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Abstract

Broadly neutralizing antibodies (bNAbs) have demonstrated protective effects against HIV-1
in primate studies and recent human clinical trials. Elite-neutralizers are potential candidates
for isolation of HIV-1 bNAbs and coexistence of bNAbs such as BG18 with neutralization
susceptible autologous viruses in an HIV-1 infected adult elite controller has been suggested
to control viremia. Disease progression is faster in HIV-1 infected children than adults.
Plasma bNAbs with multiple epitope specificities are developed in HIV-1 chronically
infected children with more potency and breadth than in adults. Therefore, we evaluated the
specificity of plasma neutralizing antibodies of an antiretroviral naive HIV-1 clade C
chronically infected pediatric elite neutralizer AIIMS_330. The plasma antibodies showed
broad and potent HIV-1 neutralizing activity with >87% (29/33) breadth, median inhibitory
dilution (ID50) value of 1246 and presence of N160 and N332-supersite dependent HIV-1
bNADbs. The sorting of BG505.SOSIP.664.C2 T332N gp140 HIV-1 antigen-specific single B
cells of AIIMS_330 resulted in the isolation of an HIV-1 N332-supersite dependent bNAb
AIIMS-P0O1. The AIIMS-P01 neutralized 67% of HIV-1 cross-clade viruses; exhibited
substantial indels despite limited somatic hypermutations; interacted with native-like HIV-1
trimer as observed in negative stain electron microscopy and demonstrated high binding
affinity. In addition, AIIMS-P01 potently neutralized the coexisting and evolving autologous
viruses suggesting the coexistence of vulnerable autologous viruses and HIV-1 bNAbs in
AIIMS_330 pediatric elite neutralizer. Further studies on such pediatric elite-neutralizers and
isolation of novel HIV-1 pediatric bNAbs may provide newer insights to guide vaccine

design.
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Importance

More than 50% of the HIV-1 infections globally are caused by clade C viruses. Till date,
there is no effective vaccine to prevent HIV-1 infection. Based on the structural information
of the currently available HIVV-1 bNADbs, attempts are underway to design immunogens that
can elicit correlates of protection upon vaccination. Here we report the isolation and
characterization of an HIV-1 N332-supersite dependent bNAb AIIMS-P01 from a clade C
chronically infected pediatric elite neutralizer. The N332-supersite is an important epitope
and is one of the current HIV-1 vaccine targets. AIIMS-P01 potently neutralized the
contemporaneous and autologous evolving viruses and exhibits substantial indels despite low
somatic hypermutations. Taken together with the information on infant bNAbs, further
isolation of bNADbs contributing to the plasma breadth in HIV-1 infected children may help to
better understand their development and characteristics, which in turn may guide vaccine

design.
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Introduction

The promising results of animal challenge studies and human clinical trials of potent HIV-1
broadly neutralizing antibodies (bNADbs) in inhibiting viral infection and recent FDA
approval of Ibalizumab in combination with antiretroviral therapy for individuals with
multidrug resistant HIV-1 has raised hopes for the development of effective HIV-1
therapeutic vaccines (1-4). Based on the structural information of the currently available
HIV-1 bNADbs, attempts are underway to design immunogens that can elicit correlates of
protection in the vaccinees (5, 6). Studies conducted in chronically HIV-1 infected adult
donors suggest that it takes at least 2 to 3 years of infection for the antibodies to undergo
affinity maturation in response to viral escape, in order to develop potent HIV-1 bNAbs (7—
9). The HIV-1 bNADbs evolve in rare infected individuals who are antiretroviral naive long-
term non-progressors (LTNPs) or viremia controllers and the top 1% among them are
classified as ‘elite neutralizers’ based on their plasma neutralizing activity (10). The HIV-1
bNADbs isolated from chronically infected adult elite neutralizers exhibit signature
characteristic features like high somatic hypermutations (SHM), insertions or deletions
(indels), long CDRH3 length, high potency and broad viral neutralization breadth (11-16).
However, most adult bNAbs, with the exception of BG18 normally fail to neutralize
coexisting autologous viruses (7, 12, 17-20), but no such data is available on pediatric elite

neutralizer(s).

HIV-1 infection in children is mostly caused by vertical transmission (21). Early treatment
with antiretroviral therapy (ART) delays disease progression, however, it fails to prevent
HIV-1 infection (22). Without ART, disease progression is faster in infected children than in

adults with median time to AIDS being one year, compared to ten years in ART naive
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94 infected adults (23), due to the immaturity and limited diversity of the immune system (24—
95  26). Recently, plasma bNAbs have been shown to evolve in HIV-1 infected infants (27, 28).
96 Longitudinal studies revealed that children infected at birth, until 3 months post infection (pi)
97 had high titers of NAbs effective against a few viruses, after which their titers decreased,
98  passively transferred maternal NAbs probably being the source of the NAbs at this stage. The
99 titers of potent NAb again increased with time, suggesting the development of de novo
100 immune responses in all the infants about one year pi (28). This plasma mapping study
101 showed that HIV-1 bNADbs can develop early in life and that functional B cells persist in these
102  infants to produce bNADbs, irrespective of high viremia and faster disease progression than
103 adults (28, 29). The high viral load, both in infants and adults possibly promotes the
104  development of NAb breadth (28, 30-32). Moreover, BF520.1, one of the HIV-1 N332-
105  supersite dependent bNAD isolated from an infant, one-year post-infection, has shown broad
106  neutralizing activity, despite limited SHMs (33), with the absence of indels, unlike the bNAbs
107  isolated from adults (13, 16) suggesting that infant bNAbs might be evolved by different
108  pathways than adult bNAbs.
109
110  Few longitudinal studies, including ours, conducted on pediatric HIV-1 directed humoral
111 immune response showed that plasma bNAbs develop in select chronically infected children
112 and slow progressors, with diverse epitope specificities, (24, 34-37), and with higher breadth
113 and potency than infected adults (35). Further, the bNAbs present in the plasma of infected
114  children demonstrated similar epitope specificities as that observed for the adult bNAbs (24).
115  Recently, from pooled peripheral blood mononuclear cells (PBMCs) of select HIV-1 clade C
116  infected pediatric long-term non-progressors (LTNPs), we constructed an anti-HIV-1 human

117  single chain recombinant fragment (scFv) phage library, from which one of the CD4-binding
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118  site (CD4bs) targeted scFv 2B10 demonstrated broad neutralizing activity with a breadth of
119  78% (38).

120

121 Herein, we have characterized the plasma neutralizing activity and epitope specificities of a
122 chronically HIV-1C infected pediatric elite neutralizer AIIMS_330. HIV-1 specific single B
123 cells from this donor were sorted using BG505.SOSIP.664.C2 T332N gp140 envelope trimer
124  as antigenic bait followed by isolation of an N332-supersite dependent pediatric bNAb
125  AIIMS-PO01 that neutralized the autologous coexisting and evolving viruses.

126

127  Results

128

129  Identification of a rare pediatric elite neutralizer by longitudinal neutralization activity
130  analysis of the plasma antibodies

131

132 The AIIMS_330 donor is an Indian HIV-1C chronically infected 9-year-old boy who had
133 acquired the infection at birth through vertical transmission. At the time of sampling (2015),
134  he was antiretroviral (ART) naive, the CD4 T cell counts and plasma viral loads were 1033
135  cells/ul and 85,400 RNA copies/ml respectively. The plasma antibody neutralization activity
136 of AIIMS_330 donor against a few HIV-1 viruses has been previously documented (37, 39,
137  40). In order to assess the evolution of antibody response in this donor, we further
138  characterized AIIMS_330 (2015) plasma against a large panel of heterologous HIV-1 tier 1, 2
139  and 3 pseudoviruses (n=33) (Figure 1A, Table S1). The AIIMS_330 plasma antibodies
140  showed broad and potent HIV-1 neutralizing activity with >87% (29/33) breadth, median
141 inhibitory dilution (ID50) value of 1246 (Figure 1A, Table S1) and a neutralization score of

142 2.9 (10), thereby qualifying AIIMS 330 to be an “elite neutralizer”. The AIIMS 330 plasma
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143 showed V1V2 and V3-glycan directed neutralization specificities, identified using Env-
144  pseudoviruses with point mutations at N160 (CAP45 clade C and BG505 clade A) and N332
145  (BG505 clade A and CAP256 clade C) glycans and their corresponding wild-type viruses
146  (Figure 1B and 1C). However, no reduction in ELISA binding of plasma antibodies with
147  CD4bs probe RSC3 mutant protein A3711/P363N, as compared to its wild-type protein RSC3
148  core, was observed. In addition, the plasma antibodies did not bind to MPER peptides either
149  (Figure 1D), suggesting the absence of CD4bs and MPER directed antibodies in the 2015
150  time point AIIMS_330 plasma, as was also seen in its earlier 2013 time point plasma sample
151  (38). Based on the elite neutralizing activity exhibited by AIIMS_330 (2015) plasma, this
152 donor was selected for isolating anti-HIV-1 bNAbs.

153

154  Pediatric antibody AIIMS-PO1 demonstrated broad and potent HIV-1 neutralizing
155  activity

156

157  To sort HIV-1 antigen-specific single B cells, initially the antigenic bait, avi-tagged trimeric
158  BG505.SOSIP.664.C2 T332N gpl40 protein was expressed, purified and biotinylated, as
159  described previously (14), followed by its binding analysis with existing anti-HIV-1 bNAbs
160  to confirm the binding reactivity of the biotinylated trimeric protein with the HIV-1 bNADbs
161 and absence of binding with non-NAbs (Figure S1A and S1B). Then, a total of 22
162  BG505.SOSIP” single B cells with the phenotype of CD3-, CD8-, CD14-, Aqua-(Dead cells),
163  CD19+, IgG+, and IgM- were sorted from 2 million stored PBMCs of AIIMS_330 pediatric
164  elite neutralizer (Figure 2A). Next, DNA was synthesized from single B cells. By nested PCR
165  based amplification of antibody variable heavy and light chain genes using specific primers
166  (41), we obtained seven pairs of heavy and light chain genes amplified from single B cell and

167  sequenced. By applying the criteria of having SHM >5% (42) in the amplified antibody
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168  genes, we identified a singular pediatric HIV-1 bNAb AIIMS-PO1. Therefore, for further
169  experiments, only AlIIMS-PO1 was characterized. Next, to determine the neutralization
170  potential of AIIMS-PO01, its neutralization activity was tested at a concentration ranging from
171 50ug/ml to 0.001pg/ml, against a heterologous panel of HIV-1 viruses, using TZM-bl based
172 neutralization assay (43) (Figure 2B, 2C and Table S2). The AIIMS-P0O1 bNAb effectively
173 neutralized a panel of viruses comprising of susceptible tier-1 to highly resistant tier-3 viruses
174  of different clades (Figure 2B and Table S2). Of the viruses tested, AIIMS-PO1 neutralized
175  68% (20/29) clade C viruses and 78% (15/19) clade B viruses. Most of the viruses neutralized
176 by AIIMS-P01 bNAb were also neutralized by the contemporaneous plasma antibodies,
177  except for a tier-2 clade B virus QH0692 (Figure 2C). Three of the viruses TRJO, CAP45,
178 and ZM53 were not neutralized by the AIIMS-PO1 bNAb at the tested concentrations,
179  although they were susceptible to neutralization by the contemporaneous plasma antibodies
180  (Figure 2C). These results demonstrate that the broad viral neutralizing activity of AIIMS-
181 P01 was comparable with that of the contemporaneous plasma antibodies. The pediatric
182  bNAb AIIMS-P01 did not neutralize clade AE viruses (that do not have an Asn glycan at the
183 322 amino acid residue of the V3 loop), as has also been observed with the existing N332
184  dependent adults and infant HIV-1 bNADbs, suggesting their N332 glycan dependency (12, 13,
185 16, 33, 44). The overall breadth of AIIMS-P01 was >67% (neutralized 51/76 HIV-1 viruses),
186  with a geometric mean IC50 titer of 0.5ug/ml (Figure 2B).

187

188  AIIMS-PO01 neutralized autologous contemporaneous and evolving viruses

189

190  To evaluate the ability of AIIMS-PO1 to neutralize the autologous contemporaneous viruses
191  of 2015 time point, HIV-1 rev/env cassette was amplified by single genome amplification

192  (SGA) method as described previously (45), using cDNA as template synthesized from
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193  plasma viral RNA. The neutralization susceptibility of these autologous HIV-1 enveloped
194  pseudoviruses to AlIIMS-P0O1 was tested, along with the highly potent second-generation
195  HIV-1 adult bNADbs, first generation NAbs and non-neutralizing antibodies (Figure 3A). The
196  AlIMS-P0O1 potently neutralized all three autologous contemporaneous viruses designated as
197  330.15 series (Figure 3A). Two out of three contemporaneous viruses were also neutralized
198 by adult bNAbs PGT121 (N332-directed) and 10E8 (MPER directed). Further, we generated
199 the evolving 2016 autologous viruses (designated with 330.16 series) and tested their
200 neutralization susceptibility to AIIMS-P01. We found that all of the evolving autologous
201 viruses were neutralized by AIIMS-PO1 (Figure 3A) and also by PGT121, 10E8, and PGT145
202 (V1V2 directed) adult bNADbs. These results suggest the coexistence of vulnerable autologous
203  viruses and bNADbs in AIIMS_330 pediatric elite neutralizer, as has also been observed with
204 BG18, isolated from an adult HIV-1 infected donor EB354 (12). Six out of the seven
205  AIIMS_330 autologous viruses, were resistant to many of the potent adult bNAbs, except
206  330.16.E6 (Figure 3A). The phylogenetic analysis (Figure 3B) depicts the evolution of
207  AIIMS_330 autologous viruses at different time points.

208

209  AIIMS-PO01 targeted the N332 supersite at the base of the V3 region of HIV-1 envelope
210

211 The absence of N332 glycan in clade AE viruses (44), furthered by the inability of AIIMS-
212 P01 to neutralize clade AE viruses, suggests the N332 directed neutralizing dependency of
213 this bNAD. In addition, a 55-fold reduction in IC50 neutralization activity of AIIMS-P01
214  against the clade C mutant CAP255.16 N332A, as compared to its wild-type CAP255.16 WT
215  virus, confirmed its N332 directed epitope specificity. Furthermore, a 72-fold increase in
216  1C50 was observed when this bNAb was tested against the BG505.C2 T332N mutant that

217  contained the N332 glycan, as compared to its wild-type BG505.C2 WT that lacked a glycan
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218 in this position (Figure 4A). The N332 dependent neutralizing activity of AIIMS-P01 was
219  further confirmed by competition ELISA using N332 dependent bNAbs 10-1074, PGT121
220 and BG18 (Figure 4B) (12, 13, 16). The binding of AIIMS-PO1 with N332 region on the
221 native-like BG505.SOSIP.664 trimeric envelope was observed in cell-surface binding assays
222 (Figure 4C). These findings were further substantiated by negative staining electron
223 microscopy (EM) (Figure 4D and 4E). The BG505.SOSIP.664.C2 T332N D-7324 tagged
224  trimeric envelope glycoprotein was expressed, purified and its purity was assessed using blue
225 native-PAGE (6) (Figure S2). Negative staining EM and reference free classification were
226 performed to visualize the interaction of the native-like HIV-1 trimeric protein with AIIMS
227  POl1-Fab and AIIMS-PO1 1gG respectively (Figure S3A, S3B, and S3C). Analysis of the
228  complex of AIIMS-PO1 Fab with BG505.SOSIP.664.C2 T332N gp140 HIV-1 trimeric
229  antigen by negative stain EM confirmed that AIIMS-P01 showed binding reactivity with
230 amino acid residues at the base of the V3 region (Figure 4D and 4E). The three Fab fragments
231 were clearly visible in reference-free 2D class averages (Figure 4D and S5) and 3D EM
232 envelope (Figure 4E and S4) suggesting the presence of three suitable epitopes in the HIV-1
233 trimeric protein that has to interact with Fab fragments. On the contrary, the density of
234  AIIMS-PO1 1gG with HIV-1 trimer in AIIMS P01-1gG complex is not clearly visible. The
235  plausible explanation for this is that 1gG density was averaged out during data processing
236 owing to its inherent flexibility though it binds with HIV trimer. The three-dimensional (3D)
237  reconstruction of HIV-1 trimer with AIIMS-P01 Fab at 26A resolution (Figure 4E, S4A, S4B,
238  and S4C) indicates that the AIIMS-P01 Fab interacts with the VV3-region of the soluble HIV-1
239  trimer. Recent studies show that our structure is quite similar to other published structures of
240  HIV trimers with PGV04 and PGT122 (46). Overall, the substitution of the Asn332 glycan
241 with Ala resulted in a total reduction in neutralization activity of AIIMS-P01, whereas no

242  reduction was observed with N160A, N156A mutants (Table S3), showing the absence of

10
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243 V1V2 directed neutralization activity of this bNAb. Moreover, no reduction in binding was
244  observed between CD4bs probes RSC3 core and RSC3 mutant A371/P363N (Table S3)
245  demonstrating that pediatric bNAb AIIMS-P0O1 was dependent exclusively on HIV-1 V3-
246 glycan N332.

247

248  AlIMS-PO01 showed high affinity with native-like HIV-1 trimeric protein

249

250  Next, we determined the binding potential of AIIMS-PO1 with heterologous HIV-1
251 monomeric clade C and B envelopes and observed comparable binding efficiency (Figure 5B,
252 5C, and 5D). In addition, the binding of AIIMS-PO1 with native-like HIV-1 trimeric
253 glycoprotein was comparable with that of PGT121 and PGT151 adults” bNAbs (Figure 5A).
254  ELISA binding showed that AIIMS-P01 displayed high binding with both trimeric HIV-1
255 antigen and heterologous monomeric antigens (Figure 5A, 5B, 5C, and 5D). To further
256  validate these results, the affinity of the AIIMS-PO1 with trimeric gp140 and monomeric
257  gpl20 antigens was assessed using Surface Plasmon Resonance (SPR). AIIMS-P01 displayed
258 low off-rate and higher affinity (KD=9.8nM) with BG505.SOSIP.664 T332N in SPR
259  experiments than monomeric BG505 gp120 protein (KD=50nM) (Figure 5E and 5F). These
260  results demonstrate that AIIMS-P01 exhibit high affinity with the native-like HIV-1 trimer.
261

262  AIIMS-PO1 exhibited the presence of indels with limited somatic hypermutations

263

264  The sequence comparison of pediatric bNAb AIIMS-P01 with its respective germline heavy
265 and light chain gene, showed the presence of indels (+5 amino acids insertions in heavy chain
266  framework region 3 (FRH3)), that has not been observed in the heavy chain of the other

267  N332 directed bNAbs (PGT121 and 10-1074) (Figure 6A) (13, 16). In addition, a limited

11
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268  frequency of SHM, 7% in the heavy chain and 5% in the light chain were found in AIIMS-
269 POl (Figure 6B). Further, AIIMS-PO1 had similar germline gene family of IGVH4-59*01 as
270  that of adult bNADbs of 10-1074 and the PGT121 lineage (13, 16), with a distinct light chain
271 gene family of IGLV1-47*02 (Figure 6A and 6B). Similar to the N332 targeted adult bNAbs
272 (12, 13, 16, 44) and infant bNAbs of BF520.1 class (33), the CDRH3 region of AlIMS-P01
273 was 19 amino acids long. Long CDRH3 has been shown to be important for interaction with
274  HIV glycans (47, 48) (Figure 6B). Phylogenetic analysis of the N332 dependent AIIMS-P01
275  displayed a close relation with the N332 dependent adult bNAb 10-1074 (Figure 6C). In
276  addition, a comparison of the neutralization activity of AIIMS-P01, adult and infant bNAbs
277  of N332 epitope specificity revealed that AIIMS-PO1 exhibited neutralization breadth
278  comparable with that of the adult N332 bNADbs (Figure 6D). A comparison of the gene usage,
279  CDR length, the presence of indels, epitope specificities and neutralizing activity between
280 N332 directed bNAbs AIIMS-PO1 and adult bNAbs, along with bNAbs of different
281  specificities are shown in a table (Figure 6E).

282

283  AIIMS-P01 showed ADCC activity with absence of polyreactivity

284

285  The ADCC activity of the AIIMS-P01 and its contemporaneous plasma antibodies was tested
286 by infecting target cells with NL4-3 and JRFL viruses. The MuLV virus was used as a
287  negative control. Both AIIMS-PO1 bNADb and its contemporaneous plasma antibodies showed
288  ADCC activity (Figure 7A and 7B). The AIIMS-P01 bNAb did not show any polyreactivity
289  when tested for binding with multiple antigens, suggesting the lack of binding to non-HIV-1
290 antigens and cellular self-antigens (Figure S6).

291

292
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293  Discussion

294

295  Implementation of novel high-throughput techniques such as memory B cell culture and
296  single B cell sorting using antigenic bait led to the successful isolation of second-generation
297  potent HIV-1 human bNADbs (49). The epitopes defined by HIV-1 bNAbs form the basis for
298  vaccine design using the Reverse Vaccinology 2.0 strategy (50). BNAbs such as BG18 can
299  successfully neutralize the coexisting autologous viruses suggesting that similar bNADbs can
300 be present in viremic controllers (12) Goo et al have for the first time shown the development
301 of bNADbs in infants within one year of age (28). Further, the polyclonal antibodies with
302  multiple specificities found in chronically infected children (24, 36) showed greater potency
303 and breadth than the adult bNAbs (24, 35), providing an impetus for isolating bNAbs from
304  such chronically infected children. The recent isolation of the infant bNAb BF520.1 (33),
305  suggested the presence of precursor B cells in infants that can be stimulated by HIV-1.
306  Mapping the specificities of bNAbs at different stages of infection; those elicited early in
307 infection (28, 33), and ones found in chronically infected children (24, 35, 36), may provide
308  useful information for combinatorial immunization strategies to elicit similar bNAbs in the
309 vaccinees. Recently, we (36) and others (24, 35) observed the longitudinal evolution of
310 plasma cross-neutralization antibody response with multiple epitope specificities in select
311 antiretroviral naive HIV-1C chronically infected children (24). It is pertinent to isolate
312 bNAbs from infected individuals whose plasma antibodies have been extensively mapped for
313  the presence of bNADbs, desirably the LTNPs and elite neutralizers (10, 50).

314

315  This study describes for the first time, a pediatric bNAb AIIMS-P01 1gG1, isolated from
316  single B cell of an ART naive HIV-1C chronically infected pediatric LTNP AIIMS_330, and

317 identified as an elite neutralizer in this study, based on plasma mapping analysis. This

13
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318  AIIMS_330 donor belonged to a rare cohort of vertically transmitted ART naive HIV-1C
319 infected children that have been followed up for more than a decade (37—40). The AIIMS-
320 P01 bNAD isolated from this elite neutralizer showed comparable neutralization efficiency
321  against clade C and B HIV-1 viruses thereby suggesting that this bONAb may neutralize major
322 viral clades responsible for infection globally.

323

324  The AIIMS-P01 bNAD is dependent exclusively on the N332 supersite epitope, similar to the
325  HIV-1 bNAbs PGT121, 10-1074, DH270 and BG18 isolated from adult donors (12, 13, 16,
326  44) and BF520.1, an infant derived bNAb (33). The N332 supersite is an important epitope
327 and is one of the current HIV-1 vaccine targets (5, 6). The frequency of somatic
328 hypermutations (7%) observed in AIIMS-P01 was comparable to that found in the infant
329 bNAb BF520.1 (33) and the bNAbs from adults (3.8% to 32.6%) (51, 52). Furthermore,
330 AIIMS-P01 showed 5 amino acid (AA) insertions in the third framework region of the
331 antibody heavy chain (FRH3), as has been observed to be prevalent in adult bNAbs, with in-
332 frame indels ranging from 0 to 7 AA) (13, 15, 16, 53). The high frequency of indels in adult
333  bNADbs has been shown to increase with and is predicted by the frequency of SHM (54),
334  contributing to their high neutralization potency and breadth (47, 48, 51, 55, 56). However, it
335 s difficult to elicit similar bNAbs with high SHM and indels by immunization (57), although
336 such antibodies are generated in macaques, with an average SHM of 10% and with the
337  presence of indels, on immunization with trimeric HIV-1 envelopes (58). It may be possible
338 that AIIMS-PO1 has attained high breadth by virtue of the substantial indels as reported
339  earlier for N332 and CD4bs directed adults bNADbs that indels are critical for making contacts
340  with protein or glycans on HIV (47, 48, 55, 56). The AIIMS-P01 bNADb has acquired indels
341 with limited SHMs, whether such bNADbs can be elicited in vaccinees, needs to be addressed.

342  AIIMS-PO01 belongs to an IGVH4-59*01 germline gene family, similar to the existing bNAbs
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343 of PGT121 series and 10-1074, isolated from an adult elite neutralizer (13, 16). The sequence
344  comparison, alignment and phylogenetic analysis of AIIMS-PO1 with existing N332 glycan-
345  dependent bNADs, displayed a close relation to the 10-1074 class of adult bNAbs (13).

346

347  The neutralizing activity of AIIMS_330 plasma antibodies mapped to V1V2 and V3 glycan
348  epitopes and corroborates with observations of multiple epitope specificities of the plasma
349  antibodies found in chronically infected children (24, 36), supporting that bNAbs from
350 pediatric elite neutralizers can be directed to similar neutralizing determinants as that found
351 in adult elite neutralizers. Likewise, the IGVH1-2 antibody gene usage in infant bNAb
352 BF520.1 (33) is also seen in DH270.6 bNAb from adults (44). Further, the binding
353 interactions of the AIIMS-PO1 Fab with the native-like BG505.SOSIP trimeric envelope
354  glycoprotein, as observed in reference-free class averages and negative staining 3D
355  reconstruction was possibly due to the long CDRH3 region of AIIMS-P01, that may promote
356  contact with the envelope glycan residues (47, 48). AIIMS-PO1 showed the ability to
357 effectively neutralize not only the autologous contemporaneous viruses; but also autologous
358 viral escape mutants of the successive time points, suggesting the coexistence of N332
359  dependent bNADbs and vulnerable viruses in AIIMS_330 pediatric elite neutralizer, as has
360 been documented in EB354 elite controller, with the coexistence of BG18 bNAbs and
361  susceptible contemporaneous autologous viruses (12). Apart from BG18 bNAD, isolated from
362  an adult elite neutralizer, that neutralized autologous viruses (12), the current bNAbs do not
363  neutralize contemporaneous autologous viruses (12, 17-20). The 3.5-6.7-fold ID50 increase
364 in contemporaneous plasma neutralizing activity of N332 mutant pseudoviruses, in
365 comparison to the 38-78-fold increase in AIIMS-PO1 IC50 values with N332 mutant
366  pseudoviruses of different clades, indicates that bNAbs of specificities other than N332

367 glycan are present in the plasma of this donor, may be N160 dependent, as observed in
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368 plasma mapping results, but, not captured by our antigen specific sorting method.
369  Furthermore, AIIMS-PO1 neutralization was comparable to the contemporaneous plasma
370 neutralization breadth, suggesting N332 dependent AIIMS-P01 like bNAbs were
371 substantially present in the contemporaneous AIIMS_ 330 plasma. The pediatric bNAb
372 AlIMS-P01 showed high affinity with native-like soluble trimeric envelope and demonstrated
373  heterologous HIV-1 clade neutralization activity. The inability to neutralize the viruses of AE
374  clade, which lack the N332 glycan, further confirms its N332 neutralization dependence, as
375 has also been seen earlier with other N332 dependent bNAbs (12, 13, 44). In addition,
376  AIIMS-P01 showed effector functions and the absence of polyreactivity.

377

378  To the best of our knowledge, the present study for the first time reported a singular pediatric
379  elite neutralizer followed by isolation and characterization of an HIV-1 N332-supersite
380 dependent pediatric bNAb AIIMS-PO1. The AIIMS-P01 contains indels with limited SHM
381 and belongs to the antibody gene family of the PGT121 class of HIV-1 bNAbs. The AIIMS-
382 P01 bNAb potently neutralized its coexisting and evolving autologous viruses. The
383  immunotherapeutic potential of AIIMS-P01 may be tested alone and in combination with
384 antiretroviral drugs for its ability to prevent and treat the HIV-1 infection. As this study was
385  based on the single HIV-1 chronically infected child, our findings encourage to further isolate
386 and characterize the HIVV-1 bNAbs contributing to the plasma breadth in chronically infected
387  children to better understand their development and characteristics which in turn may provide
388  newer insights to guide immunogen design.

389

390

391

392
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393  Material and Methods

394

395 Ethics statement and study subject

396

397  5ml of blood from HIV-1 clade C infected AIIMS_330 pediatric donor was drawn after the
398 approval of this study by the institutional ethics committee, All India Institute of Medical
399  Sciences (AIIMS), New Delhi, India (IEC/59/08.01.16 and IEC/NP-536/04.11.2013) and
400  obtaining written informed signed consent form from the parents/guardian. The peripheral
401  blood mononuclear cells (PBMCs) were isolated by ficoll density gradient method after
402  separating the plasma by centrifuging at 360xg for 10 min.

403

404  HIV-1 pseudoviruses generation

405

406  The HIV-1 pseudoviruses were produced in HEK 293T cells by co-transfecting the full HIV-
407 1 gpl60 envelope plasmid and a pSG3AEnv backbone plasmid. Briefly, 1x10° cells in 2ml
408 complete DMEM (10% fetal bovine serum (FBS) and 1% penicillin and streptomycin
409 antibiotics) were seeded per well of a 6 well cell culture plate (Costar) the day prior to co-
410 transfection for HIV-1 pseudovirus generation. For transfection, envelope (1.25ug) to de