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CantúID
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Herrera1,2, Jessica Andrea Leal-Meléndez1,2, Miguel Ángel Sanz-Sánchez1,2
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Abstract

Background

Vaccination is our main strategy to control SARS-CoV-2 infection. Given the decrease in

quantitative SARS-CoV-2 spike 1–2 IgG antibody titers three months after the second

BNT162b2 dose, healthcare workers received a third booster six months after completing

the original protocol. This study aimed to analyze the quantitative SARS-CoV-2 spike 1–2

IgG antibody titers and the safety of the third dose.

Material and methods

A prospective longitudinal cohort study included healthcare workers who received a third

booster six months after completing the BNT162b2 regimen. We assessed the quantitative

SARS-CoV-2 spike 1–2 IgG antibody titers 21–28 days after the first and second dose,

three months after the completed protocol, 1–7 days following the third dose, and 21–28

days after booster administration.

Results

The cohort comprised 168 participants aged 41(10) years old, 67% of whom were female.

The third dose was associated with an increase in quantitative antibody titers, regardless of

previous SARS-CoV-2 history. In cases with a negative SARS-CoV-2 history, the median

(IQR) antibody titer values increased from 379 (645.4) to 2960 (2010) AU/ml, whereas in

cases with a positive SARS-CoV-2 history, from 590 (1262) to 3090 (2080) AU/ml

(p<0.001). The third dose caused a lower number of total (local and systemic) adverse
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events following immunization (AEFI) compared with the first two vaccines. However, in

terms of specific symptoms such as fatigue, myalgia, arthralgia, fever, and adenopathy, the

proportion was higher in comparison with the first and second doses (p<0.05). The most

common AEFI after the third BNT162b2 vaccine was pain at the injection site (n = 82,

84.5%), followed by fatigue (n = 45, 46.4%) of mild severity (n = 36, 37.1%).

Conclusion

The third dose applied six months after the original BNT162b2 regimen increased the quan-

titative SARS-CoV-2 spike 1–2 IgG antibody titers. The booster dose was well tolerated and

caused no severe AEFI.

Introduction

In the first trimester of 2020, The World Health Organization (WHO) recognized the spread

of SARS-CoV-2 as a pandemic [1]. Its negative and severe impact on society, the economy,

and health due to its significant morbidity and mortality prioritized vaccine development to

control the disease worldwide. Many vaccines were developed for emergency use [2]. The vac-

cines could lead to the development of spike-specific IgG antibodies against SARS-CoV-2, so

serology assays have been used to detect the spike protein domain antibodies induced by vacci-

nation or prior viral exposure [3].

The vaccine type depends on its mechanism of action. To date, the different SARS-CoV-2

vaccines designs are: mRNA (BioNTech-Pfizer/BNT162b2, Moderna/mRNA-1273), adenovi-

rus viral vector (Oxford-AstraZeneca/ChAdOx1, Gam-COVID-VAC/Sputnik V, Ad26.COV2.

S/Jannsen, CanSinoBio/Ad5-nCoV), protein subunit (Novavax/NVX-CoV2373, Medicago

CoVLP), whole-cell inactivated virus vaccines (Inova/CoronaVac, Sinopharm/ BBIBP-CorV),

and DNA vaccines (INO-4800 and ZyCoV-D) [4].

The Pfizer and BioNTech vaccine, hereafter referred to as BNT126b2, was the first SARS--

CoV-2 vaccine to show promising efficacy. On November 18, 2020, it was proven to be 95%

effective against symptomatic and severe disease [5]. As a result, in December 2020, the WHO

and the Food and Drug Administration (FDA) authorized this vaccine for emergency use, the

first SARS-CoV-2 vaccine to receive emergency approval [6, 7].

The Centers for Disease Control and Prevention (CDC) and the U.S. Food and Drug

Administration (FDA) have authorized a third BNT162b2 vaccine to the following individuals:

1) individuals > 50 years of age with a medical condition; 2) individuals > 18 years of age, resi-

dents of a long-term healthcare facility; 3) individuals between the ages of 18–49 with a medi-

cal condition; and 4) employees and residents in healthcare facilities at high risk of

SARS-CoV-2 exposure and transmission [8, 9].

Immunity against SARS-CoV-2 induced with BNT126b2 vaccination provides a significant

degree of protection. However, the duration of this protective immunity remains unknown.

Many ongoing studies have focused on public concerns on the safety and efficacy of

BNT126b2 over time [10]. Some studies have reported a significant antibody decrease three-

and six months post-vaccination in individuals who completed the two-dose regimen [10–12].

Further, new strains of the SARS-CoV-2 virus could develop if it continues to replicate and be

transmitted, and some may even become resistant to a vaccine [5].

The question of whether there is a need for a third dose remains open. Some countries have

decided to apply a booster in severely immunocompromised individuals, but it is still
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unknown whether this would be necessary for the general public [13]. Therefore, this study

aimed to measure SARS-CoV-2 spike 1–2 IgG antibodies in healthcare personnel vaccinated

with the complete two-dose regimen of BNT126b2, and who received a third booster dose six

months after the second dose.

Material and methods

This was a prospective observational study that followed the STROBE guidelines [14]. It ana-

lyzed a subgroup of patients who completed the two-dose regimen of BNT126b2 in early 2021

in Monterrey, Nuevo León, Mexico. The study was approved by the local Institutional Review

Board (Ref.:26022021-CN-1e-CI) and conducted per the Code of Ethics of the World Medical

Association (Declaration of Helsinki) for experiments involving human subjects.

The inclusion criteria for the patients’ recruitment were: individuals of both genders

between the age of 18 and 100 years old, who had accepted and signed an informed consent

form, and had the intention of completing the BNT126b2 protocol. The patients were excluded

if they did not complete the established vaccine regimen or received another SARS-CoV-2

vaccine.

The study subjects were introduced to the research protocol, specifying that it included a

follow-up period of an entire year, the determination of SARS-CoV-2 specific IgG antibodies

as well as the application of questionnaires. After agreeing, they signed a written informed con-

sent form. Since this subgroup comprised healthcare personnel, in this country they were

immunized against SARS-CoV-2 with BNT126b2 in early 2021. Since this protocol was

approved after the application of the first BNT, twenty-one days after receiving this initial

dose, the research team reached every participant to obtain a plasma sample for IgG antibody

determination and the application of the first questionnaire. This questionnaire had the pur-

pose of recording the patient’s medical history, their status of SARS-CoV-2 infections before

and after immunization, and identifying adverse events following immunization (AEFI)

[15, 16].

Twenty-one to 28 days after receiving the second dose, the participants were scheduled to

provide the second sample for IgG antibody determination and complete a similar question-

naire to that previously applied. The third, fourth, and fifth IgG antibody samples were

planned to be collected three, six, and twelve months after completing the two-dose regimen

of BNT126b2. The questionnaires applied at the time of the blood collections had the aim of

establishing the development of any suspicious or confirmed SARS-CoV-2 infections.

The plasma sample required 10 to 15 ml of blood obtained per venipuncture. These samples

were placed in sample tubes with ethylenediaminetetraacetic acid (EDTA) as an anticoagulant

and stored at -80˚C. The equipment used by the laboratory personnel to analyze the samples

was the LIAISON SARS-CoV-2 S1 / S2 IgG antibody detection kit (Italy), which uses magnetic

beads coated with S1 & S2 antigens. To determine the amount of specific anti-S1 and anti-S2

IgG antibodies against SARS-CoV-2 in the plasma samples, the laboratory personnel used a

chemiluminescence immunoassay (CLIA), with a sensitivity of 97.4% (95% CI, 86.8–99.5) and

a specificity of 98.5% (95% CI, 97.5–99.2). The results were reported as follows: <12.0 AU / ml

was considered negative, 12.0 to 15.0 AU / ml was indeterminate, and> 15 AU / ml was posi-

tive. The agreement in the detection of neutralizing antibodies is 94.4% [17, 18]. This kit is

comparable to other commercial kits such as euroimmun and Roche and has been used in

other studies by authors such as Fabrizio Bonelli et al., Maria Teresa Sandri et al., Riccardo

Levi et al. [18–21].

Over the three-month follow-up, there was a decrease in the amount of specific anti-S1 and

anti-S2 IgG antibodies against SARS-CoV-2. This finding raised concern among the healthcare
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personnel, leading them to seek a BNT126b2 booster on their own, thus infringing the original

BNT regimen. Furthermore, six months after the two-dose BNT162b2 regimen, 168 partici-

pants received a third booster. Given the situation, two additional blood samples were col-

lected from the participants: 1–7 days after the booster (once the research team was notified),

and 21–28 days after the third booster.

The variables we analyzed were age, gender, medical history, including the confirmation of

a SARS-CoV-2 diagnosis (either with a nasal swab or serologic tests before and after the

BNT126b2 shots), and the development of AEFI any dose of BNT126b2. The analyzed bio-

chemical variables were SARS-CoV-2 quantitative antibodies 21–28 days after the first

BNT126b2 dose (S1), 21–28 days after the BNT126b2 second dose (S2), at the three-month fol-

low-up after completing the two-dose BNT126b2 regimen (S3), and 1–7 days (S4) and 21–28

days after the BNT booster (S5).

The researchers reviewed the quality control parameters and the anonymization of the data-

base. We presented results with descriptive statistics such as median, the interquartile range

for quantitative variables, frequencies, and percentages for categorical variables. Group com-

parisons were established with Cochran’s Q test for categorical variables. The Mann Whitney

U test was performed for the quantitative comparison of IgG antibodies between individuals

with a positive vs. negative history of SARS-CoV-2 infection. Wilcoxon signed-range test was

performed for IgG comparison between two time points of BNT126b2 dose. Additionally, we

developed a mixed model in which the dependent variable was the antibody values. The refer-

ence group was the quantitative SARS-CoV-2 antibody total value 21–28 days after the first

BNT126b2 dose (S1). Personal variation was constructed as a random effect, and every time

antibodies were measured, subject gender and history of SARS-CoV-2 represented the statisti-

cal fixed effect. Completely missing random values were analyzed by complete case analysis.

The statistical program used was SPSS, version 2. The analysis was two-tailed, and a p-

value < 0.05 was considered statistically significant.

Results

One hundred and sixty-eight (168) recruited participants received a three-dose BNT126b2 reg-

imen, and 113 (67.3%) were female. Their mean (SD) age was 41 (10) years. The most common

comorbidity was obesity (44, 26.2%), followed by dyslipidemia (15, 8.9%) and hypertension

(14, 8.3%). Table 1 shows the participants´ medical histories as referred in the first question-

naire. The time (SD) between the first and second BNT126b2 vaccines was 31 (4) days, and

between the second and third dose, it was 166 (12) days.

Table 1. Medical history.

Medical history (n = 168) Frequency (%)

Obesity 44 (26.2)

Dyslipidemia 15 (8.9)

Hypertension 14 (8.3)

Diabetes 10 (6.0)

Prediabetes 6 (3.6)

Smoking 12 (7.1)

Pregnancy 1 (0.6)

Data are presented as frequencies and percentages.

https://doi.org/10.1371/journal.pone.0263942.t001
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History of SARS-CoV-2

In terms of previous SARS-CoV-2 diagnoses, 95 (56.5%) of the participants reported never

having the infection. Seventy-three (43.5%) participants referred a SARS-CoV-2 diagnosis

before vaccination and 21–28 days after the third BNT booster. Before vaccination, there were

65 (38.7%) healthcare workers with one confirmed SARS-CoV-2 infection, and 7 (4.2%) that

had been infected twice. There were 3 (1.8%) participants with a SARS-CoV-2 diagnosis

between the first and second BNT doses, 1 (0.6%) between the second and third BNT doses,

and none after the third dose. Table 2 shows the history of SARS-CoV-2 infection among par-

ticipants, in frequencies and percentages.

Antibody titers

The median (IQR) quantitative SARS-CoV-2 spike 1–2 IgG antibody titers (AU/ml) obtained

in the healthcare personnel with no history of SARS-CoV-2 infection (n = 95) was 1350

(1224.0) after 21–28 days of BNT162b2 second dose, and in subjects with history of SARS--

CoV-2 (n = 73), 2390 (2540.0), p = 0.002. Three months after two doses, antibody concentra-

tions decreased 84.8% and 84.4%, in negative and positive SARS-CoV-2 participants,

respectively. After 21–28 days of BNT162b2 third dose, AU/ml IgG titers increased to 2960

(2010.0) and 3090 (2080.0) in subjects with negative and positive history of SARS-CoV-2

respectively (p = 0.377). If we compare the IgG titters 21–28 days after second with 21–28 days

after third BNT162b2 dose, in both groups (positive and negative history of SARS-CoV-2

infection), there is a statistical increase (p<0.001).

Table 3 presents the median (IQR) of the quantitative SARS-CoV-2 IgG antibody titers

once the participants were divided into two groups according to their history of SARS-CoV-2

infection.

Table 2. History of SARS-CoV-2 infection.

History of SARS-CoV-2 (n = 168) Frequency (%)

Positive history before vaccination

Once before vaccination 65 (38.7)

Twice before vaccination 7 (4.2)

Positive history after initiating vaccination regimen

Between first and second BNT doses 3 (1.8)

Between second and third BNT doses 1 (0.6)

After third BNT dose 0 (0)

The table is divided into positive history before vaccination and after initiating the vaccination regimen.

https://doi.org/10.1371/journal.pone.0263942.t002

Table 3. Quantitative SARS-CoV-2 spike 1–2 IgG antibody titers against SARS-CoV-2 in participants with a positive or negative history of SARS-CoV-2 infection.

History of SARS-CoV-2

(n = 168) AU/ml

21–28 days after first

BNT dose (S1) (IQR)

21–28 days after second

BNT dose (S2) (IQR)

Three months after the

second BNT dose (S3)

(IQR)

1–7 days after the third

BNT booster (S4) (IQR)

21–28 days after the third

BNT booster (S5) (IQR)

Negative (n = 95) 103 (77.6) 1350 (1224.0) 205 (149.0) 379 (645.5) 2960 (2010.0)

Positive (n = 73) 1130 (4756.0) 2390 (2540.0) 377 (1144.7) 590 (1262.0) 3090 (2080.0)

p-value <0.001 0.002 0.001 0.011 0.377

Data are presented as medians and interquartile ranges. The participants were divided into two groups, those with a negative and a positive history of SARS-CoV-2

infection.

https://doi.org/10.1371/journal.pone.0263942.t003
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Fig 1 shows boxplot schemes of the quantitative SARS-CoV-2 spike 1–2 IgG antibody titers

against SARS-CoV-2, to compare the results between groups with a negative or a positive

SARS-CoV-2 history.

Quantitative SARS-CoV-2 spike 1–2 IgG titers after the first and second dose, three

months, 1–7 days after the third dose, and 21–28 days following a BNT162b2 booster, dividing

the population into two groups according to the SARS-CoV-2 history.

We created a mixed model in which IgG levels 21–28 days after the BNT162b2 first dose

were considered as the reference for comparisons. This model showed a difference in terms of

patient gender since females had higher antibody titers (β = -652.3, p = 0.021). In addition, a

higher BMI was associated with an increase in antibody levels (β = 74.5 p = 0.02). There was a

positive effect in subjects with a positive SARS-CoV-2 history (β = 1147.9, p< 0.001), and the

antibody levels changed over time (p<0.01). When we compared the antibody titers 21–28

days after the second and third doses, there was a greater increase after the latter dose (β =

591.5, p = 0.004 and β = 1782.3, p< 0.001, respectively). Table 4 and Fig 2.

Effect of each BNT126b2 dose, showing an increase in quantitative SARS-CoV-2 spike 1–2

IgG antibodies. Variables such as a positive SARS-Cov2 infection history, female sex, and a

high BMI led to a greater increase in antibody titers.

Adverse events following immunization (AEFI)

AEFI were reported after the first, second, and third BNT doses; the lowest total number of

events were reported after the third BNT162b2 dose (n = 140, 83.0%; n = 133, 79.1%; and

n = 97, 57.7%, respectively) (p<0.001). After the first and second BNT doses, AEFI developed

most frequently within the first four hours after application (n = 116, 82.8%; and n = 59,

Fig 1. Boxplot scheme of the quantitative SARS-CoV-2 spike 1–2 IgG antibody titers according to SARS-CoV-2

history.

https://doi.org/10.1371/journal.pone.0263942.g001

Table 4. Mixed model of the SARS-CoV-2 spike 1–2 IgG antibody titers over time.

Variable Estimate (β) Std. Error 95% CI p-value

Intercept -506.12 887.16 381.04,-1393.28 0.569

Gender -652.3 279.5 -1,205, -100 0.021

BMI 74.5 31.6 12, 137 0.02

21–28 days after second dose 591.5 205.7 187, 996 0.004

3 months after second dose -1155.2 237 -1,620, -691 <0.001

1–7 days after third dose -910.8 205.7 -1,315, -507 <0.001

21–28 days after third dose 1782.3 205.7 1,378, 2,186 <0.001

SARS-CoV-2 1147.9 263 629, 1,667 <0.001

Mixed model in which the dependent variable was the quantitative SARS-CoV-2 spike 1–2 IgG antibody titers. Antibodies determined 21–28 days after the first

BNT126b2 were the reference group. AIC: 13595.

https://doi.org/10.1371/journal.pone.0263942.t004

PLOS ONE Effect or third dose of BNT162b2 vaccine

PLOS ONE | https://doi.org/10.1371/journal.pone.0263942 March 2, 2022 6 / 13

https://doi.org/10.1371/journal.pone.0263942.g001
https://doi.org/10.1371/journal.pone.0263942.t004
https://doi.org/10.1371/journal.pone.0263942


44.4%, respectively), whereas after the third vaccine, AEFI were reported 5 to 24 hours later

(n = 56, 57.7%). Their severity was referred to as very mild after the first and second BNT

doses (n = 95, 67.8%; and n = 57, 42.8%, respectively), and mild after the third BNT booster

(n = 35, 36.0%).

The most common AEFI resulting from the three administered vaccines were pain at the

injection site (n = 131, 93.6%; n = 119, 89.5%; and n = 82, 84.0%, respectively), followed by

headache (n = 51, 36.4%; n = 58, 43.6%; and 43, 44.3%, respectively), and fatigue (n = 38,

27.1%; n = 54, 32.1%; and n = 45, 46.4%, respectively). Specifically, when comparing the AEFI

after each dose, fatigue, myalgias, arthralgias, fever, and adenopathy were proportionally more

frequent following the third dose, than with the two-dose regimen (p<0.05). Table 5 shows the

AEFI reported by the participants in frequencies and percentages, and Table 6 shows the time

of their presentation and their severity.

Discussion

The purpose of this study was to analyze the quantitative SARS-CoV-2 spike 1–2 IgG antibody

titers over six months after completing the established BNT126b2 vaccination regimen, and

21–28 days following a third BNT126b2 dose applied six months after the second dose. Three

months after the second dose, antibodies decreased in comparison with the titers determined

21–28 days after the second dose. In addition, in the sample collected 1–7 days after the third

dose—equivalent to the sample after six months of the complete regimen -, the antibody titers

were lower than those reported 21–28 days after the second dose.

Previous studies have demonstrated a decrease in the quantitative SARS-CoV-2 spike 1–2

IgG antibody titers after completing the BNT126b2 protocol, regardless of the patients´

SARS-CoV-2 history. Alejo Erice et al. reported a 58% decrease in the quantitative SARS-CoV-

2 spike 1–2 IgG antibody titers after three months [22].

In addition, the study conducted by Julien Favresse et al. referred a decrease in antibody

titers 56 to 90 days after the second BNT162b2 vaccine, in participants that were seronegative

and seropositive at the beginning of the study [11]. Our study was concordant with these previ-

ous investigations in terms of the decrease in the quantitative SARS-CoV-2 spike 1–2 IgG anti-

body titers observed in the third sample. Three months after completion of the BNT162b2

protocol, antibodies decreased 84.8% and 84.4% in negative and positive SARS-CoV-2 infec-

tion participants, respectively.

Fig 2. Effect of the third BNT126b2 dose, BMI, gender, and SARS-CoV-2 infection history.

https://doi.org/10.1371/journal.pone.0263942.g002
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Twenty-one to 28 days after the administration of the third BNT162b2 booster, the quanti-

tative SARS-CoV-2 spike 1–2 IgG antibody titers increased drastically. Participants with a neg-

ative SARS-CoV-2 infection increased their antibody titers over six-fold in comparison with

the previous results obtained 1–7 days after the third dose; in positive SARS-CoV-2 infection

cases, titers increased four-fold. According to our mixed model, when we compared the esti-

mates from days 21–28 after the second dose and 21–28 after the third dose, there was a greater

increase in antibody levels after the third dose.

Table 6. Time of appearance and severity of AEFI after each BNT162b2 dose.

Time of appearance of adverse events after immunization

First dose Second dose Third dose

First four hours after vaccination 116 (82.8) 59 (44.4) 19 (19.6)

Five to 24 hours after vaccination 6 (4.3) 48 (36.1) 56 (57.7)

Two to three days after vaccination 18 (12.9) 25 (18.8) 21 (21.6)

4–7 days after vaccination 0 1 (0.8) 0

7–10 days after vaccination 0 0 0

> 10 days after vaccination 0 0 1 (1.0)

Severity

Very mild 95 (67.8) 57 (42.8) 35 (36.0)

Mild 18 (12.8) 47 (35.3) 36 (37.1)

Moderate 7 (5.0) 27 (20.3) 24 (24.7)

Severe 0 2 (1.5) 0

Data are presented as frequencies and percentages.

https://doi.org/10.1371/journal.pone.0263942.t006

Table 5. Adverse events following immunization after each administered BNT162b2 dose.

AEFI (n = 168) First dose (%) Second dose (%) Third dose (%) p-value

Present 140 (83.3) 133 (79.1) 97 (57.7) < 0.001

Symptoms

Pain at the injection site 131 (93.6) 119 (89.5) 82 (84.5) 0.204

Headache 51 (36.4) 58 (43.6) 43 (44.3) 0.459

Fatigue 38 (27.1) 54 (40.6) 45 (46.4) 0.030

Myalgia 12 (8.6) 38 (22.6) 27 (27.8) 0.001

Local edema or erythema 11 (6.5) 20 (15.0) 15 (15.5) 0.421

Arthralgia 8 (5.7) 37 (22.0) 26 (26.8) 0.001

Fever 4 (2.9) 4 (3.0) 11 (11.3) 0.003

Insomnia 5 (3.0) 3 (2.3) 5 (5.2) 0.561

Palpitations 4 (2.4) 7 (5.3) 7 (7.2) 0.641

Chest pain or oppression 5 (3.0) 6 (4.6) 5 (5.2) 0.846

Nasal congestion 4 (2.9) 17 (12.8) 8 (8.2) 0.047

Adenopathy 1 (0.7) 3 (2.3) 14 (14.4) 0.001

Hypotension 1 (0.7) 2 (1.5) 2 (2.1) 0.368

Pruritus 1 (0.7) 4 (3.0) 3 (3.1) 0.247

Ocular pain 2 (1.7) 0 0 0.368

Nausea 4 (2.9) 11 (8.3) 6 (6.2) 0.035

Diarrhea 0 5 (3.8) 4 (4.1) 0.135

Data are presented as frequencies and percentages; reported AEFI, the most frequent, time of appearance, and severity. Cochran’s Q test was performed for comparisons

between the AEFI after each dose. A p-value� 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0263942.t005
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In a study in which heart transplant recipients were vaccinated with a third BNT162b2

dose, Yael Peled, et al. reported a three-fold increase in anti-receptor binding domain antibod-

ies, despite immunosuppressive therapy [23]. Additionally, according to Yinon M Bar-On

et al., after a third BNT162b2 booster dose was administered to an Israeli group of individuals

over 60 years of age, the rates of confirmed SARS-CoV-2 infection and severe illness decreased

in comparison with a control group immunized with the original BNT162b2 two-dose regi-

men [24]. Given these situations and our findings, a regimen of three homologous BNT162b2

doses regimen in which the third dose is administered six months after the second vaccine,

provides a beneficial effect in terms of a positive humoral immune response against SARS--

CoV-2 infection.

During the six months before the third dose, we noticed an increase in the quantitative

SARS-CoV-2 spike 1–2 IgG antibody titers among participants with a positive history of

SARS-CoV-2, in comparison with those with a negative history. Interestingly, in the results

obtained 21–28 days after the third booster dose, the difference between the participants with

a positive or negative SARS-CoV-2 history was not as perceptible as with the first two vaccines.

This suggests that after the third dose, participants with a negative SARS-CoV-2 history have

the same level of humoral immunity as those previously exposed to a SARS-CoV-2 infection.

Our mixed model showed interesting results in terms of patient gender and BMI. A study

by Pellini et al. analyzed the differences between genders in the quantitative SARS-CoV-2

spike 1–2 IgG antibody titers. Seven days following the second BNT162b2 dose, the researchers

found that females developed a superior humoral response. Although our study had a longer

follow-up period as well as the analysis of plasma after a third dose, the trend was similar, since

women developed higher antibody titers than men following immunization [25].

In terms of the BMI, we found an opposite result to that of Pellini et al. We found that a

higher BMI was associated with an increase in antibody levels. Since the prevalence of obesity

in Mexico and Italy is different, we believe that there might be a relation between a greater

increase in antibodies and extreme values of BMI, either a high or low BMI. Models based on

cubic relations should be further explored [25].

The main concern with the application of the third dose was the lack of information on the

development of possible AEFI. Yael Peled et al. reported that 67% of participants who received

a third BNT162b2 booster reported at least one AEFI of mild severity. The most common

AEFI were pain at the injection site, fatigue, and headache, but no hospitalizations or emer-

gency room (ER) visits (23) were necessary. Our study also found that the AEFI associated

with the third dose were mild, and the most frequent were pain at the injection site, fatigue,

and headache, with no associated severe complications such as hospitalization or ER visits. In

comparison with the other doses, the total number of AEFI caused by the third dose was mini-

mal; they decreased 30.7% and 27.0% in comparison with those reported after the first and sec-

ond BNT162b2 shots, respectively.

To the best of our knowledge, no previous studies have shown the quantitative SARS-CoV-

2 spike 1–2 IgG antibody titer response to a third BNT162b2 booster in non-immunocompro-

mised patients. We believe that this study may contribute to further the healthcare community

´s knowledge since we observed a positive humoral immune response to the third BNT162b2

dose in our healthcare personnel. This can lead to better protection among healthcare person-

nel and in groups that are vulnerable to severe illness by SARS-CoV-2.

Approval of the third BNT162b2 dose and its proven efficacy could also promote better

control of the SARS-CoV-2 pandemic, providing greater immunogenicity among the vulnera-

ble population. Consequently, the number of confirmed cases and hospitalizations in Mexico

could decrease.
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A limitation to our study is the fact that the recruited group did not have a baseline sample

obtained before the first BNT162b2 dose because our protocol was approved after the health

personnel had received the first dose. However, we believe that this study is significant since

our population was not immunocompromised. Another limitation is that the analysis of the

third dose’s adverse events after immunization was only conducted in the short term (21–28

days after the booster dose). We will continue following this cohort to determine any long-

term AEFI related to the vaccine since we have only reported the short-term AEFI in this

study. Another limitation of this study was that the assay used to measure IgG did not discrim-

inate between immunization or direct exposure to SARS-CoV-2. Finally, although the positive

concordance of quantitative SARS-CoV-2 spike 1–2 IgG antibody titers with neutralizing anti-

bodies has been reported to be 94.4%, it would be of interest to measure the latter in our popu-

lation [17, 18].

Conclusion

The third BNT162b2 booster dose has proven to increase the quantitative SARS-CoV-2 spike

1–2 IgG antibody titers with no severe short-term AEFI. Despite its positive response, we must

continue studying this cohort to establish whether the antibody titers persist and SARS-CoV-2

infections and their consequent severe illness decrease.

BNT162b2 Pfizer/BioNTech is one of the most studied vaccines due to its efficacy and

worldwide application. After approval of its third dose by the CDC and FDA, further research

on BNT162b2 and its new vaccination protocol will provide critical information to the medical

field, hence contributing to better control of the pandemic. Our cohort study may be consid-

ered significant since no other studies quantitatively measuring SARS-CoV-2 spike 1–2 IgG

antibody titers in healthcare personnel had been found when this article was written.

We will continue pursuing our study to report further findings that may provide more rele-

vant information that could contribute to the control of the SARS-CoV-2 pandemic.
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