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Supplementary Methods

Subjects in immunogenetics study

IAVI (HIV-1 seroconverters). 1AVI is a prospective cohort of HIV-1 seroconverters who were

identified when seronegative and followed under Protocol C of the International AIDS Vaccine
Initiativel. All individuals were treatment naive except for short-term prevention of mother-
to-child transmission (these time points were excluded). Two outcome metrics were studied:
early viral load set point and time to low CD4 count. An individual’s “Early viral load set point”
is the mean logio of viral load measurements taken between 3-9 months post infection (84 —
252 dpi); “time to low CD4 count”, was defined as time from estimated date of infection to
CD4 count<350 cells/mm?. 44 individuals were missing early viral load set point information
but not time to low CD4; therefore for analysis where the outcome metric was early viral load
these 44 individuals were removed. All individuals who were missing HLA class | genotype or
typing for KIR2DL1, KIR2DL2, KIR2DL3, KIR3DL1 or KIR3DS1 were excluded. Functional
KIR3DS1 (defined as KIR3DS1 with HLA B alleles bearing Bw4-80I) is protective in this cohort
(Supplementary Table S1) so all individuals carrying functional KIR3DS1 were removed so that
we had a clean background with the entire cohort studied being negative for functional 3DS1.
This cohort (i.e. full IAVI minus functional KIR3DS1) is referred to as the IAVI cohort and all
analyses were performed in this reduced cohort unless otherwise specified. The IAVI cohort
consisted of N=491 individuals with time to low CD4 count information and N=461 individuals

with early viral load information.

IAVI - partners (HIV-1 seropositives). IAVI-partners is an HIV-1 seroprevalent cohort (N=315),

the partners of the incident cases in the main IAVI cohort. All individuals were treatment naive
except for short-term prevention of mother-to-child transmission (these time points were
excluded). One outcome metric was studied: median logio viral load. Neither Functional
KIR3DL1 nor Functional KIR3DS1 had an impact in this cohort and so individuals with these

gene combinations were not removed.

CHAVI. CHAVI consists of 177 HIV-1-seropositive subjects from sub-Saharan Africa. Neither

HLA-B*57 nor HLA-B*35Px had a significant impact on outcome and so iKIR effects in this



cohort could not be analysed. No further work could be done on this cohort so it is not

discussed in the main text to save space.

US. The US cohort consists of 548 individuals with known seroconversion date. The cohort is
comprised of 4 subcohorts: DC Gay?, the Multicenter Hemophilia Cohort Study3, the San
Francisco City Clinic Cohort* and AIDS Linked to Intravenous Experience®. One outcome
metric, time to CD4+ T cell count<200 cells/mm?3, was studied. 57.8% of subjects were white,
38.7% African American and 3.5% Hispanic/”other”; we therefore stratified by ethnicity.
Amongst whites but not African Americans both Functional KIR3DS1 (KIR3DS1*Bw4-80I*) and
Functional KIR3DL1 (KIR3DL1*Bw4*) were protective. So, when analysing whites, we excluded
everyone who was Functional KIR3DS1-positive and included Functional KIR3DL1 as a
covariate. When analysing African Americans neither of these steps were necessary (though
we also repeated analysis of African Americans with both these steps to check that weak,
insignificant effects of Functional KIR3DS1 or Functional KIR3DL1 were not responsible for our

results).

Kagoshima (HTLV-1 seropositives). The HTLV-1 cohort (N = 392) consists of individuals of

Japanese origin who resided in the Kagoshima Prefecture, Japan; there are 214 HAM/TSP
patients and 178 asymptomatic carriers. One HLA allele, HLA-B*54, has been associated with
increased odds of HAM/TSP, while HLA-C*08 and HLA-A*02 were associated with decreased
odds of HAM/TSP®. Further analysis has shown that the protective effect of HLA-A*02 is driven
by HLA-A*02:07 (Supplementary Table S8). We have previously analysed KIR effects in this

cohort’.

HCV (HCV seropositives). The HCV cohort consists of four sub-cohorts of HCV-seropositive

subjects: AIDS Link to Intravenous Experience (ALIVE, N = 226)%, Multicenter Hemophilia
Cohort Study (MHCS, N = 295)3, Hemophilia Growth and Development Study (HGDS, N = 100)°
and a UK cohort (N = 161)”1° Functional KIR2DL3 is protective (increased odds of
spontaneous clearance), so an additional analysis where this genotype was included as a

covariate was also performed. We have previously analysed KIR effects in this cohort”.



Ethics. This study was approved by the NHS Research Ethics Committee (13/WS/0064) and
the Imperial College Research Ethics Committee (ICREC_11_1_2). Informed consent was
obtained at the study sites from all individuals. The study was conducted according to the

principles of the Declaration of Helsinki.

KIR and HLA genotyping
The 1AVI, IAVI partners, Kagoshima, US and HCV cohorts were previously KIR and HLA
genotyped®’1%-13 We genotyped the CHAVI samples by high-throughput quantitative PCR as

described in'4.

Regression

Impact of genotype on outcome was analysed by multivariate regression using R v3.0.1%°,
Continuous variables (log viral load) were analysed by linear regression, dichotomous
variables (HAM/TSP and spontaneous clearance of HCV) by logistic regression and survival
times (time to low CD4 count) by Cox regression using the functions Im, glm and coxph
respectively from the base and survival packages'>?'’. Local regression lines were calculated

with the function loess from the base package. All P-values reported are two-tailed.

Covariates. Covariates which were significant predictors of outcome were identified and
included in the analysis. In the case of linear regression, covariates were included by
calculating the residualised viral load (i.e. subtracting the effect of these covariates from the
raw viral load). In the case of logistic and Cox regression where this approach was not possible

we explicitly included covariates in the model. The following covariates were significant:

Cohort Outcome Covariates

IAVI Early viral load set point gender

IAVI Time to CD4<350 cells/mm3  age at infection, HIV-1 clinic site?
IAVI-partners Median viral load gender

US (African American) Time to CD4<200 cells/mm?3 age at infection, subcohort

US (all ethnicities) Time to CD4<200 cells/mm? age at infection, ethnicity, Func KIR3DL1
Kagoshima HAM/TSP gender, age

HCV Spontaneous clearance hepatitis B virus seropositivity, mode of

infection, SNP rs1297986, subcohort

THIV-1 clinic site is collinear with viral subtype but available for more subjects



Approach. The regression was performed in two different ways: by stratification and by
factor. In the stratification approach the cohort was stratified into two sub-cohorts on the
basis of presence or absence of the functional iKIR of interest, high or low inhibitory score or
high or low functional iKIR count. The strength of the HLA association in the two sub-cohorts
was then analysed by performing two separate regressions in the two sub-cohorts; in this way
the impact of iKIR background on the strength of the HLA class | disease association could be
assessed. Alternatively, in the factor approach we introduced a covariate with different levels
for HLA ~, HLA*KIR ~ and HLA*KIR* and performed multivariate regression on the whole,
unstratified cohort. The impact of iKIR on the strength of the HLA class | disease association
could be assessed by comparing the coefficients of the two levels HLA*KIR ~ and HLA*KIR*. We
favour stratification as it better controls for genes in linkage with iKIR that impact on outcome:
the effect of such genes will be incorporated into the baseline for the sub-cohort and not
mistaken for KIR enhancement. We report results from the stratification approach in the main
text and the factor approach in supplementary results. Both approaches yield very similar

conclusions.

Permutation test. To quantify the statistical significance of observing an enhancement of the
protective HLA-B*57 effect on early viral load set point in all functional iKIR subcohorts within
the IAVI cohort, we randomized without replacement the KIR genotype in the cohort 10°
times. For each randomization, we record whether the HLA-B*57 effect in each of the strata
was more extreme than observed. We then counted the percentage of randomizations in
which more extreme results were recorded for all functional KIR2DL1, KIR2DL2 and KIR2DL3

strata.

Bootstrap estimates of correlation between time and HLA effect size. For each HLA allele of
interest (i.e. HLA-B*57 and HLA-B*35Px) 50 bootstrap samples were created by sampling with
replacement from the original cohort such that there were equal numbers of individuals with
low and high inhibitory score (800 HLA- and 50 HLA+) at each time interval (0,100d), (100d,
200d), (200d, 300d), (300d, 400d) and (400d, 500d). For each bootstrap sample the Spearman
correlation between time and the HLA effect size (difference in loess lines between HLA+ and
HLA-) was calculated separately in individuals with low and high inhibitory scores. Analysis

was restricted to timepoints< 500 days to ensure sufficient cohort size.



Definitions of Functional iKIR and inhibitory score.

An individual was considered to be positive for a functional KIR if they carried both the gene

for the KIR and the gene for its HLA ligand resulting in the following definitions:

Functional KIR2DL1 KIR2DL1 & HLA-C2
Strong Functional KIR2DL2 | KIR2DL2 & (HLA-C1 or -B46 or -B73)
Weak Functional KIR2DL2 | KIR2DL2 & HLA-C2
Functional KIR2DL3 KIR2DL3 & (HLA-C1 or -B46 or -B73)

Functional KIR3DL1 KIR3DL1 & HLA-Bw4

Where HLA-C1 denotes an HLA-C allele carrying a C1 motif (Asparagine at position 80); HLA-
C2 an HLA-C allele with a C2 motif (Lysine at position 80) and HLA-Bw4 an HLA-B allele with a
Bw4 motif (Asparagine at position 77). The ligands of KIR3DL1 are contentious with one paper
reporting that KIR3DL1 binds HLA-A*23, -A*24 and —A*32 as well as HLA-Bw4 molecules®®. If
we amend our definition of Functional KIR3DL1 to include these HLA-A alleles then the results
are essentially unchanged except where noted in the text. An individual was considered to be
negative for a functional iKIR gene if they were missing either the KIR gene OR the gene

encoding the HLA ligand.

Two scores were considered: the count of the number of functional iKIR that an individual
possessed and the inhibitory score which was the count adjusted for the fact that, on average,
KIR2DL2 binds C1 more strongly than it binds C2 and that, on average, KIR2DL2 binds C1 more
strongly than KIR2DL3 binds C1. Functionally diverse alleles at the same locus (2DL2/L3 and
3DL1/S1) were scored differently to reflect different strengths of inhibitory signal.
Inhibitory score= (1 if Func 2DL1) + (1 if Strong Func 2DL2 or 0.5 if weak Func 2DL2) +
(0.75 if Func 2DL3) + (1 if Func 3DL1).
When it was necessary to stratify the cohort into individuals with a high count and low count
or into individuals with a high inhibitory score and a low inhibitory score we analysed all
thresholds that gave a sufficiently balanced stratification (similar number of people in each
stratum). In many cases the stratification provided by count of functional iKIR is the same or

similar to one of the stratifications provided by inhibitory score. We report both as the count
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benefits from being objective (independent of our choice of weights) but the inhibitory score
benefits from a greater diversity and so typically more stratifications by inhibitory score than

count are possible.

In the definition of inhibitory score and inhibitory count, alleles with different binding or

signalling properties were considered separately. So KIR2DL2 and KIR2DL3 both contributed

separately as did KIR3DL1 and KIR3DS1 (KIR3DS1 scoring a zero as it is activating). We also

considered scores and counts in which these alleles were not counted separately vis:
Inhibitory score= (1 if Func 2DL1) + Max(1 if Strong Func 2DL2, 0.5 if weak Func 2DL2,
0.75 if Func 2DL3) + (1 if Func 3DL1).

Inhibitory count = 1 for each of Func 2DL1, Func 2DL2/L3, Func 3DL1
Results were very similar to those obtained with the original definition and conclusions were
unchanged. In general, the same people fall into the high iKIR strata regardless of the exact
definition (i.e. whether we use count, score, or the alternative count and score explained

above) and so results typically do not change much under the different definitions.

LILRB2-B binding scores. We assigned four LILRB2 binding scores to each subject, one per
HLA class | locus and one combined score for all HLA class | loci together. Specifically, for a
given subject, the LILRB2_B score (for the HLA-B locus) was calculated as the sum of the
binding scores of the subject’s two HLA-B alleles'®. If the binding score is missing for a
particular allele then we used the mean binding score of all (4 digit) alleles which are in the
same 2-digit binding group. If there were no such 4 digit alleles we assigned an NA score.
Following *°, the score for all loci together was calculated as the weighted sum of the
individual scores, where the HLA-A and HLA-B scores were assigned weight 1, and the HLA-C
score was assigned weight 0.1, to reflect the difference in cell surface expression between

the HLA alleles.

In vitro CD8* T cell survival assay

KIR-expressing CD8* T cell lines. We generated three KIR-expressing CD8* T cell lines: ED,

VTE1 and SK1. CD8* T cell lines were obtained from two cytomegalovirus (CMV)-seropositive
8



donors by stimulating CD8* T cells with autologous fibroblasts coated with the CMV [E-1
peptide VLEETSMVL at 10 pug/ml for 1 hr at 37°C before 2 washes to remove excess. The two
parental T cell lines were FACS sorted to obtain the KIR2DL3 (ED and VTE1) and KIR3DL1 (SK1)
expressing T cell lines used in this study. KIR-expressing T cell lines were maintained by
stimulation with allogeneic irradiated PBMC. The phenotype of the lines is shown in
Supplementary Fig S4. Genotype of ED/SK1 donor: A02/A24 B44/B44 C05/C05; 2DL1* 2DL2
2DL3*3DL1*3DL2 *2DS172DS2 2DS3 2DS4N *2DS5* 3DS1* 3DL3* 2DL4* 2DL5* 3DP1*.

KIR-expressing primary CD8* T cells. Three individuals who attended the Nuffield
Orthopaedic Centre (Oxford, UK) and fulfilled the modified New York criteria?® for ankylosing
spondylitis (AS) were studied. All three individuals were HLA-B27:02/05". Heparinized venous
blood (10 ml) was obtained. Informed consent was provided by all subjects, and appropriate

ethical permission was obtained (COREC 06/Q1606/139).

Antibodies. We used the following directly conjugated antibodies for staining of cell surface
markers: anti-CD3 (HIT3a, Biolegend), anti-CD8 (SK1, Biolegend), anti-HLA-DR (L243,
Biolegend) and anti-CD38 (HIT2, Biolegend). Cells were also stained with the viability dye
eFluoro 780 (eBioscience) and a violet cell tracker (either eFluor450 (eBioscience) or Violet
Proliferation Dye 450 (BD)). For blocking the KIR-HLA interaction we used anti-KIR2DL2/S2/L3
(GL1832%%, R&D Biosystems), anti-KIR3DL1 (DX9, R&D Biosystems), anti-KIR3DL2 (DX31, a
generous gift from Jo Phillips, DNAX Research Institute USA), anti-HLA-l (DX17%%, BD
Pharmingen), anti-B27 homodimers (HD6, produced in house?®) or IgG1 and IgG2a isotype
control antibodies (MG1-45, Biolegend). For assessing KIR expression of CD8* T cells (prior to
survival assay) we used anti-KIR2DL3 (180701, R&D), anti-KIR2DL2/S2/L3 (GL183%!, R&D
Biosystems), anti-KIR3DL1 (DX9, R&D Biosystems), anti-KIR3DL2 (DX31, a generous gift from
Jo Phillips, DNAX Research Institute USA).

Antigen presenting cells. The Epstein Barr virus-transformed HLA-A, -B and -C deficient B cell
line 721.221%* was used to present superantigen. Untransfected 721.221 cells and 721.221
cells transfected with HLA-C03:04, -C04:01 and -B57:01 were used.



Survival assay (CD8* T cell lines). The CD8* T cell lines were stained with violet cell tracker

(CTV) following the manufacturer’s protocol then co-cultured with APCs at a 1:1 ratio at a

final concentration of 10%/ml in the presence of IL-2 (15 units/mL) and staphylocococcal

enterotoxin E (SEE, 10ng/mL) in 96 well round bottom tissue culture plates. Antibodies to
block the KIR-HLA interaction (GL183 to block KIR2DL2/S2/L3%%, Dx9 to block KIR3DL1 or Dx17
to block class 122 or an IgG1 isotype control) were added at a concentration of 50ug/mL. Cells
were stained at day 5 using the antibodies listed above. Events were acquired on a FACS Canto

Il and analysed using Kaluza v1.5a or FlowJo. The count of live CTV* and live CTV*CD107a* cells

was enumerated using CountBright Absolute Counting Beads (Invitrogen). All experiments

were repeated in duplicate or triplicate.

Six conditions were investigated:

i) with addition of SEE and untransfected 221 cells (“+221" in Fig 3A,C)

i) with addition of SEE and 221 cells transfected with an HLA molecule not thought to be
a ligand for the KIR under investigation (“+221:B57” and “+221:C04” for KIR2DL3,
“+221:C03” and “+221:C04” for KIR3DL1 in Fig 3A, C)

iii) with addition of SEE and 221 cells transfected with an HLA molecule that is a ligand
for the KIR under investigation (“+221:C03” for KIR2DL3, “+221:B57” for KIR3DL1 in
Fig. 3A, C)

iv) with addition of SEE and 221 cells transfected with an HLA molecule that is a ligand
for the KIR under investigation and isotype control antibody (“+221:C03+IgG1” for
KIR2DL3, “+221:B57+IgG1” for KIR3DL1 in Fig. 3A, C)

V) with addition of SEE and 221 cells transfected with an HLA molecule that is a ligand
for the KIR under investigation and HLA blocking antibody (“+221:C03+aHLA-I” for
KIR2DL3, “+221:B57+ aHLA-I” for KIR3DL1 in Fig. 3A, C)

vi) with addition of SEE and 221 cells transfected with an HLA molecule that is a ligand
for the KIR under investigation and KIR blocking antibody (“+221:C03+aKIR” for
KIR2DL3, “+221:B57+aKIR” for KIR3DL1 in Fig. 3A,C)

Survival assay (PBMC). PBMC from three individuals with AS were stimulated with
staphylocococcal enterotoxin B (SEB) at a concentration of 100 ng/mL. Antibodies to block

the KIR-HLA interaction (Dx31 to block KIR3DL2, HD6 to block B27 homodimers, an IgG1 or an
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IgG2a isotype control) were added at a concentration of 50ug/mL. Cells were stained at day
5 using the antibodies listed above. Events were acquired on a FACS Canto Il and analysed
using Kaluza v1.5a. The count of live CD3*CD8* KIR3DL2* cells was enumerated using
CountBright Absolute Counting Beads (Invitrogen). Six conditions were investigated:

i) without addition of SEB (“no stimulus” in Fig 3B)

ii) with addition of SEB (“+SEB” in Fig 3B)

iii) with addition of SEB and IgG2a isotype control for aHLA (“+lgG2a” in Fig. 3B)

iv) with addition of SEB and IgG1 isotype control antibody for aKIR (“+IgG1” in Fig. 3B)

v) with addition of SEB and HLA blocking antibody (“+aHLA-I" in Fig. 3B)

vi) with addition of SEB and KIR blocking antibody (“+aKIR” in Fig. 3B).

iKIR expression and virus-specific CD8" T cells ex vivo

Subjects. HIV-1-seropositive individuals came from Protocol L of the International AIDS
Vaccine Initiative (different individuals to those from protocol C studied above but recruited
from the same study sites) and the John Radcliffe Hospital, UK. In both cases individuals with
unsuppressed or poorly suppressed viremia were selected (with the goal of maximizing the
number of virus-specific CD8* T cells). HTLV-1-seropositive individuals came from the National

Centre of Retrovirology, UK. All selected individuals were HLA-A*02*.

Staining. Cryopreserved PBMC from HIV-1- and HTLV-1-seropositive donors were thawed and
stained with the following directly conjugated antibodies: anti-CD3 (OKT3, Biolegend), anti-
CD8 (SK1, Biolegend), anti-CD28 (CD28.2, Biolegend), anti-CD45RA (H100, Biolegend), anti-
KIR2DL1 (REA284, Miltenyi Biotech), anti-KIR2DL2/L3 (DX27, Biolegend), anti-KIR3DL1 (DX9,
Biolegend) and anti-KIR3DL2 (539304, R&D). Live cells were distinguished with LIVE/DEAD™
Fixable Aqua Dead Cell Stain (Thermofisher Scientific). Additionally cells were stained with
A2-pentamers (Proimmune) complexed with ILKEPVHGV, SLYNTVATYL, LTFGWCFKL (pooled)
in the case of HIV-1* individuals and LLFGYPVYV in the case in HTLV-1*individuals. The fraction
of CD3*CD8* pentamer* cells expressing KIR was enumerated. Coexpression of CD45 and CD28

on the CD3*CD8* pentamer* KIR* cells was also recorded.

11



Ethics. Written informed consent was obtained and research was conducted under the
governance of the Imperial College Healthcare NHS Trust Tissue Bank, approved by the UK
National Research Ethics Service (09/H0606/106, 15/SC/0089). All studies were conducted

according to the principles of the Declaration of Helsinki.

Mathematical model of host-pathogen dynamics in HIV-1 infection

We constructed an ordinary differential equation (ODE) model to explore the influence of

iKIRs on HIV-1 dynamics.

X=ﬂ1+slx(l—x—i:yj—ﬂxv—;ﬁx

1

X+y

y:sly(l— )"',va_dlyzl_dzyzz_:uzy

1
V=py— v

4, =4, +82y21[1_ Zl;_ZZJ_I%Zl

2

2, =4, +5,Y7, [1_ Zl;ZZJ_/hZz

2
Here, x denotes the number of uninfected CD4* T cells/mm?3; y denotes the number of
infected CD4* T cells/mm3 and v is the number of free virions/mm3. We model two
populations of CD8* T cells, z; and z,, where the former lyse target cells more efficiently than
the latter (when we study the effects of iKIRs on a protective HLA allele) or less efficiently (the
case of a detrimental HLA allele). Uninfected CD4* T cells die at a rate y;, and are replenished
by A;; they become infected at rate fv, which depends on the number of free virions;
proliferation is density-dependent with rate s;. CD8* T cells are produced at rate A; their
proliferation occurs at rate s, is density dependent and dependent on the number of infected
CD4* T cells and they die at rate ps. The number of free virions is linearly dependent on the
number of infected cells that produce them at rate p; free virions are cleared at rate ;.

Parameter ranges used are given in Supplementary Table S11.

To assess the robustness of our results, alternative structural forms of the model and

alternative parameter ranges were also considered. The alternative model terms focussed
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on changes to the production terms for T cells as there is little consensus on the form of these

terms in the literature. We considered the following changes:

e without the CD4* and CD8* T cell proliferation terms s1(1-(x+y)/ki1) and sz(1-(z1+22)/k2)

e without the saturation term in the CD4* and CD8* T cell proliferation. That is, replacing
s1(1-(x+y)/k1) with s; and replacing say(1-(z1+22)/k2) with say, similar to Li & Shu??

e without the saturation term in the CD4* T cell proliferation. That is, replacing si(1-
(x+y)/k1) with s;

e without the saturation term in the CD8* T cell proliferation. That is, replacing sxy(1-
(z1+22)/k2) with say, similar to Lim & Maini®®

e without the constant input term for CD8* T cells (i.e. A,=0)

e replaced the CD8* T cell proliferation term s;(1-(z1+z2)/k2) by sayzi/(z1+z2+K), similar to
Acevedo et al %’

We also considered alternative parameter ranges in cases where we felt ranges were poorly
known or we had reason to believe the results might be particularly sensitive to that
parameter. Specifically, we increased the value of p to 2000 virions/cell day, increased the
upper bound of B to 103 mm3/cell/day, increased the range of d2 (and correspondingly d;) to
0.02-0.3 /cell day, reduced the lower bound on A; to 0.1 cell/mm?3/day and the upper bound
to 20 cell/mm?3/day, reduced the lower bound on s, to 0.0001/day, increased the upper bound
on U4 to 0.1/day). In all cases the key results, namely the approximate proportion of runs
showing enhancement of protective associations, the approximate proportion of runs
showing enhancement of detrimental associations and how these proportions changed with

the impairment of the lysis rate were remarkably constant.
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Supplementary Results

Annexin V expression on iKIR-expressing CD8* T cells

We investigated the association between Annexin V expression (as a marker of cell apoptosis)
and functional iKIR expression. Specifically, for each of KIR2DL1, KIR2DL2/L3 and KIR3DL1, we
quantified the fraction of KIR-expressing CD8* T cells which were Annexin V-positive and then
we compared the fraction between individuals within whom the ligand was present and
individuals where the ligand was absent. For example, for KIR2DL1, we compared the fraction
of KIR2DL1* CD8* T cells which were Annexin V-positive in individuals who were C2* (KIR2DL1
functional) with the fraction of KIR2DL1* CD8* T cells which were Annexin V-positive in
individuals who were C2° (KIR2DL1 non-functional). 15 HCV-infected individuals and 15
healthy controls were studied. There was no difference in Annexin-V expression between
HCV-infected subjects and controls (P=0.9, WMW) and so we pooled cases and controls,
however there was a significant difference with KIR (P=0.04 so we considered KIRs individually
and then combined the P values using Stouffer’s combined P). KIR2DL2/L3 could not be
analysed as there were only 2 individuals with non-functional KIR2DL2/L3. For KIR2DL1 we
found that Annexin V expression was significantly decreased in people with the functional
ligand (Mean in C2: 25.4%, mean in C2*: 14.3% P=0.027, WMW), for KIR3DL1 there was a
trend in the same direction but the difference was not significant (mean in Bw4": 14.4% mean
in Bw4*:10.1%). Combining P values we found P=0.014 (Stouffer’s combined P value);
suggesting that presence of the KIR ligand was associated with a reduction in cell death
amongst KIR-expressing CD8* T cells. Interestingly a similar observation was made for CD4* T

cells (P=0.023, Stouffers combined P value). Supplementary Figure S9.

HLA class | disease associations: mediated by CD8" T cells or NK cells?

Our starting point in interpreting the immunogenetics analysis is that that the primary HLA
class | disease associations which we study (i.e. associations between outcome and HLA-
A*02:07, -C*08 and —B*54 in HTLV-1, HLA-B*57 in HCV and HLA-B*57 and —B*35Px in HIV-1)
are mediated by CD8" T cells. However, a priori, an HLA class | disease association could be

attributable to the HLA molecule’s role as a KIR ligand rather than its role as a T cell receptor
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ligand (i.e. the protective/detrimental effect could be mediated by NK cells rather than CD8*
T cells). If an HLA class | disease association is attributable to NK cells rather than CD8* T cells
then other HLA class | molecules with similar KIR binding properties would (in the context of
the relevant KIRs) be expected to be similarly protective/detrimental. For example, if A¥02:07
is protective in the context of HTLV-1 infection because of the KIRs which it does not bind
then other HLA-A alleles which also do not bind KIR would also be expected to be protective.
It is this behaviour that underlies classical KIR-HLA analyses in which combinations of KIR with
their groups of cognate HLA ligands are considered e.g. %283l This behaviour was
investigated for each of the HLA class | alleles we studied (HLA-B*57 and HLA-B*35Px in the
HIV-1-infected IAVI cohort, HLA-A*02:07, HLA-C*08 and HLA-B*54 in the HTLV-1-infected
Kagoshima cohort and HLA-B*57 in the HCV-infected cohort). The results are detailed below
& in Supplementary Table S10; a schematic summarising potential hypotheses is provided in

Supplementary Fig. S10.

HLA-B*57 in HIV-1 infection.

HLA-B*57 is protective in the IAVI cohort (associated with reduced early viral load set point
and slow progression to low CD4 cell count). HLA-B*57 carries the Bw4-80I epitope; it binds
KIR3DL1 and there is some evidence it may also bind KIR3DS1. HLA-B57 could therefore, a
priori, be protective because it binds KIR3DL1 and/or KIR3DS1.

KIR3DL1

A protective effect due to binding of KIR3DL1 is unlikely in this cohort as other HLA alleles that
bind KIR3DL1 are not protective in the context of KIR3DL1. That is, neither KIR3DL1:Bw4 nor
KIR3DL1:Bw4_80I are associated with low early viral load set point (KIR3DL1:Bw4 Coeff=-0.07
P=0.4. KIR3DL1:Bw4_80I Coeff=+0.02 P=0.8) or time to low CD4 count (KIR3DL1: Bw4 HR=0.96
P=0.8. KIR3DL1:Bw4_80/ HR=1.07 P=0.6). If we include the HLA-A alleles carrying the Bw4 and
Bw4_80I motif then the conclusions are unchanged (Supplementary Table S10, panel A & B).
The absence of a protective effect of KIR3DL1:Bw4 and KIR3DL1:Bw4 80l is even more striking
if we exclude individuals positive for HLA-B*57 from the cohort (Supplementary Table S10,
panel C & D), suggesting that what little protection is seen with KIR3DL1:Bw4 and
KIR3DL1:Bw4_80I is due to the presence of HLA-B*57 in those groups. The lack of evidence

for a protective effect of HLA-B*57 attributable to KIR3DL1 is consistent with a recent report
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in which, of the B*57 alleles, only B*57:01 (which is essentially absent from our cohort, N=1)
was significantly associated with protection in the context of a noncoding mutation in
KIR3DL1 %2,

KIR3DS1

The HLA-B*57 protective effect which we study is, by definition, independent of the effect of
KIR3DS1 as all individuals with KIR3DS1:HLA-B57 have been removed from the IAVI cohort to
prevent confounding. This does not rule out the possibility that KIR3DS1 with Bw4 80l is

protective but the effect that we are studying is clearly distinct.

HLA-B*35Px in HIV-1 infection.

HLA-B*35Px is detrimental in the IAVI cohort (associated with an increased early viral load set
point, but no effect on progression to low CD4 cell count). Within the IAVI cohort two alleles,
B*35:02 and B*53:01, constitute the HLA-B*35Px group. Identifying whether the HLA-B*35Px
detrimental effect is attributable to the KIR binding properties of HLA-B*35Px is problematic
since HLA-B*35:02 and HLA-B*53:01 have very different KIR binding properties (B*35:02
carries a Bw6 motif and B*53:01 carries a Bw4-80l motif). We therefore first sought to

ascertain the protective/detrimental effects of B*53:01 and B*35:02 on early viral load set

point.
N N -
HLA Coeff P val sig . ngn
carriers carriers
B*35Px  +0.35 0.00066 okx 78 383
B*35:02 +0.18 0.71115 3 458
B*53:01 +0.35 0.00073 rokx 75 386

It is clear that, within the IAVI cohort, the detrimental effect of HLA-B*35Px is attributable to
HLA-B*53:01 (there are only 3 subjects with HLA-B35*02 and it is more weakly detrimental
than HLA-B*53:01; Coeff=+0.18 and Coeff=+0.35 resp.). We therefore investigated whether
the KIR binding of HLA-B*53:01 could explain its detrimental effects. HLA-B*53:01 is predicted
to bind KIR3DL1 and potentially KIR3DS1. We therefore investigated whether its detrimental
effects could be attributed to binding either of these KIR.
KIR3DL1
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The detrimental effect of HLA-B*53:01 on early viral load set point is unlikely to be
attributable to its binding of KIR3DL1 as other alleles that bind KIR3DL1 are not detrimental
in the context of KIR3DL1. That is, neither KIR3DL1:Bw4 nor KIR3DL1:Bw4 80l are significantly
associated with high early viral load set point (KIR3DL1:Bw4 Coeff=-0.07 P=0.4.
KIR3DL1:Bw4_80I Coeff=+0.02 P=0.8); Supplementary Table $S10 panel A.

KIR3DS1

As for HLA-B*57, we can be confident that the detrimental effects of HLA-B*53:01 which we
study are not attributable to KIR3DS1 since, in the cohort we study, individuals with functional
KIR3DS1 have been removed and therefore the detrimental effect of HLA-B*53:01 (and HLA-
B*35Px) occurs in the absence of KIR3DS1.

HLA-A*02:07 in HTLV-1 infection

HLA-A*02:07, which is protective in the context of HTLV-1 infection, is not thought to contain
any KIR binding motifs. To test the hypothesis that HLA-A*02:07-associated protection is
explained by its KIR binding behaviour we therefore sought to test whether other HLA-A
alleles that do not bind KIR are protective. We studied all non-KIR binding HLA-A alleles which
were frequent in our cohort (carried by 30 or more individuals); analysis was conducted at
the 4 digit level for direct comparability with the A*02:07 analysis. It is clear from the results
(Supplementary Table S10, panel E) that simply failing to bind KIR does not make a protective
allele. Some HLA-A alleles tend to be protective, some tend to be detrimental; none (other
than A*02:07) are significant even though all are more frequent than A*02:07. We conclude

that the protection afforded by HLA-A*02:07 cannot be explained by its failure to bind KIR.

HLA-C*08 in HTLV-1 infection

HLA-C*08 is protective in the context of HTLV-1 infection. HLA-C08 alleles contain a C1 binding
motif and as such are expected to bind KIR2DL2/L3 and KIR2DS2. All individuals are positive
for at least one of these KIRs. If HLA-C*08 is protective because of its KIR binding properties
then we would expect other HLA C alleles with the same KIR binding properties to be similarly
protective in the presence of their ligating KIR. We therefore tested, for all C1 group alleles
that were sufficiently frequent (n>=30) whether or not they were protective. Analysis was

conducted at the 2 digit level for comparability with the HLA-C*08 result; HLA alleles that are
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exceptions at the two digit level were excluded from the grouping (e.g. most HLA-C*03 alleles
carry a C1 motif but C*03:07 is an exception, so someone was not counted as carrying a group
C1 C03 allele if they were HLA-C*03:07%). It is clear from the results (Supplementary Table
$10, panel F) that there is no consistent picture, some of the C1 alleles tend towards
protection and others tend towards susceptibility, lack of evidence for protection is not
attributable to frequency as the numbers in both arms of the analysis are large for all alleles.
We conclude that the protection afforded by HLA-C*08 is unlikely to be due to its KIR binding

properties.

HLA-B*54 in HTLV-1 infection

HLA-B*54 which is detrimental in the context of HTLV-1 infection, is a Bw6 allele and not
thought to contain any KIR binding motifs. To test the hypothesis that HLA-B*54-associated
susceptibility is explained by its KIR binding behaviour we therefore tested whether, in
general, Bw6 alleles are detrimental. We studied all HLA-B alleles with a Bw6 motif, which
were frequent in our cohort (carried by 30 or more individuals). It can be seen that there is
no consistent picture (Supplementary Table S10, panel G), some of the Bw6 groups tend
towards protection and others tend towards susceptibility, lack of evidence is not attributable
to frequency as the numbers in both arms of the analysis are large for all alleles. We conclude
that the susceptibility associated with HLA-B*54 is unlikely to be due to its inability to bind
KIRs.

HLA-B*57 in HCV infection

HLA-B*57 is protective in the context of HCV infection as it is significantly associated with an
increased odds of spontaneous clearance. HLA-B*57 carries the Bw4-80I epitope, it binds
KIR3DL1 and may also bind KIR3DS1. HLA-B*57 could therefore be protective because it binds
KIR3DL1 and/or KIR3DS1.

KIR3DL1

A protective effect due to binding of KIR3DL1 is unlikely as other alleles that bind KIR3DL1 are
not protective in the context of KIR3DL1. That is, neither KIR3DL1:Bw4 nor KIR3DL1:Bw4_80I
are associated with spontaneous clearance (KIR3DL1:Bw4 OR=1.06 P=0.7. KIR3DL1:Bw4 80!
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OR=1.13 P=0.5). Extension of the definition of binding alleles to include the A alleles does not

change the conclusions (Supplementary Table S10, panel H).

KIR3DS1
A protective effect due to binding of KIR3DS1 is unlikely as other alleles that bind KIR3DS1 are

not protective in the context of KIR3DS1. That is, neither KIR3DS1:Bw4 nor KIR3DSL1:Bw4_80!
are associated with spontaneous clearance (KIR3DS1:Bw4 OR=1.08 P=0.7. KIR3DL1:Bw4_80I
OR=1.24 P=0.4). Extension of the definition of binding alleles to include the A alleles does not

change the conclusions (Supplementary Table S10, panel I).

This analysis suggests that it is unlikely that any of the 6 HLA class | disease associations which
we study in our patient cohorts are explained by the KIR binding properties of the HLA
molecules. Showing that an HLA class | disease association is unlikely to be due to KIR binding
is not the same as proving it is due to TCR binding and an absence may be due to the
oversimplification of KIR binding allele groups (though these binding groups have proved
informative in other studies'>?831). This concern is addressed by work in Debebe et al. (in
preparation) in which we develop a theoretical tool for analysing the receptor binding
underlying a given HLA class | disease association. For 5 of the 6 HLA associations studied here
this tool indicated that the association was attributable to TCR binding, the sixth association
(HLA-B*35Px association with high HIV-1 viral load) could not be studied as the method was
underpowered for this particular association. Absence of evidence for KIR involvement
combined with positive evidence for the involvement of T cells indicates that the six HLA
disease associations which we study are most likely attributable to T cells. This is consistent
with existing work using independent approaches, which indicates that these particular HLA
associations are likely to be attributed to CD8* T cells, see for example 3332 We do not out an
involvement of NK cells in determining CD8* T cell survival (see Discussion & Supplementary
Fig. S10). Additionally, there is evidence for NK cell only (i.e. CD8* T cell-independent effects)
in controlling virus infection, e.g. KIR3DLS1:Bw4_80I in HIV-1 or KIR2DL3:C1 in HCV but these
effects are distinct from, and in addition to, the enhancements of HLA class | disease

associations which we report.
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Supplementary Figures
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Supplementary Figure S1: Impact of ligands on iKIR enhancement of the HLA-B*57
protective effect on early viral load set point.

When ligands are included (“Functional iKIR”) panel A, it is seen that iKIR enhance the protective
effect of HLA-B*57, when ligands are excluded (“NonFunctional iKIR”) panel B the enhancement
is no longer seen. KIR2DL2 has been excluded from this analysis since its ligands are always
present, inhibitory score is excluded since this cannot be defined in the absence of ligands. For
the KIRs that could be studied (K/IR2DL1, KIR2DL3, count of iKIR) it can be seen that the
enhancement of the HLA-B*57 protective effect by iKIR is dependent on the presence of the KIR
ligands. Definitions: Func 2DL1*: 2DL1*C2*. Func 2DL1: 2DL1 or C2". Func 2DL3*: 2DL3*C1". Func
2DL3:2DL3 or C1". NonFunc 2DL1*: 2DL1*C2". NonFunc2DL1: 2DL1*C2* or 2DL1". NonFunc 2DL3":
2DL3*C1 . NonFunc 2DL3: 2DL3*C1* or 2DL3".
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Supplementary Figure S2: Impact of inhibitory KIRs on the protective effect of HLA-

B*57 on longitudinal viral load.

The IAVI cohort was stratified by presence (right hand column) or absence (left hand column)

of iKIR with genes for their ligands (first row: functional KIR2DL1, second row: strong

functional KIR2DL2, third row: functional KIR2DL3). The viral load in HLA-B*57* (blue circles)
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and HLA-B*57- (pink circles) individuals is plotted against time. The local non-parametric
regression (loess) lines are shown for HLA-B*57* (blue) and HLA-B*57- (pink) with 95%
confidence intervals (dashed lines). The black vertical line marks the time at which the
number of unique individuals drops to 10 in either arm, loess lines to the right of this are
unreliable and should be ignored. The figures consistently show that in the presence of
functional iKIR, the protective effect of HLA-B*57 on viral load was sustained over time (that
is the loess lines for HLA-B*57* and HLA-B*57 are outside each other’s 95% Cl). In contrast,
in the absence of functional iKIR, the protective effect of HLA-B*57 on viral load was weak.
Interesting, in the absence of a strong inhibitory signal it appeared that the protective effect
of HLA-B*57 was observable at very early time points post infection but was eroded as time
progressed. Viral load is residualised for gender, plots made with raw viral load are visually

indistinguishable.
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Supplementary Figure S3: Impact of inhibitory KIRs on the detrimental effect of HLA-
B*35Px on longitudinal viral load.

The IAVI cohort was stratified into individuals with a low inhibitory score (left) and individuals
with a high inhibitory score (right) for a cut off of 2.5 (panel A) and 2.75 (panel B). The viral
load in HLA-B*35Px* (blue circles) and HLA-B*35Px ™~ (pink circles) individuals is plotted against
time. The local non-parametric regression (loess) lines are shown for HLA-B*35Px* (blue) and

HLA-B*35Px~ (pink) with 95% confidence intervals (dashed lines). The black vertical line marks
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the time at which the number of unique individuals drops to 10, loess lines to the right of this
are unreliable and should be ignored. In the presence of a strong inhibitory signal the
detrimental effect of HLA-B*35Px on viral load was sustained over time (that is the loess lines
for HLA-B*35Px* and HLA-B*35Px are outside each other’s 95% Cl). In contrast, in the absence
of a strong inhibitory signal, although the detrimental effect of HLA-B*35Px on viral load can
clearly been seen at early time points post infection, the detrimental effect is eroded as time
progressed. Viral load is residualised for gender, plots made with raw viral load are visually
indistinguishable.

Bootstrap estimation of the correlation between the HLA-B*35Px detrimental effect and time
in the low inhibitory score strata (left box) and high inhibitory score strata (right box) for a cut
off of 2.5 (panel C) and 2.75 (panel D). The detrimental effect of HLA-B*35Px decreased

significantly more rapidly in people with a low iKIR score (P=5x107, 9x107!8 respectively).
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Supplementary Figure S4: KIR expression of the CD8* T cell lines ED, VTE1 and SK1.

Expression of KIR by the three CD8* T cell lines ED, VTE1 and SK1.

In the case of ED, the antibody used to stain for KIR2DL2/S2/L3 expression (GL183) does not
distinguish between KIR2DL2, KIR2DS2 and KIR2DL3. Distinction was made on the basis of
genotype (donoris KIR2DL2-KIR2DL3+KIR2DS2-) and confirmed by mRNA expression (data not
shown). In the case of VTE1 a KIR2DL3-specific antibody was used (180701); costaining with
the KIR2DL2/L3/S2 antibody is also shown.
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Supplementary Figure S5: Gating strategy to measure activated CD8* T cell survival in

vitro.

Successive panels illustrate the gating strategy. Data from a representative experiment.

26



No stimulus No stimulus
3 Ql Q2 3 Ql Q2
10730 0.76 10710 2.66
- i
& o
o ]
o
= <
102 102
0 !84 ‘ Q2 0 10 4 .
10%1 . . i, > 7 1021° . “g;r,s
10° 10" 10®  10% 10 10° 10" 10°  10% 10
CFSE CFSE
+SEB+HgG2a day5 +SEB+igG1 day 5

KIR3DL2
KIR3DL2

L2 3 v ¥ .
10° 10" 10°  10° 10
CRSE 100 100 102 10° 10°
CFSE
+SEB+DX31 day 5
s Jat @ s
10°40 7.25 10°40
9 . J
= =]
= ™
4 e4
b~ x
x 102
Q3 0 304
92.8 0
.
10° 10" 1% 10 10 10°

CFSE

Supplementary Figure S6: Survival of primary CD4 T cells is enhanced by iKIR ligation
in vitro

The impact of KIR3DL2 ligation on CD4" T cells in PBMCs from HLA-B27* individuals with
ankylosing spondylitis was investigated in a 5 day survival assay. Data from a representative

experiment are shown. Results from all individuals are summarised in Figure 3B.
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Supplementary Figure S7: iKIR expression on HIV-specific CD8" T cells (data split by
cohort).

Virus-specific CD8* T cells were identified by HLA-A2 pentamer staining in PBMC from HIV-1-
seropositive individuals. The fraction of pentamer* cells expressing iKIR (KIR2DL1, KIR2DL2/L3,
KIR3DL1, KIR3DL2) is plotted. The HIV-1-seropositive subjects derive from two cohorts (A) a
South and East African cohort (same clinic centres as IAVI cohort) and (B) a UK cohort; here

data are shown split by cohort (pooled data are shown in Fig. 3D).
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Supplementary Figure S8: Differentiation stage of KIR* pentamer* CD8" T cells

The differentiation stage of KIR* pentamer* CD8* T cells from HIV-1 (N=16) and HTLV-1 (N=9)
seropositive subjects was assessed by CD28 and CD45RA costaining. Abbreviations- Tn/Tscm:
T naive/ T stem cell memory (CD45RA*CD28*); Tem: T central memory (CD45RA'CD28Y), Tem: T
effector memory (CD45RACD28), Temra: T effector memory revertant (CD28 CD45RAY).
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Supplementary Figure S9: Annexin V expression on iKIR* CD8* T cells is decreased in
individuals carrying the KIR ligand.

The proportion of KIR2DL1-expressing (left) and KIR3DL1-expressing (right) CD8* T cells that
co-expressed Annexin V directly ex vivo was quantified. Data were split depending on whether
the gene for the HLA ligand was absent in that individual (“non-func”) or present (“func”).
KIR2DL2/L3 could not be analysed as there were only 2/30 individuals with non-functional
KIR2DL2/L3. For KIR2DL1 we found that Annexin V expression was significantly decreased in
people with the (P=0.027, WMW), for KIR3DL1 there was a trend in the same direction but
the difference was not significant. Combining P values we found P=0.014 (Stouffer’s combined
P value); suggesting that presence of the KIR ligand was associated with a small reduction in

cell death amongst KIR-expressing CD8* T cells.
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A.
@ CD8* T cell-independent

®

HLA Cc

@ CD8* T cell-dependent
b. Indirect

a. Direct

PREDICTION OBSERVATION

@ CD8" T cell-independent

@ CD8" T cell-dependent

Hypothesis: iKIR enhance
HLA class | associations
because they enhance
antiviral NK cells

Hypothesis: iKIR enhance
HLA class | associations
because they enhance
antiviral CD8* T cells

iKIR with ligands would
affect outcome

iKIR with ligands would have
no direct effect on outcome

iKIR with ligands have no direct
effect on outcome

(Supplementary Table S2)

HLA effects are enhanced
independent of whether iKIR bind
the HLA (Table 2)

Primary HLA associations are more
likely to be due to CD8* T cells
(Supplementary Table S10)

HLA effects would be
enhanced independent of
whether iKIR bind the HLA
Primary HLA associations
would be attributable to
CD8* T cells

Only HLA molecules that
bind KIR would be enhanced

Primary HLA associations
would be attributable to NK
cells

Supplementary Figure S10: Schematic and predictions of possible hypotheses

(A) A priori the immunogenetics data, which shows that iKIR enhance protective and
detrimental HLA class | associations could be (1) due to enhancement of NK cell-mediated
control of virus infection i.e. be CD8* T cell-independent or (2) could be due to enhancement
of CD8* T cell-mediated control of virus infection i.e. be CD8* T cell-dependent. (B) The table
summarises predictions of both hypotheses and compares them with observation. The data
are more consistent with the CD8* T cell-dependent hypothesis. This does not rule out the
occurrence of CD8* T cell-independent processes; indeed both the KIR3DS1:Bw4 80! and
KIR2DL3:C1 associations in HIV-1 and HCV respectively, are consistent with a CD8* T cell-
independent mechanism (and satisfy all predictions in column (1)), but our observations are
in addition to, and independent of, these results.

Within hypothesis (2) (CD8* T cell-dependent) a number of ways in which iKIRs can increase
CD8* T cell survival have been described. These can be broadly divided into “direct” (iKIRs on
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T cells affect T cell lifespan, a) and “indirect” (iKIRs on other cell populations, e.g. NK cells,
affect T cell lifespan, b). We find evidence that, in vitro, iKIR expression on CD8* T cells is
directly associated with increased survival; this does not preclude a role for iKIR on NK cells
in also indirectly enhancing CD8* T cell survival. Both effects may be occurring and increasing
CD8* T cell survival and both are consistent with our immunogenetics analysis, the
longitudinal study and the mathematical modelling. In short hypothesis (1) (CD8* T cell-
independent) is inconsistent with the data; hypothesis (2) (CD8* T cell-dependent either
direct or indirect) is consistent with the data.
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Supplementary Tables

A.  IAVI - EARLY VIRAL LOAD (whole cohort)
KIR gene Ligand gene Coefficient P value N N n?n-
carriers carriers
KIR3DL1 HLA-B Bw4 -0.15 0.07 378 172
KIR3DL1 HLA-B Bw4-80I -0.05 0.5 327 226
KIR3DL1 HLA-A & -B Bw4 -0.06 0.5 413 137
KIR3DL1 HLA-A & -B Bw4-80I +0.07 0.4 376 176
KIR3DS1 HLA-B Bw4 -0.29 O'SE 7 75 475
0.01
KIR3DS1 HLA-B Bw4-80I -0.28 " 66 486
0.02
KIR3DS1 HLA-A & -B Bw4 -0.23 . 85 465
KIR3DS1 HLA-A & -B Bw4-80I -0.20 0.06 77 474
B. IAVI - TIME TO LOW CD4 COUNT (whole cohort)
KIR gene Ligand gene HR P value N N n?n-
carriers carriers
KIR3DL1 HLA-B Bw4 0.91 0.5 405 186
KIR3DL1 HLA-B Bw4-80I 1.02 0.9 353 241
KIR3DL1 HLA-A & -B Bw4 1.04 0.8 442 149
KIR3DL1 HLA-A & -B Bw4-80I 1.21 0.2 404 189
KIR3DS1 HLA-B Bw4 0.66 0.05 84 507
KIR3DS1 HLA-B Bw4-80I 0.64 O'S > 75 518
KIR3DS1 HLA-A & -B Bw4 0.76 0.14 95 496
KIR3DS1 HLA-A & -B Bw4-80I 0.77 0.19 87 505

Supplementary Table S1: Impact of KIR3DS1 and KIR3DL1 in the full IAVI cohort.

The impact of functional KIR3DS1 and functional KIR3DL1 in the full cohort on early viral load
set point (A) and time to low CD4* count (B) was quantified. The ligands of KIR3DL1 are known
to be HLA-B alleles bearing the Bw4 epitope, it is unclear whether the Bw4-801/T dimorphism
affects binding3?; additionally it is unclear whether HLA-A alleles bearing the Bw4 epitope are
also ligands. We therefore considered four different definitions of functional KIR3DL1:
KIR3DL1-Bw4 (HLA-B alleles only), KIR3DL1-Bw4-80I (HLA-B alleles only), KIR3DL1-Bw4 (HLA-

A and -B alleles), KIR3DL1-Bw4-80! (HLA-A and B-alleles). The ligands of KIR3DS1 have not
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been fully established. One study demonstrated that KIR3DS1 can bind HLA-B57 (a Bw4-80I
allele)*® and immunogenetic evidence!? suggests that, at least in the context of HIV-1
infection, HLA-Bw4-80I serves as a ligand for KIR3DS1. Based on this and the structural
similarity of the extracellular domain to KIR3DL1 we again consider 4 possible definitions of
functional KIR3DS1: KIR3DS1-Bw4 (HLA-B alleles only), KIR3DS1-Bw4-80I (HLA-B alleles only),
KIR3DS1-Bw4 (HLA-A and -B alleles), KIR3DS1-Bw4-80I (HLA-A and -B alleles). It has also been
shown that KIR3DS1 binds the non-classical HLA molecule HLA-F, which is carried by everyone.
There is no evidence that this confers protection since KIR3DS1 in a Bw4 cohort is not
protective (P=0.18). For viral load set point a negative coefficient represents protection (a
decrease in viral load associated with the gene combination) for time to low CD4 a hazard
ratio (HR) less than 1 represents protection (a decrease in the relative risk of progression
associated with the gene combination). It can be seen that KIR3DL1 does not confer
protection (with any of its possible ligands) whereas KIR3DS1 with its putative HLA B ligands

does confer protection.

Functional KIR3DL1 (KIR3DL1-HLA-Bw4) has previously been associated with good NK cell
mediated-control of HIV-l infection3V4. This protective effect was seen for all KIR3DL1 alleles,
but was strongest for alleles with high surface expression (*001, *002, *008, *015, *009) and
very low/no surface expression (*004)*2. It is therefore particularly surprising that the
protective effect of KIR3DL1 was not replicated in the IAVI cohort which would be expected
to be heavily enriched for the high expressing alleles KIR3DL1*001 and *015%+%3,
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A. IAVI - EARLY VIRAL LOAD

KIR Ligands Coefficient | P value N carriers N non-carriers
KIR2DL1 C2 0.06 0.5 326 135
KIR2DL2 C1,C2 -0.01 0.9 291 170
KIR2DL2 C1 -0.09 0.3 188 273
KIR2DL3 c1 -0.15 0.06 263 198
KIR3DL1 HLA-B Bw4 -0.07 0.4 245 216
Inhibitory Score NA -0.07 0.2 NA NA
(continuous)

Inhibitory Score NA -0.09 0.3 252 209
(cut off = 2.0)

Inhibitory Score NA -0.12 0.1 182 279
(cut off = 2.5)

Count Func iKIR NA -0.09 0.3 252 209
(cut off = 2.0)

B. IAVI-TIME TO LOW CD4 COUNT

KIR Ligands HR Pvalue | N carriers N non-carriers
KIR2DL1 Cc2 1.18 0.3 349 142
KIR2DL2 C1,C2 0.98 0.9 306 185
KIR2DL2 C1 0.96 0.8 197 294
KIR2DL3 C1 1.00 1.0 278 213
KIR3DL1 HLA-B Bw4 0.96 0.8 311 180
Inhibitory Score NA 1.03 0.8 NA NA
(continuous)

Inhibitory Score NA 0.91 0.5 263 228
(cut off = 2.0)

Inhibitory Score NA 0.93 0.6 190 301
(cut off = 2.5)

Count Func iKIR NA 1.00 1.0 263 228
(cut off=2.0)

C. KAGOSHIMA — ODDS OF DISEASE (HAM/TSP)

KIR Ligands OR Pvalue | N carriers N non-carriers
KIR2DL1 Cc2 1.19 0.7 39 353
KIR2DL2 C1,C2 0.90 0.7 100 292
KIR2DL2 C1 0.89 0.7 99 293
KIR2DL3 Insufficient Functional 2DL3" subjects

KIR3DL1 HLA-B Bw4 1.21 0.5 197 195
Inhibitory Score NA 1.06 0.7 NA NA
(continuous)

Inhibitory Score NA 1.50 0.2 262 130
(cutoff=1.5)

Inhibitory Score NA 0.67 0.2 66 326
(cut off=1.75)
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Count Functional NA 1.53 0.1 263 129
iKIR (cut off=1)

D. HCV-0ODDS OF SPONTANEOUS CLEARANCE

KIR Ligands OR Pvalue | N carriers N non-carriers

KIR2DL1 Cc2 0.74 0.08 519 262

KIR2DL2 C1,C2 0.86 0.3 408 374

KIR2DL2 C1 0.90 0.5 332 450

KIR2DL3 C1 1.55 0.02 562 220
*

KIR3DL1 HLA-B Bw4 1.06 0.7 485 297

Inhibitory Score NA 0.97 0.7 NA NA

(continuous)

Inhibitory Score NA 0.99 1.0 415 366

(cut off=2.0)

Inhibitory Score NA 0.97 0.8 365 416

(cut off=2.5)

Inhibitory Score NA 0.79 0.3 120 661

(cut off=2.75)

Count Functional NA 0.99 1.0 415 366

iKIR (cut off=2)
E. HCV — ODDS OF SPONTANEOUS CLEARANCE with KIR2DL3:C1 as a covariate

KIR Ligands OR P value N carriers N non-carriers
KIR2DL1 C2 0.8 0.2 519 262
KIR2DL2 C1,C2 0.92 0.6 408 374
KIR2DL2 C1 0.85 0.3 332 450
KIR2DL3 C1 1.00 1.0 562 220
KIR3DL1 HLA-B Bw4 1.11 0.5 485 297
Inhibitory Score NA 0.93 0.4 NA NA
(continuous)

Inhibitory Score NA 0.91 0.6 415 366
(cut off=2.0)

Inhibitory Score NA 0.80 0.2 365 416
(cut off=2.5)

Inhibitory Score NA 0.77 0.3 120 661
(cut off=2.75)

Count Functional NA 0.91 0.6 415 366

iKIR (cut off=2)

Supplementary Table S2: Influence of individual functional iKIRs, Inhibitory Score and
count of Functional Inhibitory KIRs alone.
(A) Early viral load set point in IAVI. (B) Time to low CD4* cell count in IAVI. (C) Odds of HTLV-

1 associated disease (HAM/TSP) in Kagoshima (D) Odds of spontaneous clearance of HCV (E)
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Odds of spontaneous clearance of HCV with KIR2DL3:C1 as a covariate. It can be seen that
with the exception of Functional 2DL3 in HCV (reported!®) none of the iKIRs alone with their
ligands (i.e. without also including protective or detrimental HLA alleles) have a significant

impact on the outcome measures.

A: Linear regression, covariates: gender. B Cox regression, covariates: age at infection and
site. C: Logistic regression: covariates: age and gender. D: Logistic regression: covariates: age

and gender. E: Logistic regression: covariates: age, gender and KIR2DL3:C1.

C1 ligands includes HLA-B*46 & HLA-B*73, NA: not applicable. For Inhibitory scores or Count
Functional iKIR, the number of carriers designates the number of subjects with the

score/count greater than the cut-off.
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A. EARLY VIRAL LOAD
B57* KIR™ B57* KIR* Cohort numbers
B57* B57~ B57* B57~
Coeff Pvalue| Coeff P value KIR- KIR- KIR* KIR*
Functional 2DL1 -0.20 0.4 -0.51 0.003 10 125 25 301
Functional 2DL2 -0.68 0.01 10 178
(strong) 031 01 ’ 17 153
Functional 2DL2 -0.34 0.2 8 95
(weak)
Functional 2DL3 -0.19 0.3 -0.67 0.001 18 180 17 246
* %
Inhibitory score -0.17 0.4 -0.59 0.002 14 195 21 231
(cutoff=2) *ok
Inhibitory score -0.27 0.15 -0.65 0.004 21 258 14 168
(cutoff=2.5) ok
Count functional | -0.17 04 -0.59 0.002 14 195 21 231
iKIR (cutoff=2) ok
B. TIME TO LOW CD4 COUNT
B57* KIR™ B57' KIR* Cohort numbers
B57* B57- B57* B57~
HR  Pvalue HR P value KIR- KIR- KIR* KIR*
Functional 2DL1 0.60 04 0.39 0.02 10 132 25 324
Functional 2DL2 0.29 0.09 10 187
stron .
( .g) 031 005 17 168
Functional 2DL2 * 1.01 0.98 8 101
(weak)
Functional 2DL3 0.53 0.12 0.33 0.06 18 195 17 261
Inhibitory score 0.48 0.15 0.42 0.05 14 214 21 242
(cutoff=2) .
Inhibitory score 0.57 0.15 0.25 0.05 21 280 14 176
(cutoff=2.5) *
Count functional 0.48 0.15 0.42 0.05 14 214 21 242
iKIR (cutoff = 2)

Supplementary Table S3: Functional inhibitory KIRs enhance the protective effect of
HLA-B*57, analysis by factor.

We repeated our calculations using an alternative statistical approach. Rather than stratify
the cohort and then analyse the effect of HLA-B*57 in each stratum we worked with the

unstratified cohort and introduced a factor with three levels: HLA-B*57 ~ (baseline); HLA-
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B*57*KIR- and HLA-B*57*KIR* where KIR was one of functional KIR2DL1, functional
KIR2DL2, functional KIR2DL3, high inhibitory score or high count of iKIR. (A) Outcome variable:
early viral load set point. Multivariate linear regression was performed on the unstratified
IAVI cohort. The coefficient and p value of the factor levels are reported (B) Outcome variable:
time to low CD4* count Multivariate Cox regression was performed on the unstratified cohort.
Confounding factors were age at infection and site, the dependent variable was the factor
based on presence and absence of KIR and HLA-B*57 as described above. Hazard ratios (HR)
and p values are reported.

It can be seen that for both outcomes, HLA-B*57 without the functional iKIR is not significantly

protective but in combination with the functional iKIR HLA-B*57 is significant protective.
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IAVI early viral load set point
Coeff P value
LILRB2_A -0.02 0.9
LILRB2_B +0.53 0.001
* %
LILRB2_C -0.16 0.2
LILRB2_all +0.37 0.008
k%

Supplementary Table S4. Impact of LILRB2 —HLA class | binding on early viral load set
point in IAVI

The LILRB2_B score (Supplementary Methods), which is the sum of the binding affinities of
LILRB2 to the HLA-B alleles, is significantly detrimental. The LILRB2_A and _C scores (binding
to the HLA-A and HLA-C molecules) did not significantly influence the early viral load set point.
A combined score (Supplementary Methods) for the three HLA loci was also significantly

detrimental but is likely to be driven by the LILRB2_B score.
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A. EARLY VIRAL LOAD (with extra confounder: LILRB2_B)
B57" KIR~ B57* KIR* Cohort numbers
B57* B57~ B57* B57~
Coeff Pvalue] Coeff P value KIR- KIR- KIR* KIR*
Functional 2DL1 -0.11 0.7 -0.47 0.009 10 123 25 294
Functional 2DL2 -0.55 0.03 10 174
(strong) *
Functional 202 | -0.26 0.2 -0.53 0.02 17 148 15 205
(weak) *
Functional 2DL3 -0.22 0.3 -0.54 0.008 18 178 17 239
%k
Inhibitory score -0.14 0.5 -0.52 0.008 14 193 21 224
(cutoff=2) **
Inhibitory score -0.25 0.17 -0.53 0.02 21 256 14 161
(cutoff=2.5) *
Count iKIR -0.14 0.5 -0.52 0.008 14 193 21 224
(cutoff=2) | "
B. EARLY VIRAL LOAD (with extra confounder: Func 3DL1)
B57* KIR- B57* KIR* Cohort numbers
B57* B57 B57* B57-
Coeff Pvalue] Coeff P value KIR- KIR- KIR* KIR*
Functional 2DL1 -0.11 0.7 -0.51 0.005 10 125 25 301
Functional 2DL2 -0.59 0.03 10 178
(strong) *
Functional 2p2 | -029 013 | .06 0.02 17 153 15 208
(weak) *
Functional 2DL3 -0.24 0.3 -0.58 0.004 18 180 17 246
%k %k
Inhibitory score -0.16 0.5 -0.55 0.005 14 195 21 231
(cutoff=2) *k
Inhibitory score -0.27 0.15 -0.57 0.01 21 258 14 168
(cutoff=2.5) *
Count iKIR -0.16 0.5 -0.55 0.005 14 195 21 231
(cutoff=2) **

Supplementary Table S5: Functional iKIRs enhance the protective effect of HLA-B*57 on
early set point viral load, even when LILRB2_B binding score (A) and Functional KIR3DL1
(B) are included.

The IAVI cohort was stratified into individuals with and without the functional KIR of interest,
by inhibitory score and by count of functional iKIR. In each of the strata the protective effect
of HLA-B*57 on early viral set point was estimated, after the effects of LILRB2_B binding score
(A) or Functional KIR3DL1 were regressed out (B), together with the effect of gender.
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IAVI EARLY VIRAL LOAD

(cut-off = 2)

B35Px* KIR~ B35Px* KIR* Cohort numbers
B35Px* B35Px~ B35Px*  B35Px~

Coeff Pvalue| Coeff P value KIR- KIR- KIR* KIR*
Functional 2DL1 0.63  0.01 0.3 0.01 9 126 69 257
Functional 2DL2 0.11 0.6 23 165
(strong)

- 0.45 0004 28 141

Functional 2DL2 . - 0.28 0.05 48 175
(weak) *
Functional 2DL3 0.3 0.03 0.36 0.02 48 150 30 233
Inhibitory score 0.32 0.08 0.41 0.001 20 189 58 194
(cut-off=2.0) . -
Inhibitory score 0.40 0.003 0.29 0.07 46 233 32 150
(cut-off=2.5) **
Count Func iKIR 0.32 0.08 0.41 0.001 20 189 58 194

Supplementary Table S6: Functional inhibitory KIRs have no clear impact on the

detrimental effect of HLA-B*35Px on viral load set-point in the IAVI cohort.

We stratified the IAVI cohort based on the iKIR score (with two different cut-offs) and based

on the count of iKIRs. In each stratum we analysed the strength of the detrimental HLA-

B*35Px effect. The results were inconsistent and we conclude that there is no clear evidence

that iKIRs enhance the detrimental effect of HLA-B*35Px on early viral set-point in the IAVI

cohort.

Definitions: Functional 2DL1: KIR2DL1*C2*. Functional 2DL2 (strong): KIR2DL2*C1*. Functional

2DL2 (weak): KIR2DL2*C2".

Functional 2DL3: KIR2DL3*C1*. Inhibitory score (cut-off=2.0):

inhibitory score>2.0. Inhibitory score (cut-off=2.5): inhibitory score>2.5. Count (cut-off=2.0):

count of functional iKIR>2.0.
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A. US HLA-B*57 time to CD4<200 (with extra covariate KIR3DL1_h/y+Bw4-80I)
B57* KIR~ B57* KIR* Cohort numbers
HR  Pvalue HR P value iﬁ; 1135R7_ 7:"?7: 7(51’;
Inhibitory score 0.25 0.18 0.27 0.006 8 236 36 210
(cutoff=2) *ok
Inhibitory score 0.38 0.19 0.24 0.01 11 271 33 175
(cutoff=2.5) *
B. US HLA-B*35Px time to CD4<200 (with extra covariate KIR3DL1_h/y+Bw4-80I)
B35Px* KIR- B35Px* KIR* Cohort numbers
HR P value HR P value Bf{%’_x ijgx Bf(;j;x Bf(;j;x
Inhibitory score 1.33 0.43 2.71 0.001 20 224 44 202
(cutoff=2) ok
Inhibitory score 1.75 0.04 241 0.01 37 245 27 181
(cutoff=2.5) * *

Supplementary Table S7: Impact of Functional inhibitory KIRs on the effect of HLA-B57
and HLA-B*35Px in the US cohort when KIR3DL1_h/y+Bw4-80I is added as a covariate.

It has previously been shown that the level of KIR3DL1 expression impacts on time to low
CDA4* cell count with high expressing KIR3DL1 alleles plus HLA-Bw4-80I associated with slow

progression?'. We therefore repeated our analysis with KIR3DL1_h/y+Bw4-80! included as a

covariate. Conclusions were unchanged.
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HLA
HLA-A*02
HLA-A*02:01
HLA-A*02:06

HLA-A*02:07

Odds Ratio
0.43
0.72
0.58

0.28

P-value
0.001
* %
0.4
0.09

0.008

* %

number
HLA +

150
49
74

30

HLA-
242
343
318

362

Supplementary Table S8: The protective effect of HLA-A*02 on odds of HAM/TSP in
the Kagoshima cohort is driven by HLA-A*02:07.

Logistic regression with age and gender as confounding factors. The protection (decreased

odds ratio) associated with HLA-A*02 is largely attributable to HLA-A*02:07, not the more

frequent HLA-A*02:01 and HLA-A*02:06 alleles which do not reach significance despite their

increased frequency.

44



HLA-B*57 (without Functional 2DL3 as confounder)
B57* KIR™ B57' KIR* Cohort numbers
B57* B57° B57* B57~

OR  Pvalue OR P value KIR- KIR- KIR* KIR*
Functional 2DL2 291 0.009 31 301
(strong) ok
Functional 2012 | 1.20 0.6 2.63 0.01 35 339 43 220
(weak) *
Functional 2DL3 1.90 0.13 1.82 0.06 38 182 46 516
Inhibitory score 1.55 0.3 2.04 0.03 34 382 50 315
(cut off=2.5) *
Inhibitory score 1.50 0.15 4.20 0.009 60 601 24 96
(cut off=2.75) ok
Count iKIR 1.26 0.7 2.02 0.02 19 347 65 350
(cut off=2) *
Count iKIR 149 0.15 6.25 0.0098 67 621 17 76
(cut off=3) ok
HLA-B*57 (with Functional 2DL3 as confounder)

B57* KIR~ B57* KIR* Cohort numbers
B57* B57° B57* B57~

OR  Pvalue OR P value KIR- KIR- KIR* KIR*
Functional 2DL2 3.08 0.006 31 301
(strong) ok
Functional 2012 | 129 0.5 2.89 0.008 35 339 43 220
(weak) ok
Functional 2DL3 1.90 0.1 1.82 0.06 38 182 46 516
Inhibitory score 2.16 0.06 2.16 0.02 34 382 50 315
(cut off=2.5) . *
Inhibitory score 1.69 0.08 4.43 0.008 60 601 24 96
(cut off=2.75) . *k
Count iKIR 1.83 0.3 2.12 0.01 19 347 65 350
(cut off=2) *
Count iKIR 1.72  0.05 6.25 0.0098 67 621 17 76
(cut off=3) . ok

Supplementary Table S9: The protective effect of HLA-B*57 on odds of spontaneous
clearance of HCV is enhanced with increasing inhibitory scores.
Logistic regression with confounding factors mode of infection, HBV serostatus, SNP

rs12979860, in subcohorts stratified by KIR.
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A. IAVI - EARLY VIRAL LOAD

KIR gene Ligand gene Coeff | Prot/det| P value carlr\:ers cl\alr':?er:'-s
KIR3DL1 HLA-B Bw4 -0.07 P 0.4 294 167
KIR3DL1 HLA-B Bw4-80I +0.02 D 0.8 245 216
KIR3DL1 HLA-A & -B Bw4 +0.01 D 0.9 327 134
KIR3DL1 HLA-A & -B Bw4-80/| +0.12 D 0.1 291 170
B. IAVI - TIME TO LOW CD4 COUNT
KIR gene Ligand gene HR Prot/det| P value car:ers (!:I:?er:';
KIR3DL1 HLA-B Bw4 0.96 P 0.8 311 180
KIR3DL1 HLA-B Bw4-80I 1.07 D 0.6 261 230
KIR3DL1 HLA-A & -B Bw4 1.10 D 0.5 346 145
KIR3DL1 HLA-A & -B Bw4-80I 1.27 D 0.1 309 182
C. IAVI-EARLY VIRAL LOAD excluding HLA-B*57+ individuals from cohort
KIR gene Ligand gene Coeff | Prot/det| P value carlr\:ers ch;rr:?er:;
KIR3DL1 HLA-B Bw4 -0.02 P 0.8 259 167
KIR3DL1 HLA-B Bw4-80I +0.08 D 0.3 210 216
KIR3DL1 HLA-A & -B Bw4 +0.06 D 0.5 292 134
KIR3DL1 HLA-A & -B Bw4-80/| +0.18 D 0.03 256 170
D. IAVI-TIME TO LOW CD4 COUNT excluding HLA-B*57+ individuals from cohort
KIR gene Ligand gene HR Prot/det| P value carlr\:ers cl\;rr:?er:';
KIR3DL1 HLA-B Bw4 1.1 D 0.8 276 180
KIR3DL1 HLA-B Bw4-80I 1.2 D 0.2 226 230
KIR3DL1 HLA-A & -B Bw4 1.2 D 0.2 311 145
KIR3DL1 HLA-A & -B Bw4-80I 14 D 0.03 274 182
E. KAGOSHIMA - ODDS OF DISEASE (HAM/TSP)
KIR gene HLA gene OR Prot/det| P value carlr\:ers cl\alr':?er:'-s

- A*11:01 1.1 D 0.75 324 68

- A*02:07 0.3 P 0.008 362 30

- A*02:06 0.6 P 0.09 318 74

- A*31:01 1.5 D 0.25 322 70

- A*02:01 0.7 P 0.4 343 49

- A*33:03 1.2 D 0.72 344 48

- A*26:01 1.0 D 0.91 321 71

F. KAGOSHIMA —ODDS OF DISEASE (HAM/TSP)




KIR gene HLA gene OR Prot/det| P value carl::ers cI:rr:?e':'-s
- c*01 1.32 D 0.29 223 169
- c*03 0.56 P 0.03 209 183
- c*o7 1.22 D 0.51 299 93
- Cc*08 0.50 P 0.06 336 56
- c*12 0.87 P 0.66 312 80
- C*14 1.63 D 0.12 306 86
G. KAGOSHIMA - ODDS OF DISEASE (HAM/TSP)
KIR gene HLA gene OR Prot/det| P value carl::ers c':::?er:;
- B*07 1.49 D 0.27 336 56
- B*54 2.61 D 0.006 310 82
- B*46 0.62 P 0.23 344 48
- B*35 0.80 P 0.53 340 52
- B*40 0.69 P 0.18 260 132
- B*07 1.49 D 0.27 336 56
H. HCV-ODDS OF SPONTANOUS CLEARANCE
KIR gene HLA gene OR Prot/det| P value carl::ers c':::?er:;
KIR3DL1 HLA-B Bw4 1.06 P 0.72 485 297
KIR3DL1 HLA-B Bw4-80I 1.13 P 0.46 291 491
KIR3DL1 HLA-A & -B Bw4 0.97 D 0.86 551 231
KIR3DL1 HLA-A & -B Bw4-80I 1.05 P 0.76 421 361
I. HCV-ODDS OF SPONTANOUS CLEARANCE
KIR gene HLA gene OR Prot/det| P value carlr\:ers cl\;rr:?er:';
KIR3DS1 HLA-B Bw4 1.08 P 0.70 159 623
KIR3DS1 HLA-B Bw4-80I1 1.24 P 0.38 91 691
KIR3DS1 HLA-A & -B Bw4 1.00 - 0.98 181 601
KIR3DS1 HLA-A & -B Bw4-80I 1.08 P 0.72 137 645

Supplementary Table S10: Can the HLA class | associations studied be explained by NK-
cell mediated effects?
If an HLA class | association is attributable to NK cells then other HLA class | molecules with

similar KIR binding properties would (in the context of the relevant KIRs) be expected to be
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similarly protective/detrimental. This behaviour was investigated for each of the six HLA class

| associations that we studied.

Note HLA-C*03 (which has a significantly protective impact on disease status in the Kagoshima
cohort) was not included in the KIR analysis for HTLV-1 as we restricted our analysis to HLA

associations that had been independently replicated; HLA-C*03 did not meet this criterion.

A schematic summarising the hypotheses that could explain the observations is presented in

Supplementary Fig. S10.
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Parameter Meaning Range Source
A CD4* T cell production rate 0.2 — 10 cells/mm?®/day 44-46
S1 CD4* T cell proliferation rate 0.1 cells/mm?®/day 44,45,47
k1 Density control on CD4* T cell proliferation 1100 cells/mm? 44,4547
rate
B Infectious transmissibility 10— 10* mm3/cell/day 45-48
M1 Uninfected CD4" T cell death rate 0.01-0.1 /day 44-46,49
d; Lysis rate of infected cells by more/less 3x[0.002 — 0.03] /cell day 50,51
efficient CD8* T cells 0.3x[0.002 — 0.03] /cell day
d, Lysis rate of infected cells by average CD8* 0.002 — 0.03 /cell day 45,46

T cells
Infected CD4* T cell death rate

M2

p Viral production rate

k, Density control on CD8" T cell proliferation

rate

M3 Viral clearance rate

Aa CD8* T cell production rate

S, CD8" T cell proliferation rate in response to
infected CD4"T cells

s CD8*T cell death rate

0.1 -1 /day
50-700 virions/cell day
200 cells/mm?

2 — 30 /day
10 — 1 cells/mm?3/day
0.001 — 0.04 /day

0.01-0.05 /day

44-47,52

45,46,49

44,45,47

45,46,49,52

44,47

44-47

44-47

Supplementary Table S11: parameter ranges used in the mathematical model of host-

pathogen dynamics.
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B-C Combination  Carrier frequency
B*1503 C*0210 0.193
B*5301 C*0401 0.187
B*5802 C*0602 0.163
B*4201 C*1701 0.141
B*0702 C*0702 0.128
B*1510 C*0304 0.106
B*4501 C*1601 0.094
B*4501 C*0602 0.09
B*4901 C*0701 0.073
B*4403 C*0401 0.065
B*1402 C*0802 0.061
B*5801 C*0701 0.047
B*3501 C*0401 0.045
B*1503 C*0401 0.043
B*1801 C*0704 0.041
B*0801 c*0701 0.041
B*5801 C*0602 0.039
B*5301 C*0602 0.039
B*1503 C*0602 0.039
B*1302 C*0602 0.037

Supplementary Table $12: Most frequent HLA B-C combinations in the IAVI cohort
The frequency of people carrying the top 20 most common HLA B-C combinations is reported.
The HLA sequencing data are not phased so we report genotypes rather than haplotypes (i.e.

all 4 possible HLA-B-HLA-C combinations were considered for each individual).
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