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'.) Check for updates

Background: The effectiveness of vaccines against COVID-19 has been demonstrated, but because new variants appear and immunity fades over time, continuous

monitoring is necessary.

Objectives: To determine incidence rates (IR) and risk factors of COVID-19 breakthrough infections in vaccinated people with vaccine booster (VB).

Methodology: An observational, longitudinal, and prospective study of patients with COVID-19 breakthrough infections in vaccinated people with VB in a general
practice setting in Toledo, Spain, for the period December 2021 to February 2022, during the wave of infections by omicron variant.

Results: Forty-six cases of COVID-19 breakthrough infections with booster shot were included. The IR was 3.1 cases per 100 people with booster. The IR was higher
in < 45 years (4.7%) vs. > 65 years (4.2%), and in women (3.6%) vs. man (2.6%). The only statistically significant risk/prevention factors were the presence of diseases of
the skin [RR = 2.74 (95% ClI: 1.3, 5.79)], Genitourinary chronic diseases [RR = 1.87 (95% Cl: 1.19, 2.95)], complex family [RR = 0.22 (Cl 95%: 0.58, 0.08)] and chronic diseases

of the mental group [RR = 0.4 (95% Cl: 0.82, 0.2)].

Conclusion: The IR of COVID-19 breakthrough infections with a booster shot, at the peak of omicron infections (December 2021-February 2022), in the general
medicine clinic, Toledo, Spain, was high, suggesting modest VB protection effectiveness against symptomatic infection. Statistically significant risk and protective factors
show mixed results; so, it is hypothesized that they are related to other main variables such as gender and age, and/or with risk/preventive behaviors. However, the small
numbers of COVID-19 breakthrough infections with booster shots prevent definitive conclusions.

Introduction

The widespread availability of coronavirus disease
(COVID-19) vaccines was the most exciting medical event in
healthcare in 2021 [1]. The effectiveness of vaccines against
COVID-19 has been demonstrated for two and three doses.
However, most of the studies that exist so far focus on the delta
variant. Because new variants appear and immunity wanes
over time, continuous monitoring of vaccine effectiveness is
necessary [2-4].

In December 2021, the severe acute respiratory syndrome
(SARS-CoV-2) omicron variant rapidly overtook the delta
variant to become globally dominant in the COVID-19 pandemic.
Understanding the extent of Omicron’s resistance to vaccine-
evoked immune responses, especially after a COVID-19 vaccine
booster, is crucial for future vaccine development and public
health policy. Because neutralizing antibody levels have tended
to correlate with COVID-19 vaccine-mediated protection, it
is reasonable to expect similar levels of protection against
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Omicron after an mRNA boost to those seen against previous
variants after two doses of vaccine [5].

Although vaccines against coronavirus disease 2019
(COVID-19) are highly effective, breakthrough infections are
taking place. It must be taken into account that in view of
the increase in vaccination rates, where these are high, the
breakthrough cases progressively represent the majority of
all COVID-19 cases [6]. This situation has triggered calls to
intensify vaccination programs, including the provision of
booster doses of the vaccine [7]. It is plausible that the broader
and increased antibody titers generated by a third or booster
dose may overcome the reduced neutralization associated
with the omicron variant. Further research evaluating the
effectiveness of primary and additional vaccine doses against
omicron is clearly a priority [8]. In any event, data on the serial
use of homologous boosters (same as a primary vaccine) and
heterologous boosters (other than primary vaccine) in fully
vaccinated recipients are needed to guide appropriate health
policies [9,10].

In short, this is an important topic on which currently
available data is sparse, and needs to be addressed. In this
context, we present this study with the objective of determining
the incidence rates (IR) and risk factors related to COVID-19
breakthrough infections in vaccinated people with a booster
shot.

Materials and methods

An observational, longitudinal, and prospective study of
COVID-19 breakthrough infections in vaccinated people with
vaccine boosters 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 [11].

Outcome of interest

1. Determine the incidence rate (IR) of COVID-19
breakthrough infections in vaccinated people with a
booster in GP consultation. IR was calculated by dividing
the number of infection events by the person’s follow-
up time [12].

2. Assess the risk and protective factors to present
COVID-19 breakthrough infections in vaccinated people
with a vaccine booster (VB). In this sense, the variables
collected were compared by calculating the relative risk
(RR) as the Incidence among the exposed population /
Incidence among the population not exposed to possible
risk factors. The RR expresses to the clinician the excess
risk that a patient has for being exposed to the risk
factor, and also serves to identify people at high risk,
but does not measure the probability that someone with
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the risk factors will acquire the disease. The RR was
interpreted as follows [13]:

-From 0 to 0.5: protection factor effectively
-From 0.6 to 0.8: true benefits
-From 0.9 to 1.1: not significant
-From 1.2 to 1.6: weak risk
-From 1.7 to 2.5: moderate risk
-More than 2.5: strong risk
Definition of cases and controls

Patients with full COVID-19 vaccination plus VB who had
accessed medical care for a disease similar to COVID-19 and had
undergone diagnostic tests for SARS-CoV-2 were considered
cases, these being positive. It must be taken into account that
asymptomatic infections that did not consult the GP were not
counted, except when they were found when tracing contacts
of positive cases.

The control patients were the rest of the people full
vaccinated plus VB for COVID-19, from the GP’s list of patients,
who did not go to medical attention NI were diagnosed at
another level of the health system with COVID-19 positive. As
explained below, 73% of the consultation’s patient list (2,000
people) were considered to have been fully vaccinated plus VB,
as of the date of data analysis (February 2022). It can be said
that a negative symptom or no-consultation design was used
for COVID-19 breakthrough infections in vaccinated people.

Calculation of rate denominators

To calculate the RR we used a ‘“test-negative design”.
Official data on the frequency of vaccine boosters in Castilla
La Mancha (Spain) in the period from December 27, 2021, to
February 24, 2022, were used, and these figures were used as
the value of the midpoint of the study period (from December
1, 2021, to February 28, 2022).

In the period from December 27, 2021, to February 24, 2022,
the VB in Castilla La Mancha (Spain) [14] were:

20-29 years old: 51,702 (31%)

30-39 years old: 83,078 (41%)

40-49 years old: 171,208 (60%)
50-59 years old: 219,452 (77%)

From 60-69 years old: 204,407 (93%)
> 70 years old: 269,374 (91%)

These data give a crude prevalence of VB of 65%. On the
other hand, given that in the analysis of the data collected there
was only 1 case under 30 years of age, the prevalence of BV in
this population over 30 years old (according to previous data)
was considered to be 73%. Consequently, it was estimated that
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for the population seen in the clinic (N = 2,000), 73% had BV
(N = 1,460). From this data, the population with BV without
COVID-19 in the study period, which constituted the controls,
was calculated. Variables were then compared between cases
and controls.

The data of the variables of interest in the controls
(population attended in the consultation), such as complex
family, and chronic diseases, were previously published [15,16].

Criteria for inclusion and exclusion of participants

The methodology of the study has already been published
previously [17,18]. All cases of patients fully vaccinated with
two doses, plus a booster were included.

Definition of homologous or heterologous booster

At the time of the study, the European Commission had
authorized four vaccines: Pfizer authorized on December
21, 2020; Moderna vaccine, authorized on January 6, 2021;
AstraZeneca vaccine, authorized on January 29 and Janssen
vaccine, authorized on March 11, 2021. From November 23,
2021, in Castilla La Mancha, a region where the study was
carried out, doses began to be given booster against COVID-19
with mRNA vaccines from 6 months after completing the
vaccination schedule and 3 months in case of having received
a dose of Janssen 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 Janssen vaccine as primary vaccination
and those with a homologous AstraZeneca schedule as primary
vaccination (first and second dose of AstraZeneca), followed
by people aged between 79 to 70 years, 69 to 65 years, 64 to
60, 59 to 50 and 49 to 40 years old, etc. The booster dose was
administered with mRNA vaccines (0.3 ml of Pfizer or 0.25 ml
of Moderna —half the usual dose in primary vaccination).

-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 an incomplete regimen (in vaccines that require
two doses as primary vaccination) the regimen was completed
first with mRNA vaccine (0.3 ml of Pfizer or 0.5 ml of
Moderna). The booster dose (0.3 ml Pfizer or 0.25 ml Moderna)
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 Pfizer or 0. 25 ml of Moderna) 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 (Pfizer or Moderna), and from 3 months if it was
an adenovirus vector vaccine (AstraZeneca] or Janssen vaccine)
[19,20]. For the data in this study, all COVID-19 cases in people
fully vaccinated with the booster were included, regardless of
the time to COVID-19 diagnosis.
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All possibilities of booster were considered:
-Full homologous booster dose:

A. 2 doses of Pfizer with Pfizer booster

B. 2 doses of Moderna with Moderna booster

-The 6 possible combinations of heterologous booster
doses:

A. 2 doses of Pfizer with Moderna
B. 2 doses of AstraZeneca with a booster of Moderna
C. 2 doses of AstraZeneca with a booster of Pfizer
D. 1 dose of Janssen vaccine with Moderna vaccine booster
E. 1 dose of Janssen vaccine with a booster of Pfizer
F. 2 doses of Moderna with a booster of Pfizer
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 during the consultation.
Asymptomatic 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 [21]. The onset date of a
confirmed case was defined as the date of the first appearance
of self-reported clinical symptoms [22]. The onset date for
an asymptomatic carrier was defined as the date a positive
COVID-19 PCR test was obtained [23]. 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 [24].

Collected variables
- 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” [25],
classified according to the International Statistical
Classification of Diseases and Health-Related Problems,
CD-10 Version: 2019 [26].

(1:1)
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- Social-occupancy class (according to the Registrar
General’s classification of occupations and social status
code) [27, 28].

- Problems in the family context (complex families) 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) [29-32].

Statistic 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 of the expected cell
totals) for percentages, and the Student test for the mean.

Results

The population of the consultation with VB was estimated
at 1,460 people. Forty-six cases of COVID-19 breakthrough
infections with VB shot in the population attended in the
consultation object of the study were included. The population
of the consultation with BV and without COVID-19 in the study
period was estimated at 1414 people. The crude incidence
rate (IR) was 3.1 cases per 100 people with BV (December
2021-February 2022). By age groups, it was higher (4.7%) for =
< 45 years vs. for > = 65 years (4.2%). IR was higher in women
(3.6%) vs. men (2.6%) (Table 1).

The risk factors were:

- Weak risk: > = 65 years, women, people with some type
of labor specialization, endocrine, nervous and senses,
and digestive system chronic diseases

- Moderate risk: = < 45 years and chronic diseases of the
genitourinary group

- Strong risk: Diseases of the skin (p < 0.05)
The protective factors were:

- Protection factor effectively: Complex family (p < 0.05),
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chronic diseases of the mental group (p < 0.05),
infectious, and diseases of the blood

- True benefits: men, chronic diseases of the circulatory
system, respiratory system, and musculoskeletal group
(Tables 2,3).

Discussion

The unprecedented increase in SARS-CoV-2 infections
during December 2021 coincided with the rapid spread of the
Omicron variant worldwide. The antibody titer required for
neutralization of omicron is estimated to be 20 to 40 times
higher than for delta. However, in vitro studies indicate that
people who receive a booster dose of the mRNA vaccine have
greater neutralization of the Omicron variant [33].

Athirddoseofthevaccineimprovesbothhumoralandcellular
immunity against SARS-CoV-2, with greater neutralizing
activity against different variants [34]. Despite the decrease
in vaccine efficacy, it stays against clinically severe outcomes
[35]). What is certain is that the virus has mutated enough to
escape first-line immune defenses, specific antibodies. This
is why a high incidence of breakthrough infections was to be
expected even in highly vaccinated populations [36,37]. This
situation occurred in Spain, where although eligibility for
booster vaccination was initially restricted to older adults,
immunocompromised people, and people with severe or
multiple chronic diseases, it was later extended, depending on
the age group, to the rest of the population. But, as booster
vaccination was expanded, the omicron variant was introduced
into the population, causing the largest epidemic wave of
SARS-CoV-2 infections [6], despite the fact that as of January
21, 2022, the Ministry of Health of Spain reported that 90.7%
of the population over 70 years of age, 88.9% of those over
60, 78.8 % of those over 50 and 66.7% of those over 40, had
already received the third dose of the vaccine [38].

What is the efficacy and risk factor of the COVID-19 vac-
cination booster?

To measure the efficacy and risks factor of COVID-19
vaccination booster is need to calculate the RR, which is the risk
of something happening (getting sick with COVID-19 having
been vaccinated with a booster shot) [13]. We found an IR of 3.1

Table 1: Incidence rates of COVID-19 breakthrough infections in vaccinated people with vaccine booster in general medicine (Toledo, Spain) for the period december 2021 to

february 2022.

COVID-19 Breakthrough infections in

Variables
vaccinated people with vaccine booster N = 46

Estimated population of GP office con VB
and without COVID-19 N = 1.414

Incidence rates of COVID-19 breakthrough infections in
vaccinated people with VB December 2021-February 2022 N =

1.460
N = 1460 3.1 cases per 100 people con booster x December

TOTAL 46 (100) 1414 (100) 2021-February 2022

B N =312 4.2 cases per 100 people > = 65 years x December
> =65 years 13(28) 299(21) 2021-February 2022

N =254 4.7 cases per 100 people = < 45 years x December

=<4 12 (26 242 (17

< 45 years (26) (7) 2021-February 2022

Women 27 (59) 717 (51) N =744 3.6 cases per 100 women x December 2021-February

2022
Men 19 (41) 697 (49) N =716 2.6 cases per 100 men x December 2021-February 2022

(): Denotes percentages

(11:7
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Table 2: Comparison of selected variables.
COVID-19 breakthrough
infections in vaccinated
people with vaccine booster
N = 46

Risk factors
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Estimated population of GP
office and without COVID-19
N=1.414

Statistical Significance

Relative Risk (RR)

RR =1.45 (C1 95%: 0.69, 3.05). Weak

> = 65 years 13 (28) 299 (21) X2 = 1.3423. p = .246636. NS e
RR = 1.67 (C1 95%: 0.81, 3.46).
=<4 122 242 (17 X2 = 2.4957. p = 114156 N
<45years (26) (7) S7-p 56.NS Moderate risk
RR = 1.37 (C1 95%: 0.7, 2.68). Weak
Women 27 (59) 717 (51) X2 =1.1376. p = .286155. NS ( e ). Wea
RR = 0.73 (C1 95%: 1.43,0.37). T
Men 19 (41) 697 (49) X2 =1.1376. p = .286155. NS (C195%:1.43,037). True
benefits
Social-occupancy class of patients
RR = 1.44 (Cl 95%: 0.76, 2.74). Weak
(people with some type of labor 25 (53) 636 (45) X2 = 1.5783. p = .208999. NS ( o ). Wea
specialization)
X2 = 10.4238. p = .001244. RR = 0.22 (CI 95%: 0.58, 0.08).
Complex family 4(9) 437 (31) P ( o ) )

(): Denotes percentages; NS: Not significant at p < .05; RR: Relative Risk

Table 3: Comparison of chronic diseases.

Significant at p < .05. Protection factor effectively

Chronic diseases* COVID-19 with
according to who, vaccine booster
ICD-10 groups N =46

Estimated population of GP office
con vb and without COVID-19
N=1.414

statistical significance

Relative Risk (RR)

RR = 0 (Cl 95%: Infinity, 0). Protection factor

-l Infectious 0 47 (1) Fisher exact test statistic = 0.4034. NS '
effectively
RR = 0.86 (Cl 95%: 16.53, 0.04). Not
I Neoplasms 5(3) 190(4) X2 =0.1009. p =.750811. NS (C195% ). No
significant
RR =0.35 (Cl 95%: 4.44, 0.03). Protecti
-1l Diseases of the blood 1(1) 95 (2) Fisher exact test = 0.5318. NS ( ° ) ). Protection
factor effectively
-IV Endocrine 24 (16) 570 (12) X2 =2.865.p =.090526. NS RR = 1.45 (Cl 95%: 0.91, 2.31). Weak risk
X2 =6.9517. p =.008374. Significant at RR = 0.4 (Cl 95%: 0.82, 0.2). Protecti
V Mental 8(6) 618 (13) p ignificant a ( A . ). Protection
p<.05. factor effectively
-VI-VIII Nervous and Senses 14 (10) 380 (8) X2 =0.5636.p =.452807. NS RR =1.23 (C1 95%: 0.63, 2.42). Weak risk
-IX Circulatory system 18(12) 856 (18) X2 =2.8937.p =.088927. NS RR =0.66 (Cl 95%: 1.1, 0.4). True benefits
-X Respiratory system 8 (6) 380 (8) X2 =1.14.p = .285648. NS RR = 0.68 (Cl 95%: 1.56, 0.3). True benefits
-XI Digestive system 18 (12) 380 (8) X2 =3.7989. p = .051286. NS RR = 1.61 (Cl 95%: 0.96, 2.71). Weak risk
X2 with Yates correction = 6.9466. p =
-XII Di f the ski 8 (6 95(2 RR =2.74 (C1 95%: 1.3, 5.79). St isk
Iseases ot the skin ©) @ .008398. Significant at p < .05. ( +5.79). Strong s
RR=0.7 195%: 1. A43). T
XIll Musculo-skeletal 17 (12) 713 (15) X2 =1.1251. p = .288823. NS 0.76 (C195%: 1.35,0.43). True
benefits
=8. .p=. 92. Signi =1. %:1.19,2.95).
XIV Genitourinary 23 (16) 428 (9) X2 =8.1144. p =.004392. Significantat ~ RR =1.87 (CI 95%: 1.19, 2.95). Moderate

TOTAL chronic diseases** 144 (100) 4753 (100)

p<.05. risk

(): Denotes percentages; * Patients could have more than one chronic disease. The percentages are over the total of chronic diseases; NS: Not significant at p <.05; RR:

Relative risk

cases per 100 people with VB (December 2021-February 2022).
By age groups, it was higher (4.7%) for = < 45 years vs. for >
= 65 years (4.2%). IR was higher in women (3.6%) vs. men
(2.6%). In a study on the same population of the consultation in
vaccinated people (2 doses) that was carried out from February
1, 2021, to September 30, 2021, the IR of COVID-19 was 1.5%
cases x 8 months; higher in people > = 65 years vs. 14-65 years
(2.3% vs. 1.3%), and higher in women vs. men (1.6% vs. 1.4%)
[38].

On the other hand, the data from the current study show an
IR of COVID-19 in vaccinated with three doses during the period
from December 2021 to February 2022 (3 months) at the time
of the “wave” of omicron infections, in the general medicine
consultation, which was almost as high as that calculated for

the first wave of the pandemic in March 2020 in the same
population attended in the same consultation, where an IR
of 3%-5% of COVID-19 infections was estimated in March-
April 2020 [39]. For example, in another study, a SARS-CoV-2
prevalence of 0.83% has been reported in England in September
2021, higher than that estimated in July 2021 (0.63%) (Before
vaccine booster) [40]. Taken together, all these data suggest
relatively low vaccine booster effectiveness for our study.

Regarding the risk/protective factors of COVID-19
breakthrough infections with a vaccine booster shot, we found
mixed results that can hardly be explained directly. In the
study on the same population of the consultation in vaccinated
people (2 doses) that was carried out from February 1, 2021,
to September 30, 2021, similar results were found [38]. These

(11:1:]
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mixed results may be associated with other main variables
such as gender and age, and/or may not persist after further
adjustment for adherence to infection control, for example
regarding fear of contagion that modulates the use of masks,
and social distancing.

Regarding age, older age is a key risk factor for morbidity
and mortality associated with SARS-CoV-2 infection. Therefore,
older adults have generally been prioritized for COVID-19
vaccination. In addition, the lower immunogenicity of the
vaccine and the more pronounced decline in humoral immunity
in older people than in younger people have prompted earlier
booster campaigns [41,42]. Along the same lines, we found that
being > = 65 years of age was a risk factor (Weak risk); but so
was having = < 45 years (Moderate risk), probably related to
risk behaviors in young people.

Finally, remember that it has been proposed that the most
disappointing error surrounding the use of COVID-19 vaccines
was the labeling of mild illnesses or asymptomatic infections
after vaccination as “breakthroughs.” As is true for all mucosal
vaccines, the goal is to protect against serious illness — to keep
people out of the hospital, intensive care unit, and morgue. The
term “breakthrough,” which implies failure, created unrealistic
expectations and led to the adoption of a zero-tolerance
strategy for this virus. If we are to move from pandemic to
endemic, at some point we are going to have to accept that
vaccination or natural infection, or a combination of the two
will not offer long-term protection against mild illness [43].

Limitations and strengths of the study

1. Non-randomized design; 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. In addition,
in this analysis, our comparison group was people with
BV without having consulted with the GP or having
been diagnosed with COVID-19. These people are
unlikely to differ from the general population based on
characteristics that could confound our IR estimates
and risk factors.

2. The fact of carrying out the study in the same population
for which data on COVID-19 cases are available in 2020
(without wvaccination) and 2021 (with two doses of
vaccine), gives greater value to the results and reduces
datainterpretation error. One must keep in mind that the
probability that a person with pre-existing immunity
will develop an infection is probably a function of both
viral and host properties [44].

3. Sample was small (the number of COVID-19 cases), so
the statistical significance of some variables could be
hidden, and an imprecise determination of SRR may be
obtained. In the future, it is necessary to have a larger
sample size to increase the precision of the result.

4. It must be taken into account that the changes in
community transmission during the study period may
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also imply changes in one direction or another in the
cautious behaviors and personal protection in people.

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

6. Estimates of IR and risk factors were based on infections
that occurred during periods when the omicron variant
was in the majority, but genomic surveillance and
classification were not performed. Consequently, this
approach has the potential for variant misclassification.

7. The study included 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.

8. Data by type of vaccine administered were not available.
Immunity after the third dose has been reported to
be highly dependent on the combination of vaccines
received [45-47].

Conclusions

1. ThelRof COVID-19 breakthrough infections with booster
shot, during peak of omicron infections (December
2021-February 2022), in the general medicine clinic,
Toledo, Spain, was high, presenting figures similar to
those calculated for the first wave of the pandemic in
the same consultation, and lower figures than those
found from February 1, 2021 to September 30, 2021 in
the same consultation in vaccinated people (2 doses).

2. This result suggests modest VB protection effectiveness
against symptomatic infection.

3. The statistically significant risk/protective factors
do not show a plausible direct relationship with the
infection, so it is hypothesized that these variables
are probably intermediate variables of risk/preventive
behaviors.

References

1. McNamara D. COVID-19, Sure, but What Else Will We Remember
2021 For? Medscape. 2021. Dec 29. https://www.medscape.com/
viewarticle/965507?spon = 34&uac = 327178AR&mpID = 3915076&sso =
true&faf = 1&src = WNL_mdpls_211231_mscpedit_fmed

2. Roa R. [Three doses with the omicron variant]. La biblioteca de Sprinfields.
2022.

3. Moreira ED Jr, Kitchin N, Xu X, Dychter SS, Lockhart S, Gurtman A, Perez JL,
Zerbini C, Dever ME, Jennings TW, Brandon DM, Cannon KD, Koren MJ, Denham
DS, Berhe M, Fitz-Patrick D, Hammitt LL, Klein NP, Nell H, Keep G, Wang X,
Koury K, Swanson KA, Cooper D, Lu C, Tiireci 0, Lagkadinou E, Tresnan DB,
Dormitzer PR, Sahin U, Gruber WC, Jansen KU; C4591031 Clinical Trial Group.
Safety and Efficacy of a Third Dose of BNT162b2 Covid-19 Vaccine. N Engl J
Med. 2022 May 19;386(20):1910-1921. doi: 10.1056/NEJM0a2200674. Epub
2022 Mar 23. PMID: 35320659; PMCID: PMC9006787.

4. Abu-Raddad LJ, Chemaitelly H, Ayoub HH, AlMukdad S, Yassine HM, Al-
Khatib HA, Smatti MK, Tang P, Hasan MR, Coyle P, Al-Kanaani Z, Al-Kuwari E,
Jeremijenko A, Kaleeckal AH, Latif AN, Shaik RM, Abdul-Rahim HF, Nasrallah

(11:1°]

Citation: Turabian JL (2022) Risk factors and incidence rates of COVID-19 breakthrough infections in vaccinated people with vaccine booster in general medicine, Toledo
(Spain), for the period December 2021 to February 2022. Arch Community Med Public Health 8(2): 084-091.DOI: https://dx.doi.org/10.17352/2455-5479.000179



P PeertechzPublications

Y
—y

GK, Al-Kuwari MG, Butt AA, Al-Romaihi HE, Al-Thani MH, Al-Khal A, Bertollini
R. Effect of mMRNA Vaccine Boosters against SARS-CoV-2 Omicron Infection
in Qatar. N Engl J Med. 2022 May 12;386(19):1804-1816. doi: 10.1056/
NEJM0a2200797. Epub 2022 Mar 9. PMID: 35263534; PMCID: PMC8929389.

Shen X. Boosting immunity to Omicron. Nat Med. 2022; 28: 445-456. https://
doi.org/10.1038/s41591-022-01727-0

Turabian JL. Implications for general practitioner of evolution of incidence
rates of COVID-19 breakthrough infections in vaccinated people as of
December 2021 with the highest spike of infections of the entire pandemic.
Arch Community Med Public Health. 2022; 8(1): 008-012. https://www.
peertechzpublications.com/articles/ACMPH-8-268.pdf

Kuhlmann C, Mayer CK, Claassen M, Maponga T, Burgers WA, Keeton R, Riou C,
Sutherland AD, Suliman T, Shaw ML, Preiser W. Breakthrough infections with
SARS-CoV-2 omicron despite mRNA vaccine booster dose. Lancet. 2022 Feb
12;399(10325):625-626. doi: 10.1016/S0140-6736(22)00090-3. Epub 2022
Jan 18. Erratum in: Lancet. 2022 Feb 12;399(10325):628. PMID: 35063123;
PMCID: PMC8765759.

Richterman A, Scott J, Cevik M. Covid-19 vaccines, immunity, and boosters.
BMJ. 2021 Dec 20;375:n3105. doi: 10.1136/bmj.n3105. PMID: 34930779.

Atmar RL, Lyke KE, Deming ME, Jackson LA, Branche AR, El Sahly HM, Rostad
CA, Martin JM, Johnston C, Rupp RE, Mulligan MJ, Brady RC, Frenck RW Jr,
Bécker M, Kottkamp AC, Babu TM, Rajakumar K, Edupuganti S, Dobrzynski D,
Coler RN, Posavad CM, Archer JI, Crandon S, Nayak SU, Szydlo D, Zemanek
JA, Dominguez Islas CP, Brown ER, Suthar MS, McElrath MJ, McDermott
AB, O’'Connell SE, Montefiori DC, Eaton A, Neuzil KM, Stephens DS, Roberts
PC, Beigel JH; DMID 21-0012 Study Group. Homologous and Heterologous
Covid-19 Booster Vaccinations. N Engl J Med. 2022 Mar 17;386(11):1046-
1057. doi: 10.1056/NEJM0oa2116414. Epub 2022 Jan 26. PMID: 35081293;
PMCID: PMC8820244.

. Castagnoli R, Marseglia GL. Tracing and vaccinating: how to REACT to

COVID-19 pandemic. Lancet Respir Med. 2022 Apr;10(4):317-318. doi:
10.1016/S2213-2600(22)00016-9. Epub 2022 Jan 24. PMID: 35085489;
PMCID: PMC8786319.

. Turabian JL. Notebooks of Family and Community Medicine. An introduction to

the principles of Family Medicine. Madrid: Diaz de Santos. 1995. http://www.
amazon.co.uk/Cuadernos-medicina-familia-y-comunitaria/dp/8479781920

.Nandi-Lozano E, Espinosa LE, Vifas-Flores L, Avila-Figueroa C. Acute

respiratory infection in children who go to a child development center. Salud
Publica Mex. 2022; 44:201-6. https://www.scielosp.org/article/spm/2002.
v44n3/201-206/es/

.Calero R. Epidemiological method and community health. Madrid:
Interamericana. McGraw-Hill. 1989.
. Ministerio de Sanidad. Executive report vaccination COVID-19.

Gobierno de Espafia. 2022. https://www.sanidad.gob.es/profesionales/
saludPublica/ccayes/alertasActual/nCov/documentos/Informe_GIV_
comunicacion_20220225.pdf

. Turabian JL, Minier-Rodriguez LE, Cucho-Jove R, Rodriguez-Almonte FE,

Villarin-Castro A. The Patient Companion in the Consultation of Family Medical
Practice is an Indicator of Hidden Family Problems. Arch Fam Med Gen Pract.
2016; 1: 001. https://scholars.direct/Articles/family-medicine/afp-1-001.pdf

. Turabian JL Prevalence of Chronic Diseases: in Defence of Epidemiological

Craftsmanship in Family Medicine. CP Epidemiology. 2017; 1[1]: 005. https://
www.semanticscholar.org/paper/Prevalence-of-Chronic-Diseases%3A-in-
Defence-of-in-Turabi%C3%A1n/014e5fcb0406a7a81362d7d6350e3a747efe7
f2c

. Turabian JL. Case Series of 46 Covid-19 Breakthrough Infections in

Vaccinated People with Vaccine Booster Shot in General Medicine for the
Period December 2021 to February 2022, in Toledo, Spain. J Community
Prev Med. 2022; 5(1):11-20. https://api.asclepiusopen.com/storage/articles/
jepm/volume5-issue1/jcpm-5103.pdf

18.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

https://www.peertechzpublications.com/journals/archives-of-community-medicine-and-public-health a

Turabian JL (2022) 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. https://www.scientificarchives.com/
admin/assets/articles/pdf/relative-covid-19-vaccine-booster-effectiveness-
and-clinical--epidemiological-characteristics-before-and-after-29-days-of-
shot-20220614010600.pdf

. Update 10 Vaccination strategy against COVID-19 in Spain. Recommendations

agreed upon in the Public Health Commission after review and proposal made
by the Vaccination Program and Registry Report together with the COVID-19
Vaccination Technical Working Group and the COVID-19 Vaccination Working
Group in the Child Population December 2021]. https://www.sanidad.gob.
es/profesionales/saludPublica/prevPromocion/vacunaciones/covid19/
Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion10_
EstrategiaVacunacion.pdf

Sistema Nacional de Salud. Vaccination strategy against COVID-19 in Spain
(2021) COVID-19 Vaccination Technical Working Group, of the Presentation
of the Vaccination Program and Registry November 2, 2021]. https://www.
sanidad.gob.es/profesionales/saludPublica/prevPromocion/vacunaciones/
covid19/Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_
Actualizacion9_Modificada_EstrategiaVacunacion.pdf

Ministerio de Sanidad. [COVID-19 early detection, surveillance and control
strategy. 2021. https://www.mscbs.gob.es/profesionales/saludPublica/
ccayes/alertasActual/nCov/documentos/COVID19_Estrategia_vigilancia_y_
control_e_indicadores.pdf

Update 10 Vaccination strategy against COVID-19 in Spain. Recommendations
agreed upon in the Public Health Commission after review and proposal made
by the Vaccination Program and Registry Report together with the COVID-19
Vaccination Technical Working Group and the COVID-19 Vaccination Working
Group in the Child Population December 2021]. https://www.sanidad.gob.
es/profesionales/saludPublica/prevPromocion/vacunaciones/covid19/
Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion10_
EstrategiaVacunacion.pdf

Mao S, Huang T, Yuan H, Li M, Huang X, Yang C, Zhou X, Cheng X, Su Q, Wu X.
Epidemiological analysis of 67 local COVID-19 clusters in Sichuan Province,
China. BMC Public Health. 2020 Oct 8;20(1):1525. doi: 10.1186/s12889-020-
09606-4. PMID: 33032575; PMCID: PMC7543676.

Ayoub HH, Tomy M, Chemaitelly H. Estimating protection afforded by prior
infection in preventing reinfection: applying the test-negative study. MedRxiv
2022.01.02.22268622. https://www.medrxiv.org/content/10.1101/2022.01.0
2.22268622v1). preprint.

Strauss AL. Chronic illness and the quality of life. St Louis: The C.V. Mosby
Company. 1984

WHO. International Statistical Classification of Diseases and Health-Related
Problems. ICD-10 Version:2019. https://icd.who.int/browse10/2019/en

Royal Collage of General Practitioners. The Classification and Analysis of
General Practice Data. Occasional Paper. 1986; 26.

Donaldson RJ, Donaldson LJ. Essential Community Medicine. Lancaster: MTP
Press. 1983.

Turabian JL. Family Genogram in General Medicine: A Soft Technology that can
be Strong. An Update. Res Med Eng Sci. 2017; 3(1). http://crimsonpublishers.
com/rmes/pdf/RMES.000551.pdf

Russell LT. Capturing Family Complexity in Family  Nursing
Research and Practice. J Fam Nurs. 2020 Nov;26(4):287-293. doi:
10.1177/1074840720965396. PMID: 33283611.

Watts C, Shrader E. The genogram: a new research tool to document patterns
of decision-making, conflict and vulnerability within households. Health Policy
Plan. 1998 Dec;13(4):459-64. doi: 10.1093/heapol/13.4.459. PMID: 10346037.

Mcllvain H, Crabtree B, Medder J, Stange KC, Miller WL. Using practice

Citation: Turabian JL (2022) Risk factors and incidence rates of COVID-19 breakthrough infections in vaccinated people with vaccine booster in general medicine, Toledo
(Spain), for the period December 2021 to February 2022. Arch Community Med Public Health 8(2): 084-091.DOI: https://dx.doi.org/10.17352/2455-5479.000179



P PeertechzPublications

33.

34.

35.

36.

37.

38.

39.

genograms to understand and describe practice configurations. Fam Med.
1998 Jul-Aug;30(7):490-6. PMID: 9669161.

Elliott P, Bodinier B, Eales O, Wang H, Haw D, Elliott J, Whitaker M, Jonnerby
J, Tang D, Walters CE, Atchison C, Diggle PJ, Page AJ, Trotter AJ, Ashby D,
Barclay W, Taylor G, Ward H, Darzi A, Cooke GS, Chadeau-Hyam M, Donnelly
CA. Rapid increase in Omicron infections in England during December 2021:
REACT-1 study. Science. 2022 Mar 25;375(6587):1406-1411. doi: 10.1126/
science.abn8347. Epub 2022 Feb 8. PMID: 35133177; PMCID: PMC8939772.

Andrews N, Tessier E, Stowe J, Gower C, Kirsebom F, Simmons R, Gallagher
E, Thelwall S, Groves N, Dabrera G, Myers R, Campbell CNJ, Amirthalingam G,
Edmunds M, Zambon M, Brown K, Hopkins S, Chand M, Ladhani SN, Ramsay
M, Lopez Bernal J. Duration of Protection against Mild and Severe Disease by
Covid-19 Vaccines. N Engl J Med. 2022 Jan 27;386(4):340-350. doi: 10.1056/
NEJMo0a2115481. Epub 2022 Jan 12. PMID: 35021002; PMCID: PMC8781262.

Yoon SK, Hegmann KT, Thiese MS, Burgess JL, Ellingson K, Lutrick K, Olsho
LEW, Edwards LJ, Sokol B, Caban-Martinez AJ, Schaefer-Solle N, Jones
JM, Tyner H, Hunt A, Respet K, Gaglani M, Dunnigan K, Rose S, Naleway A,
Groom H, Kuntz J, Fowlkes AL, Thompson MG, Yoo YM; HEROES-RECOVER
Network Investigators; HEROES-RECOVER Network Investigators. Protection
with a Third Dose of mMRNA Vaccine against SARS-CoV-2 Variants in Frontline
Workers. N Engl J Med. 2022 May 12;386(19):1855-1857. doi: 10.1056/
NEJMc2201821. Epub 2022 Apr 6. PMID: 35385628; PMCID: PMC9006784.

McNamara D. Could the omicron wave hasten the transition from pandemic
to endemic?. Medscape; 6 de enero de 2022. https://espanol.medscape.
com/verarticulo/5908352?uac = 327178AR&faf = 1&sso = true&implD =
3937062&src = mkm_latmkt_220111_mscmrk_mdsms_excnws_nl#vpll

Madhi SA, Kwatra G, Myers JE, Jassat W, Dhar N, Mukendi CK, Nana AJ,
Blumberg L, Welch R, Ngorima-Mabhena N, Mutevedzi PC. Population
Immunity and Covid-19 Severity with Omicron Variant in South Africa. N Engl
J Med. 2022 Apr 7;386(14):1314-1326. doi: 10.1056/NEJM0a2119658. Epub
2022 Feb 23. PMID: 35196424, PMCID: PMC8908853.

Marte |. When does the third dose of the vaccine take effect?. ABC. 2022;
21/01. https://www.abc.es/sociedad/abci-cuando-hace-efecto-tercera-dosis-
vacuna-nsv-202201201218_noticia.html

Turabian JL. Risk Factors and Incidence Rates of Covid-19 Breakthrough
Infections in Vaccinated People in General Medicine Practice in Toledo
(Spain). Arch Fam Med Gen Pract. 2022; 7(1):183-92. https://scholars.direct/
Articles/family-medicine/afmgp-7-033.pdf?jid = family-medicine

40.

41.

42.

43.

44.

45.

46.

47.

https://www.peertechzpublications.com/journals/archives-of-community-medicine-and-public-health a

Turabian JL. Incidence Rate of Acute Respiratory Infections in General
Medicine as a Tool to Correcting Official Data of Covid-19 in Places where the
Tests of Polymerase Chain Reaction are not Accessible. Epidemol Int J. 2020;
4(S1): 000S1-005. https://medwinpublishers.com/EIJ/EIJ16000S1-005.pdf

Chadeau-Hyam M, Wang H, Eales O, Haw D, Bodinier B, Whitaker M, Walters
CE, Ainslie KEC, Atchison C, Fronterre C, Diggle PJ, Page AJ, Trotter AJ,
Ashby D, Barclay W, Taylor G, Cooke G, Ward H, Darzi A, Riley S, Donnelly
CA, Elliott P; COVID-19 Genomics UK consortium. SARS-CoV-2 infection
and vaccine effectiveness in England (REACT-1): a series of cross-sectional
random community surveys. Lancet Respir Med. 2022 Apr;10(4):355-366.
doi: 10.1016/S2213-2600(21)00542-7. Epub 2022 Jan 24. PMID: 35085490;
PMCID: PMC8786320.

Vanshylla K, Tober-Lau P, Gruell H, Miinn F, Eggeling R, Pfeifer N, Le NH,
Landgraf I, Kurth F, Sander LE, Klein F. Durability of omicron-neutralising
serum activity after mRNA booster immunisation in older adults. Lancet Infect
Dis. 2022 Apr;22(4):445-446. doi: 10.1016/S1473-3099(22)00135-9. Epub
2022 Feb 28. PMID: 35240040; PMCID: PMC8884748.

Brockman MA, Mwimanzi F, Lapointe HR, Sang Y, Agafitei O, Cheung PK,
Ennis S, Ng K, Basra S, Lim LY, Yaseen F, Young L, Umviligihozo G, Omondi FH,
Kalikawe R, Burns L, Brumme CJ, Leung V, Montaner JSG, Holmes D, DeMarco
ML, Simons J, Pantophlet R, Niikura M, Romney MG, Brumme ZL. Reduced
Magnitude and Durability of Humoral Immune Responses to COVID-19 mRNA
Vaccines Among Older Adults. J Infect Dis. 2022 Apr 1;225(7):1129-1140. doi:
10.1093/infdis/jiab592. PMID: 34888688; PMCID: PMC8689804.

Offit PA. Covid-19 Boosters - Where from Here? N Engl J Med. 2022 Apr
28;386(17):1661-1662. doi: 10.1056/NEJMe2203329. Epub 2022 Apr 13.
PMID: 35417633; PMCID: PMC9020580.

Bhattacharyya RP, Hanage WP. Challenges in Inferring Intrinsic Severity of
the SARS-CoV-2 Omicron Variant. N Engl J Med. 2022 Feb 17;386(7):e14. doi:
10.1056/NEJMp2119682. Epub 2022 Feb 2. PMID: 35108465.

Corbella J. The protection of the third dose against omicron is reduced at
10 weeks]. La Vanguardia. 2021; 24/12. https://www.lavanguardia.com/
ciencia/20211224/7951676/tercera-dosis-vacuna-omicron-moderna-pfizer.
html

Waltz E. COVID vaccines: head-to-head comparison reveals how they stack up.
Nature. 2022 Mar 29. doi: 10.1038/d41586-022-00885-y. Epub ahead of print.
PMID: 35354971.

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights

Signatory publisher of ORCID
Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

Journals indexed in ICMJE, SHERPA/ROMEO, Google Scholar etc.
OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
Dedicated Editorial Board for every journal

Accurate and rapid peer-review process

Increased citations of published articles through promotions

Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
(https://www.peertechz.com/submission).

Peertechz journals wishes everlasting success in your every endeavours.

Citation: Turabian JL (2022) Risk factors and incidence rates of COVID-19 breakthrough infections in vaccinated people with vaccine booster in general medicine, Toledo
(Spain), for the period December 2021 to February 2022. Arch Community Med Public Health 8(2): 084-091.DOI: https://dx.doi.org/10.17352/2455-5479.000179



