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Successful genotype-tailored treatment with small-dose efavirenz

King and Aberg [1] recently published an excellent
review of the clinical implications of populaton
differences and genomic variations in efavirenz (EFV)
treatment. They elegantly summarized the relationship
between EFV concentmanon under standard dosage
(600 mg once daily) and the genotype of cytochrome
p450 2B6 (CYP2B6), a primary liver enzyme in EFV
metabolism. They also highlighted the importance of
CYP2B6 516 G>T SNP as a marker of individuals at risk
of high EFV concentration and potential development of
central nervous system (CNS) side-effects. However, it 1
desirable to discuss possible personalizanon of trearment
by EFV dose modification.

As we described m our recent chmcal study [2), we
reduced EFV dosage in 12 pavents with CYP2B6
516G>T polymorphism who were found to have
extremely high EFV concentrations when treated with
the standard dosage. The dosage was reduced from 600 to
400 mg 1n five individuals and to 200 mg in seven, and
their HIV-1 load was successfully suppressed below
detecton limit (50 copies/ml) at these dosages. Interest-
ingly, nine of the 12 suffered from chronic CNS-related
symptoms at the standard dosage, bur these improved in
all nine by EFV dose reduction. An example of these
pauents 15 a 7l-year-old man who reported having
nightmares almost every mght since starting EFV-
contaning antiretroviral therapy at 600mg 3 years ago
(Fig. 1), Plasina EFV concentrations were extremely high

e Elavioz
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Fig. 1. Efavirenz dose reduction resulted in reduced efavir-
enz concentration and improved central nervous system
related symptom. A CYP2B6 516T/T genotype holder
reported having nightmares every night for 3 years, which
disappeared after efavirenz (EFV) dose reduction.

and analysis of the 516G >T SNP showed CYP2B6 516
genotype T/T. The EFV dosage was reduced to 400 mg,.
Thas resulted in a dramatic change mn dream contents from
nightmares to pleasant dreams. These changes occurred
although the EFV concentration remained high at
4000 mg. Therefore, we further reduced the dose to
200mg. The second reducnion resulted 1 complete
disappearance of dreams. Although he nussed the dreams,
the EFV concentraton decreased to within the target
range at 200 mg. The EFV dose has been at 200 mg for
more than 2 years, and the HIV-1 load remains under
detecnon hmic

Hasse e al. [3] also reported a panent with genotype
CYP2B6 516T/T, who had chronic CNS symptoms and
extremely high EFV concentation at 600 mg dose, but
the symptoms resolved by reducing the EFV dose to
200 mg. Considered together, the above report and our
study suggest that the quality of life of CYP2B6 516T/T
genotype holders who suffer from CNS-related symp-
toms can be improved by reducing EFV dose from the
standard to 400 or even 200 mg. In their review, King and
Aberg [1] indicated that the cost remains an issue for
identfving CYP2B6 516 genotype. However, one
Japanese commercial laboratory has already developed a
CYP2B6 516 genotype detecnon svstem based on the
Invader assay [4], which costs only ¥8000 (~8753) per
single test. Thus, the financal benefits of reducing
EFV dosage should compensate for the cost of geno-
typing, Further large-scale studies are needed to discuss
genotype-based tilored EFV treatment.
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and tenofovir/emtricitabine in pregnant woman with

A 38-vear-old HIV-1-positive Afnican woman was
presented o clime at 6 weeks of a twin pregmancy. In
the past, she had received nucleoside reverse transcripase
inhibitors (zidovudine, lamivudine, tenofovir and dida-
nosine), nonnucleoside reverse transeriptase inhibitors
(efavirenz and nevirapine) and protease inhibitors (nel-
finavir and lopinavir), Her switches n antiretroviral
therapy (ART) had been because of virological fatlure
related to poor adherence, Her treatment was tenofovir/
emtricitabine (TDF/FTC) and boosted atazanavir. Her
viral load was 4660 copies/ml with CD4 cell count of
471 cells/ el

Thempeutic drug monitoring showed levels in excess for
atazanavir. Sequencing of HIV polymerase revealed
resistance mutations — reverse transcriptase; DOTN,
VIIBI/V, M1B4V, Y18BL, L210W and T215Y; protease
inhibiror: L101, 113V, G16E, K201, M361. M461, 147V,
F53L, 154V, D6OE, D63T, H6IK, 184V and L89IM. A
phenotypic assay confirmed high-level resistance to
almost all hicensed antretroviral drugs. Thus, there was
a risk of mother-to-child ransmission (MTCT) of mula-
class-resistant HIV  [muludrug-resistant. HIV. (MDR-
HIV)]. After discussion by a muladisciplinary HIV team,
at 25 weeks gestation, she was prescribed darunavir
600 mg twice daly (ba.d) wath ritonavir 100 mg ba.d,
ettavirine 200mg bad (via compassionate  release
program) and enfuvirtide (T20) 90 mg subcutaneously
bid given under direct observation and TDF/FTC
(245 mg/200 myg) one tablet q.d. as optimized back-
ground therapy. Four weeks later, her viral load was fully
suppressed (HIV RNA <50 copies/ml) with CD4 cell
count of 356 cells/pl. A pharmacokinenc study of T20,
etravirine and darunavir showed maternal plasina levels
that were above the expected therapeutic ranges (Table 1),

At 32 weeks gestation, she developed premarure
contractions and received oxytocin receptor antogonist
(atosiban). After spontaneous rupture of membranes at
34 weeks gestation, a caesarean section was performed 3 h
after onset of labour. She delivered a healthy baby boy and
girl weighing 1.810 and 1.860kg, respecrively. Neither
zidovudine nor nevirapme were admnistered during
labour, but she received an extra dose of her current
antiretroviral drugs 2.5h before the caesarean section,
At delivery, viral load remained undetectable, and her
CD4 cell count was 451 cells/pl. The babies received a
postnatal prophylactic anuretroviral drug regimen com-
prising T20 for 2 days, nevirapine for 1 week and
didanosine for 2 weeks. Analysis of cord blood samples
from both placentas showed undetectable levels of T20,
whereas significant levels of darunavir, ritonavir and
etravirine were found (Table 1). At 4 months of age, four
HIV-1 DNA polymerase chain reaction tests performed
on blood samples from each twin have been negative and
no laboratory abnormalines noted.

Adverse events experienced by the mother were mild and
included T20 injection site reactons, gh fasting
wriglveerides and anaemua, She developed hver dysfunc-
ton at week 4 which peaked at week § of therapy (29 and
33 wecks gestation, respectuvely). All adverse events
resolved spontaneously, Serological markers showed that
she was hepatitis B immune with negative hepatns B
virus (HBV) DNA and neganve for hepauns A, C,
cytomegalovirus (CMV), parvovirus, Q fever and rubella
mfecnons. Liver ultrasound was normal.

Use of ART in pregnancy significantly reduces MTCT of
HIV [1]. This goal is more challenging in pregnant
women with MDR-HIV. Newer antretroviral drugs lack

Table 1. Levels of T20, ritonavir, darunavir and etravirine al week 4 (29 weeks of pregnancy) and at delivery (week 34) in cord blood samples.

Cords sample (delivery)

Twenty-nine weeks of pregnancy Predose 1 h postdose Th postdose i h postdose Twin 1 Twin 2
T20 ing/mli 3188 3766 4183 4313 Undetectable Undetectable
Ritonavir (ng/mi) 199 365 188 a2 25.7 123
Darunavir (ng/ml) 1960 2820 3940 31320 577 1020
Etraviringe (ng/ml| A9h 939 1o 1210 414 345

Levels of drugs were assayed by liquid chromatography-mass spectrometry/mass chromatography. Mean trough for wild-type virus in adults: T20:
ranged from 2600 to 3400 ng/m [12], darunavir: 3578 ng/ml (afler 600100 mg twice daily) [13] and etravirine: 297 ng/ml [14]. Ritonavir was used
as booster,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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safety, tolerance and efficacy dam in pregnancy. Neonatal
MDR-HIV infection poses an even greater problem to
treat, as there is no pharmacokmenc dan for the newer
drugs on infants.

Recent case reports highlighted the eflicacy of T20) in
preventing MTCT [2—4]. The lack of transplacental
crossing renders this drug auracave for use in MDR-
HIV-experienced pregnant women wath anacipated litle
or no foetal toxicity |5]. Nevertheless, in one case report,
T20-based regimen failed to prevent MTCT, despite an
undetectable plasma viral load at delivery suggesung lack
of genital tract penetraton of such ART [6].

Unlike T20, placental crossing of darunavir and etravirine
15 not known. To our knowledge, ours is the first report 1o
show transplacental transfer of darunavir and etravirine in
human pregnancy. While mising concerns regarding
possible foeto-toxicity, this finding also offers the prospect
that these drugs could hive prevented HIV infection in
babies. Pregnant women have been excluded from all the
major clinical trials conducted to date invalving the three
drugs [7-10]. In animal studies, however, no maternal
foetal toxieity was observed for either darunavir or
etravirine [11]. The extra dose of antiretroviral drugs
given before the delivery may have influenced the cord
blood levels, but caused no apparent neonatal toxicity
Chiicians should, where possible, give babies the same
ART as the mother's regimen for prophylaxis, and we
would advocate caesarean section as preferred mode of
delivery in such cases,

In conclusion, we report successful prevention of MTCT
in a case of MDR-HIV using a darunavir/etravirine-
based regimen with ewvidence of placental transfer of
both drugs.
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OR, 6.2; 95% C1, 2.5-15.4). There was no
increase in the risk of T, wiginalis infection
among women wha were infected with T,
vaginalis during the immediately preced-
ing interval (4.4%), compared with
women who were not (3.9%). However,
13 (62%) of 21 new infections occurred
in women who had been previously in-
fected with T vaginalis, and 11 (85%) of
13 had negative test results during the im-
mediately preceding interval {figure 1).
Some of the women might have ac-
quired infections during sexual contact
that they did not report, and some might
have had infections that were not detected
at the baseline wisit. However, many
women were treated for infection, had
negative test results, and then had positive
test results again, which suggests that T.
vaginalis was undetected by testing but still
present for months after treatment, The
possibility of long-term asymptomatic
carriage is consistent with the age distri-
bution of infected women; T. waginalis is
tound more often in older women [8, 9],
This pattern is different from the pattern
for bacterial sexually transmitted diseases
but similar to that for incurable viral in-
fections, such as herpes simplex virus type
2 [10]. Trials have suggested cure rates of
=909, but most have tested women once
within a few weeks after treatment [11],
When women were tested again a few
months after treatment, some of the pre-
viously cured women had infection de-
tected again [11], and none of the studies
continued testing women beyond a few
months. Cultures might not detect infec-
tions if the concentration of T, vaginalis is
low, which would be expected in asymp-
tomatic infections |6, 12, 13]. Nucleic acid
amplification tests may be better, but re-
ports are inconsistent and the tests are not
commercially available in the United
States | 14]. Similarly, self-obrained vaginal
swab specimens occasionally miss infec-
tians, but the sensitivity of tests performed
with self-obtained specimens has com-
pared favorably with thar of tests per-

formed with dlinician-obtained specimens
|15).

Treatment failure could explain many
of our findings, because |3 women had a
documented preceding infection. How-
ever, our tesults were not simply arib-
utable to treatment failure, Most of the
women (n = 11) had an intervening neg-
ative test result before having a positive
result during an interval when they re-
ported not having sex. This suggests that,
after treatment, T vaginalis infection can
become nondetectable for months and
then reappear. Because these findings were
unexpected and obtained with a small
number of participants, additional studies
are needed to confirm or refute these
ahservations,
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Detection of HIV Type 1
Load by the Roche Cobas
TagMan Assay in Patients
with Viral Loads Previously
Undetectable by the Roche
Cobas Amplicor Menitor

To e Eprror—In March 2008, the
Roche Cobas TagMan assay replaced the
Roche Cobas Amplicor Monitor, version
L5, for measuring plasma HIV type 1
{HIV-1) load in Japan. This has resulted
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in the detection of an HIV-1 load >350
copied/ml in some of the patients whose
HIV-1 load had been undetectable (<50
copies/mL) by the Amplicor Monitor over
several years and for wham antiretroviral
treatment regimens had not been changed
(1.2]

A total of 1387 HIV-1-infected patients
visited our outpatient clinic from March
through June 2008, and their HIV-1 load
was measured by the TagMan assay.
Among these patients, 876 regularly vis-
ited the clinic (once every 1-3 months)
and had an undetectable HIV-1 load by
the Amplicor Monitor at the last visit. Sur-
prisingly, the TagMan assay detected an
HIV-1 load =50 copies/ml. in 253 (28.9%)
of the 876 patients, although antiretroviral
treatment had not been modified for these
paticents. Furthermore, anather 22 patients
(2.5%) were found to have an HIV-1 load
=40 copies/mL with use of the TagMan
assay. The same assay also detected HIV-
I RNA at levels lower than the lincar range
of the assay (<40 copiessmL) in 128
(14.6%) of the 876 patients.

We analyzed the relationship between
TagMan detectability and time during
which the HIV-1 load was undetectable by
the Amplicor Monitor. This time was de-
fined as the period from the first HIV-|
load undetectable by the Amplicor Mon-
itor to the viral load first measured by the
TagMan assay, without any HIV-1 load
rebound or blip detected during the pe-
riod. Interestingly, among the patients
who had a viral load undetectable by the
Amplicor Monitor for <1 year, 43.7% had
an HIV-1 load >50 copies/mL detected by
the TagMan assay; among the patients
who had a viral load undetectable by the
Amplicor Monitor for >4 years, 18.5%
had an HIV-1 load >50 copies/'mL de-
tected by the TagMan assay (figure 1).
Conversely, 37.3% of patients who had a
viral load undetectable by the Amplicor
Monitor for <1 year had HIV-1 RNA un-
detectable by the TagMan assay, and
70.2% of patients who had a viral load
undetectable by Amplicor Monitor for >4

IeT| 150 133
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Figore 1. Results of the TagMan assay and duration of undatectable HIV-1 load in B78 patiants
whose HIV-1 load was undatectable (<50 copies/mL) when the last Amplicor Monitor was perfarmed

The number of patients is shown above each bar

years had an HIV-| load undetectable by
the TagMan assay. Thus, the proportion
of patients who had an HIV-1 load >50
copies/mL was inversely corrdlated with
the duration that the viral load was un-
detectable (R = 0.895), and the propor-
tion of patients with undetectable viral
load was positively correlated with the du-
ration that the viral load was undetectable
(R = 10.979). These findings indicate that
the longer the effective treaiment, the
greater the number of patients with HIV-
1 RNA undetectable by the TagMan assay.

We observed significant discrepancy of
HIV-1 detectability between the TagMan
assay and the Amplicor Monitor [3-5],
The TagMan assay detected HIV-1 RNA
in a significant percentage of treated pa-
tients with HIV-1 loads previously unde-
tectable by the Amplicor Monitor; this is
confusing to clinicians and patients and
muay be a critical problem in ongoing clin-
ical trials of antiretroviral t t. To

tiretroviral treatment can further suppress
HIV-1 load even after it has decreased to
below the detection limit of the Amplicor
Monitor.

Acknowledgments

We thank Drs, Mahoko Kamimurs, Kouji Wa-
tanabe, and Kunio Yanagisawa, for their helpful
discussion and continuous support, and the nurses
ol AIDS Clinical Center Outpatient Clinic and the
AIDS Clnical Center coordinator nurses, far their
dedicated assistance.

Financial support. Munistry of Health, Labor,
and Welfare of Japan grant-in-aid for AIDS re-
search (H20-AIDS-002).

Potential conflicts of interest.  All suthors: no
conllicts.

Hiroyuki Gatanaga. Kunihisa Tsukada,
Haruhito Honda, Junko Tanuma.

Hirohisa Yazaki, Tamayo Watanabe,

Miwako Honda, Katsuji Teruya,

Yoshimi Kikuchi, and Shinichi Oka

AIDS Clinical Canter, Imamational Medical Cemer
of Japan, Tokyo, Japan

determine the permissible range of de-
tectable HIV-1 load during successful an-
tiretroviral treatment, year-long clinical
follow-up of treated patients is necessary,
Qur observation revealed that the detec-
tion rate of HIV-1 RNA with use of the
TagMan assay was inversely correlated
with the previous duration of undetectable
HIV-1 load, suggesting that long-term an-

1. Erali M, Hillyard DR Evaluation of the ulirs
sensitive Roche Amplicor HIV-1 Monitor assay
for quantitation of human mmunodefidency
virus type | RNA, | Clin Microbiol 1999; 37:
791-5.

. Pernin L, Pawlotsky IM, Bouvier-Alias M, Sar-
razin C, Zeuzem §, Coluca G. Multicenter per-
formance evaluation of a new TagMan PCR

(=)

assy for g human defi
ciengy virus RNA load. | Clin Microbinl
2006; 44:4371-5,

CORRESPFONDENCE = CID 2009:48 (15 lanuary) * 261



doi:10.1038/ nature07746

105

nature

LETTERS

Adaptation of HIV-1 to human leukocyte antigen class |

Yuka Kawashima', Katja Pfafferott™, lohn 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 conti 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 1135X 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 (1 = 14) was consistently correlated with
the prevalence of the restricting HLA allele in the different cohorts
(together, P< 0.0001), 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 cantrol 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 | alleles on viral evalution 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 distinet 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*51-restricted
epitope, TAFTIPSI (RT 128-135)% because it arises in acute infection,
non-HLA-B*51 alldes do not also select this mutation™, and it does not
revert to e 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
HILA-B*51 and the escape mutant 1135X, We then considered an addi-
tional 13 well-defined escape mutations, induding those known to
reduce viral fitness and therefore liable to revert after transmission.

1135X was selected in 205 of 213 (96%) HLA-B*31-positive indi-
viduals analysed (Figs | and 2, and Supplementary Fig. 1), The [135X
variants do not significantly affect viral replicative capacity in vitro,
other than the rare 1135V mutation. This was the only variamt
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. 1e). The
1135X mutants substantially affect HLA binding, and therefore also
recognition by CD8 " T cells (Fig. 1fh). Thus, HIV transmission
from HLA-B*31-positive subjects would probably involve transmis-
sion of 135X, which would persist in the new host. Newly infected
HLA-B*51-positive subjects receiving an 135X 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*5] prevalence, HIV sequence and HLA data
were collated from the nine study cohorts, One cohort comprised
subjects with acutefearly HIV infection; the remaining cohorts com-
prised chronically infected subjects. In all cohons the odds ratio
strongly favoured 135X in the HLA-B*51-positive subjects, even
in the acute cohort where 1135X was selected sufficiently early to
be already over-represented in HLA-B*31-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 135X escape variants and
recognition by the HLA-B*51-TAFTIPSI (RT 128~135)-specific CD8" T
cells. a, Associstion berween 1135X and HLA-B*51 in all study cohorts.
b, [le 135 variation in HLA-B*51-positive subjects. €, d, In vitro competition
ussays between NLA-3 wild-type virus and 135X viral variants (1135T (¢) and
1135V (d)). 1135R and 11351 showed no fitness cost (not shown),

prevalent (21.9% of the study cohort), the frequency of 1135X
was =50%, and overall across all cohons the 1135X frequency was
strongly correlated with HLA-B*51 prevalence (P = 0.0001, Fig. 2h).
To control for the possibility that dispropartionately 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
H35X mutations within TAFTIPST(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, 1009 within 2 years of baseline (Supplementary Fig, 1).

b, Correlation between frequency of 1135X mutation and HLA-B*51
prevalence in the nine study populati Logistic regr P = 0.0001
(Supplementary Table 1). ¢, Correlation b n3sxf v in HLA-
B*51-ncgative subjects and HLA-B*51 prevalence in nine study
populations. Error bars rey 95% confid limits, obtai
binomial error distribution.
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&, Persistence of 1135X mutants in 38 HLA-B* 51-negative subjects followed
from acute infection, I, TAFTIPSI variant binding to HLA-B*51 (see
Methods). MFI, mean fluorescence intensity, g, b, Recognition of peptide-
pulsed HLA-B*51-matched targets and viral variants by representutive
TAFTIPS]-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*S|-negative
Japanese haemophiliacs infected in 1983 carried 135X, compared
with 30 of 43 (70%) HLA-B*5!-negative subjects infected between
1997 and 2008 (F = 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 T135X 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 relevamt
restricting allele (P< 107" after phylogenctic correction), namely,
5357X, 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 (AEQATQDVENW,
Gag, 306-316). In addition, we analysed a non-reverting 131V variamt
(LPPIVAKEL Int 28-36) previously hypothesized 1o increase in rela-
tion to population HLA-B*31 prevalence’, These additional poly-
morphisms show a similar relationship to that between 1135X and
HLA-B*51, overall showing a strongly significamt correlation
between varant frequency and prevalence of the restricing HLA
allele (Figs 3 and 4a, and Supplementary Fig. 3).

The spectrum of HLA-assoctated polymorphisms also indudes
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 indude 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 vive reversion” """ (data not shown for
Vi68l),

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<0.0001). Unexpectedly, this correlation
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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
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Figure 3 | Correlation ht“ﬁlmmnfﬂl\f ! and HLA
prevalence for six additional well ized epitop P values

calculated after logistic regreumn analysis as shown { calculations after linear

regression analysis are shown in § y Table 1).a,F y of the

trated to reduce viral fitness (see text, Fig. 3 and Supplementary Fig.
3; turquoise triangles, L268X; yellow squares. A146X; sky-blue squares,
V1681; yellow cirdes, 1247X). €, d, Data from acute London cohort.

$357X mutation within the HLA-B*07-restricted epitope GPSHKARV].
(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 1147X 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
KAFSPEVIPMF (Gag 162-172). £, Frequency of the T242X mutation within
the B*57/5801-restricted epitope TSTLQEQIAW {Gag 240-249). Error bars
P 95% confidence limits, obtained using a bi ial error distribution.

remained significant even when comparing HLA prevalence with
variant frequency in the HLA-mismatched population (r=0.40,
P=0.0004), 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 (% prevalence of HLA-B*57 in
fapan', 38% of the lapanese cohort had the HLA-B*57-associated
A 146X 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
Al46P 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*480]-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<0,000]1, Supplementary Fig. 6), suggesting that the
trequency of the studied variants is substantially driven by the
HIA-restricted CD8" T-cell responses. Non-reverting variants™,
as well as those previously shown to arise at a fitness cost”"*"™7" were
studied. The latter constitute approximately 55-65% of HLA-assoc-
iated polymorphisms™®. This current analysis included cpitopes
whose role in HIV immune control is unknown, as well as those

€, 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 Iment (42%) d the percentage of 1135X in all
subjects at t ion (135X f y in HLA-B*51-positive subjects at
enrolment was 69%, P = 0.07). d, The reverting HLA-B*57/580 | -restricted
T242X mutation. T242X frequency in HLA-B*57/580 1-negative subjects at
enrolment was 7%, versus 33% in HLA-B*57/5801-positive subjects

(P = 0,01). Error bars 95% confid limits, obtained using a
binomial error distribution.

believed to contribute significantly 10 containment of HIV® 1",
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 cdlustering. A146X is selected by
at Jeast six distinet 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
HIA alleles and all 14 HIV polymorphisms studied, persisting after
phvlogenetic 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 15 still signifi-
cantly selected in HLA-B*35-positive subjects (Supplementary Fig.
7h). Important questions relevant 1o 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

22009 Macmillan Publishers Limited. All rights reserved
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transmission rate, and HLA allele prevalence, Models would need 1o
include factors such as the selection of compensatory mutations to
slow reversion rates. and untiretroviral therapy access that would
slow transmission rates,

HILA adaptation to certain CD8" T-cell responses may also alter
currently established HLA associations with slow disease progres-
ston. Data here suggest that, whereas 23 years ago HLA-B*31 was
protective in Japan'' ', this is no longer the case (Supplementary Fig.
2). The apparent increase in 135X frequency in Japan over this time
supports the notion that HLA-B*31 protection against HIV disease
progression  hinges on availability of the HLA-B*5i-restncted
TAFTIPSI response. However, whether this is the case remains
unknown,

For HLA-B*27 and HLA-B*57, there is more clear-cut evidence
that their association with HIV control depends on the Gag-specific
epitopes presented and analysed here* ™ ™'*'* " For each of the HLA-
B*27- and HLA-B*57-associated Gag mutations studied, an in vitro
fitniess cost or in vive reversion has been observed. A strong correla-
tion between variant frequency and HLA prevalence even for rapidly
reverting vanants can be expluned, either by mutant acquisition
exceeding reversion rate (Fig. 4D), or by selection of compensatory
mutations slowing or halting reversion altogether, The clearest
example of the latter s the HLA-B*27-associated R264K mutation,
‘corrected” by SI73A"™. Compensatory mutations are also well
described for the HLA-B*57-associated Gag mutations''", These
data suggest that the escape mutations in these HLA-B*27- and
HLA-B*57 -restricted epitopes are accumulating over time. Several
studies have now demonstrated that transmission of viruses encod-
ing escape mutants in the critical Gag epitopes to individuals expres-
sing the relevant MHC class results in failure to control viraemia®™' <%,
The accumulation at the population level of these escape mutations
in HLA-B*27 and HLA-B*57 Gag cpitopes is therefore likely to
reduce the facility of these alleles to slow HIV disease progression,

The longer-term consequences of this process for immune control
of HIV are unknown. Loss of currently immunodominant epitopes
would promate subdominant CD8 " T-cell responses, which can be
mare effective” ", Also, the adapred virus provides new epitopes that
can be presented, potentially with beneficial effects, In hepatitis €
virus, for example. HLA-A*0301 holds a particular advantage, but
only against the specific strain of virus responsible for the Irish out-
break™. In HIV, HLA-B*1801 is associated with high viraemia In C
clade but not in B cdlade infection™ '™ the opposite applies to HLA-
B*5301.

Thus, the data presented here, showing evidence that the virus is
adapting to CD8 " T-cell responses, some of which may mediate the
well-established associations (HLA-B*57, HLA-B*27 and HLA-
B*51) with immune control of HIV, highlight the dynamic nature
of the challenge for an HIV vaccine. Important questions to be
addressed indude the speed and extent of sequence change, particu-
larly in Gag, the most effective target for CD8" T-cell res-
ponses” 2 The induction of broad Gag-specific CD8" T-cell
responses may be a successful vaccine strategy, but such a vaccine
will be most effective if tailored to the viral sequences prevailing, and
thus may need 1o be modified periodically to keep pace with the
evolving virus, Moreover, the strong associations between certain
HLA class molecules, such as HLA-B*S7, HLA-B*27 and HLA-
B*51, and slow disease progression may decline as the epidemic
continues, particularly where these HLA alleles are highly prevalent.
and where HIV transmission rates are high.

METHODS SUMMARY

Overall 2,875 subyects were studied, from 9 p { study cohons,

These cohorns comprised subjects from honh .*\menca. the Caribbean, Furope,
sub-Saharan Africa, Australasia and Asia, All subjects were antiretroviral-ther-

apy-nave. Apart from the London acute cohort (n = 142), all cohorts comprised
chromically infected subjects. The 14 vanants studied are well-defined escape
mutations within well.characrerized CD8" T-cell epitopes. and included those
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persisting after transmission and likely 1o have lirde effect on vital fitness (n = 5),
as well a5 those shown previously ta reduce viral fitness (1 = 9). Autologous
HIV- 1 sequences. and HLA class | types, were determmed for all study subjects.
The replicative capacity of 135X vanants selecied within the HLA-B*51-
restricted epitope TAFTIPS] (RT 128-135) was assessed via in vitro competition
assays and alsa vin longitudinal follow-up of HLA-B*S1-negative subjects
nfected acutely with [135X vanunts. Polymorphism frequency in the study
cohorts was compared with prevalence of the relevant HLA molecule in the
study cohort using a logistic regression model taking into account the different
numbers of study subjects in each cohort. Demonstration of an HLA allele
driving escape at Gag 146 in the lapanese cohort was undertaken first by iden-
tification of an associstion between HLA-B*401 and A146P, subsequent def
inition of an HLA-B*4801 -restricted CD8" T-cell response to a novel epitope
Gag | 38-147 (L110), and finally demonstration that Al46P reduced viral recog:
nition by LU0 specific COB™ T cells.

Full Methods and any associated relerences are available in the anline version of
the paper sl www.nalure.com,/ nalure.
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METHODS

Study subjects. The study cohorts have been described more fully ese
where''® MRS AL comprise chronically infected and highly active anti-
retroviral therapy (HAART)-naive study subjects, with the exception of the
London acute cohor (n = 142), who were enrolled immediately after serncon.
version between 1999 and 2004, and 54 subjects enrolled during acute infection
in lapan between 1997 and 2008, Viral s in all 2,679 ch ally infected
study subjects (all of whom were HAART-naive) were determined from time
paints after 2000, with the exception of 9 study subjects in the Jupanese chronic
cohort (1 998-99) and all of the British Columbia cohon | 1996-99), Sequencing
data were obtained from 566 study subjecis in the British Columbia cohort, 53
study subjects in the Barbados cohort, 106 in the Oxford cohort, 673 in the
Durban cohort, 226 in the Lusaka cohon (chronically infected subjects enrolled
between 2005-08), 481 study subjects in the Perth cohont, 277 chronically
infected subjects in the Kumamoto cohort, 297 in the Gaborone cohart, and
142 subjects in the acute London cohort, An additional cohon in Japan com-
prised |17 haemophiliacs who were infected before 1985, the majority of which
were believed to have been infected in 1983, and who were enrolled and followed
up in aut-patient clinics since 1997. These haemophiliacs are all now on HAART
except for 4 HAART -naive subjecrs.

HILA-associated HIV amino acid pelymorphisms studied. Variants studied
that were shown 1o reduce vir fitness comprised polymorphisms within the
HLA-B"27 restricted Gag epitope KRWIILGLNK (Gag 263-272; R264X and
L268X) and mutations [n three HLA-B*57-restricted Gag  cpitopes:
ISPRTLNAW (ISW9, Gag 147-155), KAFSPEVIPMF (KF11, Gag 162-172)
and TSTLQEQIAW (TWI0, Gag 240-249). T242X is strongly selected by
HLA-R*5801 in addition to HLA-B*57 subtypes™™'", The HLA-B*57-assnc-
lated polymorphisms ot residues Gayg 146, 147 and 248 are selected by all
HLA-B*57 subtypes, whereas Gag 163, 165, 166 and 247 are only selected by
the HLA B*5703 subtype (refs 7, 18 and H.C., unpublished data).

Statistics. Polvmorphism frequency in the study cohorts was compared wath
prevalence of the relevant HLA molecule in the study cohort using a logistic
regression model. To take account of the different numbers of sludy subluch in
each cohorr, appropriate confidence lms for the ies were

nature

units) each of NL-432 versus mutant virus (11357, 1135V, 1135R snd 11351.)),
to be examined for their replication ability for 2 h, washed twice with PBS, and
cultured as described previousty™. On day 1, one-third of infected HY cells were
harvested and washed twice with PRS, and the proviral HIV- | reverse transcrip
tase gene was sequenced (0 week), Every 7 days, the supernatant of the virus
culture was transmitted to new uninfected H9 cells, The celly harvested at the end
of every other passage (that is, at 2,4, 6, 8, 10, 12,14, 16,18, 20, 22 and 24 weeks)
were subjected o direct DNA sequencing of the HIV-| reverse transcriptase
gene, and the viral population change was d d by the relative peak heighr
on the sequencing electrogram. The persistence of the orginal amino aod sub-
stitution was confirmed for all infectious clones used 1n this assay,
HLA-B*5101 stabilization assay. Binding of HIV. I.derived peptides to HLA.
B*5101 was measured as previously described by using RMA-5-B*5101 cells”.
Assays 1o determine recognition of peptide-pulsed or virus-infected targets.
CIR and 121 cells expressing HLA-B*5101 or HLA-B*480] were generated as
previously described™. All cells were maintained in RPM1 1640 medium supple
mented with 10% FCSand 0,15 mgml ™' hygromyein B, Cytotoxicity of CD8" T
cells for CIR-B*5101 cells pre-pulsed with peptid, i by the dard
YOr release assay was as previously described’. 221 -B4801 and 221 cells
infected with NIL4-3 or NL4-3 A146F mutam virus were used as targe celly
foor intracellular cytokine staming assay.

Generation of the NL4-3 A146P mutant virus, The p#2-2 plasmid contaming
the AT46F mutation” was digested with BssHIT and Apal. The BasHIT-Apal [.3-
kb fragment was purified and then ligated into the same site of BssHIT-Apal-
digested pNL-432 plasmic. To obtain pNL-432 induding the ALI6P mutant
(pNL-432 AL46P), 2937 cells were transfected with pNL-432 AL46P using
Lipofectamine 2000 (Invitrogen ). Supernatants from transfected 2937 cell cul-
tures were stoted a1 —80°C.

Generation of CD8* T-cell clones and peptide-specific CD8" T-cell lines,
Cytotoxic T lymphocyte (CTL) dones were generated from HIV- | -specific
bulk-caltured T cells by limiting dilution as previously described”, Peptide: spe
wific CDA" T-cell lines were generated by stimulating peripheral blood maono-
nudwl cells (PBMCs) from the HLA-B*4801-positive HIV-1-seropositive

calculated. using the Adjusted-Wald method for b I varibles™. Logistic
TERIESSION Was cn!culaml by GLM Stat (hrep://www.glmstar.com) using a bino-
mial error distribution and a logn link function, In addition, the Spearman’s
rank correlation coeffiaent was calculated 1n the context of a linear regression
model (data shown in Supplementary Tables 1 and 2),

HLA class | typing. Because HLA typing was not undertaken consistently to
four-digit resolution in all cohorts, two-digin HLA types only wcn- used forthese

dividual KI-092 with the NI11 INLOGQMVHQAT) peptide and then cultur-
mg them for 2 weeks”, Cytotomaty of CDE" T cells for target cells pre-pulsed
with peptide measured by the standard *'Cr release assay was as previously
described”
Suppression assay of HIV-1 replication by HIV-1-specific CTLs. The ability of
HIV-1-specific CTLs 1o suppress HIV-) replication was examined as previously

analyses, with the exception of the HLA-B*3703- associated polymorphisms (the
Harbados and Oxford cohors being excluded from these latter analyses as | !b\
1#*57 subtyping data were not available). G DNA ples were initi
typed to an aligo-alldlic (two-digit) level using Dynal RELITM reverse SSO kits
for the HLA-A, HLA-B and HLA-C loci {Dynal Biotech ). Refining the genotype
to the allele level was performed using Dynal Biotech sequence-specific priming
(SSP) kits in conjunction with the previous SSO type. HLA phenotypic frequen-
cies were determined from the HIV-infected study cohorts themselves,
Sequencing of viral RNA and proviral DNA, Vinl sequencing of gag and pol
from plasma RNA and proviral DNA was undertaken, using primers as prev-
inusly described ™, POR products were sequenced directly or they were cloned by
using a TOPO TA cloning kit (Invitrogen ) and then sequenced. Sequencing wis
done with a Big Dye terminator vl 1. cyde sequencing kit [Applied Biosystems)
andl analysed by an ABI PRISM 310 genetic Analyser,

Competitive HIV-1 replication assay. Freshly prepared H9 cells (3 % 10°) were
exposed 10 the mistures of paired virus preparations (300 blue cell-forming

described™,
1 llular cytoki ining assays. PEMCs from HIV [ <infected mdivi-
duals were Jated with the desired peptide (1 pM} and culiured for 12~

14 days. These cultured PBMCs were assessed for IFN-y- producing activity as
previously described™.

27, Tang L et ol Favorsble and unfavorable HLA class | alieles and haplotypes in
Zambians predeminantly infected with clade C human immunodeficiency virus
type 1. 1 Virol 76, B276-8284 (2002).

28 Agresii A & Coull, B, Approuimate s better than ‘exact’ for interval estimation of
binomial propartions. Am. Stat. 52 119-126 (1998).

29. Gatanags, H. Hachiya, A, Kimura, 5. & Oka, 5. Mutations other than 103N in
human immunedeficiency virus type 1 reverse transcriptase (RT) emerge from
K103R polymarphism under non-nucleoside RT inhibitor pressure. Virology 344,
354362 (2006),

30, Tomiyama, H, Akan, H., Adachi, A, & Takiguchi, M. Ditterent etfects of Nel-
mediated HLA class | down-regulation on HIV-t-specfe CO8" T cell cytoking
activity ang eytoking production. J. Virol 76, 1535-7543 (2002).
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Supplementary Figure 1. Deduced amino acid sequences encoded by plasma viral RNA sequences determined from 13 HLA-B*51-positive
study subjects enrolled in London during acute infection or shortly following seroconversion.
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Supplementary Figure 2. A. Frequency of 1135X varia

in 14 HLA-B*51-negative hacmophiliacs infected in 1983 and in

43 HLA-B*51 -negative subjects infecied between 1997 and 2008 via sexual transmission. B. Kaplan Meier analysis showing
time to meeting criteria to start HAART in the acute cohort enrolled 1997-2008, criterta being a CD4<350/mm 3 and/or
severe clinical symptoms. 2-sided p value obtained from the logrank (Mantel- Cox) test. €. HIV viral and absolute CDM count
differences in haemophiliacs infected in 1983 when enrolled in 1997
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Supplementary Figure 3. Correlation between variants associated with HLA alleles and prevalence of the respective HLA

allele, A. Frequency of the D312X mutation within the HLA-B*44-restricted epitope AEQATQDVEKNW (Gag 306-316). B.
Frequency of 131V mutation within the HLA- B*51-restricted epitope LPPIVAKEI {Int 28-36; L

was not ed and

therefore data unavailable for the (acute) London cohort or the Gaborone cohort). C. Frequency of the L 268X mutation within the
HLA-B*27-restricted epitope KRWIILGLNK (Gag 263-272), D. Frequency of the processing mutationd A 146X associated with the
HLA-B*57-restricted epitope ISPRTLNAW (Gag 147-155). E. Frequency of the V168X mutation within the HLA-B*5703 restricted
epitope KAFSPEVIPMF (Gag 162-172). F. Frequency of the 1247X mutation within the same HLA-B*57/5801-restricted epitope

TSTLOEQIAW (Gag 240-249),
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Supplementary Figure 4, Selection of the A146P variant within Gag in B* 4801-positive subjects, definition of the HLA-B*4801-
restricted LQGQMVHQAI (Gag 138-147)-specific epitope and recognition by LQGQMYHQAI-specific CDB+ T-cells, A, Association
between A146P and HLA-B*4801, initially in a ﬁrst cohort, subsequently d trated in a second cohort, B. Viral sequencing from an
individual B*4801-positive study subject, KI-092. Populati ing: direct seq ing of the region encoding Gag 138147 from
PCR amplified gag; sequencing of 10 dones per llmqmiul also shown. €. Recognition of peptuie LQGOQMVHOQAI ('L110°) truncations.
D. B*4801-restriction of L110-specific CD8+ T-cells. E. A146P L110 variant peptide pulsed targets are poorly recognised. F. Wildtype
virus-infected 221-CD4-transfected cells are not recognized by LI10-specific CD8+ T-cells, nor is the A 146P viral variant, 221-CI4-
transfectants, also transfected with B*4801, infected with wildtype virus are seen, whereas the same targets infected with A 146P mutant
virus are not,
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Supplementary Figure 5. Correlation between A146P frequency and HLA-B*57 prevalence is affected

by selection of A146P by other alleles, such as HLA-B*4801, A. Frequency of A 146X variant in 9 study
populations, in HLA-B*57-positive subjects (+ ) and HLA-B*57-negative subjects (- ). Numbers of study
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analysis; from logistic regression analysis, p=0.0001. B, Correlation of variant in the HLA-mismatched population versus HLA
prevalence, rvalueand p value shown from linear regression analysis; from logistic regression analysis, p<0.0001
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Supplementary Figure 7. Data as shown in Figure 3 panels A-D, and panel F, but showing numbers
of study subjects, percentage expressing the respective mutations, odds ratios and p values, p value
not calculated where numbers of subjects expressing the respective HLA allele was <5,



