1135X, within the HLA-B*5]-restricted
epitope, TAFTIPSI (RT 128-135)%, because it arises in acute infection,
non-HLA-B*51 alleles do not also select this mutation’”, and it does not
revert to Ile 135 after transmission to HLA-B*51-negative subjects’.
Thus, if highly prevalent HLA alleles drive a high frequency of escape
mutations in the population, this would be most obvious in relation to
HLA-B*51 and the escape mutant 1135X. We then considered an addi-
tional 13 well-defined escape mutations, including those known to
reduce viral fitness and therefore liable to revert after transmission.

1135X was selected in 205 of 213 (96%) HLA-B*51-positive indi-
viduals analysed (Figs 1 and 2, and Supplementary Fig. 1). The 135X
variants do not significantly affect viral replicative capacity in vitro,
other than the rare I135V mutation. This was the only variant
observed to revert to wild-type in vivo during a 3-year follow-up of
38 HLA-B*51-negative subjects identified during acute HIV infec-
tion who carried 1135X mutant viruses at transmission (Fig. le). The
1135X mutants substantially affect HLA binding, and therefore also
recognition by CD8" T cells (Fig. 1£-h). Thus, HIV transmission
from HLA-B*51-positive subjects would probably involve transmis-
sion of 1135X, which would persist in the new host. Newly infected
HLA-B*51-positive subjects receiving an 1135X mutant would be
unable to generate an HLA-B*51-TAFTIPSI-specific response.

To test the hypothesis that the population frequency of 1135X is
correlated with HLA-B*51 prevalence, HIV sequence and HLA data
were collated from the nine study cohorts. One cohort comprised
subjects with acute/early HIV infection; the remaining cohorts com-
prised chronically infected subjects. In all cohorts the odds ratio
strongly favoured 1135X in the HLA-B*51-positive subjects, even
in the acute cohort where I135X was selected sufficiently early to
be already over-represented in HLA-B*51-positive subjects (odds
ratio 1.65, P=0.07, Fig. 2a). In Japan, where HLA-B*51 is highly
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Figure 1] Selection and fitness cost of 1135X escape variants and
recognition by the HLA-B*51-TAFTIPSI (RT 128-135)-specific CD8* T
cells. a, Association between 1135X and HLA-B*51 in all study cohorts.

b, Ile 135 variation in HLA-B*51-positive subjects. ¢, d, In vitro competition
assays between NL4-3 wild-type virus and 1135X viral variants (I135T (¢) and
1135V (d)). 1135R and I1135L showed no fitness cost (not shown).

prevalent® (21.9% of the study cohort), the frequency of 1135X
was >50%, and overall across all cohorts the 1135X frequency was
strongly correlated with HLA-B*51 prevalence (P = 0.0001, Fig. 2b).
To control for the possibility that disproportionately more virus
sequences from HLA-B*51-positive subjects were analysed, the same
analysis comparing 135X frequency in HLA-B*51-negative subjects
only was undertaken, with similar findings (Fig. 2¢, P = 0.0006).
These data suggest that HIV may be adapting to HLA-B*51 with
respect to the HLA-B*51-TAFTIPSI response in localities where
HLA-B*51 is at high prevalence.
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Figure 2 | Correlation between frequency of HLA-B*51-associated escape
mutations and HLA-B*51 prevalence in study cohorts. a, Frequency of
1135X mutations within TAFTIPSI (RT 128-135) in HLA-B*51-positive (+)
and -negative (—) subjects within nine study cohorts. In the acute cohort
(London) 69% of HLA-B*51-positive subjects expressed 1135X mutant at
enrolment, 100% within 2 years of baseline (Supplementary Fig, 1).

b, Correlation between frequency of 135X mutation and HLA-B*51
prevalence in the nine study populations. Logistic regression P = 0.0001
(Supplementary Table 1). ¢, Correlation between 1135X frequency in HLA-
B*51-negative subjects and HLA-B*51 prevalence in nine study
populations. Error bars represent 95% confidence limits, obtained using a
binomial error distribution.

2

e, Persistence of 1135X mutants in 38 HLA-B*51-negative subjects followed
from acute infection. f, TAFTIPSI variant binding to HLA-B*51 (see
Methods). MFI, mean fluorescence intensity. g, h, Recognition of peptide-
pulsed HLA-B*51-matched targets and viral variants by representative
TAFTIPSI-specific CD8™ T-cell clones.

Additional evidence that 1135X is accumulating in Japan comes
from the observation that only 3 of 14 (21%) HLA-B*51-negative
Japanese haemophiliacs infected in 1983 carried 135X, compared
with 30 of 43 (70%) HLA-B*51-negative subjects infected between
1997 and 2008 (P = 0.002). Furthermore, HLA-B*51 does not pro-
tect against disease progression in Japanese subjects infected between
1997 and 2008, whereas HLA-B*51-positive haemophiliacs infected
in 1983 had lower viraemia levels and higher CD4 counts than HLA-
B*51-negative haemophiliacs (Supplementary Fig. 2). These data are
consistent with fewer HLA-B*51-positive subjects targeting
TAFTIPSI during 1997-2008, owing to a population-level increase
inthe HLA-B*51 1135X escape mutation over this 14-25-year period.

To investigate HIV adaptation to other HLA alleles, we initially
examined other escape mutations shown previously to persist stably
after transmission™. We selected the three non-reverting Gag poly-
morphisms that, from analysis of 673 study subjects in Durban,
South Africa’, were most strongly associated with the relevant
restricting allele (P < 107° after phylogenetic correction), namely,
$357X, D260X and D312X within epitopes restricted, respectively,
by HLA-B*07 (GPSHKARVL, Gag 355-363), HLA-B*35
(PPIPVGDIY, Gag 254-262) and HLA-B*44 (AEQATQDVKNW,
Gag, 306-316). In addition, we analysed a non-reverting I31V variant
(LPPIVAKE], Int 28-36) previously hypothesized to increase in rela-
tion to population HLA-B*51 prevalence®. These additional poly-
morphisms show a similar relationship to that between 1135X and
HLA-B*51, overall showing a strongly significant correlation
between variant frequency and prevalence of the restricting HLA
allele (Figs 3 and 4a, and Supplementary Fig. 3).

The spectrum of HLA-associated polymorphisms also includes
mutations reducing viral fitness'. These either revert to wild type
after transmission, or persist in the presence of compensatory muta-
tions. We extended these analyses to include epitopes restricted by
HLA-B*27 and HLA-B*57, alleles strongly associated with successful
immune control of HIV'"'>. The mutations analysed themselves are
associated with precipitating loss of immune control”*™'¢ and all
inflict a documented viral fitness cost, either demonstrated by in vitro
fitness studies and/or in vivo reversion”'*'""*! (data not shown for
V168I).

Again, a strong correlation between escape mutant frequency and
prevalence of the restricting HLA allele was observed (Figs 3¢~f and
4b, and Supplementary Fig. 3; overall, for these nine variants affecting
viral fitness, r=0.69, P<C0.0001). Unexpectedly, this correlation
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Figure 3 | Correlation between frequency of HIV sequence variant and HLA
prevalence for six additional well-characterized epitopes. P values
calculated after logistic regression analysis as shown (calculations after linear
regression analysis are shown in Supplementary Table 1). a, Frequency of the
$357X mutation within the HLA-B*07-restricted epitope GPSHKARVL
(Gag 355-363). b, Frequency of the D260X mutation within the HLA-B*35-
restricted epitope PPIPVGDIY (Gag 254-262). ¢, Frequency of the R264X
mutation within the HLA-B*27-restricted epitope KRWIILGLNK (Gag
263-272). d, Frequency of the 147X mutation within the HLA-B*57-
restricted epitope ISPRTLNAW (Gag 147-155). e, Frequency of the A163X
mutation associated with the HLA-B*5703-restricted epitope
KAFSPEVIPMEF (Gag 162-172). f, Frequency of the T242X mutation within
the B*57/5801-restricted epitope TSTLQEQIAW (Gag 240-249). Error bars
represent 95% confidence limits, obtained using a binomial error distribution.

remained significant even when comparing HLA prevalence with
variant frequency in the HLA-mismatched population (r=0.40,
P=10.0004). As anticipated, non-reverting variants such as 1135X
accumulate at the population level, but even rapidly reverting'®*’
mutations such as T242N can accumulate, if the selection rate
exceeds the reversion rate (Fig. 4c, d).

Although frequency of the analysed HIV polymorphisms and HLA
prevalence were strongly correlated overall, some anomalies were
observed. For example, despite a 0% prevalence of HLA-B*57 in
Japan'®, 38% of the Japanese cohort had the HLA-B*57-associated
A146X variant. One potential explanation might be A146X selection
by non-HLA-B*57 Japanese alleles. Analysing Gag sequences from
Japanese study subjects, we observed a strong association between
A146P and HLA-B*4801 (P=0.00035), and then that Al46P is
indeed selected in HLA-B*4801-positive subjects (Supplementary
Fig. 4a, b). We defined a novel HLA-B*4801-restricted epitope
{Gag 138-147), showing also that Al46P is an escape mutant
(Supplementary Fig. 4c—f). These data illustrate that more than one
HLA allele can drive the selection of a particular escape mutant
(Supplementary Fig. 5). Also, in populations where HIV-specific
CD8™ T-cell responses are incompletely characterized, the influences
of locally prevalent HLA alleles on HIV sequence variation are
unknown,

These data show a strong correlation between HLA-associated
HIV sequence variation and HLA prevalence in the population
(r=0.69, P<0.0001, Supplementary Fig. 6), suggesting that the
frequency of the studied variants is substantially driven by the
HLA-restricted CD8" T-cell responses. Non-reverting variants®’,
as well as those previously shown to arise at a fitness cost”'****!, were
studied. The latter constitute approximately 55-65% of HLA-assoc-
iated polymorphisms”®. This current analysis included epitopes
whose role in HIV immune control is unknown, as well as those
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Figure 4 | Correlation between HIV variant frequency and HLA prevalence
for all epitopes studied. a, Correlation between HLA prevalence and the five
stable, non-reverting variants (symbols in Figs 2 and 3, and Supplementary
Fig. 3; grey triangles, I31V; green squares, D312X). b, Eight variants
demonstrated to reduce viral fitness (see text, Fig. 3 and Supplementary Fig.
3; turquoise triangles, L268X; yellow squares, A146X; sky-blue squares,
V168I; yellow circles, 1247X). ¢, d, Data from acute London cohort.

¢, Number of HLA-B*51-positive and HLA-B*51-negative subjects carrying
the non-reverting 1135X variant. The percentage of 1135X in HLA-B*51-
negative subjects at enrolment (42%) assumed the percentage of 135X in all
subjects at transmission (I1135X frequency in HLA-B*51-positive subjects at
enrolment was 69%, P = 0.07). d, The reverting HLA-B*57/5801-restricted
T242X mutation. T242X frequency in HLA-B*57/5801-negative subjects at
enrolment was 7%, versus 33% in HLA-B*57/5801-positive subjects

(P =0.01). Error bars represent 95% confidence limits, obtained using a
binomial error distribution.

believed to contribute significantly to containment of HIV*71%,
Analysis of well-characterized epitopes only also served to limit
potential confounding influences of epitope clustering (selection of
the same variant by different HLA alleles) and of founder effect.
Either would be capable of obscuring a true HLA effect on population
variant frequency.

The HLA-B*57-associated A146X mutation illustrates the com-
plexity that may result from epitope clustering. A146X is selected by
at least six distinct HLA alleles (Supplementary Fig. 5). A true cor-
relation existing between mutation frequency and individual HLA
allele prevalence might thus be obscured by selection of the same
mutation by other alleles.

Founder effect also has an undoubted influence on population
frequencies of particular polymorphisms®. Phylogenetic correction
of sequence data excludes founder effect as a confounder®”?, and the
highly significant associations between the presence of particular
HLA alleles and all 14 HIV polymorphisms studied, persisting after
phylogenetic correction (Supplementary Table 3), provide compel-
ling evidence that the effects observed here are substantially HLA-
driven. The large numbers of study subjects in these current studies
reduce the likelihood of genuine HLA associations with HIV amino
acid polymorphisms being obscured by founder effects. The relative
impact of HLA and founder effect on variant frequency is harder to
quantify, and is likely to differ substantially between particular popu-
lations.

The consequence of HIV adapting to certain CD8" T-cell res-
ponses is unknown. For non-reverting polymorphisms such as
HLA-B*35-associated D260E, the variant approaches fixation,
because even at population frequencies of 90%, D260E is still signifi-
cantly selected in HLA-B*35-positive subjects (Supplementary Fig.
7b). Important questions relevant to vaccine design include the
extent and rate of sequence change in populations. Relevant factors
include the selection rate in subjects expressing the HLA allele, the
reversion rate in HLA-mismatched subjects, the population HIV
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