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ARTICLE INFO ABSTRACT

Keywords: The population that has not received a SARS-CoV-2 vaccine is at high risk for infection whereas
COVID-19 vaccination prevents COVID-19 severe disease, hospitalization, and death. In Argentina, to date,
Vaccine more than 50 million doses of vaccines against SARS-CoV-2 have been administered. The three
2;;:?53’\/_2 main vaccines applied are Sputnik V, Oxford-AstraZeneca, and Sinopharm. In this study, we have
Virus compared the antibody response of voluntary individuals at day O (first dose vaccination day) and

at 21-25 days post first and second dose. Our results indicate that at 21-25 days after the
administration of the first doses of Sputnik V the large majority of the people vaccinated 80% (n
= 15) presented high humoral responses as determined by the measurement of IgG against the
Spike protein and the Receptor Binding Domain (RBD). In the case of those vaccinated with
AstraZeneca, the percentage was 80% (n = 15) whereas this value was reduced to only 25% (n =
16) in persons that received Sinopharm. However, after the second doses, most of the recipients
had significant levels of antibodies.

The virus neutralizing capacity of the antibodies generated was evaluated using a pseudotyped
VSV-SARS-CoV2 Spike expressing eGFP and the data was analyzed by fluorescence microscopy
and flow cytometry. The results indicate that a good correlation exists between the levels of IgG
and the neutralizing capacity of the antibodies against the recombinant virus.

Our results stand out the importance of applying the second dose of Sinopharm. Thus, the
present report provides data that will contribute to decisions making about the vaccine imple-
mentation plans of action for, not only our region but our country to support the fight against the
COVID-19 global pandemic.

1. Introduction

Several criteria are used to evaluate the efficiency of vaccines including the efficacy to prevent death and critical disease. In the
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present study, we have evaluated the humoral response after receiving the first and second doses of three different vaccines. The anti-
SARS-CoV-2 vaccines analyzed in this study were the main vaccines applied in Argentina since the beginning of 2020. The Gam-Covid-
Vac known as Sputnik V is a non-replicative vector viral vaccine developed in The Gamaleya National Center of Epidemiology and
Microbiology (Rusia) to be applied to people from 18-year-old or older [1]. The AstraZeneca vaccine, ChAdOx1 nCoV-19 vaccine
(AZD1222) AstraZeneca-Oxford — United Kingdom, is a non-replicative vector viral vaccine for 18-year-old and older [2]. And the
Sinopharm SARS-CoV-2 virus inactivated vaccine was made by the Beijing Institute of Biological Products (China) for 3 years old and
older [3].

Vaccination in Argentina began on December 29th, 2020, with the Sputnik V vaccine, for healthcare personnel. The main aim was
to vaccinate 100% of the population in a staggered and progressive manner, taking into account the resource availability (vaccine) and
prioritizing the risk population. Because the vaccine doses availability was limited, it was required to establish a priority order of the
population to be vaccinated, defined in stages and groups. The criteria established, taking into account a bioethical framework, to build
the different stages in order to vaccinate the population, were based on the risk to develop severe disease and complications from
COVID-19, the higher probability of exposure to the virus, the need to mitigate the impact of COVID-19 on carrying out socioeconomic
activities and the possibility of influencing the chain of transmission.

As examples of the order of priority, we will mention: health personnel (grading based on the risk stratification of the activity),
adults 70-year-old and over/Seniors residing in long-stay homes, adults 60 to 69-year-old age, Armed Forces, Security Forces, and
Penitentiary Services Personnel, Teaching and non-teaching staff (initial, primary, and secondary levels schools), and so on.

The important advance of the promoted Strategic Plan for Vaccination against SARS-CoV-2 in our country allowed reaching 70% of
the total population with a complete vaccination scheme after one year of implementation.

Currently, given the possibility of having different vaccines authorized in Argentina against COVID-19, progress is being made in
the vaccination of different population groups from 3 years of age as well as the application of additional doses and boosters. www.
argentina.gob.ar.

In the present report, we have determined the seroconversion of individuals at three time points: base lane (i.e. vaccination day,
time 0) and at 21-25 days post first dose and at 21-25 days post second one for the each three different vaccines described above. These
vaccines were the first to be applied in Argentina. In addition, we have evaluated the neutralizing capacity of the antibodies generated
using an eGFP labeled pseudotyped virus VSV-SARS-CoV-2 expressing the protein Spike. Our results indicate that the Sputnik V and
AstraZeneca vaccines were the most efficient in inducing high antibody titers after the first doses whereas a lower percentage of
vaccinated individuals responded to the first dose of Sinopharm. However, after the application of the second dose the seroconversion
titer increased. Our data emphasis that the two doses of Sinopharm must be applied to generate a humoral response.

2. Materials and methods
2.1. Participant volunteers and samples

The humoral immune response over time in individuals immunized with Sputnik V, AstraZeneca, or Sinopharm vaccines was
determined by ELISA using the test COVIDAR (see below). The study was taken in Mendoza, Argentina with random volunteers donors.
The participating volunteers signed an informed consent, prior to obtaining the samples, approved by the Board of Directors from the
Hospital Universitario (HU) and the ethic committee of the Facultad de Ciencias Médicas, Universidad Nacional de Cuyo, Mendoza,
Argentina (FCM). The informed consent forms with the personal information were kept anonymous and assigned a serial number. The
blood samples were acquired by venipuncture at HU and FCM vaccinating center, and then collected into serum separator tubes (SSTs).
After the blood clot was formed, the samples were subjected to centrifugation and the serum was stored at —20 °C. Those individuals
that had Covid-19 or were reactive at time 0 (vaccination day) were excluded from this study. All the blood samples were collected
during the year 2021, since February to October.

The general characteristics of the volunteers are summarized in Supplementary Table 1. The number of volunteers correspond to all
the volunteers who joined the study, in the two vaccination centers, during the period of time that the work lasted.

2.2. Cell lines used and culture conditions

Vero-CCL81 cells (ATCC) and 293T ACE2/TMPRSS2 cells (kindly provided by Benhur Lee) were used. Cells were cultured at 37 °C
in 5% CO2 in Dulbecco’s modified Eagle’s high-glucose medium (Thermo Fisher Scientific) supplemented with 10% fetal bovine serum
(FBS) (NATOCOR).

2.3. SARS-CoV-2 antibody ELISA

The measurements of the IgG antibodies against SARS-CoV-2 were performed using the test COVIDAR developed in Argentina, a
well-established immunoenzymatic assay previously described [4]. The test COVIDAR is an ELISA assay, based on the use of antigens
generated by DNA recombinant technology, corresponding to the protein Spike and the Receptor Binding Domain (RBD), from now on
anti-Spike IgG, present in the viral protein, which binds to the ACE2 receptor. For the assays, a quantitative COVIDAR test was used
according to the manufacturer’s instructions. To express IgG titers in Internationals Units/ml (IU/ml), the 450 nm OD value obtained
were extrapolated on a calibration curve [5].

The presence or absence of a specific IgG antibody against the SARS-CoV-2 virus is determined by taking into account the Decision
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Limit (Cut-off value). This is calculated by obtaining the average of the optical density (OD) of the Negative Control + 0.150. Samples
with an OD value of 450 nm within the Cut-off value &+ 10% are considered in the gray area. Samples with an OD 450 nm value below
the lower limit of the gray zone would be considered non-reactive for antibodies against the SARS-CoV-2 virus. Samples with an OD
450 nm value higher than the upper limit of the gray zone would be considered reactive for antibodies against the SARS-CoV-2 virus.
The calibration curve for quantitative determination was constructed following the manufacturer instructions [4].

2.4. Recombinant pseudotyped SARS-CoV-2 virus

Replication-competent SARS-CoV-2 pseudotyped particles generated in Dr. Sean Whelan’s laboratory in St. Louis MO, USA [6]
were used for the neutralization assays. Briefly, these recombinant pseudotyped viruses were constructed using the vesicular stomatitis
virus (VSV) in which the glycoprotein gene G was replaced with the Spike protein of SARS-CoV-2. In addition, these recombinant
viruses express eGFP allowing the visualization of the infected cells by fluorescence microscopy. Whelan and collaborators have shown
that using these recombinant viruses, to test the neutralizing activities of both, monoclonal or polyclonal antibodies, show an elevated
degree of concordance against a clinical isolate of SARS-CoV-2. These findings validate the use of the pseudotyped virus to assay the
neutralizing activity of the serum samples. The assays were performed in a biosafety level 2 (BSL2) containment.

2.5. Generation and titration of virus stocks

A virus aliquot was amplified in our laboratory. For this purpose, HEK 293T cells overexpressing ACE2/TMPRSS2 were seeded in a
T75 were grown to a 70% of confluency in DMEM containing 10% FBS at 37 °C and 5% CO». The cells were infected with the
pseudotyped virus in DMEM 2% FBS at a MOI of 0.01 for 1h at 37 °C. Afterwards the inoculum was replaced by DMEM 2% FBS. The
infection was evaluated by fluorescence microscopy and cell culture supernatants were collected when cytopathic effects are observed
in the cell monolayers. The samples were centrifuged to eliminate cellular debris and subsequently aliquoted and preserved at —80 °C.

Viral stock titration was performed using Vero CCL81 cells seeded in 24 wells and incubated with serial dilutions of the viral stock.
After 1h, low melting agarose was added to each well and the formation of the bald-spots was observed after 72-96 h of incubation.
Cells were fixed with 10% paraformaldehyde and stained with crystal violet.

2.6. Amplification of virus

A virus aliquot was amplified in our laboratory. For this purpose, HEK 293T cells overexpressing ACE2/TMPRSS2 were seeded in a
T75 were grown to a 70% of confluency in DMEM containing 10% FBS at 37 °C and 5% COs. The cells were infected with the
pseudotyped virus in DMEM 2% FBS at a MOI of 0.01 for 1h at 37 °C. Afterwards the inoculum was replaced by DMEM 2% FBS. The
infection was evaluated by fluorescence microscopy and cell culture supernatants were collected when cytopathic effects are observed
in the cell monolayers. The samples were centrifuged to eliminate cellular debris and subsequently aliquoted and preserved at —80 °C.

Viral stock titration was performed using Vero CCL81 cells seeded in 24 wells and incubated with serial dilutions of the viral stock.
After 1h, low melting agarose was added to each well and the formation of the bald spots was observed after 72-96 h of incubation.
Cells were fixed with 10% paraformaldehyde and stained with crystal violet.

Fluorescence forming units per milliliter (FFU) were determined as previously described [6].

2.7. Pseudovirus neutralization assay

To determine the neutralizing capacity of the antibodies present in the serum of the tested individuals, Vero CCL81 cells were
seeded in a 24 well culture plate in a final volume of 250 pl of alpha-MEM containing 10% FBS. After 24 h, cells were infected with 102
PFU of pseudovirus VSVAg-Spike-GFP pre-incubated with serial tenth dilutions of patient serum for 1h at 37 °C. The patient serums
were previously heat-inactivated at 56 °C for 30 min. After 24h incubation samples were fixed with 2% paraformaldehyde and
evaluated by fluorescence microscopy to visualize the infected fluorescent cells (qualitative assay). For quantified assay, the infected
fluorescent cells were washed, fixed in 1% paraformaldehyde, and analyzed with a Becton Dickinson FACSAria III. Data were collected
using Facs Diva software and analyzed with Cyflogic. The populations were quantified based on fluorescent labeling and the FSC/SSC
profile. The following controls are used, pseudovirus pre-incubated with negative serum for anti SARS CoV2 tests as a negative control
of neutralization and as a positive control of infection, the pseudovirus was developed alone (Supplementary Fig. 1 and Supplementary
Fig. 2).

2.8. Statistical analysis

Data from samples that do not follow normal distribution were analyzed with the non-parametric Friedman test and Dunn’s
Multiple Comparison post-test, Kruskal Wallis test and Dunn’s Multiple Comparison post-test. The nonparametric correlation
Spearman test was used to analyze the correlation between anti-Spike IgG production and infection percentage. The Graph Pad Prism
Software version 9 was used. A p value less than 0.05 was considered statistically significant.
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2.9. IC50 determination

The infection rate was plotted against the log anti-Spike IgG concentration after normalizing the infection from 0 to 100%. The
curves were fitted to a nonlinear sigmoidal function to determine the IC50 values. Curve fitting was performed using GraphPad Prism
(version 9.02, GraphPad Software, San Diego, CA).

3. Results
3.1. Humoral response variations for the complete vaccination schemes of Sputnik V, AstraZeneca and Sinopharm vaccines

We have determined the seroconversion in volunteer individuals that received vaccination among the months of February and
October in Mendoza, Argentina. As shown in Table 1, 109 serum samples were collected and analyzed by the ELISA test COVIDAR as
described in Materials and Methods. Approximately 30% of the people tested presented detectable antibodies against the Spike protein
and the Receptor Binding Domain (RBD) at time 0, vaccination day, indicating that have been infected with the virus previously
(Covid-19 convalescents), and this group of people COVID-19 convalescents were excluded for the following studies. As depicted in
Table 1 from 96 samples obtained at 21-25 days after the first dose application 69 were reactive. After the second dose, 95.9% of
individuals that attended to the serum extraction were reactive (Table 1), indicating seroconversion.

The responsivity of each individual receiving Sputnik V, AstraZeneca or Sinopharm is shown in Fig. 1 (A, B, and C respectively)
depicting that the majority of the persons tested presented an increase in the antibody’s titer expressed in IU ml™! after the application
of the second dose, which is also evident in the case of Sinopharm (Fig. 1C).

When these determinations were discriminated in naive individuals according to the vaccine received (see Table 2), after the
administration of the first doses of Sputnik V, 75% (n = 16) of the people vaccinated presented IgG antibodies. In the case of those
vaccinated with Oxford/AstraZeneca the percentage was 80% (n = 15) whereas this value was significantly lower, 25% (n = 16), in
people that received Sinopharm. After the second dose application, the percentage of reactive samples was 100% for Sputnik V and
AstraZeneca. In the case of Sinopharm, the responsivity increased to 88% of the cases.

During the course of this study some individuals who received Sputnik V vaccine as the first dose were vaccinated with Moderna
vaccine for the second dose. The seroconversion titer reached was comparable to the homologous vaccination (data not shown).

These data are also presented in Fig. 2, which indicates that after the first dose the medians for Sputnik V (orange circles) and
AstraZeneca (gray circles) were higher with respect to Sinopharm (green circles). However, after the second dose, although the levels
of antibodies to Sputnik V and AstraZeneca remained higher, an increase in the levels of antibodies to Sinopharm was observed (Fig. 2
and Table 2). For comparative purpose, the antibodies levels detected in Covid-19 convalescent sera were included in Supplementary
Fig. 3; showing that the seroconversion in individuals vaccinated with Sputnik V and AstraZeneca vaccines was higher than the Covid-
19 convalescent patients.

3.2. There is a positive correlation between neutralization serum effectiveness and levels of antibodies

Subsequently, the neutralizing capacity of the detected antibodies was determined using a pseudotyped VSV-SARS-CoV2
expressing the protein Spike and also the fluorescent eGFP protein (VSVAg-Spike eGFP) which allows the visualization of the virus
inside the infected cells by fluorescent microscopy. Thus, we were able to show that pre-incubation of the pseudovirus with serial
dilutions of the immunized individuals serum hampered the entry of the virus to the cell in comparison to the serum of non-vaccinated
as depicted in Fig. 3A. These results were quantified by flow cytometry taken advantage of the fluorescence emitted by the infected
cells. As shown in Fig. 3B, all the samples analyzed presented neutralizing capacity against the infection with the pseudotyped virus.
Interestingly, the serum of the Sinopharm vaccinated individual seems to present a slightly more neutralizing capacity than the others.

In addition, we have observed that there is a significant correlation between the anti-Spike generation and the neutralizing capacity
of the serum of the vaccinated cohort as published by Ojeda et al. (Fig. 4A-C), [4]. We have found that Sinopharm vaccine inhibits the
entry of the virus with lower titer of antibodies respect to Sputnik V and AstraZeneca.

IC50 values as the concentration of anti-SPIKE IgG to block a half maximal infection of the virus were estimated; Sputnik V 272 IU
ml~! 342; AstraZeneca 412 IU ml™}; Sinopharm 163 IU ml~! 343 respectively. Moreover, the convalescent serums were also effective
in neutralizing the virus (Supplementary Fig. 4 A-C) but a higher titer of produced antibodies respect to the ones generated after
vaccines application is required.

Table 1

Summary results of seroconversion following SARS-CoV-2 vaccination.
Sample collection Tested Seroconversion (SARS CoV2 Spike IgG)”
21-25 days after dose 1 96 69 (71.9%)"
21-25 days after dose 2 47 45 (95.7%)"

@ ELISA detection of anti-SPIKE IgG§-SARS-CoV-2 in blood serum.
b Displayed are the number of individuals and the percentage of seroconverted among the tested individuals.



C. Giai et al. Heliyon 9 (2023) e15211

A
Sputnik V
1000~ al
*
S 8001
W
X E 600-
o — * P
% = 400- =
& = g
200+ fxg
O_
T0 21-25 21-25
daD 1 daD 2
B
AstraZeneca
1000+ *okk
S 8001 o **
o — 7,
? 2 400+ 4
= ]
© 200 7
0 ;;Zé

T0 21-25 21-25
daD 1 daD 2

C Sinopharm

800' % %k %k

anti-SPIKE IgG

T0 21-25 21-25
daD 1 daD 2

Fig. 1. Responsivity of each individual receiving SARS-CoV-2 Vaccination. Each single black line connecting bars represent the evolution of the
anti-SPIKE IgG titer for a particular individual before vaccination (T0), 21-25 days after receive the dose 1 (21-25 daD 1), and 21-25 days after

receive the dose 2 (21-25 daD 2) for the vaccines A Sputnik V, B AstraZeneca, or C Sinopharm. *: p < 0,05; **: p < 0,01; ***: p < 0,001 Friedman
statistic test with Dunn post test for multiple comparisons.
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Table 2
Summary results of seroconversion discriminating according to the SARS-CoV-2 vaccine received.
Dose 1 Dose 2
COVID19 Vaccine anti-SPIKE IgG® 1gG" (UI ml™Y) anti-SPIKE IgG® IgG® (UI ml™Y) n
Sputnik 75% 164 + 39 100% 414 + 49 16
AstraZeneca 80 250 + 56 100% 416 + 44 15
Sinopharm 25% 70 + 45 88% 213 + 36 16

n Individuals tested.
@ Percentages of seroconversion post-COVID 19 vaccination.
b Anti-SPIKE IgG titer in blood serum.
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Fig. 2. Comparison of Responsivity of different SARS-CoV-2 vaccine brands. Each dot represents the anti-SPIKE IgG titer for a particular
individual 21-25 days after receive the dose 1 and dose 2 for the vaccine Sputnik V (orange dots), AstraZeneca (gray dots) or Sinopharm (green
dots). The horizontal lines show the median for each group. *:p < 0,05, **: p < 0,01 Kruskal-Wallis test with Dunn post test for multiple
comparisons.

4. Discussion

In this work, we have reported relevant data about the humoral response in individuals who were inoculated with any of the three
vaccines studied. Our results indicate that after the first dose of the Sputnik V vaccine the participants of this study presented a high
seroconversion rate in agreement with the previous publication by Rossi et al. [7]. Similar results were obtained with AstraZeneca.
However, after the first dose of Sinopharm, the percentage of individuals that produced circulating antibodies was much lower respect
to the other ones (Fig. 1). Nevertheless, these differences were partially alleviated in the cohort receiving the second dose of Sinopharm
(Fig. 1). To the best of our knowledge, there are very limited studies comparing the immunogenicity of the vaccine Sputnik V in
contrast with other vaccines. In a recent paper, the authors show similar results to us in antibody activity [8].

As we show in Supplementary Fig. 3, the seroconversion in individuals vaccinated with Sputnik V and AstraZeneca vaccines was
higher than in the Covid-19 convalescent patients. Do to it is well known that antibodies levels decline with time. Then, it is likely that
these differences could be due to the time elapsed after the infection with SARS-CoV-2 in the convalescent patients. In contrast, in the
case of the vaccinated people, the antibody levels were determined at a specific time, 21-25 days after receiving the first or the second
dose.

This report highlight that, in the case of Sinopharm, is critical to apply the second dose, to acquire an adequate level of protective
antibodies against SARS-CoV-2. Furthermore, since the seroconversion levels reached with the second dose of Sinopharm is lower than
with the Sputnik V and AstraZeneca vaccines (Fig. 2), it would be recommended a booster dose. Nevertheless, as mentioned above, the
neutralizing capacity of the antibodies produced by the Sinopharm vaccine is moderately higher than the other two vaccines (Figs. 3
and 4C), probably due to the nature of the Sinopharm vaccine, which is made-up with whole inactivated virus.

One possibility is that besides the RBD domain other domains of the S protein may be involved in virus entry into the cells. The
amino-terminal (N-terminal) domain (NTD), constituted by four stacked p-sheets, connected by flexible loops containing glycan
molecules may possibly have a role in virus entry (for a review see Jackson et al. Nature Reviews 2022 [9]). Although today the role of
NTD in SARS-CoV-2 entry is unknown, the glycan molecules present in other NTD domains (i.e. bovine coronavirus or MERS-CoV)
seem to facilitate virus attachment. Thus, since in the case of the Sinopharm vaccine the whole inactivated virus is used, we can
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Fig. 3. Comparison of the neutralizing capacity of serum from individuals vaccinated with different SARS-CoV-2 vaccine. A Pre-incubation
of the pseudovirus VSVAg expressing the protein SPIKE and the fluorescent eGFP protein, with serial dilutions of serum from individuals vaccinated
with Sputnik V (a-d), AstraZeneca (e-h) and Sinopharm (i-1) resulted in a clear inhibition of the infection of the Vero CCL81 cells. Bar: 20 pm B. The
neutralization capacity of serum samples from individuals that received different vaccines, or non-vaccinated individuals were measured by flow
cytometry and the eGFP fluorescence was interpreted as a percentage of infection. Each dot represents the median value in each group of vaccinated
* Naive: non-vaccinated, non-infected with SARS-CoV-2 individuals.

speculate that the antibodies generated may have a slightly higher neutralizing capacity because antibodies are also generated against
other domains of the S protein. Indeed, some potent neutralizing antibodies target the NTD of SARS-CoV-2 [6,10]. Therefore, it is likely
that proper insertion of the Spike protein in the native virus may result in exposure to certain sites which may not be exposed when the
recombinant S protein is generated in the other vaccines.

In summary, the three vaccines generated specific antibodies but differences among them were observed. The most notorious case
was shown for the first dose of Sinopharm, where the antibody production was very low respect to the Sputnik V and AstraZeneca
vaccines (Fig. 1A-C); highlighting the importance of completing the vaccine scheme.

Despite the limited number of volunteers who satisfied the inclusion criteria, the implementation of heterologous vaccination due
to the delay in the arrival of vaccines in the country, in addition to the third wave of Covid-19 that affected a large number of the initial
participants, our observations demonstrated that there is a significant correlation between the level of antibodies generated by each
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Fig. 4. Relationship between the antibody generation and their neutralizing capacity for each vaccine used in this study. The A, B and C
graphics show the correlation between the blocking ability for the virus entry (infection %) related to the antibody titer production (UI/ml) from the

serum of individuals immunized with the different vaccines. IC50 values were estimated; A Sputnik V 272 IU ml~'; B AstraZeneca 412 IU ml™%; C
Sinopharm 163 IU ml~! respectively.

vaccine and its neutralizing capacity, showing all of them are capable of neutralizing the entry of the pseudotyped virus into the cell.
Finally, these findings not only will contribute to the implementation of more accurate vaccination schemes goes on the hand that
Sinopharm, as an example, produces a lower humoral response, then, a booster dose should be recommended. In addition, we have
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observed that some individuals did not develop antibodies at all after the first dose with any of the other vaccines tested, then the
application of the second dose is highly advised. Also, it is relevant to remark that our conclusions are exclusively related to our
country, specifically to Mendoza province.
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