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Abstract 

Background: To determine the kinetics and persistence of immune responses following the 

Sinopharm/BBIBP-CorV, we investigated immune responses in a cohort of Sri Lankan 

individuals. 

Methods: SARS-CoV-2 specific total antibodies were measured in 20-to-39 year (n=61), 40-to-

59-year and those >60 years of age (n=22) by ELISA, 12 weeks after the second dose of the 

vaccine. ACE2 receptor blocking antibodies (ACE2R-Ab), antibodies to the receptor binding 

domain (RBD) of the ancestral virus (WT) and variants of concern, were measured in a sub 

cohort. T cell responses and memory B cell responses were assessed by ELISpot assays.  

Results: 193/203 (95.07%) of individuals had detectable SARS-CoV-2 specific total antibodies, 

while 67/110 (60.9%) had ACE2R-Ab. 14.3% to 16.7% individuals in the 20 to 39 age groups 

had detectable antibodies to the RBD of the WT and VOC, while the positivity rates of those >60 

years of age was <10%. 14/49 (28.6%) had IFNγ ELISpot responses to overlapping peptides of 

the spike protein, while memory B cell responses were detected in 9/20 to the S1 recombinant 

protein. The total antibody levels and ACE2R-Ab declined after 2 to 12 weeks from the second 

dose, while ex vivo T cell responses remained unchanged. The decline in ACE2R-Ab levels was 

significant among the 40 to 59 (p=0.0007) and ≥60 (p=0.005) age groups. 

Conclusions: Antibody responses declined in all age groups, especially in those >60 years, while 

T cell responses persisted. The effect of waning of immunity on hospitalization and severe 

disease should be assessed by long term efficacy studies.  
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Introduction 

The Sinopharm/BBIBP-CorV is an inactivated COVID-19 vaccine, which is currently approved 

in 65 countries 
1
 and it has been the most widely used vaccine in Sri Lanka. The phase 3 clinical 

trials showed an efficacy of 78.1% against symptomatic illness 
2
, while all individuals were 

reported to have seroconverted and shown to have developed neutralizing antibodies by 42 days, 

following the second dose of the vaccine 
3
. We previously reported that 95% of Sri Lankan 

individuals seroconverted 2 weeks following the second dose, with lower seroconversion rates in 

older individuals. ACE2 receptor blocking antibodies, measured by the surrogate neutralizing 

test (sVNT) were found in 81.25% of individuals following both doses of the vaccine, while 

antibodies to the receptor binding domain was significantly less than those following natural 

infection 
4
. Although Sinopharm/ BBIBP-CorV is the main vaccine used by many Asian and 

Middle East countries, there are limited data regarding its efficacy when used in different 

countries and for different variants. Furthermore, data regarding the persistence of antibody and 

T cell responses in fully vaccinated individuals are limited.  

 

Neutralizing antibodies and non-neutralizing antibodies specific to the spike protein have shown 

to gradually decline following the second dose of BNT162b2 (Pfizer–BioNTech) and AZD1222 

5
, while the mRNA-1273 vaccine was shown to induce stable responses up to six months after the 

second dose 
6
. Although the quantity of neutralizing antibodies that are needed for protection 

from severe disease or to prevent breakthrough infection is not known, it has been shown that the 

efficacy of BNT162b2 (Pfizer–BioNTech) vaccine declines with time 
7
. Booster doses of 

BNT162b2 (Pfizer–BioNTech) vaccine resulted in a 11.3 fold reduction in acquisition of 
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infection and 19.5 fold reduction in severe disease compared those who did not receive a booster 

8
. However, the WHO recently stated that although there is evidence of declining vaccine 

efficacy against mild illness, the efficacy of vaccines against hospitalization and severe disease 

appears to be high and therefore, more emphasis should be placed on vaccinating vulnerable 

individuals 
9
. Despite the decline in neutralizing antibodies following vaccination and natural 

infection with time, spike protein specific memory B cells have shown to persist for a longer 

duration 
10

. Although these long-lived memory cells are thought to give long lasting protection 

against severe illness, fully vaccinated elderly individuals in Israel appear to have been 

susceptible to severe disease and thus benefited from a booster dose 
11

. Based on waning of 

neutralizing antibody responses and efficacy for certain COVID-19 vaccines with time, booster 

doses are currently been offered to older individuals and individuals in high risk categories in 

different countries 
12,13

.  

 

Although there are data regarding the duration and persistence of antibody and T cell responses 

following many COVID-19 vaccines such as BNT162b2 (Pfizer–BioNTech), AZD1222 and 

mRNA-1273, there are limited data regarding the persistence of immune responses following 

Sinopharm/BBIBP-CorV. It is crucial that severe disease and hospitalizations due to COVID-19 

are curtailed to a level that it no longer becomes a global threat. While vaccinating all individuals 

worldwide is essential to end the pandemic, it is also important to monitor the duration of 

immunity and any changes in vaccine efficacy over time. Therefore, we sought to investigate the 

persistence of antibody and T cell responses in a Sri Lankan cohort to understand the durability 

of immune responses to this vaccine in different age groups.  
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Methods 

We previously evaluated immune responses to Sinopharm.BBIBP-CorV in 323 Sri Lankan 

individuals from Colombo at 4 weeks after the first dose and 2 weeks after the second dose (6 

weeks after the first dose)
4
. In order to determine the persistence of antibody and T cell 

responses following the second dose, blood samples were obtained at 3 months (12 weeks) 

following the second dose of the vaccine in 203 individuals from this cohort, while those who 

reported as being PCR positive/diagnosed of COVID-19 or reported symptoms suggestive of 

COVID-19 such as fever, sore throat, cough and myalgia were excluded from the 3-month 

analysis. Demographic and the presence of comorbidities such as diabetes, hypertension, 

cardiovascular disease and chronic kidney disease was determined by a self-administered 

questionnaire at the time of recruitment from all participants.  

 

Ethics approval was obtained from the Ethics Review Committee of University of Sri 

Jayewardenepura.  

 

Detection of SARS-CoV-2 specific total antibodies , ACE2 receptor blocking antibodies and 

antibodies to the RBD of SARS-CoV-2 VOCs 

The Wantai SARS-CoV-2 Ab ELISA (Beijing Wantai Biological Pharmacy Enterprise, China) 

was used to detect the presence of SARS-COV-2 specific total antibodies (IgM, IgA and IgG), 

which detects antibodies to the receptor binding domain (RBD) of the spike protein, according to 

the manufacturer’s instructions. The surrogate virus neutralization test (sVNT) was used to 
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measure ACE2-receptor blocking antibodies and the haemagglutination test (HAT) was used to 

measure antibodies to the RBD of VOCs in a sub cohort of individuals (n=110). The Svnt was 

carried out as previously described according to the manufacturer’s instructions (Genscript 

Biotech, USA) 
14

. This measures the percentage of inhibition of binding of the RBD to 

recombinant ACE2 and an inhibition percentage ≥ 25% in a sample was considered as positive 

for ACE2 receptor blocking antibodies 
15

.  

 

The HAT was carried out using the B.1.1.7 (N501Y), B.1.351 (N501Y, E484K, K417N) and 

B.1.617.2 versions of the IH4-RBD reagents 
16

, which included the relevant amino acid changes 

introduced by site directed mutagenesis. The assays were carried out and interpreted as 

previously described and a titre of 1:20 was considered as a positive response 
17,18

. The HAT 

titration was performed using 7 doubling dilutions of serum from 1:20 to 1:1280, to determine 

presence of RBD-specific antibodies. The RBD-specific antibody titre for the serum sample was 

defined by the last well in which the complete absence of “teardrop” formation was observed.  

 

Ex vivo IFNγ ELISpot assays and B cell ELISpot assays 

Ex vivo IFNγ ELISpot assays were carried out using freshly isolated peripheral blood 

mononuclear cells (PBMC) obtained from 49 individuals in whom we had previously carried out 

these assays at 4 weeks and 6 weeks. Due to the limitations in the availability of PBMCs to carry 

out these assays, B cell ELISpots were only done in 28 individuals, in whom ex vivo ELISpot 

assays were carried out. The details of these assays are described in supplementary methods.  
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Statistical analysis 

Details of statistical analysis are included in the supplementary methods. 
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Results 

SARS-CoV-2 total antibody responses in different age groups 

At 3 months (12 weeks) since receiving the 2
nd

 dose 193/203 (95.07%) of individuals had 

detectable SARS-CoV-2 specific total antibodies. 59/61 (96.72%) between the ages of 20 to 39, 

114/120 (95.0%) of those 40 to 59 and 20/22 (90.91%) of those >60 years were seropositive. 

There was no significant difference (p value=0.06) between the antibody titres (indicated by 

antibody index) in the three different age groups (20 to 39, 40 to 59 and ≥60 years) (Figure 1A). 

However, the total antibody levels (indicated by the antibody index) significantly and inversely 

correlated with age (Spearman’s r=-0.19, p=0.006), (Figure 1B). There was no significant 

difference (p-value=0.0760) in the seropositivity rates or the antibody levels (indicated by 

antibody indices) in those with comorbidities, compared to those who did not have 

comorbidities. Similarly, the seropositivity rates between males and females were also not found 

to have a statistically significant difference (p-value=0.3319). 

 

SARS-CoV-2 specific ACE2-receptor blocking antibodies in different age groups 

The surrogate neutralizing antibody test (sVNT) that measures ACE2 receptor blocking 

antibodies was carried out in a subset of individuals of cohort (n=110) and 67 (60.9%) gave a 

positive result. 27/41 (65.85%) in the 20 to 39 age group, 32/48 (66.67%) in the 40 to 59 age 

group and 8/21 (38.10%) of the ≥60-year age group gave a positive result. There was no 

significant difference (p=0.06) between the ACE2 receptor blocking antibody positivity (% of 

inhibition >25) in different age groups. There were also no significant differences in the levels of 

ACE2 receptor blocking antibodies in different age groups (p=0.11) (Figure 1C).  
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Hemagglutination test (HAT) to detect antibodies to the receptor binding domain of SARS-

CoV-2 and its variants of concern (VOCs) 

The HAT assay was carried out to measure positivity rates and the antibody titres to the ancestral 

strain (WT), and the VOCs B.1.1.7, B.1.351 and B.1.617.2 in the same individuals in whom the 

sVNT assays were carried out (n=110). The proportion of individuals who gave a positive result 

for the WT and the different VOCs and their mean, standard deviation, median values with the 

IQR (HAT titres) are shown in Table 1. As determined by the Friedman test, the HAT titres for 

the WT were found to be significantly higher than the HAT titres to the different VOCs for the 

age groups 20 to 39 (p=0.002) and 40 to 59 (p=0.0001). The post-hoc tests for multiple 

comparisons in the 20 to 39 group showed that the HAT titres for the WT was significantly 

higher than that for B.1.17 (p=0.004) and B.617.2 (p=0.002). In the 40 to 59 age group, the HAT 

titres to the WT were significantly higher than for B.1.1.7 (p=0.001), B.1.315 (p=0.006) and 

B.1.617.2 (p=<0.001). However, the ≥60-year age group had low HAT titres for WT and all 

VOC, and there were no significant differences (p=0.286) between responses (Figure 1D).  

 

Ex vivo ELISpot responses in the different age groups 

To investigate the T cell responses in these two cohorts, we carried out ex vivo IFNγ ELISpot 

responses in 49 individuals in different age groups, in those who were recruited by us to study 

the T cell responses. IFNγ ELISpot responses to S1 overlapping pool of peptides (median 100, 

IQR 47.5 to 260 SFU/1 million PBMCs) were significantly higher (p=0.008) than those for the 

S2 pool (median 55, IQR 14 to 190 SFU/1 million PBMCs). The threshold for a positive 

response was set at 234 SFU/1 million PBMCs and accordingly, 14/49 (28.6%) of the individuals 
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gave a positive response. There was no significant difference (p=0.33) in the ex vivo ELISpot 

responses between the different age groups (Figure 2A). 7/16 (43.6%) of those between 20 to 39 

years of age, 3/21 (14.3%) of those between 40 to 59 years of age and 4/12 (33.3%) had a 

positive response to S1 pool of peptides. There was no correlation between the age of the 

individual and ex vivo IFNγ ELISpot responses to either S1 (Spearman’s r=-0.22, p=0.12) or S2 

(Spearman’s r=-0.19, p=0.18) pool of peptides. The ex vivo overall IFNγ ELISpot responses 

significantly correlated with the SARS-CoV-2 specific total antibodies (Spearman’s r=0.33, 

p=0.02), but not with ACE2 receptor blocking antibodies (Spearman’s r=0.20, p=0.16).  

 

The frequency of antibody secreting cells (ASCs) in those who received Sinopharm.BBIBP-

CorV 

B cell ELISpot assays for S1, S2 and N recombinant proteins were carried out in 20/49 

individuals, who were also included for evaluating of ex vivo T cell responses. The threshold of 

a positive response was set at 44.1 ASCs/1 million cells for S1, 32.9 for S2 and 19.1 for the N 

protein. 9/20 (45%) individuals gave a positive response for S1, 7/20 (35%) individuals 

responded to S2 and, 8/20 (40%) for the N protein. Using the Friedman test, we found that there 

was no difference between the frequency of ASCs for S1, S2 and the N protein in different 

individuals (Fig 2B). Although the frequency of ASCs to the S1 protein significantly decreased 

with age (Spearman’s r=-0.57, p=0.01), no such association was seen with responses to S2 and 

the N protein (Fig 2C).  
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Kinetics of antibody responses and T cell responses over time 

Although initially we planned to follow the whole cohort that was initially recruited to the study, 

at the time of recruitment, we could only obtain blood samples from 174 individuals at all 4 time 

points (baseline, 4 weeks from first dose, 2 weeks from second dose and 3 months from second 

dose) to measure SARS-CoV-2 specific total antibodies. For this analysis, we were able to 

follow 49 individuals in the 20 to 39 age group, 108 in the 40 to 59 age group and 17 in ≥60 

years age group. From the second dose, the SARS-CoV-2 total antibodies, measured by the 

Wantai antibody assay, declined in all the age groups but this decline was not significant in any 

of the age groups by the Friedman test (Figure 3A). 

 

We could only recruit 92 individuals to measure the variability of ACE2 receptor blocking 

antibodies over time. These assays were carried out in 32 individuals in the 20 to 39 age group, 

43 in the 40 to 59 age group and 17 in the ≥60 years age group. We saw a decline in ACE2 

receptor blocking antibodies in all age groups from the 2
nd

 dose, which was more marked in the 

≥60 year old age group (Figure 3B). The decline in antibody levels were significant among the 

40 to 59 (p=0.0007) and ≥60 (p=0.005) age groups. There was no significant difference in ACE2 

receptor blocking antibodies for 4 weeks after the first dose, compared to 3 months after the 

second dose in 20 to 39 year olds (p=0.09), 40 to 59 year olds (p=0.22) and >60 year olds 

(p>0.99). In the 20 to 39 age group, there was a 1.7 fold reduction in the levels of ACE2 receptor 

blocking antibodies (% of inhibition), while in the 40 to 59 age group there was a 1.8 fold 

reduction and a 2.5 fold reduction in the >60 year age group.  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 18, 2021. ; https://doi.org/10.1101/2021.10.14.21265030doi: medRxiv preprint 

https://doi.org/10.1101/2021.10.14.21265030
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

To explore the kinetics of ex vivo IFNγ ELISpot responses over time, we only had all four time 

points in 37 individuals, with 10 in the 20 to 39 age group, 18 in the 40 to 59 age group and 9 in 

the >60 age group. In contrast to observations with the antibody responses, we saw the frequency 

of responses to the overlapping peptides of the spike protein increase over time in those in the 20 

to 39 age group, while the responses in the 40 to 59 and >60 age group remained unchanged 

(Figure 3C). However, the increase in the ex vivo IFNγ responses in the 20 to 39 group from 6 

weeks to 3 months (16 weeks), was not significant (p>0.99).  

 

We also investigated the change in the antibody titres to the RBD of the WT in 92 individuals 

(32 in 20 to 39, 43 in 40 to 59 and 17 in the ≥60 years age group) by the haemagglutination 

assay. The decline in antibody levels from 6 to 16 weeks was significant in 20 to 39 (p<0.0001), 

40 to 59 (p<0.0001) and ≥60 (p=0.0002) age group (D). The HAT titres were only significantly 

higher than the 4 week values (4 weeks after a single dose) in the 20 to 39 age group (p=0.003), 

whereas the HAT titre to the RBD of the WT was similar the responses seen at 4 weeks in the 40 

to 59 (p>0.99) and >60 age group (p>0.99).  
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Discussion 

In this study, we have determined the antibody and T cell responses in a cohort of 

Sinopharm/BBIBP-CorV vaccinated individuals that we have been following throughout for 16 

weeks. 3 months (12 weeks) following the second dose we found that 95.07% of individuals had 

detectable SARS-CoV-2 specific total antibodies, although the antibody levels significantly 

declined with age. Although we did not measure neutralizing antibodies, we used the sVNT to 

measure ACE2 receptor blocking antibodies, which have shown to correlate with neutralizing 

antibodies 
14

. Based on this assay, 60.09% of individuals had ACE2 receptor blocking 

antibodies, although only 38.1% of those >60 years of age had detectable blocking antibodies. 

These ACE2 receptor blocking antibodies had declined in all individuals within a period of 16 

weeks from receiving the second dose. Significant reductions from 2 weeks from the second 

dose was seen in individuals >40 years of age. Although the clinical implications of the decline 

in these antibody responses are not known, neutralizing antibodies have shown to correlate with 

protection from infection 
19

. Although neutralizing antibodies also are shown to correlate with 

prevention of symptomatic infection
20

, it is yet unclear if it prevents severe illness.  

 

Using the HAT assay, we measured antibodies to the RBD of the WT and VOCs in these 

different age groups. 14.3% to 16.7% individuals in the 20 to 39 age groups had detectable 

antibodies by this assay, while the positivity rates of those >60 years of age was <10%. 

Interestingly, significant differences were not seen between positivity rates to WT vs VOCs in 

these individuals, although the mean HAT titres were lower in all individuals to B.1.351 
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compared to other VOCs. The HAT assay was also shown to correlate with neutralizing 

antibodies 
21

.  Therefore, based on the HAT assay and the sVNT assay, the presence of 

neutralizing antibodies levels appears to be low or undetectable in all age groups, but especially 

in those >60 years of age. At 12 weeks from the second dose a 1.7 to 2.5 reduction of ACE2 

receptor blocking antibodies were seen, with significant reductions in HAT titres to the RBD of 

the WT in all age groups. It was shown that the BNT162b2 (Pfizer–BioNTech) and AZD1222 

too had a two-fold and five-fold reduction of antibodies to the S-protein respectively, 70 days 

following the second dose of the vaccine 
5
. Our data showed that the ACE2 receptor blocking 

antibody levels were detectable in 75.9% individuals at >16 weeks after a single dose of 

AZD1222 
22

, whereas only 60.09% of individuals who received the two doses of 

Sinopharm/BBIBP-CorV vaccine were positive for these antibodies at 12 weeks following the 

second dose. Therefore, although a significant decline has also been observed with BNT162b2 

(Pfizer–BioNTech) and AZD1222 with time, it would be important to compare the decline in 

antibody responses in different vaccines with time. However, as it is unclear if the reduction in 

neutralizing antibodies we have detected in the circulation would result in increased 

susceptibility to severe disease.  Long- term efficacy studies are urgently needed to determine if 

such a reduction in circulating antibodies, while  B and T cell memory is maintained , will result 

in enhanced risk of severe outcomes from infection. 

 

Memory B cell responses have shown to be more durable and have shown to provide long lasting 

immunity 
10

 and have shown to increase with time following natural infection 
23

. We found that 

40 to 45% of individuals had SARS-CoV-2 specific ASCs, 12 weeks following the second dose 

of the vaccine, while 28.6% of individuals had detectable ex vivo T cell responses. Although the 
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SARS-CoV-2 specific antibody responses had declined with time, the frequency of ex vivo IFNγ 

ELISpot responses increased in the 20 to 39 age group from 2 weeks following the second dose 

to 12 weeks, while it remained unchanged in those in the 40 to 59 and >60 age group. Early 

appearance of T cell responses have been shown to associate with  reduced clinical disease 

severity 
24,25

. Therefore, although antibody responses declined over time in the vaccinees, the 

presence of a sustained memory B cell and a T cell response, could prevent the occurrence of 

severe illness, although breakthrough infection might still occur. Due to the limited number of B 

cell ELISpots carried out, we did not have sufficient number of individuals to compare the 

variation of ASCs over time.  

 

In summary, we have described the immune responses to the Sinopharm/BBIBP-CorV vaccine, 

12 weeks following the second dose of the vaccine. We show that while the SARS-CoV-2 

specific total antibodies, and especially ACE2 receptor blocking antibodies and antibodies to the 

RBD significantly decline, the memory T cell and B cell responses persisted. Since the ACE2 

receptor blocking antibodies was shown to significantly decline in all age groups and especially 

in the elderly, it is important to carry out long term efficacy studies to assess the waning of 

immunity on hospitalization and severe disease in order to decide on booster doses in different 

populations.  
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Tables 

Age groups WT B.1.1.7 

(alpha) 

B.1.351 

(beta) 

B.1.617.2 

(delta) 

20 to 39 (n=41) 

Number positive (%) 

HAT titre mean (±SD) 

HAT titre (IQR) 

 

7 (16.7) 

50.7 (146.2) 

0 (20) 

 

 

5 (11.9) 

 

25.9 (101.2) 

 

0 (0) 

 

5 (11.9) 

42.0 (200.2) 

0 (20) 

 

6 (14.3) 

22.9 (73.2) 

0 (0) 

40 to 59 (n=48) 

Number positive (%) 

HAT titre mean (±SD) 

HAT titre median (IQR) 

 

12 (25.5) 

38.8 (104.9) 

0 (25) 

 

 

 

5 (10.6) 

 

22.5 (67.4) 

 

0 (20) 

 

5 (10.6) 

12.5 (25.3) 

0 (20) 

 

5 (10.6) 

8.9 (27.0) 

0 (0) 

≥60 (n=21) 

Number positive (%) 

HAT titre mean (±SD) 

HAT titre median (IQR) 

 

3 (14.3) 

23.8 (70.6) 

0 (20) 

 

 

2 (9.5) 

 

18.1 (69.8) 

 

0 (0) 

 

2 (9.5) 

13.3 (38.1) 

0 (0) 

 

2 (9.5) 

24.8 (76.1) 

0 (0) 

 

Table 1: Antibody responses to the receptor binding domain of the ancestral SARS-CoV-2 

virus (WT) and to B.1.1.7, B.1.351 and B.1.617.2 using the haemagglutination test (HAT)  
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Figure legends 

Figure 1: SARS-CoV-2 specific antibody responses 3 months following the second dose (16 

week following the first dose) of the Sinopharm/ BBIBP-CorV vaccine. SARS-CoV-2 

specific total antibodies were measured in 20-to-39-year old’s (n=61), 40-to-59-year old’s and 

those >60 years of age (n=22) by ELISA and no significant difference was seen between the age 

groups (p=0.06) based on the Kruskal-Wallis test (A). The total antibody titres inversely 

correlated (Spearman’s r=-0.19, p=0.006) with age (B) (the red dotted lines indicate the 95% 

confidence interval). The ACE2 receptor blocking antibodies were measured by the surrogate 

virus neutralizing test in 20-to-39-year old’s (n=41), 40-to-59-year old’s (n=48) and >60-year 

old’s (n=21) and no significant difference was seen (p=0.11) between the age groups based on 

the Kruskal-Wallis test (C). Antibodies were measured to the receptor binding domain of the 

ancestral SARS-CoV-2 virus (WT) and to B.1.1.7, B.1.351 and B.1.617.2 using the 

haemagglutination test (HAT) in 20-to-39-year old’s (n=41), 40-to-59-year old’s (n=48) and >60 

year old’s (n=21) and no significant difference was seen (p=0.11) between the age groups based 

on the Kruskal-Wallis test for different variants (D). All tests were two-tailed. The lines indicate 

the median and the inter quartile range.  

 

Figure 2: Ex vivo IFNγ ELISpots responses and B cell ELISpot responses 3 months 

following the second dose (16 week following the first dose) of the Sinopharm/ BBIBP-
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CorV vaccine. Ex vivo IFNγ ELISpots responses were measured to the S1 and S2 overlapping 

pool of peptides in 49 individuals between the age groups of 20 to 39 (n=16), 40 to 59 (n=21) 

and in >60 year olds (n=12). There was no significant difference (p=0.33) in the ex vivo ELISpot 

responses between the different age groups based on the Kruskal-Wallis test (A). The frequency 

of antibody secreting cells (ASCs) to S1, S2 and N recombinant proteins were assessed by B cell 

ELISpot assays in 20 individuals. Using the Kruskal-Wallis test, we found that there was no 

difference between the frequency of ASCs for S1, S2 and the N protein in different individuals 

(B). The frequency of ASCs to the S1 protein significantly decreased with age (Spearman’s r=-

0.57, p=0.01), but not for S2 (Spearman’s r=0.37, p=0.12) or N (Spearman’s r=0.34, p=0.14) 

(C).  

 

Figure 3: Kinetics of antibody and T cell responses over time. SARS-CoV-2 total antibodies 

were measured in 174 individuals, (49 in 20 to 39, 108 in the 40 to 59 and 17 in ≥60 years age 

group), at baseline, 4 weeks after the first dose, 6 weeks (2 weeks after the 2
nd

 dose) and at 16 

weeks (12 weeks/3 months) after the second dose by ELISA. The decline in antibody responses 

from 6 to 16 weeks was not statistically significant in any age group (A). ACE2 receptor 

antibodies were measured by the surrogate virus neutralizing test in 92 individuals (32 in 20 to 

39, 43 in 40 to 59 and 17 in the ≥60 years age group). The decline in antibody levels from 6 to 16 

weeks was significant in 40 to 59 (p=0.0007) and ≥60 (p=0.005) age group (B). Ex vivo IFNγ 

ELISpot responses to the S protein overlapping pool of peptides were measured in 37 

individuals, with 10 in the 20 to 39 age group, 18 in the 40 to 59 age group and 9 in the >60 age 

group. There was no difference in responses between 6 to 16 weeks. Antibodies to the RBD of 

the WT was measured by the haemagglutination assay test in 92 individuals (32 in 20 to 39, 43 
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in 40 to 59 and 17 in the ≥60 years age group). The decline in antibody levels from 6 to 16 weeks 

was significant in 20 to 39 (p<0.0001), 40 to 59 (p<0.0001) and ≥60 (p=0.0002) age group (D). 

The lines indicate the mean and the error bars the standard error of the mean. All tests were two-

tailed.  
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