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'.) Check for updates

Background: Risk factors of COVID-19 infection in people vaccinated with the 4th dose of MRNA COVID-19 vaccine remain the subject of debate.

Objective: To identify risk and protective factors of COVID-19 in vaccinated people with 4th dose of bivalent mRNA vaccines.

Location: General Practitioner consultation in Toledo (Spain).

Methodology: Longitudinal and prospective study of cases and controls of adult patients with or without COVID-19 infection in vaccinated people with 4th dose of
bivalent mRNA vaccines, from October 1, 2022, to February 28, 2023.

Results: Five cases of COVID-19 infections in vaccinated people with 4th dose were included, which were compared with 52 controls (with 4" dose and without
COVID-19 after the booster). The risk factors for COVID-19 infection with the 4th dose were: Women (RR = 1.67), Socio-Health Care Workers (RR = 10.39; p = 0.0349),
Chronic Diseases of the blood (RR = 6.9. p = 0.0322), Chronic Diseases of Endocrine (RR = 2.72. p = 0.039425), and Chronic Diseases of Circulatory system (RR = 1.87).

Conclusion: In the general practice setting in Toledo, Spain, being a socio-health care worker and having chronic diseases presumably associated with
immunosuppression were statistically significant risk factors for COVID-19 infection in people vaccinated with the 4™ dose of bivalent mRNA vaccines. The most exposed
or immunosuppressed people continue to be at risk of becoming infected with SARS-CoV-2 despite having received the 4™ dose of the mRNA COVID-19 vaccing, so other

preventive methods in these groups are advisable.

Introduction

Four years after the start of the coronavirus disease 2019
(COVID-19) pandemic, it is important to recognize that we are
in a better place than ever. But, it is urgent to face a future in
which COVID-19 will remain with us, threatening the health
and well-being of millions of people around the world [1].

Vaccination provides substantial protection against both

symptomatic and severe COVID-19. However, there has been
continued and substantial evolution of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) variants since the
virus emerged, such as Omicron and its sub-variants, posing
challenges for the public health response, including ensuring
that vaccines continue to provide protection, which has
markedly reduced efficacy in regimens based on the ancestral
Wuhan variant. Thus, booster vaccination for the prevention of
COVID-19 is required to overcome this loss of protection [2-4].

027

Citation: Turabian JL (2023) Risk factors for COVID-19 infection in people with 4™ dose of bivalent mRNA vaccines in general medicine from October 2022 to
February 2023. Arch Community Med Public Health 9(2): 027-033. DOI: https://dx.doi.org/10.17352/2455-5479.000198



P PeertechzPublications

Since September 2022, Moderna and Pfizer-BioNTech
bivalent SARS-CoV-2 vaccines containing equal amounts
of spiked mRNA from the ancestral BA.4-BA.5 and omicron
subvariants replaced their monovalent counterparts as booster
doses for people over 12 years old. It is strongly suggested that
a bivalent booster may preserve the safety and serological
efficacy of the original monovalent booster while broadening
the spectrum of antibody response, helping to restore
protection that might have diminished since the last previous
dose [5-9].

However, real-world effectiveness monitoring and
continued surveillance are needed to determine when the
antigenic composition of vaccines should be updated. The
release of variant-containing vaccines should be accompanied
by systematic collection of data and samples to assess the
breadth and magnitude of the immune responses elicited,
along with clinical studies, to estimate vaccine efficacy and
determination of vulnerable populations to receiving boosts
(there is the controversy over whether bivalent boosts against
the omicron BA.4 and BA.5 subvariants of SARS-CoV-2, as well
as the ancestral strain, should or should not be deployed in the
entire population) [2,10-15].

In a scenario of a high level of population immunity, novel
approaches are needed for sustained surveillance to assess the
epidemiological consequences of new SARS-CoV-2 variants
and sublineages, the cost of SARS-CoV-2 infection, and the
risk groups to guide rational vaccination policies and decisions.
Potential approaches could include, among others, longitudinal
studies [16].

In this context, we present a longitudinal and prospective
study of cases and controls of adult patients with or without
COVID-19 infections in vaccinated people with a fourth dose of
vaccines bivalent mRNA, in general medicine from October 1,
2022, to February 28, 2023, whose objective was to identify risk
factors of COVID-19 of this booster (vaccines bivalent mRNA
against the original strain and BA.4/BA.5 variant).

Material and methods

A longitudinal study of cases and controls of adult patients
with or without COVID-19 infections in vaccinated people
with a fourth dose of vaccines bivalent mRNA, from October
1, 2022, to February 28, 2023, 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) was carried out. The GPs in
Spain work within the National Health System, which is public
and is the gateway for all patients to the system, and each
person is assigned a GP.

Objective of the study

Identify risk and protective factors of COVID-19 in
vaccinated 4% dose (vaccines bivalent mRNA against the
original strain and BA.4/BA.5 variant) people in a general
practitioner consultation. In this sense, the variables collected
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were compared by calculating the Relative Risk (RR) as the
incidence of specific variables in people with a fourth dose of
COVID-19 infection/incidence of specific variables in people
with a fourth dose without COVID-19 infection. The RR was
interpreted as follows [17]: 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 acute infection of COVID-19 and 4% dose
of vaccine were considered “cases.” All the cases seen in the
consultation object of the study were included. “Control”
patients were those with 4™ dose of vaccine and without
COVID-19 infection. The controls were chosen by random
sampling among the patients who consulted for a reason other
than COVID-19, had received the 4th dose of the vaccine, and
had not presented COVID-19 since that booster until April 15,
2023.

Booster dose for fall-winter 2022

In the patients included in the study, bivalent Comirnaty,
Original/Omicron BA.4 - 5 (COVID-19 mRNA vaccine, Pfizer-
BioNTech) [18] was used as a booster dose (4™ dose). On August
31, 2022, the Food and Drug Administration licensed Moderna
and Pfizer-BioNTech’s bivalent COVID-19 vaccines, each
containing equal amounts of mRNA encoding the ancestral
strain spike protein and the spike protein of BA.4 and variant
B.1.1.529 (Omicron) BA.5 strains, for emergency use as a
single booster dose at least 2 months after primary or booster
vaccination. Since September 1, these two bivalent mRNA
vaccines have replaced their monovalent counterparts as
booster doses for people 12 years and older in the United States
and other countries [19]. In Spain, this vaccination began on
September 26, 2022. It was recommended to the population
aged 60 and over, to people admitted to nursing homes and
other centers for disabilities, those with risk conditions and
social and health personnel. But, people under 60 years of age
without risk factors that request it could also be vaccinated
[20].

Diagnosis of COVID-19

The diagnosis was performed with reverse transcriptase
polymerase chain reaction (RT-PCR) oropharyngeal swab tests
or antigen testing [21].

Collected variables
The following variables were collected:
- 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” [22],
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classified according to the International Statistical
Classification of Diseases and Health-Related Problems,
CD-10 Version: 2019 [23]

- If they were Health Care Workers

- Problems in the family context and low-income
households 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) [24,25]

- Ethnic minority (defined as a “human group with
cultural, linguistic, racial values and geographical
origin, numerically inferior compared to the majority
group”) [26].

Sample size

All patients with the 4™ dose who met the criteria for
COVID-19 infection from October 1, 2022, to February 28, 2023,
and who were treated in the general medicine consultation
object of the study, were included. For controls, a random
sample of patients with the 4™ dose and who consulted in the
study object of the study until April 15, 2023, and had not had
COVID-19 infection criteria from the 4th booster until data
collection, was chosen. The size of this sample was calculated
for unpaired case-control studies from data on > = 65 years of
age, for Comparing Two Means, for a Two-sided Confidence
Level (1-alpha) of 95, a Power (% probability of detection)
of 80%, a Ratio of 1:10, a hypothetical proportion of exposed
controls of 4% and hypothetical proportion of exposed cases
of 40%. Thus total Sample Size should be 50; 5 cases and 45
controls [27].

Ethical issues

No personal data of the patients were used, but only group
results, which were taken from the clinical history.

Table 1: Risk factors in COVID-19 infection with fourth dose of vaccines bivalent mRNA.
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Statistical analysis

The bivariate comparisons were performed using the Chi-
Square test (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

From October 1, 2022, to February 28, 2023, 5 cases of
COVID-19 infections in vaccinated people with fourth a dose
were included, which were compared with 52 controls (with a
fourth dose and without COVID-19 after the booster). Mean age
(Arithmetic mean + Standard deviation; Range) in COVID-19
infection in people with the fourth dose was 65.6 + 22.42 (38
- 95 years) and in people with the fourth dose and without
COVID-19 infections 69.21 + 9.48 (38 - 91 years) (t - value =
-0.70392. p = .242226. NS).

Risk factors for COVID-19 infection with 4% dose were:
Women (RR = 1.67; Weak risk: not statistically significant);
Socio-Health Care Workers (RR = 10.39; Strong risk; Fisher
exact test = 0.0349); Chronic Diseases of the blood (RR = 6.9.
Strong risk; Fisher exact test = 0.0322. Significant at p < .05);
Chronic Diseases of Endocrine (RR = 2.72. Strong risk; X2 with
Yates correction= 4.2425. p = .039425); Chronic Diseases of
Circulatory system (RR = 1.87. Moderate risk; not statistically
significant).

They were Protection factor effectively for COVID-19
infection with 4™ dose: > = 65 years (RR = 0.28; Complex
family/ Problems in the family context (RR = 0); Low-income
household (RR = 0); Ethnic minority (RR = 0); Presence of
Chronic diseases (RR = 0.07); Chronic diseases of Neoplasms (RR
= 0); Chronic diseases of Nervous and Senses (RR = 0); Chronic
diseases of Respiratory system (RR = 0); Chronic diseases of
Digestive system (RR = 0); Chronic diseases of Musculoskeletal
(RR = 0.5), and Chronic diseases of Genitourinary (RR = 0.56),
but all of them were not statistically significant (Tables 1,2).

People with a fourth dose and  People with a fourth dose and

Risk factors with COVID-19 infections

without COVID-19 infections*

Statistical significance

Relative risk (Cl 95%)

N=5 N =52
>=65years 2 (40) 38 (73)
Women 3(60) 24 (46)
Socio-Health Care Workers 2 (40) 2 (4)
Complex fam.ily/ Problems in 0 7(13)
the family context
Low-income household 0 1(2)
Ethnic minority 0 1(2)
Chronic diseases 4 (80) 52 (100)

RR = 0.28 (Cl 95%: 3.16, 0.02).
Protection factor effectively
RR =1.67 (Cl 95%: 0, 7251.35).

Fisher exact test = 0.1509. NS

Fisher exact test = 0.6597. NS

Weak risk
Fisher exact test = 0.0349. RR=10.39 (Cl 95%: 1.18,91.4).
Significant at p < .05. Strong risk

RR = 0 (Cl 95%: Infinity, 0).
Protection factor effectively
RR =0 (CI 95%: Infinity, 0).
Protection factor effectively
RR = 0 (Cl 95%: Infinity, 0).
Protection factor effectively
RR = 0.07 (ClI 95%: 2.43, 0).
Protection factor effectively

Fisher exact test = 1. NS

Fisher exact test = 1. NS

Fisher exact test = 1. NS

Fisher exact test = 0.0877. NS

*Taken from a covid-19 sample in the same general medicine consultation object of the current study; (): Denotes percentages; RR: Relative risk; NS: Not significant.
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Table 2: Chronic diseases risk factors in COVID-19 infection with fourth dose of vaccines bivalent mRNA.

Chronic diseases**

(classified according to the

People with a fourth dose and

without COVID-19 infections

People with a fourth dose and
without COVID-19 infections*

Statistical significance

Relative risk (Cl 95%)

ICD-10 Version: 2019) N=5 N =52
-1l Neoplasms 0 12 (5)
-1l Diseases of the blood 2(9) 2(1)
-IV Endocrine 7 (32) 34 (13)
-V Mental 2(9) 22 (8)
-VI-VIIl Nervous and Senses 0 20 (8)
-IX Circulatory system 7(32) 49 (19)
-X Respiratory system 0 15 (6)
-XI Digestive system 1(4) 33 (13)
-XII Diseases of the skin 0 5(2)
-XIIl Musculoskeletal 2(9) 45(17)
-XIV Genitourinary 1(4) 21 (8)
TOTAL chronic diseases** 22 (100) 258 (100)

Fisher exact test = 0.6078. NS

Fisher exact test = 0.0322.
Significant at p < .05.

X2 with Yates correction = 4.2425.
p =.039425. Significant at p < .05.

Fisher exact test = 1. NS

Fisher exact test = 0.3825. NS

X2 with Yates correction = 1.3597.

p =.243594. NS

Fisher exact test = 0.6166. NS

Fisher exact test = 0.4921. NS

Fisher exact test = 1. NS

X2 with Yates correction = 0.5025.

p =.478394. NS
Fisher exact test = 1. NS

RR = 0 (IC 95%: Infinity, 0).
Protection factor effectively
RR=6.9 (IC 95%: 1.25, 37.97).

Strong risk
RR =2.72 (IC 95%: 1.05, 7.05).
Strong risk
RR=1.07 (IC 95%: 0.7, 1.64). Not
significant

RR =0 (IC 95%: Infinity, 0).
Protection factor effectively
RR = 1.87 (IC 95%: 0.66, 5.34).
Moderate risk
RR = 0 (IC 95%: Infinity, 0).
Protection factor effectively
RR =0.34 (IC 95%: 4.78, 0.02).
Protection factor effectively
RR = 0 (IC 95%: Infinity, 0).
Protection factor effectively
RR=0.5 (IC 95%: 3.39, 0.07).
Protection factor effectively
RR = 0.56 (IC 95%: 221.73, 0).
Protection factor effectively

(): Denotes percentages; RR: Relative risk; NS: Not significant; *Taken from a covid-19 sample in the same general medicine consultation object of the current study;
**Patients could have more than one chronic disease; the percentages of chronic diseases are over the total of chronic diseases.

Discussion
Main findings

There were statistically significant risk factors for
COVID-19 infection with the 4™ dose for 1. Being Socio-Health
Care Workers; 2. Presenting Chronic Diseases of the blood; and
3. Presenting chronic Diseases of Endocrine.

It must be taken into account that in Spain, from November
21to 27, 2022, the Omicron percentage stood at 100%. Lineages
BQ.1 and its derivatives of it, including BQ.1.1, accounted for
78.4%; For the BA.4 and BA.5 lineages, the percentages ranged
between 87% and 96.3%, and for the BA.2 lineage, between
0% and 39.9% [20]. On the other hand, In Spain, since April
28, 2022, there was a new “Surveillance and Control Strategy
Against COVID-19” that included the non-performance of
diagnostic tests, which were focused only on those over 60
years of age, immunosuppressed and pregnant women, socio-
health workers and serious cases [28]. The fourth dose began
to be given to the elderly and socio-health workers [7,20,29].
In practice, this meant that patients with symptoms of viral
infections in the community were not tested (and cases were
lost) and that those who were tested were more likely older
patients and socio-health workers.

Comparison with other studies

Throughout the months of September and October 2022,
four vaccines adapted to the new circulating Omicron variants
were authorized in the European Union. These adapted vaccines
are bivalent mRNA vaccines against the parent strain and BA.1
variant and against the parent strain and BA.4/BA.5 variant

of the Comirnaty and Spikevax vaccines [20]. These updated
boosters can help restore protection that has diminished since
previous vaccination and provide broader protection against
newer variants [30].

Numerous reports indicate that the bivalent booster vaccine
against COVID-19 has greater efficacy than monovalentboosters,
reduces the risk of symptomatic infection, provides substantial
additional protection against severe omicron infections, and
elicits higher neutralizing responses, suggesting that it is more
immunogenic than the vaccine original [15,19,31-33].

Data suggest that protection from COVID-19 vaccines
could wane within about six months and even more rapidly for
clinically vulnerable groups, such as cancer patients [34]. But
the durability of immunity is complex. How long the immune
system can fend off SARS-CoV-2 infection depends not only
on how much immunity wanes over time but also on how well
the immune cells recognize their target. And that has more to
do with the virus and how much it mutates. It also depends on
how many people have immunity against a recent infection, ie
the existing levels of immunity in a population [35,36].

Although immunocompromised people account for much
of the decreased protection against severe disease [37], the
bivalent vaccine appears to protect immunocompetent patients
well, and the immunocompromised as well, providing greater
protection against hospital admission for COVID-19 [38-40].
We found that the presence of Chronic Diseases of the blood
and Endocrine, which can be interpreted as an indicator
of immunocompromise, were significant risk factors for
COVID-19 in people with bivalent vaccines.

[P0 ]
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On the other hand, it has been reported that the magnitude
of protection with bivalent boosters was greater among
older adults [41]. Up to 70 days after its application, the
bivalent or Omicron-adapted booster of the vaccine reduces
hospitalizations and mortality in patients older than 65 years
[42]. In our study, we found that being older than 65 years was
a protection factor, although not statistically significant, for
presenting COVID-19 infection with the 4th dose.

We found that being a socio-health care worker was
a strong risk to present COVID-19 with the fourth dose of
mRNA vaccine. Healthcare workers can be considered at risk
due to their increased exposure to SARS-CoV-2. Low vaccine
efficacy against infections in HCWs has been reported, as well
as relatively high viral loads suggesting that those infected
were infectious, so a fourth dose in healthy young HCWs may
have marginal benefits [43-45]. Furthermore, we found that
being a woman implies a weak risk. Possibly in relation to their
frequent role as family caregivers of older adults with chronic
diseases [46-49].

Finally, it is evident that COVID-19 vaccine boosters are
proving a useful tool against omicron, but endless boosting
might not be a practical or sustainable strategy. However,
from the current perspective of booster results, it is inevitable
that further adaptations of the composition of COVID-19
vaccines will be made to address existing and future circulating
variants. Variant-specific reinforcement may be required as
new variants evolve [50,51].

Study limitations
1. Infections were not genetically sequenced

2. The small number of COVID-19 cases may mask the
statistical significance between variables.

3. Follow-upwas short-term and does not allow evaluation
of the duration of the immune response

Conclusion

In the general practice setting in Toledo, Spain, being
a socio-health care worker and having chronic diseases
presumably associated with immunosuppression were
statistically significant risk factors for COVID-19 infection in
people vaccinated with the 4™ dose of bivalent mRNA vaccines.
In a time marked by uncertainty about the risks versus the
benefits of repeated booster doses of the COVID-19 vaccine
(immune system overload vs. efficacy against new variants),
the marginal efficacy of the fourth dose of vaccine increases
protection against infection, symptomatic infection, and severe
outcomes. But the most exposed or immunosuppressed people
continue to be at risk of becoming infected with SARS-CoV-2
despite having received the 4™ dose of the mRNA COVID-19
vaccine, so other preventive methods in these groups are
advisable.
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