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ABSTRACT 

INTRODUCTION. The new SARS-CoV-2 coronavirus, first recognized in China in 2019, 

within a few months caused a global pandemic of a disease called COVID-19. The high 

incidence and mortality of COVID-19 was the reason for the beginning of intensive work on 

the development of an effective vaccine. In Poland, mass vaccinations against this disease 

began at the end of December 2020.  

OBJECTIVES. The aim of the presented study was to determine the effectiveness of 

stimulating the production of specific antibodies for SARS-CoV-2 by the Pfeizer vaccine. 

MATERIAL AND METHODS. The presence of IgA and IgG antibodies to the spike (S 

protein) of  SARS-CoV-2 was tested by the ELISA/Euroimmun in serum samples obtained 

from 140 the employees of NIPH-NIH (137 were vaccinated). In addition, the presence of IgG 

antibodies to S protein, nucleoprotein, and mixture of both in selected serum samples was tested 

by the newly developed in NIPH-NIH in-house ELISA assay. 

RESULTS. IgA and IgG antibodies to the S protein of the SARS-CoV-2 were detected by 

ELISA/Euroimmun, respectively in 136 and in all 137 vaccinated persons. There were no 

statistically significant differences in the level of antibodies depending on the sex and age of 

the vaccinated persons. Slightly higher levels of antibodies have been demonstrated in 

vaccinated subjects with documented preexisting SARS-CoV-2 immunity compared to subjects 

without COVID-19 history. The presence of IgA and IgG antibodies was found in respectively, 

18 (45.0%) and all 40 (100.0%) tested vaccinated persons by the in-house ELISA with mixture 

antigen. The study showed that ELISA assay with N protein as an antigen may enable the 

distinction between antibodies acquired after infection and after vaccination. 

CONCLUSIONS. The results obtained in the presented study clearly demonstrate the high 

effectiveness of the Pfizer vaccine in stimulation of the human immune system to produce 
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antibodies specific for the S protein of the SARS-CoV-2. It is necessary to continue testing 

vaccine antibody levels at various times after vaccination to determine the potential duration of 

humoral immunity. 
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INTRODUCTION 

The newly described virus from the Coronaviridae family called SARS-CoV-2 is 

responsible for causing of disease known as COVID-19 (1). The disease manifests itself in most 

infected people as fever, cough, sore muscles and throat. However, COVID-19 may lead to a 

number of serious complications such as pneumonia, acute respiratory distress syndrome, 

metabolic acidosis, disseminated intravascular coagulation, shock and death. The factors 

predisposing to the severe course of the disease include mainly old age, obesity, coexisting 

diseases such as diabetes, chronic cardiovascular and respiratory diseases or deficiencies of the 

immune system (1, 2, 3). 

From the beginning of the pandemic to April 10, 2021, approximately 134 million cases 

of SARS-CoV-2 infection were diagnosed worldwide, including nearly 3 million deaths. In 

Poland, epidemiological data indicate about 2.5 million COVID-19 cases, including over 

58,000 fatalities (4). Such high morbidity and mortality resulted in the beginning of intensive 

work on the development of an effective vaccine. Currently, four vaccines are approved for use 

in the European Union: Comirnata mRNA (BNT162b2) by Pfizer-BioNTech, Moderna mRNA 

(mRNA1273), AstraZeneca vector vaccine (ChAdOx1 nCoV-19) and Johnson & Johnson 

vaccine by Janssen (Ad26.COV. 2-S) (5). 

In Poland, the first vaccine against COVID-19 used was a preparation from Pfizer-

BioNTech. Vaccination is performed intramuscularly in two doses (in a volume of 0.3 ml each), 

several weeks apart. The active substance in Pfizer-BioNTech Comirnata is an RNA nucleic 

acid fragment (mRNA) that encodes the S (spike) protein of the SARS-CoV-2 virus, which acts 

as an antigen. The vaccine induces an immune response consisting in the production of 

neutralizing antibodies and a cellular response to the antigen of the S-peak protein (6, 7, 8). The 

studies conducted so far have demonstrated the high effectiveness and safety of the vaccine (9, 

10). Already 7 days after the first dose of vaccine, immunity to infection is about 68%, and after 
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14 days, immunity rises to about 93%. The highest, 95% effectiveness is acquired after 7 days 

from the second dose of vaccination (11). 

According to National Immunization Program, the first professional group that should 

be vaccinated against COVID-19 are medical workers (the so-called group 0). Among the 

employees of NIPH-NIH, vaccinations with the Pfizer began at the end of December 2020 and 

were continued in the first months of 2021. Due to the fact that the level and duration of virus-

specific antibodies after vaccination is extremely important information in terms of humoral 

immunity after vaccination, in the presented study we checked the effectiveness of Pfizer's 

stimulation of the production of specific antibodies. 

 

OBJECTIVE OF THE WORK.  

The aim of the study was to assess the effectiveness of the Pfizer vaccine stimulating the 

production of SARS-CoV-2 virus-specific antibodies in vaccinated persons. 

 

MATERIAL AND METHODS 

Study design. Serum samples obtained in February 2021 from 140 employees of the 

National Institute of Public Health - National Institute of Hygiene in Warsaw were tested as 

part of the routine diagnosis conducted in our laboratory. All subjects gave their written consent 

to use the results of their serum samples for synthetic studies. Serum samples were obtained 

from 102 women and 38 men. The age of the subjects ranged from 23 to 84 years (mean age 

46.8 years). The subjects were asked to provide the date of vaccination, possible post-

vaccination symptoms and history of SARS-CoV-2 infection documented by RT-PCR. Two 

doses of Pfizer's COVID-19 vaccine, three weeks apart, were administered to 137 people. The 

number of days from the second dose of vaccine to blood collection was 4 to 43 days (mean 24 

days). The study group of vaccinated employees included 12 persons who had been infected 

with the SARS-CoV-2 virus from 3 to 5 months before blood sampling for the tests (one person 

about 10 months before the study). Three of the 140 subjects were not vaccinated against 

COVID-19, two of whom were infected with the SARS-CoV-2 virus (70 and 120 days before 

blood sampling, respectively), and one was not infected with COVID-19. 

Laboratory Analysis for Samples. The presence of IgA and IgG antibodies to the spike 

protein (S1 protein) was tested by the Euroimmun ELISA assay (catalog number EI 2606-9601) 
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in 140 serum samples according with the manufacturer's instructions. In addition, the presence 

of IgM to nucleocapsid protein (N protein) of the SARS-CoV-2 virus in a randomly selected 

28 serum samples of vaccinated persons was tested by Euroimmun ELISA. This assay is a semi-

quantitative test in which the result is given in arbitrary units. The manufacturer assumed a 

value of <0.8 as a negative result, a value of > 0.8 - <1.1 for a doubtful result, and a value of ≥ 

1.1 as a positive result. Additionally to Euroimmun ELISA, the newly developed in-house 

ELISA assay was used to test selected serum samples. Three different antigen preparations were 

used in this test: recombinant nucleocapsid protein (Native Antigen cat.no. REC31851) with a 

concentration of 1.5 µg/ml, recombinant S1 spike protein (Native Antigen cat. two proteins 

(0.75 µg/ml of N protein and 1 µg/ml of S1 protein). A value of ≥12 was assumed as a positive 

result in the in-house set. 

Statistical analysis of the results. The statistical analysis of the obtained results was 

performed with the use of the Open Epi program. The arithmetic mean of the antibody level 

and the standard deviation were calculated. The significance of differences in the frequency of 

high level detection of IgA (value ≥5.0) and IgG (value ≥10.0) antibodies depending on sex and 

age group was assessed by the chi-square test of independence using Yates's correction. The 

differences were considered statistically significant, where the p-value significance levels were 

lower than α = 0.05. 

 

RESULTS 

Figure 1 and Table I summarize the results of testing serum samples from 137 

vaccinated individuals with a ELISA/Euroimmun. At a diagnostically significant level, IgA 

antibodies were detected in 136, and IgG antibodies in all examined 137 persons. The level of 

detected IgA antibodies in the majority of cases significantly exceeded the cut-off value (value 

≥1.1). IgG antibodies were found at an even higher level, because in as many as 90% of 

vaccinated persons this value exceeded the cut-off level 7 times, considered by the manufacturer 

to be diagnostically significant, indicating a positive human immune response to SARS-CoV-

2 antigens. The standard deviation for IgA values antibodies was 3.88 and for IgG antibodies 

3.02. 

No statistically significant differences were found in the frequency of detection of 

antibodies to SARS-CoV-2 depending on the sex and age of the vaccinated persons (p> 0.05). 

The arithmetic mean level of IgA and IgG antibodies was 6.84 and 12.28 for women, and 7.42 
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and 12.30 for men, respectively. In 68 persons under 46 years of age, the arithmetic mean level 

of IgA and IgG antibodies was 7.58 and 12.31, respectively, while in 69 persons aged 46 and 

under, 6.41 and 12.37 respectively. 

A very important information in the aspect of post-vaccination immunity is the time of 

persistence of high levels of antibodies. The conducted studies showed the highest levels of IgA 

antibodies in the group of 36 persons who received the second dose of the vaccine in the last 

15 days, and twice lower, and in the group of 33 persons who received the second dose 32-43 

days earlier. In the case of IgG antibodies such a clear decrease in the average level was not 

observed (Figure 2). 

In the next stage of the work, 40 serum samples from vaccinated persons were tested 

with the newly developed in-house ELISA, in which a mixture of two proteins - N protein and 

S protein was used as an antigen. The study group included 12 employees with previous 

COVID-19 history and 28 randomly selected employees who did not report this disease in the 

form. The presence of IgG antibodies, usually at a very high level, was found in all 40 

vaccinated persons. IgA antibodies were shown in 18 (45.0%) persons, of which in 11 cases in 

12 persons with previous COVID-19 infection and only in 7 out of 28 persons who did not have 

this disease. 

In order to analyze whether the Pfizer vaccine stimulates the production of antibodies 

only for the S protein or also for the nucleocapsid,  we used separately these two proteins as 

specific antigens in an in-house IgG ELISA. Serum samples from 12 subjects with previous 

COVID-19 and 12 serum samples from 28 subjects who had not been infected with the SARS-

CoV-2 were tested. IgG antibodies to the S1 protein at a diagnostically significant level were 

found in all 24 vaccinated employees, regardless of whether or not they had been infected with 

the SARS-CoV-2. On the other hand, IgG antibodies to the N protein were detected in only one 

person without history of COVID-19 and in 10 (83.3%) out of 12 persons who had infection 

confirmed by RT-PCR. Similar results were obtained while searching for the presence of IgM 

antibodies to nucleocapsid with the use of the ELISA/Euroimmun. Among the 28 tested 

samples, IgM antibodies were detected in only one sample, obtained from a vaccinated person 

with a previous and well-documented SARS-CoV-2 infection. It should be noted that in this 

person, also a high level of IgG antibodies to nucleocapsid was detected by the in-house ELISA 

test. 
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To investigate whether past SARS-CoV-2 infection had an impact on antibody levels 

after vaccination we analyzed the results of a ELISA/Euroimmun of serum samples obtained 

from 12 subjects with documented previous COVID-19. The research showed that the 

arithmetic mean level of antibodies was slightly higher than in patients without previous disease 

and amounted to 9.62 and 7.0 in the IgA class, and 15.09 and 12.29 in the IgG class, 

respectively. Significantly greater differences in the mean level of IgA antibodies in vaccinated 

persons with previous infection (level 34.45) compared to those vaccinated without a history of 

disease (level 9.87) were observed in in-house ELISA. Interestingly, in the case of IgG 

antibodies, these differences were insignificant (25.94 and 23.09). 

In the presented study, we had only results of ELISA/Euroimmun of serum samples 

obtained from two employers with a history of COVID-19 before and after administration of 

the Pfizer vaccine. In the first case, a serological test performed at the beginning of December, 

approximately 30 days after the onset of clinical symptoms, showed the presence of a 

diagnostically significant level of IgA (4.75) and IgG (4.47) antibodies. After the vaccination 

in February 2021, the level of antibodies increased significantly compared to the previous study 

and amounted to 8.35 in the IgA class and 18.10 in the IgG class, respectively. The second 

patient had a COVID-19 in April 2020. The serum sample obtained at the beginning of June 

showed the presence of high levels of both IgA and IgG antibodies (7.1 and 10.5, respectively). 

These antibodies remained at a similar level in this recovering man for the next 6 months. After 

the administration of two doses of Pfeizer vaccine, there was a very rapid increase in the level 

of both IgA and IgG antibodies, beyond the analytical resolution of the test. 

Analysis of serum samples obtained from three unvaccinated persons showed elevated 

levels of antibodies by the ELISA/Euroimmun in only two employers who had previous SARS-

CoV-2 infection. However, the level of antibodies was clearly lower (respectively in the IgA 

class 1.51 and 2.15; in the IgG class 4.87 and 4.56) than the average level of antibodies in the 

vaccinated persons. No antibodies to the SARS-CoV-2 were found in an unvaccinated person 

who had not COVID-19. 

 Table II shows the incidence of side effects following the administration of the Pfizer 

vaccine. The most frequently vaccinated persons complained of hand pain at the injection site 

and transient fever. Most people had mild and short-lived symptoms. However, there were more 

severe cases, characterized by a high fever lasting several days with severe pain in muscles and 

joints, or even as petechiae on the lower legs. 
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DISCUSSION 

In our study we used the semi-quantitative Euroimmun test, which has been routinely 

performed for many months in our laboratory, which is characterized by a very high sensitivity 

and specificity (13). Recently, the anti-SARS-CoV-2 QuantiVac ELISA (IgG) quantitative test 

by Euroimmun is also available, in which the test results are presented in standardized 

international units: BAU / ml (BAU = binding antibody units). The quantitative test, according 

to the manufacturer's assurances, shows a high correlation with the WHO reference material 

(NIBSC code: 20/136). Importantly, in both tests, the manufacturer used the same antigenic 

preparation, and the quantitative test differs from the semi-quantitative test by the possibility of 

determining a 6-point calibration curve. However, prior to testing, we successfully validated 

both the Euroimmun semi-quantitative test and the in-house ELISA test using two reference 

standards (EURM-017 and EURM-018) developed by the Joint Research Center for the 

qualitative control of immunoassays. 

There are no many publications available regarding the level of vaccine antibodies to 

SARS-CoV-2 following administration of the Pfizer vaccine. The study by Müller et al. (12) 

assessed the humoral response after administration of one and two doses of the vaccine in 

patients in two age groups: under 60 and over 80 years of age. The authors showed that the 

level of antibodies in the elderly was lower than in the group under 60 years of age. After the 

second dose of the vaccine, as many as 31.3% of the older age group did not have neutralizing 

antibodies, while in the younger group only 2.2%. A strong humoral response to the Pfizer 

vaccine was also demonstrated in their studies by Sahin et al. (13). Twenty-one days after the 

first dose, the geometric mean concentration (GMC) of IgG antibodies to the S1 protein, 

depending on the dose, ranged from 49 to 1161 U/ml. Administration of the second dose 7 days 

later increased GMC to a range of 1384-2991 U/ml. Antibody levels declined over time, but 

until 63 days after the booster dose, levels ranged from 1384-2991 U/ml, well above the levels 

seen in convalescents. Kramer et al. (14) showed that in subjects with a history of COVID-19, 

the first administration of the Pfizer vaccine stimulated 10 to 45 times higher levels of IgG 

antibodies than in persons who had not been infected with the SARS-CoV-2 virus. The levels 

were even higher than in those without a history of COVID-19 after two doses of the vaccine. 

What's more, giving the second dose of the vaccine to subjects with a history of the disease did 

not cause increase the level of antibodies. 
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The results of our research indicate a high level of antibodies to the S protein in all 

subjects who were vaccinated twice with the Pfizer preparation. Importantly, no significant 

differences were found in the level of antibodies to SARS-CoV-2 antigens depending on the 

sex and age of the vaccinated people. In the presented study, we did not have serum samples 

obtained from employers after the first dose of the vaccine. However, we observed higher levels 

of antibodies after the second dose of the vaccine, especially IgA, in persons with past COVID-

19. Relatively small differences, compared to the results obtained by Kramer et al. (14), resulted 

from the fact that the second dose of the vaccine induced a similar immune response in people 

without COVID-19 as the first dose in patients with a history of infection. 

The exact duration of the presence of antibodies as well as immunity following the 

administration of the Pfizer vaccine is not known (11). It should also be remembered that the 

presence of antibodies does not necessarily mean full and long-term protective immunity to 

SARS-CoV-2 infection. Cellular T-cell responses are also important, as they prevent severe 

forms of the disease and can provide long-term protection (7). Nevertheless, one of the 

parameters that will certainly be tested in the next few months is the level of SARS-CoV-2 

virus-specific antibodies in vaccinated patients. In our study, we observed a rapid decline in the 

level of vaccine IgA antibodies, despite the fact that we only had serum samples obtained at 

short intervals from the date of the second dose of the vaccine. The analysis of the humoral 

response in unvaccinated patients with a history of COVID-19 carried out at the NIPH-NIH 

also shows a much faster decrease of IgA antibodies in relation to IgG antibodies (unpublished 

data). Similar results were also obtained by Röltgen et al. (7). Thus, the level of antibodies after 

infection depends on the class of immunoglobulins, the immune system of a vaccinated person, 

but also on the severity of clinical symptoms (7, 15, 16).  

The Pfizer vaccine contains a fragment of the RNA nucleic acid (mRNA) that encodes 

the S protein (spike) of the SARS-CoV-2 virus and therefore stimulates the humoral response 

only to the S protein. Our studies have shown the presence of IgG antibodies to the virus 

nucleocapsid in only one person vaccinated which did not enter COVID-19. Probably, this 

person had asymptomatic infection or did not show the information about disease on the form. 

As shown by our results, the use of SARS-CoV-2 virus nucleocapsid as antigen in the ELISA 

may enable the distinction between antibodies acquired after infection and vaccination. 

  According to the product characteristics, the most common side effects following 

administration of the Pfizer vaccine are injection site pain (>80%), fatigue (>60%), headache 
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(>50%), muscle pain and chills (>30%), joint pain (>20%), fever and swelling at the injection 

site (>10%) (11). Similar clinical symptoms, although in a slightly smaller percentage of cases, 

were provided in the forms filled in by vaccinated NIPH-PZH employees. 

 

 

CONCLUSIONS 

1. The results obtained in the presented study clearly demonstrate the high effectiveness of the 

Pfizer vaccine stimulating the human immune system to produce antibodies specific for the S 

protein of the SARS-CoV-2 virus. 

2. It is necessary to continue testing the level of vaccine antibodies at various times after 

vaccination to determine the potential duration of humoral immunity. 
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