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ABSTRACT (93 words) 53 

The emergence of a SARS-CoV-2 variant with a point mutation in the spike (S) 54 

protein, D614G, has taken precedence over the original Wuhan isolate by May 2020. 55 

With an increased infection and transmission rate, it is imperative to determine 56 

whether antibodies induced against the D614 isolate may cross-neutralize against 57 

the G614 variant. In this report, profiling of the anti-SARS-CoV-2 humoral immunity 58 

reveals similar neutralization profiles against both S protein variants, albeit waning 59 

neutralizing antibody capacity at the later phase of infection. These findings provide 60 

further insights towards the validity of current immune-based interventions.  61 
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IMPORTANCE 62 

Random mutations in the viral genome is a naturally occurring event that may lead to 63 

enhanced viral fitness and immunological resistance, while heavily impacting the 64 

validity of licensed therapeutics. A single point mutation from aspartic acid (D) to 65 

glycine (G) at position 614 of the SARS-CoV-2 spike (S) protein, termed D614G, has 66 

garnered global attention due to the observed increase in transmissibility and 67 

infection rate. Given that a majority of the developing antibody-mediated therapies 68 

and serological assays are based on the S antigen of the original Wuhan reference 69 

sequence, it is crucial to determine if humoral immunity acquired from the original 70 

SARS-CoV-2 isolate is able to induce cross-detection and cross-protection against 71 

the novel prevailing D614G variant.   72 
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OBSERVATION  73 

Coronavirus disease 2019 (COVID-19) is the consequence of an infection by severe 74 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which emerged in Wuhan, 75 

China, in December 2019 (1). The rapid expansion of the COVID-19 pandemic has 76 

affected 213 countries and territories, with a global count of more than 36 million 77 

laboratory-confirmed human infection cases to date (2). An inevitable impact of this 78 

pandemic is the accumulation of immunologically relevant mutations among the viral 79 

populations due to natural selection or random genetic drift, resulting in enhanced 80 

viral fitness and immunological resistance (3, 4). For instance, antigenic drift was 81 

previously reported in other common cold coronaviruses, OC43 and 229E, as well as 82 

in SARS-CoV (5-7).  83 

In early March 2020, a non-synonymous mutation from aspartic acid (D) to 84 

glycine (G) at position 614 of SARS-CoV-2 spike (S) protein was identified (8). This 85 

variant, G614, rapidly became the dominant SARS-CoV-2 clade in Europe by May 86 

2020, suggesting a higher transmission rate over the original isolate, D614 (8). In 87 

vitro and animal studies have also indicated that the G614 variant may have an 88 

increased infectivity, and may be associated with higher viral loads and more severe 89 

infections (8, 9). Notably, single point mutations have been shown to induce 90 

resistance to neutralizing antibodies in other coronaviruses, including SARS-CoV 91 

and Middle East respiratory syndrome (MERS-CoV) (10, 11). More importantly, 92 

mutations in the S protein of SARS-CoV-2 have been shown to induce 93 

conformational modifications that alter antigenicity (12, 13). Hence, determining any 94 

cross-neutralizing capability of antibodies developed against the earlier G614 variant 95 

is of paramount importance to validate the therapeutic efficacy of developing 96 

immune-based interventions.  97 
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Antibody profiling against the SARS-CoV-2 S protein was first assessed using 98 

plasma samples collected from COVID-19 patients (n=57) during the Singapore 99 

outbreak between January and April 2020, across the early recovery phase (median 100 

31 days post illness onset [pio]) and a later post-recovery time point (median 98 days 101 

pio) (Table 1, Figure 1A and 1B). All patients showed a decrease in IgM response 102 

(Figure 1A), and a prolonged IgG response over time (Figure 1B). Although one 103 

recent study has demonstrated similar neutralization profiles against both D614 and 104 

G614 SARS-CoV-2 pseudoviruses, the virus clade by which the six individuals were 105 

infected with was not identified (9). According to Singapore’s SARS-CoV-2 clade 106 

pattern from December 2019 till July 2020, the D614G mutation only appeared in 107 

February 2020 (Figure 1C). Hence, with knowledge on the D614G status of a subset 108 

of COVID-19 patients (n=44 infected with D614, n=6 infected with G614, n=7 109 

containing all other clades: O, S, L, V, G, GH or GR; Table 1, Figure 1C), the 110 

neutralizing capacity of these anti-SARS-CoV-2 antibodies was assessed using 111 

pseudotyped lentiviruses expressing the SARS-CoV-2 S protein tagged with a 112 

luciferase reporter as a surrogate of live virus (14). The neutralization EC50 values of 113 

each patient were interpolated from the respective dose-response neutralization 114 

titration curves (Table 2, Figure 1D and 1E, Supplementary figure 1). Notably, these 115 

antibodies were able to neutralize both SARS-CoV-2 D614 and G614 pseudoviruses 116 

at similar levels, despite having a significantly lower neutralization capacity at 117 

median 98 days pio in all COVID-19 patients (Figure 1D and 1E, Supplementary 118 

figures 1 and 2). Corroborating other studies, severe patients have a higher and 119 

persisting level of neutralizing antibodies as compared with both mild and moderate 120 

patients (Table 2, Supplementary figure 2) (15, 16). Of clinical importance, all the 121 

patients infected with either the D614 or G614 clade elicited a similar degree of 122 
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neutralization against both D614 and G614 pseudoviruses (Figure 1F), suggesting 123 

that the D614G mutation does not impact the neutralization capacity of the elicited 124 

antibodies. Our results support the notion that the locus where the point mutation 125 

occurred is not critical for antibody-mediated immunity and may not have an impact 126 

on virus resistance towards antibody-based interventions (4, 17). 127 

 The emergence of a new virus clade due to random mutations could heavily 128 

deter the therapeutic outcome of treatments and vaccines. Majority of the current 129 

immunoassays developed against SARS-CoV-2 are based on the S antigen of the 130 

original Wuhan reference sequence (18, 19). Moreover, pioneer batches of 131 

therapeutics and candidate vaccines were mostly designed based on earlier 132 

infections. As a result, mutations in the dominant variant sequence could potentially 133 

alter the viral phenotype and virulence, thereby rendering current immune-based 134 

therapies less efficient and effective (20, 21). Fortunately, a recent pre-print reported 135 

no observable difference in IgM, IgG and IgA profiles against either S variant in an 136 

antigen-based serological assay (22), providing preliminary findings on the 137 

effectiveness of current diagnostic approaches to detect SARS-CoV-2 G614 138 

infections. In addition, determining the level of cross-reactivity is essential for 139 

immunosurveillance, as well as to identify broadly neutralizing antibodies or epitopes 140 

(23). Here, we confirm that cross-reactivity occurs at the functional level of the 141 

humoral response on both the S protein variants. Our results, together with the 142 

recent serological evaluation (22), strongly suggest that existing serological assays 143 

will be able to detect both D614 and G614 clades of SARS-CoV-2 with a similar 144 

sensitivity. However, it is of clinical relevance to assess if cross-reactivity between 145 

the variants may enhance viral infection when neutralizing antibodies are present at 146 

suboptimal concentrations (24). More importantly, further studies using monoclonal 147 
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antibodies are necessary to validate the cross-reactivity profiles between both 148 

SARS-CoV-2 S variants.  149 

Overall, our study shows that the D614G mutation on the S protein does not 150 

impact SARS-CoV-2 neutralization by the host antibody response, nor confer viral 151 

resistance against the humoral immunity. Hence, there should be negligible impact 152 

towards the efficacy of antibody-based therapies and vaccines that are currently 153 

being developed.   154 
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Table 1. Demographic and clinical information of COVID-19 patients 

  Patients (n=57) 

Demographics 

Age, years 45 (13) 

Sex 

Male 38 (66.7%) 

Female 19 (33.3%) 

Ethnicity 

Chinese 42 (73.7%) 

Others 15 (26.3%) 

Comorbidities 29 (50.9%) 

Hyperlipidemia 14 (24.6%) 

Hypertension 13 (22.8%) 

Diabetes 7 (12.3%) 

Myocardial infection (history) 5 (8.8%) 

Others 10 (17.5%) 

D614G infection status 

D614 44 (77.2%) 

G614 6 (10.5%) 

Others 7 (12.3%) 

Clinical outcome (clinical severity; group)   

No pneumonia (0; mild) 25 (43.9%) 

Pneumonia, without hypoxia (1; moderate) 19 (33.3%) 

Pneumonia, with hypoxia (2; severe) 13 (22.8%) 

  

Data represented as Mean (SD) or n (%). COVID-19: Coronavirus Disease 2019. 
Others: represent O, S, L, V, G, GH or GR clades. 
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Table 2. Neutralization EC50 values of COVID-19 patients 
             

Patient 
Recovery 

phase 

D614 
(EC50) 

Dilution 
factor 

D614 (Log 10 
EC50) Dilution 

factor 

G614 (EC50) 
Dilution 
factor 

G614 (Log 10 
EC50) 

Dilution 
factor 

Mild (No pneumonia) 
   

 
#1 

Early 93.821 1.972300058 27.088 1.432776941 

Late 36.481 1.562066734 ND ND 

#2 
Early 59.67 1.775756038 59.527 1.774713996 

Late 59.156 1.7719988 46.489 1.667350204 

#3 
Early 84.26 1.925621455 100.33 2.001430812 

Late 36.216 1.558900481 20.109 1.303390474 

#4 
Early 264.7 2.422753941 371.63 2.570110765 

Late 85.178 1.930327439 101.03 2.004450353 

#5 
Early 401.03 2.603176862 229.98 2.36169007 

Late 93.083 1.968870372 42.272 1.626052796 

#6 
Early 56.708 1.753644331 49.807 1.697290384 

Late 37.541 1.574505837 24.87 1.395675785 

#7 
Early 182.16 2.260453018 179.26 2.253483392 

Late 37.299 1.571697188 31.102 1.492788317 

#8 
Early 70.715 1.849511546 64.52 1.809694359 

Late 38.049 1.580343247 32.853 1.516575034 

#9 
Early 61.803 1.791009557 67.785 1.8311336 

Late 45.326 1.656347394 13.3 1.123851641 

#10 
Early 123.21 2.090645958 72.937 1.862947896 

Late 18.353 1.263707065 ND ND 

#11 
Early 312.72 2.495155657 135.08 2.130591052 

Late 103.42 2.014604533 60.652 1.782845126 

#12 
Early 365.85 2.563303059 233.92 2.369067355 

Late 79.832 1.90217701 35.665 1.552242228 

#13 
Early 110.63 2.043872912 127.51 2.105544246 

Late 65.001 1.812920038 63.342 1.801691772 

#14 
Early 151.32 2.179896333 143.27 2.156155261 

Late 39.825 1.600155784 31.445 1.497551599 

#15 
Early 242.06 2.383923029 241.44 2.382809222 

Late 58.31 1.765743041 52.821 1.722806619 

#16 
Early 169.39 2.228887768 134.4 2.128399269 

Late 78.702 1.895985769 78.239 1.893423291 

#17 
Early 89.4 1.951337519 77.364 1.888538916 

Late 25.104 1.399742926 14.494 1.161188257 

#18 
Early 16.219 1.210024074 13.513 1.130751777 

Late ND ND ND ND 

#19 
Early 18.721 1.272329043 24.532 1.389732956 

Late 10.11 1.004751156 17.581 1.245043574 

#20 
Early 941.37 2.973760354 856.37 2.932661445 

Late 171 2.23299611 97.95 1.99100444 

#21 
Early 312.28 2.494544171 150.83 2.178487731 

Late 38.602 1.586609806 19.899 1.298831252 
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#22 
Early 17.385 1.240174695 18.098 1.257630584 

Late 83.448 1.921415932 74.848 1.8741802 

#23 
Early 36.553 1.562923026 31.281 1.495280628 

Late 24.869 1.395658322 29.766 1.473720477 

#24 
Early 10.477 1.020236944 ND ND 

Late ND ND ND ND 

#25 
Early 849.23 2.929025328 ND ND 

Late 601.69 2.779372794 ND ND 

Moderate (Pneumonia, without hypoxia)   

#1 
Early 325.6 2.512684396 311.41 2.493332555 

Late 50.013 1.699082906 40.54 1.607883744 

#2 
Early 280.08 2.447282098 279.51 2.44639735 

Late 55.82 1.746789832 49.937 1.698422448 

#3 
Early 565.39 2.752348123 412.73 2.615666037 

Late 176.37 2.246424715 192.41 2.28422764 

#4 
Early 406.93 2.609519708 394.6 2.596157081 

Late 58.04 1.763727404 70.882 1.850535963 

#5 
Early 188.21 2.274642695 172.03 2.235604189 

Late 197.85 2.296336055 157.28 2.1966735 

#6 
Early 2349.4 3.370956964 2000.3 3.301095135 

Late 432.12 2.635604367 319.05 2.503858749 

#7 
Early 96.242 1.983364639 110.53 2.04348017 

Late 10.932 1.038699623 12.366 1.092229242 

#8 
Early 227 2.356025857 215.24 2.332922983 

Late 41.09 1.613736141 28.984 1.462158321 

#9 
Early 792.61 2.899059547 601.93 2.779545989 

Late 182.48 2.261215272 132.86 2.123394248 

#10 
Early 541.77 2.733814953 399.85 2.6018971 

Late 136.61 2.135482491 121.88 2.085932446 

#11 
Early 164.37 2.215822555 152.3 2.182699903 

Late 34.63 1.539452492 41.678 1.61990687 

#12 
Early 241.37 2.38268329 267.15 2.426755179 

Late 35.053 1.544725193 39.4 1.595496222 

#13 
Early 84.158 1.925095406 51.315 1.710244333 

Late 34.56 1.538573734 25.507 1.406659382 

#14 
Early 220.86 2.344117068 171.07 2.233173855 

Late 31.918 1.50403567 33.142 1.520378713 

#15 
Early 200.82 2.302806963 156.64 2.194902674 

Late 70.748 1.849714167 65.35 1.815245592 

#16 
Early 308.07 2.488649409 201.4 2.304059466 

Late 90.322 1.955793546 56.963 1.755592854 

#17 
Early 1079.6 3.033262876 1039.5 3.016824494 

Late 100.36 2.001560653 119.98 2.079108858 

#18 
Early 89.823 1.953387556 69.059 1.839220285 

Late 31.172 1.493764668 31.425 1.497275286 

#19 
Early 214.79 2.332014058 186.07 2.269676358 

Late 54.362 1.735295426 38.613 1.586733545 

Severe (Pneumonia, with hypoxia) 
 

#1 Early 740.24 2.869372549 548.74 2.739366619 
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Late 154.05 2.187661703 92.754 1.967332648 

#2 
Early 940.91 2.973548084 967.53 2.98566444 

Late 250.17 2.398235229 199.92 2.300856243 

#3 
Early 1597.5 3.203440867 1443.9 3.159537116 

Late 173.92 2.240349527 236.97 2.374693369 

#4 
Early 970.61 2.987044761 651.53 2.813934418 

Late 106.39 2.026900809 86.982 1.939429389 

#5 
Early 755.31 2.878125235 822.44 2.915104224 

Late 71.959 1.857085119 74.804 1.873924822 

#6 
Early 2042.2 3.310098272 2007.9 3.30274208 

Late 100.71 2.003072596 108.06 2.033664963 

#7 
Early 1291.7 3.11116166 3109.8 3.492732459 

Late 420.78 2.624055089 996.85 2.998629813 

#8 
Early 1298.1 3.11330815 1391.8 3.143576832 

Late 224.08 2.350403096 246.4 2.391640703 

#9 
Early 466.49 2.668842338 383.24 2.583470831 

Late 156.93 2.195705975 140.67 2.148201487 

#10 
Early 4453.3 3.648681953 3528.8 3.547627045 

Late 1024.2 3.010384771 1072.7 3.030478281 

#11 
Early 529.25 2.723660867 730.88 2.863846078 

Late 253.5 2.403977964 419.99 2.62323895 

#12 
Early 891.98 2.950355117 1016.9 3.007278247 

Late 136.02 2.133602771 108.15 2.034026524 

#13 
Early 1595.2 3.202815141 1691.3 3.228220649 

Late 612.24 2.7869217 702.75 2.846800854 

 
 

    COVID-19: Coronavirus Disease 2019; Early: median 31 days post illness onset (pio); Late: 
median 98 days pio; ND: not determined.  
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