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For the efficacy of COVID-19 vaccines, emergence of variants accumulating immune-escape mutations remains a major concern. We analyzed the anti-variant (n = 10) neutralization activity of sera from COVID-19 patients infected with Wuhan (B.1), Kappa, and Delta variants and COVISHIELD vaccine recipients with (prepositives) or without (prenegatives) prior antibody positivity using V- PLEX ACE2 Neutralization Kit from MSD. MSD and PRNT50 correlated well (r = 0.76–0.83, p < 0.0001). Despite the least antibody positivity in Kappa patients, anti-variant neutralizing antibody (Nab) levels in the responders were comparable with Delta patients. Vaccinees sampled at 1 month (PD2-1) and 6 months (PD2-6) post-second dose showed the highest seropositivity and Nab levels against the Wuhan strain. At PD2-1, the responder rate was variant-dependent and 100% respectively in prenegatives and prepositives. Nab levels against B.1.135.1, B.1.620, B.1.1.7+E484K (both groups), AY.2 (prenegatives), and B.1.618 (prepositives) were lower than that of Wuhan. At PD2-6, positivity decreased to 15.6%–68.8% in the prenegatives; 3.5%–10.7% of prepositives turned negative for the same four variants. As against the decline in Nab levels in 9/10 variants (prenegatives), a further reduction was seen against the same four variants in the prepositives. These variants possess immune-evasion-associated mutations in the RBD/S region. In conclusion, our data show that the Nab response of patients to multiple variants depends on the infecting variant. We confirm superiority of hybrid immunity in neutralizing multiple variants. Depending on the infecting variant pre- or postvaccination, immune response to different vaccines in different populations will vary and impact protection against emerging variants. The MSD platform provides an excellent alternative to live virus/pseudovirus neutralization tests.
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1 Introduction

The COVID-19 pandemic is unique in the rapid development of vaccines employing conventional/novel platforms and global use. The emergence of SARS-CoV-2 variants of concern (VOCs) with increased transmissibility and altered antigenicity has been challenging in the effective control of the pandemic. D614G (B.1) was the first major mutation that was associated with increased transmissibility early in the pandemic (1, 2),. Subsequent differential evolution of the virus in different countries led to several variants with altered characteristics of public health importance. In 2020, Alpha (B.1.1.7), Beta (B.1.351), and Gamma (P.1) VOCs emerged respectively in the UK, South Africa, and Brazil (3–5). The circulation of these variants was limited to some geographic areas. Following initial detection in India in April 2021, the Delta (B.1.617.2) variant spread rapidly across the world (6). The Omicron (BA.1/BA.2) variants detected in Botswana and South Africa were transmitted globally in a short time span (7, 8). Additionally, several variants were reported without significant spread (B.1.1.318, Theta (C.36.3, P.3), Mu (B.1.621), B.1.620, B.1.617.3, Lambda (C.37), A.30, AT.1, B.1.638, and C.1.2) (9–14).

During clinical trials of COVID-19 vaccines, in vitro neutralization assays such as plaque reduction neutralization test (PRNT) and microneutralization test (MNT) were developed and used employing the Wuhan (wild type, lineage B) virus. These tests required a BSL-3 facility and hence could be performed by limited laboratories. Importantly, neutralizing antibodies (Nab) have been correlated with protection (15). Understanding the neutralization potential of vaccinees receiving different COVID-19 vaccines or patients infected with different variants against the VOCs remains a top priority. Since the circulation of variants and types of vaccines used for immunization vary in different countries, evaluation of immune responses in different populations is necessary. These results help policymakers to adopt suitable immunization policies. As vaccines were administered irrespective of the prior history of COVID-19, the immune response of the previously infected group was quickly determined (16). Even with one dose, prior infected individuals developed broader and higher neutralizing antibody responses (17, 18). As of 01/03/2023, the COVISHIELD vaccine contributed to 82.8% of 2.19 billion vaccine doses administered in India (geographicinsights.iq.harvard.edu/IndiaVaccine). The COVISHIELD™ vaccine is the complete equivalent of the AstraZeneca-ChAdOx1-S/nCoV-19 (recombinant) vaccine, a replication-deficient adenoviral vector vaccine developed by the University of Oxford (Oxford, UK).

For the use of PRNT/MNT in evaluating variant-specific Nab responses in the BSL-3 laboratory, all the emerging VOCs need to be generated/available, followed by standardization of tests with each variant. Although a pseudovirus neutralization test (PNT) can be performed in a BSL-2 lab, this approach requires various genetic manipulations and molecular expertise to construct variant-specific recombinant viruses. With commendable efforts, MNT with 14 variants has been reported (19). However, for most laboratories with limited molecular expertise, this may not be possible. Furthermore, even if the pseudoviruses are generated, the test requires mammalian tissue culture and a minimum of 24–48 h. With the availability of the Meso Scale Discovery (MSD) platform, an electrochemiluminescence-based (ECL) multiplex assay for the qualitative and quantitative assessment of neutralizing antibodies, we attempted to explore the utility of this assay in understanding variant-specific Nab responses of COVID-19 patients infected with different variants and COVISHIELD vaccine recipients with or without prior antibody positivity. The single-tube assay is quick (2.5 h) and can be performed in a BSL-2 laboratory. Unfortunately, at the time of conducting the current study, Omicron kits were under development and hence the study is restricted to non-Omicron VOCs and other variants.




2 Methodology

This study was approved by the institutional “Human Ethics Committee” (no. BVDUMC/IEC/185A).



2.1 Study population and clinical samples

The following groups were included in the study.



2.1.1 IgG-SARS-CoV-2 negative controls

To determine the specificity of the MSD assay in relation to all the variants used, 38 plasma samples negative for IgG-anti-SARS-CoV-2 antibodies (ELISA) were used.




2.1.2 COVID-19 patients

Serum/plasma samples from COVID-19 patients (n = 84) diagnosed by q-RT-PCR at Bharati Vidyapeeth (deemed to be) University Medical College and Hospital (BVDUMCH), a tertiary care hospital, were used. These included (1) 47 patients [M=27, F=20, median age-36 (24-54 years)] infected with the Wuhan-Hu-1 (wild-type, D614G) virus during the first wave (7 serum and 40 plasma samples) and (2) 18 patients [M=13, F=5, median age-45 (27-77 years)] infected with the B.1.617.1/Kappa lineage variant during the early part of the second wave and 19 patients [M=13, F=6, median age-41 (24-67 years)] infected subsequently with B.617.2/Delta lineage variant (all plasma samples). The variants were identified by sequencing the RBD/S gene (20).




2.1.3 Recipients of COVISHIELD vaccine

The samples used for this study represent a subset of samples collected earlier for the evaluation of the immune response of healthcare personnel to COVID-19 vaccinees (21). Of these, samples with sufficient volumes (n=135) were selected for the study. From the naïve vaccinees, 43 [M=17, F=26, median age- 41 (21-71 years)] samples were collected at 1 month and 32 [M=12 and F=20, median age-42 (21-71 years)] samples were obtained at 6 months post-second dose. From vaccinees with prior exposure to the virus as evidenced by the presence of IgG-anti-SARS-CoV-2 antibodies (InBios International, Inc., USA), 32 [M=16 and F=16, median age-31 (23-54 years)] and 28 [M=14 and F=14, median age-35 (24-54 years)] samples were respectively collected at 1 and 6 months post-second dose.

Serum/plasma samples collected earlier from COVID-19 patients and vaccinees, tested for neutralizing antibody titers using PRNT50 and stored in aliquots at -700C, were used.





2.2 Plaque reduction neutralization test

PRNT was done according to the method described previously (22). Briefly, Vero CCL81 cells were seeded in 24- well plates (1 × 105 cells/ml) using MEM+10% FBS+100 I.U./ml penicillin and 100 (μg/ml) streptomycin medium, the day before the assay. 1:5 diluted serum samples were heat inactivated at 56°C for 30 min. Further fourfold serum dilutions were performed in MEM+2%FBS and mixed with 40–80 PFU/ml of SARS-CoV-2 virus (8004/IND/2020/IRSHA PUNE, accession number MT416726). This isolate (lineage B.1) exhibited a D614G mutation. Virus and serum samples were incubated for 1 h at 37°C in a humidified incubator with 5% CO2. After 1 h, 100 µl of the mixture was added in duplicates on Vero cells in 24- well plates, which were further incubated for 1h. One milliliter of 1% overlay media (MEM+Aquacide II (Merck) +2% FBS+100 I.U./ml penicillin and 100 (μg/ml) streptomycin) was added to the Vero cell monolayer. Cells were incubated for 5 days at 37°C in a humidified incubator with 5% CO2. After 5 days, cells were fixed with 3.7% formaldehyde, washed thrice with phosphate-buffered saline, and stained using 1% crystal violet. Plaques were counted using CTL ImmunoSpot SC 1.7.3.4001, and PRNT50 titer was calculated using the logistic regression method.




2.3 MSD ACE2 competition/neutralization assay

The assay was performed according to the instructions of the manufacturer. Precoated multiplex assay plates were provided in MSD V-PLEX neutralization kits (SARS CoV-2 panel-15, K15502U). There were 10 spike antigens of different SARS-CoV-2 variants (Table 1) coated in a single well of a 96-well plate. First, assay plates were blocked with 150 µl/well of MSD Blocker A solution at room temperature with shaking (~700–800 RPM) for 30 min. Serum samples were diluted 1:10 in MSD-Diluent 100, and the calibrator was diluted with the scheme provided by the manufacturer. Blocked plates were washed thrice with 150 µl of MSD wash buffer. Samples (25 µl) and calibrators (25 µl) were added in duplicates to the plate and incubated for 1 h at room temperature with shaking (~700–800 RPM). After 1 h, 1× SULFO-TAG human ACE2 protein solution (detection solution) (25 µl) was added to the same wells containing serum samples and plates were further incubated with shaking for 1 h. SULFO-TAG human ACE2 protein competes for precoated variants antigen with neutralizing antibodies present in serum samples. Plates were washed thrice with (150 µl per well) MSD wash buffer. Immediately after washing, MSD GOLD Read Buffer B (150 µl) containing the ECL substrate was added to the plate. Plates were read in the MESO QuickPlex SQ120 plate imager, where the current is applied to the plate, and if the coated antigen and ACE2 SULFO TAG have formed a complex, then in the presence of ECL substrate, it emits light, and MSD imager displays the output as the emitted light units. The light units were maximum for only diluent (without any serum sample) containing wells as all coated antigens can form a complex with ACE2 SULFO TAG and give maximum light units in the presence of the ECL substrate. Fold inhibition in light units is directly comparable to the number of neutralizing antibodies. Neutralizing antibodies compete with ACE2 SULFO TAG for viral antigen binding. Hence, lower light units correspond to higher neutralizing antibodies in samples. Fold inhibition was calculated by dividing diluents’ light units with test samples’ light units for matched spike antigens of variant. Values ≥1.5 are considered reactive for variant-specific antibodies.


Table 1 | Variant-wise amino acid mutations in the Spike protein and impact on immunoreactivity in relation to Wuhan.






2.4 Statistical analysis

GraphPad Prism 9.5.1 and R 4.1.3 were used for all analyses. For PRNT50 and MSD assay correlation analysis non-parametric Spearman correlation was used. ACE2 competition values were compared using the Kruskal–Wallis test followed by post- hoc Dunn’s test, as indicated in the respective figure legends. For the comparison between PD2-1, PD2-6, and prenegative and prepositive vaccinee groups, two-tailed Mann–Whitney- U test was performed.





3 Results

For understanding the neutralization potential of sera from infected and vaccinated individuals against multiple SARS-CoV-2 variants, we did not have access to live-virus or pseudovirus-based tests for such variants. With the availability of the MSD platform that can simultaneously detect and quantitate antibodies against multiple SARS-CoV-2 variants, we explored the use of the V-PLEX SARS-CoV-2 Panel 15 (ACE2) Kit available at the time of conducting this study. This is a multiplex assay for measuring the antibodies that block the binding of ACE2 to Spike antigens from variants of SARS-CoV-2 including the wild type-Wuhan, Alpha, Beta, and Delta variants and other variants present in the kit.



3.1 PRNT50 and MSD assays correlate well

We first assessed the performance of the MSD assay. None of the 38 IgG-anti-SARS-CoV-2 negative pre-vaccination plasma samples scored reactive against all the 10 variants when a cutoff value of ≥1.5-fold was used in the MSD assay. Next, we compared the MSD assay with a live virus neutralization assay (PRNT50) that uses the Wuhan-Hu-1 strain (B.1, D614G-Wild-type). For this, seven serum and 40 plasma samples (n = 47) from the first wave of COVID-19 patients were used. ACE2 competition by the MSD assay and antibody titers from PRNT50 assay showed excellent correlation when all the variants used in the MSD assay were considered (r = 0.76–0.83, p < 0.0001, Figure 1A). Despite differences in the biologic properties of the variants, the cross reactivity of antibodies against multiple variants might explain why the PRNT shows high correlation with other variants in addition to Wuhan.




Figure 1 | (A) For assessing the performance of MSD in relation to PRNT50 employing the Wuhan-Hu-1 strain, 47 samples (n = 7 serum, n = 40 plasma) from COVID-19 patients infected during the first wave were tested by both the methods. ACE2 competition by each of the 10 variants present in the MSD-15 panel was individually compared with neutralizing antibody titers by PRNT50. The correlation between ACE2 competition and PRNT50 for every variant was determined by Spearman’s correlation. Spearman’s rho = r value varied from 0.76 to 0.83, whereas the p-value was <0.0001 for all the variants. (B) The MSD ACE2 assay was performed on plasma samples of COVID-19 patients naturally infected with the Wuhan virus (n = 19), B.1.617.1/Kappa lineage variant (n = 18), and B.1.617.2 strain/Delta lineage variant (n = 19). Individual variant-wise percent antibody positivity in the patient groups is depicted. (C) For the comparisons of anti-variant antibody levels in the three patient groups, ACE2 competition values of each variant were compared in all three patient groups (Wuhan, Kappa, Delta). Significance was assessed by Kruskal–Wallis test (post- hoc test– Dunn’s test). This analysis included all the patients irrespective of antibody positivity (n = 19 for Delta and Wuhan patients and n = 18 for Kappa patients). The value above each bar represents the median ACE2 competition value; variations measure the interquartile range (25%–75%). (D) The table includes significant p values obtained from post- hoc Dunn’s test after each variant’s comparison within all patient groups. The order used in the table nomenclature was the name of a particular variant followed by the name of the patient group (Wuhan, Kappa, Delta). (E) For this analysis, samples positive for anti-variant antibodies were considered for assessing the cross-reactivity of the generated antibodies. For the comparisons of anti-variant antibody levels in the three patient groups, ACE2 competition values were compared across the 10 variants in all three patient groups. ACE2 competition values of each variant were compared in all three patient groups (only antibody positive patient samples). Significance was assessed by the Kruskal–Wallis test (post- hoc test– Dunn’s test). This analysis includes antibody positive patient samples (Delta (n = 13–15) and Wuhan patients (n = 12–17) for Kappa patients (n = 5–8); sample number for each variant changes as only antibody- positive samples were taken. The value above each bar represents the median ACE2 competition value; variations measure the interquartile range (25%–75%). (F) The table includes significant p values obtained from post- hoc Dunn’s test after each variant’s comparison within all patient groups. The order used in the table nomenclature was the name of a particular variant followed by the name of the patient group (Wuhan, Kappa, Delta).The dotted line indicates the cutoff value (≥1.5) for ACE2 competition (fold inhibition). P values <0.05 were considered significant.






3.2 Variations in neutralization potential of COVID-19 patients infected with different SARS-CoV-2 variants

In India, the first COVID-19 wave was dominated by the Wuhan-Hu-1 strain (B.1), whereas the second wave was initially caused by the B.1.617.1/Kappa lineage variant and later by the B.1.617.2/Delta lineage variant (20). We first compared anti-variant-antibody seropositivity among the three patient groups (Figure 1B). Percent seropositivity against different variants was comparable among Wuhan (63%–89%) and Delta (68%–79%) variant-infected patients. However, the majority of Kappa-infected patients (56%–72%) were antibody negative. Although the number of patients was small, when the samples were collected within 1 week of the onset of symptoms, detectable anti-variant antibodies were not present in the majority of the Kappa patients.

To understand variant-specific quantitative differences in the patients infected with different variants, ACE2 competition was compared. The comparisons were performed for each variant among all three patient groups (Wuhan, Kappa, Delta). In accordance with the highest antibody negativity in the Kappa patients, the median ACE2 competition was lowest in this patient group across all the variants (Figure 1C). Figure 1D provides variant pairs with significant differences in the patient groups.

In view of the lack of antibodies in the majority of Kappa patients, we considered only antibody-positive samples (Figure 1E). This analysis revealed that whenever antibodies were present at the time of blood collection, both Kappa and Delta patients exhibited high and comparable neutralizing antibody levels against different variants. Majority significant differences in ACE2 competition were seen among Wuhan and Delta patient categories except for AY.1 and AY.2 variant in the Kappa patient category (Figure 1F). We would like to point out here that the Kappa variant has E484Q mutation. The 484 position in the RBD region is crucial for the interaction of neutralizing antibodies; mutation at this position resulted in a reduction in neutralizing antibody titer (20). In addition, E484Q mutation hinders electrostatic bonds at E484 and K31 in the Spike RBD region affecting interaction with ACE2 (23). Delta variants carry L452R and T478K (RBD region) mutations that affect binding at ACE2 by enhancing the stabilization of the ACE2–RBD complex (23). These mutations have been shown to alter viral interaction with ACE2 and might have affected antibody response in these patient groups. In the absence of follow-up samples, a subsequent comparison was not possible.




3.3 Neutralization potential against the major VOCs is reduced in COVISHIELD vaccine recipients

After understanding variant-specific ACE2 competition following natural infection, we evaluated the ability of anti-SARS-CoV-2 antibodies generated by the Wuhan strain-based COVISHIELD vaccine in targeting SARS-CoV-2 variants employed in the MSD assay. For this, vaccinees negative (prenegatives) and positive (prepositives) for IgG-anti-SARS-CoV-2 antibodies before immunization were analyzed separately. Of the prepositives, only three gave a history of prior COVID-19 (20–24 weeks before vaccination). The remaining vaccinees had the subclinical infection. To understand the durability of anti-variant antibodies, Nb levels were compared at 1 month when an optimum response is expected and at 6 months post-second dose (PD2-1, PD2-6, respectively). Two types of comparisons were made for both prenegatives and prepositives: (1) differences in the variant-specific Nab levels at any given point and (2) comparative decline of variant-specific neutralizing antibodies at 6 months post-vaccination.




3.4 Low anti-variant neutralizing antibody response in the prenegatives

At 1 month post-vaccination (Figure 2A), antibody positivity for the Wuhan strain was 88.4% in MSD, which was comparable (p = 1) to 95% (114/120) in PRNT50 when the same vaccinees were tested earlier (21). Surprisingly, almost 40% of the vaccinees lacked antibodies against AY.2, B.1.1.7+E484K, B.1.351.1, and B.1.620 (p = 0.002–0.006). These variants except AY.2 exhibit E484K mutation shown to be responsible for the reduction in neutralization by convalescent plasma from Wuhan-virus-infected patients and various monoclonal antibodies targeting receptor binding domain (Figure 2G) (24–26). AY.2 and B.1.351.1 variants possess K417N mutation, which is responsible for the reduction in ACE2 binding (Figure 2G) (27). Clearly, even when optimum antibody response is expected, a large proportion of the prenegative vaccinees were at risk of infection from these variants. For the other variants, positivity was comparable with Wuhan.




Figure 2 | Plasma samples from COVISHIELD vaccine recipients either negative (prenegative) or positive (prepositive) for IgG-anti-SARS-CoV-2 antibodies were tested for anti-variant antibodies in the MSD-15 assay at 1 (PD2-1) and 6 months (PD2-6) after complete vaccination with two doses. The cutoff value for the assay was > 1.5. (A, B) provide variant-specific percent antibody positivity among prenegatives and prepositives respectively at both the time points. The value above each bar represents % seropositivity. ACE2 competition (fold inhibition) values were compared between all the variants at PD2-1 and PD2-6 among prenegatives (C, E) and prepositives (D, F). Inter-variant comparisons were made for both the vaccinee groups at both the timepoints using the Kruskal–Wallis test (post- hoc test– Dunn’s test). The dotted line indicates the cutoff value (≥1.5). The value above each bar represents the median ACE2 competition value; variation measures the interquartile range (25%–75%), n = 43 PD2-1 prenegative vaccinee, n = 32 PD2-6 prenegative vaccinee, n = 32 PD2-1 prepositive vaccinee, n = 28 PD2-6 prepositive vaccinee. Stars expressing p values are: ****p < 0.0001, ***p < 0.001, **p < 0.01, and *p < 0.05. (G) denotes mutations identified in the respective variants with confirmed immune evasion by experimental studies. A similar color scheme was used to identify variants in the graph and corresponding mutations in the table.



At 6 months, antibody positivity decreased for all the variants (Figure 2A). When compared with the Wuhan strain (68.8%), a lower proportion of antibody positives (15.6– 37.5%, p = 0.02- <0.001) were detected for eight variants; the difference with B.1.258.17 (43.8%) was not significant (p = 0.07). Thus, by 6 months post-immunization, the majority of the prenegatives lacked anti-variant neutralizing antibodies and could be susceptible to infections with a variety of variants.

Median ACE-2 competition was significantly reduced for B.1.351.1, B.1.620, AY.2, and B.1.1.7+E484K variants at 1 month post-vaccination when compared with the Wuhan virus (1.93–2.22- fold) (Figure 2C, p < 0.005 for all, Table 1). Antibody positivity and levels were lower against variants that are characterized by mutations that alter the antigenicity and immune evasion (Table 1). At 6 months, a significant decline in Nab levels was recorded for additional four variants. Except for Wuhan (median ± IQR, 1.6; 1.4–2.1), median ACE2 competition against all the other variants was below the cutoff value of 1.5 (Figure 2E). Taken together, Nab response to the variants known to have immune evasion-associated mutations was inferior even at 1 month and declined sharply for all the variants by 6 months.




3.5 Higher and durable anti-variant Nab response in the prepositives

At 1 month post-immunization, all the 32 vaccinees with hybrid immunity were Nab positive for all the variants examined (Figure 2B). As the vaccine was administered post- first wave, the highest ACE2 competition was observed against the Wuhan strain (Figure 2D). High fold reduction in ACE-2 binding (5.6–20.9-fold, p = 0.039–<0.0001) was recorded for B.1.351.1, B.1.620, B.1.618, and B.1.1.7+E484K variants with characteristic mutations in the S protein (Table 1; Figure 2D). Notably, except B.1.618, these variants are classified by the WHO as VOCs. At the 6- month follow-up, a small proportion (3.5%–10.7%, Figure 2B) of the prepositive vaccinees circulating lower Nab levels at 1 month turned out antibody- negative against the same four variants. Nab levels continued to be lower for these variants, whereas comparable levels were recorded against the remaining variants (Figure 2F). Overall, irrespective of the prior antibody positivity, Nab levels were consistently lower for the VOCs included in the MSD panel.

Next, we compared variant-specific Nab responses among prenegative and prepositive vaccinees at PD2-1 and PD2-6 (Figures 3A, B). At both time points, vaccinees with hybrid immunity exhibited remarkably higher antibody levels against all the 10 variants (p ≤ 0.0001). However, irrespective of prior antibody positivity and levels, a significant decline was recorded for all the variants at 6 months (p ≤ 0.001–<0.0001, Figures 3C, D) in both groups. To understand the variant-specific decline in the vaccinees, fold changes in Nab levels at 1 and 6 months were compared (Figures 3E, F). The degree of decline was independent of the variants suggesting that antibodies against different variants decline at comparable levels at least for 6 months post-immunization.




Figure 3 | (A) Variant-wise comparison of ACE2 competition between prenegative (-) and prepositive (+) vaccinees (A) at 1 month and (B) 6 months post-immunization. ACE2 competition of each variant in both the groups was compared by the Mann–Whitney test (***p < 0.001, **p < 0.01). Neutralizing antibody levels/ACE2 competition values of each variant were compared at PD2-1 and PD2-6 in (C) prenegative and (D) prepositive vaccinees. Statistical significance was assessed by the Mann–Whitney U test. ***p < 0.001, **p < 0.01. In (A-D), the value above each bar represents the median ACE2 competition value; variations measure the interquartile range (25%–75%), n = 43 for PD2-1 prenegative vaccinees, n = 32 for PD2-6 prenegative vaccinees, n = 32 for PD2-1 prepositive vaccinees, and n = 28 for PD2-6 prepositive vaccinees. (E, F) respectively depict fold changes in neutralizing antibody levels at PD2-1 and PD2-6 (PD2-1/PD2-6) for each variant among prenegatives (n = 32 pairs) and prepositives (n = 28 pairs). Inter-variant comparisons were performed by one-way ANOVA. In (E, F), the value above each bar represents median fold change (PD2-1/PD2-6); variations measure the interquartile range (25%–75%).







4 Discussion

In this study, we demonstrated that anti-variant neutralizing antibody responses of non-vaccinated COVID-19 patients infected with Kappa or Delta variants and the parenteral B.1 strain differ strikingly and to a variable extent. Our data suggest that the anti-variant immune response to vaccines will be influenced by the type of the variant infecting either pre- or post-vaccination/booster dose. Furthermore, our previous observations of superior immune response against the B.1 strain among prepositive than prenegative recipients of COVISHIELD vaccine even at 6 months vaccination (21) are extended to the other non-Omicron VOCs. Although higher, Nab levels against the Alpha, Beta, and Delta variants were compromised even in prepositives. Most of the prenegative vaccinees might be infected with a variety of variants at 1 month post-vaccination, almost all being susceptible at 6 months.

We selected MSD-ACE2 panel-15 available at the time of conducting the study and found an excellent correlation with PRNT50. At that time, the Omicron variant was not yet added. Employing an earlier MSD panel-7 with RBD from wild type and B.1.351(Beta), B.1.1.7(Alpha), and P.1(Gamma) variants, Pegu et al. observed comparable antibody responses against mRNA-1273 vaccine when a live virus/pseudovirus neutralization and MSD assays were performed (28). An elegant study by Sammartino et al. assessing the immunogenicity of the BNT162b2 vaccine deserves special mention (19). The investigators isolated, characterized, and used 14 SARS-CoV-2 variants in MNT using a 90% reduction in CPE as the indicator. This requires extraordinary efforts, resources, and time. Although only 5/14 strains used here are similar to the one used in the MSD panel, it is noteworthy that the results obtained by MNT and MSD are comparable when vaccines based on wild-type strains are evaluated (19). The requirement of expensive equipment remains a significant limitation for the use of this platform in laboratories with limited resources. However, once the machine is available, the cost of the test kits can be compensated by the ability of the assay to determine the presence and levels of neutralizing antibodies against multiple variants in just 2.5 h. So far, studies on the cross-reactivity of neutralizing antibodies in patients infected with emerging variants are limited (17, 29). We found that in the patients infected with the Kappa variant, antibody positivity was low. However, the observed differences were not related to the time of sample collection as median PODs were not different for the patients infected with different variants (data not shown). In the patients infected during the first wave, we previously showed that Nab positivity (PRNT50) during the first week post-onset of clinical symptoms was 61.5% that rose to 95.4% during the second week with concomitant rise in Nab titers. In the absence of the Kappa variant in the panel, whether Nab reactivity/titers against the homologous virus was higher could not be ascertained.

Among antibody- positive Kappa patients, the anti-variant antibody levels were comparable with Delta patients. The common mutations of significance (L452R and P681R) present in both the variants may have been responsible for similar antibody reactivity patterns with the other variants. On phylogenetic analysis, these variants were shown to form separate branches of the same cluster (30, 31). On the other hand, the Wuhan virus (B.1) eliciting lower antibody levels was distinctly different. Similarly, in accordance with the specific mutations altering biological characteristics, the other VOCs belonged to distinct clusters. By using a live virus focus reduction neutralization test, Edara et al. (32) showed that convalescent sera from B.1.617 (Kappa variant)- infected patients exhibited a 6.5 times reduction in neutralization than with the WA1/2020 (Wuhan) virus. Furthermore, by performing mutation- specific pseudovirus-based study, Yang et al. identified that the E484Q mutation (present in the Kappa variant as well) in the spike region of the B.1.617.1 variant is the major contributor to the reduction in neutralization (33, 34).

While comparing antibody cross-reactivity in COVID-19 patients admitted to the ICU during the first (Wild type) and third (Alpha/mixed Wild type) waves employing the multiplex Luminex-based assay, Fraser et al. observed that wave-3 patients developed a robust neutralizing antibody response to Wild-type, Alpha, Delta, and to a lesser extent to Beta and Gamma VOCs (35). A similar neutralizing antibody response was observed in the current study. Cross-reactivity of Delta patients inducing high antibody titers was significantly less against the Beta variant and also with the Alpha variant (Gamma VOC was not present in the MSD panel). Taken together, both Alpha (Fraser et al.) and Delta (current study) virus-infected patients seem to be better antibody producers. Another possibility is subclinical infection during the first wave (at least in a few) with subsequent exponential antibody rise following reinfection during the subsequent waves. However, higher antibody negativity in the Kappa patients studied during the same time argues against this possibility. Both of the studies did not elicit a history of COVID-19. Whenever vaccines will be administered to individuals infected with such variants, the resultant antibody response could be distinctly different than vaccinees infected earlier with the Wuhan virus. For variants emerging in the future, it will be difficult to assess immune response in antibody- naïve individuals as the majority of the population will either be vaccinated or infected or vaccinated and infected with clinical or subclinical presentations.

COVID-19 vaccine efficacy is being tested against multiple emerging variants with capabilities to evade vaccine-induced antibodies. COVISHIED is the major vaccine used in India and hence will have a major impact on the success of overall vaccination. ~40% Nab negativity against major VOCs at PD2-1 when an optimum response is expected and ~100% negativity at 6 months indeed is a matter of great concern. This did result in a large number of breakthrough infections with Delta and Omicron VOCs (36–38). During the explosive Delta wave, the efficacy of the COVISHIELD vaccine against clinical disease was shown to be 61.3% in Chennai, India (39). In view of such observations, a booster dose termed as “precautionary dose” was introduced in India and an additional dose is now being recommended. As of 01/03/2023, 2.2 billion COVID-19 vaccine doses have been administered, which includes 227.1 million recipients of the precautionary dose (cowin.gov.in).

We, along with others, have shown remarkably superior immune responses in vaccinees with hybrid immunity (16, 21). The immune response to a vaccine varies with populations, prior antibody positivity, and the type of antibody tests used. We compared the immune response of the COVISHIELD vaccine used in India with AZD-1222, the early counterpart of COVISHIELD vaccine, administered in Germany (40), Taiwan (41) Africa (42), and Thailand (43). The tests used were pseudotype neutralization for the first three and an ELISA-based surrogate neutralization test for the fourth study. The overall neutralization results obtained by administering either COVISHIELD (India) or AZD-1222 (four countries mentioned above) were comparable. In some countries, different vaccines were used depending on their availability. In Taiwan (41) and Thailand (43), mRNA vaccines performed better than AZD-1222 while though mRNA vaccines elicited higher Nab levels in Germany (40), fold reduction was high for the Beta variant and similar for the Delta variant. A two-dose regimen of the AZD1222 vaccine in South Africa did result in a lower antibody response using a live B.1.351 variant neutralization assay, and the vaccine did not show protection against mild-to-moderate COVID-19 (44). In another study, lower Nab titers were recorded against B.1.1.7, B.1.351, and B.1.617.2 using a live virus neutralization assay (45).

In India, COVISHIELD and COVAXIN (adjuvanted, whole virus inactivated) are the major vaccines used for primary immunization. Several studies documented higher antibody response by COVISHIELD than COVAXIN (46–48) Our data showed that COVISHIELD was a better neutralizing antibody producer whereas Covaxin induced higher T- cell responses (21). However, studies on the response to variants are limited (49, 50). The present study attempts to provide this useful information.

The current study has some limitations. In the absence of the Omicron variant in the panel available at the time of conducting the study, we are not able to provide crucial information about this currently circulating global variant. Convalescent samples from patients were not available and hence the differences in neutralization activity at the height of antibody response could not be determined. Nonetheless, using small volumes of available samples, we were able to provide the required information on variant-specific Nab response in patients infected with different variants and COVISHIELD vaccine recipients. Detailed analysis of immune response among breakthrough infections with different variants will provide some answers to the relationship of vaccine-induced variant-dependent, and infection-induced immune responses. In view of the comparable results obtained by PRNT50 and MSD assay and the convenience and ease of a single assay, the MSD platform could be an attractive multiplex alternative for the assessment of neutralizing antibodies to multiple variants.
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Variable neutralizing antibody responses to
10 SARS-CoV-2 variants in natural infection
with wild- type (B.1) virus, Kappa
(B.1.617.1), and Delta (B.1.617.2) variants
and COVISHIELD vaccine immunization in
India: utility of the MSD platform
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Prenegative Prepositive
Fold Y/ Fold
nge ** N change**
B.1 Wuhan-Hu-1 D614G - - - -
B.1351.1 Botswana (Beta sub-  K417N, E484K, N501Y, D80A, D215G, D614G, A701V YES 222 YES 19.50
lineage)
B.1620 Europe S$477N, E484K, P26S, AH69-V70, V126A, AY144, A242-244, H245Y, D614G, YES 2.16 YES 15.45
P681H, T10271, D1118H
AY.2 India (Delta sub- K417N, 1452R, T478K, T19R, V70F, G142D, E156G, A157/158, A222V, YES 211 NO -
lineage) D614G, P68IR, DISON
B.1618 India EA484K, AY145/146, D614G NO - YES 5.66
B.LL7 UK. (Alpha sub- E484K, N501Y, AH69-V70, AY144, A570D, D614G, P681H, T7161, S982A, YES 1.93 YES 2088
+E484K lineage) DI118H
B.1258.17  Europe N439K, AH69-V70, L189F, D614G, V7721 NO = NO -
B.1617.2 Vietnam (Delta sub- | L452R, T478K, T19R, AY144, A157/158, D614G, P68IR, DI50N NO - NO -
+AY144 lineage)
AY.1 Nepal (Delta sub- K417N, L452R, T478K, TI9R, T95], G142D, E156G, A157/158, W258L, NO - NO -
lineage) D614G, P68IR, DI50N
B.1.466.2 Indonesia N439K, W152R, D614G, P68IR NO - NO -

*Bold letters indicate mutations with confirmed immune evasion and enhanced transmissibility. **Fold change was calculated by dividing ACE2 competition values of the Wuhan virus with
respective variants at PD2-1. Only significant fold changes are shown.
" means no significant fold change.
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