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Abstract

Background

Dengue is the most prevalent arboviral disease, for which neither effective vaccines nor antivirals are available.
Clinical trials with Dengvaxia, the first licensed dengue vaccine, show the conventional in vitro plaque reduction
neutralization test (PRNT) failed to discriminate between neutralizing and non-neutralizing antibodies. A number
of human monoclonal antibodies (mAbs) were characterized by PRNT as being neutralizers of virus infectivity for

mammalian cells.

Methodolody/Principle findings
We developed a neutralization assay and tested the capacity of 12 mAbs to neutralize the infectiousness of dengue
patient viremic blood in mosquitoes. We identified minimum concentrations of a subset of mAbs required to

achieve dengue virus neutralization, and modelled the impact of a therapeutic mAb candidate on viremia.

Five of the 12 mAbs (14c10, 2D22, 1L12, 747(4)B7, 753(3)C10), all of which target quaternary epitopes, potently
inhibited dengue virus infection of Ae. aegypti. The potency of several mAbs was compromised in the context of
patients with secondary serological profiles, possibly reflecting competition between the exogenously-added mAbs
and the patient’s own antibody responses at or near the target epitopes. The minimum concentrations that mAbs
neutralized DENV ranged from 0.1 — 5 pg/mL. An Fc-disabled variant of mAb (14c10-LALA) was as potent as its
parent mAb. Within-host mathematical modelling suggests infusion of 14c10-LALA could bring about rapid

acceleration of viremia resolution in a typical patient.

Conclusions/Significance
These data delivered a unique assessment of anti-viral potency of a panel of human mAbs. Results support the
advancement of dengue virus neutralization assays, and the development of therapeutics against flaviviruses, to

which dengue virus and Zika virus belong.
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Author summary

Dengue is the most prevalent arboviral disease affecting humans. There are no therapeutics for the disease.
Antibody-mediated immunity against dengue is also not well-understood, as shown by the failure of the
conventional neutralization assay used to predict the efficacy of Dengvaxia, the first licensed vaccine for the
disease. It is likely that the neutralization assay targets non-neutralizing antibodies, but there are no validation
assays available. To this end, we developed a novel virus neutralization assay, employing Aedes aegypti
mosquitoes and viremic blood from dengue patients, to examine the virus-neutralizing potency of 12 human-
derived monoclonal antibodies (mAbs). While all of these mAbs neutralized dengue virus using the conventional
assay, seven of them failed to block dengue virus infections of mosquitoes using our assay. The remaining five
mAbs neutralized at least one serotype of dengue virus and the minimum neutralizing concentrations of range
from 0.1 — 5 pg/mL. Using the minimum neutralizing concentration of a therapeutic mAb candidate, we
investigated the impact of the mAb on viremia using a mathematical model and found the mAb accelerated the
reduction of viremia. The results support the advancement of dengue virus neutralization assays, and the

development of therapeutics for dengue.

Key words
Human monoclonal antibodies, dengue virus (DENV), viremic blood, neutralization, mosquitoes, vaccine,

therapeutics
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Introduction

Dengue virus (DENV) infections are highly prevalent in the tropical and subtropical world (1). Following a primary
DENV infection it is widely accepted that an individual develops long-lived clinical immunity to the infecting
serotype but not to other serotypes. DENV infection can be subclinical, or result in a febrile syndrome that in a
small percentage of patients is complicated by vascular leakage, thrombocytopenia and altered hemostasis, usually
between the fourth and sixth days of illness (2). The risk of clinically important complications is higher when an
individual is infected for a second time with a different DENV serotype from the first (3). In this situation, cross-

reactive antibodies are hypothesized to enhance the viral infection (4).

Antibodies are central to the concepts of dengue pathogenesis and naturally-acquired or vaccine-elicited
immunity. For example, the induction of virus neutralizing antibodies by vaccination is the goal of all candidate
dengue vaccines in clinical development (5). The only-licensed dengue vaccine, Dengvaxia, was developed on the
basis that it could elicit antibodies that neutralized all four serotypes of DENV in vitro (6), but the vaccine mediated

an increased risk of dengue in vaccine recipients who were seronegative at baseline (7).

Despite the agreed centrality of antibodies to dengue pathogenesis, laboratory correlates of immunity (or disease
enhancement risk) have not been tightly defined or standardized. A general consensus is higher serum
concentrations of neutralizing antibodies are associated with reduced risk of dengue (8, 9), but results from plaque
reduction neutralization test (PRNT), used to quantify neutralizing antibody responses, failed to predict vaccine
efficacy in Dengvaxia clinical trials. A possible explanation is that PRNT relies on referenced DENV strains and
mammalian cells which do not mimic natural DENV infection. As such, the availability of evidence-based and
agreed correlates of immunity (or disease risk) could help fast track development of new dengue vaccines with
better efficacy and safety profiles than Dengvaxia (10). This goal may require “second generation” virus

neutralization assays that improve upon the predictive value of PRNT.
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94 The ability to generate and characterize human monoclonal antibodies (mAbs) from dengue immune donors has

95 provided insights into the type of antibodies that might be desirable to elicit via immunization, or alternatively, to

96 use as therapeutic agents. Most prominent are those human mAbs identified as being potent neutralizers of virus

97 infectivity for mammalian cells (Table S1) (11-17). Many of these neutralizing mAbs bind to viral envelope proteins

98 that have quaternary structures (18-21).

99
100 Here we developed a viremic blood neutralization assay (ViBNA), in which blood from DENV-confirmed patients
101 was spiked with mAbs, and was then used to feed Aedes aegypti mosquitoes. We use this assay to characterize
102 neutralization capacity of a panel of 12 anti-DENV human mAbs with different serotype specificities and epitope
103 binding characteristics. We identified a short-list of mAbs with their minimum concentrations that neutralized
104 DENV using VIiBNA. Further, we modelled the anti-viral effect of a therapeutic LALA mAb dosing to deliver
105 predictions that could influence the design of future clinical trials. These results inform dengue therapeutic and the

106 advancement of a new generation of immune correlate assays for vaccine development.
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108 Methods

109 Viremic Blood Neutralization Assay (ViBNA)

110 In ViBNA, viremic blood was drawn directly from acutely-infected dengue patients, and the infection of blood-fed
111 mosquitoes was the assay endpoint to measure neutralization characteristics and potency of monoclonal
112 antibodies (mAbs).

113

114 Viremic blood was drawn from NS1-positive dengue patients and spiked with various concentrations of individual
115 mAbs. The blood-antibody mixture was incubated at 37°C for 30 minutes for virus neutralization to occur. The 30-
116 minute duration is a standard time for mAbs to neutralize virus, as with other neutralization assays. Positive and
117 negative controls were prepared in parallel. The blood-antibody mixture was then maintained at 37°C in artificial
118 membrane feeders, attached to a circulating warm water system. Mosquitoes were allowed to feed on the
119 antibody-blood mixture for maximum 1 hr. Between 20-50 wild-type Aedes aegypti were included for each
120 preparation and engorged mosquitoes were maintained for 5-7 days, allowing non-neutralized dengue virus
121 (DENV) to amplify in the mosquitoes. Those surviving the incubation period were sacrificed, homogenized, and
122 tested for the presence of DENV RNA using RT-PCR procedures described elsewhere (22).

123

124 Clone names and characteristics of the 12 human mAbs are described in Table S1. The mAb 14c10 was obtained
125 with two separate variants, wildtype and LALA. The LALA modification abrogates mAb binding to Fc receptors.

126

127 The positive control was hyper-immune plasma, created by pooling convalescent plasma samples of 119 dengue-
128 confirmed patients with any of the four serotypes. The plasma pool was then heated at 56°C for 30 minutes to
129 inactivate complement. Negative control was 0.9% saline. Both controls were diluted 1:9 in viremic blood before
130 mosquito exposures.

131
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132 Dengue patient cohorts and diagnostic tests

133 Eligible patients; who were admitted to inpatient wards at the Hospital for Tropical Diseases, HCMC, were enrolled
134 between April 2013 and July 2017. The inclusion criteria were: age >15 years; <96 hours of fever history; and a
135 positive NS1 rapid test to confirm DENV infection. There were no exclusion criteria. A single 3-5 mL venous blood
136 sample was drawn from each participant on the day of enrolment, or occasionally, the following day, for mosquito
137 feeding. Subsequently RT-PCR was performed to quantify viremia levels following established methodology (23).
138 Panbio’s Indirect IgG ELISA was also employed to examine the presence of DENV plasma IgG. The blood samples
139 that underwent RT-PCR and DENV-reactive IgG test were separate aliquots from those used to feed mosquitoes.
140

141 Ethics statement

142 This study was approved by the Ethics Committee of Hospital for Tropical Diseases, Vietham (CS/ND/12/16,
143 CS/ND/16/27) and the Oxford University Tropical Research Ethics Committee, UK (OXTREC 30-12, OXTREC 45-16).
144 All patients provided written informed consent.

145

146 Aedes aegypti mosquitoes

147 We used 3-5 days-old F3 laboratory-reared Aedes aegypti mosquitoes in these experiments. All mosquitoes were
148 derived from field-sourced materials (eggs or larvae) collected in HCMC. Mosquitoes were maintained at 28°C,
149 with a 12:12 light:dark cycle and 80% relative humidity. Mosquito colonies were blood-fed on healthy consent

150 humans and had access to 10% sucrose ad libitum.
151

152 Data screening and statistical analysis

153 We excluded blood meals from the analysis for any of the following reasons: 1) non-infectious, i.e. mosquitoes in
154 the negative control were DENV negative; 2) all mosquitoes of either negative control or positive control died
155 before harvesting; 3) the number of harvested mosquitoes from a single cohort was fewer than four. Due to the
156 nested nature of the data, i.e. mosquitoes fed on each preparation of blood of the same dengue patient, a

157 marginal logistic regression model was used to evaluate the neutralization capacity of any given mAb, relative to
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158 the negative control from within each antibody treatment. The model was multivariable, adjusting for the
159 covariate of plasma viremia. Neutralizing mAbs were classed as those that generated odds ratio values less than
160 0.1. A p value of less than 0.001, adjusted for multiple-comparisons by the Bonferroni correction method, was
161 statistically significant. To compare the percentage reduction between DENV-specific IgG-positive and -negative
162 blood meals, we used the Wilcoxon rank sum test.

163

164 The percentage reduction in mosquito infections was calculated for each feed as follows: 100% - 100% x (the
165 proportion of DENV infected mosquitoes in the mAb group / the proportion of DENV-infected mosquitoes in the
166 saline group).

167

168 In vivo modelling of a therapeutic mAb application

169 We modelled the impact of 14c10-LALA on DENV-1 viremia with the minimum concentration required to neutralize
170 DENYV infection. The clinical dosing of the mAb was estimated for intravenous infusion, with assumptions of an
171 average human bodyweight of 70 kg and the amount of body plasma of 5.5 L.

172

173 We assessed the possible impact of 14c10-LALA to dengue viremia kinetics, by extending a previously published
174 model of dengue viral replication (24, 25) to include different efficacies of 14c10-LALA. We simulated the model
175 using samples from the posteriors of the model fits from this previous work. The action of the mAb was simulated
176 as an increase in the rate at which virus was cleared. We assumed the action of the mAb, administered once, did
177 not change over time and not affect the growth or the binding of patients’ antibodies.

178

179 Two scenarios were simulated; high and low clearance by 14c10-LALA, corresponding to a viral clearance rate of
180 10,000 and 100. We simulated the mAb as being administered at day 9 after infection, corresponding to on

181 average day 3 of symptoms (26), the earliest day patients usually report to hospital.
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183 Results

184 Neutralization capacity of monoclonal antibodies (mAbs)

185 In our patient population, DENV-1 and DENV-4 were the most prevalent serotypes. The median plasma DENV-
186 RNAemia level varied by serotype and was highest for DENV-1 (Fig S1).

187

188 Least potent mAbs

189 At a concentration of 10 pug/mL; 1C19, 1M7, 22.3, 82.11, 87.1, 5J7 and 1F4 were the least potent at neutralizing the
190 infectivity of DENV viremic blood for Aedes aegypti mosquitoes (Fig 1 and Table S2). Only 1F4 (a mAb previously
191 characterized as DENV-1 specific) provided partial blocking of DENV-1 infection of mosquitoes (OR 0.18, 95%ClI
192 0.10-0.34, P < 0.001).

193

194 Most potent mAbs

195 Five mAbs, all of them recognizing quaternary epitopes on the virion surface, reproducibly neutralized DENV in
196 viremic blood (Fig 1 and Table S2). The mAbs 14c10 (DENV-1 specific), 1L12 and 2D22 (both DENV-2 specific)
197 blocked viral infection of mosquitoes at 10 pg/mL. The E-dimer epitope (EDE)-specific mAbs 747(4)B7 and
198 753(3)C10, both previously nominated as serotype cross-reactive, had different potency characteristics at the
199 highest concentrations tested (3.7 ug/mL and 5 pg/mL, respectively). 753(3)C10 blocked DENV-1 and DENV-4 but
200 did not prevent mosquitoes from acquiring DENV-2 infection. 747(4)B7 was also highly potent against DENV-1, but
201 only partially blocked DENV-2 and DENV-4. There were insufficient blood meals to characterize the potency of any
202 of these mAbs against DENV-3.

203
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204

205 Fig 1. An example of neutralizing and non-neutralizing monoclonal antibodies (mAbs), according to the ViBNA. At
206 the top of each panel are the mAb clone names. While 1F4 and 82.11 failed to neutralize DENV of any serotypes,
207 2D22 is DENV-2 specific and 753(3)C10 is cross-reactive against DENV-1 and DENV-4. This is indicated by the y-axis
208 values of 100, meaning the mAb neutralize DENV, relative to the negative control. Means and standard errors of
209 test results are calculated from three or more independent ViBNA measurements. Positive control is in black while
210 tested mAbs are in gray.

211

10
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212 We hypothesized that the neutralization capacity of the serotype cross-reactive mAbs 747(4)B7 and 753(3)C10
213 might be influenced by the presence of pre-existing patient-derived antibodies, such as those binding to the E
214 fusion loop region that compete and block access to the EDE quaternary epitope. We therefore tested for the
215 presence of patient-derived 1gG to the DENV virion (assessed by Panbio IgG indirect ELISA) in viremic blood
216 samples. Consistent with the competition hypothesis, we found that the potency of 747(4)B7 was greatest in
217 viremic blood samples devoid of measurable pre-existing 1gG to the DENV (Wilcoxon rank sum test, p=0.023). A
218 similar pattern was observed with 753(3)C10 but this was not statistically significant. In contrast, the potency of
219 the DENV-1 specific mAb 14c10 was unaffected by pre-existing DENV-reactive 1gG (Fig 2), suggesting that epitope-
220 binding competition with other antibodies was less relevant to serotype-specific mAbs.

221

222 Collectively, these experiments identified several mAbs capable of dramatically and quickly reducing the titer of
223 infectious virus in patients’ blood to below the concentration required to infect Aedes aegypti mosquitoes.

224

11
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225

226 Fig 2. Reduced neutralization capacity of cross-reactive monoclonal antibodies (mAbs) in 1gG-positive dengue
227 patients. At the top of each panel are the mAb clone names, and the neutralization characteristic of that mAb,
228 according to ViBNA. The y-axis value of 100 indicates the mAb neutralizes DENV, relative to the negative control.
229 Due to the serotype specificity, only results of DENV-1 blood meals are shown with 14c10. Means and standard
230 errors of more than two replicates are shown. Positive control is in black while tested mAbs are in gray.

231
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232 Minimum inhibitory concentrations of a subset of neutralizing mAbs

233 We investigated the lowest concentration of 14c10, 747(4)B7 and 753(3)C10; required to neutralize DENV in
234 viremic blood. 14c10 neutralized DENV-1 at 10, 1 and 0.1 pg/mL but not at 0.01 pg/mL. The minimum
235 concentration of 14c10 was also independent of Fc receptor engagement, as the Fc disabled variant 14c10-LALA
236 was just as potent as the parent mAb (Fig 3). DENV-1 infection was completely inhibited in mosquitoes by 747(4)B7
237 at 3.7 ug/mL and 0.37 pg/mL, but not at lower doses, and the mAb generally failed to block DENV-4 infection at all
238 concentrations tested (Fig S2). 753(3)C10 was less potent than 747(4)B7 against DENV-1, blocking only at the
239 highest concentration tested, 5 ug/mL. 753(3)C10 also blocked the infectivity of DENV-4 viremic blood at 5 ug/mL,
240 but failed to neutralize virus when diluted any further (Fig S3).

241

13


https://doi.org/10.1101/516195
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/516195; this version posted January 10, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY 4.0 International license.

242

243 Fig 3. Both 14c10 variants neutralize dengue virus (DENV) at concentrations as low as 0.1 ug/mL. The y-axis value
244 of 100 means mAb blocks DENV infection of mosquitoes completely, relative to the negative control. The isotype
245 control mAb binds to respiratory syncytial virus. Means and standard errors of more than two replicates are
246 shown. Positive control is in black while negative control is in gray.

247
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248 Modelled outcomes of therapeutic application of a potent, virus neutralizing mAb on DENV viremia

249 In a simplistic model, a blood concentration of 0.1 pug/mL mAb could be achieved in a 70 kg person with 5.5 L of
250 blood, by intravenous infusion of 7 ug of mAb per kg bodyweight. For the majority of individuals at the 10,000-fold
251 accelerated clearance, viremia immediately fell and continued to decline to undetectable levels 3-5 days before
252 viremia would have been resolved naturally (Fig 4). A few individuals however observed a two-phase decline. At
253 100-fold, an immediate decline happened for many individuals, however a larger proportion of individuals saw a
254 two-phase decline (Fig S4). This two-phase decline was observed when, at the point of mAb administration, the
255 total antibody, comprising patient’s antibody plus 14c10-LALA was not yet sufficiently high to cause viral titers to
256 start declining immediately. This happened more often for individuals experiencing a primary infection where
257 natural antibody titers were in general lower at the time of administration than secondary individuals. However for
258 all individuals, viremia decline started soon after administration. These modelling data suggest potent virus
259 neutralizing mAbs could plausibly bring about clinically relevant reductions in the magnitude and duration of DENV
260 viremia.

261
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262

263 Fig 4. Modelled outcomes of administering 14c10-LALA on dengue virus-1 viremia. Log10 viremia is on y-axis and
264 days since infection is on x-axis. Gray lines show the viral titers, described elsewhere (24), without monoclonal
265 antibodies. Accelerated clearance rates of 10,000-fold are in black. Serological status (primary vs. secondary

266 dengue infection in enrolled patients) is shown in the columns.

16
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268 Discussion

269 Here we characterize the neutralization capacity of a panel of well-characterized human monoclonal antibodies
270 (mAbs) to block the infectivity of human viremic blood for Aedes aegypti mosquitoes. The mAbs that recognized
271 quaternary epitopes on the virion surface were the most potent. The potency of the EDE specific mAbs 747(4)B7
272 and 753(3)C10 were compromised in the context of viremic blood from patients with secondary serological
273 profiles, possibly because of competition at or around the epitope binding site by patient-derived anti-dengue
274 virus (DENV) IgG. An Fc-disabled variant of the DENV-1 specific mAb 14c10 was as potent as its wild-type parent,
275 confirming that Fc receptor engagement was unnecessary for virus neutralization. Within-host modelling suggests
276 clinical infusion of a potent mAb such as 14c10-LALA could bring about rapid acceleration of viremia resolution.
277

278 For decades, the research community has been relying upon the PRNT to measure DENV-neutralizing antibodies
279 after vaccination or natural infection. Coupled to this has been a decades-old working assumption that the PRNT
280 (or related assays) accurately measure a correlate of clinical immunity. The validity of this assumption has been
281 challenged by outcomes in trials of the only licensed dengue vaccine (Dengvaxia), where vaccine recipients who
282 seroconverted in the PRNT were not always clinically immune to natural infection (6). This serves as the motivating
283 example for why more accurate immune markers of clinical immunity to dengue must be identified. A limitation of
284 PRNT is the use of referenced DENV strains and mammalian cells, irrelevant to natural DENV infections. In contrast,
285 a key strength of our viremic blood neutralization assay (ViBNA) is it enables testing of mAbs in the physiologically
286 relevant environment of freshly-collected, viremic blood from acute dengue patients. As such, ViBNA identified
287 mAbs that potently neutralized virus in a “natural history” context. Were such antibodies elicited in sufficient
288 concentrations by vaccination, it would be reasonable to hypothesize that they could mediate immunity to clinical
289 disease, or potentially even mediate sterilizing immunity.

290

291 The magnitude of virus neutralization mediated by some mAbs was striking. For example, in acute viremic blood
292 samples that contained >1,000 times the mosquito infectious dose of DENV-1 (Fig S1) (27), the mAbs very rapidly

293 blocked the blood’s infectiousness. As expected, this occurred independently of Fc receptor engagement. The

17
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294 mAbs 747(4)B7 (EDE2) and 753(3)C10 (EDE1) performed similarly, but with the caveat that their potency was lower

295 in blood samples from secondary dengue cases. Of relevance, both 747(4)B7 and 753(3)C10 mAbs target the
296 same residues from three polypeptide segments on domain Il of the envelope dimer: the b strand (amino acids
297 67-74, bearing the N67 glycan), the fusion loop and residues immediately upstream (amino acids 97-106), and
298 the ij loop (amino acids 246—249). Thus we hypothesize that the “endogenous” IgG response in these patients

299 (particularly antibodies binding to the fusion loop, a long-established target of serotype cross-reactive but poorly
300 neutralizing antibodies (11, 16)), sterically interferes with 747(4)B7 and 753(3)C10 binding their epitopes. The
301 implication is therapeutic approaches using EDE1 or EDE2 mAbs against DENV (16) or Zika virus (28) may have
302 greater efficacy in cases with primary rather than secondary flavivirus infections. Finally, our “application” of a
303 potent therapeutic mAb to a previously described within-host model of DENV infection in humans (29) suggests
304 significant reductions in the course of viremia could be achieved with highly potent mAbs. The challenge is to
305 provide proof of concept that reductions in the duration and magnitude of viremia can deliver clinically useful
306 reductions in the duration and severity of illness.

307

308 What of antibodies that were not potent in the ViIBNA? We cannot conclude that these mAbs lacked virus
309 neutralization activity, only that they lacked sufficient potency to reduce the titer of infectious virus in the
310 patients’ blood samples (against which they were tested) to below the mosquito infectious dose. A common
311 feature of mAbs that had no or intermediate potency in the ViBNA was that they recognized epitopes available on
312 the soluble envelope dimer (e.g. 22.3 and 1C19). This, and other work (21), suggests that vaccine approaches that
313 present intact virions to the immune system, e.g. live attenuated viruses (30) or inactivated whole virion vaccines,
314 are most likely to elicit the kind of quaternary-epitope-specific antibodies that in ViBNA were most potent.

315

316 Our study had several limitations. First, the amount of DENV varied between patients, which may influence the
317 binding activity of mAbs, and the infection of mosquitoes. We could not normalize plasma viremia because the
318 infectivity of DENV in viremic blood will be reduced after additional experimental procedures. Alternatively, we

319 employed the marginal logistic regression model to control for the confounding factor of viremia. Second, we
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320 could not score the potency of all mAbs against all four serotypes of DENV because this was governed by the
321 serotype prevalence. Third, the ViBNA effectively only detected virus neutralization when the mAb could reduce
322 the infectious titer to below the mosquito infectious dose. Thus, rather than generating an end-point titer, the
323 assay identifies a minimum concentration of mAb capable of consistently neutralizing virus infectivity to
324 mosquitoes across a range of patient blood samples. Despite these limitations, this study has delivered a unique
325 measurement of anti-viral activity for a panel of human mAbs and thereby could assist therapeutic and vaccine
326 development. This is especially pertinent when the complexity and risks associated with dengue vaccine
327 development have escalated, rather than diminished, since the first vaccine (Dengvaxia) was licensed.
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410  Supporting information Captions

411 Fig S1. Flow chart of the processing of viremic blood neutralization assay (ViBNA). Briefly, groups of mosquitoes
412 fed on viremic blood spiked with the monoclonal antibodies. Engorged mosquitoes were then collected and tested
413 for dengue virus (DENV) RNA. Excluded data originated from cases of non-infectious blood meals or from cases
414 where all mosquitoes within the positive or negative control cohorts died before being collected, and therefore
415 could not be assessed. Viremic blood samples were independently assessed for DENV serotype and viremia.

416

417 Fig S2. 747(4)B7 neutralized DENV-1 at a concentration as low as 0.37 ug/mL. Means and standard errors of more
418 than two replicates are shown. Hyper-immune dengue virus (DENV)-reactive globulin (HIG), used as positive
419 control, is in black while monoclonal antibodies are in gray. The y-axis value of 100 means that the mAb blocks
420 DENV infection of mosquitoes completely, relative to the negative control.

421

422 Fig S3. 753(3)C10 neutralized DENV-1 at a concentration as low as 5 ug/mL. Means and standard errors of more
423 than two replicates are shown. Hyper-immune dengue virus (DENV)-reactive globulin (HIG), used as positive
424 control, is in black while monoclonal antibodies are in gray. The y-axis value of 100 means the mAb blocks DENV
425 infection of mosquitoes completely, relative to the negative control.

426

427 Fig S4. Modelled outcomes of administering 14c10-LALA on dengue virus-1 viremia. Log10 viremia is on y-axis and
428 days since infection is on x-axis. Gray lines show the viral titers, described elsewhere (24), without monoclonal
429 antibodies. Accelerated clearance rates of 100-fold are in black after a single administration of 7 ug/kg of 14c10-
430 LALA at day 9 of infection. Serological statuses are arranged by columns.

431

432 Table S1. Previously characterized properties of tested monoclonal antibodies (mAbs)

433

434 Table S2. Neutralization capacity of all monoclonal antibodies (mAbs) in the viremic blood neutralization assay

435  (ViBNA)
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