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Abstract
Introduction: Discussions on COVID-19 vaccine efficacy and the duration of immunity are relevant to health policy 
intervention. Aims: To assess adherence to SARS-CoV-2 vaccination in healthcare workers (HCWs) and nursing students 
(NS). To determine IgG levels after booster doses and to identify effects of vaccination. Methods: Observational follow-
up study on the impact of COVID-19 and vaccine efficacy in 2021 and 2022. The study population comprised HCWs and 
NS from Albacete (Spain). The sample size was 179 HCWs and 120 NS. Data was gathered using a self-administered 
questionnaire and venous blood samples 6 months after full vaccination and 6 months after the booster dose, in which IgG 
levels against SARS-CoV2 were measured. Univariate statistical analyses and bivariate analyses were performed using 
SPSS (28.0). The project was ap-proved by the Ethics and Clinical Research Committee of Albacete. Results: A total of 
229 individuals completed the questionnaires and participated in the initial analyses (148 HCWs and 81 NSs). Adherence 
to the SARS-CoV-2 vaccination regimen was high (100% in NS and 97% in HCWs). Booster doses were received by 94% 
of the sample. Homologous vaccines were received by 29% and het-erologous vaccines by 71%. IgG levels: 6 months after 
full vaccination, seropositivity was 100% and mean IgG levels were 3,017.2 AU/ml in HCWs and 2,484.62 AU/ml in NS 
(p<0.001). At 6 months after the booster dose the mean IgG levels were 25,789.34 AU/ml in PS and 17,155.07 AU/ml in NS 
(p<0.001). Adverse effects of the vaccines were mild and local, with some present in a high proportion of those vaccinated. 
Conclusions: After vaccination, antibody levels were positive at 6 months and increase considerably after the booster dose, 
remaining high 6 months later. No serious side effects were reported, but a high incidence of mild effects, both general and 
local, was observed.
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Introduction 
In May 2023, the World Health Organisation (WHO) declared 
the end of the "public health emergency of international concern" 
after more than three years of the COVID-19 pandemic, caused 
by the SARS-CoV-2 virus [1]. Mass vaccination is the strategy 
attributed with bringing the pandemic under control and its most 
devastating effects: high mortality rates and the frequency of 
severe cases. 

The impact of the virus has slowed down globally in the last 
six months. The WHO reported 768,187,096 confirmed cases of 
COVID-19 at the end of June 2023, including 6,945,714 deaths. 
At that time, the WHO was still reporting more than 200,000 

new cases per week. Three months later, on 30 November 2023, 
the WHO reported 772,052,752 confirmed cases of COVID-19, 
including 6,985,278 deaths, with new cases falling to 1,163 in 
the last week of November.  Meanwhile, in Europe, a total of 
276,545,745 cases had been confirmed by June 2023, rising 
to 277,810,273 cases by the end of November. According to 
WHO data, a total of 13,595,583,125 doses of vaccine had been 
administered by the same date [2]. 

Healthcare workers suffered greatly during the emergency 
and their commitment was key in dealing with the pandemic, 
administering vaccines, caring for the sick and supporting 
research in various fields [3]. Nursing students are a group 
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of young adults that occupy a special position among health 
personnel, and several cohorts of graduates felt the effects 
of the pandemic in their training. The main effects were the 
suppression of practical activities for several months, a change 
to online teaching during the confinement and blended learning 
in the following year [4].

Spain was one of the first countries in Europe to be affected by 
the COVID-19 pandemic and was obliged to adopt measures to 
both prevent infection and to increase care capacity at hospital 
level, in particular to enhance the capacity of critical care units. 
These changes involved health workers at both primary care and 
hospital level. Many of the measures implemented to respond to 
the pandemic remain in place and will be consolidated with EU 
funding, among which are the creation of a new public health 
authority and improved epidemiological surveillance [5].

The swift availability of vaccines and the widespread vaccination 
coverage achieved in many countries around the world made it 
possible to overcome, within two years, the most severe impacts 
of SARS-CoV-2 in terms of morbidity and mortality. In addition, 
vaccination has prevented the collapse of health systems. 
Although agreement exists on the effectiveness of vaccines 
in preventing COVID-19 mortality and reducing severe cases 
requiring hospitalisation, greater doubts surround the effect of 
vaccines in preventing transmission [6].

Myriad studies have assessed vaccine response in healthcare 
workers from the administration of the first doses in December 
2020 to the present. Humoral response (evaluated by measuring 
IgG and neutralising antibodies) and vaccine efficacy 
(comparing infection rates between vaccinated and unvaccinated 
individuals or between pre- and post-vaccination periods) are 
the two indicators typically considered for vaccine evaluation in 
observational studies [7]. Studies have documented the greater 
robustness and duration of hybrid immunity, i.e., that generated 
in vaccinated individuals who have previously acquired natural 
immunity [8]. Discussion continues, however, on the duration 
of this hybrid immunity and its efficacy against variants such 
as Delta: B.1.617 or VUI-21APR-01 and Omicron B.1.1.529 
[9,10].

The dynamic evolution of the COVID-19 pandemic situation, 
with the emergence of variants of concern, such as the 
abovementioned Delta and Omicron, has driven a continuous 
review and evaluation of medications by national and 
international regulators [11]. The human response to SARS-
CoV-2 vaccines is still far from being fully characterised, and 
thus further studies following the evolution of the humoral 
response are recommended [12]. Debates continue, however, on 
the efficacy of booster doses, the advisability of implementing 
them on an annual seasonal basis, like the flu vaccine, the best 
combination of vaccines and who to consider the most at-risk 
or vulnerable groups that should periodically be given these 
booster doses [13]. 

Since the end of 2020, two types of COVID-19 vaccines have 
been available: messenger RNA vaccines (Moderna and Pfizer) 
and adenoviral vaccines (AstraZeneca and Jansen). These were 
the first to be authorised by the European Medicines Agency, but 

others have since appeared with a slightly different composition 
(inactivated virus or protein). The first Spanish vaccine is called 
Hipra (Bimervax) and was authorised in March 2023. Based on 
protein, it is indicated as a booster dose for persons aged over 
16 years who received an mRNA vaccine at primary vaccination 
[14]. 

Discussions on vaccine efficacy and duration of immunity are 
central to health policy interventions, including the timing of 
vaccine boosters and the most advisable schedules, and thus 
some of the most recent studies refer to follow-up after the third 
or fourth booster dose (7) [15]. Studies have also focused on the 
immunogenicity of heterologous vaccination, which combines 
different types of vaccines, versus homologous vaccination, 
in which the same vaccine is used for all doses, including the 
booster [16].

This study addresses the duration of humoral immunity from six 
months after the full vaccination schedule to six months after 
the booster dose in a HCWs with and without hybrid immunity. 
We explore vaccination adherence in healthcare workers, the 
effects of vaccines and factors affecting levels immunity, both 
those related to individuals and those associated with the types 
of vaccines received and how they are combined in the different 
doses.

2. AIMS
2.1 General 
To determine the level of acquired immunity generated by 
SARS-Cov-2 vaccination in healthcare workers.

2.2 Specific
- To monitor vaccine response after booster doses.
- To identify variations in the immune response according to 
the combination of vaccines administered (homologous and 
heterologous).
- To identify differences and establish factors related to immunity 
in both population groups. 
- To identify the side effects of the vaccines against SARS-CoV-2 
and their evolution according to dose and vaccination schedule.

3. Methods 
Design: This was an observational follow-up study on the 
efficacy of vaccines in healthcare workers during 2021 and 2022. 
It addresses the question of COVID-19 incidence, acquired 
immunity, vaccination adherence and the impact of SARS-
CoV-2 vaccines in healthcare workers and nursing students. The 
study was carried out in two towns in the region of Castilla-La 
Mancha (Spain).

Population: Workers from the health area of Almansa (HCWs) 
and nursing students (NS), with an initial population of 620 
individuals from the Integrated Care Management (ICM) 
of Almansa and 230 students from the Faculty of Nursing 
in Albacete (2nd-, 3rd- and 4th-year students). The sample 
size was calculated for a confidence level of 95% NC, an 
estimated error of ±0.03 and an estimated proportion of 95%. 
To this number, we added 10%, estimating possible losses. The 
resulting sample size was 179 persons for HCWs and 120 for 
NS. Simple random sampling (SRS) was carried out, using the 
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corporate mailing lists provided by the ICM of Almansa, and 
the persons selected were invited to participate in the study, by 
means of an informed consent form. Those that failed to respond 
or declined to participate were replaced by others from the same 
population. The final sample of persons recruited and who took 
part participating in the study comprised 150 individuals from 
the ICM of Almansa (representing 83.8% of the initial sample) 
and 81 nursing students (67% of the initial sample, selected in 
this case in a convenience sample). In the student population, 
participation was requested of those who had had contact with 
patients, and participation was thus limited to students enrolled 
in the 2nd, 3rd and 4th years in 2021, since 1st-year students 
receive no practical training at clinical centres.

Sources of information: Data were gathered using a self-report 
questionnaire and a venous blood sample to determine IgG levels 
collected 6 months after full vaccination and 6 months after the 
booster dose. The fieldwork lasted 18 months, from June 2021 
to October 2022.

Study variables: sociodemographic, clinical, epidemiological 
and employment data, SARS-CoV-2 vaccination, vaccine 
adherence, side effects and IgG levels against SARS-CoV2 at 6 
months and 6 months after the third dose. 

The questionnaire was designed by the research team, using 
WHO-validated classification criteria. It was subjected to 
the review of experts and an initial pilot test was performed 
to ensure the items were easily understandable. The English 
version of the questionnaire may be requested from the authors. 
The questionnaire was administered at the start of the study, with 
certain items being updated at the follow-up measurement or 
being recorded according to the time of the study (e.g. date and 
type of vaccination, SARS-CoV-2 infection or change of habits).

Determination of SARS-CoV2 serum IgG levels: the Alinity i 
SARS-CoV-2 IgG II Quant assay (Abbott ®) was performed 
on all samples. It is based on a chemiluminescent microparticle 
immunoassay (CMIA) that qualitatively and quantitatively 
determines IgG antibodies against the receptor binding domain 
(RBD), located in spike protein subunit 1 (S1) of SARS-CoV-2.  
The sensitivity reported by the laboratory is 100% and specificity 
is 99.9%. The unit of measurement is AU/ml (arbitrary units per 
millilitre). A positive antibody response was considered at an 
IgG level ≥ 50 AU/ml [17].

Analysis: A descriptive univariate analysis was performed using 
measures of central tendency and dispersion for the continuous 

variables and absolute and relative frequencies for the categorical 
variables. We calculated 95% confidence intervals. The main 
variables were tested for normality distribution. The bivariate 
analysis was conducted using the corresponding tests: Chi-
squared for comparison of proportions, t-Student for comparison 
of means in two groups, ANOVA for comparison of means in 
n-groups, the non-parametric Kruskal-Wallis and Mann-Whitney 
tests when the conditions for the use of parametric tests are not 
met and the Wilcoxon signed-rank test for paired samples. Due 
to the non-normal distribution of IgG values, logarithms were 
taken, and geometric means were calculated, and then bivariate 
analysis and group comparisons with parametric tests were 
performed (Student’s t-test, ANOVA…) or the bivariate analysis 
was conducted using the non-parametric Kruskal-Wallis and 
Mann-Whitney tests. Bilateral comparisons were used with 
a significance level of p<0.05. The data were processed and 
analysed using SPSS® IBM 28.0. 

Ethical considerations: The project was approved by the Ethics 
and Clinical Research Committee of the corresponding health 
area. It was also approved by the SESCAM (Castilla-La Mancha 
Public Health Service), Code 2021-27 prospective observational 
study, on 11 June 2021. It was published in the Spanish Registry 
of Clinical Studies (ReeC) as is compulsory for studies with this 
type of design. All the participants were informed that personal 
data would remain confidential, and gave their signed consent 
for participation. The samples were anonymised. The researchers 
declare they have no conflicts of interest.

4. Results
A total of 229 individuals completed the questionnaires and 
participated in the initial analyses (148 HCWs and 81 NS). 
Table 1 shows the descriptive data for the population, exposure 
to COVID-19 and the vaccines administered. The basic 
demographic characteristics of the population are as follows: the 
mean age of HCWs is 46.45 years; 76% female; 85.1% work at 
hospitals; 34% nurses, 28% practical nurses and 13.6% doctors 
with an average professional experience of 17.9 years. The mean 
age of the NS is 21.85 years; 90.1% female; the distribution by 
year of enrolment is 54.3% from the 3rd year, 19.8% from the 
2nd year and 25.9% from the 4th year.  The population at the 
last follow-up is 187 (81.7% of the initial population). Although 
the students shared exposure to occupational risk with HCWs, 
the time and intensity of exposure were different. Therefore, the 
students represent a subgroup within the HCWs with different 
systemic characteristics for the study of SARS-CoV-2, its 
incidence and prevention. It was thus decided to present the two 
groups results separately. 
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Total 
population 
(n=229)

HCWs (148) NS (81)

Age (years):
Min- Max 18.88 – 65.92 24.11 – 65.92 18.88 - 46.62
Mean (SD) 37.97 (14.62) 46.45 (9.89) 21.85 (4.64)
Sex (% Female) 81.2 76 90
Occupational exposure to
COVID-19 patients (%) 62.4 83.1 42.5
CoVID-19 infection (%)
Had COVID-19 in 2020 22.6 25.5 17.3
Infection 2021-22 (18m) 41.9 40.9 40.3
Vaccinated against SARS-CoV-2 Schedule (%) 
Received 3rd dose (booster) (%)

98.7
94.3

97.3
93.6

100.0
95.4

Vaccine adherence (%)
Previous influenza vaccination (*)
Influenza vaccination 2020-21

43.0
59.7

51.8
62.4

27.5
55.0

Types of vaccines received (%):
Pfizer/BioNTech 82.5 100.0 51.9
AstraZeneca 16.6 0.0 45.7
Moderna 0.9 0.0 2.5
Types of vaccines received as booster doses (%
Pfizer/BioNTech 46.3 17.6 93.5
AstraZeneca 1.2 1.0 1.6
Moderna 52.4 81.4 4.8
Note: HCWs = Healthcare workers; NS= Nursing students. (*) Significant differences. Pearson’s chi-
squared=12.63; p <0.001

Table 1: Description of population. Exposure to COVID-19 and vaccination in HCWs and NS

4.1 Occupational Exposure to COVID-19 and Vaccination
Of the HCWs, 83.1% had contact with actively infected 
individuals and the work positions of 21.9% were changed in 
2020. In the NS, exposure to actively infected individuals during 
clinical practice was lower (42.5%). 

In the initial vaccination schedule, 96.7% of the HCWs were 
vaccinated (100% with Pfizer/BioNTech) and 100% of the 
NS were vaccinated (Pfizer 51.9%, AstraZeneca 45.7% and 
Moderna 2.5%). As regards booster doses, Moderna and Pfizer/
BioNTech vaccines were primarily administered. Table 1 shows 
the descriptive data for the population, exposure to COVID-19 
and the vaccines administered.

High adherence to the SARS-CoV-2 vaccination schedule can be 
observed (100% in NS and 97% in HCWs in the initial two-dose 
schedule), although 2% of HWCs delayed the first dose. In the 
case of the booster, the number of individuals vaccinated with 
this dose fell slightly below 100% in both groups (93-95%).

When compared with adherence to the influenza vaccine, which 
has long been recommended for healthcare personnel, adherence 

is lower, although with differences between the groups, being 
higher in the HCW group and somewhat lower in the NS group.  
There is an increase in the percentage of NS vaccinated against 
influenza in the 2020-21 campaign compared to previous years.

4.2 Levels of Acquired Immunity and Changes After the 
Booster Dose
IgG levels and vaccine effects: At 6 months after full vaccination, 
100% seropositivity and mean IgG levels are 3,017.2 AU/ml in 
HCWs and 2,484.62 AU/ml in NS (non-significant differences).  
IgG levels for the overall population are 2,825.72 AU/ml on 
average with a median of 1,182 AU/ml and values ranging from 
40 AU/ml (minimum) to 36.644 (maximum).

At data collection to assess IgG levels 6 months after the 
booster dose, the available sample comprised 187 participants, 
representing an 18.3% loss with respect to the initial population. 
At 6 months post-booster, mean IgG levels show much higher 
values, with mean IgG values of 22,741 AU/ml (6.9 times the 
mean of the previous measurement); with a median of 16,277.4 
AU/ml and values ranging from 494.4 to 80,000 Au/ml. 
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Healthcare workers 
(HW) Ig G 6 m vacc

Nursing students 
(NS)    Ig G 6 m vacc

Healthcare workers (HW)   
Ig G 6 m after booster

Nursing students (NS)    
Ig G 6 m after booster

Total participants (n) 141 79 121 66
Mean IgG
(95% CI)

3,017,40
(2124.48 -3,910.31)

2,484.62
(1,590.13 -3,379.10)

25,789.34
(23,832.97 – 27,445.71)

17,155.07 
(15,474.85 – 18,835.29)

SD 5,362.91 3,993.45 21,520.13 13,650.19
Minimum value 62.6 87.7 494.4 2,132.8
Maximum value 36,644.7 24,91.,4 80,000.0 66,829.9
Log10 IgG Mean 
(SD)

3.148 (0.5) 3.087 (0.5) 4.238 (0.4) 4.091 (0.3)

The mean Log IgG at 6 months after full vaccination is compared:
Mean Log IgG at 6 months between the two groups:  
t- Student= -0.862 p =0.195 

The mean Log IgG at 6 months after the booster 
dose is compared:
t- Student= -2.276 p =0.02 Significant differences

Table 2. Acquired immunity: IgG levels in vaccinated population 6 months after full vaccination and 6 months after the 
booster dose.

An analysis of the variations in the two study populations shows 
the mean 6-months post- booster IgG levels are 25,789.34 AU/
ml in HCWs and 17,155.07 AU/ml in NS (significant differences 
p<0.001). These variations, which can be seen in Table 2, 
represent 6.9 times the mean IgG in nursing students and 8.5 
times the mean IgG data in healthcare workers, compared to the 
measurements taken 6 months after full vaccination. The mean 
IgG values with the booster dose shows a Sharp increase. The 

students, nonetheless, present significantly lower mean values 
than the healthcare professionals.

The first booster dose raised IgG levels by 590% to 755% in the 
two study groups. Graph 1 shows these changes and provides 
data on both the concentration of the average values (log 
IgG) and their dispersion in both groups, differences that are 
statistically significant, as shown in Table 2.

Graph 1: Differences between IgG levels (Log IgG) against SARS-CoV-2 in NS and HCWs, measured 6 months after full vaccination 
and 6 months after the booster dose. 

We also compared the mean IgG values against SARS-CoV-2 in 
the repeated measures of individuals in both groups at 6 months 
after full vaccination and the measures at 6 months after the 
booster dose. This comparison, performed using the Wilcoxon 
signed-rank test for paired samples, also reflects the notable 
differences in the results: Z= -8.75, p<0.001 for HCWs and Z=-
6.574, p<0.001 for NS.

5. Immunity-Related Factors
Of the factors analysed and reported in other studies, only 

a history of COVID-19 (so-called hybrid immunity) and 
smoking generated significant variations in IgG levels in the 
measurements taken.  As  shown in Table 3, neither moderate 
alcohol consumption nor age is associated with significant 
variations in measurements in either group. However, when 
assessing variations after the booster dose, the inverse 
relationship between IgG levels and smoking is not confirmed 
and the only association that continues to be found is a statistically 
significant relationship between a history of COVID-19 
and a higher IgG level in the group of healthcare workers.
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Sex (mean) Healthcare workers (HCWs)                              
(n) IgG 6 m vacc

Nursing Students (NS)
(n) IgG 6 m vacc

Healthcare workers 
(HCWs) (n) IgG 6m 
booster

Nursing Students (NS) 
(n) IgG 6 m booster 

Female
Male
Statistic and p-value

(106)  2,782.91
(35) 3,727.57
t-Student *=1576.50 p=0.184

(71) 2,546.62
(8) 1,934.38
Mann-Whitney U test 
=272.0 p=0.845

(92) 24,827.92
(29) 28,839.35
Mann-Whitney U test 
=1,227;  p=0.516

(60) 17,942.37
(6) 9,282,37
Mann-Whitney U test=92,0; 
p=0.049

Smoking HCWs
n (%); IgG 6m vacc

      NS                             
 n (%); IgG 6m vacc

HCWs
6m post-booster 

NS
6m post-booster 

Non-smokers
Smokers
Ex-smokers
Statistic and p-value

75(50%); 3,912.23
25(16.7%); 1,267.7 
42(28.0%); 2,701.7
K-Wallis= 9.916; p= 0.007

69(85%); 2,632.54
7(8.6%); 1,113.42
5(6.2%); 2,422.10
K-Wallis= 2.256; p=0.324

(56) 27,673.90
(21) 20,897.21
(22) 27,570.88
K-Wallis=1.160
p=0.560

(53) 16,133.16
(8)    23,074.57
(4)    19,495.52
K-Wallis=0.998
p=0.607

Alcohol consumption HCWs
n (%); IgG 6m vacc

NS 
n (%); IgG 6m vacc

HCWs
6m post-booster 

NS
6m post-booster 

Never
Infrequent
Occasional
Weekly
Statistic and p-value

12 (8.8%); 2,192.6
61 (48.5%); 3,437.27
40 (29.4%); 2,,680.06
16 (13.2%; 4010.66
K-Wallis= 0.891;
p= 0.828

7 (8.6%); 3,679.47
20(24.7%);3,267.58
46 (59.3%) 2,118.39
6 (7.4%) 1,288.55
K-Wallis= 3.706;
p= 0.295

11(11.5%);41,312.4
45 (47.9%);19,880.5
25 (27.1%);32,369.9
13 (13.5%);35,102.9
K-Wallis= 10.918;
p= 0.012

8 (12,1%); 17,495.6
19 (30,3%)18,139.9
37(56,1%);19,966.9
1 (1,5%); 5,232,2
K-Wallis= 2.424;
p= 0.489

Occupational 
exposure to 
COVID-19

HCWs
n, IgG 6m vacc

NS 
n; IgG 6m vacc

HCWs
6m post-booster 

NS
6m post-booster 

Yes
No
Statistic and p-value

(107) 2,112.61
(22) 7,232.53
Mann-Whitney U test = 
937.00; p=0.133

(30) 2,086.91
(41) 2,467.81
Mann-Whitney U = 
599.000; p= .852

(91) 25,611.33
(20) 30,113.11
Mann-Whitney U test = 
795.50; p=0.380

(24) 17,618.34
(34) 16,628.82
Mann-Whitney U test = 
395.5; p=0.844

COVID-19 history HCWs n; IgG 6m vacc  NS n; IgG 6m vacc HCWs
6m post-booster 

NS
6m post-booster 

Yes
No
Statistic and p-value

(33) 7,520.05
(101)1,567.62
Mann-Whitney U test = 676.0; 
p = 0.000

(9) 3,802.72
(65) 2,326.04
Mann-Whitney U test = 139;  
p=0.011

(45) 31,660.37
(64) 22,735.11
Mann-Whitney U test = 
1,023.5; p < 0.01

(26) 18,552,55
(39) 15,690,65
Mann-Whitney U test = 
388.0; p=0.111

IgG mean values expressed in AU/ml – The comparison statistic and p-value are shown. (*) the comparison was performed using the mean log of IgG. 
Source: own preparation. Population from the ICM of Almansa (HCWs) and the Albacete UCLM Faculty of Nursing (NS).

Table 3: Shows these differences as well as the results for the level of antibodies against SARS-CoV-2 in our participants, 
according to the final combination of vaccinations after booster doses

6. Variations in Immunity According to Combination of 
Vaccines
Significant differences were found in the mean IgG levels 
according to the type of vaccine received in the initial vaccination 
schedule in the group of nursing students that were given different 

types of vaccine (BioNTech/Pfizer and Oxford/Astra-Zeneca), 
as can be seen in Table 4A. The mean IgG values generated by 
the BioNTech/Pfizer vaccine are, on average, higher or remain 
higher at 6 months after full vaccination than among those that 
received the Oxford/Astra-Zeneca vaccine.

Type of vaccine in initial schedule HCWs
n (%); IgG 6 m vacc (Mean)

NS
n (%); IgG 6 m vacc (Mean)

BioNTech/Pfizer
Oxford/Astra-Z
Moderna
Statistic and p-value

137 (100); 3,041.46 AU/ml
-
-
-

42 (52%); 2,859.86 AU/ml
35 (43%); 1,795.26 AU/ml
2 (2.5%); 6,688.30 AU/ml
Mann Whitney U test= 435.00; 
p=0.002(**)

IgG mean values expressed in AU/ml – The comparison statistic and p-value are shown.  (**) In 
the comparison of means, the two Moderna cases were discarded (n<5). Source: own preparation. 
Population from the ICM of Almansa (HCWs) and the Albacete UCLM Faculty of Nursing (NS).

Table 4A. Acquired immunity in HCW and NS post-vaccination. Type of vaccines and IgG levels at 6 months after complete 
vaccination.
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 Healthcare workers Healthcare workers Nursing students Nursing students
Vaccination schedule BioNTech/Pfizer + 

BioNTech/Pfizer
BioNTech/Pfizer + 
Moderna

Oxford/Astra-Zeneca + 
BioNTech/Pfizer

BioNTech/Pfizer + 
BioNTech/Pfizer

N (number of 
participants)

15 81 27 29

Mean IgG anti-SARS-
CoV-2

27,802.98 26,447.05 9,051.44 25,205.42

CI for the mean (95%) 23,462.83 – 32,143.13 24,035.23 – 28,858.87 8,029.18 – 10,073.7 22,414.73 – 2,7996.21
SD 1,6809.32 21,706.43 5,311.81 15,028.84
Median 33,199.60 18,817.90 7,269.00 28,807.50
Interquartile range (IQR) 50,232.60 78,955.40 20,521.00 62,729.90
Statistical tests Mann-Whitney U test= 548.0

p= 0.548 (non-significant differences)
Kruskal-Wallis test= 18.53
p< 0.001 (*)

IgG mean and median values expressed in AU/ml. Vaccination schedules with <5 were discarded. The comparison statistic and p-value 
are shown. (*) Significant differences.

Table 4B. Acquired immunity with booster dose. Combination of vaccines and IgG levels in vaccination population 6 months 
post booster

Table 4B shows the results of the anti-SARS-CoV-2 IgG 
measurements in participants after the booster dose, according 
to the different vaccine combination patterns.  There are only 
three feasible vaccine combinations for statistical analysis.

Table 4B shows the IgG levels 6 months post booster dose, where 
it can be seen that the homologous combination with BioNTech/
Pfizer (Pfizer + Pfizer) shows the highest IgG values. Table 4B also 
shows that the homologous vaccination (Pfizer + Pfizer) yields 
similar mean values to the heterologous vaccination (Pfizer + 
Moderna), as can be seen from the comparison of measurements 
in healthcare professionals that received this combination of 
vaccines, where there are no significant differences.

The variations in the mean IgG values according to the vaccine 
schedules can be seen in the measurement 6 months post-booster 
in the nursing student group: the IgG values of the students 
differ significantly depending on whether they received the AZ 
+ Pfizer combination or Pfizer + Pfizer the combination. The 
mean values of IgG against SARS-CoV-2 are much higher on 
average with the homologous vaccination of the double dose 
with Pfizer, while in the Oxford/AstraZeneca combination, the 
mean antibody values are lower (p<0.001).

7. Adverse Effects of Booster Dose Vaccines
The side effects of the vaccines are mild and local in most cases, 
with little variation attributable to vaccine type. Table 5 shows 
the distribution of these side effects, by vaccine type in the 
booster dose.

The side effects of the third dose (booster) of the SARS-
CoV-2 vaccines are mild and local symptoms are generally 
predominant. For example, local pain affects more than half 
of those who received BioNTech/Pfizer (52.6%) and 45.1% of 
those vaccinated with Moderna 82. Redness and local itching at 
the injection site are common after the booster dose and the only 
symptom presenting a significant difference in the proportion 
affected is pain in the limb (39.5% of those vaccinated with 
BioNTech/Pfizer and 17.1% of those given a dose of "Moderna 
82".

General malaise, fever and chills are common general symptoms. 
General malaise is reported in more than a third of those who 
received booster doses; more than 20% had fever and between 
9% and 22% had chills. Drowsiness and tiredness also affected 
9.8% of those given Moderna and 14% of those vaccinated with 
BioNTech/Pfizer. No serious side effects were reported in either 
of the groups under study. 
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 Type of booster dose vaccine
BioNTech/Pfizer  Moderna 82

N (nº of participants) 71 98
Organ and system involvement: 
- Adverse reaction

Number of cases 
(n) and % of those 
vaccinated 

Number of cases (n) and % 
of those vaccinated 

Disorders of the blood and lymphatic system:   
-Lymphadenopathy   5 (6.6%) 7 (8.5%)
Immune system disorders: - Anaphylaxis
 - Hypersensitivity  

0
0

0
0

Psychiatric disorders: - Insomnia 1 (1.3%) 2 (2.4%)
Nervous system disorders: 
- Dizziness
- Facial paralysis 
- Drowsiness/ Tiredness 
- Paresthesias 

3 (3.9%)                                                             
0                                                                         
11 (14.5%)                                                           
0

0                                                                             
0                                                                            
8 (9.8%)                                                               
1 (1.2%)

Gastrointestinal disorders:
- Nausea
- Diarrhoea / Vomiting

                                                                         
2 (2.6%)                                                         
3 (3.9%)

                                                                               
5 (6.1%)                                                                           
2 (2.4%)

Musculoskeletal and connective tissue disorders:                                           
- Limb pain   (*)
- Arthralgia
- Myalgia

30 (39.5%)                                                    
5 (6.6%)                                                                  
9 (11.8)

14 (17.1%)                                                                 
8 (9.8%)                                                                     
11 (13.4%)

General disorders and local disturbances at the injection 
site:
- General malaise
- Fever / Febrile Fever
- Local pain
- Fatigue
- Chills / Shivers
- Local swelling
- Local redness
- Itching at injection site

                                                                         
29 (38.2%)                                                       
17 (22.4%)                                              
40 (52.6%)                                                         
6 (7.9%)                                                       
7 (9.2%)                                                          
15 (19.7%)                                                
7 (9.2%)                                                               
1 (1.3%)        

                                                                                    
27 (32.9%)                                                                     
18 (22%)                                                                  
37 (45.1%)                                                                   
5 (6.1%)                                                                   
18 (22.0%)                                                               
15 (18.5%)                                                            
10 (12.5%)                                                                    
2 (2.4%)

Skin and subcutaneous tissue disorders:                                   
- Hyperhidrosis
- Generalised exanthema
- Generalised itching

                                                                                                        
1 (1.3%)                                                          
1 (1.3%)                                                            
0

                                                                                    
0                                                                                         
1 (1.3%)                                                                       
0

Metabolic and nutritional disorders:                                   
- Decreased appetite

                                                                          
3 (3.9%)

                                                                                      
0

Other (specify):
-  Menstrual disorders
- Elevation of blood pressure
- Headache

                                                                             
0                                                                        
0                                                                       
0

                                                                              
1 (1.3%)                                                               
1 (1.3%)                                                                       
0

(*) Significant differences. Pearson’s Chi-squared: 10.27; p= 0.006. Source: own preparation. Population from the 
ICM of Almansa (HCWs) and the Albacete UCLM Faculty of Nursing (NS).

Table 5. Adverse effects after booster dose. Distribution by vaccine type 

8. Discussion
Much work remains to be done to fully elucidate the 
characterisation of the human response to COVID-19 vaccines. 
It is thus of interest to study the humoral response and to decide 
whether booster doses and seasonal vaccination campaigns will 
serve to definitively control the pandemic [12]. This debate is 
still ongoing despite COVID-19 no longer being an international 
health emergency.

Since the appearance of the Delta variant of SARS-CoV-2, 
a large number of infections have been detected in healthcare 
workers. Therefore, vaccinating healthcare workers with a 
booster dose has been recommended due to the concern about 

these breakthrough infections, which would then continue to 
be more numerous with the Omicron variant, as reported in the 
study by Yang et al [18].

Despite the impact of the pandemic on HCWs' work performance 
and overall health, adherence to pandemic prevention measures 
is high. In our study, vaccination adherence was more than 95% 
for the first doses and over 93% for the booster dose. We found 
high adherence to the vaccination programme, although 2% of 
our participants delayed the first dose. Those who expressed 
doubts or refused the initial vaccination were typically hesitant, 
with the respondents’ main concern being safety or possible side 
effects [19].
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The effectiveness of the vaccines is demonstrated both by the 
level of IgG after vaccination and by comparing the incidence 
to assess the extent to which they prevent and protect against 
infection. Our data show that the percentage of individuals that 
were infected initially declined sharply (85% less) between 2020 
and 6 months after full vaccination, but then increased notably 
in 2021 and 2022, to around 40% infected in 18 months [19,20].  
The increase in infections in 2022 that support the evidence 
that the monovalent vaccine did not protect individuals from 
infection by other SARS-CoV-2 variants such as Omicron, 
which was prevalent that year. On the other hand, the differences 
in risk exposure in HCWs and NS are observed although the 
post-vaccination rate of infection was similar. It is possible 
that the lower occupational exposure rate and the restrictive 
measures in 2020 correspond to a lower infection rate in NS than 
in HCWs. However, after vaccination, the relaxation of isolation 
measures and the spread of the Delta and Omicron variants the 
sources of infection diversify and non-occupational exposure 
(family, contacts with friends) multiplies, such that in 2021-2022 
infection rates are similar in both groups. In the same line, the 
study by Arashiro (2023) evaluates the efficacy of the vaccines 
in the period of the Delta and Omicron variants, quantifying 
the decreased incidence rate in vaccinated individuals. This 
decrease was 88% in the case of Delta 3 months after the second 
dose of vaccination, while during the period of Omicron the 
vaccine effectiveness fell to 56% after the second dose and to 
52% 6 months after the second dose. Following the booster dose, 
however, vaccine efficacy rose to 74% [9].

Post-vaccination, antibody levels are positive at 6 months 
and rise considerably after the booster dose, remaining high 6 
months later. In our findings, the first booster dose increases 
IgG by 590% in NS and 755% in HCWs, the two groups in our 
study, in line with other works. Differences in humoral response 
were different in the study populations at 6 months after the 
booster dose. We attribute these differences to the different 
vaccination schedules received by NS and HCW, in part as well 
as to differences in SARS-CoV-2 exposure throughout the study. 
Canetti et al. conducted a large prospective cohort study of 
healthcare workers and evaluated vaccine efficacy and humoral 
response after booster doses in a period when Omicron was the 
predominant variant in Israel. They concluded that a third dose 
of BNT162b2 vaccine led to an improved, sustained immune 
response compared to the results of IgG measurements after 
the second dose. Nonetheless, the additional immunological 
benefit of the fourth dose was much smaller and had completely 
diminished by 13 weeks post-administration [7].

The changes in immunity after booster doses provide clear 
evidence of increased IgG levels in the groups in our study. 
The variable effectiveness of COVID-19 vaccines across 
different demographic groups is a phenomenon corroborated by 
research [21,22]. The study by López Bernal et al. reveals that 
healthcare workers may have different efficacy rates compared 
to other segments of the population, thus underscoring the need 
to consider the specific characteristics of each population when 
designing vaccination strategies. We have not noticed differences 
in SARS-CoV-2 infection incidence on the basis of IgG titre, 
although we did find an association between hybrid immunity 
and higher IgG levels.

In assessing the efficacy of vaccines in generating immunogenicity, 
studies have addressed the differences in vaccination regimens 
and factors modifying the immune response, both in the initial 
schedule and in subsequent booster doses. The follow-up study 
by Moore et al [13]. on a cohort of healthcare workers who 
received different vaccination schedules concluded that humoral 
and cellular immune responses are well maintained over time 
- particularly in individuals with combined vaccine-induced 
and infection-induced immunity ("hybrid" immunity)- and may 
contribute to continued protection against severe disease [13].

Mojadadi et al., in their review of the efficacy of homologous 
and heterologous vaccines after the third dose, suggest that 
mRNA vaccines in a homologous regimen induce stronger 
antibody responses against SARS-CoV-2 compared to other 
vaccine schedules. In contrast, viral vector and inactivated 
vaccines show satisfactory immunogenicity in a heterologous 
regimen, especially in combination with mRNA vaccines  [16]. 
Our results show that mRNA vaccines yield better antibody 
responses in both homologous (Pfizer + Pfizer) and heterologous 
(Pfizer + Moderna) regimens, which was evidenced by the 
comparison with a group of nursing students who received 
AstraZeneca (adenoviral vaccine), which generated significantly 
lower antibody responses after initial vaccination with AZ and 
after the heterologous regimen (AZ+Pfizer) in booster doses. 
Barros-Martins et al. (2023) bring attention to the challenges 
and call for further research to fully understand the long-term 
risks and benefits of these heterologous combinations. They 
highlight the positive immunogenicity, while also underscoring 
the importance of cautious evaluation prior to implementation 
[23].

Pani et al. (2022) examine the antibody response to COVID-19 
booster vaccination. Their findings evidence universal efficacy 
in the study population, with a significant increase in antibody 
titres post-booster. Certain factors, such as gender, age and 
previous booster titres influenced the antibody response, 
although post-booster titres were similar in all subgroups. Their 
study corroborates the effectiveness of the BioNTech booster 
dose, regardless of the type of pre-booster vaccine [11].

The systematic review by Sadeghalvad et al. (2023) evaluates 
studies on the efficacy of vaccines in healthy individuals and 
in those with underlying diseases. Almost all the vaccines 
investigated were well tolerated and generated effective immune 
responses. The authors highlight the possibility of inducing 
higher antibody responses with longer intervals between doses. 
Although adverse effects were observed, vaccine efficacy 
prevailed [24].

In short, the existing research supports the idea that the 
effectiveness of COVID-19 vaccines varies across demographic 
groups, including healthcare workers. Additionally, vaccine 
combinations represent a promising strategy, although further 
research is needed to address outstanding questions regarding 
their long-term safety and efficacy. These findings underline 
the importance of tailoring vaccination strategies to maximise 
protection in specific groups and of actively adapting to the 
evolving epidemiological situation.
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A cohort study conducted in Thailand reported no cases of severe 
COVID-19 with the third dose during the Delta period or with 
the fourth dose during the Omicron period. All the vaccine types 
used for the booster dose in Thailand boasted similar protection 
against severe COVID-19. The authors concluded that the 
booster doses provided a high level of protection against severe 
COVID-19 outcomes and that booster campaigns should focus 
on enhancing coverage, using all available vaccines to ensure 
optimal protection [25].

Regarding the factors associated with IgG levels after a booster 
dose, Padoan et al. (2022) assessed the post-booster decline 
in humoral immunity in individuals (healthcare workers) with 
homologous vaccination 3-4 months after administration, 
conducing that elevated IgG levels persist 3-4 months subsequent 
to the booster dose and that their decline is less pronounced over 
time in COVID+ individuals [26]. These data run counter to our 
results as regards IgG levels 6 months after the booster dose, but 
coincide on the associated factor, that is, a history of COVID-19 
infection.
The study by Haveri (2023) compared the effect of the 
third dose of vaccine in healthcare workers and older adult 
population, both of whom were exposed to infection with the 
Omicron variant. Post-booster, healthcare workers showed 
high IgG concentrations, while levels were lower in the older 
adult population. The lower titres in frail older adults suggest 
inadequate protection against breakthrough Omicron infections 
although protection against severe COVID-19 is expected [27].

Other factors under study that may impact the immune response 
to the vaccine, such as gender, smoking or side effects of the 
vaccine, are not confirmed in all research. Older age groups 
and daily consumption of alcohol, however, were significantly 
associated with lower IgG levels in a study of healthcare workers 
(Ikezaki et al, 2022), leading the authors to propose additional 
vaccine doses for these risk categories [28]. Our findings show 
neither age nor risk habits (regular alcohol consumption or 
smoking) are associated with variations in IgG levels measured 
6 months post-booster dose, despite smoking having been 
associated with lower IgG levels in previous measurements (6 
months after full vaccination) [20].

The greater the time that elapses between vaccination and 
infection, the more immunity against COVID-19 appears to 
increase. This suggests that longer intervals between vaccine 
doses and booster doses may improve the immune response, as 
reported in the findings of Bates et al (2023): "Neutralizing titers 
were significantly improved for those with longer vaccination-
infection intervals of up to 400 days, compared with those with 
shorter intervals". However, the authors state that further studies 
are needed to establish whether vaccines can elicit the same 
level of response and durability provided by hybrid immunity 
and suggest that the best strategy for long-term protection 
arguably involves the addition of alternative vaccine types that 
better mimic natural infection [29].

Concern about the adverse effects of the vaccines has been 
ongoing since the beginning of the SARS-CoV-2 vaccination 
schedule. Rashedi et al. already raised doubts about the 
efficacy and extent of side effects at the end of the first year 

of the availability of vaccines. Their study underlines that some 
undesirable effects of vaccinations had limited (and interrupted) 
vaccination in countries where not all types of vaccines were 
available. The authors also referred to the possibility of a strategy 
of mixing vaccines (a vaccination schedule with different types 
of vaccines) being a better way to deal with the problems of 
adverse effects, and there was already discussion at that time 
about heterologous vaccines in the first and second doses of the 
vaccination process [30].

Vaccine safety has been assessed by estimating the presence 
of adverse effects and showing the incidence of these after 
different doses. For example, a study by Copona Olmos in 2022 
found adverse effects in immunised workers in 8.2% of cases 
at the first dose and 9.5% at the second dose [8]. In our study, 
the different adverse effects depending on the type of vaccine 
were primarily observed after the first and second doses of the 
vaccines, generating mild local and general effects in a large 
proportion of the population, with and with significant variations 
according to vaccine type [19].
Given the immunity provided by SARS-CoV-2 vaccines rapidly 
declines, doubts have recently been raised about their ability 
to prevent recently been questioned. Additionally, evidence is 
growing that, as with many other vaccines, they do not produce 
sterilising immunity, meaning individuals may suffer frequent 
reinfections. In addition, recent studies have found abnormally 
high levels of IgG4 in persons that were administered two or 
more injections of the mRNA vaccines. This has given rise 
to new concern that increased IgG4 synthesis resulting from 
repeated vaccination with mRNA with high concentrations of 
antigen may also cause autoimmune diseases, and foster the 
growth of cancer and autoimmune myocarditis in susceptible 
individuals, as reported by UbersKi et al. in a recent publication 
[31]. 

There is discussion in the scientific community as regards 
the relative efficacy of the vaccines available against the new 
variants of COVID-19 and the need to carefully select the 
groups to whom booster doses should be recommend. Future 
booster doses should be prudently programmed to coincide with 
waves of the virus or to be available seasonally, as is done with 
the influenza vaccine. It remains to be seen whether multivalent 
booster doses will result in increased durability of immunity, as 
suggested by Cannetti et al [7]. 

As is clear, the general consensus on the efficacy of the vaccines 
has shifted to accepting, with distinctions and doubts, their 
contribution to improving immune response and combating 
morbidity and mortality, without forgetting that the immunity 
acquired after exposure to the virus has prepared the population 
and limited the worst adverse effects of SARS-CoV-2 infection. 
The commercial interests of the multinational corporations that 
have created and commercialised the vaccines have conflicted 
with observational studies of post-vaccination efficacy, while 
certain aspects, such as the real preventive capacity of the 
vaccines against infections, severe evolutions and deaths, 
the efficacy of the vaccines against new variants, the limited 
duration of the immunity they provide, their adverse effects and 
the synergistic role of acquired immunity are under debate and 
need to be redefined, as Silva and Bloch report in a study on 
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the changing narratives about COVID-19 vaccines in 2021 and 
2022 [32]. 

9. Limitations
The sample of students could not be completed by means of 
simple random sampling, and we were hence obliged to resort to 
a convenience sample from the study population that had shown 
interest in participating. Consequently, the sampling lacked 
equiprobability. Additionally, we did not achieve the sample 
size calculated for this group, and the inference of the results 
is thus limited. We must also note the limitations of this type of 
observational study, in which part of the data is self-reported, 
involving the possibility of information or memory biases in the 
reporting of symptoms, adverse effects or dates of positive tests. 
In this sense, a possible information bias could have occurred in 
the assessment of the incidence of COVID-19 as no screening 
tests were carried out in the healthcare workers or students as 
a whole, and therefore, asymptomatic or mildly clinical cases 
not detected by PCR or Ag-test could have been missed.  The 
study has limitations as regards the generalizability of its results. 
This is because our population has a young and healthy adult 
population profile, which does not reproduce the full variability 
of subjects in terms of ethnicity, age or other conditions. 
Furthermore neutralizing IgG levels were not measured. 
Neutralizing antibodies have not been evalauted for technical 
reasons, namely, a restriction derived from the possibilities 
of the laboratoy that collaborated in the work (cited in the 
acknowledgements). Finally, 18.3% of the initial population was 
lost during, limiting the inference of the findings. 

10. Conclusions
Following vaccination, antibody levels are positive at 6 months 
and rise considerably after the booster dose, remaining high 6 
months later. The booster dose increases IgG levels by 590% to 
755% in the two groups under study, namely, healthcare workers 
and nursing students. 

The differences in IgG levels found after the booster dose, 
according to homologous or heterologous vaccination regimens, 
are statistically significant in the comparison of Pfizer+ 
Pfizer versus AstraZeneca + Pfizer. In contrast, no variations 
are observed between the homologous (Pfizer+ Pfizer) and 
heterologous (Pfizer+ Moderna) combinations. 

The factor that marked a difference in the assessed level of IgG 
was prior SARS-CoV-2 infection (hybrid immunity). Another 
factor associated with lower IgG levels was smoking, which 
showed significant differences when evaluated after the initial 
vaccination, although this was not reflected in the post-booster 
measurements.

A high rate of both general and local mild adverse events was 
detected. Significant differences were revealed in these effects 
according to the types of vaccine received, in particular a high 
frequency of mild side effects (general and local) following 
vaccination with AstraZeneca in the initial vaccination schedule 
administered to the nursing students.

Acknowledgements
All the research team would like to thank the management of 

the Almansa ICM, without whose help, it would have been 
impossible to conduct this study. This work has received funding 
from the Provincial Council of Albacete, the Faculty of Nursing 
of Albacete (UCLM), a UCLM research grant to the GICES 
group and the Integrated Care Management of Almansa. We 
would also like to thank the laboratory service at the Hospital 
of Almansa and the microbiology service at Albacete University 
Hospital, and all the participants for their selfless collaboration.

References
1. García Martín, M. (2023). Atención sanitaria durante la 

pandemia de la COVID-19: percepciones de sanitarios y 
usuarios del sistema sanitario de salud.

2. Purnamawati, D., Nurfadhilah, N., Zamzam, R., & Amalia, 
K. (2023). Self-efficacy among people living with hiv aids 
after covid-19 pandemic. Jurnal Kesehatan Reproduksi, 
14(1), 49-57.

3. Salas Nicás, S., Llorens Serrano, C., Navarro Giné, A., 
& Moncada i Lluís, S. (2020). Condiciones de trabajo, 
inseguridad y salud en el contexto del COVID-19: estudio 
de la población asalariada de la encuesta COTS.

4. Ruiz-Grao, M. C., Cebada-Sánchez, S., Ortega-Martínez, 
C., Alfaro-Espín, A., Candel-Parra, E., García-Alcaraz, F., 
... & Delicado-Useros, V. (2022, March). Nursing student 
satisfaction with the teaching methodology followed during 
the COVID-19 pandemic. In Healthcare (Vol. 10, No. 4, p. 
597). MDPI.

5. European Observatory on Health Systems, & Policies. 
(2021). State of Health in the EU Spain: Country Health 
Profile 2021. OECD Publishing.

6. Stokel-Walker, C. (2022). What do we know about covid 
vaccines and preventing transmission?. bmj, 376.

7. Canetti, M., Barda, N., Gilboa, M., Indenbaum, V., Asraf, 
K., Gonen, T., ... & Regev-Yochay, G. (2022). Six-month 
follow-up after a fourth BNT162b2 vaccine dose. New 
England Journal of Medicine, 387(22), 2092-2094.

8. Olmos, R. C., Rocha, N. G., Mamani, Y., Alvarez, G. R., 
Campos, A. O., Tufiño, C. C., ... & Ortiz, Sr, Y. M. (2022). 
Hybrid Immunity for COVID-19 in Bolivian Healthcare 
Workers. Cureus, 14(7).

9. Arashiro, T., Arima, Y., Muraoka, H., Sato, A., Oba, K., 
Uehara, Y., ... & Suzuki, M. (2023). Coronavirus disease 
19 (COVID-19) vaccine effectiveness against symptomatic 
severe acute respiratory syndrome Coronavirus 2 (SARS-
Cov-2) infection during Delta-dominant and Omicron-
dominant periods in Japan: A multicenter prospective 
case-control study (factors associated with SARS-Cov-2 
infection and the effectiveness of COVID-19 vaccines 
study). Clinical Infectious Diseases, 76(3), e108-e115.

10. Lin, D. Y., Gu, Y., Wheeler, B., Young, H., Holloway, 
S., Sunny, S. K., ... & Zeng, D. (2022). Effectiveness of 
Covid-19 vaccines over a 9-month period in North Carolina. 
New England Journal of Medicine, 386(10), 933-941.

11. Pani, A., Romandini, A., Schianchi, A., Senatore, M., 
Gagliardi, O. M., Gazzaniga, G., ... & Scaglione, F. (2022). 
Antibody response to COVID-19 booster vaccination in 
healthcare workers. Frontiers in Immunology, 13, 872667.

12. Fernández-Suárez, A., Jiménez Coronado, R., Clavijo Aroca, 
C., Navarro Martín, E., Qmega Qmega, A., & Díaz-Iglesias, 
J. M. (2022). New insights into antibody levels against 

http://hdl.handle.net/10835/14590
http://hdl.handle.net/10835/14590
http://hdl.handle.net/10835/14590
https://doi.org/10.58185/jkr.v14i1.103
https://doi.org/10.58185/jkr.v14i1.103
https://doi.org/10.58185/jkr.v14i1.103
https://doi.org/10.58185/jkr.v14i1.103
https://ddd.uab.cat/pub/infpro/2020/227641/InformeCOTS_DEF2.pdf
https://ddd.uab.cat/pub/infpro/2020/227641/InformeCOTS_DEF2.pdf
https://ddd.uab.cat/pub/infpro/2020/227641/InformeCOTS_DEF2.pdf
https://ddd.uab.cat/pub/infpro/2020/227641/InformeCOTS_DEF2.pdf
https://www.mdpi.com/2227-9032/10/4/597
https://www.mdpi.com/2227-9032/10/4/597
https://www.mdpi.com/2227-9032/10/4/597
https://www.mdpi.com/2227-9032/10/4/597
https://www.mdpi.com/2227-9032/10/4/597
https://www.mdpi.com/2227-9032/10/4/597
https://books.google.co.in/books?hl=en&lr=&id=v3rmEAAAQBAJ&oi=fnd&pg=PA3&dq=1.%09Spain:+Country+Health+Profile+2021+%5BInternet%5D.+OECD%3B+2021+Dec+%5Bcited+2023+Jun+14%5D.+(State+of+Health+in+the+EU).+Available+from:+https://read.oecd-ilibrary.org/social-issues-migration-health/spain-country-health-profile-2021_7ed63dd4-en&ots=kJRgmGNS-f&sig=zbuNbwvwgnNn4LT6_ZFe-FFTd8Y&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=v3rmEAAAQBAJ&oi=fnd&pg=PA3&dq=1.%09Spain:+Country+Health+Profile+2021+%5BInternet%5D.+OECD%3B+2021+Dec+%5Bcited+2023+Jun+14%5D.+(State+of+Health+in+the+EU).+Available+from:+https://read.oecd-ilibrary.org/social-issues-migration-health/spain-country-health-profile-2021_7ed63dd4-en&ots=kJRgmGNS-f&sig=zbuNbwvwgnNn4LT6_ZFe-FFTd8Y&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=v3rmEAAAQBAJ&oi=fnd&pg=PA3&dq=1.%09Spain:+Country+Health+Profile+2021+%5BInternet%5D.+OECD%3B+2021+Dec+%5Bcited+2023+Jun+14%5D.+(State+of+Health+in+the+EU).+Available+from:+https://read.oecd-ilibrary.org/social-issues-migration-health/spain-country-health-profile-2021_7ed63dd4-en&ots=kJRgmGNS-f&sig=zbuNbwvwgnNn4LT6_ZFe-FFTd8Y&redir_esc=y#v=onepage&q&f=false
https://doi.org/10.1136/bmj.o298
https://doi.org/10.1136/bmj.o298
https://www.nejm.org/doi/full/10.1056/NEJMc2211283
https://www.nejm.org/doi/full/10.1056/NEJMc2211283
https://www.nejm.org/doi/full/10.1056/NEJMc2211283
https://www.nejm.org/doi/full/10.1056/NEJMc2211283
https://www.cureus.com/articles/104197-hybrid-immunity-for-covid-19-in-bolivian-healthcare-workers.pdf
https://www.cureus.com/articles/104197-hybrid-immunity-for-covid-19-in-bolivian-healthcare-workers.pdf
https://www.cureus.com/articles/104197-hybrid-immunity-for-covid-19-in-bolivian-healthcare-workers.pdf
https://www.cureus.com/articles/104197-hybrid-immunity-for-covid-19-in-bolivian-healthcare-workers.pdf
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://doi.org/10.1093/cid/ciac635
https://www.nejm.org/doi/full/10.1056/NEJMoa2117128
https://www.nejm.org/doi/full/10.1056/NEJMoa2117128
https://www.nejm.org/doi/full/10.1056/NEJMoa2117128
https://www.nejm.org/doi/full/10.1056/NEJMoa2117128
https://doi.org/10.3389/fimmu.2022.872667
https://doi.org/10.3389/fimmu.2022.872667
https://doi.org/10.3389/fimmu.2022.872667
https://doi.org/10.3389/fimmu.2022.872667
https://doi.org/10.1371/journal.pone.0276968
https://doi.org/10.1371/journal.pone.0276968
https://doi.org/10.1371/journal.pone.0276968


 Volume 3 | Issue 2 | 12Biomed Sci Clin Res,  2024

Copyright: ©2024 Delicado-Useros, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.

https://opastpublishers.com/

SARS-CoV-2 for healthcare personnel vaccinated with 
tozinameran (Comirnaty). PLoS One, 17(11), e0276968.

13. Moore, S. C., Kronsteiner, B., Longet, S., Adele, S., Deeks, 
A. S., Liu, C., ... & Turtle, L. (2023). Evolution of long-
term vaccine-induced and hybrid immunity in healthcare 
workers after different COVID-19 vaccine regimens. Med, 
4(3), 191-215.

14. Mera-Gallego, R., León-Rodríguez, L., González-Blanco, 
M., Mera-Gallego, I., García-Rodríguez, P., López-
Cantorna, D., ... & Andrés-Rodríguez, N. F. (2023). 
Farmacovigilancia de las vacunas frente a COVID-19 en 
farmacias comunitarias. Resultados tras la primera dosis. 
Farmacéuticos comunitarios, 15(1), 22-40.

15. Khong, K. W., Zhang, R., & Hung, I. F. N. (2022). The 
four Ws of the fourth dose COVID-19 vaccines: Why, who, 
when and what. Vaccines, 10(11), 1924.

16. Mojadadi, M. S., Javadinia, S. A., Attarian, F., Samami, E., & 
Sobhani, M. (2023). Anti-SARS-CoV-2 spike IgG following 
injection of the third dose vaccine: A systematic review 
with meta-analysis of heterologous versus homologous 
vaccination. Frontiers in public health, 10, 960598.

17. Rodgers, M. A., Olivo, A., Harris, B. J., Lark, C., Luo, 
X., Berg, M. G., ... & Cloherty, G. A. (2022). Detection of 
SARS-CoV-2 variants by Abbott molecular, antigen, and 
serological tests. Journal of Clinical Virology, 147, 105080.

18. Yang, S. L., Mat Ripen, A., Leong, C. T., Lee, J. V., Yen, 
C. H., Chand, A. K., ... & Peariasamy, K. M. (2022). 
COVID-19 breakthrough infections and humoral immune 
response among BNT162b2 vaccinated healthcare workers 
in Malaysia. Emerging Microbes & Infections, 11(1), 1262-
1271.

19. Delicado-Useros, V; Navarro-Rodenas, E; Ortega-Martínez 
C, Pérez-Domenech, T; García-Alcaraz, F; Pérez-Serra , JD 
and Sánchez-Onrubia I. Impact of SARS-CoV-2 Infection 
in Healthcare Workers and Nursing Students: Incidence, 
Adherence to Vaccination and Effects of Vaccines. Arch 
Microbiol Immunol;7, 2023: (4):428–42. .

20. Delicado-Useros V, Navarro-Rodenas E, Sánchez-Onrubia 
I-M, Ortega-Martínez C, Alfaro-Espín A, Pérez-Serra J-D, 
et al. Evolution of Acquired Humoral Immunity after Full 
Vaccination against SARS-CoV-2. IgG Levels in Healthcare 
Workers at 6 and 9 Months. World J Vaccines [Internet]. 
2023 ;13(02):13–32.

21. Lopez Bernal, J., Andrews, N., Gower, C., Gallagher, 
E., Simmons, R., Thelwall, S., ... & Ramsay, M. (2021). 
Effectiveness of Covid-19 vaccines against the B. 1.617. 2 
(Delta) variant. New England Journal of Medicine, 385(7), 
585-594.

22. Andrews, N., Tessier, E., Stowe, J., Gower, C., Kirsebom, 
F., Simmons, R., ... & Lopez Bernal, J. (2022). Duration 
of protection against mild and severe disease by Covid-19 

vaccines. New England Journal of Medicine, 386(4), 340-
350.

23. Barros-Martins, J., Hammerschmidt, S. I., Morillas Ramos, 
G., Cossmann, A., Hetzel, L., Odak, I., ... & Förster, 
R. (2023). Omicron infection-associated T-and B-cell 
immunity in antigen-naive and triple-COVID-19-vaccinated 
individuals. Frontiers in Immunology, 14, 1166589.

24. Sadeghalvad, M., Mansourabadi, A. H., Noori, M., 
Nejadghaderi, S. A., Masoomikarimi, M., Alimohammadi, 
M., & Rezaei, N. (2023). Recent developments in SARS‐
CoV‐2 vaccines: A systematic review of the current studies. 
Reviews in Medical Virology, 33(1), e2359.

25. Intawong K, Chariyalertsak S, Chalom K, Wonghirundecha 
T, Kowatcharakul W, Ayood P, et al. Reduction in severity 
and mortality in COVID-19 patients owing to heterologous 
third and fourth-dose vaccines during the periods of delta 
and omicron predominance in Thailand. Int J Infect Dis 
[Internet]. 2023: 126:31–8. 

26. Padoan, A., Cosma, C., Della Rocca, F., Barbaro, F., 
Santarossa, C., Dall’Olmo, L., ... & Plebani, M. (2022). 
A cohort analysis of SARS-CoV-2 anti-spike protein 
receptor binding domain (RBD) IgG levels and neutralizing 
antibodies in fully vaccinated healthcare workers. Clinical 
Chemistry and Laboratory Medicine (CCLM), 60(7), 1110-
1115.

27. Haveri, A., Solastie, A., Ekström, N., Österlund, P., 
Nohynek, H., Nieminen, T., ... & Melin, M. (2022). 
Neutralizing antibodies to SARS‐CoV‐2 Omicron variant 
after third mRNA vaccination in health care workers and 
elderly subjects. European journal of immunology, 52(5), 
816-824.

28. Ikezaki, H., Nomura, H., & Shimono, N. (2022). Dynamics 
of anti-Spike IgG antibody level after the second BNT162b2 
COVID-19 vaccination in health care workers. Journal of 
Infection and Chemotherapy, 28(6), 802-805.

29. Bates, T. A., Leier, H. C., McBride, S. K., Schoen, D., Lyski, 
Z. L., Lee, D. X., ... & Tafesse, F. G. (2023). An extended 
interval between vaccination and infection enhances hybrid 
immunity against SARS-CoV-2 variants. JCI insight, 8(5).

30. Rashedi, R., Samieefar, N., Masoumi, N., Mohseni, S., & 
Rezaei, N. (2022). COVID‐19 vaccines mix‐and‐match: 
The concept, the efficacy and the doubts. Journal of medical 
virology, 94(4), 1294-1299.

31. Uversky, V. N., Redwan, E. M., Makis, W., & Rubio-
Casillas, A. (2023). IgG4 antibodies induced by repeated 
vaccination may generate immune tolerance to the SARS-
CoV-2 spike protein. Vaccines, 11(5), 991.

32. Silva-Aycaguer, L. C., & Bloch-Silva, A. (2022). Reflexões 
sobre as narrativas em mudança em torno das vacinas contra 
a covid-19. Revista Facultad Nacional de Salud Pública, 
40(3).

https://doi.org/10.1371/journal.pone.0276968
https://doi.org/10.1371/journal.pone.0276968
https://www.cell.com/med/pdf/S2666-6340(23)00064-8.pdf
https://www.cell.com/med/pdf/S2666-6340(23)00064-8.pdf
https://www.cell.com/med/pdf/S2666-6340(23)00064-8.pdf
https://www.cell.com/med/pdf/S2666-6340(23)00064-8.pdf
https://www.cell.com/med/pdf/S2666-6340(23)00064-8.pdf
https://www.raco.cat/index.php/FC/article/view/412518
https://www.raco.cat/index.php/FC/article/view/412518
https://www.raco.cat/index.php/FC/article/view/412518
https://www.raco.cat/index.php/FC/article/view/412518
https://www.raco.cat/index.php/FC/article/view/412518
https://www.raco.cat/index.php/FC/article/view/412518
https://doi.org/10.3390/vaccines10111924
https://doi.org/10.3390/vaccines10111924
https://doi.org/10.3390/vaccines10111924
https://doi.org/10.3389/fpubh.2022.960598
https://doi.org/10.3389/fpubh.2022.960598
https://doi.org/10.3389/fpubh.2022.960598
https://doi.org/10.3389/fpubh.2022.960598
https://doi.org/10.3389/fpubh.2022.960598
https://doi.org/10.1016/j.jcv.2022.105080
https://doi.org/10.1016/j.jcv.2022.105080
https://doi.org/10.1016/j.jcv.2022.105080
https://doi.org/10.1016/j.jcv.2022.105080
https://doi.org/10.1080/22221751.2022.2065936
https://doi.org/10.1080/22221751.2022.2065936
https://doi.org/10.1080/22221751.2022.2065936
https://doi.org/10.1080/22221751.2022.2065936
https://doi.org/10.1080/22221751.2022.2065936
https://doi.org/10.1080/22221751.2022.2065936
https://fortunepublish.com/articles/10.26502.ami.936500138.pdf
https://fortunepublish.com/articles/10.26502.ami.936500138.pdf
https://fortunepublish.com/articles/10.26502.ami.936500138.pdf
https://fortunepublish.com/articles/10.26502.ami.936500138.pdf
https://fortunepublish.com/articles/10.26502.ami.936500138.pdf
https://fortunepublish.com/articles/10.26502.ami.936500138.pdf
https://www.researchsquare.com/article/rs-2093702/v1
https://www.researchsquare.com/article/rs-2093702/v1
https://www.researchsquare.com/article/rs-2093702/v1
https://www.researchsquare.com/article/rs-2093702/v1
https://www.researchsquare.com/article/rs-2093702/v1
https://www.researchsquare.com/article/rs-2093702/v1
https://www.nejm.org/doi/full/10.1056/NEJMoa2108891
https://www.nejm.org/doi/full/10.1056/NEJMoa2108891
https://www.nejm.org/doi/full/10.1056/NEJMoa2108891
https://www.nejm.org/doi/full/10.1056/NEJMoa2108891
https://www.nejm.org/doi/full/10.1056/NEJMoa2108891
https://www.nejm.org/doi/full/10.1056/NEJMoa2115481
https://www.nejm.org/doi/full/10.1056/NEJMoa2115481
https://www.nejm.org/doi/full/10.1056/NEJMoa2115481
https://www.nejm.org/doi/full/10.1056/NEJMoa2115481
https://www.nejm.org/doi/full/10.1056/NEJMoa2115481
https://doi.org/10.3389/fimmu.2023.1166589
https://doi.org/10.3389/fimmu.2023.1166589
https://doi.org/10.3389/fimmu.2023.1166589
https://doi.org/10.3389/fimmu.2023.1166589
https://doi.org/10.3389/fimmu.2023.1166589
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.2359
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.2359
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.2359
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.2359
https://onlinelibrary.wiley.com/doi/abs/10.1002/rmv.2359
https://europepmc.org/article/med/36372363
https://europepmc.org/article/med/36372363
https://europepmc.org/article/med/36372363
https://europepmc.org/article/med/36372363
https://europepmc.org/article/med/36372363
https://europepmc.org/article/med/36372363
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://www.degruyter.com/document/doi/10.1515/cclm-2022-0322/html
https://scholar.google.com/scholar?output=instlink&q=info:yKe33_1t6uMJ:scholar.google.com/&hl=en&as_sdt=0,5&scillfp=16032479745223992353&oi=lle
https://scholar.google.com/scholar?output=instlink&q=info:yKe33_1t6uMJ:scholar.google.com/&hl=en&as_sdt=0,5&scillfp=16032479745223992353&oi=lle
https://scholar.google.com/scholar?output=instlink&q=info:yKe33_1t6uMJ:scholar.google.com/&hl=en&as_sdt=0,5&scillfp=16032479745223992353&oi=lle
https://scholar.google.com/scholar?output=instlink&q=info:yKe33_1t6uMJ:scholar.google.com/&hl=en&as_sdt=0,5&scillfp=16032479745223992353&oi=lle
https://scholar.google.com/scholar?output=instlink&q=info:yKe33_1t6uMJ:scholar.google.com/&hl=en&as_sdt=0,5&scillfp=16032479745223992353&oi=lle
https://scholar.google.com/scholar?output=instlink&q=info:yKe33_1t6uMJ:scholar.google.com/&hl=en&as_sdt=0,5&scillfp=16032479745223992353&oi=lle
https://doi.org/10.1016/j.jiac.2022.02.024
https://doi.org/10.1016/j.jiac.2022.02.024
https://doi.org/10.1016/j.jiac.2022.02.024
https://doi.org/10.1016/j.jiac.2022.02.024
https://doi.org/10.1172%2Fjci.insight.165265
https://doi.org/10.1172%2Fjci.insight.165265
https://doi.org/10.1172%2Fjci.insight.165265
https://doi.org/10.1172%2Fjci.insight.165265
https://doi.org/10.1002/jmv.27463
https://doi.org/10.1002/jmv.27463
https://doi.org/10.1002/jmv.27463
https://doi.org/10.1002/jmv.27463
https://doi.org/10.3390/vaccines11050991
https://doi.org/10.3390/vaccines11050991
https://doi.org/10.3390/vaccines11050991
https://doi.org/10.3390/vaccines11050991
http://www.scielo.org.co/scielo.php?pid=S0120-386X2022000300008&script=sci_abstract&tlng=pt
http://www.scielo.org.co/scielo.php?pid=S0120-386X2022000300008&script=sci_abstract&tlng=pt
http://www.scielo.org.co/scielo.php?pid=S0120-386X2022000300008&script=sci_abstract&tlng=pt
http://www.scielo.org.co/scielo.php?pid=S0120-386X2022000300008&script=sci_abstract&tlng=pt

