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Abstract: 

Different SARS-CoV-2 vaccines are approved in various countries, but few direct comparisons 

of the antibody responses they stimulate have been reported. We collected plasma specimens in 

July 2021 from 196 Mongolian participants fully vaccinated with one of four COVID-19 

vaccines: Pfizer/BioNTech, AstraZeneca, Sputnik V and Sinopharm. Functional antibody testing 

with a panel of nine SARS-CoV-2 viral variant receptor binding domain (RBD) proteins reveal 

marked differences in vaccine responses, with low antibody levels and RBD-ACE2 blocking 

activity stimulated by the Sinopharm and Sputnik V vaccines in comparison to the AstraZeneca 

or Pfizer/BioNTech vaccines. The Alpha variant caused 97% of infections in Mongolia in June 

and early July 2021. Individuals who recover from SARS-CoV-2 infection after vaccination 

achieve high antibody titers in most cases. These data suggest that public health interventions 

such as vaccine boosting, potentially with more potent vaccine types, may be needed to control 

COVID-19 in Mongolia and worldwide. 

Jo
urn

al 
Pre-

pro
of



 

Several different vaccines for SARS-CoV-2 have been approved for use in various countries and 

are being actively deployed in an effort to combat the COVID-19 pandemic, but few direct 

comparisons of the antibody responses they stimulate have been reported. Many viral variants 

have arisen since the initial months of the pandemic, and are in circulation with different 

geographical distributions and susceptibility to antibody responses elicited to Wuhan-Hu-1 

antigens (Garcia-Beltran et al., 2021; Hoffmann et al., 2021; Muik et al., 2021; Planas et al., 

2021a; Röltgen et al., 2021; Supasa et al., 2021). Breakthrough infections with SARS-CoV-2 in 

previously vaccinated individuals, together with data from the clinical trials supporting 

regulatory approval of the vaccines indicate that there are disparities in the amount of protection 

against infection that they provide (AlQahtani et al., 2021; Khoury et al., 2021; Wall et al., 

2021). Beginning in February 23, 2021, Mongolia carried out a vigorous campaign of 

vaccination of its citizens, and achieved a high rate of 61.4% of the total population fully 

vaccinated, with an additional 6.3% having received a single dose, as reported in official 

Mongolian state news agency data (https://montsame.mn/en). The adult population has primarily 

been vaccinated with the Sinopharm vaccine (89.2% of vaccinated adults). In the summer of 

2021, widespread outbreaks of SARS-CoV-2 infection were reported in Mongolia, with 86 cases 

per 100,000 in mid-June, decreasing to approximately 40 cases per 100,000 at the end of July, 

including many vaccinated individuals. The viral variants responsible for these infections are 

currently unknown.  

 

We collected plasma specimens in a five-day period from July 3 to 7, 2021 from Mongolian 

participants who had been fully vaccinated with one of four COVID vaccines: Pfizer/BioNTech 

(BNT162b2), AstraZeneca (ChAdOx1-S), Sputnik V (Gam-COVID-Vac) and Sinopharm 

(BBIBP-CorV). Participants were recruited by public announcement and volunteers were 

enrolled after signing the consent form approved by the Ethics Review Board at the Ministry of 

Health of Mongolia. Antibodies were analyzed in the plasmas of 196 participants divided 

between the vaccine groups (47, 50, 45 and 54 individuals for Pfizer/BioNTech, AstraZeneca, 

Sputnik V and Sinopharm, respectively) and selected to balance age, sex, and time after second 

vaccine dose (Figure S1A). We measured antibody blocking of angiotensin-converting enzyme 

2 (ACE2) host receptor protein binding to SARS-CoV-2 spike receptor binding domains (RBD) 

from nine viral variants of concern or interest according to CDC and WHO definitions, using an 

electrochemiluminescence (ECL) assay platform from Meso Scale Diagnostics. The RBDs that 

were tested were (with RBD amino acid changes from Wuhan-Hu-1 in parentheses): Alpha 

(N501Y), Beta (K417N, E484K, N501Y), Gamma (K417T, E484K, N501Y), Delta (L452R, 

T478K), Epsilon (L452R), Eta/Iota/Zeta (E484K), Kappa (L452R, E484Q), B.1.526.2 (S477N) 

and P.3 (E484K, N501Y), as well as Wuhan-Hu-1. Antibody blocking of ACE2 binding to each 

RBD for each vaccine type is shown in Figure 1A. Wuhan-Hu-1 RBD-ACE2 blocking results 

are also displayed as a function of time of sample collection after vaccination (Figure S1B). 

RBD-ACE2 blocking antibody results for participants of different ages (<60 or ≥60 years) and 

sex are shown in Figure 1B. We additionally measured the concentration of IgG antibodies 

binding to RBD, spike (S) and nucleocapsid (N) antigens of Wuhan-Hu-1 SARS-CoV-2 in all 

specimens (Figure S1C), using a plasma dilution of 1:5,000 to ensure that measured antibody 

concentrations were within the linear range of the ECL assay (Figure S1D). Results from RBD-

ACE2 blocking antibody assays and anti-RBD IgG binding assays have been shown to be 

correlated with neutralizing antibody titers from pseudotyped viruses displaying SARS-CoV-2 
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spike, and authentic SARS-CoV-2 virus (Feng et al., 2021; Gilbert et al., 2021; Röltgen et al., 

2020). We reconfirmed these previously reported correlations between RBD-ACE2 blocking 

antibody results, anti-RBD IgG antibody concentration and virus neutralization, for a subset of 

samples, with a Wuhan-Hu-1 spike pseudovirus neutralization assay (Figure S1E). We further 

found that the ACE2 blocking and anti-RBD IgG assays used in this study are correlated with 

authentic SARS-CoV-2 virus neutralization results, in plasma specimens from Pfizer-BioNTech 

vaccine recipients from our recent publication (Arunachalam et al., 2021) (Figure S1F). High 

RBD-ACE2 blocking antibody values are associated with detectable neutralizing titers in the 

authentic SARS-CoV-2 virus neutralization assay.  

 

RBD-ACE2 blocking antibody activity was strikingly different between the vaccines tested. 

Within each vaccine group, differences were also observed in antibody activity for the different 

viral variant antigens, although these were smaller than the differences between the vaccine 

groups. The Pfizer/BioNTech vaccine elicited the strongest RBD-ACE2 blocking antibody 

activity, followed by AstraZeneca vaccine, then Sputnik V, with the lowest levels from 

Sinopharm (Figure 1A). Differences between the vaccine responses were highly significant for 

most viral variant antigens, although differences between the Sputnik V and AstraZeneca did not 

always reach significance. RBD-ACE2 blocking antibody activity for RBD antigens of viral 

variants of concern or interest showed a consistent hierarchy of decreased blocking, with the 

greatest decrease for the Beta, Gamma and P.3 variants and more modest decreases for the other 

variants (Figure 1B), similar to previously reported results (Garcia-Beltran et al., 2021; Röltgen 

et al., 2021). Median times of sampling post-second vaccination were between two and three 

months for all vaccines (Figure S1A); we note some Sputnik V recipient plasmas were collected 

at later time points after the second vaccine dose compared to the other vaccines, but plotting 

RBD-ACE2 blocking as a function of time after the booster dose indicated that this had little 

effect on the results (Figure S1B). Anti-RBD and anti-spike binding assay data were similar to 

RBD-ACE2 blocking antibody results, with decreasing antibody concentrations from 

Pfizer/BioNTech to AstraZeneca to Sputnik V to Sinopharm (Figure S1C). The age of vaccine 

recipients and proportions of males and females in each group were comparable (Figure S1A). 

RBD-ACE2 blocking antibody median values were lower for males than females to the 

Pfizer/BioNTech and Sinopharm vaccines, but not to the AstraZeneca and Sputnik V vaccines 

(Figure 1B).  

 

Testing for antibodies to SARS-CoV-2 N antigen assessed for evidence of prior infection, since 

the Pfizer/BioNTech mRNA vaccine, and the AstraZeneca and Sputnik V adenoviral vectored 

vaccines do not contain or produce N antigen. Most recipients of the Sinopharm vaccine, which 

contains inactivated SARS-CoV-2 viruses, showed the expected increased levels of anti-N 

antibodies compared to other vaccine recipients (Figure S1C), although most were below the 

cutoff for seroconversion in this assay. The anti-N IgG assay results also identified some 

participants with evidence of prior infection amongst the other vaccine recipients who had no 

reported history of infection (5, 8 and 4 individuals for Pfizer/BioNTech, AstraZeneca and 

Sputnik V, respectively). Very high amounts of anti-N IgG well above the cut-off for 

seroconversion were observed in three Sinopharm individuals. Pre-vaccination specimens were 

not available for participants to further evaluate evidence of infection prior to vaccination, but 

the Sinopharm and Sputnik V recipients with the highest anti-N antibodies had significantly 

higher ACE2-blocking antibody activity than others in their vaccination groups, suggesting that 
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these individuals had a combination of infection and vaccination. To further evaluate the 

serological effects of combined SARS-CoV-2 infection and vaccination, an additional cohort of 

99 participants who had been vaccinated outside of this study and then had documented SARS-

CoV-2 infections were recruited (1, 21, 4 and 73 recipients of Pfizer/BioNTech, AstraZeneca, 

Sputnik V and Sinopharm vaccines, respectively) (Figure S1G) and analyzed with the RBD-

ACE2 blocking antibody assay (Figure 1C). RBD-ACE2 blocking antibody activity was very 

high in almost all of these individuals, with a median of >99% blocking against all variants 

except the Beta, Gamma and P.3 variants. While most AstraZeneca and Sinopharm recipients 

showed high levels of RBD-ACE2 blocking activity, a few showed lower blocking activity 

against most variants after testing positive for infection post-vaccination (Figure 1C). 

 

It is important to note that RBD-ACE2 blocking antibody assay results are only a surrogate for 

potential protection of the individual from infection by SARS-CoV-2, as are the results from 

other assays such as viral neutralization assays. Initial attempts to evaluate decreases in risk of 

SARS-CoV-2 infection following vaccination suggest that the results of surrogate assays such as 

anti-RBD or anti-spike IgG measurement, as well as neutralization assays are well correlated 

with protection against symptomatic infection (Feng et al., 2021; Gilbert et al., 2021).  

 

The serological data from recipients of the four vaccines tested suggested that Sinopharm 

recipients, who then comprised 89.2% of vaccinated adults in Mongolia, as well as the smaller 

number of individuals vaccinated with Sputnik V or AstraZeneca vaccines, could be particularly 

susceptible to breakthrough infections. To assess whether viral variants that are more resistant to 

antibodies elicited by Wuhan-Hu-1 antigens are responsible for the ongoing wave of 

breakthrough infections in Mongolia, we carried out viral genotyping with spike N501Y, E484K, 

and L452R mutation-specific RT-qPCR on 182 nasopharyngeal swabs collected between June 18 

and July 5, 2021 from individuals with Sinopharm post-vaccination SARS-CoV-2 infection. 

Viral genotyping showed that these infections were dominated by Alpha variants with the 

N501Y mutation, accounting for 97.3% (177/182) of cases tested. The other samples were 

comprised of two samples with the L452R mutation, consistent with several lineages including 

the Delta variant, and three samples without N501Y, E484K, or L452R mutations, unlikely to 

represent current variants of concern. Samples containing N501Y were further tested for spike 

del69_70 by RT-qPCR; this characteristic deletion was detected in all (177/177) of these 

samples, confirming that Sinopharm post-vaccination cases were caused primarily by the Alpha 

variant. The Alpha variant has minimal evasion of antibody responses elicited by Wuhan-Hu-1 

antigens (Muik et al., 2021) (Figure 1A), suggesting that the breakthrough infections in 

Mongolia between June 18 and July 5, 2021 were related to the overall low antibody levels to all 

variants in the Sinopharm-vaccinated population, rather than being driven by highly immune-

evasive viral variants. 

 

This direct comparison of vaccine-elicited functional antibody responses to a panel of nine 

SARS-CoV-2 viral variant RBDs indicates that there are marked differences in the serological 

responses generated by each vaccine, with relatively low antibody concentrations and RBD-

ACE2 blocking activity stimulated by the Sinopharm and Sputnik V vaccines, intermediate 

levels for the AstraZeneca vaccine, and the highest values for the Pfizer/BioNTech vaccine. The 

reasons for the differences in the serological responses between these vaccine types are the 

subject of intense research, but are likely to include factors such as the antigen doses provided or 
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expressed by the recipient’s cells, the anatomical distribution of antigen, adjuvant effects and the 

degree of stimulation of innate immune mechanisms, and the timing and nature of the priming 

and boost vaccinations, among other possibilities. 

 

Most individuals who recover from infection with SARS-CoV-2 after receiving any of the 

vaccines studied show elevated ACE2 blocking antibody activity, comparable to that seen in 

uninfected recipients of the Pfizer vaccine. Breakthrough infections in Mongolia in June and July 

2021 are largely attributable to the more infectious, but not highly immune-evasive Alpha variant 

(Davies et al., 2021; Planas et al., 2021b). Our data concerning the breakthrough infections in 

recipients of the different vaccines are not controlled for the degree of exposure to virus after 

vaccination, time since vaccination, or other clinical variables, and cannot be used to infer 

vaccine efficacy values for the four vaccines. However, a recent preprint analyzing health care 

records in Bahrain to identify breakthrough infections for the same four vaccines we evaluated 

found that while all vaccines decreased infections and mortality, Sinopharm vaccine recipients 

had a higher risk of post-vaccination infections, hospitalizations, ICU admissions and deaths 

compared to Pfizer-BioNTech recipients (AlQahtani et al., 2021), and other recent studies have 

highlighted the value of antibody measurements as correlates of vaccine-mediated protection 

(Feng et al., 2021; Gilbert et al., 2021).  

 

Limitations of this study include its retrospective observational design without randomized 

assignment of individuals to vaccine groups, the lack of pre-vaccination plasma samples, and the 

lack of plasma specimens following vaccination but before infection in the 99 individuals with 

documented breakthrough infections. While samples from breakthrough infection cases were 

collected continuously as they were reported, the limited number of samples precludes 

evaluation of vaccine efficacy in this study. Our serological analysis focused on RBD-binding 

antibodies and RBD-ACE2 blocking antibodies does not evaluate other potential antibody-

mediated immunological mechanisms, or T cell responses that may play a role in vaccine 

efficacy. We observed lower median values of RBD-ACE2 blocking in males compared to 

females for the Pfizer and Sinopharm vaccines. Although there are significant sex-related 

differences in health outcomes in Mongolia, including a 9.6 year shorter life expectancy at birth 

in males compared to females, per recent reports from the World Bank 

(https://documents1.worldbank.org/curated/en/153011608186666637) and the Mongolian Center 

for Health Development (http://hdc.gov.mn/media/uploads/2021-

05/Health_Indicator_2019_ENG.pdf), definitive evaluation of sex-related differences in vaccine 

responses in this population will require further study with trials designed to address this topic.  

 

In summary, our data indicate that there are major differences in the magnitude of functional 

antibody responses stimulated by the four vaccines studied, and suggest that additional public 

health interventions such as booster vaccine doses, potentially with the more potent vaccine 

types, may be needed to further control the COVID-19 pandemic in Mongolia and worldwide. 

However, faced with the public health crisis of increasing SARS-CoV-2 infections and limited 

supply or distribution of the most effective vaccines, widespread vaccination with a lower 

efficacy vaccine may still represent a route to decreasing infections, hospitalizations, and 

mortality. 
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Figure legend: 

 

Figure 1. Vaccine-induced antibody blocking of RBD-ACE2 binding for different viral 

variants. (A) Percentage blocking of ACE2 binding to RBD of specified viral variants by 

plasma antibodies of recipients of Pfizer/BioNTech, AstraZeneca, Sputnik V and Sinopharm 

vaccines is shown. Significance of differences between pairwise combination of vaccine groups 

was calculated by Wilcoxon test with Bonferroni correction to adjust for multiple hypothesis 

correction (*, **, *** indicate P<0.05, P<0.01, P<0.001 respectively). (B) Blocking antibody 

responses stratified by participant age (<60 years, or ≥ 60 years) and sex. Significance between 

two groups (age groups and male vs female) was calculated by Wilcoxon test (*, ** indicate 

P<0.05, P<0.01 respectively). (C) RBD-ACE2 blocking antibody responses for 99 participants 

with confirmed SARS-CoV-2 infection post-vaccination with the indicated vaccines. Data points 

for samples from the same individual are connected with a line.  
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Materials availability 

This study did not generate new unique reagents. 

 

Data and code availability  

 Demographic data and electrochemiluminescence data for this study are available in a file 

at Mendeley Data at http://dx.doi.org/10.17632/hy3zm69f57.1. 

 This paper does not report original code.  

 Any additional information required to reanalyze the data reported in this paper is 

available from the lead contact upon request.   
 

 

EXPERIMENTAL MODEL AND SUBJECT DETAILS   

 

Recruitment and Informed Consent of Research Participants 

Research participants were recruited by public announcement. Informed consent for research 

participation and collection of blood and nasopharyngeal swab specimens was obtained, with 

research volunteers signing a consent form approved by the Ethics Review Board at the Ministry 

of Health of Mongolia. Blood specimens were collected in a five-day period from July 3 to 7, 

2021. Of the initial 794 participants enrolled in the study, 196 participants (111 females and 85 

males, aged 20-85) balanced according to age, sex and time post-second vaccine dose were 

selected for serological analysis, with 47, 50, 45 and 54 recipients of the Pfizer/BioNTech, 

AstraZeneca, Sputnik V and Sinopharm vaccines, respectively. Research participants were 

healthy at the time of sample collection and had no known history of immunodeficiency. No 

other procedures or medications were recorded. An additional 99 participants (67 females and 32 

males, aged 20-72) who had a history of SARS-CoV-2 infection after vaccination (1, 21, 4 and 

73 recipients of the Pfizer/BioNTech, AstraZeneca, Sputnik V and Sinopharm vaccines, 

respectively) confirmed by real-time PCR or rapid diagnostic testing (RDT), were also studied 

with serological assays. Average time between infection and sample collection was 18 days 

(range from 7 to 63 days). Demographic data for this study are available at Mendeley Data at 

http://dx.doi.org/10.17632/hy3zm69f57.1. 

Care and maintenance of cell lines 

Human embryonic kidney (HEK293T) and human ACE2-expressing HeLa cells were cultured at 

37°C, 5% CO2, in DMEM (Cytiva) supplemented with 10% FBS (Sigma-Aldrich), 10mM 

HEPES (Sigma-Aldrich), and Penicillin-Streptomycin-Glutamine (Life Technologies). At 90% 

confluence, cells were washed with Dulbecco’s Phosphate-Buffered Saline, without calcium and 

magnesium (Cytiva), and chemically dissociated by 0.05% trypsin-EDTA with Phenol Red 

(Gibco). Cells were gently pipetted and sub-cultured at a 1:5-1:10 ratio. 
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METHOD DETAILS 

 

Electrochemiluminescence (ECL) IgG Binding Assay 

Vaccine recipient plasma samples were heat-inactivated at 56C for 30 minutes. IgG antibodies 

targeting the Wuhan-Hu-1 SARS-CoV-2 nucleocapsid (N), spike (S) and spike receptor binding 

domain (RBD) were detected using MSD V-PLEX Coronavirus Panel 4 (IgG) kits (Meso Scale 

Discovery) according to the manufacturer protocols. The kits measure samples in a 96-well plate 

by multiplexed indirect serology using patterned arrays of the target antigens and 

electrochemiluminescence (ECL) detection. Plasma samples were analyzed in duplicate at a 

1:5,000 dilution, detected with anti-human IgG antibodies labeled with an ECL label (SULFO-

TAG), and quantified with an MSD MESO QuickPlex SQ 120 instrument. Sample dilution of 

1:5000 ensured that measured antibody concentrations were within the linear range of the ECL 

assay (Fig. S3A). In addition to test samples, each plate contained a blank well, three positive 

control samples, and a 7-point calibration curve in duplicate generated by serial dilution of a 

reference standard. The calibration sample data for each antigen was fit to a 4-parameter logistic 

(4-PL) model using 1/Y2 weighting. Antibody unit concentrations (MSD AU/mL) for samples 

were calculated by backfitting ECL signals to the models. 

 

ACE2-Variant RBD Antibody Blocking Assays  

Antibodies blocking the binding of ACE2 protein to SARS-CoV-2 RBD for viral variants Alpha 

(N501Y), Beta (K417N, E484K, N501Y), Gamma (K417T, E484K, N501Y), Delta (L452R, 

T478K), Epsilon (L452R), Eta/Iota/Zeta (E484K), Kappa (L452R, E484Q), B.1.526.2 (S477N) 

and P.3 (E484K, N501Y), and Wuhan-Hu-1were detected with MSD V-PLEX SARS-CoV-2 

Panel 11 (ACE2) kits according to the manufacturer’s protocols. Heat inactivated plasma 

samples from vaccinees were analyzed in duplicate at a dilution of 1:10. Samples were added to 

wells of 96-well plates presenting arrays of the different RBDs and incubated to allow antibodies 

in the samples to bind. Human ACE2 protein conjugated with the SULFO-TAG label was then 

added to the wells. After incubating to let labeled ACE2 bind to ACE2-binding sites that were 

not blocked by antibodies, the plates were read with a MESO QuickPlex SQ 120 instrument. In 

addition to the test samples, each plate contained a 7-point calibration curve in duplicate 

generated by serial dilution of a reference standard and a blank well. Results are reported as 

percent inhibition calculated based on the equation ((1 – Average Sample ECL Signal / Average 

ECL signal of blank well) x 100). 

 

Production of SARS-CoV-2 Pseudotyped lentivirus 

As previously described by Crawford et al. (Crawford et al., 2020), HEK293T cells were 

transfected via calcium phosphate with a five-plasmid 3rd generation lentiviral system composed 

of a lentiviral packaging vector (pHAGE_Luc2_IRES_ZsGreen-W), SARS-CoV-2 Wuhan-Hu-1 

Spike plasmid (pHDM-IDTSpike_fixK), and 3 Helper plasmids containing Gag-Pol (pHDM-

Hgpm2), Tat (pHDM-Tat1b), and Rev (pRC-CMV_Rev1b). Briefly, HEK293T cells were plated 

in 10 cm tissue culture dishes and grown to 70% confluence in DMEM supplemented with 10% 

FBS, Penicillin/Streptomycin/Glutamine, and 10 mM HEPES. Plasmids were combined in 500 

μL of water in the following quantities: 10 μg lentiviral packaging vector, 3.4 μg Spike plasmid, 

2.2 μg each Helper plasmid. 500 μL 2X HEPES-Buffered Saline was added dropwise to the 
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DNA mixture followed by 100 μL 2.5 M Calcium Chloride dropwise while agitating the mixture 

to avoid clumping the DNA. After a 20 min incubation at room temperature, the transfection 

reaction was added dropwise to the cells with gentle swirling. After 24 h incubation at 37°C, 5% 

CO2, media was gently aspirated from cells, spun down (300 x g, 5 min) to remove cellular 

debris, then passed through a 0.45 μm filter, aliquoted, and stored at -80°C. 

 

Pseudovirus Neutralization Assay 

HeLa cells expressing human ACE2 were plated on the inner 60 wells of a 96-well white-walled, 

flat clear bottom plates at a density of 5,000 cells per well (100 uL of a 50,000 cell/mL 

suspension). 200 μL of PBS was placed in the outer wells to reduce evaporation during 

incubation periods. After 24 h incubation at 37C, 5% CO2, media was replaced with 100 μL of 

pseudovirus/serum mixtures, with virus only wells serving as a positive control and media only 

wells as a negative control. To prepare pseudovirus/serum mixtures, serum was heat inactivated 

at 56C for 30 min, diluted 1:25 in media, then serial diluted by 2-fold. Pseudovirus was diluted 

1:2 with media and supplemented with Polybrene at 1:1,000 to improve infection efficiency. 

Serum dilutions and pseudovirus was then combined 1:1 for a final starting dilution of 1:50. 

After 48 h incubation, plates were read by replacing 50 μL of pseudovirus/serum mixture with 50 

μL Perkin Elmer BriteLite Plus Luciferase reagent. Plates were read by BioTek Synergy 2 plate 

reader. 

 

SARS-CoV-2 Variant Genotyping 

Total nucleic acids were extracted from 182 SARS-CoV-2 positive nasopharyngeal swab 

specimens (300 µL) using the Chemagic Viral DNA/RNA 300 Kit on the Chemagic 360 

extraction instrument (both from Perkin-Elmer, Waltham, MA) according to the manufacturer’s 

instructions. 

 

Purified nucleic acid eluates were genotyped using a multiplex, mutation-specific RT-qPCR 

targeting N501Y, E484K, and L452R, as previously described (Wang et al., 2021). A second 

confirmatory genotyping RT-qPCR assay was then used to identify the Alpha variant in N501Y 

mutation-positive samples (n=177) from the first multiplex reaction. For this assay we designed 

primers and a dual-labeled hydrolysis probe targeting spike del69_70 (Supplemental Table 2). 

The N501Y mutation was also included as a positive control, as this Alpha variant confirmation 

assay was run only on samples positive for N501Y in the first reaction. The del69_70 mutation 

was selected for Alpha variant confirmation given that 99.93% (929,411/930,076) of adequately 

covered [unidentified nucleotides (N) <5%], full-length SARS-CoV-2 sequences in GISAID (as 

of June 22, 2021) with N501Y and del69_70 belonged to the Alpha variant B.1.1.7 lineage. 

Primers and probes for the spike P681H mutation were also included in the reaction, but this 

target was not utilized in this study. 

 

Primer/probe mix (1 µL, final concentration 360 nM each primer, 80 nM each probe) was 

combined with a one-step RT-qPCR system (12.5 µL master mix + 0.5 µL Taq polymerase, 

SuperScript™ III Platinum™ One-Step qRT-PCR Kit, Invitrogen, Carlsbad), nuclease-free water 

(6 µL), and template (5 µL) in a 25 µL reaction. All experiments were conducted on a BioRad 

CFX96 real-time PCR instrument (BioRad, Hercules, CA, USA). One mutant control (pooled 

mutant ssDNA) and one wild-type control (whole-genome synthetic RNA from Twist 

Bioscience, South San Francisco, CA) were included in each RT-qPCR experiment. Cycling 
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conditions were as follows: 52°C for 15:00, 94°C for 2:00, and then 45 cycles of 94°C for 00:15, 

59.0°C for 00:40, and 68°C for 00:20. Fluorescence thresholds were manually set at 500 for both 

N501Y-FAM and del69_70-HEX. 

 

 

QUANTIFICATION AND STATISTICAL ANALYSIS 

 

Statistical Analysis of RBD-ACE2 Blocking Assay 

To assess for differences between pairwise combination of vaccine groups, significance was 

calculated using Wilcoxon test with Bonferroni correction to adjust for multiple hypothesis 

correction. Significance between two groups (age groups and male vs female) was calculated by 

Wilcoxon test. Statistical analyses were performed in R using base packages for statistical 

analysis and the ggplot2 package for graphs. Statistical tests used are indicated in the respective 

figure legends. 

 

Statistical Analysis for Pseudovirus Neutralization Assays 

Luciferase readout values were normalized by the average positive and negative control values 

on each sample’s respective plate. IC50 values were calculated by 4-point non-linear regression 

with a constraint of 0% set to the bottom of the fit and 100% for the top of the fit. 
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Highlights 

 Antibodies to four COVID-19 vaccines differed in an observational study in Mongolia 

 Responses from high to low: Pfizer/BioNTech > AstraZeneca > Sputnik V > Sinopharm 

 Breakthrough infections in June to early July 2021 were due mostly to the Alpha variant  

 After breakthrough infection, high antibody levels are seen in all vaccine groups 

 

 

Summary 

Dashdorj et al. examined antibody responses in COVID-19 vaccinated Mongolian participants. 

Antibodies blocking ACE2-RBD binding across SARS-CoV-2 variants were highest among 

Pfizer/BioNTech vaccinees, followed by AstraZeneca, Sputnik V, and then Sinopharm vaccinees. 

Breakthrough infections in June-July 2021 were predominantly the Alpha variant and induced higher 

blocking antibodies across vaccination groups. 
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