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Introduction 

Vaccines have saved more lives than any other health 
intervention in the last century. The World Health Organization 
estimated that more than two million deaths a year are averted 
by immunization programs around the world, but there may 
have been many more during the time of the coronavirus 
disease (COVID-19) pandemic [1].

The theoretical efficacy of a vaccine is measured in a 
controlled clinical trial. No vaccine is approved if its theoretical 

efficacy rate is not greater than 50%. Vaccine effectiveness 
(VE) measures how well vaccination protects people from 
infection, symptomatic disease, hospitalizations, and deaths. 
VE is generally measured through observational studies 
specially designed to estimate the protection of vaccination 
under “real world” conditions [2]. Actual effectiveness may 
differ from theoretical efficacy measured in a trial [3].

Until December 20, 2021, the European Commission (EC) had 
authorized four vaccines: Comirnaty, from Pfizer/BioNTech, 
Modern vaccine, AstraZeneca vaccine, and Janssen/Johnson & 
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Johnson vaccine. Evidence from vaccine deployment programs 
has shown that COVID-19 vaccines are highly effective against 
serious illness, hospitalization, and death. Therefore, COVID-19 
infection can be prevented with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) vaccines [4-7]. 
However, the ways of reporting the effectiveness of COVID-19 
vaccines vary widely depending on the date of application 
of the last dose, the variant in question, the type of patients 
in which it is applied (for example, immunocompromised vs. 
immunocompetent ), according to age or the type of effect to 
be measured, be it infections, hospitalizations or mortality [1].

On the other hand, although COVID-19 vaccines offer great 
protection, it takes some time to develop. It is necessary 
to receive all the necessary vaccine doses to obtain total 
immunity. With the two-dose regimens, the first dose confers 
only partial protection and it is the second dose that increases 
protection. The maximum level of immunity is reached a few 
weeks after the second dose. It is recognized that the vaccines 
only confer maximum protection of 1 to 4 weeks after the last 
necessary dose [8-13]; therefore, there is a diversity of opinion 
regarding how many days it takes to achieve immunity with 
each COVID-19 vaccine. 

Each of four vaccines approved by the EC, AstraZeneca, 
Pfizer, Moderna and Janssen, have their necessary period to 
achieve complete immunity. Pfizer’s is the fastest of all the 
vaccines that require two doses, since 7 days after receiving 
the second dose (21 days after the first) patient will already 
be immunized; in total 28 days to achieve complete immunity. 
That of AstraZeneca with an interval between doses of 10-12 
weeks, from 15 days after the second dose is around 80%, the 
greater effectiveness of the vaccine; that is, immunity with 
AstraZeneca would be achieved around 111 days after the first 
dose. With the Moderna vaccine, immunity would be achieved 
14 days after the second dose. The interval between the first 
and the second dose of Moderna is 28 days, so 42 days after 
the first dose one would be immunized. Regarding the Jansen 
vaccine, which is the only one of all the vaccines that only 
requires a single dose, immunity would be achieved 14 days 
after administration [14].

Furthermore, although SARS-CoV-2 vaccines provide 
protection against hospitalization and death from COVID-19 
for at least six months, breakthrough infections have increased 
with decreased immunity and the spread of the delta and 
omicron variants in the summer and winter of 2021 [15,16]. 
Studies clearly established that vaccine efficacy against 
infection and symptomatic disease declines over time, so 
additional doses of vaccine (boosters) may be beneficial [17].

Booster vaccinations enhance immunity against SARS-
CoV-2 variants of concern [18]. But, the effectiveness of the 
booster also tends to decrease over time. For the two-dose 
regimens of the messenger RNA (mRNA) vaccines BNT162b2 
(30 μg per dose) and mRNA-1273 (100 μg per dose), the 
vaccine effectiveness against COVID-19 was 94.5% and 95.9%, 

respectively, at 2 months from the first dose and decreased to 
66.6% and 80.3%, respectively, at 7 months. For the one-dose 
regimen of Ad26.COV2.S (5×10 10 viral particles), the efficacy 
against COVID-19 was 74.8% at 1 month and decreased 
to 59.4% at 5 months [19-22]. All this makes continuous 
monitoring of the effectiveness of the vaccines necessary; 
Real-world data is needed to guide appropriate health policies 
[13,23-26].

In this context, we present this study, where we estimate 
the relative effectiveness of the COVID-19 vaccine against 
symptomatic disease, presumably caused, based on the time 
period studied, by delta and especially omicron variants, 
after two doses (primary immunization) of the vaccine, plus 
homologous or heterologous booster doses < 29 vs. >29 days.

Material and Methods

An observational, longitudinal and prospective study of 
COVID-19 breakthrough infections in vaccinated people 
with Vaccine Booster was conducted from December 1, 2021 
to February 28, 2022, in a general medicine office in Toledo, 
Spain, which has a list of 2,000 patients> 14 years of age (in 
Spain, the general practitioners [GPs] care for people > 14 
years of age, except for exceptions requested by the child’s 
family and accepted by the GP). The GPs in Spain work within 
the National Health System, which is public in nature, and are 
the gateway for all patients to the system, and each person is 
assigned a GP [27].

Objective of the study

A. To evaluate the relative vaccine booster effectiveness (VBE) 
between <29 days and >29 days.

B. To compare the cases of COVID-19 breakthrough infections 
in vaccinated people with vaccine booster with a time of <29 
days vs. ≥ 29 days days from booster to infection diagnosis.

Criteria for inclusion and exclusion of participants

The methodology of the study has already been published 
previously [28]. Only cases of patients fully vaccinated with 
two doses, plus booster, were included.

1. To consider a person as fully vaccinated (primary 
vaccination), it was required [29]:

1. That they have received 2 doses of vaccine separated by 
a minimum of 19 days if the first dose was BNT162b2 mRNA 
vaccine (Comirnaty, Pfizer / BioNTech), 21 days in the case of 
ChAdOx1 nCoV-19 vaccine (Vaxzevria, Oxford / AstraZeneca) or 
25 days in the case of mRNA-1273 vaccine (Spikevax, formerly 
covid-19 Vaccine Moderna), and that a minimum period of 7 
days has elapsed since the last dose if the last dose was with 
BNT162b2 mRNA vaccine (Comirnaty), or 14 days if it was with 
ChAdOx1 nCoV-19 vaccine (Vaxzevria) or mRNA-1273 vaccine 
(Spikevax). People who received a dose of Janssen vaccine 
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(Johnson & Johnson vaccine) more than 14 days ago were also 
considered fully vaccinated.

2. Or, that having passed the disease they have received a 
dose of any of the vaccines, after the minimum period equal 
to that established for the second doses.

3. In the heterologous regimen in which Vaxzevria (Oxford / 
AstraZeneca) is used in the first dose and mRNA vaccines in 
the second, it was considered fully vaccinated after 7 days if 
the second dose was with Comirnaty, or after 14 days if it was 
with the Moderna vaccine.

2. Definition of homologous or heterologous booster

Currently, the EC has authorized four vaccines: Comirnaty, 
from Pfizer/BioNTech, authorized December 21, 2020; 
Moderna vaccine, authorized on January 6, 2021; AstraZeneca 
vaccine, authorized on January 29 and Janssen/Johnson & 
Johnson vaccine, authorized on March 11, 2021. These four 
vaccines are currently available in Spain; all of them have been 
approved by the European Medicines Agency. These vaccines 
have been shown to be highly effective in preventing mild to 
severe COVID-19 [29]. The original BNT162b2 mRNA vaccine 
(Comirnaty, Pfizer/BioNTech), mRNA-1273, and ChAdOx1 
nCoV-19 vaccine (Vaxzevria, Oxford/AstraZeneca) regimens 
were homologous induction and booster regimens, whereas 
the original Ad26. COV2.S vaccine (Janssen vaccine; Johnson & 
Johnson vaccine) was a single injection regimen [30].

As of November 23, 2021, in Castilla La Mancha, the region 
where the study was carried out, booster doses against 
COVID-19 with mRNA vaccines began 6 months after 
completion of the vaccination schedule and after 3 months 
in case of having received a dose of the Ad26.COV2.S vaccine 
(Janssen vaccine; Johnson & Johnson vaccine). Recruitment 
was carried out actively by age cohorts in a descending 
manner, beginning with those over 80 years of age and people 
inpatients in centers for the elderly and in other socio-health 
and health centers (including day centers and occupational 
centers), regardless of age, people who received a dose of 
Ad26.COV2.S vaccine (Janssen vaccine; Johnson & Johnson 
vaccine) as primary vaccination and those with a homologous 
schedule of Vaxzevria as primary vaccination (first and second 
dose of Vaxzevria, from AstraZeneca), followed by people 
aged between 79 to 70 years old, from 69 to 65 years old, 
64 to 60 years old, 59 to 50 and 49 to 40 years old, etc. The 
booster dose was administered with mRNA vaccines (0.3 ml 
of Comirnaty or 0.25 ml of Spikevax – half the usual dose in 
primary vaccination) [31,32].

-Homologous or heterologous booster 

Any mRNA vaccine was used to administer the booster dose, 
regardless of the vaccine used in the primary vaccination. In 
people with incomplete regimen (in vaccines that require two 
doses as primary vaccination) the regimen was completed 

first with mRNA vaccine (0.3 ml of BNT162b2 mRNA vaccine 
[Comirnaty, Pfizer / BioNTech] or 0.5 ml of mRNA- 1273 
vaccine [Spikevax, formerly COVID-19 Vaccine Moderna]). 
The booster dose (0.3 ml Comirnaty or 0.25 ml Spikevax) 
was given 6 months later. In people for whom a booster 
dose was recommended who had a history of symptomatic 
or asymptomatic SARS-CoV-2 infection, a booster dose with 
mRNA (0.3 ml of Comirnaty or 0. 25 ml of Spikevax) at least 4 
weeks after the diagnosis of the infection and from 6 months 
(subsequently modified on January 13, 2022 to 5 months) if 
the last dose administered in the primary vaccination was with 
mRNA vaccine (Comirnaty or Spikevax), and from 3 months if it 
was an adenovirus vector vaccine (ChAdOx1 nCoV-19 vaccine 
[Vaxzevria, Oxford / AstraZeneca] or Ad26.COV2.S vaccine 
[Janssen vaccine; Johnson & Johnson vaccine]) [31,32].

3. To consider a person completely vaccinated with the 
booster, it was required:

For the data in this study, all COVID-19 cases in people fully 
vaccinated with the booster were included, regardless of time 
to COVID-19 diagnosis.

All possibilities of reinforcement were considered:

-Full homologous booster dose:

A. 2 doses of BNT162b2 mRNA vaccine (Comirnaty, Pfizer / 
BioNTech) with Pfizer-BioNTech booster

B. 2 doses of mRNA-1273 vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) with Moderna booster

-The 6 possible combinations of heterologous booster doses:

A. 2 doses of BNT162b2 mRNA vaccine (Comirnaty, Pfizer 
/ BioNTech) with mRNA-1273 vaccine booster (Spikevax, 
formerly COVID-19 Vaccine Moderna)

B. 2 doses of ChAdOx1 nCoV-19 vaccine (Vaxzevria, Oxford / 
AstraZeneca) with booster of mRNA-1273 vaccine (Spikevax, 
formerly COVID-19 Vaccine Moderna)

C. 2 doses of ChAdOx1 nCoV-19 vaccine (Vaxzevria, Oxford 
/ AstraZeneca) with booster of BNT162b2 mRNA vaccine 
(Comirnaty, Pfizer / BioNTech)

D. 1 dose of Ad26.COV2.S (Janssen vaccine; Johnson & 
Johnson vaccine) with mRNA-1273 vaccine booster (Spikevax, 
formerly COVID-19 Vaccine Moderna)

E. 1 dose of Ad26.COV2.S (Janssen vaccine; Johnson & 
Johnson vaccine) with booster of BNT162b2 mRNA vaccine 
(Comirnaty, Pfizer / BioNTech)

F. 2 doses of mRNA-1273 vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) with booster of BNT162b2 mRNA 
vaccine (Comirnaty, Pfizer / BioNTech)



  
 Turabian JL. Relative COVID-19 Vaccine Booster Effectiveness and Clinical-Epidemiological Characteristics Before and After 29 
Days of Shot. Arch Pharmacol Ther. 2022;4(1):23-34.

Arch Pharmacol Ther. 2022
Volume 4, Issue 1 26

3. Diagnosis of COVID-19

The diagnosis was performed with reverse transcriptase 
polymerase chain reaction (PCR) oropharyngeal swab tests or 
antigen testing. Rapid antigen tests began to be carried out 
for symptomatic patients with less than 5 days of evolution. 
The PCR tests were performed both in symptomatic patients 
and in asymptomatic contacts. The cases included confirmed 
cases and asymptomatic carriers. Information on COVID-19 
patients and their contacts was obtained from the registry 
systems used by general medical services in the consultation. 
A symptomatic confirmed case with active infection was 
considered to be any person with a clinical picture of sudden 
onset acute respiratory infection of any severity that occurs, 
among others, with fever, cough or feeling of shortness of 
breath. Other symptoms such as odynophagia, anosmia, 
ageusia, muscle pain, diarrhea, chest pain or headache, among 
others, were also considered symptoms of suspected SARS-
CoV-2 infection according to clinical criteria; and a positive 
PCR or rapid antigen test positive [29]. The onset date of a 
confirmed case was defined as the date of the first appearance 
of self-reported clinical symptoms [31]. The onset date for 
an asymptomatic carrier was defined as the date a positive 
COVID-19 PCR test was obtained [33]. Previous SARS-CoV-2 
infection was defined as a positive result in the PCR assay or 
antigen test at least 90 days before a new positive result [34].

Calculation of VBE [35-37]

We calculated the VBE, which was estimated as a percentage, 
as follows:

1-[Cases with vaccine booster shot ≥ 29 days / Cases with 
vaccine booster shot <29 days] × 100 

Collected variables

The following variables were collected: 

-Primary case or secondary case

-Age and sex

-Chronic diseases (defined as “any alteration or deviation from 
normal that has one or more of the following characteristics: 
is permanent, leaves residual impairment, is caused by a non-
reversible pathological alteration, requires special training 
of the patient for rehabilitation, and/or can be expected to 
require a long period of control, observation or treatment” 
[38], classified according to the International Statistical 
Classification of Diseases and Health-Related Problems, CD-10 
Version: 2019 [39]

-Social-occupancy class (according to the Registrar General’s 
classification of occupations and social status code) [40,41]

-If they were Health Care Workers

-Problems in the family context and low-income household 

based on the genogram and in the experience of the GP 
for their continuity of care and knowledge of the family 
(genogram is a schematic model of the structure and processes 
of a family, which included the family structure, life cycle and 
family relational patterns. It was understood that “complex” 
genograms present families with psychosocial problems) [42-
45]

-Number of family members

-Ethnic minority

-Vaccine type: Comirnaty (Pfizer-BioNTech-BNT162b2 mRNA; 
Pfizer / BioNTech), Moderna-mRNA-1273 mRNA, Vaxzevria 
(AstraZeneca), and Janssen / Johnson & Johnson vaccine 
(Currently, the European Commission has licensed four 
vaccines: Comirnaty, Pfizer / BioNTech, licensed December 
21, 2020; Moderna vaccine, licensed January 6; AstraZeneca 
vaccine, licensed 29 December and the Janssen / Johnson 
& Johnson vaccine, authorized on March 11. In Spain, these 
four vaccines are currently available, all of which have been 
approved by the European Medicines Agency) [30]

Sample size

The sample size was calculated for two unpaired groups, 
with a Two-sided Confidence Level (1-alpha) of 95%, Power 
(% probability of detection) of 80%, Ratio of controls per case 
of 2:1, Proportion of COVID-19 with exposure to 2 doses of 
Pfizer-BioNTech plus mRNA-1273 vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) booster >29 days of 70%, and 
proportion of COVID-19 with exposure to 2 doses of Pfizer-
BioNTech plus mRNA- 1273 vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) booster <29 days of 40%, shows a 
total sample size (Fleiss) of 95 people (32 and 63, respectively) 
[46].

Statistical analysis

The bivariate comparisons were performed using the Chi 
Square test (X2), X2 with Yates correction or Fisher Exact Test 
when necessary (according to the number the expected cell 
totals) for percentages, and the Student test for the mean.

Results

Forty-six cases were included, 28 cases of COVID-19 
breakthrough infections with booster shot <29 days (61%), 
with a mean time from booster to COVID-19 of 12 days (1-25 
days) and 18 cases with booster ≥29 days (39%), with a mean 
time from booster to COVID-19 of 50 days (29-84 days).

COVID-19 cases with booster shot ≥ 29 days differed 
statistically from those with vaccine booster shot <29 
days in that they had shorter duration of symptoms, were 
more socio-health workers, and had more sick leave. No 
statistically significant differences were found in symptoms 
and chronic diseases in COVID-19 breakthrough infections 
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≥ 29 vs. <29 days after booster. There were no differences in 
the proportions of cases with homologous or heterologous 
booster doses. COVID-19 cases with booster shot ≥ 29 days 
had been more vaccinated with 2 doses of BNT162b2 mRNA 
vaccine (Comirnaty, Pfizer / BioNTech) plus booster of mRNA-
1273 vaccine (Spikevax, formerly COVID-19 Vaccine Moderna), 
and less vaccinated with 2 doses of ChAdOx1 nCoV-19 vaccine 
(Vaxzevria, Oxford / AstraZeneca) plus mRNA-1273 vaccine 

(Spikevax, formerly COVID-19 Vaccine Moderna) booster, but 
in both cases without statistical significance (Table 1, Table 2, 
Table 3, Table 4).

Relative VBE ≥29 days before infection [1 - (Cases with vaccine 
Booster shot ≥ 29 days) / (Cases with vaccine Booster shot <29 
days) x 100] was 36%. No VBE found with shot <29 days vs. 
booster shot ≥29 days (Table 5). 

Table 1: COVID-19 breakthrough infections < 29 vs. ≥ 29 days after booster.

VARIABLES

COVID-19 
BREAKTHROUGH 
INFECTIONS 
<29 DAYS AFTER 
BOOSTER

N=28

COVID-19 
BREAKTHROUGH 
INFECTIONS ≥ 
29 DAYS AFTER 
BOOSTER

N=18

TOTAL COVID-19 
BREAKTHROUGH 
INFECTIONS IN 
VACCINATED PEOPLE 
WITH VACCINE BOOSTER 

N=46

STATISTICAL 
SIGNIFICANCE VACCINE 
BOOSTER < 29 vs. ≥ 29 
DAYS

Age in years (Arithmetic mean ± 
Standard deviation; Range)

54.14 ± 11.90

(32-72) 

53.16 ± 16.26

(26-90 years)

53.76 ± 13.61 

(26-90 years)
t=0.2349. p=.407688. 

≥ 65 years 9 (32) 4 (22) 13 (28) X2=0.5319. p=.465819. NS

≤ 45 years 7 (25) 5 (28) 12 (26)
X2 with Yates 
correction=0.0181. 
p=.892921. NS

Women 14 (50) 13 (72) 27 (59) X2=2.2318. p=.1352. NS

Previous symptomatic COVID-19 3 (11) 4 (22) 7 (15) Fisher exact test =0.4069. 
NS 

Time in days from Booster to 
COVID-19 (Arithmetic mean ± 
Standard deviation; Range)

12.67 ± 7.57 

(1-25 days) 

50.16 ± 15.10 

(29-84 days)

27.34 ± 21.51 

(1-84 days)
NR

Symptomatic COVID-19 in 
breakthrough infections in 
vaccinated booster people

26 (93) 15 (83) 41 (89) Fisher exact test=0.3655. 
NS

Duration of symptoms in days 
of COVID-19 in breakthrough 
infections in vaccinated people 
(Arithmetic mean ± Standard 
deviation; Range)

Symptomatic N=26

6.42 ± 3.31 

(3-15 days) 

Symptomatic N=15

4.80 ± 2.04 

(2-10 days)

Symptomatic N= 41

5.82 ± 2.99 

(2-15 days)

t=1.71378. p=.047254. 
The result is significant at 
p<.05. 

COVID-19 breakthrough infections 
in vaccinated people with severity 
moderate and severe

1 (Pneumonia) (4) 0 1 (2) Fisher exact test=1. NS 

Social-occupancy class of patients 
(people with some type of labor 
specialization)

14 (50) 11 (61) 25 (53) X2=0.5452. p=.460292. NS

Health Care Workers with 
COVID-19 breakthrough infections 
in vaccinated people

4 (14) 9 (50) 13 (28) X2=6.8931. p=.008653. 
Significant at p<.05. 

Sick leave for COVID-19 
breakthrough infections in 
vaccinated people

8 (29) 12 (67) 20 (43) X2=6.4703. p=.010969. 
Significant at p<.05. 
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Ethnic minority with COVID-19 
breakthrough infections in 
vaccinated people

1 (4) 2 (11) 3 (6) Fisher exact test=0.5518. 
NS 

Complex family with COVID-19 
breakthrough infections in 
vaccinated people

4 (14) 0 4 (9) Fisher exact test=0.1442. 
NS 

Chronic diseases presence in 
COVID-19 breakthrough infections 
in vaccinated people

22 (79) 13 (72) 35 (76)
X2 with Yates 
correction=0.0192. 
p=.889788. NS

( ): Denotes percentages; NS: Not significant; NR: Not Relevant

Table 2: Symptoms in COVID-19 breakthrough infections < 29 vs. ≥ 29 days after booster.

SYMPTOMS *

ACCORDING TO WHO, 

ICD-10 GROUPS

COVID-19 
BREAKTHROUGH 
INFECTIONS <29 DAYS 
AFTER BOOSTER

N=28

COVID-19 
BREAKTHROUGH 
INFECTIONS ≤ 29 DAYS 
AFTER BOOSTER

N=18

TOTAL COVID-19 
BREAKTHROUGH 
INFECTIONS IN 
VACCINATED PEOPLE 
WITH VACCINE BOOSTER 

N=46

STATISTICAL 
SIGNIFICANCE VACCINE 
BOOSTER < 29 vs. ≥ 29 
DAYS

General (discomfort, 
asthenia, myalgia, fever, 
arthralgias)

20 (30) 14 (32) 34 (31) X2=0.0284. p=.866219. NS

Respiratory (cough, 
dyspnea, chest pain) 15 (23) 9 (20) 24 (22) X2=0.0799. p=.777376. NS

ENT (anosmia / ageusia, 
odynophagia, rhinorrhea, 
pharyngeal dryness-
mucus, epixtasis)

24 (36) 17 (39) 41 (37) X2=0.0583. p=.809164. NS

Digestive (anorexia, 
nausea / vomiting, 
diarrhea, abdominal pain)

3 (4) 0 3 (3) Fisher exact test=0.2734. 
NS

Neurological (headache, 
dizziness, mental 
confusion -brain fog)

4 (6) 4 (9) 8 (7) X2 with Yates correction is 
0.0506. p=.822106. NS 

Total symptoms* 66 (100) 44 (100) 110 (100) ---

( ): Denotes percentages; NS: Not Significant; *Patients could have more than one symptom. The percentages are over the total of symptoms

Table 3: Chronic diseases in COVID-19 breakthrough infections < 29 vs. ≥ 29 days after booster.

CHRONIC DISEASES*

ACCORDING TO WHO, 

ICD-10 GROUPS

COVID-19 
BREAKTHROUGH 
INFECTIONS <29 DAYS 
AFTER BOOSTER

N=28

COVID-19 
BREAKTHROUGH 
INFECTIONS ≤ 29 DAYS 
AFTER BOOSTER

N=18

TOTAL COVID-19 
BREAKTHROUGH 
INFECTIONS IN 
VACCINATED PEOPLE 
WITH VACCINE BOOSTER 

N=46

STATISTICAL 
SIGNIFICANCE VACCINE 
BOOSTER < 29 vs. ≥ 29 
DAYS

-II Neoplasms 3 (3) 2 (4) 5 (3) Fisher exact test=1. NS 

-III Diseases of the blood 0 1 (2) 1 (1) Fisher exact test =0.3542. NS 

-IV Endocrine 14 (15) 10 (19) 24 (16) X2=0.4918. p=.483107. NS

-V Mental 8 (9) 0 8 (6) Fisher exact test=0.0506. NS



  
 Turabian JL. Relative COVID-19 Vaccine Booster Effectiveness and Clinical-Epidemiological Characteristics Before and After 29 
Days of Shot. Arch Pharmacol Ther. 2022;4(1):23-34.

Arch Pharmacol Ther. 2022
Volume 4, Issue 1 29

-VI-VIII Nervous and Senses 11 (12) 3 (6) 14 (10) X2=1.3266. p=.249413. NS

-IX Circulatory system 9 (10) 9 (18) 18 (12) X2=1.9127. p=.166662. NS

-X Respiratory system 6 (6) 2 (4) 8 (6) Fisher exact test=0.7123. NS

-XI Digestive system 13 (14) 5 (10) 18 (12) X2=0.5248. p=.4688. NS

-XII Diseases of the skin 6 (6) 2 (4) 8 (6) Fisher exact test=0.7429. NS 

-XIII Musculo-skeletal 10 (11) 7 (14) 17 (12) X2=0.2796. p=.596981. NS

-XIV Genitourinary 13 (14) 10 (19) 23 (16) X2=0.7777. p=.377842. NS

TOTAL chronic diseases* 93 (100) 51 (100) 144 (100) ---

( ): Denotes percentages; * Patients could have more than one chronic disease. The percentages are over the total of chronic diseases.

Table 4: Vaccine type in COVID-19 breakthrough infections <29 vs. ≥ 29 days after booster.

VACCINE TYPE

COVID-19 
BREAKTHROUGH 
INFECTIONS <29 DAYS 
AFTER BOOSTER

N=28

COVID-19 
BREAKTHROUGH 
INFECTIONS ≤ 29 DAYS 
AFTER BOOSTER

N=18

TOTAL COVID-19 
BREAKTHROUGH 
INFECTIONS IN 
VACCINATED PEOPLE 
WITH VACCINE 
BOOSTER 

N=46

STATISTICAL 
SIGNIFICANCE 
VACCINE BOOSTER < 
29 vs. ≥ 29 DAYS

HOMOLOGOUS booster dose 4 (14) 3 (17) 7 (15) Fisher exact test=1. NS 

2 doses of BNT162b2 mRNA 
vaccine (Comirnaty, Pfizer / 
BioNTech) with BNT162b2 
mRNA vaccine (Comirnaty, Pfizer 
/ BioNTech) booster

3 (11) 2 (11) 5 (11) Fisher exact test=1. NS 

2 doses of mRNA-1273 vaccine 
(Spikevax, formerly covid-19 
Vaccine Moderna) with mRNA-
1273 vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) 
booster

1 (4) 1 (5) 2 (4) Fisher exact test=1. NS 

HETEROLOGOUS booster dose 24 (86) 15 (84) 39 (85) Fisher exact test=1. NS 

2 doses of BNT162b2 mRNA 
vaccine (Comirnaty, Pfizer / 
BioNTech) with mRNA-1273 
vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) 
booster

12 (43) 13 (72) 25 (54) X2=3.808. p=.05101. NS 

2 doses of ChAdOx1 nCoV-19 
vaccine (Vaxzevria, Oxford / 
AstraZeneca) with mRNA-1273 
vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) 
booster

9 (32) 1 (6) 10 (22)
X2 with Yates 
correction=3.1237. 
p=.077161. NS

1 dose of Ad26.COV2.S (Janssen 
vaccine; Johnson & Johnson 
vaccine) with mRNA-1273 
vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) 
booster

2 (7) 1 (6) 3 (7) Fisher exact test=1. NS 
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Discussion

Assessing EV in the real world for any disease is challenging, 
but even more so with COVID-19 because deployment of 
vaccines has occurred at unprecedented speed in divergent 
geographic and social settings. Furthermore, these vaccines 
were developed during the early period of the pandemic, 
when SARS-CoV-2 variants were not well understood [7]. 
On the other hand, what does it mean that a vaccine is, for 
example, 90% effective in preventing COVID-19? This value 
does not mean that 90% of people are protected and 10% can 
get sick; it also does not mean that out of every 10 vaccinated, 
1 will contract the disease. It means that the probability of 
developing COVID-19 in vaccinated people decreases by 90% 
compared to unvaccinated people [12,47]. In simple terms, 
“efficacy” and “effectiveness” are synonymous, but when used 
in a medical context, a distinction is often made between the 
efficacy of an intervention and its effectiveness, the former 
interpreted under ‘ideal’ conditions and the latter under 
‘real’ world conditions. However, the distinction is based on 
having to define “ideal” and “real world” conditions if, in fact, a 
satisfactory definition can be made for both [48,49].

Vaccines have shown moderate to no effectiveness in 
reducing symptomatic infections. And in addition, humoral 
immunity is lost over time, so those who still receive a third 
dose in November and December 2021, could find themselves 
without “quality antibodies” to face a new wave. Initial 
protection, for symptomatic infection after vaccination, is low. 
Six months after the second dose, it is estimated between 0 
and 10%; And probably between 30 to 50%, after the third 
dose, or even less in some countries. But fortunately, immunity 
has been maintained for severe effects and mortality [50].

Although considerations for boosting COVID-19 vaccine 
immune responses are surprisingly controversial, several 
existing non-COVID-19 vaccines have routine three-dose 
regimens to provide maximum efficacy [1,51]. The omicron 
variant of SARS-CoV-2 swept the world in the last months 

of 2021. This new wave occurred despite very high levels of 
vaccination coverage in some countries and the prevalence 
of the variant highly transmissible delta. However, studies 
indicate that people who receive a booster dose of the mRNA 
vaccine have greater neutralization of the omicron variant 
[20,52-57].

Therefore, the importance of a third dose of vaccine is clear, 
due to the greater neutralization efficacy against the omicron 
variant after the third dose than after the second dose; 
however, even with three doses of vaccine, neutralization 
against the omicron variant was less than against the delta 
variant, and the durability of the effect of the third dose of 
the COVID-19 vaccine remains to be determined [58,59]. In 
other words, the evidence available today confirms that the 
effectiveness of the vaccine in reducing symptomatic infection 
in times of the omicron variant has fallen below 50%, but is 
partially recovered with an additional dose. The effectiveness 
in reducing hospitalizations and deaths has fallen less steeply 
for two doses of any vaccine, but an additional dose can restore 
sustained immunity [23]. Different studies report the EV for 
symptomatic infection of different vaccines approximately 
between 45% and 60%, a drop in efficacy of around 10%, to 
recover effectiveness between 60-75% with an additional 
dose. However, these studies failed to identify how long after 
the last dose they measured effectiveness. And on the other 
hand, they report that it later drops to 40-65% [15,23,60-62]. As 
the omicron outbreaks spread, boosters were used to increase 
levels of neutralizing antibodies, curbing cases and easing 
strain on hospitals. But the concern is that the boosters do not 
block infections for long [63] and in assessing their results, the 
target population, the preparation interval, the durability of 
the booster, the level of circulation of SARS CoV-2 and global 
inequality in access to vaccines [4].

Regarding VBE, it has been reported that it was 93% for people 
vaccinated 6 months earlier [64]. A trial, prior to the sequencing 
of the omicron variant, detected an increase in immunity after 
the third injection in those treated with AstraZeneca or Pfizer, 

2 doses of mRNA-1273 
vaccine (Spikevax, formerly 
COVID-19 Vaccine Moderna) 
with BNT162b2 mRNA vaccine 
(Comirnaty, Pfizer / BioNTech) 
booster

1 (4) 0 1 (2) Fisher exact test=1. NS 

TOTAL 28 (100) 18 (100) 46 (100) ---

( ): Denotes percentages

Table 5: Relative vaccine booster effectiveness > 29 vs. <29 days.

Cases with vaccine booster shot <29 days Gross incidence rate Cases with vaccine booster shot ≥ 29 days Gross incidence rate

28/46 61% 18/46 39%

Vaccine booster effectiveness ≥ 29 days = 1 - [COVID-19 cases incidence with vaccine Booster ≥ 29 days / COVID-19 cases incidence with 
vaccine Booster <29 days] × 100 = 36%
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although the results are very different depending on the dose 
combination [65]. Heterologous boosting resulted in more 
robust immune responses than homologous boosting and 
might enhance protection [18,57,66]. Six different COVID-19 
vaccines have been reported to be safe and effective to use as 
booster doses in people who previously received the Oxford 
AstraZeneca or Pfizer BioNTech vaccines, but the antibody 
boost they provide varies substantially: the Moderna vaccine 
produced the largest antibody response [67,68]. At 29 days 
after the booster immunization, each of nine possible booster 
combinations increased binding and neutralizing antibody 
titers to comparable levels [18].

But, for VBE studies only data collected over a relatively 
short period of time after the booster dose are available, thus 
providing no information on the durability of response. A 
recent analysis of the durability of antibody responses after 
primary and booster immunizations of mRNA-1273 suggests 
greater durability after the boost; however, the response 
against Omicron decreased 6.3-fold during the same 6-month 
time period after the boost [69]. Our study has this same 
limitation of a relatively short period of time after the booster 
dose, given that the first boosters were placed in healthcare 
personnel from November 2021.

In our study, VBE ≥ 29 days for symptomatic infection in 
relation to <29 days was 36% in a period where the omicron 
variant predominated. This result is lower than previously 
published. It has been reported that among those who 
received two doses of AstraZeneca vaccine, a Pfizer or Moderna 
vaccine booster was 60% effective in preventing symptomatic 
disease 2 to 4 weeks after injection. But after 10 weeks, the 
Pfizer booster was 35% effective and the Moderna booster 
was 45% effective. Among those given three doses of Pfizer, 
the effectiveness of the vaccine was 70% about a week after 
the booster, but fell to 45% after 10 weeks. At the same time, 
those who received an initial two-dose series of the Pfizer 
vaccine and then a Moderna booster appeared to be 75% 
effective up to 9 weeks [70,71]. In our study, the heterologous 
booster predominated in both groups (85%; 86% in booster 
<29 days and 84% in booster ≥ 29 days).

Limitations and Strengths of the Study

1. Non-randomized design is a limitation for the 
generalization of the results, although by including all cases 
that were consulted with the GP, and taking into account the 
structure of the health system, the vast majority of cases were 
probably included.

2. Sample was small, and did not get adequate power; so, the 
statistical significance of some variables could be hidden, and 
an imprecise determination of vaccine effectiveness may be 
obtained.

3. It must be taken into account that the changes in 
community transmission during the study period may also 

imply changes in one direction or another of the cautious 
behaviors and personal protection in people

4. May have been overlooked asymptomatic cases that did 
not attend in GP consultation, as no surveillance or systematic 
screening was done.

5. Estimates of omicron variant VE were based on infections 
that occurred during periods when the omicron variant was in 
the majority, but genomic surveillance and classification were 
not performed. 

6. VBE was studied only for a short period after the booster 
vaccination (December 2021 to February 2022), and there is 
no information on the duration of protection after a booster 
dose beyond this follow-up time.

Conclusion

COVID-19 vaccines showed excellent efficacy until the end 
of December 2021 when the world registered the highest 
number of infections related to the Omicron variant. On the 
other hand, it is not clearly known how long after the vaccine 
booster shot can it be considered protective, nor since when 
the highest VBE is obtained. In the context of the general 
medicine clinic in Toledo, Spain, from December 1, 2021 to 
February 28, 2022, in the peak period of omicron infections, 
the relative homologous or heterologous VBE after a period of 
≥ 29 days, was 36% against symptomatic disease. No relative 
VBE was found <29 days after booster, although our cohort 
was too small and the follow-up time too short to allow precise 
determination of vaccine effectiveness.
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