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Summary

Background. Evaluating and monitoring plasma levels of anti-SARS-CoV-2 antibodies in healthcare
workers, together with the vaccination of this at-risk population is important for maintaining the
viability of the healthcare system, especially during the emergence of new viral variants. The aim
of this study is to investigate plasma levels of anti-SARS-CoV-2 antibodies in healthcare providers
following full vaccination, in both naive and previously infected individuals.

Material and methods. Complete data was available for 89 healthcare workers from the larger group
of 102 initial participants. Plasma was collected at least one month, and no later than two months
after the full dose of an mRNA vaccine, and analyzed by determining the total antibody concentration
against the spike protein using an ECLIA Kkit.

Results. The degree of humoral-specific immune response was at least 5-fold higher in previously
infected healthcare workers compared to naive persons thatreceived the vaccine only. The highest titer
was found in office-based staff, relative to those found in doctors and nurses. However, this difference
lacks statistical significance. Among previously infected participants, nurses had significantly higher
antibody titers, when compared to doctors.

Conclusions. The study revealed a sustained immune response after mRNA vaccine among healthcare
workers, with enhanced response in previously infected subjects, highlighting a boosting effect of the
vaccine.

Keywords: COVID-19 antibody testing, mRNA vaccine, immune response, COVID-19, healthcare
workers

Streszczenie

Wprowadzenie. Ocena i monitorowanie stezenia przeciwciat anty-SARS-CoV-2 w osoczu pracowni-
kéw stuzby zdrowia oraz szczepienia tej szczegdlnej grupy ryzyka sa wazne do utrzymania sprawnosci
systemu opieki zdrowotnej, zwtaszcza w przypadku pojawienia sie nowych wariantéw wirusa. Celem
pracy jest zbadanie poziomu przeciwciat anty-SARS-CoV-2 w osoczu pracownikéw stuzby zdrowia po
peinym szczepieniu, zaréwno u oséb wczesniej niezainfekowanych, jak i zainfekowanych.

Material i metody. Kompletne dane byty dostepne dla 89 pracownikéw stuzby zdrowia pochodzacych
z wiekszej, wstepnej grupy 102 uczestnikéw. Osocze pobierano co najmniej 1 miesiac, a nie p6zniej niz
2 miesigce po podaniu petnej dawki szczepionki mRNA i analizowano poprzez okreslenie catkowitego
stezenia przeciwciat skierowanych przeciwko biatku S przy uzyciu zestawu ECLIA.

Wyniki. Stopien humoralnej odpowiedzi swoistej byt co najmniej 5-krotnie wyzszy u uprzednio zaka-
zonych pracownikéw stuzby zdrowia w poréwnaniu z osobami wcze$niej niezainfekowanymi, ktére
otrzymaty tylko szczepionke. Wyzsze miano stwierdzono wsréd oséb pracujacych w biurze niz u leka-
rzy i pielegniarek, jednak réznica ta nie jest istotna statystycznie. Wérdd wczes$niej zakazonych uczest-
nikéw pielegniarki miaty znaczaco wyzsze miana przeciwcial w poréwnaniu z lekarzami.

Whioski. Badanie wykazato trwata odpowiedZ immunologiczna po podaniu szczepionki mRNA ws$réd
pracownikéw stuzby zdrowia, a takze zwiekszona odpowiedz u os6b wczesniej zakazonych, co podkre-
$la wzmacniajacy efekt szczepionki.

Stowa Kkluczowe: testowanie przeciwcial COVID-19, szczepionka mRNA, odpowiedZ immunologiczna,
COVID-19, pracownicy stuzby zdrowia
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Introduction

The vaccination of healthcare workers (HWs) against COVID-19 was a necessary condition for sustained
and safe activity of medical staff. Although the doses were limited in the first stages of vaccination, medical
staff were prioritized due to the at-risk nature of their work. In Romania, beginning December 27, 2020, the
vaccination process has been included for front-line medical personnel. While many doctors, nurses, or other
HWs became infected with SARS-CoV-2 by the time the vaccination campaign started, most accepted vaccination
as an additional preventive measure. Persons previously infected are considered to have protective immunity
for several months [1,2]. Since the protective titer or neutralizing capacity of the antibodies is not yet known,
vaccination may be considered as a “reboot” for memory lymphocytes [3]. In this regard, throughout this study
we analyzed comparative antibody responses after full dose vaccination in HWs with and without previous
SARS-CoV-2 infection.

There are many types of serological tests [4], although most that are used in daily practice assess the binding
capacity of the antibody, not the neutralizing potency. Differences arise from either the target epitope of the
assay (e.g.S1, RBD, N-terminal domain, or nucleocapsid), the immunoglobulin isotypes (IgG, IgM, or IgA), or assay
format. Interestingly, the neutralization assays are often used as a reference method to evaluate the performance
of antibodies to the detriment of binding assays [5]. The performance of the binding assays is highly variable
as the methods can be very different, from point-of-care tests such as Lateral Flow Assay (LFA), to Enzyme-
Linked Immunosorbent Assay (ELISA) and other immunological tests [6] suitable for automation. Automated
immunological assays include electrochemiluminescence immunoassay (ECLIA), chemiluminescence assay
(CLIA) or chemiluminescent microparticle immunoassay (CMIA). However, none of these use the international
standard that was introduced at the end of 2020 [7]. Some assay measure individual antibody isotype, while
others quantify the overall binding capacity in relation to the neutralizing potency [8]. These antibodies appear
after 10-15 days post symptom onset and by day 19, 100% of SARS-CoV-2 positive patients were found to have
IgG-specific antibodies [9]. In the post-vaccination setting, the antibodies titers rise after approximately 14 days
post-vaccine [10].

The vaccination of HWs was an important step in limiting viral evolution, since the vaccination is effective
in both reducing the transmissibility [11] and reducing the infection rate [12]. Thus, vaccination has a great
impact on reducing the burden of the disease by interfering with the chain of transmission [13] and by creating
a safe environment for patients that utilize the health care system. Transmission among HWs occurs mainly
due to exposure to infected patients, especially if the hospital was a COVID-19 facility. Previous literature
has revealed that antibody titers are higher after some types of vaccines compared to natural infection [14].
Various mechanisms could be responsible for this, including different antigen presentation or location (upper
respiratory tract vs general virus exposure after vaccine inoculation), which may lead to higher neutralizing
antibody titer or better recognition of the SARS-CoV-2 variants for the vaccine-induced immune response.
Conversely, the immune response is more complex following infection, and potentially more diluted for the main
antigenic target, as it is directed against multiple viral epitopes. Finally, in some cases there is a more specific
and narrower targeted immune-specific response following vaccine administration.

Because of the paramount importance of immunization among HWs, our study aimed to evaluate antibody
titers (in terms of binding capacity) among medical staff and, in a few cases, their relatives or householders that
had received the full-dose vaccine either with or without previous disease.

Material and methods

The study was approved by the Ethical Committee of the Emergency Clinical County Hospital Targu Mures,
Romania, (no. Ad.30499/8.12.2020) and informed consent was obtained from all participants. There were 102
participants recruited, who were medical staff with various specializations, or office-based personnel from
two hospitals, namely the Emergency Clinical County Hospital and Infectious Disease Hospital in Targu Mures,
between March and May 2021. The inclusion criteria were: greater than 18 years of age, full vaccination, interval
between the first and second dose of no more than two months (recommendation for the 2nd dose was three
weeks after the first), naive or previously infected with SARS-CoV-2. Data regarding any previous SARS-CoV-2
infection with details about the symptoms, duration of the disease, therapy, comorbidities, and vaccination
status were collected on a clinical data form. The participants with previous SARS-CoV-2 infection were defined
as subjects with confirmed infection based on a positive real-time PCR test, in accordance with legal regulations.

All participants received a self-reporting questionnaire covering the main aspects addressed in this study,
namely demographic data, comorbidities, disease history, treatment, and any vaccination side effects. Complete
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data was obtained for 89 participants, while the remainder were excluded from the study. All participants
were vaccinated with two doses of BNT162b2 mRNA COVID-19 vaccine (Pfizer-BioNTech). Blood collection
was between one and two months post-second vaccination dose. Venous blood samples were collected using
a vacuum system in K,EDTA tubes, were centrifuged at 2500g, the plasma was aliquoted, and stored at -20°C
until analyzed. The antibody titer (as binding capacity) was evaluated using the automated Cobas e411 analyzer
(Roche Diagnostics Germany GmbH), using the latest generation electrochemiluminescence (ECLIA) assay
to detect anti-SARS-CoV-2 S antibodies. The test consists of a double-antigen sandwich principle, using two
recombinant SARS-CoV-2 Spike (S) Receptor Binding Domain (RBD) proteins, one biotinylated and the other
one labeled with ruthenium. After binding to anti-SARS-CoV-2, mostly IgG and to a lesser extent anti-SARS-
CoV-2 IgA and IgM [15], the magnetic beads coated with the generated immune complexes were aspirated into
a measuring cell, where they were captured on the inner electrode. By applying a voltage on the electrode,
a chemiluminescent emission is generated, proportional with the antibody concentration in the sample. The
characteristics of performance for the test according to the manufacturer are as follows: sensitivity 98.9%,
clinical specificity 99.98%, analytical specificity 100%, and intra- and inter-assay coefficients of variation (CV)
were 1.3% and 2.0% respectively. The high analytical specificity declared by the manufacturer was reported
after analysis of more than 1400 pre-pandemic samples from patients with serological reactivity for other
coronaviruses or with flu-like symptoms. All samples containing potential cross-reacting analytes including
Influenza A and B as well as influenza vaccines showed no cross-reactivity with anti-S-RBD antibodies [15].

The analytical range was between 0.40-250 U/mL, the cut-off value for positive results was set by the
manufacturer at 0.80 U/mL and the concordance rate between the estimated binding capacity and the
neutralizing capacity of the sera when evaluated by pseudo-virus-neutralizing test (pVNT) was 92.3% [15].
Additionally, a medical decision cut-off of 15 U/mL was set for the optimal neutralizing capacity with the 100%
probability of achieving the neutralizing effect against the SARS-CoV-2 virus. Interestingly, the Food and Drug
Administration (FDA) has defined the value of equal or greater than 132 U/mL as the minimum antibody titer to
classify convalescent plasma as having high neutralizing capacity [15]. All samples that exceeded the maximal
signal generated by the highest calibrator were diluted according to the protocol (maximal dilution factor was
100), and the results were multiplied by the dilution factor accordingly. However, the values that exceeded
25000 U/mL (highest calibrator value multiplied by the dilution factor of 100) were not further diluted and
were reported as 25000 U/mL. For statistical analysis, the group was separated into 1) naive (without previous
SARS-CoV-2 infection) with full-dose vaccination and 2) previously infected and fully vaccinated.

The statistical analysis was performed using MedCalc Statistical Software v14.8.1 (MedCalc Software bvba,
Ostend, Belgium). Continuous variables (mean + SD) were analyzed using Student’s t-test, while nonparametric
variables were analyzed using a Mann-Whitney test. Multiple groups were examined using an ANOVA with
Kruskal-Wallis and the results were expressed as the median and interquartile range (IQR), or median (min. -
max.). For analysis of the qualitative variables, we used contingency tables and a chi-square or Fisher exact test.
A p-value of <0.05 was considered statistically significant.

Results

The occupations and work-places of the participants are detailed below (Figures 1 and 2).
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u laboratory u cardiology m infectious dissasesclinic
m doctors mresident doctors m nurses biologists A
forensic medicine B neurology B neurosurgery
M caretaker H office-based staff B medical students . . e
m nefrology m research center m office based staf

Figure 1. The occupational profile for the study participants Figure 2. The working place for the participants included in
with values expressed as percentage (%) the study with values expressed as a percentage (%)
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There were 89 participants included (79.8% women and 20.2% men) in this study, with a median age of 44
years (min. 22 - max. 66 years). The participants were separated into two groups, namely those with (48.3%)
and without (51.6%) SARS-CoV-2 infection prior to vaccination with a full dose of the Pfizer-BioNTech vaccine.
Both groups displayed an uneven gender distribution, with the vaccine-only (VO) group (n=46) consisting of
39 (84.7%) females and 7 (15.2%) males, while the infected + vaccination (IV) group (n=43) comprised of 32
(74.4%) females and 11 (25.6%) males.

The median time in weeks between infection and the first dose of vaccine administration was 8 weeks (min. 4
- max. 13 weeks), while the median time between the last vaccine dose and sample collection was 5 weeks (min.
4 - max. 7 weeks). In one case, disease onset was after the first dose of the vaccine; thus the second vaccine dose
was postponed according to the recommendations [16] and after recovery from the inflammatory syndrome.
Antibody levels in the two vaccinated groups (naive vs infected) in relation to age, sex, profession, working
location are detailed in Table 1. As age and sex may impact the immune response, we analyzed the antibody
titers for the overall group and did not find a significant difference between participants aged 20-40 years or
those between 41-66 years. However, antibody levels for both VO and IV groups were higher in younger subjects
(20-40 years), although this did not reach statistical significance.

Participants' antibody titers were evaluated in relation to their work-place by classifying them into three
groups, namely office-based, paraclinical (laboratory + research center), and clinical. This was done to avoid
small group numbers in the various clinical specialties in which the participants worked (e.g. cardiology, forensic
medicine, neurosurgery, etc.).

Table 1. The anti-SARS-CoV-2 S antibody titer (U/mL) in binding capacity in different groups, classified according to age,
sex, occupation and work place

Total Vaccine only group (VO) Infected + Ellz‘l;:)cme group p
All participants (N) 89 46 43
1228.0 (550.0-2055.0) | 7520.0 (4092.25-13142.25) | <0.0001
Women 2367.0 (1025.0-7444.25) 1297.0 (512.5-2210.75) 7797.0 (4707-12570.5) <0.00012
2957.5 (1277.0-4986.0) 637.0 (593.25-1424.0) 4864.0 (3367.75-13067.5)
Men 0.00052
P!'=0.557 P'=0.668 P'=0.509
Age (year(;:{')med'a“ 44.0 (37.7-50.2) 42 (39.0-50.0) 45.0 (36.2-51.7) 0.593
Antibody titers
20-40 years 2408.50 (1228.0-6641.75) 1375.0 (627.0-2260.0) 8010.0 (5400.0-14070.0) | <0.00012
41-66 years 2435.0 (805.75-7568.5) 1019.0 (435.6-1885.0) 7520.0 (3802.0-11998.75) | <0.00012
P'=0.596 NS NS
Occupation
Doctors? 2367.0 (1073.0-4440.0) 1277.0 (693.25-2210.0) 4578.0 (2664.0-10264.0) | 0.0018?
Nurses® 2382.50 (594.0-6838.0) 896.0 (430.75-1881.25) 7714.0 (5541.5-12915.0) | <0.00012
Office-based staff 5349.50 (1331.5-14723.5) 1331.5 (582.0-1548.0) 10743.5 (4986.0-25000.0) 0.009
p'=0.205; P*= 0.877;
P®=0.077; P*= 0.139
Working place
Laboratory 1715.0 (671.50-2787.50) 1358.50 (550.0-2367.0) 10518.0 (5557.7-18841.5) | 0.00062
Clinical 3084.00 (1142.0-7714.0) 766.5 (500.0-1473.0) 6061.5 (3084.0-10211.5) | <0.00012
Office-based 5349.50 (1331.5-14723.5) 1331.50 (582.0-1548.0) 10743.5 (4986.0-25000.0) 0.0092
P'=0.023

Notes: Values are expressed as median and interquartile range (IQR). # = including residents, biologists, and medical
students; %= nurses and other caretakers; '= p for overall group comparison; = p for statistical comparison between doctors
and nurses ®= p for statistical comparison between doctors and office-based staff; *= p for statistical comparison between
nurses and office-based staff; 2= p for statistical comparison between VO and IV groups; NS=not statistically significant.
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We then examined antibody titers expressed for the different categories of medical and non-medical
participants, finding that titers were significantly higher for office-based staff than for medical or nursing staff

(Figures 3 and 4).
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Figure 3. Antibodies titers (U/mL) in different categories of
hospital personnel (doctors, nurses, and office-based staff)
after the second vaccine dose

Notes: Differences between overall groups regardless
of COVID-19 personal history were analyzed using the
Kruskal-Wallis test for nonparametric data. The white box
represents IQR, the grey box represents the lowest quartile,
the horizontal line inside the box represents the median
and the whiskers inside the box represent 95% CI for the
median. Whiskers represent the extend from the IQR to the
maximum values that are not considered as outliers, square
dots represent outliers.
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Figure 4. Anti-SARS-CoV-2 S antibody titers (U/mL) in
relation to working location (laboratory, clinical settings,
and office)

Notes: Differences between groups were analyzed using
the Kruskal-Wallis test for nonparametric data. The white
box represents IQR, the grey box represents the lowest
quartile, the horizontal line inside the box represents the
median, the whiskers inside the box represent 95% CI for
the median. Whiskers represent the extend from the IQR
to the maximum values that are not considered as outliers,
square dots represent outliers.

The symptomatology during infection, and the side-effects induced by the vaccine (self-reported) together
with the antibody levels in relation to symptoms in the post-COVID-19 patient and post-vaccine reactions are

detailed in Table 2.

Table 2. The anti-SARS-CoV-2 S antibody levels (U/mL) in studied groups with and without disease symptoms or post-

vaccine reactions

Past infection group (n=43) | Absent (n=10) Present (n=33) D
Self-reported disease symptoms
At least one symptom 10 (23.3%) 33 (76.7%)
Fatigue - 17 (51.5%)
GI symptoms - 2 (6.1%)
Muscle pain - 16 (48.5%)
Anosmia - 17 (51.5%)
Loss of taste - 15 (45.4%)
Age (pastinfection group) 49 (36-57) 43 (22-58) p=0.03
Antibody titers in relation with disease symptomatology
Anti-SARS-CoV-2 S | 10972.5 (10060.0-25000.0) | 5966.0 (3801.25-10278.25) | 0.013
Self-reported adverse post-vaccine reaction
Overall (n=89) Absent (n=67) Present (n=22) D

Atleast one adverse reaction

22 (24.7%)

Fatigue

10 (12.2)
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Local pain - 15 (16.8%)
Chills and low-grade fever - 9 (10.1%)
Headache - 5 (5.6%)
Joint pain - 4 (4.5%)
Muscle pain - 5 (5.6%)
Anti-SARS-CoV-2 S 2435.0 (922.25-5902.750) 3316.0 (1381.0-10264.0) p=0.291

Notes: Self-reported symptoms expressed as number and percentage; antibody titers expressed as median (IQR) after Mann-
Whitney analysis; GI=gastro-intestinal. Self-reported post-vaccine reactions were expressed as number and percentage.

We further analyzed antibody titers in relation to blood group, although no differences in plasma levels of
anti-SARS-CoV-2 antibodies were found (p=0.356) (data not shown), which is a similar result to another report
[17]. Additionally, there was no correlation between frequency or intensity of post-vaccine symptoms with
plasma antibody levels.

Discussion

In the present study, we investigated plasma levels of anti-SARS-CoV-2 antibodies among both medical and
non-medical hospital staff, working in different specialties in a tertiary hospital. The antibody titer refers to
the binding capacity of neutralizing antibodies, not to neutralization potency. However, according to the kit
manufacturer, there is high concordance between binding and neutralizing capacity for the test used in our study
[15]. A plasma sample with an antibody titer 215 U/mL has 100% probability of conferring in vitro protection
against SARS-CoV-2 infection. This is an important factor for HWs, as medical staff are on the frontline during the
pandemic, in close contact with patients, so it is of great importance to evaluate the degree of immunization to
limit the virus transmission. At the very least,immunization can prevent or limit the development of symptomatic
disease, especially in relation to the B.1.617.2 (delta) variant due to a potent vaccine-induced immunity to this
variant [18]. The plasma levels of SARS-CoV-2 antibodies were quantified in both previously infected and non-
infected persons with a full dose of BNT162b2 mRNA vaccine (Pfizer-BioNTech). All participants developed
a significant response to the vaccine, although there were some differences in antibody titers between the
groups with and without past infection. Overall, the antibodies titers were significantly higher in previously
infected and vaccinated subjects, compared to the vaccine-only group. Furthermore, there was no significant
difference in post-vaccine responses between males and females, both for the entire cohort, or within the two
subgroups. Both groups (vaccine-only and infected + vaccine) displayed a higher median antibody response for
women compared to men, although the results did not reach the statistical significance. In relation to age, there
was no difference in antibody titer between the two age groups, and similarly the antibody titers were higher
in those participants that had been vaccinated following infection for both age groups. The enhanced immune
response is attributed to pre-existing immune memory B cells due to previous viral exposure. This is evidenced
by the 5-fold higher humoral immune response in previously infected HWs and office-based personnel. A very
recent paper published by Meschi et al. regarding the difference in antibody binding and neutralizing capacity
in naive versus previously infected HWs also reports a higher titer of anti-RBD antibodies, when measured after
the second dose of vaccine in those subjects with past SARS-CoV-2 infection [19].

Interestingly, we found the highest titer in the office-based staff compared to doctors and nurses. However,
the overall difference between groups was not statistically significant. Similarly, office-based subjects had the
highest antibody titers (p=0.023) in comparison with laboratory or clinical working areas, but this aspect was
not maintained during subgroup analysis. In a study by Ogutlu et al. across HWs in the pre-vaccination period,
only the nurses displayed significantly higher antibody titers in relation to viral exposure (not in relation to the
vaccine) [20]. Similarly, in our study nurses that had been previously infected had significantly higher antibodies
titers compared to doctors (p=0.04), potentially explained by higher exposure to the virus and prolonged time
spent around the patients. Despite the fact that using personal protective equipment (PPE) during medical
procedures insures a high level of protection, the fact that nurses spent more time around the patients compared
to doctors may represent a reasonable explanation for the discrepancy. With regards to PPE, it is most likely the
same around the hospital regardless of the specific department. Furthermore, the time spent near SARS-CoV-2
infected patients in order to perform medical procedures and to ensure the daily care procedures is likely to be
a determining factor for the amplitude of the immune response.

Like other reports, the COVID-19 symptoms and the adverse post-vaccine effects were not found to be
strongly related to antibodies titers [21,22]. However, within the pastinfection group, plasma levels of antibodies
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were 2-fold higher in subjects that did not display symptoms, still, the number of subjects was relatively low.
Additionally, this may result from self-reporting on the clinical forms and the degree of appreciation of the
symptomatology. Furthermore, none of the subjects were hospitalized during their disease course. On the other
hand, it is known that there was great variability in immune response and in the type of symptomatology during
SARS-CoV-2 infection.

The study has some limitations, including small participant numbers and the preponderance of women, which
may impact the results. The study took place in two hospital locations involved in the management of COVID-19
patients, although only one of them was designated as a COVID-19 hospital while the other was a supporting
hospital. Interestingly, HWs from infectious disease clinics who were more exposed to the virus exhibited lower
antibodies plasma levels compared to other medical staff included in the study. The reason for this could not be
fully explained by the research team, especially as complete blood counts or other immune response tests were
not evaluated, this being a limitation of the study. As expected, a high degree of anxiety, stress, and burnout
was reported during the COVID-19 pandemic [23], and Sacadura-Leite et al. reported a reduction in humoral
immune response post-vaccine in healthcare personnel, explained mostly by the chronic stress and burnout. The
paper reports a significant relationship between a reduction in hemagglutination-inhibition (HAI) antibodies
six months after flu vaccine and chronic stress in HWs [24]. There is a close relationship between stress and
the neuroendocrine system throughout the hypothalamic-pituitary-adrenal (HPA) axis, one of the major stress-
signaling pathways [25]. Stress or negative emotions seem to imbalance the B and T cell response [26] and
one might speculate this is a reasonable explanation for the lower antibody levels among HWs from infectious
disease departments.

Additionally, not all departments were represented in this analysis, many departments that are important
in the COVID-19 pandemic, with high-risk exposure, like Intensive Care Units (ICU) or Emergency Departments
were not represented in this study. Moreover, only a binding assay was performed and not a neutralization
test, however according to the reagent manufacturer, there is a high correlation between the binding assay
currently used in routine practice and the neutralization capacity of antibodies. This implies special equipment
and conditions required for the IVD tests for neutralization capacity of anti-SARS-CoV-2 antibodies that may not
be user-friendly for clinical laboratories.

Further studies are necessary for the permanent monitoring of the antibody levels in all categories of medical
staff considered vulnerable groups, both for monitoring the levels of the antibody and for the duration of the
immunity. As the new variants emerged, some studies revealed the effectiveness of vaccination against it, at
least regarding the severity of the symptoms [27]. However, boosting immunity with serial doses of vaccine,
even in cases of a past infection is important to maintain a sustained response of B cells in the germinal centers,
allowing a robust and long-lasting humoral immunity to form [28].

Conclusions

This study revealed a sustained specific immune response after mRNA vaccine among the HWs, with
enhanced response in the case of the previously infected subjects. However, as the protective threshold of these
antibodies is questionable/unknown at this time, the third dose is administered in many countries for higher
protection. Nevertheless, permanent monitoring of antibody levels in terms of amplitude and duration of the
humoral response would be desirable in place of the empirical administration of the third dose, at least until
results of third-dose clinical trials are made available. The HWs must bear in mind that their protection by any
means is of paramount importance for the viability of the entire healthcare system in order to sustain its activity
during pandemics.
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