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 2 

Abstract  37 

 38 

Efforts to HIV cure are obstructed by reservoirs of latently infected CD4+ T-cells 39 

that can re-establish viremia. Broadly neutralizing HIV-specific antibodies 40 

(bNAbs), defined by unusually high neutralization breadths against globally 41 

diverse viruses, may contribute to the elimination of these reservoirs by binding 42 

to reactivated cells, targeting them for immune clearance. However, the 43 

relationship between neutralization of reservoir isolates and binding to 44 

corresponding infected primary CD4+ T-cells has not been determined. Thus, the 45 

extent to which neutralization breadths and potencies can be used to infer the 46 

corresponding parameters of infected-cell binding is currently unknown. We 47 

assessed the breadths and potencies of bNAbs against 36 viruses reactivated 48 

from peripheral blood CD4+ T-cells of ARV-treated HIV-infected individuals, using 49 

paired neutralization and infected-cell binding assays. Single antibody breadths 50 

ranged from 0–64% for neutralization (IC80≤10μg/ml) and 0–89% for binding, with 51 

two-antibody combinations reaching 0-83% and 50-100%, respectively. Infected-52 

cell binding correlated with virus neutralization for 10 out of 14 antibodies (e.g. 53 

3BNC117, r=0.87, p<0.0001). Heterogeneity was observed, however, with a lack 54 

of significant correlations for 2G12, CAP256.VRC26.25, 2F5, and 4E10. Our 55 

results provide guidance on the selection of bNAbs for interventional cure 56 

studies; both by providing a direct assessment of intra- and inter-individual 57 

variability in neutralization and infected cell binding in a novel cohort, and by 58 

defining the relationships between these parameters for a panel of bNAbs.   59 
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 3 

Importance 60 

 61 

Although anti-retroviral therapies have improved the lives of people who are 62 

living with HIV, they do not cure infection. Efforts are being directed towards 63 

harnessing the immune system to eliminate the virus that persists, potentially 64 

resulting in virus-free remission without medication. HIV-specific antibodies hold 65 

promise for such therapies owing to their abilities to both prevent the infection of 66 

new cells (neutralization), and also to direct the killing of infected cells. We 67 

isolated 36 HIV strains from individuals whose virus was suppressed by 68 

medication, and tested 14 different antibodies for neutralization of these viruses 69 

and for binding to cells infected with the same viruses (critical for engaging 70 

natural killer cells). For both neutralization and infected-cell binding, we observed 71 

variation both between individuals, and amongst different viruses within an 72 

individual. For most antibodies, neutralization activity correlated with infected cell 73 

binding. These data provide guidance on the selection of antibodies for clinical 74 

trials.  75 

  76 
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Introduction  77 

 78 

Modern antiretroviral (ARV) drug regimens effectively suppress HIV 79 

replication, but are unable to cure infection. Interruption of ARV therapy thus 80 

results in rapid viral rebound and disease progression. A critical aspect of HIV 81 

persistence in the context of ARV therapy is the establishment of latent infection 82 

in long-lived resting memory CD4+ T-cells (1-3). Evidence from in vitro latency 83 

models supports that these reservoirs can be eliminated by combining latency 84 

reversal agents (LRAs), which induce the expression of viral antigens, with 85 

enhanced immune effectors; a paradigm referred to as “kick and kill” or, 86 

alternatively, as “shock and kill” (4-6). One strategy to harness immune effectors 87 

for these strategies is to target reactivated infected cells with HIV-specific 88 

antibodies, resulting in the engagement of natural killer (NK) cells, monocytes, 89 

and granulocytes which eliminate infected cells through antibody-dependent cell-90 

mediated cytotoxicity (ADCC) and/or antibody-dependent cell-mediated 91 

phagocytosis (ADCP) (7-9). For this purpose, it will be crucial for the HIV-specific 92 

antibodies to bind to Env protein expressed on the surface of the reactivated 93 

latent infected cells. The current study focuses on correlating the susceptibility of 94 

neutralization against viral isolates reactivated from patient CD4+ T-cells by a 95 

panel of HIV-specific broadly neutralizing antibodies (bNAbs) with their capacity 96 

to bind to Env expressed by the reactivated latent infected cells, thereby 97 

providing guidance on the selection of bNAbs to optimally support the clinical 98 

translation of kick and kill strategies. 99 
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The antigenic variability of the HIV Envelope protein poses a substantial 100 

challenge to the development of both vaccines and immunotherapeutics (10-12). 101 

The past 10 years have seen the identification of a growing number of ‘broadly 102 

neutralizing antibodies’ (bNAbs), defined as such based on their activity against 103 

globally diverse HIV isolates (13-22) [reviewed in (23-26)]. Recent clinical trials 104 

have established that passive infusion with bNAbs during chronic HIV infection 105 

can temporarily suppress virus replication in individuals whose virus does not 106 

escape (27-29), and modestly delay viral rebound during anti-retroviral treatment 107 

interruption (30, 31). Additionally, passive immunization with bNAbs has attracted 108 

interest as a means of supplying the immune effector component of kick and kill 109 

HIV eradication strategies (given that virus has typically escaped from 110 

autologous antibody responses). This has led to the initiation of additional 111 

preclinical trials, as well as pilot clinical studies aimed at testing the abilities of 112 

combinations of bNAbs and latency reversing agents (LRAs) to reduce or 113 

eliminate latent HIV reservoirs (e.g. ClinicalTrials.gov NCT03041012, 114 

NCT02850016).  115 

 116 

Three primary factors argue for the prioritization of bNAbs, versus other 117 

types of HIV-specific antibodies, for clinical trials aimed at reducing latent 118 

reservoirs through a kick and kill mechanism. First, there is extensive clinical 119 

experience with, and safety data on, several bNAbs from their use in passive 120 

infusion trials; facilitating their advancement into combination studies with LRAs. 121 

Second, the ability to exert the dual activities of neutralizing free virus in addition 122 
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to mediating ADCC would be favorable for an antibody therapeutic. Third, the 123 

antigenic diversity of HIV, both within a given individual’s latent reservoir and at a 124 

population level, poses a challenge to the development of curative therapeutics, 125 

motivating the prioritization of Abs with broad reactivity. With respect to the latter 126 

point, while it stands to reason that an Ab with broad neutralizing activity is likely 127 

to exert a similar breadth of infected-cell binding, this cannot be assumed to be 128 

the case. Infected cell binding is a prerequisite for, and correlates closely with, 129 

ADCC activity (8, 32-34). The conformations of Env on free virions that must be 130 

targeted to achieve neutralization may differ from those on infected cells that 131 

must be bound to trigger ADCC. For example, binding of Env on an infected cell 132 

to CD4 on that same cell (i.e: in cis) may both partially occlude the CD4 binding 133 

site (CD4bs) and induce gp120 shedding, while exposing CD4-induced (CD4i) 134 

epitopes and gp41 stumps (35); thus, antigenically changing the protein on a cell 135 

as compared to the virion. Although CD4i antibodies commonly arise during 136 

infection (36), and have the potential to mediate ADCC against liganded versions 137 

of the Env protein, the addition of sCD4 mimetics has been necessary to 138 

increase sensitivity of infected cells to ADCC by these antibodies (37, 38).  139 

Furthermore, the possibility exists that viral diversity may differentially affect cell-140 

surface Env versus virion-associated functional Env trimers, potentially in 141 

unexpected ways. Thus, broadly neutralizing antibodies present the possibility of 142 

infusing multi-functional antibodies that target genetically diverse viruses on 143 

epitopes that do not require CD4 binding for epitope exposure; however, broad 144 

neutralizing activity may not equate to broad infected-cell binding. Of note, the 145 
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bNAbs tested in study all share the same IgG1 Fc domain, differing only in their 146 

Fab fragments. The current study thus focuses on providing guidance with 147 

respect to the selection of the antigen binding Fab fragments of Abs for use in 148 

cure strategies. To maximize potency, these Fab fragments may ultimately need 149 

to be combined with Fc domains that are designed to maximally engage ADCC 150 

effectors (39). 151 

 152 

A limited number of studies have thus far assessed the breadths of 153 

infected-cell binding and/or ADCC activity by bNAbs in relation to neutralizing 154 

activity, and these have reported somewhat conflicting results. In testing 8 viral 155 

isolates reactivated from the latent reservoirs of ARV-treated individuals, Bruel et 156 

al. reported that a panel of bNAbs (including 3BNC117) could eliminate HIV 157 

infected cells by mediating ADCC (8), and that their breadth of virus recognition 158 

was higher than with non-neutralizing antibodies (32). In contrast, Mujib et al. 159 

reported a lack of infected-cell binding and ADCC activity by 3BNC117 against a 160 

multi-clade panel of HIV (40), suggesting a lack of correspondence with its 161 

breadth of neutralizing activity (15). Although this relationship has been explored 162 

indirectly, to our knowledge, only one study has directly compared infected cell 163 

binding or ADCC of bNAbs versus neutralizing activity across different viral 164 

isolates. This study showed a correlation between these functions, but was 165 

limited to the use of two viral isolates of HIV (NL4-3 and JR-FL) and SHIV AD8-166 

EO (34). We therefore perceived a need to define the relationship between 167 
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neutralization and infected cell binding of clinically relevant bNAbs to HIV 168 

produced by reactivated latent infected CD4+ T cells. 169 

 170 

In the current study we assessed, in parallel, virus neutralization and 171 

infected primary CD4+ T-cell binding of bNAbs against a panel of 36 viruses that 172 

were reactivated from the latent reservoirs of 8 ARV-treated individuals by 173 

quantitative viral outgrowth assays (QVOA) (41) (see schematic, Fig 1). We 174 

defined the intra- and inter- patient breadths and potencies of both neutralization 175 

and infected cell binding activity of these bNAbs against reactivated reservoir 176 

viruses from a geographically localized population of clade B infected individuals. 177 

For all bNAbs that demonstrated appreciable neutralizing activity, this correlated 178 

closely with infected cell binding. This represents the most comprehensive study 179 

to date using a large panel of bNAbs, which target a range of different epitopes 180 

but share the same IgG1 Fc domain, against a panel of ex vivo reservoir 181 

reactivated viruses to quantify both neutralization and binding to infected cells. 182 

 183 

Results 184 

 185 

Virus Neutralization Profiles of bNAbs and bNAb Combinations Against 186 

Reactivated Reservoir Viruses 187 

 188 

To test the ability of bNAbs to neutralize reservoir virus, we obtained a 189 

panel of 14 bNAbs that are currently being developed for clinical use in humans 190 
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 9 

and categorized these by their targeted epitope (See Methods). We measured 191 

the neutralizing activities of these bNAbs against 36 viral isolates that had been 192 

reactivated from the latent reservoirs of 8 individuals from limiting dilution 193 

quantitative viral outgrowth assays (QVOA) (Fig 1 and 2A). The V3-glycan-194 

specific bNAbs PGT121 and 10-1074 and the V1V2-specific bNAb PG9 exhibited 195 

potent but relatively narrow activity, exhibiting detectable neutralization (IC50 < 50 196 

g/ml) of 53 - 69% of viruses, with geometric mean IC50 values ranging from 0.3 197 

– 0.6 g/ml (Fig 2B). In contrast, the CD4 binding site (CD4bs)-specific 198 

antibodies VRC01, VRC07-523, N6 and 3BNC117, as well as the MPER-199 

targeting antibody 10E8 exhibited broad activity, with a detectable neutralization 200 

77 - 100% of viruses (IC50 < 50 g/ml), but with substantially higher IC50 values 201 

(geometric mean IC50 between 2.1 – 8.9 g/ml) (Fig 2B). These trends parallel 202 

previous reports using pseudovirus assays, which also observed that CD4bs 203 

antibodies and 10E8 were generally much broader but less potent than V3-204 

glycan and V1V2 apex antibodies (42, 43). In the current experiment, 205 

CAP256.VRC26.25 only neutralized 9 of 36 reactivated reservoir viruses (26%) 206 

with a detectable IC50 (IC50 < 50 g/ml) (Fig 2B). Because CAP256.VRC26.25 207 

has been reported to preferentially neutralize subtype C, and the QVOA viral 208 

isolates tested here are all subtype B (Table 1), the low neutralization breadth we 209 

observed is compatible with published data (22). 4E10 and 2F5 are known to be 210 

less broad and potent than more recently published antibodies, so their lack of 211 

breadth against these viruses is expected. One exception to the general 212 

agreement between our data and those from published pseudovirus panels was 213 
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for 2G12 which, although not broadly neutralizing against genetically diverse 214 

viruses, has been shown to potently neutralizes subtype B viruses in published 215 

pseudovirus panels (19, 44), but we observed only weak neutralization in our 216 

assays, with only two viruses reaching 80% neutralization (Fig 2).  217 

 218 

We frequently observed high degrees of similarity in neutralization 219 

sensitivities within an individual’s viral quasispecies, consistent with genetic 220 

relatedness. For example, the five viral isolates from CIRC1096 were all sensitive 221 

to neutralization by CD4bs and MPER antibodies, but resistant to V3-glycan and 222 

V1V2 antibodies (Fig 2B & C). Exceptions to this, however, were not uncommon. 223 

For example, for the four QVOA viruses from OM5346, two of these viruses (#2 224 

and #4) were highly sensitive to V1V2 antibodies (PG9, CAP256-VRC26.25, 225 

PGDM1400) and resistant to V3-glycan antibodies (PGT121, 10-1074 and 2G12) 226 

whereas virus #3 exhibited the opposite sensitivity profile (Fig 2B & C). Overall, 227 

of the 112 study participant / bNAb combinations (8 participants x 14 bNAbs) 228 

there were only 14 cases where a single bNAb provided coverage of each of the 229 

viral isolates tested from a given participant (IC80 ≤ 10 g/ml, Fig 2C in Cyan 230 

Bold). 231 

 232 

Given the limitations observed above in the breadths of coverage and 233 

potential escape of any single bNAb, it is likely that any clinical intervention would 234 

require combinations of multiple bNAbs to be effective. We therefore calculated 235 

the summed breadths of all combinations of two of the bNAbs tested in this 236 
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study. We determined breadth coverage by using an IC80 ≤ 10 g/ml as the cut-237 

off for the geometric mean sensitivity of the quasispecies, based on our previous 238 

demonstration that this concentration correlated with reduction in viremia in 239 

bNAb-treated clinical trial subjects (29). The combination of N6 with 10-1074 240 

showed the greatest breadth of coverage, at 83% (IC8 0≤ 10 μg/ml) (Fig. 2D), 241 

followed by the combination of VRC07-523 and 10-1074, which displayed an IC80 242 

≤ 10 g/ml for 81% of the reservoir virus isolates. Several antibody combinations 243 

displayed an IC80 ≤ 10 g/ml for 78% of the reservoir virus isolates: N6 and 244 

PGT121, VRC07-523 and PGT121, 3BNC117 and 10-1074, 3BNC117 and PG9, 245 

10E8v4-V5R-100cF and 10-1074. Thus, two antibody combinations are able to 246 

provide broad neutralization coverage of reactivated reservoir viruses at an IC80 ≤ 247 

10 g/ml for this geographically discrete clade B infected population. 248 

 249 

Infected-Cell Binding Profiles of bNAbs and bNAb Combinations Against 250 

Reactivated Reservoir Viruses 251 

 252 

We next measured the binding of bNAbs to the surface of primary CD4+ T-253 

cells infected with the same reservoir virus isolates that had been assessed for 254 

neutralization. Activated CD4+ T cells from HIV-uninfected donors were infected 255 

with reactivated reservoir viruses and stained with unconjugated bNAbs, followed 256 

by Alexa Fluor 647 anti-human IgG secondary antibody. These samples were 257 

also stained with HIV Gag to identify infected cells. We used a Median 258 

Fluorescence Intensity (MFI) ratio to quantify specific bNAb binding activity to 259 
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infected cells [MFI ratio = (MFI of bNAb staining in HIV-Gag+ cells) / (MFI of 260 

bNAb staining in HIV-Gag- cells)] (Fig 3A). Since we had already established the 261 

geometric mean IC80 neutralization values for each virus, we opted to test 262 

infected-cell binding at two concentrations for each antibody: i) 5 g/ml - selected 263 

based on titration experiments (data not shown) ii) geometric mean IC80 264 

neutralization concentrations for each antibody (values are indicated below the 265 

table in Fig 2C).  266 

 267 

In order to establish breadth, we defined binding as a MFI ratio > 2. In 268 

general, with the exception of VRC01, CD4bs Abs exhibited superior breadths of 269 

infected-cell binding, covering 83 – 89% of reservoir isolates when tested at the 270 

neutralization IC80 concentrations (Fig 3C & D). The binding potencies of CD4bs 271 

were relatively modest, however, with most exhibiting MFI ratios of between 2 - 4 272 

(Fig 3B & C). The V3-Glycan antibodies PGT121, 2G12, and 10-074 exhibited 273 

more limited breadths as compared to CD4bs antibodies, but showed 274 

substantially higher levels of specific binding to cells infected with susceptible 275 

viruses, with many MFI ratios exceeding 5. Sensitivity/resistance profiles were 276 

generally related for different viral isolates from the same individual, e.g. 10-1074 277 

bound strongly to all isolates from 5/8 participants (Fig 3B), but exhibited a lack 278 

of binding to all viruses from CIRC0196 (at both concentrations). Intra-patient 279 

variability was observed, however, for example with 1 out of 5 viruses from 280 

OM5162 exhibiting high sensitivity to 10-1074 and the remaining 4 exhibiting 281 

resistance. With the exception of CAP256.VRC26.25 [which is predominately 282 
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clade C specific (22)], the V1/V2 bNAbs showed potent binding activity, 283 

particularly in the case of PG9 which, at IC80 concentration, showed high levels of 284 

specific binding to 16 of 36 reservoir viruses with an MFI ratio greater than 4 (Fig 285 

3C). Infected cell binding of MPER-specific antibodies varied: 10E8v4-V5R-286 

100cF (a version of 10E8 optimized for increased solubility and potency(45)) at 5 287 

g/ml, bound to 30 of 36 isolates, with high-level binding observed for 13 of these 288 

(MFI ratios > 4). However, 10E8 and 10E8v4-V5R-100cF also showed 289 

substantial binding to uninfected bystanders (Gag- population) (see Fig 3A, right 290 

panel for representative staining). In contrast, the MPER-specific bNAbs 2F5 and 291 

4E10 exhibited generally narrow and weak binding of reservoir viral isolates (Fig 292 

3B & C). Of note, virus #1 from patient OM5162 showed a highly distinct bNAb 293 

binding profile as compared to other isolates from the same individual: it was 294 

bound strongly by antibodies VRC07-523, 3BNC117, N6, PGT121, 10-1074 and 295 

PGDM1400, whereas other autologous viral isolates were bound weakly if at all 296 

by these bNAbs. Similarly, viruses from OM5346 showed intra-individual diversity 297 

in binding to V3-glycan-specific bNAbs too, as shown PGDM1400 and PG9 298 

bound robustly to viruses #1 and #3 (MFI ratio > 6), while no binding was 299 

observed for viruses #2 and #4 (Fig 3B & C). Our data indicate both intra- and 300 

inter-individual variability in binding to cells infected with reservoir viral isolates, 301 

highlighting the limitations of using any single antibody in a therapeutic.  302 

 303 

Achieving broad coverage of viral reservoir isolates in a population is likely 304 

to require combinations of at least two bNAbs. To assess this in the current 305 
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population, we calculated the binding coverage of all possible two antibody 306 

combinations using the binding data obtained with the neutralization IC80 307 

antibody concentration (MFI ratio > 2) (Fig 3D). All CD4bs (excluding VRC01) 308 

antibodies, when combined with 2G12 or V1/V2 antibodies or MPER antibodies 309 

(except for 4E10), reached ≥ 92% coverage. Notably, the combinations of 2G12 310 

with VRC07-523 or N6, or 10E8 or 10E8v4-V5R-100cF reached 100% coverage, 311 

however, as previously mentioned, 10E8v4-V5R-100cF showed a high level of 312 

bystander binding in our in vitro assays. 3BNC117 + 2G12 and VRC07-523 + 313 

PG9 reached 97% coverage, thus representing promising combinations for 314 

targeting reactivated clade B reservoir viruses (Fig 3D).  315 

 316 

With respect to the effects of the different concentrations of antibodies 317 

tested on binding, 10E8v4-V5R-100cF exhibited generally more favorable 318 

binding profiles (MFI ratios) at 5 g/ml, due to a reduction in the background 319 

binding that was observed at its IC80 concentration of 9.3 g/ml. In contrast, 10-320 

1074 showed a lack of background binding even at 5 g/ml, and thus displayed 321 

favorable binding profiles at this higher concentration, compared to its IC80 322 

concentration at 0.7g/ml (Fig 3B & D). 323 

 324 

Infected Cell Binding Correlates with Elimination by ADCC 325 

 326 

Our primary interest in assessing infected-cell binding is to predict the ability of a 327 

bNAb to direct ADCC against these cells. Infected cell binding is a prerequisite 328 
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for ADCC, and multiple studies have indicated that, where antibody Fc domains 329 

are matched (as all bNAbs tested here share the same IgG1), levels of binding 330 

correlate with ADCC activity (8, 32-34). To confirm this relationship under our 331 

experimental conditions, we performed paired infected cell binding and ADCC 332 

assays using two reservoir isolates (OM5334#7 and OM5162#1) in combination 333 

with 9 bNAbs. Two types of NK cells were tested in parallel as effectors: i) haNK 334 

cells (NantKwest) – a derivative of the NK-92 cell line (46) that has been 335 

enhanced for ADCC by expressing high affinity (ha) huCD16 V158 FcγRIIIa 336 

receptor, as well as engineered to express IL-2 (47) ii) Freshly isolated NK cells 337 

from the peripheral blood of an HIV-uninfected donor. Binding assays were 338 

performed in parallel with ADCC assays using the same conditions - 10g/ml 339 

over a total of 7 hours at 37C. For both haNK cells and primary NK cells, we 340 

observed moderate levels of NK-cell mediated elimination of HIV-infected cells in 341 

the absence of bNAbs, likely due in part to HIV-mediated downregulation of HLA 342 

molecules “missing self” (Fig 3E, F) (48, 49). As expected, we observed 343 

additional elimination of infected cells with the addition of bNAbs, and significant 344 

direct correlations between total levels of elimination of HIV-infected cells (haNK, 345 

r = 0.69, p < 0.001; primary NK cells, r = 0.65, p < 0.001), as well as ADCC-346 

specific elimination of infected cells (% killing in +bNAb conditions - % killing in –347 

bNAb conditions) (haNK, r = 0.73, p < 0.0001; primary NK cells, r = 0.65, p < 348 

0.001)  (Fig 3E, F). Thus, our results are consistent with previous studies in 349 

indicating that infected cell binding is moderately predictive of ADCC activity for 350 

bNAbs with matched Fc domains.  351 
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bNAbs Exert Differential Binding to Populations of Early (Gag+CD4+) Versus 352 

Late (Gag+CD4-) HIV-Infected Cells  353 

 354 

The infection of a cell by HIV results in the progressive, and almost 355 

complete, loss of surface CD4 expression, through the concerted actions of Nef, 356 

Vpu, and Env(50-53). Thus, in short-term in vitro infections of activated CD4+ T-357 

cells, Gag+CD4- cells represent a later stage of infection than their Gag+CD4+ 358 

counterparts (which have not yet downregulated CD4). Env is expressed at 359 

substantially higher levels in late- versus early- infected cells. Thus, variations in 360 

overall levels of antibody binding to total Gag+ cells between different viral 361 

isolates, as observed in Fig 3, may reflect not only intrinsic differences in bNAb 362 

sensitivity but also differences in infection kinetics (different ratios of early: late 363 

infected cells and therefore different levels of protein expression). We therefore 364 

sought to refine our analysis of levels of bNAb binding by controlling for stage of 365 

infection. 366 

 367 

We assessed whether differential binding of bNAbs to early (Gag+CD4+) 368 

versus late (Gag+CD4-) infected cells was present in our assays. Upon gating on 369 

viable HIV-infected cells (lymphocytes, live cells, CD3+, HIV-Gag+), we observed 370 

that some bNAbs, such as 3BNC117, 10-1074, and PG9 showing preferential 371 

binding to late infected cells (CD4-) (Fig 4A), while others, such as 10E8v4-V5R-372 

100cF, showing similar, or slightly higher binding to early versus late populations 373 

(Fig 4A). To test this systematically, we selected virus/bNAb combinations that 374 
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showed specific binding (Gag+/ Gag- bNAb MFI ratio > 2 when tested at 375 

neutralization IC80 concentrations) and compared levels of bNAb binding in the 376 

Gag+CD4+ versus Gag+CD4- populations. We calculated fold differences 377 

between these early and late infected populations = (Geometric Mean MFI ratio 378 

of Gag+CD4-) / (Geometric Mean MFI ratio of Gag+CD4+). We observed that all 379 

gp120-specific bNAbs exhibited higher levels of binding to late-infected 380 

populations than to matched early-infected populations (Fold differences: 1.7 – 381 

3.9, Fig 4B). In contrast, each of the gp41-specific bNAbs exhibited similar or 382 

slightly higher levels of binding to early- versus late- infected populations (Fold 383 

differences: 0.90 – 0.97, Fig 4B). A mechanistic explanation for this discrepancy 384 

is beyond the scope of the current manuscript. However, we raise the possibility 385 

that it may be related to the in cis interactions that have been shown to occur on 386 

early infected cells between gp120 and CD4 on the same cell surface(54). 387 

Binding of CD4 to functional trimers can induce gp120 shedding from Env 388 

trimers, and enhance exposure of the gp41 membrane proximal external region 389 

to antibody binding (55). Our data are consistent with such conformational 390 

differences in Env favoring gp41-specific antibody binding to early-infected cells. 391 

 392 

One implication of these results is that the binding data presented in Fig 3 393 

- which was generated based on total Gag+ cells – over-represents binding to 394 

early-infected cells for gp120-specific antibodies, and under-represents binding 395 

to late-infected cells. Data calculated based only on the late-infected populations 396 

show a substantially intensified binding profile for most of the bNAbs used in this 397 
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study – most notably for the CD4bs bNAbs and PG9 (binding @ geographic 398 

mean IC80 concentration, Supplementary Fig 1). A second implication is that 399 

cellular infection dynamics may impact the ability to detect relationships between 400 

infected-cell binding and virus neutralization. For example, if virus 1 replicated 401 

with faster kinetics than virus 2, and thus had a greater proportion of Gag+CD4- 402 

versus Gag+CD4+ cells, then this would skew bNAb binding profiles in a way that 403 

was not intrinsic to the Env itself. To account for this, we have assessed these 404 

relationships based on both total Gag+ cells and on only the Gag+CD4- late 405 

infected populations (below). 406 

 407 

Virus Neutralization Correlates with Infected-Cell Binding for most bNAbs 408 

 409 

The breadths and potencies of neutralizing activity of bNAbs against 410 

diverse HIV isolates have been extensively studied (13-22). In contrast, relatively 411 

few studies have assessed breadths and potencies of infected-cell binding, which 412 

is an important pre-requisite for ADCC (8, 32-34). Efforts to harness bNAbs to 413 

direct ADCC against infected cells would therefore benefit from an understanding 414 

of the degree to which infected cell binding can be inferred from neutralizing 415 

activity against a given virus. Our paired binding and neutralization data sets 416 

allowed us to assess this using a number of analytic approaches in regards to 417 

both concentrations of bNAbs used for binding assays and to stage of infection of 418 

target cells. With respect to bNAb concentrations, binding to infected cells was 419 

assessed for each bNAb at 5 μg/ml, and at the geometric mean IC80 420 
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neutralization concentration of that antibody against the same panel of reservoir 421 

viruses. For the latter, this meant that some antibodies were tested at > 5 μg/ml 422 

(ex. 4E10 at 49.2 μg/ml), while other antibodies were tested at substantially lower 423 

concentrations (e.g. PGT121 at 0.6 μg/ml) (Geo Mean IC80 concentrations are 424 

given below the heat-map in Fig 2C). This approach thus seeks to normalize for 425 

intrinsic differences in avidity between different bNAbs. With respect to stage of 426 

infection of target cells, we separately tested for correlations between 427 

neutralization IC80 and binding to either total infected cells (Gag+) or to late-428 

infected cells (Gag+CD4-), based on the differential binding patterns described 429 

above. Of these, the most appropriate method for assessing the relationship 430 

between binding and neutralization likely depends on the question being asked. 431 

Importantly, however, the relationships that we observed, as described below, 432 

turned out to be conserved across these different approaches. 433 

 434 

We first tested for correlations between neutralization IC80 and the level of 435 

binding (MFI ratio) at 5 μg/ml bNAb concentrations. As is described above, since 436 

cells in early versus late stages of HIV infection exhibit differential bNAb binding 437 

profiles, replication dynamics have the potential to impact overall assessments of 438 

binding. In order to increase our ability to discern Env-intrinsic relationships 439 

between binding and neutralization we therefore limited this initial analysis to the 440 

late-infected (Gag+CD4-) population. When all antibodies were considered 441 

together, we observed a significant, direct correlation between virus 442 

neutralization and infected cell binding (p < 0.0001, Spearman’s r = 0.63) (Fig 443 
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5A). For each of the bNAbs that showed appreciable neutralizing activity 444 

(VRC01, VRC07, 3BNC117, N6, PGT121, 10-1074, PGDM1400, PG9, 10E8, 445 

and 10E8v4-V5R-100cF) we observed significant direct correlations between 446 

neutralizing activity and infected-cell binding (Fig 5B). The antibodies 2F5 and 447 

CAP256.VRC26.25 showed little in the way of either neutralization or binding, 448 

precluding the possibility of detecting a relationship between these factors. 2G12 449 

and, to lesser extent, 4E10 were notable outliers as they showed appreciable 450 

binding capacity to many of the viruses in this panel, but very little corresponding 451 

neutralizing activity. This lack of potent neutralization activity is inconsistent with 452 

data from pseudovirus assays, but in agreement with previous data using virus 453 

produced from T-cells, suggesting that 2G12 sensitivity is particularly tied to the 454 

source of virus  (56-58).  455 

 456 

Correlations between neutralization IC80 and binding as measured by 457 

other approaches are presented as follows: i) binding of antibodies tested at 5 458 

μg/ml concentrations to total infected population (all Gag+) – Supplementary Fig 459 

2; ii) binding of antibodies tested at IC80 neutralization concentrations to late 460 

infected population (Gag+CD4-) – Supplementary Fig 3; iii) binding of antibodies 461 

tested at IC80 neutralization concentrations to total infected population (all Gag+) 462 

– Supplementary Fig 4. Correlation coefficients varied across these different 463 

analyses, with different approaches yielding stronger correlations for different 464 

bNAbs, e.g. for 3BNC117: Spearman’s r = 0.82 for 5 μg/ml total Gag+ 465 

(Supplementary Fig 2) vs Spearman’s r = 0.60 for IC80 concentration total Gag+ 466 
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(Supplementary Fig 4); for PGT121: Spearman’s r = 0.47 for 5 μg/ml total Gag+ 467 

(Supplementary Fig 2) vs Spearman’s r = 0.71 for IC80 concentration total 468 

Gag+(Supplementary Fig 4). Overall, however, each of the antibodies that 469 

exhibited a significant correlation by one analytic approach also exhibited 470 

significant correlations by the other three approaches, and vice versa for those 471 

lacking significant correlations. Thus, for 10 out of 14 bNAbs tested in this study, 472 

the ability of a bNAb to neutralize a given virus is strongly correlated with its 473 

ability to bind to a corresponding infected cell. In these in vitro assays, this 474 

correlation was robust enough to be observed with or without controlling for 475 

avidity of a given bNAb or for infection dynamics. 476 

 477 

Discussion 478 

 479 

The primary conclusion of the current study is that the ability of a given 480 

bNAb to neutralize clinical viral isolates is a strong correlate of its ability to bind to 481 

cell-surface Env on primary CD4+ T-cells infected with the same virus. 482 

Furthermore, in comparing across a large panel of bNAbs, relative levels of 483 

infected-cell binding and virus neutralization continued to correlate – for example, 484 

10-1074 showed both high-level infected-cell binding and potent neutralization 485 

compared to VRC01. Thus, we conclude that – with respect to the Fab 486 

component of Abs, when sharing the same Fc – the selection of Abs based on 487 

broad and potent neutralizing activity is very likely to also select for those that are 488 

suitable for infected-cell clearance. Of note, the reciprocal was not always true; 489 
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with 2G12 exhibiting reasonably potent and broad infected-cell binding, 490 

contrasted by a general lack of neutralization of these reservoir-derived primary 491 

isolate viruses. Though less strikingly, the MPER-specific bNAbs 2F5 and 4E10 492 

also exhibited appreciable infected-cell binding (similar in breadths and 493 

magnitudes to VRC01), but with minimal neutralizing activity. We propose that 494 

the differences based on the directionality of this relationship may be related to 495 

the differential antigen conformational requirements for these two functions. For a 496 

bNAb to neutralize virus, it must bind functional Env trimers present on the 497 

surface of cells producing infectious virus. In contrast, an antibody that also binds 498 

to nonfunctional envelope proteins, such as gp41 stumps (59), may bind to 499 

infected cells to a greater degree than they mediate neutralization (if they 500 

neutralize at all). Thus, virus neutralization is a predictor of infected-cell binding, 501 

but the reciprocal relationship does not hold.  502 

 503 

While it may be intuitive that virus neutralization would correlate with 504 

infected-cell binding, we do not feel that this could have been assumed to be the 505 

case without experimental evidence. The conformation of Envs may be affected 506 

by differences between the cell-surface vs virion environments, and this 507 

variability could impact different viral isolates. For example, in cis interactions 508 

between CD4 and Env on the surfaces of infected cells have been shown to 509 

induce gp120 shedding, and expose gp41 stumps. This has been reported to 510 

enhance infected-cell binding by gp41-specific Abs, while diminishing binding by 511 

gp120-specific Abs (35). Such an effect might differentially impact different 512 
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viruses – for example, Horwitz et al. reported that the R456K mutation on YU2 513 

gp120 decreased gp120 shedding, which led to less bystander (Gag-CD4+) 514 

binding (60). Our data are consistent with these observations, and provide further 515 

evidence of cis binding of CD4 modulating the binding of bNAbs to infected-cells. 516 

We find gp120-specific bNAbs bind preferentially to cells in a late stage of 517 

infection (CD4low) while gp41-specific bNAbs bind similarly or slightly better to 518 

cells in an early stage of infection (CD4high). To address more mechanisms of 519 

these findings, future studies may benefit from including gp120/gp41 interface 520 

bNAbs, such as 8ANC195 (61), PGT151, PGT158 (62). However, despite any 521 

such differences between the virion and cell-surface environments, the ability to 522 

neutralize virus was significantly correlated with infected-cell binding, and these 523 

relationships held whether we considered all infected cells (Gag+) or only late 524 

infected cells (Gag+CD4-).  525 

 526 

To investigate factors that may predict the efficacy of bNAb treatment to 527 

contribute to HIV cure we felt it important to study the properties of bNAbs 528 

against viruses derived from reactivated latent reservoirs. By combining a QVOA 529 

approach with isolation of virus from dilutions of CD4+ T cells from different ART-530 

suppressed patients where <50% of wells were p24+, we were able to isolate 531 

viruses that were likely clonal to test bNAb binding and neutralization profiles 532 

(Fig 1) and assess both intra- and inter-patient variability. We observed a 533 

considerable level of heterogeneity, even within a given individual, such that in 534 

the majority of cases any single bNAb failed to provide universal coverage of an 535 
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individual’s reservoir isolates. However, combinations of two antibodies provided 536 

broad coverage both within and across individuals, reaching up to 100% 537 

coverage as assessed by binding. Note that as our study population was derived 538 

from a single site (Toronto, Canada), from a clinical perspective this assessment 539 

of breadth is representative of what might be expected in a single-site study in a 540 

North American clade B infected cohort. We propose that the method presented 541 

here could be applied to different populations as a means of prioritizing antibody 542 

combinations for a given regional population of patients and personalizing 543 

individual HIV cure strategies as ART drug resistance is used to guide ART 544 

therapy.  Clinical use of the QVOA assay will likely be limited by its expense, cell 545 

number requirements, and protracted timeline (14 days) for results. However, a 546 

notable opportunity is present in the fact that infectious clonal autologous 547 

reservoir viruses are generated as a byproduct of the primary measurement. The 548 

pairing of quantitative and qualitative assessments of the HIV reservoir in this 549 

way has been previously termed the Q2VOA (63).  550 

 551 

The potencies of neutralization observed in the current study are overall 552 

weaker than those that have been previously reported using pseudovirus assays 553 

– most notably for 2G12, which failed to achieve 80% neutralization for all but 554 

two viruses. While this is likely due in part to our use of clinical viral isolates, 555 

which are generally less sensitive to bNAbs than laboratory-adapted viruses (64, 556 

65), we also note the role of virus producing cells in modulating sensitivity to 557 

neutralization. Studies addressing this issue have reported that T-cell derived 558 
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virus is more resistant to neutralization than pseudovirus generated by 559 

transfected 293T cells and, in particular, that replication competent virus 560 

produced by PBMCs are more neutralization resistant than Env matched 561 

pseudoviruses (56-58). However, there appear to be antibody-specific 562 

differences in the level of influence that a producer cell has on sensitivity to 563 

neutralization. For example, one study reported that PG9 is not very sensitive to 564 

differences in producer cell (66), while large differences in IC50 have been 565 

reported between T cell and pseudovirus for antibody 2G12 (56, 57). These data 566 

suggest that producer cells differentially influence the conformations of Env on 567 

resulting virions, as well as their densities and glycosylation, or numbers of 568 

gp120 molecules in the viral membrane. As PG9 preferentially targets well-569 

ordered, closed, trimeric viral spikes, it indicates that an equal number of well-570 

folded spikes exists on virions produced by either cell type, whereas perhaps 571 

bNAbs such as 2G12 can bind equally well to mis-folded trimers and are 572 

therefore more sensitive to increases in the latter. Furthermore, the epitopes of 573 

certain antibodies, such as 2G12, include glycans, and producer cells can affect 574 

glycosylation patterns of gp120 (66). Thus, in addition to the comparison 575 

between neutralization and infected-cell binding, the current study contributes a 576 

reassessment of bNAb neutralization potency that may be more clinically 577 

applicable than data from pseudovirus assays.  578 

 579 

In conclusion, our study provides novel insights into the relationship 580 

between infected-cell binding and virus neutralization that may help to guide 581 
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immunotherapeutic strategies aimed at either curing infection, or enabling 582 

durable immune control of viral replication. The degree of intra- and inter-583 

individual variation in bNAb sensitivity within even this geographically discrete 584 

clade B population reinforces the importance of utilizing combinations of at least 585 

two bNAbs in such therapies. Screening reactivated reservoir viruses for 586 

sensitivity to bNAbs, either at an individual or population level, can help select 587 

antibody combinations for optimal coverage – for example, with combinations of 588 

PG9 and either 3BNC117 or N6 providing potent infected-cell binding coverage 589 

of 94% and 72-78% coverage of neutralization (IC80 ≤ 10μg/ml) of viruses in the 590 

current study population. For the bNAbs that exhibited correlations between 591 

infected-cell binding and neutralization, our study indicates that screening for 592 

either one of these factors is sufficient to infer that both functions will be present 593 

against reactivated reservoir viruses. Consistent with previous studies, we also 594 

confirmed that this infected cell binding – as measured by our assay – correlated 595 

well with NK cell mediated ADCC, suggesting that it is a reasonable surrogate. It 596 

will be of interest, however, for future studies to build upon these results with 597 

more extensive functional assays (potentially using varying Fc domains and/or 598 

effector cells). Such future directions could potentially uncover more subtle 599 

aspects of the relationship between virus neutralization and the targeting of cell-600 

mediated Fc-dependent functional activities against infected cells, which may 601 

lead to the elimination of latent reservoirs.  602 

 603 

 604 
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Materials and Methods 605 

 606 

Ethics Statement 607 

All participants (HIV-infected individuals) were recruited from the Maple Leaf 608 

Medical Clinic in Toronto, Canada, through a protocol approved by the University 609 

of Toronto Institutional Review Board. Secondary use of the samples from 610 

Toronto was approved through the George Washington University Institutional 611 

Review Boards. All subjects were adults, and gave written informed consent. 612 

Clinical data for these participants are given in Table 1.  613 

 614 

Broadly Neutralizing Antibodies 615 

We used a panel of broadly neutralizing antibodies to HIV (bNAbs): CD4 binding 616 

sites antibodies (CD4bs)- VRC01, VRC07-523, 3BNC117, N6; V3-Glycan 617 

antibodies- PGT121, 2G12, 10-1074; V1/V2 antibodies- PGDM1400, 618 

CAP256.VRC26.25, PG9; MPER antibodies- 10E8, 10E8v4-V5R-100cF, 2F5, 619 

4E10; and a positive control antibody HIV-IG and a negative control antibody 620 

4G2-Hu for neutralization assays. Antibodies 10-1074, 2G12, and control 621 

antibody HIV-IG were obtained through the AIDS Reagent Program, Division of 622 

AIDS, NIAID, NIH from Dr. Michel C. Nussenzweig, Polymun Scientific and NABI 623 

and NHLBI, respectively. Dr. John Mascola provided antibody proteins 2F5 and 624 

4E10, as well as all other antibody heavy- and light-chain expression plasmids. 625 

Antibody plasmids were expressed as full-length IgG1s from transient 626 
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transfection of 293F cells and purified by affinity chromatography using HiTrap 627 

Protein A HP Columns (GE Healthcare). 628 

 629 

Quantitative viral outgrowth assay (QVOA)  630 

Human CD4 T cells were enriched from the peripheral blood mononuclear cells 631 

(PBMCs) (Stemcell Technologies), processed from leukapheresis, which were 632 

drawn from long-term ARV-treated HIV-infected participants (Table 1). Cells 633 

were diluted into a serial concentration (2 million, 1 million, 0.5 million, 0.2 million 634 

and 0.1 million per well), and plated out into 24 well-plates and each 635 

concentration would have 12 wells. PHA and irradiated PBMCs were added to 636 

reactivate the infected cells and MOLT-4 cells were added 24 hours later to 637 

amplify the viruses. Media were changed every 3-4 days and p24 ELISA were 638 

run on day 14 to measure the amount of virus production.  639 

 640 

p24 Enzyme-Linked Immunosorbent Assay 641 

p24 enzyme-linked immunosorbent assay (ELISA) was performed with kit 642 

components obtained from National Cancer Institute, NIH. In brief, 96-well high 643 

binding microplates (Greiner Bio-One) were coated with capture antibody for 644 

overnight, and followed by 1% BSA solution blocking for overnight. Supernatants 645 

from QVOA wells were collected and lysed with 1% x-Triton buffer for 2 hours, 646 

followed by transferring to ELISA plates and incubating for 1 hour, 37oC. Plates 647 

were then washed with PBST buffer (PBS+0.1% Tween-20) for 6 times and 648 

incubated with primary antibody for 1 hour, 37oC. After 6 additional washes, 649 
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peroxidase labeled Goat anti-rabbit IgG secondary antibody (KPL) was added 650 

and incubated for another 1 hour at 37oC. After 6 additional washes, TMB 651 

substrate (Thermo Fisher) was added and developed for 15 mins, then stopped 652 

with stop solution (Biolegend). Absorbance was measured with SpectraMax 653 

i3x Multi-Mode microplate reader (Molecular Device) at OD450nm and 570nm. 654 

Cut offs for positive wells were set as > 2x the average of negative control 655 

values. 656 

 657 

Neutralization assay 658 

Neutralization of QVOA virus samples by bNAbs were measured using infection 659 

of Tzm-bl cells as described previously(30, 67). p24 protein in each virus sample 660 

was quantified by using the AlphaLISA HIV p24 Biotin-Free detection kit (Perkin 661 

Elmer, Waltham, MA), and input virus was normalized to 5-10ng/ml for the assay. 662 

10μl of five-fold serially diluted mAbs from a starting concentration of 50g/ml 663 

were incubated with 40μl of replication competent virus samples in duplicate for 664 

30 minutes at 37°C in 96-well clear flat-bottom black culture plates (Greiner Bio-665 

One). Tzm-bl cells were added at a concentration of 10,000 cells per 20μl to 666 

each well in DMEM containing 75μg/ml DEAE-dextran and 1μM Indinavir. Cell 667 

only and virus only controls were included on each plate. Plates were incubated 668 

for 24 hours at 37°C in a 5% CO2 incubator, after which the volume of culture 669 

medium was adjusted to 200μl by adding complete DMEM containing Indinavir. 670 

48 hours post-infection, 100μl was removed from each well and 100μl of 671 

SpectraMax Glo Steady-Luc reporter assay (Molecular Devices, LLC., CA) 672 
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reagent was added to the cells. After a 10-min incubation at room temperature to 673 

allow cell lysis, the luminescence intensity was measured using a SpectraMax 674 

i3x multi-mode detection platform per the manufacturers’ instructions. 675 

Neutralization curves were calculated comparing luciferase units to virus-only 676 

control after background subtraction and fit by nonlinear regression using the 677 

assymetric five-parameter logistic equation in GraphPad Prism (Fig 2A). The 678 

50% and 80% inhibitory concentrations (IC50 and IC80, respectively) were defined 679 

as the antibody dilution that caused a 50% and 80% reduction in neutralization.  680 

 681 

bNAb binding assay 682 

All binding assays were tested with the unconjugated bNAbs. CD4+ T cells 683 

(which were all CD3+) were isolated with the Human CD4 T cell enrichment kit 684 

(Stemcell Technologies) and activated with CD3/28 antibodies (Biolegend) for 48 685 

hours. Supernatants collected from QVOA wells (p24+, the same viruses with 686 

neutralization assay) were used for infection by adding into the activated CD4+ T 687 

cells, followed by spinnoculation for 1 hour and 6 days in culture with media 688 

change every 3 days. Infection rate was checked on days 3 and 5 post infection. 689 

When most of the infection reached >5%, bNAb staining were performed. Cells 690 

were collected and washed twice with 2% FBS PBS, and then aliquoted into 96-691 

well plates (1 million cells per well). Unconjugated bNAbs were added according 692 

to the outlined wells by diluting to a final concentration of 5g/ml or neutralization 693 

IC80 concentration, which was the Geo Mean of neutralized virus that generated 694 

from neutralizing assay, and then incubated at 37oC for 1 hour. Without washing, 695 
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the Alexa Fluor 647 labeled secondary antibody (Southern Biotech) was added 696 

and incubated at 4C for 30 minutes. After washing once with 2% FBS PBS, 697 

surface antibodies mixture was added: BV786 anti-human CD3 (SK7, BD 698 

Biosciences), Pacific Blue anti-human CD4 (RPA-T4, BD Pharmingen) and 699 

LIVE/DEAD aqua (Life technology). 30 minutes later, cells were washed twice 700 

and fixed/permeabilized with Fixation/Permeabilization Solution (BD Bioscience). 701 

Anti-HIV-1 core antigen antibody (KC57-RD1, Beckman Coulter) was used to 702 

stain intracellular HIV-1 gag protein. After two washes with 1x Perm/Wash buffer, 703 

cells were detected by flow cytometry (BD Fortessa X-20), and data analysis was 704 

performed with flowjo v10 (Treestar).  705 

 706 

Antibody mediated NK cell killing (ADCC) assay 707 

ADCC assays were performed with unconjugated bNAbs and one of two types of 708 

NK cells: haNK cells (NantKwest), a NK-92 cell line which has been engineered 709 

to express the high affinity (ha) CD16 V158 FcγRIIIa receptor, as well as 710 

engineered to express IL-2 (47); and primary NK cells enriched from the PBMCs 711 

of an HIV-negative donor (buffy coat from Gulf Coast Regional Blood Center) 712 

using the Human NK cell enrichment kit (Stemcell Technologies). To generate 713 

target cells, primary CD4+ T-cells were enriched from the PBMCs of allogeneic 714 

healthy donors and infected with reservoir viruses as for binding assays (see 715 

above). Infections were monitored by flow cytometry, and ADCC assays were 716 

performed when target cells were >5 % infected. Both types of NK cells were 717 

treated with 10nM IL-15 superagonist complex, ALT-803 (68, 69) for 1 hour to 718 
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prime and activate them. Infected cells were collected and washed twice with 2% 719 

FBS PBS. 2105 cells/well were added into U-bottom 96-well plates. 720 

Unconjugated bNAbs (VRC01, VRC07-523, 3BNC117, N6, PGT121, 2G12, 10-721 

1074, PGDM1400, PG9, A32 or no Ab) were added to final concentrations of 722 

10g/ml, and then incubated at 37oC for 2 hours. After this incubation, 4105 723 

ALT-803 treated NK cells were added to each well to give E:T ratios of 2:1. 724 

bNAbs binding assays was performed in parallel with the ADCC assay with same 725 

conditions but no NK cells added. Plates were centrifuged at 100g for 30 726 

seconds to bring target and effector cells into contact with each other, and then 727 

incubated at 37oC, 5% CO2. Cells were mixed by pipetting after 2 hours of 728 

incubation, and then cocultured for an additional 5 hours. After a total of 7 hours 729 

of co-culture, cells were washed twice with 2% FBS PBS, and stained with 730 

fluorochrome-conjugated antibodies against: human IgG, CD3, CD56, CD4 (all 731 

from Biolegend), as well as with a live/dead aqua amine reactive dye (Molecular 732 

Probes). Cells were then fixed and permeabilized using the BD cytofix/cytoperm 733 

kit and following the manufacturer’s instructions. Intracellular HIV-Gag was then 734 

stained with PE-conjugated anti-HIV-Gag (clone KC57, Beckman Coulter). Cells 735 

were analyzed by flow cytometry (BD Fortessa X-20), and data analysis was 736 

performed using flowjo v10 (Treestar). Frequencies of viable Gag+ cells amongst 737 

the CD3+ cells (all targets) were determined. Killing (%) values were calculated 738 

using the following formula: [% Gag+ (of viable CD3+ cells) in no NK cell no Ab 739 

condition - % Gag+ (of viable CD3+ cells) in test condition] / [% Gag+ (of viable 740 

CD3+ cells) cells in no NK cell no Ab condition] * 100%.  ADCC (%) values were 741 
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calculated using the following formula: [% Gag+ (of viable CD3+ cells) in +NK 742 

cells but no Ab condition - % of Gag+ (of viable CD3+ cells in test condition) / (% 743 

of Gag+CD3+ cells +NK but no Ab condition) * 100%. Negative values were set 744 

equal to zero.  745 

 746 

Statistical analysis 747 

Statistical analyses were performed using Prism 7 (GraphPad). Flow data were 748 

analized with flowjo v10. The heat-maps were generated with Excel. Comparison 749 

between MFI ratio of Gag+CD4+ and that of Gag+CD4- was using Wilcoxon 750 

matched-pairs signed rank test. All correlations were calculated using using 751 

Spearman’s Rank-Order test. 752 

 753 
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Figure Legends 1076 

 1077 

Figure 1. Schematic for paired assessment of virus neutralization and 1078 

infected cell binding with reactivated reservoir viruses. Quantitative Viral 1079 

Outgrowth Assays (QVOA) were performed using CD4+ T-cells from ARV-1080 

suppressed study participants. Virus was isolated from HIV-p24+ wells at a 1081 

dilution where < 50% of wells were positive. A portion of the supernatants from 1082 

each of these wells was used directly to assess virus neutralization using a TZM-1083 

bl assay.  Another portion was used to infect activated primary CD4+ T-cells. 1084 

Binding of bNAbs to these infected cells was assessed by flow cytometry, co-1085 

staining with CD3, CD4 and HIV-Gag to identify infected cells.  1086 

 1087 

Figure 2. Breadth and potency of neutralization of a panel of bNAbs against 1088 

reactivated reservoir viruses (A) Representative neutralization curves against 1089 

virus isolates #1 & #3 from study participant OM5162. Each graph represents 1090 

antibodies targeting similar epitopes against one virus, and each curve 1091 

represents results from one bNAb. (B) The half maximal inhibitory concentration 1092 

(IC50) and (C) IC80 are shown in heat-maps. The lower the antibody 1093 

concentration, the more sensitive the reservoir virus is to a specific bNAb (bNAbs 1094 

were shown by binding epitope classes; HIV-IG, positive control antibody; 4G2-1095 

Hu, negative control antibody). The geometric mean concentration against all 36 1096 

(or 35) reservoir viruses tested was calculated. Numbers in Cyan bold are those 1097 

where a single bNAb provided coverage of each of the viral isolates tested from a 1098 
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given participant. (D) Heat-map showing neutralization coverage of antibody 1099 

combinations. Shown are the % of viral isolates that were neutralized by at least 1100 

one antibody in the indicated combinations using an IC80 cut off of 10 g/ml.  1101 

 1102 

Figure 3. Breadth, potency and functional consequences of binding of a 1103 

panel of bNAbs against reactivated reservoir viruses. (A) Representative flow 1104 

plots showing bNAb binding to cells infected with reservoir viruses, gated on 1105 

live/CD3+ cell populations. For each bNAb/virus combination we calculated a 1106 

median intensity fluorescence (MFI) ratio, defined as MFI of bnAbs in HIV 1107 

infected cell population (Gag+) / MFI of bnAbs in HIV uninfected cell population 1108 

(Gag-). The displayed plots provide an example intra-participant diversity in bNAb 1109 

binding to different viral isolates. (B) Heat-map showing binding of bNAbs at 5 1110 

g/ml to the indicated viral isolates. The numbers given are MFI ratios, with 1111 

higher values indicating higher levels of binding. (C) Heat-map showing binding 1112 

of each bNAb to infected cells when tested at its neutralization geometric mean 1113 

IC80 neutralization concentration. (D) Heat-map showing binding coverage of 1114 

single bNAbs and two bNAb combinations. The breadth of coverage of antibody 1115 

combinations was defined based on having at least one of the two bNAbs bind 1116 

with an MFI ratio > 2. (E) Representative flow cytometry plots from ADCC 1117 

assays, sampled after the 7 hour co-culture periods and gated on live/CD3+ cell 1118 

populations. The no NK cell conditions (top row) show populations of HIV-1119 

infected cells (Gag+) that also stain positive for the bNAb PGT121 when added. 1120 

The addition of either haNK cells (middle row) or primary NK cells (bottom row) 1121 
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resulted in substantial reductions in HIV-infected cell populations, which was 1122 

generally enhanced by the addition of bNAbs. For the conditions with PGT121, 1123 

the killing of HIV-infected cells can also be observed in the elimination of cells 1124 

staining positive for PGT121 in the conditions with NK cells.  (F) Correlations 1125 

between killing frequency (%) and infected cell binding (left panel), and ADCC 1126 

(%) and infected cell binding (right panel). Both correlations were tested with 2 1127 

reservoir viruses combined with 9 bNAbs and the A32 antibody. Each virus/bNAb 1128 

combination is indicated by a dot, and each color represents one effector cell 1129 

type, red - haNK cells, green - primary NK cells from the PBMCs of a HIV-1130 

negative donor (allogeneic). Correlation coefficients (r) and statistical significance 1131 

(p) were calculated using Spearman’s Rank-Order Correlation. 1132 

 1133 

Figure 4. Comparisons between bNAb binding to early (Gag+CD4+) versus 1134 

late (Gag+CD4-) HIV-infected cell populations. Gag+CD4- population 1135 

represents the specific binding to HIV Env. (A) Representative flow cytometry 1136 

plots gated on lymphocytes/live/CD3+ (left panels), and on 1137 

lymphocytes/live/CD3+/HIV-Gag+ (right panels) showing differential bNAb binding 1138 

to CD4+ (early infected) and CD4- (late infected) populations. The results show 1139 

that for 3BNC117, 10-1074 and PG9 most of the bNAb binding to infected cells 1140 

(Gag+) occurs with the CD4- population. In contrast, for 10E8v4-V5R-100cF CD4+ 1141 

T-cells are bound at similar or slightly higher levels than CD4- T-cells (within the 1142 

Gag+ population). (B) Summary data for the analysis represented in panel A, 1143 

showing paired comparisons of MFI ratios between CD4+ and CD4- populations. 1144 
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MFI ratio is defined as (MFI of bNAbs in Gag+CD4+)/ (MFI of bNAbs in Gag-) 1145 

(green dots) or (MFI of bNAbs in Gag+CD4-)/ (MFI of bNAbs in Gag-) (red dots). 1146 

The numbers indicate fold differences (mean of Gag+CD4- MFI ratio)/ (mean of 1147 

Gag+CD4+ MFI ratio) (Wilcoxon matched-pairs signed rank test, **** p<0.0001, ** 1148 

p<0.01). 1149 

 1150 

Figure 5. Correlations between virus neutralization and paired late-infected 1151 

cell binding at 5 μg/ml bNAb concentrations. Shown are correlations between 1152 

IC80 virus neutralization values and binding to late-infected cells (Gag+CD4-) 1153 

using a 5 μg/ml concentration for each antibody. (A) Correlation for all antibodies 1154 

tested together. (B) Correlations for each bNAb tested independently. Each 1155 

virus/bNAb combination is indicated by a circle, and each color represents one 1156 

study participant. Correlations were analyzed by Spearman correlation coefficient 1157 

(r), with statistical significance highlighted in red letters. 1158 

  1159 
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Supplementary figure legends 1160 

 1161 

sFig1. Heat-map of bNAb binding to late-infected (Gag+CD4-) cell 1162 

populations at geometric mean IC80 neutralization concentrations. Binding 1163 

assay were performed with individual geometric mean neutralization IC80 1164 

concentrations for each bNAb. The numbers indicate MFI ratios of the Gag+CD4- 1165 

population (late infected) / Gag- population (uninfected). Thus a higher value 1166 

represents a higher level of specific bNAb binding.  1167 

 1168 

sFig2. Correlations between virus neutralization and bNAb binding to total 1169 

infected population (all Gag+) when tested at 5 μg/ml.  Shown are correlations 1170 

between IC80 virus neutralization values and binding to HIV-infected cells (total 1171 

Gag+, thus groups early and late infection) with each bNAb tested at 5 μg/ml (A) 1172 

Correlation for all antibodies tested together. (B) Correlations for each bNAb 1173 

tested independently. Each virus/bNAb combination is indicated by a circle, and 1174 

each color represents one study participant. Correlations were analyzed by 1175 

Spearman correlation coefficient (r), with statistical significance highlighted in red 1176 

lettering.  1177 

 1178 

sFig3. Correlations between virus neutralization and bNAb binding to late-1179 

infected populations (all Gag+/CD4-) when tested at neutralization geometric 1180 

mean IC80 concentrations. Shown are correlations between IC80 virus 1181 

neutralization values and binding to late-infected cells (Gag+/CD4-) with each 1182 
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bNAb tested at its individual geometric mean neutralization IC80 concentration (A) 1183 

Correlation for all antibodies tested together. (B) Correlations for each bNAb 1184 

tested independently. Each virus/bNAb combination is indicated by a circle, and 1185 

each color represents one study participant. Correlations were analyzed by 1186 

Spearman correlation coefficient (r), with statistical significance highlighted in red 1187 

lettering. 1188 

 1189 

sFig4. Correlations between virus neutralization and bNAb binding to total 1190 

infected population (all Gag+) when tested at geometric mean neutralization 1191 

IC80 concentrations. Shown are correlations between IC80 virus neutralization 1192 

values and binding to HIV-infected cells (total Gag+, thus groups early and late 1193 

infection) with each bNAb tested at individual neutralization geometric mean IC80 1194 

concentrations (A) Correlation for all antibodies tested together. (B) Correlations 1195 

for each bNAb tested independently. Each virus/bNAb combination is indicated 1196 

by a circle, and each color represents one study participant. Correlations were 1197 

analyzed by Spearman correlation coefficient (r), with statistical significance 1198 

highlighted in red lettering. 1199 
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Table 1. Patient clinical information 1200 

Participant ID Age Sex 
Viral Load 

(copies/ml) 
CD4 Count 

HIV 

Clade 

Time to 

Initiation of 

ART (month) 

Duration of 

ART (years) 
IUPM 

OM5148 47 Male NA 0.733x109/L B 57 10 1.02 

OM5334 33 Male NA 0.812x109/L B 2 3 1.67 

OM5001 43 Male 42 0.540x109/L B 14 9 10.46 

OM5365 56 Male NA 0.624X109/L E, B 18 25 0.421 

CIRC0196 56 Male NA 0.679x109/L B 75 3 0.486 

OM5346 48 Male NA 1.182x109/L B 1.5 5 0.27 

OM5162 53 Male NA 0.478X109/L B 3.5 14 0.65 

OM5267 29 Male NA 0.429X109/L B 4.5 3 2.344 

 1201 
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Geo Mean of neutralized 
virus (<50μg/ml)

Geo Mean of neutralized 
virus (<50μg/ml)

A
B

C

Fig. 2

OM5148 #1 13.4 6.96 2.99 2.42 0.107 >50 0.102 20.1 >50 >50 >50 41.9 >50 >50 12.9 >50 IC ( g/ml)
OM5148 #2 9.27 3.27 1.47 2.03 0.259 >50 0.196 1.32 >50 >50 >50 25.1 >50 >50 10.0 >50 >50
OM5148 #3 36.8 8.77 5.84 7.59 0.968 >50 1.50 >50 >50 >50 >50 >50 >50 >50 10.3 >50 10-50
OM5148 #5 0.259 3.27 1.47 2.03 9.27 >50 0.20 1.32 >50 >50 >50 25.1 >50 >50 10.0 >50 1-10
OM5148 #6 15.5 4.00 1.81 2.63 0.195 30.7 0.224 2.77 15.5 30.7 0.224 2.77 >50 39.9 7.28 >50 0.1-1
OM5334 #1 14.4 3.95 8.63 2.35 0.075 15.5 0.086 1.81 42.6 0.298 10.2 3.58 >50 >50 7.76 >50 <0.1
OM5334 #6 23.0 6.25 13.6 4.79 23.0 6.25 13.6 4.79 >50 1.33 11.8 3.99 >50 49.6 8.56 >50 ND = not done
OM5334 #7 39.1 13.7 33.7 9.16 0.241 >50 0.311 8.31 >50 3.03 35.1 9.67 >50 >50 10.4 >50
OM5334 #10 15.5 5.02 12.9 3.71 0.059 >50 0.101 4.18 >50 0.360 12.8 5.47 >50 >50 8.22 >50
OM5334 #11 34.3 8.01 21.1 5.66 0.109 >50 0.222 7.74 >50 1.04 12.9 9.00 >50 >50 12.2 >50
OM5001 #3 3.63 0.751 1.11 0.458 0.259 >50 1.34 4.00 >50 0.184 1.47 1.23 >50 >50 9.49 >50
OM5001 #7 4.24 1.01 1.43 1.02 0.098 >50 1.69 >50 >50 0.278 3.98 1.26 22.8 >50 4.29 >50
OM5001 #9 5.24 0.703 1.09 0.849 0.076 >50 0.137 >50 >50 0.507 6.69 3.19 >50 >50 7.41 >50
OM5001 #10 3.14 0.544 0.620 0.653 0.156 >50 0.116 1.79 >50 0.096 0.137 0.05 2.43 7.22 6.27 >50
OM5001 #11 4.45 0.576 0.738 1.10 0.160 >50 0.088 2.02 >50 0.110 0.611 0.297 6.22 13.2 9.47 >50
OM5365 #1 16.4 2.84 1.42 4.01 0.158 12.6 0.105 0.764 >50 0.340 5.78 2.92 >50 >50 8.20 >50
OM5365 #2 6.79 1.88 1.23 2.22 0.314 >50 0.691 4.520 >50 0.489 1.71 0.851 16.3 15.5 8.34 >50
OM5365 #4 ND ND 0.671 ND ND ND 0.19 ND ND 0.522 ND ND ND ND 8.43 ND
CIRC0196 #2 9.92 1.95 0.920 1.34 >50 >50 >50 >50 >50 7.28 2.87 0.595 24.8 22.2 7.50 >50
CIRC0196 #3 >50 13.5 12.1 9.97 >50 >50 >50 >50 >50 >50 4.22 0.958 18.5 45.2 6.98 >50
CIRC0196 #4 8.25 1.55 0.990 1.28 >50 >50 >50 >50 >50 1.35 9.15 3.08 20.9 30.8 7.23 >50
CIRC0196 #5 45.8 6.45 5.08 6.00 >50 >50 >50 >50 >50 >50 8.56 3.32 >50 >50 5.43 >50
CIRC0196 #6 3.54 0.877 0.465 0.892 >50 >50 >50 >50 >50 0.604 6.56 1.14 >50 22.1 5.11 >50
OM5346 #2 >50 0.384 1.28 0.115 18.5 >50 >50 0.013 0.0006 0.133 1.32 0.667 37.2 41.4 3.12 >50
OM5346 #3 4.49 1.57 >50 >50 8.75 28.0 0.679 >50 >50 >50 10.8 7.94 >50 >50 4.45 >50
OM5346 #4 14.1 0.224 0.415 0.080 >50 >50 >50 0.008 0.0006 0.159 0.484 0.101 6.24 8.91 4.19 >50
OM5346 #5 6.78 1.22 0.705 1.05 >50 >50 0.119 >50 1.15 >50 3.36 2.02 32.6 >50 6.08 >50
OM5162 #1 5.19 0.6 0.7 1.1 0.118 >50 0.165 27.9 >50 >50 5.47 6.99 >50 >50 9.66 >50
OM5162 #3 >50 14.7 10.5 13.7 >50 >50 >50 8.07 2.23 >50 8.07 10.5 >50 >50 11.0 >50
OM5162 #11 >50 11.0 9.05 20.5 >50 >50 >50 10.8 0.8 >50 14.9 9.63 >50 >50 10.5 >50
OM5162 #13 >50 9.62 9.87 16.7 >50 >50 >50 9.82 3.06 >50 11.4 4.94 >50 >50 8.03 >50
OM5162 #15 >50 21.9 10.1 16.9 >50 >50 >50 9.55 0.6 >50 24.6 14.5 >50 >50 9.52 >50
OM5267 #1 43.8 0.701 0.212 0.431 0.128 35.7 4.98 >50 >50 >50 5.27 2.89 4.10 15.5 0.102 >50
OM5267 #4 >50 2.66 0.740 1.98 0.083 35.3 0.208 >50 >50 >50 1.12 1.06 13.6 23.1 7.24 >50
OM5267 #5 1.98 0.323 0.085 0.146 0.083 15.5 0.067 >50 >50 >50 2.59 1.04 36.3 28.6 3.96 >50
OM5267 #8 >50 11.6 4.61 4.03 0.144 >50 0.148 >50 >50 >50 5.00 3.14 34.5 38.1 3.76 >50

8.9 2.6 2.1 2.1 0.3 19.4 0.3 2.5 0.5 0.6 4.1 2.7 15.0 23.1
77% 100% 97% 97% 69% 23% 69% 60% 26% 53% 89% 97% 40% 43%

63% 91% 97% 89% 66% 6% 67% 51% 9% 39% 77% 86% 6% 3%

HIVG 4G2-Hu
OM5148 #1 25.1 10.1 5.42 4.54 0.244 >50 0.223 >50 >50 >50 >50 >50 >50 >50 29.3 >50
OM5148 #2 21.3 6.19 2.00 3.69 0.485 >50 0.383 4.34 >50 >50 >50 >50 >50 >50 14.0 >50
OM5148 #3 48.9 16.8 9.05 11.2 1.49 >50 1.78 >50 >50 >50 >50 >50 >50 >50 28.5 >50
OM5148 #5 0.485 6.19 2.00 3.69 21.3 >50 0.383 4.34 >50 >50 >50 >50 >50 >50 14.0 >50
OM5148 #6 32.02 10.0 3.82 5.59 0.425 >50 0.447 7.30 32.0 >50 0.447 7.30 >50 >50 19.6 >50
OM5334 #1 35.4 10.1 25.8 6.29 0.174 >50 0.207 5.01 >50 1.61 17.2 11.7 >50 >50 11.9 >50
OM5334 #6 36.8 10.1 26.7 7.48 36.8 10.1 26.7 7.48 >50 7.83 26.8 13.0 >50 >50 13.6 >50
OM5334 #7 >50 26.0 46.3 17.3 0.412 >50 0.455 24.4 >50 37.3 >50 20.4 >50 >50 21.3 >50
OM5334 #10 32.5 13.7 26.5 8.41 0.145 >50 0.244 14.2 >50 1.57 38.3 17.6 >50 >50 14.5 >50
OM5334 #11 47.7 14.3 40.6 11.8 0.218 >50 0.371 20.1 >50 4.38 32.6 15.1 >50 >50 28.8 >50
OM5001 #3 10.4 1.83 2.16 1.86 0.555 >50 1.89 >50 >50 0.409 7.14 3.95 >50 >50 17.9 >50
OM5001 #7 13.7 2.22 3.53 4.32 0.301 >50 >50 >50 >50 0.790 14.3 7.87 >50 >50 11.4 >50
OM5001 #9 15.7 2.84 3.98 2.86 0.273 >50 0.481 >50 >50 >50 25.1 14.6 >50 >50 19.4 >50
OM5001 #10 8.59 1.60 2.05 2.36 0.553 >50 0.675 11.3 >50 0.323 1.09 0.595 26.1 49.2 13.0 >50
OM5001 #11 11.2 2.13 2.74 2.21 0.632 >50 0.290 18.1 >50 0.883 5.44 2.83 >50 >50 16.0 >50
OM5365 #1 >50 9.49 4.53 16.1 0.563 >50 0.317 2.12 >50 1.02 27.8 18.8 >50 >50 11.7 >50
OM5365 #2 26.1 5.17 3.97 6.77 1.05 >50 5.99 10.4 >50 2.08 11.6 5.58 >50 >50 12.1 >50
OM5365 #4 ND ND 2.14 ND ND ND 0.806 ND ND 2.40 ND ND ND ND 17.0 ND
CIRC0196 #2 21.8 5.39 2.48 4.37 >50 >50 >50 >50 >50 >50 15.9 5.50 >50 >50 18.5 >50
CIRC0196 #3 >50 37.2 38.2 37.4 >50 >50 >50 >50 >50 >50 18.5 9.83 >50 >50 17.7 >50
CIRC0196 #4 26.5 4.78 2.03 4.84 >50 >50 >50 >50 >50 >50 42.5 16.5 >50 >50 12.4 >50
CIRC0196 #5 >50 11.5 18.1 10.2 >50 >50 >50 >50 >50 >50 29.6 11.8 >50 >50 15.2 >50
CIRC0196 #6 10.9 2.49 1.45 1.89 >50 >50 >50 >50 >50 >50 15.1 8.40 >50 >50 14.5 >50
OM5346 #2 >50 1.55 13.6 0.691 >50 >50 >50 0.083 0.0005 1.13 10.6 5.57 >50 >50 8.97 >50
OM5346 #3 13.1 4.53 >50 >50 >50 >50 2.67 >50 >50 >50 40.0 12.6 >50 >50 11.97 >50
OM5346 #4 >50 1.07 4.36 0.415 >50 >50 >50 0.041 0.0002 1.70 2.395 0.941 >50 >50 11.56 >50
OM5346 #5 25.1 3.20 1.85 3.20 0.137 >50 0.407 >50 >50 >50 15.3 9.46 >50 >50 16.84 >50
OM5162 #1 13.6 1.32 1.59 2.88 0.259 >50 0.288 >50 >50 >50 14.1 19.6 >50 >50 14.1 >50
OM5162 #3 >50 36.3 21.7 29.3 >50 >50 >50 26.9 >50 >50 32.9 21.4 >50 >50 21.0 >50
OM5162 #11 >50 >50 37.0 >50 >50 >50 >50 28.5 >50 >50 >50 >50 >50 >50 25.3 >50
OM5162 #13 >50 >50 17.6 >50 >50 >50 >50 42.0 >50 >50 >50 25.3 >50 >50 13.8 >50
OM5162 #15 >50 >50 14.3 >50 >50 >50 >50 12.3 >50 >50 >50 46.9 >50 >50 12.2 >50
OM5267 #1 >50 1.75 0.755 1.30 0.478 >50 12.9 >50 >50 >50 27.5 14.1 11.5 >50 0.355 >50
OM5267 #4 >50 19.1 5.42 7.92 0.451 >50 0.704 >50 >50 >50 10.4 5.65 >50 >50 10.4 >50
OM5267 #5 5.75 0.903 0.336 0.695 0.287 46.4 0.236 >50 >50 >50 22.1 8.58 >50 >50 8.24 >50
OM5267 #8 >50 31.2 10.0 10.5 0.521 >50 0.549 >50 >50 >50 16.9 10.8 >50 >50 7.91 >50

16.7 5.7 5.8 4.6 0.6 21.7 0.7 6.3 0.0 1.8 13.7 9.3 17.3 49.2

IC50 μg/ml

IC80 μg/ml CD4 Binding Site V3 Glycan V1/V2 MPER (gp41)

D Neutralization coverage of antibody combinations (IC80≤10μg/ml)
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>7
OM5148 #1 1.7 1.1 2.4 1.5 2.7 5.8 7.8 3.4 1.3 2.9 1.6 1.8 1.4 1.1 5-7
OM5148 #2 1.7 1.9 2.1 2.0 1.4 3.4 3.3 2.4 1.1 2.4 1.5 1.6 1.4 1.5 4-5
OM5148 #3 1.7 1.9 2.0 1.9 1.5 3.4 2.5 1.7 1.0 1.6 2.0 2.0 1.7 1.9 3-4
OM5148 #5 1.9 2.6 2.6 2.7 2.0 4.9 4.3 3.4 1.2 3.2 1.9 2.1 1.6 1.8 2-3
OM5148 #6 1.8 3.2 2.6 2.6 2.4 4.7 4.2 3.5 1.1 2.9 2.0 2.3 1.6 1.8 0-2
OM5334 #1 1.6 1.9 1.6 2.2 2.7 6.1 10.5 3.6 1.2 6.7 1.6 1.9 1.6 1.8
OM5334 #6 1.7 2.0 1.6 2.0 2.9 5.1 6.1 3.5 1.4 4.7 1.7 1.9 1.5 1.8
OM5334 #7 1.8 2.1 1.8 2.4 3.4 9.2 14.3 5.7 1.1 10.2 2.2 2.2 1.8 2.0

OM5334 #10 1.6 1.9 1.6 2.0 2.1 3.4 5.4 3.1 0.9 5.7 1.7 1.8 1.5 1.8
OM5334 #11 1.7 2.2 1.7 2.5 3.3 8.0 14.4 6.0 1.2 9.6 1.9 2.2 1.6 1.8
OM5001 #3 2.1 2.9 2.8 3.0 2.0 2.3 3.1 2.2 0.9 2.8 3.3 3.4 2.3 2.9
OM5001 #7 2.1 3.5 2.8 3.3 4.5 1.4 5.5 2.3 1.2 3.4 2.3 3.1 1.8 2.4
OM5001 #9 1.9 2.8 2.4 2.7 2.6 1.5 3.5 1.9 1.0 2.9 2.2 2.8 1.7 2.2

OM5001 #10 2.3 4.0 3.2 3.5 2.3 1.3 3.6 2.7 1.1 3.3 3.5 3.5 2.2 3.1
OM5001 #11 2.1 3.4 2.7 2.8 2.2 1.0 2.9 2.3 1.0 2.2 3.8 4.0 2.3 2.8
OM5365 #1 1.5 1.9 2.0 1.8 2.4 5.9 4.4 4.5 1.5 9.4 1.6 2.1 1.5 1.2
OM5365 #2 1.6 2.2 2.1 2.1 3.1 3.9 3.8 3.0 1.2 6.2 2.3 3.8 1.6 1.7
OM5365 #4 1.9 2.4 2.6 2.3 2.5 4.5 3.1 2.2 1.1 2.8 ND ND 1.5 2.2

CIRC 0196 #2 1.9 2.6 2.8 2.6 2.2 1.7 1.3 2.1 0.8 5.1 4.4 7.6 2.4 3.6
CIRC 0196 #3 1.7 2.2 2.2 2.2 2.1 1.7 1.3 1.5 0.7 1.3 4.4 24.0 2.8 3.7
CIRC 0196 #4 1.9 2.6 2.7 2.6 1.6 1.7 1.3 1.9 0.9 4.2 5.2 7.5 2.8 4.6
CIRC 0196 #5 1.6 2.1 2.0 2.1 1.7 1.7 1.3 1.5 0.7 1.4 3.8 5.6 2.8 3.6
CIRC 0196 #6 2.0 3.3 2.7 2.5 1.7 1.7 1.4 2.0 0.8 3.6 4.3 5.1 2.5 6.8
OM5346 #2 1.7 2.9 2.4 3.6 4.3 1.5 1.5 9.9 0.9 6.0 2.2 8.5 1.8 2.2
OM5346 #3 1.9 2.3 1.4 1.5 5.2 4.3 3.7 1.7 0.7 1.3 2.4 22.3 2.0 2.2
OM5346 #4 2.1 4.7 3.5 5.8 4.9 1.4 1.9 16.5 1.0 12.6 2.2 7.2 1.9 ND
OM5346 #5 1.9 3.2 3.4 3.2 5.2 1.4 6.4 1.6 0.9 1.3 2.0 3.8 1.6 1.7
OM5162 #1 2.7 8.7 7.2 6.3 5.6 1.5 16.8 4.8 1.3 1.8 2.1 2.1 1.7 0.9
OM5162 #3 1.5 1.8 1.8 1.8 0.5 2.0 1.2 1.9 1.2 1.6 1.9 2.1 1.6 1.1

OM5162 #11 1.5 2.2 2.1 2.1 0.5 2.9 1.3 2.7 1.6 1.8 2.1 2.4 1.5 1.1
OM5162 #13 1.7 2.5 2.3 2.3 0.6 2.3 1.3 2.3 1.7 2.1 2.2 3.3 1.6 1.3
OM5162 #15 0.7 2.1 2.3 2.0 0.6 2.2 1.2 2.5 1.7 1.8 2.0 2.6 1.5 1.1
OM5267 #1 2.1 3.0 4.0 3.3 2.7 3.9 6.7 1.6 0.4 1.8 2.4 4.3 1.7 1.8
OM5267 #4 1.7 1.8 2.0 2.2 2.6 2.9 3.4 1.7 0.5 1.7 2.3 11.2 2.1 1.8
OM5267 #5 1.9 3.0 3.7 3.5 3.2 4.4 5.2 1.5 0.4 1.7 2.3 13.1 2.1 1.8
OM5267 #8 1.6 1.9 2.0 2.1 5.8 1.5 5.5 1.6 0.7 2.0 2.1 5.1 1.9 1.5

OM5148 #1 1.5 0.9 1.8 1.1 2.9 3.5 6.7 2.2 1.5 3.4 1.6 1.7 1.4 1.1
OM5148 #2 1.9 2.1 2.4 2.3 1.6 3.5 2.6 2.6 1.3 3.0 1.4 1.6 1.4 1.5
OM5148 #3 2.0 2.2 2.2 2.3 1.5 3.2 2.3 1.9 0.8 1.9 1.7 1.8 1.6 1.6
OM5148 #5 2.0 2.2 2.4 2.3 1.7 3.6 2.6 2.6 1.0 3.4 1.8 1.9 1.7 1.6
OM5148 #6 1.8 2.1 2.2 2.2 1.6 3.4 2.0 2.6 1.1 2.1 1.8 2.1 1.8 1.6
OM5334 #1 2.5 2.8 2.1 3.1 5.7 9.7 7.9 6.2 2.4 14.7 1.6 1.7 1.6 1.6
OM5334 #6 2.4 2.7 2.0 3.0 4.1 8.3 8.1 6.1 2.2 21.6 1.6 1.8 1.7 1.7
OM5334 #7 2.9 3.5 2.4 4.7 8.7 13.9 9.1 10.4 3.2 1.9 2.1 2.0 1.7

OM5334 #10 2.1 2.6 2.0 3.1 3.9 7.6 5.0 5.8 1.6 15.4 1.6 1.7 1.5 1.6
OM5334 #11 2.2 2.8 2.1 3.2 8.1 11.1 10.6 8.5 3.5 20.1 1.8 1.9 1.6 1.6
OM5001 #3 2.4 3.1 2.6 2.9 1.6 2.8 1.8 2.2 0.7 3.4 2.5 2.6 2.0 2.0
OM5001 #7 2.4 4.6 3.2 3.7 2.9 1.6 2.4 2.5 0.5 4.8 2.0 2.4 1.8 1.9
OM5001 #9 2.4 3.7 2.9 3.6 2.0 2.2 2.8 2.7 0.5 8.6 1.9 2.3 1.8 1.8

2.7 3.7 4.1 4.0 3.5 2.5 3.1 3.0 1.5 2.4 2.9 3.1 2.2 2.4
OM5001 #11 3.2 6.5 4.5 4.8 2.3 1.5 2.1 3.6 0.6 5.3 3.0 3.8 2.5 2.1
OM5365 #1 2.1 2.4 2.5 2.2 1.9 7.5 1.9 7.4 1.3 18.7 1.5 1.8 1.5 1.2
OM5365 #2 1.5 1.8 1.8 1.8 2.2 3.0 1.4 2.3 1.2 6.4 3.4 4.2 2.4 1.5
OM5365 #4 1.9 2.4 2.5 2.2 3.3 5.7 3.4 2.5 1.6 7.8 3.2 6.8 3.0 2.9

CIRC 0196 #2 2.6 4.8 4.3 4.0 1.2 1.9 0.8 3.1 0.6 10.3 3.2 4.7 2.7 2.4
CIRC 0196 #3 2.3 2.5 3.8 3.7 0.7 1.9 0.6 1.8 0.4 1.2 4.0 9.6 3.2 2.4
CIRC 0196 #4 3.2 5.0 5.8 0.9 2.1 0.7 3.9 0.6 11.1 2.9 3.4 2.4 2.1
CIRC 0196 #5 5.2 4.1 2.9 4.3 1.8 2.3 0.8 2.3 0.7 1.7 3.0 3.2 2.4 2.3
CIRC 0196 #6 9.9 3.3 6.8 7.0 1.4 2.7 0.8 3.6 0.5 9.6 2.5 2.8 2.2 1.8
OM5346 #2 1.6 2.6 1.9 3.1 1.4 1.2 1.1 4.0 2.3 6.8 2.1 3.1 2.1 2.0
OM5346 #3 1.9 2.1 1.4 1.4 1.8 3.5 1.7 1.6 0.5 1.1 2.6 3.9 2.5 1.9
OM5346 #4 1.8 3.0 2.3 3.4 1.3 1.3 1.0 5.9 4.7 8.3 2.9 6.0 1.1 2.1
OM5346 #5 1.7 2.5 2.4 2.4 2.8 1.3 2.8 1.2 1.5 1.0 2.3 2.5 1.8 1.8
OM5162 #1 3.9 12.4 10.6 8.6 7.8 1.6 8.7 6.5 0.5 2.4 2.1 2.1 1.6 1.0
OM5162 #3 1.7 2.3 2.1 2.2 0.7 2.4 0.8 2.4 2.2 1.9 1.8 1.8 1.6 1.1

OM5162 #11 2.0 2.8 2.4 2.3 0.8 3.2 0.8 3.1 3.9 2.1 2.4 2.4 2.0 1.1
OM5162 #13 1.5 1.8 1.8 1.8 0.9 2.0 0.9 1.9 3.9 1.9 2.2 2.2 1.7 1.2
OM5162 #15 1.4 1.6 1.7 1.6 0.6 2.1 0.9 1.9 2.7 2.4 2.1 2.1 1.8 1.1
OM5267 #1 2.6 3.6 4.3 3.7 1.2 3.4 1.7 1.4 0.4 2.0 2.3 4.3 2.1 1.7
OM5267 #4 1.6 2.0 2.0 2.4 1.4 3.3 1.0 1.5 0.4 1.4 2.3 4.4 2.4 1.6
OM5267 #5 2.4 4.7 4.9 4.3 1.5 5.3 1.6 1.5 0.5 1.5 2.5 5.0 2.4 1.6
OM5267 #8 1.8 3.2 2.4 2.6 2.2 1.7 1.7 1.5 0.6 2.0 2.3 2.8 1.9 1.5
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