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ABSTRACT ARTICLE HISTORY

We analyzed immunity to vaccine-preventable diseases and the predictive value of Received 25 March 2025
documented vaccination versus serological results for medical students in Catalonia Revised 24 August 2025
(Spain). Epidemiological study of antibody seroprevalence and vaccination in medical Accepted 1 September 2025
students at four teaching units of medicine. Blood samples were drawn from partici- KEYWORDS

pants who completed an epidemiology questionnaire. For seven diseases, we calcu- Vaccination; medical
lated the positive predictive value (PPV) percentages (and 95% Cl) reflecting the students; seroprevalence;
protection afforded by self-reported vaccination histories compared to serology predictive value
results. We enrolled 146 medical students (participation 25.7%; 146/569), 79.5% (116/

146) women, mean (SD) age 22.6 (1.6) years. Most students (84.2%; 123/146) were fully

vaccinated, 18 were unaware of their vaccination status, and 5 students were not

vaccinated. Of the six overseas students, only three could document their vaccination

status (OR=6.0; 95% Cl: 1.1-31.8). In documented vaccination terms, PPVs for immu-

nological protection were high for varicella (100%), COVID-19 (99.1%), hepatitis

A (98.9%), and rubella (94.8%), but was substantially lower for measles (90.0%),

mumps (85.9%), and hepatitis B (67.2%). The predictive value of documented vaccina-

tion history compared to serology as proof of immunity was above 90% for most

vaccines except for measles, mumps, and hepatitis B.

KEY POLICY HIGHLIGHTS

e Documented vaccination as immunity evidence was studied for seven vaccine-
preventable diseases.

® Positive predictive values were just 90.0% for measles, 85.9% for mumps, and 67.2%
for hepatitis B.

® To administer booster doses as necessary, documented vaccination for measles,
mumps, and hepatitis B should be contrasted with serology results.

Introduction

The incidence of outbreaks of vaccine-preventable diseases has decreased in recent decades, thanks to
widespread vaccination of the populations of most countries.' Despite this reduction in incidence, medical
students may be exposed to patients with vaccine-preventable diseases during clinical practice.” Some
studies have suggested that medical students and other healthcare workers are often inadequately vaccinated
against diseases such as measles, mumps, and varicella.”® Medical students should therefore be considered
a priority group for vaccination campaigns, not only considering their training on hospital wards, but also
their future professional roles.”
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Healthcare workers’ advice plays a key role in shaping patient attitudes to vaccination and in guiding their
vaccination decisions. Systematic reviews show that greater trust in healthcare workers, especially general
practitioners, is associated with a greater likelihood of accepting vaccines.”® Similarly, it is well established that
healthcare workers with little confidence in the benefits and safety of vaccination will be less likely to
recommend vaccination for patients, children, and themselves.®

For some diseases, booster doses may be required to induce long-term immunity. Some studies indicate
that a documented vaccination history is adequate proof of immunity, i.e., serology is not required for
confirmation purposes.” However, measles and mumps outbreaks may cause vaccinated persons to become
infected,'®!! while hepatitis B vaccine-induced immunity declines over time.'? For this reason, booster
doses are recommended as a means to control transmission.'®"'> In this regard, it is important to explore
the reliability and immune protection of documented vaccination history to decide whether a documented
vaccination history is sufficient in high-risk situations or whether true immune protection should be
confirmed by serology.

In Catalonia (Spain), some current vaccination schedules for vaccine-preventable diseases, such as
varicella, were introduced in the last 25 years and were either unavailable to the current adult population
at that time or were poorly documented (Supplementary document. Vaccination age in vaccination
calendars in Catalonia).

The aim of this study was to analyze immunity to vaccine-preventable diseases and the predictive value of
documented vaccination history versus serological results in medical students.

Methods

We carried out an epidemiological study of antibody seroprevalence and vaccination against vaccine-
preventable diseases among medical students attending teaching units of medicine at four university
hospitals in Catalonia (Spain): Hospital Clinic de Barcelona-Universitat de Barcelona, Hospital
Universitari de la Vall d'Hebron-Universitat Auténoma de Barcelona, Hospital Universitari Germans
Tries i Pujol-Universitat Auténoma de Barcelona, and Hospital Universitari Arnau de Vilanova-
Universitat de Lleida.

No sampling was applied; rather, 569 eligible 3rd- to 6th-year medical students (enrolled during the
September 2023-June 2024 academic year at any of the four participating teaching units of medicine) were
invited to participate, after being provided with comprehensive information on the study, which included
aims, the vaccination schedule, the need for a blood sample, questionnaire completion, assurances of
anonymity, and informed consent.

Blood samples were drawn from participants, who, earlier in the same consultation, were administered
an epidemiology questionnaire regarding their compliance with the Catalan recommended vaccination
schedule and the official calendar of the Interterritorial Council of the National Health System of Spain.

In Catalonia, as in Spain, measles, rubella, mumps, and hepatitis B vaccines are recommended and
provided free to the general population and healthcare workers. The Catalan recommended schedule, but
not those of other Spanish regions, also includes hepatitis A since 2000.">"*> Two doses of the varicella vaccine
were introduced in 2005 for 12-year-old children with no history of the disease. In 2016, the schedule was
updated to administer two doses at 15 months and 3 years of age (Supplementary document. Vaccination age
in vaccination calendars in Catalonia). Additionally included in our study were COVID-19 and varicella
vaccines received outside the schedule (as documented in any official record provided by the participant).
Therefore, the present study covers seven vaccine-preventable diseases, but only measles, rubella, mumps, and
hepatitis B were considered to assess adherence to the recommended vaccination schedule. Protective anti-
body analyses for each disease were performed in accordance with the procedures of the participating hospital
laboratories. Procedures were established to analyze immune status for the studied diseases, using the
chemiluminescence immunoassay (CLIA) technique, as follows: anti-HAV IgG and total antibodies for
hepatitis A; antibody titers against the surface antigen (HBsAg) and the core antigen (HBcAc) for hepatitis
B; specific IgG for mumps, rubella, measles, and varicella; and anti-spike SARS-CoV-2 IgG for COVID-19
(Supplementary table S1).

We used the European Joint Action on Vaccination (EU-JAV) student survey,16 adapted to reflect the
specific context of Catalan medical students and ensuring both conceptual and semantic equivalence. To
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assess clarity and readability, the survey was pilot-tested on 10 medical students and healthcare
professionals.

The questionnaire, with 19 items in total (both single- and multiple-choice options), collected
information on age, sex, country of origin, future medical specialty (medical, surgical, other), compli-
ance with the recommended vaccination schedule (yes/no), and vaccination against each of the seven
studied diseases.

Data were described as percentages with their 95% confidence interval (CI) and as means and
standard deviation (SD) for qualitative and quantitative variables, respectively. The statistical analyses
were based on the chi-square test or Fisher’s exact test, as appropriate, with a p-value <.05. In the
bivariate analysis, for reasons of statistical robustness, the ‘no’ and ‘unknown’ responses for the ‘fully
vaccinated, self-reported’ variable were grouped into a single variable. The associations between this
variable and the other study variables were calculated using the odds ratio (OR) and the 95% CI. We
calculated the positive predictive value (PPV) and 95% CI for each disease. The PPV reflected the
protection afforded by documented vaccination (self-reported by participants) compared with serolo-
gical results.'” The numerator was the number of students with documented vaccination and a positive
serology result, and the denominator was the number of students with documented vaccination only,
i.e., excluding students with indeterminate serological results and unknown compliance with the
recommended vaccination schedule.

Data analysis was performed with the Open Epi program.

Ethical considerations

This study was conducted in accordance with the Declaration of Helsinki and approved by the ethics
committees of the University of Barcelona (CBUB-IRB00003099) and of each participating hospital
(Comité d’Etica d’Investigacié amb medicaments -CEIm- Hospital Universitari Vall d’Hebron:
EOM(AG)034/2023; CEIm Hospital Universitari Arnau de Vilanova: CEIC-2884; CEIm Hospital
Clinic de Barcelona: HCB/2023/1154; and CEIm Hospital Universitari Germans Trias i Pujol:
PI-23-237). All subjects included in the study received detailed information on the study and its aims
and granted their consent to participate.

Results

Of the 569 medical students invited to participate, 28.1% (160/569) responded, 69.6% of whom were women
(67.5% to 71.1% depending on the center). Once 14 responses were excluded due to incomplete ques-
tionnaires, 146 participants were enrolled in the study (participation 25.7%; 146/569), with women
accounting for 79.5% (116/146) (Figure 1). Mean (SD) age was 22.6 (1.6) years. All but six students were
born in Spain (95.5%; 140/146), the majority were in 5th year (69.2%; 101/146), and most had a preference
for medical specialties (51.4%; 75/146) (Table 1).

A high proportion of participants (84.2%; 123/146) self-reported being fully vaccinated in accordance
with the Catalan recommended vaccination schedule, 12.3% (18/146) were unaware of their vaccination
status, and 3.4% (5/146) reported not being fully vaccinated.

As for students’ opinions and beliefs, over 99% fully/quite agreed that vaccines were both safe and
effective (Table 1).

Documented vaccination for the vaccination schedule diseases was high for both sexes, all age groups, all
included degree years, and all future medical specialties, and also in relation to opinions and beliefs
regarding vaccine safety and effectiveness (Table 2). The only variable associated with lower documented
vaccination was country of origin: just 3 of the 6 students from a country other than Spain had a correctly
documented vaccination history.

For each of the seven diseases, when documented vaccination was compared with serological results, the
PPV reflecting immunological protection according to documented vaccination was above 90% for varicella
(100%), COVID-19 (99.1%), hepatitis A (98.9%), and rubella (94.8%). However, PPVs of documented
vaccination were at or below 90% for three of the seven studied diseases: measles (90.0%), mumps (85.9%),
and hepatitis B (67.2%) (Table 3 and Supplementary Table S3).
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Students invited to participate

n=569

Students accepted participation

n=160

|, | Excluded by incomplete questionnaires

n=14

Students enrolled in the study

n=146

Figure 1. Flow diagram of recruitment and participation in the study.

Discussion

Most of the participants in our study self-reported full adherence to the recommended vaccination schedule.
However, highlighting potential gaps in vaccination awareness among medical students was the fact that
15% were either unaware of the vaccines they had received or reported not being vaccinated.

Vaccine safety and effectiveness were both rated highly by the students and were compatible with their
beliefs. The high opinions on vaccine safety and effectiveness of vaccines, which corroborate the findings of
another study conducted in Spain,'® would indicate that students are well trained and trust the recommen-
dations of health authorities.

The only variable associated with lower vaccination coverage was origin in a country other than Spain,
but non-Spanish subgroup findings are exploratory due to small sample size. While this lower vaccination
coverage for students originating abroad corroborates observations by other authors,'® the number of
overseas students in our study was too small to be able to draw conclusions or make generalizations.

Documented vaccination history prevalence, at 85%, was similar to the 87% observed in the Baer et al.”
study of 170 medical students in Switzerland. While this prevalence may be considered high, it is not only
insufficient for regions with measles and rubella elimination programs, but is especially so for healthcare
workers and medical students, whose infection risk has been reported to be around 13 times higher than for
the general population.*

While we observed high PPV of documented vaccination as proof of immunity for most of the vaccine-
preventable diseases, PPVs were 90% or lower for three of the seven studied diseases: measles (90.0%),
mumps (85.9%), and hepatitis B (67.2%). These relatively low PPV, especially for a potentially severe disease
(hepatitis B) and for a disease focused on by an elimination program (measles), would indicate the need for
serology testing and booster vaccination for certain risk situations.'®!!

Only 67.24% of our hepatitis B-vaccinated students had protective titers greater than 10 IU/mL. Other
authors have indicated that primary vaccination for hepatitis B may not provide lifelong immunity and that
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Table 1. Characteristics of the participating medical students and their
compliance with the recommended vaccination schedule.

Variable N=146 %

Country of birth

Spain 140/146 95.9
Other 6/146 4.1

Sex

Male 30/146 20.5
Female 116/146 79.5
Age group (years)

19-24 135/146 92.5
25-31 11/146 7.5
Medical degree year

3rd 8/146 55
4th 20/146 13.7
5th 101/146 69.2
6th 17/146 11.6
Future specialty

Medical 67/146 459
Surgical or medical-surgical 69/146 47.3
Family/community medicine 7/146 4.8
Preventive medicine/Other/Don’t know 3/146 2.1

Fully vaccinated, self-reported

No 5/146 34
Yes 123/146 84.2
Unknown 18/146 12.3
Vaccines are safe

Fully/quite agree 145/146 99.3
Fully/strongly disagree/don’t know 1/146 0.7

Vaccines are effective

Fully/quite agree 146/146 100
Fully/strongly disagree/don’t know 0/146 0.0
Vaccines are compatible with my beliefs

Fully/quite agree 146/146 100
Fully/strongly disagree/don’t know 0/146 0.0

Table 2. Bivariate analysis of factors associated with self-reported adherence to the recommended vaccination schedule.
Self-reported adherence to recommended vaccination schedule*

Variables Yes, N (%) No*, N (%) OR (95% Cl) P value
Country of birth

Spain 120 (85.7) 20 (14.3) - -
Other 3 (50.0) 3(50.3) -

Sex

Male 25 (83.3) 5(16.7) 0.9 (0.3-2.7) 877
Female 98 (84.5) 18 (15.5) 1.0

Age group (years)

19-24 113 (83.7) 22 (16.3) 0.5 (0.1-4.2) 528
25-31 10 (90.9) 1(9.1)

Medical degree year

3rd 6 (75.0) 2 (25.0) 1.0 -
4th 15 (75.0) 5(25.0) 1.0 (0.1-6.6) 978
5th 86 (85.1) 15 (14.8) 1.9 (0.3-10.7) A46
6th 16 (94.1) 1(5.9) 5.3 (0.4-70.2) 255
Future specialty

Medical 64 (83.1) 3(16.9) 0.8 (0.3-2.0) .702
Surgical or medical-surgical 59 (85.5) 10 (14.5) 1.0

Vaccines are safe

Fully/quite agree 123 (84.8) 22 (15.2) - -
Fully/strongly disagree/don’t know 0 (0.0) 1 (100.0)

Vaccines are effective

Fully/quite agree 123 (84.2) 23 (100) - -
Fully/strongly disagree/don’t know 0 (0.0) 0.0

Vaccines are compatible with my beliefs

Fully/quite agree 123 (84.2) 23 (100) - -
Fully/strongly disagree/don’t know 0 (0.0) 0.0

*No, includes No and Unknown. OR, odds ratio; Cl, confidence interval.
*The study covered seven vaccine-preventable diseases, but only measles, rubella, mumps, and hepatitis B were considered to assess adherence
to the recommended vaccination schedule.
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Table 3. Predictive value of documented vaccination versus serological results*.
Serological results

Compliance with recommended vaccination schedule Positive Negative Predictive value 95% CI
Hepatitis A

Yes 91 (97.8%) 1 (3.3%) 98.91% (94.1, 99.81)
No 2 (2.2%) 29 (96.7%) 93.55% (79.28, 98.21)
Hepatitis B**

Yes 78 (67.2%) 38 (37.8%) 67.24% (58.27, 75.11)
No 1 (100%) - 0.01% (0.0, 79.35)
COVID-19

Yes 111 (99.1%) 1 (0.9%) 99.11% (95.12, 99.84)
No 1 (100%) - 0.01% (0.0, 79.35)
Rubella

Yes 109 (94.8%) 6 (5.2%) 94.78% (89.08, 97.59)
No 8 (80.0%) 2 (20.0%) 20% (5.67, 50.98)
Measles

Yes 99 (92.9%) 11 (10.0%) 90.00% (82.98, 94.32)
No 8 (88.2%) 1(11.8%) 11.11% (1.99, 43.5)
Mumps

Yes 104 (85.9%) 17 (14.1%) 85.95% (78.65, 91.04)
No 8 (72.7%) 3 (27.3%) 27.27% (9.75, 56.57)
Varicella**

Yes 19 (100%) - 100% (83.18, 100)
No 101 (99.0%) 1 (1.0%) 0.98% (0.17, 5.35)

*Students with indeterminate serological results and unknown compliance with the recommended vaccination schedule for the specific disease
are excluded from the analysis. (See Supplementary Table S2).

** Hepatitis B PPV calculation excludes 12 unknown vaccination status and 17 indeterminate serological results of participants.

** Varicella denominators exclude 3 unknown vaccination status and 22 indeterminate serological results.

Cl, confidence interval.

booster doses may be necessary.'> Dawson et al.*' reported that only 33% of undergraduate nursing students
at a US university had HBsAc >10 TU/mL, and Alshehri et al.** similarly reported that 81.7% of a sample of
Saudi Arabian medical students had insufficient hepatitis B antibody levels. Phattraprayoon et al.,'* for
a study in Thailand, reported an annual overall surface antigen antibody decline of 42.39 mIU/mlL,
concluding that primary vaccination may not provide lifelong protection since hepatitis B immunity
declines over time. In Spain, the hepatitis B vaccine is administered at the ages of 2, 4, and 11 months;
hence, the fact most of the medical students in our study would have received the vaccine more than 20
years ago may explain why some had antibody levels below the seroprotective threshold.

The PPV of measles vaccination was 90%, insufficient in a region with a measles elimination program,
and especially for healthcare workers and medical students, who run a greater risk of measles than the
general population.”® As one example, 13 of 14 cases of measles in a nosocomial outbreak in public hospitals
in Marseille (France) occurred in healthcare workers aged under 30 years.11 Some studies have documented
even lower antibody prevalences:*'*. In their study of 1,467 Italian medical students, Coppeta et al.'’
reported protective antibody prevalence of 66.7% overall and 44.4% for overseas students, and warned of the
importance of checking the protective antibody levels of students before they started clinical practice. In
Spain, since measles-mumps-rubella (MMR) vaccines are administered at 12 months and 3-4 years, most of
the medical students in our study may be experiencing waning immunity. Furthermore, a drastic reduction
in recent years in the circulation of the measles and mumps viruses in the Spanish population means that
our students have had few natural boosters from exposure.

Measles is highly transmissible, and because response to one and two vaccine doses is 90%-95% and 97%,
respectively,” two doses are needed to sustain control and elimination. Given the risk of occupational
exposure, Coppeta et al.'” indicate that the ideal immunity rate for healthcare workers should be 100% in
order to avoid nosocomial spread of a virus. For diseases, like measles, which are the focus of elimination
programs, low serological levels would indicate the need for individual serology testing and booster
vaccination.

Only 85.95% of vaccinated participants had protective antibodies against mumps, i.e., the PPV of
a documented vaccination history was the lowest of the three diseases covered by the MMR vaccine.
Since 2000, the incidence and number of outbreaks of mumps have increased, and most outbreaks have
occurred in young adults who had been vaccinated twice.>'® Mumps outbreaks in vaccinated populations
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point to a need to study possible interventions, such as a third MMR dose (MMR3) for persons considered
at increased risk by public health authorities, and irrespective of documented age-appropriate vaccination.
A recent large effectiveness study of MMR3-vaccinated University of Iowa students reported that the
mumps attack rate was lower in students who had received three compared to two MMR doses (6.7 vs
14.5 cases per 1000 population).'® Furthermore, administration of a third dose of a mumps-containing
vaccine in specific situations is supported by a recent position paper on mumps vaccination.**

Several factors may contribute to observed post-vaccination seroprevalence differences, despite MMR
vaccine administration, between the three viruses. According to clinical data from the Summary of Product
Characteristics (Priorix, GlaxoSmithKline), rubella shows a slightly higher initial seroconversion rate
(100%) than measles (98.1%) and mumps (94.4%) following a single dose. While these differences are
small, they may partly contribute to the higher long-term seropositivity observed for rubella. Additionally,
the rubella component is known to induce a more durable immune response, possibly due to its slower
antigenic evolution and lower waning rate.”®

Regarding study limitations, the request for documentary evidence of their vaccination status may have
acted as a disincentive for candidate participants, nor can we rule out the possibility of error in the
vaccinations administered. The small subgroup of non-Spanish students (n=6) precluded meaningful
statistical comparison; findings should be interpreted as exploratory. The representativeness of the study
is limited by the low participation rate and the high percentage of women among the participants.
Nonetheless, the gender balance of the sample (79.5% women) reflects the current men/women distribution
of medical students at the four participating Catalan teaching units of medicine. Since our study relied on
voluntary participation, self-selection bias was possible, making the sample unrepresentative of all medical
students. Furthermore, social desirability bias may have resulted in some survey questions (especially those
related to vaccine safety and effectiveness) being answered according to perceptions of social acceptability,
although the guarantees of anonymity and confidentiality should have mitigated this possible bias. Some
responses may also have been influenced by the immune status of the students, although since the survey
was completed before blood sample analysis, the students would not have known their serological results.
Individuals who are seronegative after vaccination may still retain cellular immune memory (T-cell
responses) that can provide protection or mitigate disease severity. Therefore, the observed lack of protec-
tion may partly reflect methodological limitations rather than true susceptibility.

As for strengths, the study was based on an anonymous and confidential questionnaire, vaccination was
confirmed by health documentation to avoid recall error, and opinions on vaccine safety and effectiveness
were collected before serological results were known.

Conclusions

Documented vaccination in relation to the recommended vaccination schedule is high and is consistent
with medical students’ opinions on vaccine safety and effectiveness. The PPV of documented vaccination
compared to serological as proof of immunity is above 90% for most vaccines, except for measles and
mumps, and most especially for hepatitis B. Our findings for those three diseases suggest that documented
vaccination should be contrasted with serological results for medical students so that booster doses are
administered if necessary. For measles and mumps, targeted serology and boosters may be necessary. Given
the low PPV (67.2%) for hepatitis B, routine serological screening and booster doses for medical students
should be considered, irrespective of documented vaccination history. In addition, immunization records
should be a condition of admission to medical studies, and optionally, serological testing could be
a requirement for elimination and control program diseases, such as measles and hepatitis B.

Acknowledgments

Angela Dominguez (AD) contributed to study conceptualization and design, Pere Godoy (PG), Diana Toledo (DT),
and AD contributed to formal data analysis, data interpretation, and writing of the first draft. Irma Casas (IC), Karen
Colmenares (KC), Anna Vilella (AV), Andreu Prat (AP), Saray Mormeneo-Bayo (SM), Rosa Bartolomé (RB), and



8 P. GODOY ET AL.

Merce Ibarz (MI) have access to the dataset, contributed to data collection, data analysis, and data interpretation, and
critically reviewed the manuscript. All co-authors had access to and verified the data reported in the study. All authors
have read and agreed to the published version of the manuscript.

Author contributions

CRediT: Pere Godoy: Formal analysis, Investigation, Methodology, Validation, Writing - original draft; Diana Toledo:
Data curation, Formal analysis, Writing - review & editing; Irma Casas: Data curation, Investigation, Writing - review
& editing; Karen Colmenares: Data curation, Investigation, Writing - review & editing; Anna Vilella: Data curation,
Investigation, Writing — review & editing; Andreu Prat: Data curation, Investigation, Writing — review & editing; Saray
Mormeneo-Bayo: Data curation, Investigation, Writing — review & editing; Rosa Bartolomé: Data curation,
Investigation, Writing - review & editing; Merce Ibarz: Data curation, Investigation, Writing — review & editing;
Angela Dominguez: Data curation, Investigation, Writing - review & editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Catalan Agency for the Management of University Grants (AGAUR) [2021/SGR
00702] and CIBER de Epidemiologia y Salud Publica (CIBERESP).

Notes on contributor

Pere Godoy is a full professor of Preventive Medicine and Public Health at the University of Lleida, a researcher at the
CIBER of Epidemiology and Public Health of the Carlos III Health Institute and of the AGAUR group at the University
of Barcelona. He has worked as an epidemiologist for the Applied Epidemiology Programme of the Ministry of Health
and the Atlanta Centre for Disease Control and has participated as a consultant for the World Health Organization in
the Polio Elimination Programme in Pakistan and Afghanistan. He has been a principal investigator of research
projects on vaccine-preventable diseases including whooping cough and COVID-19 and is a former President of the
Spanish Society of Epidemiology (2017-2020).

ORCID

Pere Godoy (2 http://orcid.org/0000-0002-2896-7286

Data availability statement

De-identified data available from corresponding author under data-sharing agreement.

References

1. WHO. Immunization coverage [Internet]. Global immunization coverage 2023. 2024 [accessed 2024 Nov 11].
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage.

2. Baer G, Bonhoeffer J, Schaad UB, Heininger U. Seroprevalence and immunization history of selected vaccine
preventable diseases in medical students. Vaccine. 2005;23(16):2016-2020. doi: 10.1016/j.vaccine.2004.03.073.

3. Ferrari C, Aurilio MT, Mazza A, Pietroiusti A, Magrini A, Balbi O, Bolcato M, Coppeta L. Evaluation of
immunity for mumps among vaccinated medical students. Vaccines. 2021;9(6):3-9. doi: 10.3390/vac
cines9060599.

4. Ferrari C, Somma G, Olesen O, Buonomo E, Pasanisi Zingarello M, Mazza A, Rizza S, Di Giampaolo L,
Magrini A, Ponzani F, et al. Measles vaccine uptake among Italian medical students compared to the
pre-COVID-19 era. Hum Vaccin Immunother. 2023;19(2):4-11. doi: 10.1080/21645515.2023.2252681.

5. Balbi O, Baldi S, Rizza S, Pietroiusti A, Perrone S, Coppeta L. Seroprevalence survey for varicella among
healthcare workers and medical students in Italy. Hum Vaccin Immunother [Internet]. 2020;17(2):372-376.
doi: 10.1080/21645515.2020.1771989.


https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://doi.org/10.1016/j.vaccine.2004.03.073
https://doi.org/10.3390/vaccines9060599
https://doi.org/10.3390/vaccines9060599
https://doi.org/10.1080/21645515.2023.2252681
https://doi.org/10.1080/21645515.2020.1771989

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.
25.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 9

. Bianchi FP, Tafuri S, Larocca AMV, Germinario CA, Stefanizzi P. Long-term persistence of antibodies against

varicella in fully immunized healthcare workers: an Italian retrospective cohort study. BMC Infect Dis. 2021;21
(1):1-7. doi: 10.1186/s12879-021-06180-x.

. Baldolli A, Michon J, Verdon R, Fournier A. Vaccination perception and coverage among healthcare students in

France in 2019. BMC Med Educ. 2020;20(1):1-10. doi: 10.1186/s12909-020-02426-5.

. Karlsson LC, Lewandowsky S, Antfolk J, Salo P, Lindfelt M, Oksanen T, Kivimaki M, Soveri A. The association

between vaccination confidence, vaccination behavior, and willingness to recommend vaccines among Finnish
healthcare workers. PLoS One. 2019;14(10):e0224330. doi: 10.1371/journal.pone.0224330.

. Charlton CL, Bailey ANM, Thompson LA, Kanji JN, Marshall NC. What’s in a number? The value of titers as

routine proof of immunity for medical students. Vaccine. 2023;41(17):2734-2738. doi: 10.1016/j.vaccine.2023.
03.009.

Cardemil CV, Dahl RM, James L, Wannemuehler K, Gary HE, Shah M, Marin M, Riley J, Feikin DR, Patel M,
et al. Effectiveness of a third dose of MMR vaccine for mumps outbreak control. N Engl ] Med. 2017;377
(10):947-956. doi: 10.1056/NEJMo0al703309.

Botelho-Nevers E, Cassir N, Minodier P, Laporte R, Gautret P, Badiaga S, Thiberville DJ, Ninove L, Charrel R,
Brouqui P. Measles among healthcare workers: a potential for nosocomial outbreaks. Euro Surveill. 2011;16
(2):1-5. doi: 10.2807/ese.16.02.19764-en.

Phattraprayoon N, Kakheaw J, Soonklang K, Cheirsilpa K, Ungtrakul T, Auewarakul C, Mahanonda N. Duration
of hepatitis B vaccine-induced protection among medical students and healthcare workers following primary
vaccination in infancy and rate of immunity decline. Vaccines. 2022;10(2):267-269. doi: 10.3390/vac
cines10020267.

Departament de Salut. Decret 60/1999, de 9 de marg. Diari Oficial de la Generalitat num 2847 de 15 de marg de
1999; 1999. [accessed 2024 Nov 11]. https://portaljuridic.gencat.cat/ca/document-del-pjur/?documentId=188889 .
Consejo Interterritorial del Sistema Nacional de Salud (CISNS). Calendario de vacunacién CISNS [Internet].
Madrid; 2024. https://www.saludcastillayleon.es/profesionales/es/vacunaciones/nuevo-calendario-vacunaciones
-inmunizaciones-toda-vida-cast.ficheros/2703646-CalendarioVacunacion_Todalavida_ web Mo_2024.pdf.
Dominguez A, Salleras L, Carmona G, Batalla J. Effectiveness of a mass hepatitis A vaccination program in
preadolescents. Vaccine. 2003;21(7-8):698-701. doi: 10.1016/50264-410X(02)00583-2.

Joint Action on Vaccination. Report on in-service vaccinology trainings-module test in one pilot country the
developed in-service/preservice trainings-module [Internet]. 2024. https://eu-jav.com/the-project/wp4/.
Calentano D, Szklo MFY. Gordis epidemiology. 7th ed. Philadelphia: Elsevier; 2025.

Rodriguez-Blanco N, Vicente-Alcalde N, Cubero-Plazas L, Sinchez-Mas J, Montagud E, Moragues R,
Gabaldon-Bravo E, Hurtado-Sanchez JA, Tuells J. Acceptability of the vaccine against COVID-19 in Spanish
health sciences students: a cross-sectional study. Int ] Environ Res Public Health. 2022;19(19):12244. doi: 10.
3390/ijerph191912244.

Coppeta L, Ferrari C, Somma G, Giovinazzo V, Buonomo E, Trabucco Aurilio M, Treglia M, Magrini A.
Serological evaluation for measles among Italian and foreign medical students in a university hospital in Rome.
Vaccines. 2023;11(7):1-10. doi: 10.3390/vaccines11071256.

Williams WW, Preblud SR, Reichelderfer PS, Hadler SC. Vaccines of importance in the hospital setting:
problems and developments. Infect Dis Clin North Am. 1989;3(4):701-722. doi: 10.1016/S0891-5520(20)
30303-2.

Dawson RM, Catledge C, Scott A, Pate LB, Vereen G. Hepatitis B immunity among undergraduate nursing
students: a brief report. Public Health Nurs. 2023;40(1):167-170. doi: 10.1111/phn.13148.

Alshehri AA. Persistence of hepatitis B surface antibody to hepatitis B vaccine among medical college students in
Najran University, Saudi Arabia. Bioinformation. 2022;18(7):617-621. doi: 10.6026/97320630018617.

Moss WS. Plotkin’s vaccines. In: Oreinsten W; Offit P; Edwards K Plotkin S, editors. Plotkin’s vaccines. 8th ed.
Philadelphia: Elsevier; 2024. p. 629-639.

WHO. Mumps virus vaccine position paper. Wkly Epidemiol Rec. 2024;27(11):115-133.

Sarawanangkoor N, Wanlapakorn N, Srimuan D, Thatsanathorn T, Thongmee T, Poovorawan Y. Persistence of
antibodies against measles, mumps, and rubella after the two-dose MMR vaccination: a 7-year follow-up study.
Vaccines. 2024;12(7):1-13. doi: 10.3390/vaccines12070744.


https://doi.org/10.1186/s12879-021-06180-x
https://doi.org/10.1186/s12909-020-02426-5
https://doi.org/10.1371/journal.pone.0224330
https://doi.org/10.1016/j.vaccine.2023.03.009
https://doi.org/10.1016/j.vaccine.2023.03.009
https://doi.org/10.1056/NEJMoa1703309
https://doi.org/10.2807/ese.16.02.19764-en
https://doi.org/10.3390/vaccines10020267
https://doi.org/10.3390/vaccines10020267
https://portaljuridic.gencat.cat/ca/document-del-pjur/?documentId=188889
https://www.saludcastillayleon.es/profesionales/es/vacunaciones/nuevo-calendario-vacunaciones-inmunizaciones-toda-vida-cast.ficheros/2703646-CalendarioVacunacion_Todalavida_webMo_2024.pdf
https://www.saludcastillayleon.es/profesionales/es/vacunaciones/nuevo-calendario-vacunaciones-inmunizaciones-toda-vida-cast.ficheros/2703646-CalendarioVacunacion_Todalavida_webMo_2024.pdf
https://doi.org/10.1016/S0264-410X(02)00583-2
https://eu-jav.com/the-project/wp4/
https://doi.org/10.3390/ijerph191912244
https://doi.org/10.3390/ijerph191912244
https://doi.org/10.3390/vaccines11071256
https://doi.org/10.1016/S0891-5520(20)30303-2
https://doi.org/10.1016/S0891-5520(20)30303-2
https://doi.org/10.1111/phn.13148
https://doi.org/10.6026/97320630018617
https://doi.org/10.3390/vaccines12070744

	Abstract
	Abstract
	Introduction
	Methods
	Ethical considerations
	Results
	Discussion
	Conclusions
	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	Notes on contributor
	ORCID
	Data availability statement
	References

