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Abstract  25 

Numerous neutralizing monoclonal antibodies (mAbs) against severe acute respiratory 26 

syndrome coronavirus 2 (SARS-CoV-2) have been developed, with several now under 27 

evaluation in clinical trials. With the US Food and Drug Administration recently granting 28 

emergency use authorizations for neutralizing mAbs in non-hospitalized patients with 29 

mild-to-moderate COVID-19, there is urgency to discuss the broader potential of these 30 

novel therapies and to develop strategies to deploy them effectively in clinical practice, 31 

given limited initial availability. Here, we review the precedent for passive immunization 32 

and lessons learned in the prevention and treatment of viral infections such as 33 

respiratory syncytial virus, Ebola virus, and SARS-CoV-1. We then discuss the specific 34 

cases of SARS-CoV-2, with initial deployment of convalescent plasma and subsequent 35 

efforts to identify, purify, and mass produce specific neutralizing mAbs. We review 36 

specific clinical questions including rationale for stratification of patients, potential 37 

biomarkers, known risk factors, and temporal considerations for optimal clinical use. In 38 

order to answer these questions, there is a need to understand factors such as the 39 

kinetics of viral load and its correlation with clinical outcomes, endogenous antibody 40 

responses, pharmacokinetic properties of neutralizing mAbs, and the potential benefit of 41 

combining antibodies to defend against putative resistant viral variants. 42 
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Introduction 43 

In the midst of the 2020 Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV)-44 

2 pandemic, a variety of prophylactic and therapeutic treatments are being developed or 45 

repurposed to combat COVID-19. Monoclonal antibodies (mAbs), that can bind to and 46 

‘neutralize’ the virus in infected patients, represent a novel class of anti-viral 47 

intervention1,2. Neutralizing mAbs are recombinant proteins that can be derived from the 48 

B cells of convalescent patients or humanized mice (Figure 1). High-throughput 49 

screening of these B cells permits the identification of antibodies with the necessary 50 

specificity and affinity to bind to virus and block viral entry, therefore abrogating 51 

pathology associated with productive infection. These mAbs are termed neutralizing and 52 

can ultimately be used as a type of passive immunotherapy (detailed below) to minimize 53 

virulence. In this Review, we highlight the relative value that neutralizing mAbs can 54 

provide for patients and physicians and go on to examine the role of these agents 55 

among the spectrum of potential treatments for COVID-19 (for example, vaccinations, 56 

anti-virals and immunomodulatory drugs). 57 

In the United States, three anti-SARS-CoV-2 mAb therapies have been granted 58 

emergency use authorization (EUA) for treatment of non-hospitalized patients with mild-59 

to-moderate COVID-19 — bamlanivimab as a monotherapy, bamlanivimab together 60 

with etesevimab and casirivimab and imdevimab as a combination therapy3-5. As such, 61 

several questions need to be addressed about the potential clinical use of neutralizing 62 

SARS-CoV-2 mAbs: who should get them; what is the best dose and frequency; when 63 

in the course of the infection will they be most effective; what is the duration of the 64 

protection they provide; and what is their associated benefit-to-risk ratio? In addition, 65 
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neutralizing mAbs may have a prophylactic role in subjects deemed to be at high risk for 66 

severe COVID-19. Preliminary non-peer reviewed data suggest that mAbs prevent 67 

COVID-19 in high-risk individuals potentially exposed to SARS-COV-2 at nursing homes 68 

and within households6,7.  69 

Data, though, is still emerging. While vaccines remain the first line to prevent COVID-70 

19, mAbs could potentially benefit certain subpopulations before and after exposure to 71 

SARS-COV-2, such as unvaccinated or recently vaccinated high-risk patients. The 72 

antiviral activity seen with neutralizing mAbs treatment emphasizes the importance of 73 

early intervention to help counter the devasting impact the virus has had in such 74 

vulnerable populations and other high-risk patients. However, mAbs are complicated to 75 

produce and may be limited in initial supply. Furthermore, any protection offered would 76 

be temporary, and the duration of effective protection remains to be determined. 77 

Answers to these questions will allow the most efficacious use of these novel and 78 

potentially life-saving treatments.  79 

 80 

Passive immunization 81 

Over 125 years ago, the first major success in modern immunological intervention was 82 

developed: a therapeutic serum from animals actively immunized against diphtheria 83 

toxin8,9. Paul Ehrlich later produced a seminal paper tying the curative antiserum to 84 

neutralizing antibodies10. Today, passive immunization involves infusion of antigen-85 

specific monoclonal or polyclonal antibodies derived from non-human or human blood 86 

products. While polyclonal antibodies collected from immunized animals are the primary 87 
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source of anti-sera, there is a risk of ‘serum sickness’, especially after repeated 88 

exposures, as the recipient may generate an immune response against antibodies of 89 

non-human origin. These risks are mitigated with the use of convalescent plasma from 90 

human patients. With careful screening (for example, to assess for the presence of 91 

infectious agents and to establish antibody titre and neutralizing capacity), convalescent 92 

plasma therapy (CPT) can be effective with minimal safety risks.  93 

Prior to the current pandemic, CPT has been used to treat infections with influenza 94 

virus11,12, respiratory syncytial virus (RSV)13, Ebola virus14 and coronaviruses12,15-17. 95 

CPT appears most efficacious when used early after the onset of disease symptoms 96 

rather than during severe or prolonged infection12,15,18. It also has the potential to 97 

provide protection for the immunocompromised or unvaccinated high-risk individuals 98 

recently exposed to infection13,15. Administration of plasma with higher titres of 99 

neutralizing antibodies is associated with improved clinical outcomes17; however, the 100 

antibody titres of convalescent plasma vary considerably19. CPT can be convenient for 101 

use and adaptable for utilization in resource-poor settings14 and can be rapidly deployed 102 

to combat novel virus outbreaks. 103 

The anti-pathogen antibodies from convalescent plasma can mitigate infection by two 104 

mechanisms: antibody effector activity and neutralization. However, in rare cases, 105 

pathogen-specific antibodies can augment virulence in a process termed antibody 106 

dependent enhancement (ADE; Figure 2). ADE can occur via two distinct 107 

mechanisms.  Firstly, pathogen-specific antibodies could increase infection via viral 108 

uptake and replication in Fc gamma receptor expressing immune cells (for example 109 

dengue hemorrhagic virus infection of macrophages). With SARS-CoV-1 and -CoV-220, 110 
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in vitro evidence indicates these non-lymphotropic coronaviruses are unable to 111 

productively replicate within hematopoietic cells21. Alternatively, ADE can be mediated 112 

via increased immune activation by Fc-mediated effector functions or immune complex 113 

formation22. In the case of respiratory viral infections, the resulting immune cascade can 114 

contribute to lung pathology. While the hallmarks of severe COVID-19 have overlapping 115 

features with this type of ADE, there has been no definitive evidence with SARS-CoV-2 116 

infection currently22.  117 

Nonetheless, steps may be considered to mitigate the potential risk of ADE. When 118 

feasible (as with neutralizing mAb therapy), the Fc region can be modified to render the 119 

antibody therapy effector null. In the case of CPT, the potential risk of ADE can be 120 

reduced by administrating high amounts of pathogen-specific antibodies and utilizing 121 

plasma with high affinity neutralizing antibodies20. As shown in a non-primate model of 122 

SARS-CoV-1, neutralizing anti-receptor binding domain (RBD) or anti-heptad-repeat-2 123 

antibodies provided protective immunity whereas antibodies specific for other S protein 124 

epitopes could trigger ADE23. Further in randomized controlled trials (RCTs), passive 125 

immunization of anti-S protein neutralizing mAbs did not provide clinical evidence of 126 

ADE in non-hospitalized COVID-19 patients3,24,25. 127 

The shortage of large, randomized controlled trials (RCTs) of CPT has limited our 128 

understanding of the relative benefit-to-risk profile of this treatment option. Further, 129 

logistical difficulties can complicate CPT’s application. According to the EUA from the 130 

US Food and Drug Administration (FDA) for CPT in patients with COVID-19, 131 

convalescent patients should be at minimum two weeks symptom-free and have high 132 

titres of anti-SARS-CoV-2 antibodies; low titre donations could be used for therapy 133 
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following careful consideration by the health care provider26,27. Thus, widespread use of 134 

CPT is dependent on a readily available pool of recovering patients with high antibody 135 

titres who are willing to donate plasma, on sufficient local facilities to ensure adequate 136 

processing, screening and administration of the therapy, and on governmental 137 

coordination to regulate effective implementation.  138 

 139 

Advantages of neutralizing mAbs   140 

There is an increasing focus on replacing CPT with neutralizing mAbs, where the dosing 141 

affinity and neutralizing capacity of the antibodies can be more precise. Today, the 142 

process to mass produce recombinant mAbs has become scalable to meet demand and 143 

is cost competitive with other treatments. Neutralizing mAbs overcome limitations 144 

intrinsic to CPT (for example, the risk of blood borne diseases, time to development of 145 

detectable high affinity antibodies, risk of low antibody titres, as well as variable epitope 146 

specificity28). Further, a high titre of neutralizing antibodies — which current evidence 147 

indicates is necessary for the efficacy of CPT — is inherent with neutralizing mAbs. As 148 

of November 2020, at least 20 neutralizing mAb therapies were being tested in late 149 

stage clinical trials or had already been approved for use in 9 infectious diseases, 150 

including RSV and Ebola29,30.  151 

Palivizumab, a neutralizing mAb against the fusion protein of RSV, was initially 152 

approved in 1998 as a prophylaxis for severe infection in high risk infants31-33. 153 

Previously, the standard of care for prophylaxis in these patients was monthly infusions 154 

of RSV immune globulin13,31. When administered via monthly intramuscular injections, 155 
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palivizumab reduced the frequency of hospitalization and severity of RSV disease 156 

relative to placebo and was well-tolerated31,32. However, palivizumab was not 157 

demonstrated in RCTs to improve clinically meaningful outcomes in infants with severe 158 

RSV infection in advanced disease stages34-36. Further, monthly administration is 159 

required to maintain detectable levels of neutralizing mAb and as many as 5 doses may 160 

be needed to prevent severe or deadly infection37. A newer medication with a longer 161 

half-life (MEDI8897) is currently in Phase 2/3 trials33. 162 

During the Ebola virus disease outbreak in the Democratic Republic of Congo in 2018, 163 

the open-label RCT (PALM) investigated four intravenously administered treatments in 164 

681 patients actively infected with Ebola virus: the anti-viral remdesivir, the triple mAb 165 

cocktail ZMapp, the single mAb MAb114, or the triple mAb REGN-EB338. After an 166 

interim analysis, the first two treatments were discontinued as MAb114 monotherapy 167 

and REGN-EB3 were superior with respect to the primary outcome, patient mortality38. 168 

One potential factor the PALM study team proposed to explain the distinction between 169 

the therapeutics was that the full treatments for MAb114 and REGN-EB3 were 170 

administered as a single dose, thereby facilitating a rapid response, while ZMapp was 171 

given as three infusions. Indeed, patients treated with MAb114 and REGN-EB3 had 172 

faster rates of viral clearance, lending credence to this hypothesis. Overall, survival was 173 

higher in those who were treated early in symptom onset and had lower baseline viral 174 

loads. The relatively poor efficacy of the ZMapp triple cocktail also serves as a reminder 175 

that the number of mAbs is not necessarily a predictor of efficacy per se and that the 176 

specific epitopes matter as well. 177 
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 Two main uncertainties persist with passive immunization, spanning both neutralizing 178 

mAbs and CPT. First, does their use as a prophylactic or treatment potentially affect 179 

natural long-term immunity? Considering the large doses used and the relative half-life 180 

of antibodies (~3 weeks for IgG molecules), there is a pertinent consideration whether 181 

the presence of circulating neutralizing mAbs could impact active immunity, whether 182 

through memory from infection or vaccination. In RSV, rodent and primate infection 183 

models indicate that the passive transfer of antibodies does diminish the development 184 

of humoral immunity in the recipient; however, long-term memory was sufficient to 185 

protect the hosts from re-infection, largely due to an intact T cell memory 186 

compartment39,40. Considering the limitations in translating data from animal models 187 

(where RSV replication is attenuated relative to in its human host), additional data, 188 

particularly from clinical trials, will provide critical insight with regard to this potential 189 

challenge.  190 

Second, could resistant viral variants emerge that limit the effectiveness of the 191 

therapies? The polyclonal nature of CPT, in which a spectrum of differentiated 192 

antibodies target multiple epitopes of the pathogen, may help to reduce  this risk. 193 

Nevertheless, emerging pre-clinical data suggests SARS-CoV2 spike mutations escape 194 

from polyclonal serum41, and convalescent plasma has reduced neutralizing activity 195 

against some viral variants42. For mAbs however, depending on the infectious agent 196 

and the epitope targeted, combinations of mAbs may be necessary to maintain efficacy 197 

and prevent treatment failure. Experience with mAbs targeting human 198 

immunodeficiency virus (HIV), which has a very high mutation rate, suggests that it is 199 

more effective and durable to utilize multiple neutralizing antibodies (i.e. combinational 200 
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mAb therapy) rather than a single one43-46. These particular mAbs against HIV also 201 

need to be broadly neutralizing, that is targeting epitopes generally conserved among 202 

variants. On the other hand, infections involving pathogens with lower mutation rates 203 

and/or accessible broadly conserved epitopes may not require combinational mAb 204 

therapy, for example, MAb114 monotherapy, which targets a broadly conserved epitope 205 

on the Ebola virus’s RBD, was as effective as the combination therapy REGN-EB338 206 

and more effective than the triple cocktail (ZMapp). It is important to note though that 207 

the global nature of the SARS-CoV-2 pandemic presents a larger risk of pre-existing 208 

and escape variants than during the Ebola outbreak.  209 

From the collective clinical data with MAb114, REGN-EB3 and palivizumab, the general 210 

benefits and risks associated with neutralizing mAbs are similar to those observed with 211 

traditional passive immunization against infectious agents. The agents themselves are 212 

relatively tolerable for patients, efficacious during the early onset of disease/symptoms 213 

and in certain cases as a prophylactic, but with limited efficacy once infections are 214 

severe. The distinctions between these therapies are largely logistical; CPT is more 215 

rapidly implemented during an emerging pandemic when few therapeutic options are 216 

yet available, while neutralizing mAbs take time to discover, obtain regulatory approval, 217 

and scale up manufacturing capacity. The use and promise of passive immunization 218 

during the coronavirus outbreaks of the 21st century (that is, with SARS-CoV-1, MERS 219 

and SARS-CoV-2) have re-emphasized these past lessons while also highlighting 220 

additional insights. 221 

 222 
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Passive immunization for coronavirus infection 223 

During the SARS epidemic in 2003, immune system kinetics following SARS-CoV-1 224 

infection were different in patients who recovered compared with in those who finally 225 

succumbed to the viral infection and sequelae. In patients with fatal outcomes, 226 

endogenous neutralizing antibodies peaked at 15 days from symptom onset then 227 

decreased drastically until the time of death. In contrast, in patients who went on to 228 

recover, peak neutralizing antibody responses were observed at 20 days from symptom 229 

onset47,48. Those who recovered tended to develop antibody responses with diverse 230 

isotypes (IgM, IgG, IgA) against two proteins on the virus, the nucleocapsid (N) and 231 

spike (S) proteins, while patients with fatal outcomes had restricted antibody responses 232 

to the N protein only. In a serological survey of confirmed convalescent serum samples, 233 

88% had anti-SARS-CoV-1 antibodies 31-180 days after the onset of symptoms; the 234 

geometric mean of neutralizing antibody titre was 1:6119. 235 

Due to the brief duration of the SARS epidemic in 2003, few observational trials 236 

examining CPT were conducted. The largest involved 80 patients at Prince of Wales 237 

Hospital in Hong Kong15. Those given CPT prior to day 14 following onset of symptoms 238 

had a better outcome than those given CPT after day 14 (p<0.001); mortality was also 239 

lower in the former group (6.3% versus 21.9%). Patients who tested positive for SARS-240 

CoV-1 by PCR had better outcomes if they were seronegative when given CPT than 241 

those who were already seropositive (66.7% versus 20%; p<0.001). A summary of eight 242 

observational studies using CPT during the SARS 2003 outbreak (including the 243 

aforementioned Prince of Wales Hospital Study) suggested CPT was associated with 244 

improved mortality rates, shorter hospital stays, and reduced overall viral loads in the 245 
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respiratory tract12. The treatments were considered tolerable12; however, information on 246 

minor complications may have been underreported. Importantly, robust studies on the 247 

effectiveness and safety of CPT were not completed, and thus these results must be 248 

interpreted with caution, particularly as patients treated at later times with CPT therapy 249 

may demonstrate selection bias for an already refractory pathophysiology.  250 

In SARS-CoV-2 infection, plasma collected from 175 patients who had recovered from 251 

mild COVID-19 demonstrated neutralizing antibody and S-binding antibody titres that 252 

correlated with increased age, greater inflammation (i.e. higher C-reactive protein 253 

levels) and lower lymphocyte counts; the vast majority of the SARS-CoV-2 neutralizing 254 

antibodies were not cross-reactive to SARS-CoV-149. Several reports indicate 255 

convalescent patients can maintain high titres of neutralizing antibodies several weeks 256 

after infection49-51.  257 

Observational studies have reported that CPT has been associated with improved 258 

outcomes in COVID-1952. For example, in a small case series in China, five critically ill 259 

patients with acute respiratory distress syndrome showed improved clinical status 260 

following treatment with CPT. Thirty-seven days post transfusion, three patients had 261 

been discharged and two were in a stable condition53. In a cohort analysis of 35,222 262 

patients hospitalized with COVID-19 from the United States Convalescent Plasma Early 263 

Access Program, reduced mortality was associated with earlier time to transfusion (after 264 

diagnosis) and convalescent plasma with higher antibody levels18. Because these 265 

studies were observational, there was limited procedural control including 266 

standardization of the level of neutralizing antibodies.  267 
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In an open-label RCT with CPT for patients (n=103) with severe or life-threatening 268 

COVID-19 in China, donors were required to have high levels of antibodies specific to 269 

the RBD of the S protein54. However, the study was terminated early; the hazard ratio 270 

for time to clinical improvement within 28 days in the CPT group versus the standard 271 

treatment control group was 1.4 (favoring CPT) but was not statistically significant. The 272 

proportion of patients with severe disease who achieved the primary endpoint was 273 

significantly higher in the CPT group (21 of 23 patients) versus the standard treatment 274 

group (15 of 22 patients; p=0.03), but no distinction was noted in patients with life-275 

threatening COVID-19 53. In a blinded RCT in Argentina, CPT (with a median titre of 276 

1:3200 anti-SARS-CoV-2 antibodies) also failed to demonstrate benefit in patients with 277 

COVID-19-associated severe pneumonia55.Further, in an open-label RCT in India 278 

(PLACID) in hospitalized COVID-19 patients with moderate disease severity, CPT did 279 

not demonstrate clinical benefit in patient mortality or transition to severe disease56. 280 

Similarly, preliminary data from the RECOVERY RCT among 10,406 hospitalized 281 

patients showed no proof of mortality benefit in the primary endpoint of 28-day mortality 282 

in the CPT treated group versus the standard treatment group57,58. 283 

Despite inconsistent clinical efficacy, there is evidence that CPT was associated with 284 

greater viral clearance than standard of care treatment54,56; collectively, this indicates 285 

improvement in viral clearance alone was not sufficient to clearly improve the clinical 286 

outcomes in patients with established COVID-19 (that is, in patients hospitalized with 287 

COVID-19). Because the currently available data on CPT is derived predominantly from 288 

inpatient (severe or critical) COVID-19 RCTs, the suitability of CPT as prophylaxis or 289 
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treatment at the onset of COVID-19 symptoms remains to be determined by 290 

appropriately controlled clinical trials.  291 

 292 

Neutralizing mAbs in development for COVID-19  293 

The primary antigenic epitope on the coronaviruses SARS-CoV-1 and SARS-CoV-2 is 294 

the S protein, which facilitates target cell binding and fusion upon engaging the cell 295 

surface angiotensin-converting enzyme 2 (ACE2) receptor, which is found on cells in 296 

the respiratory system, gastrointestinal tract, and endothelium59-63. Thus, antibodies 297 

directed to the S protein can neutralize the ability of the virus to bind and fuse with the 298 

target host cell. Humanized murine technology or convalescent plasma from recovered 299 

patients has been used to derive neutralizing mAbs targeted to the RBD of the S protein 300 

(Figure 3)64-66. To date, most advanced research efforts for therapeutic use of 301 

neutralizing mAbs are focusing on a handful of products in clinical development, some 302 

of which are already authorized based on Phase 1/2 and Phase 2 data for emergency 303 

use (EUA) (Table 1).  304 

REGN-COV2 is a combination of two potent neutralizing mAbs — namely casirivimab 305 

and imdevimab, which are IgG1 mAbs with unmodified Fc regions. These two mAbs 306 

were chosen from a pool of >200 neutralizing mAbs, present in the initial isolation of 307 

thousands of antibodies, derived from parallel efforts using humanized mice and the 308 

sera of convalescent COVID-19 patients67,68. The antibodies bind two distinct and 309 

nonoverlapping sites on the RBD3,67. The rationale for this antibody combination is that 310 

it is unlikely that a mutation in the S protein of SAR-CoV-2 will simultaneously render 311 
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both antibodies ineffective. In extensive in vitro testing, this combination retained its 312 

ability to neutralize all known S protein mutations67. Further, casirivimab and imdevimab 313 

combination therapy initiated antibody-mediated cytotoxicity and cellular phagocytosis in 314 

virally-infected cells in vitro3. This product was tested in rhesus macaques and golden 315 

hamsters infected with SARS-CoV-2, which serve as models for mild and severe 316 

disease, respectively69. In both models, prophylactic and therapeutic treatment with 317 

casirivimab and imdevimab resulted in not only a reduction in viral load but also 318 

diminished the incidence and severity of lung disease relative to a placebo.  319 

An ongoing Phase 1/2/3 placebo-controlled trial (NCT04425629) is investigating the 320 

safety and efficacy of a single infusion of casirivimab and imdevimab — 2400 mg (n = 321 

266, interim), 8000 mg (n =267, interim) or matching placebo (n =266) — for 322 

symptomatic adults who have not previously been hospitalized within 3 days of a 323 

positive active SARS-COV-2 diagnosis (and within 7 days of first symptoms)3. Median 324 

age was 42 years (7% ≥65 years), 85% were white, 9% were black, and 34% of patients 325 

were considered high risk (for example, were obese, elderly or had underlying chronic 326 

medical conditions). Pooled treatment achieved the primary endpoint of time weighted 327 

average (TWA) change from baseline in viral load (log10 copies/mL), collected from a 328 

nasopharyngeal swab, in patients with a positive baseline for viral RNA (N=665). The 329 

difference in TWA from Day 1 through Day 7 for the pooled doses of casirivimab and 330 

imdevimab compared with placebo was -0.36 log10 copies/mL (p<0.0001). The 331 

combination was reported to reduce viral load particularly in patients with higher viral 332 

loads who were seronegative at baseline3,70. On a key clinical endpoint, a lower 333 

proportion of patients treated with casirivimab and imdevimab had COVID-19-related 334 
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medically attended visits (2.8% for pooled doses vs 6.5% placebo). In post-hoc 335 

analyses, a lower proportion of patients treated with casirivimab and imdevimab had 336 

COVID-19-related hospitalizations or emergency room visits compared to placebo (2% 337 

versus 4%). The absolute risk reduction for casirivimab and imdevimab compared to 338 

placebo was greater for patients at high risk for progression to severe COVID-19 and/or 339 

hospitalization (3% vs 9%). Collectively, these results supported the Regeneron EUA of 340 

casirivimab and imdevimab in the US in November 202071. 341 

Bamlanivimab is a potent neutralizing mAb (IgG1 with unmodified Fc region) against the 342 

S protein that was derived from the convalescent plasma of a patient who had COVID-343 

1924,66. Bamlanivimab binds the S protein’s RBD, engaging its cognate epitope in both 344 

up and down conformations, which makes this antibody potentially useful as a 345 

monotherapy. There have been historical precedents for the effectiveness of 346 

neutralizing mAbs as a monotherapy (for example, MAb114 for Ebola)38. To assess 347 

theoretical risk of ADE, bamlanivimab was studied in primary human macrophages and 348 

immune cell lines exposed to SARS-CoV-2 at concentrations down to 100-fold below 349 

the EC50 value and in these studies it did not demonstrate productive viral infection4. 350 

Prophylactic efficacy was tested in rhesus macaques given bamlanivimab 24 hours prior 351 

to a virus challenge66. The symptoms in this model were mild overall, but the treatment 352 

significantly decreased viral load and replication in the respiratory tract following 353 

inoculation, supporting its antiviral efficacy.  354 

In the phase 2 portion of the ongoing phase 2/3 BLAZE-1 trial, ambulatory adults with 355 

mild-to-moderate symptoms of COVID-19 within 3 days of a first-positive 356 

nasopharyngeal swab positive for SARS-CoV-2 received a single infusion of one of 357 
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three doses of bamlanivimab (700, 2800, or 7000 mg) or placebo in an outpatient 358 

setting24. A pre-planned interim analysis was conducted of 452 patients who had 359 

reached day 11 following infusion (median age 45-46 years (12% ≥65 years), 88% 360 

white, 6% black, and 68% high risk [for example, obesity, elderly, underlying chronic 361 

medical conditions])24. The study revealed the viral clearance time course via the 362 

intrinsic immune response and the enhanced clearance with neutralizing mAb infusion, 363 

concomitant with improved clinical response. Viral loads were assayed from serial 364 

nasopharyngeal swabs, with post-infusion measurements enabled by a novel 365 

partnership with home-health research. Following infusion, log viral load had begun 366 

decreasing relative to baseline as early as the first post-infusion assessment on day 3 (-367 

0.85 for placebo versus -1.35 for pooled bamlanivimab doses), continued to decrease 368 

on day 7 (-2.56 for placebo versus -2.90 for pooled bamlanivimab doses), and further 369 

decreased by day 11 (-3.47 for placebo versus -3.70 for pooled bamlanivimab doses). 370 

In a post hoc analysis, patients with early persistent high viral load (described as log 371 

viral load ≥5.27, at trial day 7) had a higher risk of hospitalization, and risk was further 372 

increased for elderly and obese patients. Clinical evidence demonstrating the efficacy of 373 

bamlanivimab came from two predefined secondary endpoints. First, at day 29 the 374 

percentage of patients who were hospitalized with COVID-19 was 6.3% for the placebo 375 

group and reduced to 1.6% for the pooled bamlanivimab doses. In post-hoc analyses, 376 

hospitalization among elderly (≥65 years) or obese (BMI ≥35 kg/m2) patients was 15% 377 

for the placebo group and 4% for the pooled bamlanivimab doses. Absolute risk 378 

reduction for hospitalizations was more evident for patients with risk factors. Second, 379 

improvements in baseline symptoms was greater for the pooled bamlanivimab doses 380 
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compared to placebo from day 2 through to day 11. Collectively, these results supported 381 

the EUA of bamlanivimab monotherapy in the U.S. and Canada in November 202026.  382 

Other treatment arms of the BLAZE-1 trial studied, bamlanivimab together with 383 

etesevimab (an S protein-binding IgG1 with a modified Fc region, resulting in null 384 

effector function)25,72. Bamlanivimab and etesevimab together significantly decreased 385 

viral load (mean changes from baseline and percent patients with persistent high viral 386 

load) compared with placebo at day 3 to day 1125. Bamlanivimab and etesevimab 387 

treated patients had fewer COVID-19 related hospitalizations relative to the placebo 388 

group (5.8% with placebo reduced to 0.9% with bamlanivimab together with 389 

etesevimab). Recently released placebo-controlled Phase III data from 1035 patients 390 

randomized, 1:1 to bamlanivimab together with etesevimab versus placebo, 391 

demonstrated that in high-risk ambulatory (including patients  12-17 years with specific 392 

risk factors and ≥ 18 years of age with specific adult risk factors) bamlanivimab and 393 

etesevimab together was associated with a 70% reduction in COVID-19 related 394 

hospitalizations and deaths relative to placebo treatment (7.0 % in placebo reduced to 395 

2.1 % with bamlanivimab together with etesevimab)25,73. Based on these data, an 396 

additional EUA of bamlanivimab together with etesevimab, has been authorized5. 397 

There are concurrent studies investigating neutralizing mAbs for patients hospitalized 398 

with severe COVID-19. The REGN-COV2 trial in hospitalized patients enrolls patients 399 

with or without supplemental oxygen and is still ongoing74,75. In prospectively designed 400 

analysis of REGN-COV2, there may be clinical benefit in patients treated with 401 

casirivimab and imdevimab and who were seronegative at the time of treatment76. In the 402 

RCT ACTIV-3 (n=326, 1:1 randomization), bamlanivimab added to standard of care 403 
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(typically including remdesivir) did not demonstrate additional clinical benefit in 404 

hospitalized patients77. In line with similar studies investigating CPT or neutralizing 405 

mAbs for patients with severe viral disease (including COVID-19)15,18,34-36,54,56, the 406 

evidence indicates that rapid viral clearance, in itself, is insufficient. Rather, additional 407 

factors such as an excessive immune response are the primary drivers for continued 408 

disease in this particular patient population. Thus, early disease seen in outpatients is 409 

likely virally driven, whereas the pathophysiology for inpatient advanced disease is 410 

predominantly a post-viral or peri-viral phenomenon, with clinical status uncoupled from 411 

viral load.  412 

In terms of risk associated with mAb treatment for COVID-19, treatment-emergent 413 

adverse events were comparable to placebo. The most frequent treatment-emergent 414 

side effects observed in RCT include nausea, diarrhoea, dizziness, headache, and 415 

vomiting24,25,78. One percent of patients receiving casirivimab and imdevimab reported a 416 

grade 2 or higher infusion related reaction within four days of administration 417 

(comparable to 1% reported for placebo treatment)78. In the phase 2 portion of BLAZE-418 

1, nine patients reported an infusion related reaction [1.9 % (6/309) with bamlanivimab 419 

monotherapy, 1.8 % (2/112) with bamlanivimab and etesevimab together, and 0.6 % 420 

(1/156) with placebo]. Most reactions occurred during infusion, these were mild in 421 

severity, and not dose related25. Regarding evidence of ADE, in vitro data indicate 422 

neutralizing mAbs do not enhance productive infection of immune cells with SARS-423 

COV-23,4. From clinical data available to date, there is no clear evidence these 424 

therapies result in enhanced immune responses consistent with ADE24,25,78. Further, the 425 
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safety profiles of modified and modified + unmodified mAbs to treat SARS-CoV-2 are 426 

similar suggesting that ADE may not play a role in clinical outcomes25. 427 

For patients with COVID-19 that receive neutralizing mAbs, there is potential for the 428 

development of drug-resistant variants, which become more obvious when selective 429 

pressure is applied in the setting of drug treatment 79. For bamlanivimab, non-clinical 430 

studies using serial passage of SARS-CoV-2 and directed evolution of the SARS-CoV-2 431 

S protein, identified viral variants (E484K, F490S, Q493R and S494P, amino acid 432 

substitutions in the S protein RBD) which had increased resistance to this drug4.  433 

In clinical trials of bamlanivimab, genotypic and phenotypic testing are monitoring for 434 

potential bamlanivimab-resistance-associated S protein variations. In bamlanivimab 435 

clinical trials, viral sequencing is being performed for all patients, regardless of 436 

treatment status/progression. In other studies where only treatment failures are 437 

sampled, the selective pressure exerted by the anti-viral activity cannot be assessed. In 438 

the BLAZE-1 RCT, which was limited to US investigative sites, known bamlanivimab-439 

resistant variants at baseline were observed at a frequency of 0.27% to date4. In the 440 

same trial, treatment-emergent variants were detected at S protein amino acid positions 441 

E484, F490 and S494 (including E484K, F490S and S494P); considering all variants at 442 

these positions, 9.2% and 6.1% of participants in the 700 mg bamlanivimab arm (the 443 

EUA dose) harbored such a variant post-baseline at ≥15% and ≥50% allele fractions, 444 

respectively, compared with 8.2% and 4.1%, respectively, of participants in the placebo 445 

arm. Most of these variants were first detected on Day 7 following infusion and were 446 

detected at only a single time point. The clinical impact of these variants is currently 447 

unknown4. 448 
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As with bamlanivimab, casirivimab and imdevimab therapy has the potential to develop 449 

resistant viral variants. In non-clinical studies, serial passage of vesicular stomatitis 450 

virus (VSV) encoding the SARS-CoV-2 S protein in the presence of drug identified 451 

escape variants to casirivimab (K417E, Y453F, L455F, F486V and Q493K) or 452 

imdevimab (K444Q and V445A)3. Each viral variant showing reduced susceptibility to 453 

one mAb did retain susceptibility to the other mAb; all identified variants retained 454 

susceptibility to the combination. In a separate experiment, neutralization assays were 455 

performed using VSV pseudotyped with 37 SARS-CoV-2 S protein RBD variants that 456 

were identified as the most common variants in circulation as of late March 2020. 457 

Casirivimab had reduced susceptibility (4.5-fold) to G476S and S494P variants, and 458 

imdevimab had reduced susceptibility (463-fold) to the N439K variant. The casirivimab 459 

and imdevimab combination were active against all individual variants tested3. It has 460 

been reported that the combination of mutants at the 417 and 439 residues may 461 

abrogate effectiveness of the casirivimab and imdevimab combination80.  462 

In the casirivimab and imdevimab RCT NCT04425629, interim data indicated only one 463 

variant (G446V) detected in 4.5% of participants at the ≥15% allele fraction, each at a 464 

single time point3. The clinical impact is unknown. In a VSV pseudoparticle 465 

neutralization assay, the G446V variant had reduced susceptibility to imdevimab (135-466 

fold) but retained susceptibility to both casirivimab alone and casirivimab and 467 

imdevimab combination. 468 

However, not all variants must be considered clinically relevant mutations associated 469 

with resistance to treatment. During the Ebola outbreak in 2018, a genomic assessment 470 

of 48 viral genomes determined that this outbreak was due to a distinct viral variant. The 471 
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sequence information allowed researchers to evaluate the relevance of the distinct 472 

mutations to the available vaccine and therapeutics, and to conclude that the 473 

neutralizing antibodies MAb114 and ZMapp would likely be effective against the 474 

currently circulating variant81. A similar practice for SARS-CoV-2 surveillance may be 475 

prudent to determine if emergent S protein variants pose a threat to the efficacy of 476 

neutralizing mAb therapies.  477 

Indeed, three variants of particular interest have been identified and are circulating 478 

globally. The UK identified a variant called B.1.1.7 with a large number of mutations in 479 

the fall of 2020. In South Africa, a variant called B.1.351 emerged. Originally detected in 480 

early October 2020, B.1.351 shares some mutations with B.1.1.7. In Brazil, a variant 481 

called P.1 emerged, containing a set of additional mutations that may affect its ability to 482 

be recognized by first-generation neutralizing monoclonal antibodies and vaccine-483 

generated immunity from first-generation vaccines encoding monovalent spike 484 

sequences. Although these variants have been detected in the US, according to real-485 

time data accessed via the GISAID COVID-19 variant tracker (https://www.gisaid.org/)82 486 

these COVID-19 variants do not currently represent a significant proportion of COVID-487 

19 infections presently in the United States82,83. To date, the effect of these variants on 488 

the neutralizing capacity of vaccines and mAbs is unknown. A recent pre-print, pre-489 

clinical paper, suggests that the variants identified in the UK and South Africa, are more 490 

resistant to CPT and vaccine sera42.  491 

Bamlanivimab and imdevimab maintain full neutralization activity against the primary 492 

SARS-CoV-2 receptor binding site variants (69-70del and N501Y) implicated in the 493 

strain originating in the UK, suggesting that these mAbs should maintain full activity 494 



 
 

23 
 

against the new strain originating in the UK42,84. Based on what is known about the 495 

strain that originated in South Africa and the presence of concurrent changes at 496 

residues 484 and 417, it appears that some of the first generation of antibody therapies 497 

may not be as effective42. 498 

 499 

Clinical use of mAbs in COVID-19 500 

Bamlanivimab, bamlanivimab together with etesevimab, and casirivimab with 501 

imdevimab decrease viral load when given early on in the course of SARS-CoV-2 502 

infection and favourably impact clinical outcomes for patients with mild-to-moderate 503 

COVID-1924,70. Although full clinical trial data is pending, topline and interim results from 504 

multiple trials suggest that the therapies may also function as prophylaxis in at-risk 505 

patients recently exposed to SARS-CoV-26,7. One signal emerging from early data is 506 

that patients with persistently higher viral loads progress more frequently towards 507 

medically attended visits, emergency room visits, or hospitalization, and this effect is 508 

most pronounced for patients with pre-existing risk factors for disease progression3,24. It 509 

remains a tenet that anti-virals, whether small-molecules or neutralizing mAbs, work 510 

best when deployed early. Extrapolating from early viral load data, ideally patients 511 

would receive treatment as soon as possible (that is, within hours to days following a 512 

positive test or symptom onset). In the trial setting by day 7 to day 11, the majority of 513 

patients are either progressing towards clearance of the virus24 or have experienced 514 

clinical decline and hospitalization, further emphasizing the need for early intervention. 515 

As the clinical trial timelines typically represent an offset of several days from initial 516 
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diagnosis, corresponding to day 10-14 of clinical illness, the actionable message 517 

remains unchanged – treat as early as possible to maximize the chance of altering the 518 

disease trajectory and promote recovery. 519 

The SARS-CoV-2 pandemic poses logistical and medical challenges for distribution of 520 

neutralizing mAbs. Up to 10% of initially asymptomatic, minimally symptomatic, and mild 521 

infections progressed to more severe disease including respiratory distress85. While 522 

approximately 78% of patients admitted to hospital have at least one documented 523 

comorbidity86, there continues to be patients lacking any identified comorbidity that 524 

subsequently become critically ill. Thus, the absence of comorbidities does not 525 

completely eliminate the risk for severe disease and sequalae, and there is an urgent 526 

need for additional insight into a more personalized predictive algorithm to unlock as-527 

yet-unidentified risk factors. Contrary to the discussion in the lay media, COVID-19 can 528 

potentially claim the lives of young adults in their prime, even in the absence of any 529 

known underlying risk factors. Given that persistently high SARS-CoV-2 viral loads may 530 

be associated with more severe clinical outcomes87-89, it is possible that early re-531 

assessment of viral loads might help guide who among the ‘lower risk’ population might 532 

be helped by neutralizing mAbs. RCT evidence indicates that the clinical value of 533 

neutralizing mAb therapy is more pronounced in individuals seronegative at diagnosis70. 534 

Collectively, measuring viral load and serology would allow strategic deployment for 535 

patients without otherwise identifiable risk factors while targeting early supply to the high 536 

risk population. However, this strategy would be contingent on rapid turnaround of 537 

laboratory testing. Meanwhile, it also seems reasonable to use neutralizing mAbs early 538 
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on during the disease for patients with well-identified risk factors for more severe 539 

disease evolution90.  540 

Another way to classify candidate patients for neutralizing mAbs would be to select 541 

patients who are expected to have poor anti-viral responses (for example, elderly or 542 

immunocompromised patients) or identifying patients with poor T and/or B cell function 543 

via experimental techniques (such as, by serology or flow cytometry). Regarding the 544 

latter, there is a lack of published evidence on humoral immune response dynamics and 545 

correlation with clinical outcomes. Further, technical difficulties in stratifying patients 546 

based on antibody production, lymphocyte function, and/or viral load might pose a 547 

significant impediment to the timely identification of the most appropriate patients for 548 

neutralizing mAb therapy. 549 

Finally, anti-viral and antimicrobial therapies are traditionally plagued by promoting 550 

escape variants from the treatment, and sometimes combination therapy can mitigate 551 

this risk. As a first-generation approach for neutralizing mAbs, monotherapies have 552 

been developed and have been demonstrated to be efficacious, but it is expected that a 553 

greater number of combination therapies will follow. For example, in phase 2/3 trials 554 

involving patients with COVID-19, bamlanivimab and bamlanivimab and etesevimab 555 

combination had similarly improved magnitudes and timings of symptom improvement 556 

relative to the placebo25. However, to date, bamlanivimab and etesevimab combination 557 

does not appear to lead to the emergence of drug-resistance variants of SARS-CoV-2. 558 

This is similar to what has been observed for the other authorized neutralizing mAb 559 

combination (casirivimab and imdevimab), as already described above. At present, 560 

there remains a role for continued utilization of monotherapy while transitioning towards 561 
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combination therapies in order to mitigate the selection pressure for viral escape as 562 

manufacturing capacity becomes available, to ensure longevity of the therapies, and to 563 

reduce the potential rate of treatment failure.  564 

 565 

Summary and conclusions 566 

The sudden arrival and devastating spread of the SARS-CoV-2 pandemic has 567 

stimulated an accelerated programme of international research to identify effective ways 568 

to limit the spread of infection, and to reduce the morbidity and mortality associated with 569 

COVID-1991,92. The first data are now emerging on vaccines designed to prevent 570 

disease93,94. In the context of active infection, clinical trials of anti-viral medications and 571 

for sufficiently hypoxemic patients, judiciously timed authorized anti-inflammatory 572 

agents such as dexamethasone, baricitinib (in combination with remdesivir), and still 573 

under review, tocilizumab, suggest that mortality rates can be reduced95-99. 574 

Furthermore, many trials have been conducted or are underway with various immune-575 

modulating medications designed to limit the tissue damage associated with the later 576 

stages of COVID-19. However, to date there have been few unequivocal successes. 577 

Neutralizing mAbs, particularly in combination with other medications, represent an 578 

attractive approach that has potential utility in both prophylactic and treatment settings. 579 

Encouraging early clinical trial data support further investigation of neutralizing mAbs to 580 

determine the optimal dosing regimen. Unanswered questions regarding this novel 581 

therapeutic approach set a pressing research agenda; we need to establish which at-582 

risk subjects would benefit most from prophylactic neutralizing mAbs, the duration of 583 
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protection offered by these mAbs and any potential impact of mAb therapy on 584 

subsequent vaccination. It will also be important to determine the optimum timing for 585 

administration of neutralizing mAbs based on viral load, serology and other potential 586 

clinical factors. 587 

 588 

Acknowledgments 589 

This work was supported by Eli Lilly and Company. Caryl J. Antalis, PhD and Holly 590 

Green, PhD, Eli Lilly and Company, provided editorial assistance.  591 

 592 

References 593 

1 Renn, A., Fu, Y., Hu, X., Hall, M. D. & Simeonov, A. Fruitful neutralizing antibody 594 
pipeline brings hope to defeat SARS-Cov-2. Trends Pharmacol. Sci. 41, 815-829 595 
(2020). 596 

2 Shanmugaraj, B., Siriwattananon, K., Wangkanont, K. & Phoolcharoen, W. 597 
Perspectives on monoclonal antibody therapy as potential therapeutic 598 
intervention for Coronavirus disease-19 (COVID-19). Asian Pac. J. Allergy 599 
Immunol. 38, 10-18 (2020). 600 

3 Regeneron Pharmaceuticals, Inc. Fact sheet for health care providers: 601 
emergency use authorization (eua) of casirivimab and imdevimab. 602 
https://www.regeneron.com/sites/default/files/treatment-covid19-eua-fact-sheet-603 
for-hcp.pdf Accessed on Feb. 8, 2021 (2020). 604 

4 US Food and Drug Administration. Fact sheet for health care providers 605 
emergency use authorization (eua) of bamlanivimab. 606 
https://www.fda.gov/media/143603/download Accessed on Feb. 8, 2020 (2020). 607 

5 US Food and Drug Administration. Fact sheet for health care providers 608 
emergency use authorization (eua) of bamlanivimab and etesevimab. 609 
https://www.fda.gov/media/145802/download Accessed on Feb. 10, 2021 (2021). 610 



 
 

28 
 

6 Regeneron Pharmaceuticals, Inc. Regeneron reports positive interim data with 611 
regen-cov™ antibody cocktail used as passive vaccine to prevent covid-19. 612 
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-613 
reports-positive-interim-data-regen-covtm-antibody Accessed on Feb. 4, 2021 614 
(2021). 615 

7 Eli Lilly and Company. Lilly's neutralizing antibody bamlanivimab (LY-CoV555) 616 
prevented COVID-19 at nursing homes in the BLAZE-2 trial, reducing risk by up 617 
to 80 percent for residents. https://investor.lilly.com/news-releases/news-release-618 
details/lillys-neutralizing-antibody-bamlanivimab-ly-cov555-prevented Accessed 619 
on Feb. 4, 2021 (2021). 620 

8 Llewelyn, M. B., Hawkins, R. E. & Russell, S. J. Discovery of antibodies. BMJ 621 
305, 1269-1272 (1992). 622 

9 Behring, E. A. & Kitasato, S. Uber das zustandekommen der diphtherie-623 
immunitat und der tetanus-immunitat bei thieren. Dtsch. Med. Wochenschr. 28, 624 
1321-1332 (1890). 625 

10 Kaufmann, S. H. Immunology's foundation: the 100-year anniversary of the Nobel 626 
Prize to Paul Ehrlich and Elie Metchnikoff. Nat. Immunol. 9, 705-712 (2008). 627 

11 Hung, I. F. et al. Convalescent plasma treatment reduced mortality in patients 628 
with severe pandemic influenza A (H1N1) 2009 virus infection. Clin. Infect. Dis. 629 
52, 447-456 (2011). 630 

12 Mair-Jenkins, J. et al. The effectiveness of convalescent plasma and 631 
hyperimmune immunoglobulin for the treatment of severe acute respiratory 632 
infections of viral etiology: a systematic review and exploratory meta-analysis. J. 633 
Infect. Dis. 211, 80-90 (2015). 634 

13 Groothuis, J. R. et al. Prophylactic administration of respiratory syncytial virus 635 
immune globulin to high-risk infants and young children. The Respiratory 636 
Syncytial Virus Immune Globulin Study Group. N. Engl. J. Med. 329, 1524-1530 637 
(1993). 638 

14 Sahr, F. et al. Evaluation of convalescent whole blood for treating Ebola Virus 639 
Disease in Freetown, Sierra Leone. J. Infect. 74, 302-309 (2017). 640 

15 Cheng, Y. et al. Use of convalescent plasma therapy in SARS patients in Hong 641 
Kong. Eur. J. Clin. Microbiol. Infect. Dis. 24, 44-46 (2005). 642 



 
 

29 
 

16 Yeh, K. M. et al. Experience of using convalescent plasma for severe acute 643 
respiratory syndrome among healthcare workers in a Taiwan hospital. J. 644 
Antimicrob. Chemother. 56, 919-922 (2005). 645 

17 Ko, J. H. et al. Challenges of convalescent plasma infusion therapy in Middle 646 
East respiratory coronavirus infection: a single centre experience. Antivir. Ther. 647 
23, 617-622 (2018). 648 

18 Joyner, M. J. et al. Effect of convalescent plasma on mortality among 649 
hospitalized patients with COVID-19: Initial three-month experience. Preprint at 650 
medRxiv https://doi.org/10.1101/2020.08.12.20169359 (2020). 651 

19 Zhang, J. S. et al. A serological survey on neutralizing antibody titer of SARS 652 
convalescent sera. J. Med. Virol. 77, 147-150 (2005). 653 

20 Iwasaki, A. & Yang, Y. The potential danger of suboptimal antibody responses in 654 
COVID-19. Nat. Rev. Immunol. 20, 339-341 (2020). 655 

21 Yip, M. et al. Antibody-dependent enhancement of SARS coronavirus infection 656 
and its role in the pathogenesis of SARS. Hong Kong Med. J. 22, 25-31 (2016). 657 

22 Lee, W. S., Wheatley, A. K., Kent, S. J. & DeKosky, B. J. Antibody-dependent 658 
enhancement and SARS-CoV-2 vaccines and therapies. Nat. Microbiol. 5, 1185-659 
1191 (2020). 660 

23 Wang, Q. et al. Immunodominant SARS coronavirus epitopes in humans elicited 661 
both enhancing and neutralizing effects on infection in non-human primates. ACS 662 
infect. Dis. 2, 361-376 (2016). 663 

24 Chen, P. et al. SARS-CoV-2 Neutralizing antibody LY-CoV555 in outpatients with 664 
Covid-19. N. Engl. J. Med. https://doi.org/10.1056/NEJMoa2029849 (2020). 665 

25 Gottlieb, R. L. et al. Effect of bamlanivimab as monotherapy or in combination 666 
with etesevimab on viral load in patients with mild to moderate COVID-19: A 667 
randomized clinical trial. JAMA https://doi.org/10.1001/jama.2021.0202 (2021). 668 

26 US Food and Drug Administration. Recommendations for investigational COVID-669 
19 convalescent plasma. https://www.fda.gov/vaccines-blood-670 
biologics/investigational-new-drug-ind-or-device-exemption-ide-process-671 
cber/recommendations-investigational-covid-19-convalescent-plasma Accessed 672 
on Nov. 13, 2020 (2020). 673 



 
 

30 
 

27 US Food and Drug Administration. Convalescent plasma COVID-19 Letter of 674 
Authorization. https://www.fda.gov/media/141477/download Accessed on Nov. 675 
30, 2020 (2020). 676 

28 Davis, C. W. et al. Longitudinal analysis of the human B cell response to Ebola 677 
virus infection. Cell 177, 1566-1582. e1517 (2019). 678 

29 The Antibody Society. Therapeutic monoclonal antibodies approved or in review 679 
in the EU or US. https://www.antibodysociety.org/resources/approved-antibodies/ 680 
Accessed on Oct. 6, 2020 (2020). 681 

30 Pecetta, S., Finco, O. & Seubert, A. Quantum leap of monoclonal antibody (mAb) 682 
discovery and development in the COVID-19 era. Semin. Immunol. 50 101427 683 
(2020). 684 

31 The IMpact-RSV Study Group. Palivizumab, a humanized respiratory syncytial 685 
virus monoclonal antibody, reduces hospitalization from respiratory syncytial 686 
virus infection in high-risk infants. Pediatrics 102, 531-537 (1998). 687 

32 Feltes, T. F. et al. Palivizumab prophylaxis reduces hospitalization due to 688 
respiratory syncytial virus in young children with hemodynamically significant 689 
congenital heart disease. J. Pediatr. 143, 532-540 (2003). 690 

33 Elawar, F. et al. Pharmacological targets and emerging treatments for respiratory 691 
syncytial virus bronchiolitis. Pharmacol. Ther. 692 
https://doi.org/10.1016/j.pharmthera.2020. (2020). 693 

34 Helmink, B. J., Ragsdale, C. E., Peterson, E. J. & Merkel, K. G. Comparison of 694 
intravenous palivizumab and standard of care for treatment of respiratory 695 
syncytial virus infection in mechanically ventilated pediatric patients. J. Pediatr. 696 
Pharmacol. Ther. 21, 146-154 (2016). 697 

35 Sáez-Llorens, X. et al. Safety and pharmacokinetics of palivizumab therapy in 698 
children hospitalized with respiratory syncytial virus infection. Pediatr. Infect. Dis. 699 
J. 23, 707-712 (2004). 700 

36 Malley, R. et al. Reduction of respiratory syncytial virus (RSV) in tracheal 701 
aspirates in intubated infants by use of humanized monoclonal antibody to RSV 702 
F protein. J. Infect. Dis. 178, 1555-1561 (1998). 703 

37 Soto, J. A., Gálvez, N. M. S., Pacheco, G. A., Bueno, S. M. & Kalergis, A. M. 704 
Antibody development for preventing the human respiratory syncytial virus 705 
pathology. Mol. Med. 26, https://doi.org/10.1186/s10020-020-00162-6 (2020). 706 



 
 

31 
 

38 Mulangu, S. et al. A randomized, controlled trial of Ebola virus disease 707 
Therapeutics. N. Engl. J. Med. 381, 2293-2303 (2019). 708 

39 Crowe, J. E., Jr., Firestone, C. Y. & Murphy, B. R. Passively acquired antibodies 709 
suppress humoral but not cell-mediated immunity in mice immunized with live 710 
attenuated respiratory syncytial virus vaccines. J. Immunol. 167, 3910-3918 711 
(2001). 712 

40 Crowe, J. E., Jr. et al. Cold-passaged, temperature-sensitive mutants of human 713 
respiratory syncytial virus (RSV) are highly attenuated, immunogenic, and 714 
protective in seronegative chimpanzees, even when RSV antibodies are infused 715 
shortly before immunization. Vaccine 13, 847-855 (1995). 716 

41 Liu, Z. et al. Identification of SARS-CoV-2 spike mutations that attenuate 717 
monoclonal and serum antibody neutralization. Cell Host Microbe 718 
https://doi.org/10.1016/j.chom.2021.01.014 (2021). 719 

42 Wang, P. et al. Increased resistance of SARS-CoV-2 variants B. 1.351 and B. 720 
1.1. 7 to antibody neutralization. Preprint at bioRxiv 721 
https://doi.org/10.1101/2021.01.25.428137 (2021). 722 

43 Bar-On, Y. et al. Safety and antiviral activity of combination HIV-1 broadly 723 
neutralizing antibodies in viremic individuals. Nat. Med. 24, 1701-1707 (2018). 724 

44 Mendoza, P. et al. Combination therapy with anti-HIV-1 antibodies maintains viral 725 
suppression. Nature 561, 479-484 (2018). 726 

45 Caskey, M. et al. Antibody 10-1074 suppresses viremia in HIV-1-infected 727 
individuals. Nat. Med. 23, 185-191 (2017). 728 

46 Scheid, J. F. et al. HIV-1 antibody 3BNC117 suppresses viral rebound in humans 729 
during treatment interruption. Nature 535, 556-560 (2016). 730 

47 Ho, M. S. et al. Neutralizing antibody response and SARS severity. Emerg. 731 
Infect. Dis. 11, 1730-1737 (2005). 732 

48 Zhang, L. et al. Antibody responses against SARS coronavirus are correlated 733 
with disease outcome of infected individuals. J. Med. Virol. 78, 1-8 (2006). 734 

49 Wu, F. et al. Neutralizing antibody responses to SARS-CoV-2 in a COVID-19 735 
recovered patient cohort and their implications. Preprint at medRxiv 736 
https://doi.org/10.1101/2020.03.30.20047365 (2020). 737 



 
 

32 
 

50 Long, Q. X. et al. Antibody responses to SARS-CoV-2 in patients with COVID-19. 738 
Nat. Med. 26, 845-848 (2020). 739 

51 Li, K. et al. Dynamic changes in anti-SARS-CoV-2 antibodies during SARS-CoV-740 
2 infection and recovery from COVID-19. Nat. Commun. 11, 6044 (2020). 741 

52 Ouyang, J. et al. Convalescent plasma: the relay baton in the race for 742 
coronavirus disease 2019 treatment. Front. Immunol. 11, 570063 (2020). 743 

53 Shen, C. et al. Treatment of 5 critically ill patients with COVID-19 with 744 
convalescent plasma. JAMA 323, 1582-1589 (2020). 745 

54 Li, L. et al. Effect of convalescent plasma therapy on time to clinical improvement 746 
in patients with severe and life-threatening COVID-19: a randomized clinical trial. 747 
JAMA 324, 460-470 (2020). 748 

55 Simonovich, V. A. et al. A randomized trial of convalescent plasma in COVID-19 749 
severe pneumonia. N. Engl. J. Med. https://doi.org/10.1056/NEJMoa2031304 750 
(2020). 751 

56 Agarwal, A. et al. Convalescent plasma in the management of moderate covid-19 752 
in adults in India: open label phase II multicentre randomised controlled trial 753 
(PLACID Trial). BMJ 371, m3939 (2020). 754 

57 RECOVERY trial office. RECOVERY trial DMC report. 755 
https://www.recoverytrial.net/files/recovery-dmc-letter-14-january-2021.pdf 756 
Accessed on Feb. 4, 2021 (2021). 757 

58 RECOVERY Trial Chief Investigators. RECOVERY trial closes recruitment to 758 
convalescent plasma treatment for patients hospitalised with COVID-19. 759 
https://www.recoverytrial.net/news/statement-from-the-recovery-trial-chief-760 
investigators-15-january-2021-recovery-trial-closes-recruitment-to-convalescent-761 
plasma-treatment-for-patients-hospitalised-with-covid-19 Accessed on Feb. 5, 762 
2021 (2021). 763 

59 Du, L. et al. The spike protein of SARS-CoV--a target for vaccine and therapeutic 764 
development. Nat. Rev. Microbiol. 7, 226-236 (2009). 765 

60 Lu, R. et al. Genomic characterisation and epidemiology of 2019 novel 766 
coronavirus: implications for virus origins and receptor binding. Lancet 395, 565-767 
574 (2020). 768 



 
 

33 
 

61 Wan, Y., Shang, J., Graham, R., Baric, R. S. & Li, F. Receptor recognition by the 769 
novel coronavirus from Wuhan: an analysis based on decade-long structural 770 
studies of SARS coronavirus. J. Virol. 94, https://doi.org/10.1128/JVI.00127-20 771 
(2020). 772 

62 Hoffmann, M., Kleine-Weber, H. & Pöhlmann, S. A multibasic cleavage site in the 773 
spike protein of SARS-CoV-2 is essential for infection of human lung cells. Mol. 774 
Cell 78, 779-784.e775 (2020). 775 

63 Klasse, P. J. & Moore, J. P. Antibodies to SARS-CoV-2 and their potential for 776 
therapeutic passive immunization. Elife 9, e57877 (2020). 777 

64 Chen, X. et al. Human monoclonal antibodies block the binding of SARS-CoV-2 778 
spike protein to angiotensin converting enzyme 2 receptor. Cell Mol. Immunol. 779 
17, 647-649 (2020). 780 

65 Wu, Y. et al. A noncompeting pair of human neutralizing antibodies block COVID-781 
19 virus binding to its receptor ACE2. Science 368, 1274-1278 (2020). 782 

66 Jones, B. E. et al. LY-CoV555, a rapidly isolated potent neutralizing antibody, 783 
provides protection in a non-human primate model of SARS-CoV-2 infection. 784 
Preprint at bioRxiv https://doi.org/10.1101/2020.09.30.318972 (2020). 785 

67 Baum, A. et al. Antibody cocktail to SARS-CoV-2 spike protein prevents rapid 786 
mutational escape seen with individual antibodies. Science 369, 1014-1018 787 
(2020). 788 

68 Hansen, J. et al. Studies in humanized mice and convalescent humans yield a 789 
SARS-CoV-2 antibody cocktail. Science 369, 1010-1014 (2020). 790 

69 Baum, A. et al. REGN-COV2 antibodies prevent and treat SARS-CoV-2 infection 791 
in rhesus macaques and hamsters. Science 370, 1110-1115 (2020). 792 

70 Regeneron Pharmaceuticals, Inc. Regeneron's COVID-19 outpatient trial 793 
prospectively demonstrates that regn-cov2 antibody cocktail significantly reduced 794 
virus levels and need for further medical attention. 795 
https://investor.regeneron.com/news-releases/news-release-details/regenerons-796 
covid-19-outpatient-trial-prospectively-demonstrates Accessed on Nov. 10, 2020 797 
(2020). 798 

71 Regeneron Pharmaceuticals, Inc. Regeneron’s casirivimab and imdevimab 799 
antibody cocktail for COVID-19 is first combination therapy to receive FDA 800 
emergency use authorization. https://investor.regeneron.com/news-801 



 
 

34 
 

releases/news-release-details/regenerons-regen-cov2-first-antibody-cocktail-802 
covid-19-receive Accessed on Nov. 29, 2020 (2020). 803 

72 Shi, R. et al. A human neutralizing antibody targets the receptor-binding site of 804 
SARS-CoV-2. Nature 584, 120-124 (2020). 805 

73 Eli Lilly and Company. New data show treatment with Lilly's neutralizing 806 
antibodies bamlanivimab (LY-CoV555) and etesevimab (LY-CoV016) together 807 
reduced risk of COVID-19 hospitalizations and death by 70 percent. 808 
https://investor.lilly.com/news-releases/news-release-details/new-data-show-809 
treatment-lillys-neutralizing-antibodies Accessed on Feb. 5, 2021 (2021). 810 

74 Regeneron Pharmaceuticals, Inc. REGN-COV2 independent data monitoring 811 
committee recommends holding enrollment in hospitalized patients with high 812 
oxygen requirements and continuing enrollment in patients with low or no oxygen 813 
requirements. https://investor.regeneron.com/news-releases/news-release-814 
details/regn-cov2-independent-data-monitoring-committee-recommends 815 
Accessed on Nov. 29, 2020 (2020). 816 

75 Regeneron Pharmaceuticals, Inc. RECOVERY Trial Data Monitoring Committee 817 
recommends continuing evaluation of REGN-COV2 in all hospitalized patients. 818 
https://investor.regeneron.com/news-releases/news-release-details/recovery-819 
trial-data-monitoring-committee-recommends-continuing Accessed on Nov. 29, 820 
2020 (2020). 821 

76 Regeneron Pharmaceuticals, Inc. Regeneron announces encouraging initial data 822 
from COVID-19 antibody cocktail trial in hospitalized patients on low-flow oxygen. 823 
https://investor.regeneron.com/news-releases/news-release-details/regeneron-824 
announces-encouraging-initial-data-covid-19-antibody Accessed on Jan. 12, 825 
2021. (2020). 826 

77 ACTIV-3/TICO LY-CoV555 Study Group. A neutralizing monoclonal antibody for 827 
hospitalized patients with COVID-19. N. Engl. J. Med. 828 
https://doi.org/doi:10.1056/NEJMoa2033130 (2020). 829 

78 Weinreich, D. M. et al. REGN-COV2, a Neutralizing antibody cocktail, in 830 
outpatients with COVID-19. N. Engl. J. Med. 34, 238-251 (2020). 831 

79 Greaney, A. J. et al. Complete mapping of mutations to the SARS-CoV-2 spike 832 
receptor-binding domain that escape antibody recognition. Preprint at bioRxiv 833 
https://doi.org/10.1101/2020.09.10.292078 (2020). 834 



 
 

35 
 

80 Thomson, E. C. et al. The circulating SARS-CoV-2 spike variant N439K 835 
maintains fitness while evading antibody-mediated immunity. Preprint at bioRxiv, 836 
https://doi.org/10.1101/2020.11.04.355842 (2020). 837 

81 Mbala-Kingebeni, P. et al. Medical countermeasures during the 2018 Ebola virus 838 
disease outbreak in the North Kivu and Ituri Provinces of the Democratic 839 
Republic of the Congo: a rapid genomic assessment. Lancet Infect. Dis. 19, 648-840 
657 (2019). 841 

82 GISAID Initiative. Relative Variant genome frequency per region. 842 
https://www.gisaid.org/hcov19-variants/ Accessed on Feb. 6, 2021 (2021). 843 

83 Centers for Disease Control and Prevention. New variants of the virus that 844 
causes COVID-19. Updated February 2, 2021. 845 
https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant.html Accessed 846 
on Feb. 4, 2021 (2021). 847 

84 Zhang, G. et al. The basis of a more contagious 501Y. V1 variant of SARS-COV-848 
2. Preprint at bioRxiv https://doi.org/10.1101/2021.02.02.428884 (2021). 849 

85 Tabata, S. et al. Clinical characteristics of COVID-19 in 104 people with SARS-850 
CoV-2 infection on the Diamond Princess cruise ship: a retrospective analysis. 851 
Lancet Infect. Dis. 20, 1043-1050 (2020). 852 

86 Docherty, A. B. et al. Features of 20 133 UK patients in hospital with covid-19 853 
using the ISARIC WHO Clinical Characterisation Protocol: prospective 854 
observational cohort study. BMJ 369, m1985 (2020). 855 

87 Chen, J. et al. Clinical progression of patients with COVID-19 in Shanghai, 856 
China. J. Infect. 80, e1-e6 (2020). 857 

88 Liu, Y. et al. Viral dynamics in mild and severe cases of COVID-19. Lancet Infect. 858 
Dis. 20, 656-657 (2020). 859 

89 Westblade, L. F. et al. SARS-CoV-2 viral load predicts mortality in patients with 860 
and without cancer who are hospitalized with COVID-19. Cancer Cell 38, 661-861 
671 (2020). 862 

90 Center for Disease Control and Prevention. people at increased risk and other 863 
people who need to take extra precautions. 864 
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-865 
precautions/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fco866 



 
 

36 
 

ronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fpeople-at-increased-867 
risk.html Accessed on Nov. 30, 2020 (2020). 868 

91 Wang, C., Horby, P. W., Hayden, F. G. & Gao, G. F. A novel coronavirus 869 
outbreak of global health concern. Lancet 395, 470-473 (2020). 870 

92 Zhu, N. et al. A novel coronavirus from patients with pneumonia in China, 2019. 871 
N. Engl. J. Med. 382, 727-733 (2020). 872 

93 Dai, L. & Gao, G. F. Viral targets for vaccines against COVID-19. Nat. Rev. 873 
Immunol. 21, 73-82 (2020). 874 

94 Krammer, F. SARS-CoV-2 vaccines in development. Nature 586, 516-527 875 
(2020). 876 

95 Horby, P. et al. Dexamethasone in hospitalized patients with Covid-19 - 877 
preliminary report. N. Engl. J. Med. https://doi.org/10.1056/NEJMoa2021436 878 
(2020). 879 

96 Kalil, A. C. et al. Baricitinib plus remdesivir for hospitalized adults with Covid-19. 880 
N. Engl. J. Med. https://doi.org/10.1056/NEJMoa2031994 (2020). 881 

97 US Food and Drug Administration. Fact sheet for healthcare providers 882 
emergency use authorization (eua) of baricitinib. 883 
https://www.fda.gov/media/143823/download Accessed on Dec. 11, 2020. 884 
(2020). 885 

98 The REMAP-CAP Investigators et al. Interleukin-6 receptor antagonists in 886 
critically ill patients with Covid-19–preliminary report. Preprint at medRxiv 887 
https://doi.org/10.1101/2021.01.07.21249390 (2021). 888 

99 RECOVERY Collaborative Group et al. Tocilizumab in patients admitted to 889 
hospital with COVID-19 (RECOVERY): preliminary results of a randomised, 890 
controlled, open-label, platform trial. Preprint at medRxiv 891 
https://doi.org/10.1101/2021.02.11.21249258 (2021). 892 

100 Hansen, J. et al. Studies in humanized mice and convalescent humans yield a 893 
SARS-CoV-2 antibody cocktail. Science 369, 1010-1014 (2020). 894 

 895 

 896 

https://doi.org/10.1101/2021.02.11.21249258


 
 

37 
 

Figure Legends 897 

Figure 1. Neutralizing mAb identification, selection, and production. The 898 

neutralizing mAbs given emergency authorization for treatment of COVID-19 were 899 

derived either from convalescent patients or humanized mice exposed to SARS-CoV-2 900 

antigens. However, mAbs can be generated by multiple methods including from 901 

vaccinated subjects (not depicted here). These pathways of mAb generation depicted 902 

here converge in the process of selection and production. mAb=monoclonal antibody  903 

 904 

Figure 2. Mechanism of action of mAbs for viral infection and antibody dependent 905 

enhancement. A. mAbs can directly interfere with viral pathogenesis in multiple ways. 906 

First, binding of a neutralizing antibody on the virion can prevent target cell binding 907 

and/or fusion. Further, antibody binding opsonizes the virions or infected cells for 908 

phagocytic uptake. If viral proteins intercalate into target cell membranes during viral 909 

egress, mAbs can facilitate target cell death via complement fixation or antibody 910 

dependent cytotoxicity. These mechanisms may result in apoptosis or necrosis of the 911 

infected cell. B. In some instances, opsonization of a virion can facilitate viral 912 

pathogenesis in a process termed antibody dependent enhancement (ADE). ADE can 913 

occur via two distinct mechanisms.  Firstly, pathogen-specific antibodies could increase 914 

infection via viral uptake and replication in Fc gamma receptor expressing immune cells. 915 

Secondly, ADE can be mediated via increased immune activation by Fc-mediated 916 

effector functions or immune complex formation. The process of ADE and its potential 917 

impact during COVID-19 infection is expertly reviewed in Lee et al.,22.  918 

 919 
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Figure 3. Inhibition of SARS-CoV-2 target cell engagement by neutralizing mAbs. 920 

Neutralizing mAbs being developed to combat COVID-19 are generated against the 921 

Receptor Binding Domain (RBD) of the Spike (S) protein. The anti-RBD mAbs prevent 922 

binding of the S protein to its cognate receptor, angiotension-converting enzyme (ACE) 923 

2, on target host cells. Three neutralizing mAbs regimens have been given emergency 924 

authorization for treatment of COVID-19: (1) casirivimab+imdevimab bind distinct 925 

epitopes on the RBD with dissociation constants KD = 46 pM and 47 pM, respectively. 926 

Imdevimab binds the spike protein RBD from the front or lower left side while 927 

casirivimab targets the spike-like loop from the top direction (overlapping with the ACE2 928 

binding site3,100); (2) bamlanivimab binds an epitope on the RBD in both its open and 929 

closed confirmations with a dissociation constant KD = 71pM , covering 7 of the 930 

approximate 25 side chains observed to form contact with ACE24 and (3) 931 

bamlanivimab+etesevimab bind to distinct, but overlapping, epitopes within the RBD of 932 

the spike protein of SARS-CoV-2. Etesevimab binds the up/active conformation of the 933 

RBD with a dissociation constant KD = 6.4 nM5, it contains the LALA mutation in the Fc 934 

region, resulting in null effector function. 935 

 936 

 937 

 938 

 939 

 940 

 941 
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Table 1 Neutralizing mAbs for SARS-CoV-2 currently in development up to 942 

Dec. 11, 2020 943 

Sponsors Drug code/ 

International 

proprietary name 

Status Trial ID Est. start Est. 

primary 

completion 

Junshi Biosciences 

/ Eli Lilly and 

Company 

JS016, etesevimab EUA when 

used in 

combinatio

n with 

bamlanivi

mab* 

NCT04441918; 

NCT04441931; 

NCT04427501 

6/5/2020; 

6/19/2020; 

6/17/2020 

Dec 2020; 

10/2/2020; 

3/11/2021 

Tychan Pte. Ltd. TY027 Phase 1; 

Phase 3 

pending 

NCT04429529; 

NCT04649515 

6/9/2020; 

12/4/2020 

Oct 2020; 

8/31/2020 

Brii Biosciences BRII-196 Phase 1 NCT04479631 7/12/2020 Mar 2021 

Brii Biosciences BRII-198 Phase 1 NCT04479644 7/13/2020 Mar 2021 

AbbVie ABBV-47D11 Phase 1 

pending 

NCT04644120 11/27/202

0 

May 2021 

Sorrento 

Therapeutics, Inc. 

COVI-GUARD (STI-1499) Phase 1  NCT04454398  9/17/2020 Feb 2021 

https://clinicaltrials.gov/ct2/show/NCT04441918?term=JS016&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04441931
https://clinicaltrials.gov/ct2/show/NCT04427501
https://clinicaltrials.gov/ct2/show/NCT04429529?term=NCT04429529&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04479631?term=NCT04479631&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04479644?term=NCT04479644&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04644120
https://clinicaltrials.gov/ct2/show/NCT04454398?term=NCT04454398&draw=2&rank=1
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Mabwell 

(Shanghai) 

Bioscience Co., Ltd. 

MW33 Phase 1  NCT04533048 8/7/2020 Dec 2020 

HiFiBiO Therapeuti

cs 

HFB30132A Phase 1  NCT04590430 Oct 2020 July 2021 

Ology Bioservices ADM03820 Phase 

1 pending 

NCT04592549 11/16/202

0 

Aug 2021 

Hengenix Biotech 

Inc 

HLX70 Phase 

1 pending 

NCT04561076 12/9/2020 Sep 2021 

U. Cologne / 

Boehringer 

Ingelheim 

DZIF-10c Phase 1 /2 

pending 

NCT04631705; 

NCT04631666 

11/23/202

0; 

11/23/202

0 

6/30/2021; 

6/30/2021 

Sorrento 

Therapeutics, Inc. 

COVI-AMG (STI-2020) Phase 1 /2 

pending 

NCT04584697 Dec 2020 April 2021 

Beigene BGB DXP593 Phase 1;  

Phase 

2 pending 

NCT04532294; 

(Phase 1); 

NCT04551898 

(Phase 2 

pending) 

8/31/2020; 

10/30/202

0 

10/15/202

0; 

2/28/2021 

https://clinicaltrials.gov/ct2/show/NCT04533048?term=NCT04533048&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04590430?term=HiFiBio&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04592549?term=NCT04592549&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04561076?term=NCT04561076&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04631705
https://clinicaltrials.gov/ct2/show/NCT04631666
https://clinicaltrials.gov/ct2/show/NCT04584697?term=NCT04584697&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04532294?term=NCT04532294&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04551898?term=NCT04551898&draw=2&rank=1
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Sinocelltech Ltd. SCTA01 Phase 1; 

Phase 2/3 

pending 

NCT04483375; 

NCT04644185 

7/24/2020; 

2/10/2021 

Nov 2020; 

5/10/2021 

AstraZeneca AZD7442 (AZD8895 + 

AZD1061) 

Phase 1; 

Phase 3 

pending 

NCT04507256; 

NCT04625725; 

NCT04625972 

8/17/2020; 

11/17/202

0; 

11/16/202

0 

Sep 2021; 

7/31/2021; 

6/16/2021 

Celltrion CT-P59 Phase 1; 

Phase 2/3 

NCT04525079; 

NCT04593641; 

NCT04602000 

7/18/2020; 

9/4/2020; 

9/25/2020 

Nov 2020; 

12/23/202

0; 

Dec 2020 

Vir Biotechnol./ 

GlaxoSmithKline 

VIR-7831/ 

GSK4182136 

Phase 2/3  NCT04545060 8/27/2020 Jan 2021 

AbCellera / Eli Lilly 

and Company 

bamlanivimab; 

combination of 

bamlanivimab + 

etesevimab 

EUA*  NCT04411628 

(Phase 1); 

NCT04427501 

(Phase 2); 

NCT04497987 

(Phase 3); 

NCT04501978 

(Phase 3); 

5/28/2020; 

6/13/2020; 

8/2/2020; 

8/4/2020; 

Aug 2020 

8/23/2020; 

9/15/2020; 

3/8/2021; 

July 2021; 

Nov 2020 

https://clinicaltrials.gov/ct2/show/NCT04483375?term=SCTA01&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04644185
https://clinicaltrials.gov/ct2/show/NCT04507256?term=NCT04507256&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04625725
https://clinicaltrials.gov/ct2/show/NCT04625972
https://clinicaltrials.gov/ct2/show/NCT04525079?term=NCT04525079&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04593641?term=NCT04593641&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04602000?term=CT-P59&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04545060?term=NCT04545060&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04411628?term=NCT04411628&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04411628?term=NCT04411628&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04427501?term=NCT04427501&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04427501?term=NCT04427501&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04497987?term=NCT04497987&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04501978
https://clinicaltrials.gov/ct2/show/NCT04501978
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NCT04518410 

(Phase 2/3) 

Regeneron REGN-COV2 

(casirivimab + 

imdevimab) 

EUA* NCT04425629 

(Phase 1/2); 

NCT04426695 

(Phase 1/2); 

NCT04452318 

(Phase 3) 

6/16/2020; 

6/10/2020; 

7/13/2020 

12/19/202

0; 

1/25/2021; 

6/15/2021 

Complete list at: https://www.antibodysociety.org/covid-19-biologics-tracker/  944 

https://clinicaltrials.gov/ct2/show/NCT04518410?term=NCT04518410&fund=2&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04518410?term=NCT04518410&fund=2&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04425629?term=REGN10933%2BREGN10987&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT04426695?term=REGN10933%2BREGN10987&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04452318?term=REGN10933&draw=2&rank=1
https://www.antibodysociety.org/covid-19-biologics-tracker/
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Glossary 945 

Passive immunotherapy 946 

The introduction of monoclonal or polyclonal antibodies derived from non-human 947 

or human blood products to provide protection against infection or envenomation. 948 

Emergency use authorization  949 

(EUA). A mechanism to facilitate the availability and use of medical 950 

countermeasures during a public health emergency. U.S. Food and Drug 951 

Administration issuance of an EUA permits the use of unapproved medical 952 

products or unapproved uses of approved medical products when no adequate 953 

alternatives are available.  954 

Convalescent plasma therapy  955 

(CPT). The administration of donated plasma, from an individual who has had an 956 

illness and recovered from it (for example, previously infected with SARS-CoV-2 957 

but have now recovered), to an infected individual. The recovered patient’s 958 

plasma contains antibodies, which when administered to patients is thought to 959 

boost the ability to fight disease. 960 

Antibody dependent enhancement  961 

(ADE). The promotion of viral uptake into cells due to the presence of suboptimal 962 

antibodies. ADE can result in enhanced viral replication and/or aberrant 963 

inflammation. 964 

 965 
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Immune globulin  966 

 A sterilized solution made from plasma and containing antibodies.  967 

Monoclonal antibody 968 

(mAb). Clonal antibody recognizing a single epitope on an antigen. Generally 969 

used in reference to recombinant sources.  970 

Variants 971 

Mutations arise in viruses resulting in genetic variation and the emergence of 972 

different versions of the virus. 973 

Nucleocapsid (N) proteins 974 

Proteins that enclose and protect a viral genome, such as the SARS-CoV-2 975 

genomic RNA. 976 

Spike (S) protein 977 

Proteins found on the coronavirus cell surface, responsible for binding of the 978 

virus to host cells and subsequent viral entry. The receptor binding domain 979 

(RBD) of the S protein is the preferred target of neutralizing mAb therapies to 980 

SARS-CoV-2. 981 

Randomized controlled trials  982 

(RCTs). Are studies that randomly assign participants into an experimental group 983 

or a control group, in order to measure the effectiveness of a new intervention or 984 

treatment. 985 

Time weighted average  986 
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(TWA). An average which takes both numerical level and time of a particular 987 

variable into consideration. 988 

Medically attended visits  989 

(MAVs). A medical visit such as telemedicine visits, in-person outpatient visits to 990 

or from a medical provider, urgent care or emergency department visits, or 991 

hospitalization. 992 

Absolute risk reduction  993 

This is the difference between the risk of an event in the control group and the 994 

risk of an event in the treated group. 995 

Persistent high viral load 996 

The continued presence of high amounts of viral load in patients, which is 997 

associated with increased risk of hospitalization. 998 

 999 


