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Abstract

Physician knowledge and support of vaccines greatly influence patient decisions to get vaccinated, and medical
schools can cultivate vaccination knowledge and positive attitudes towards vaccines. We sought to establish a
baseline of medical student knowledge, attitudes, and practices about vaccines to identify knowledge gaps,
characterize common themes in student beliefs, and determine the need for vaccination education interventions. We
administered a survey questionnaire, designed to assess medical student knowledge, attitudes, and practices
towards vaccination to second, third, and fourth year medical students at the University of Central Florida, College of
Medicine. We surveyed the students within the first two weeks of the start of their respective academic years. We
found that student knowledge levels correlated significantly with year and experience delivering immunizations. We
estimated mean knowledge scores for second, third, and fourth year students of 55% (SD 13), 65% (SD 13), and
74% (SD 10), respectively. Students expressed positive and supportive attitudes and practices towards vaccination.
Our results show low confidence in patient and personal education regarding vaccines, with 40% of students
reporting feeling comfortable answering questions from patients or parents about vaccines, and 29% reporting their
receipt of adequate vaccination education in medical school. This study provides a foundation to initiate the
development of comprehensive vaccination education for medical students. Further studies should expand the
survey to other medical institutions to inform the creation of immunization competencies for all US medical students
and develop an educational intervention to address the knowledge gaps we identified.

C J

provider recommendations and their own personal practices (e.g.,
receipt of influenza vaccine) and knowledge regarding vaccination
(e.g., beliefs about vaccine efficacy) [10,11]. Some studies recognized
the potential value of educational interventions targeted towards
medical students, specifically with regard to influenza vaccination
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Introduction

Vaccination represents an essential component of preventive

medicine. Despite the well-established benefits of immunization,
missed-opportunities for vaccination remain a public health concern
[1-3]. Previous research shows that physician attitudes towards
vaccines can directly influence patient decisions to accept or reject
vaccination [4,5]. Inadequate physician knowledge regarding vaccines
and patient eligibility for vaccination can further reduce vaccination
coverage rates [6].

Experience with vaccines prior to and during medical school may
impact future physician recommendations about immunizations to
patients. A recent study investigating the immunization requirements
of US health professional schools reported that 100% of surveyed
medical schools required students to receive specified vaccines prior to
matriculation [7]. During their clinical years, medical students may
discuss and recommend vaccines as part of their pediatric and internal
medicine clerkships, which occur sometime in their third or fourth
year. Studies conducted on medical students in Canada and Germany
identified the importance of assessing student knowledge of vaccines
to support the creation of targeted educational interventions to help
prepare students for patient interactions related to immunization
[8,9].

Physician attitudes and beliefs may also impact patient care. For
example, one study reported a strong correlation between healthcare

[12,13]. The expansion of interventions considered by these efforts to
encompass other vaccines and vaccine concepts more broadly
represents an important opportunity to improve vaccine acceptance
and use. In addition, the development of immunization competencies,
similar to those created by the Canadian Ministry of Health, may
improve overall vaccine outcomes [14].

To date, no studies comprehensively examine the knowledge,
attitudes, and practices of United States (US) medical students with
respect to receiving and recommending vaccines. In this study, we
performed a baseline assessment to identify the needs of medical
students in a new U.S. medical school regarding formal vaccination
education. The results of the survey demonstrate the impact of current
medical school curricula and identify existing knowledge variances
across the span of three classes. The survey also provides valuable
information about medical student exposure to preventive medicine
practices and their influence on attitudes towards vaccination. These
results may inform the creation of an educational tool to better train
medical students.
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Methods

Study design

We administered a survey questionnaire to students at the
University of Central Florida, College of Medicine (UCF COM) within
the first two weeks of the start of their academic years 2, 3, and 4. We
selected these study populations to evaluate the impact of the first
three years of curricula and to establish a baseline of student
knowledge, attitudes, and practices related to vaccines.

Survey design

We developed a 50-item, web-based questionnaire using the
Qualtrics® online survey tool. We obtained permission to use
knowledge, attitude, and practice questions from a previously
validated instrument used in a study in Canada [8]. We developed
additional questions based on our review of the literature and current
vaccination guidelines. The survey questionnaire included four
sections that addressed student: (1) knowledge of pediatric and adult
vaccination topics and guidelines, (2) attitudes towards vaccination
(including vaccination policies and the utility of vaccines), (3)
practices (including personal uptake of vaccines and immunization
resources used to educate themselves and/or patients), and (4)
demographics (to characterize student exposure to preventive
medicine practices). The questionnaire consisted of 15 true/false
knowledge questions, 4 multiple-choice knowledge questions, 18
attitude statements with agreement assessed using a Likert-scale, 5
personal-practice questions assessed using a Likert scale for
importance, and 8 demographic questions (6 multiple-choice and 2
open-ended) (instrument available from the authors upon request).
We created an overall knowledge score for each student by adding the
total correct answers to the 15 true/false and 4 multiple-choice
knowledge questions (i.e., 19 questions from a survey developed and
validated by the Canadian Center for Vaccinology for use on health
professional students [8]).

Survey distribution

We administered the survey during a structured class time for a
required session within the first two weeks of the academic year. This
timing implies that all students completed their pre-clinical
coursework on microbiology and immunology prior to the survey,
with Y4 students also completing their required clinical clerkships for
both internal medicine and pediatrics. We gave students a maximum
of 30 minutes to complete the survey and instructed them not to use
web-based resources, books, reference materials, or other
supplemental aids. All participants received $5 compensation for their
participation.

Data analysis

We performed all statistical analyses using SPSS 21.0° (IBM;
Chicago, IL). We examined the responses to the open-ended questions
using thematic content analysis. We computed an overall knowledge
score by calculating the percentage of knowledge questions answered
correctly. Knowledge scores reflect competence of general
immunization information (routine guidelines, contraindications),
specific ~ vaccines and vaccine preventable diseases, and
recommendations for special populations [8]. We reported frequencies
and percentages for categorical variables (gender, classes,

demographics. We used chi-square tests to report between-group
comparisons of categorical variables. We expressed ordinal variables as
median (minimum-maximum), and used Mann-Whitney U tests or
Kruskal-Wallis tests as appropriate for between-group comparisons.
We reported means + Standard Deviation (SD) and with 95%
Confidence Intervals (CI) for normally distributed continuous
variables. We made between-group comparisons of continuous
variables using independent samples t-tests or analysis of variance
(ANOVA). We performed all follow-up pairwise comparisons using a
Bonferroni correction. We used two-sided tests for all statistical
analyses and considered p-values less than 0.05 as statistically
significant.

Results

Demographics

We administered the questionnaire to 232 students and received
194 completed surveys (84%). As shown in Table 1, we received
responses from 84 (89%) Y2 students, 77 (99%) Y3 students, and 33
(58%) Y4 students (Table 1) with a mean age of 25.26 years (SD 2.34).

UCF COM Class Y2 Y3 Y4

n respondents/n class (%) 84/94 (89) 77178 (99) 33/57 (58)
Age (mean, SD) 246 (2.2) 25.7 (2.5) 26 (2.0)
Gender

Male, n (%) 45 (54) 37 (48) 12 (36)
Female, n (%) 39 (46) 40 (52) 21 (64)
Have children (%) 4 (5) 6 (8) 3(9)
_Experignc_e delivering 7(8) 6(8) 12 (36)
immunizations (%)

Table 1: Demographic characteristics of study participants.
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Figure 1: Distribution of knowledge scores by class showing the
minimum, maximum, and mean connected by lines with the
standard deviation (SD).
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All respondents Y2 Y3 Y4 Association with class year
(n=194) (n=84) (n=77) (n=33) (p-value)
n (%) n (%) n (%) n (%)
Mild illness, with fever, is a reason to withhold vaccinations.
True 74 (38) 40 (47) 31 (40) 3(9)
False” 99 (51) 36 (43) 33 (43) 30 (91) 0.02
Don't Know 21 (11) 8 (10) 13 (17) 0(0)
Routine childhood vaccines can be given to a child taking antibiotics for an ear infection.
True' 86 (45) 33 (39) 30 (39) 23 (70)
False 53 (27) 25 (30) 21(27) 7 (21) 0.03
Don't Know 55 (28) 26 (31) 26 (34) 3(9)
Current scientific evidence supports associations between vaccines and chronic conditions such as autism and multiple sclerosis.
True 46 (24) 31 (37) 15 (19) 0(0)
False” 127 (65) 45 (54) 49 (64) 33(100) 0.04
Don't Know 21 (11) 8 (9) 13 (17) 0(0)
Vaccines are 100% effective.
True 4(2.1) 2(2) 1(1) 1(3)
False” 186 (96) 79 (94) 75 (98) 32 (97) <0.001
Don't Know 4(2.1) 3(4) 1(1) 0(0)
Unvaccinated people with subclinical symptoms of influenza can spread the disease to others.
True’ 181 (93) 78 (93) 71 (92) 32 (97)
False 6 (3) 2(2) 3(4) 1(3) <0.001
Don't Know 7(4) 4 (5) 3(4) 0(0)
Itis required by law in the United States to vaccinate your child.
True 16 (8) 6(7) 6 (8) 2 (6)
False” 164 (85) 71 (85) 64 (83) 29 (88) <0.001
Don't Know 14 (7) 7 (8) 7(9) 0(0)
The Food and Drug Administration (FDA) approval process for vaccines is the same as that for drugs.
87 (45) 39 (46) 35 (45) 13 (39)
l:f:e 53 (27) 22 (26) 19 (25) 12 (36) 0.43
Don't Know 54 (28) 23 (27) 23 (30) 8 (24)

Table 2: Responses to selected knowledge questions overall and by year with a comparison of response by class year. ‘Indicates correct answer.

Knowledge of vaccination guidelines and contraindications

Results of the 19-item knowledge assessment demonstrated
significant variation between class years in immunization knowledge
(Figure 1). The 13% of students with experience delivering
immunizations performed significantly better than their peers on the
knowledge assessment (70% vs. 60%, p<0.001). Neither gender nor
having children significantly impacted mean knowledge scores.

With regard to specific knowledge questions, the majority of
students (65%) correctly identified the lack of scientific evidence
linking vaccines to chronic conditions such as autism and multiple
sclerosis. The number of students who incorrectly assumed a link
existed between vaccines and chronic conditions dramatically
decreased between second, third, and fourth year classes (37%, 19%,
and 0%, respectively) (Table 2).

Attitudes towards vaccines and perceived importance of
vaccination

The results showed significant correlation between student attitudes
toward improving immunization coverage levels and their
performance on the knowledge assessment (p=0.014). We also found
that students who agreed that improving immunization coverage is
important received a higher mean knowledge score (63%, SD 14) than
those who disagreed (45%, SD 3). Overall, 94% of students agreed that
educating patients/parents about vaccines is an important way to
increase vaccine coverage rates, while 40% of students felt comfortable
addressing patient/parent concerns about vaccines. The results showed
a strong correlation between student confidence addressing patient
concerns and their mean knowledge scores (p=0.019). Less than one-
third (29%) of participants reported receiving adequate education
about vaccines during medical school. Students with prior experience
delivering immunizations (13%) reported significantly more
confidence in their ability to address patient/parent concerns
regarding vaccination (p=0.019). Nearly all students (>92%) agreed
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about the importance of fully immunizing all children and over half
(55%) agreed that physicians can reduce parental stress by spreading
necessary vaccines over several visits (i.e. by adhering to alternative
schedules, Table 3).

The UCF COM requires influenza vaccination and provides it free
of cost for all medical students. When asked if they would choose not

to receive the influenza vaccine if required to pay for it, we found that
24% of students agreed with this statement (Table 3). When asked
about the importance of requiring influenza immunization for all
healthcare workers, 75% of all students rated this practice as very
important and no respondents rated it as unimportant.

All respondents Y2 Y3 Y4
(n=194) (n=84) (n=77) (n=33)
n (%) n (%) n (%) n (%)
Media coverage regarding vaccines and chronic diseases has increased my concerns about the safety of vaccines.
Strongly disagree/disagree 131 (67) 67 (80) 60 (78) 30 (91)
Neither agree nor disagree 25 (13) 10 (12) 12 (16) 3(9)
Strongly agree/agree 38 (20) 7 (8) 5 (6) 0 (0)
Improving immunization coverage levels is important.
Strongly disagree/disagree 4(2) 3(4) 1(1) 0(0)
Neither agree nor disagree 8 (4) 2(2) 5(7) 1(3)
Strongly agree/agree 182 (4) 79 (94) 71(92) 32 (97)
Vaccination education is only important for medical students pursuing a career in primary care.
Strongly disagree/disagree 167 (86) 77 (91) 62 (80) 28 (85)
Neither agree nor disagree 6 (3) 3(4) 2(3) 1(3)
Strongly agree/agree 21 (11) 4 (5) 13 (17) 4(12)
| would not get my annual influenza vaccine if | had to pay for it.
Strongly disagree/disagree 112 (58) 46 (55) 45 (58) 21 (64)
Neither agree nor disagree 36 (18) 14 (17) 17 (22) 5(15)
Strongly agree/agree 46 (24) 24 (28) 15 (20) 7(21)
It is important that all adults are fully immunized.
Strongly disagree/disagree 4 (2) 1(1) 0 (0) 3(9)
Neither agree nor disagree 21 (11) 7 (8) 8 (10) 6 (18)
Strongly agree/agree 169 (87) 76 (91) 69 (90) 24 (73)
Parental stress can be reduced by spreading necessary childhood vaccines over several visits.
Strongly disagree/disagree 41 (21) 19 (23) 14 (18) 8 (24)
Neither agree nor disagree 47 (24) 19 (23) 19 (25) 9 (27)
Strongly agree/agree 106 (55) 46 (54) 44 (57) 16 (49)
Educating patients/parents about vaccines is an important way to increase vaccine coverage rates.
Strongly disagree/disagree 1(1) 0(0) 0(0) 1(3)
Neither agree nor disagree 10 (5) 3(4) 3(4) 4(12)
Strongly agree/agree 183 (94) 81 (96) 74 (96) 28 (85)
| am comfortable responding to the questions patients/parents have about vaccines and vaccine side effects.
Strongly disagree/disagree 63 (32) 27 (32) 29 (38) 7(21)
Neither agree nor disagree 54 (28) 30 (36) 17 (22) 7(21)
Strongly agree/agree 77 (40) 27 (32) 31 (40) 19 (58)
| have received adequate education about vaccines and vaccinology during medical school.
Strongly disagree/disagree 70 (36) 30 (36) 38 (49) 2 (6)
Neither agree nor disagree 67 (35) 32 (38) 23 (30) 12 (36)
Strongly agree/agree 57 (29) 22 (26) 16 (21) 19 (58)

Table 3: Responses to selected attitudinal questions.

Discussion

Our baseline assessment of medical student knowledge, attitudes,
and practices towards vaccination revealed several important findings.

First, medical students currently acquire knowledge of vaccination
guidelines and experience with vaccines over the course of their three
core educational years, as shown by the increase in knowledge scores
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between class years. With vaccinology not considered a formal
discipline or an assessed core competency in US medical education
curricula, medical schools generally scatter vaccination concepts in
basic science immunology and microbiology coursework and
throughout required clerkships. Not surprisingly, we found that fourth
year students showed the most knowledge overall, most likely
reflecting the impact of their experiences in clerkships, since all UCF
COM students complete pediatrics and internal medicine rotations in
their third year. Students who reported experience delivering vaccines
performed significantly better on the knowledge assessment and felt
more confident in their ability to respond to patient/parent concerns
regarding vaccination than those without experience. This finding
suggests the importance of creating opportunities for all students to
deliver vaccines while in medical school, possibly via immunization
clinics, to further increase student knowledge levels and confidence.
Unfortunately, given the timing of the research project, we did not
perform an assessment of students at the end of their fourth year,
which would provide an overall perspective on the impact of the
complete medical education received by all students at the end of their
training. Future studies should consider measuring student
knowledge, attitudes, and practice at the end of the academic years.

Second, the vast majority of students reported highly positive
attitudes and supportive practices towards vaccination, as shown by
their sentiments towards the importance of vaccination and their
willingness to receive influenza vaccination despite the associated cost.
Combined with our findings about the lack of confidence among
many students in addressing patient/parent concerns and in the
amount of vaccination education they reported receiving, these results
suggest the likely receptivity of medical students to educational
interventions related to immunization. Efforts to standardize
immunization training for medical students as part of their curriculum
would most likely benefit from reinforcement by the development of
immunization core competencies. The introduction of specific
learning modalities and core competencies regarding vaccination may
effectively address this issue and boost student confidence in the
quality of their own personal education as well as their ability to
educate patients.

Third, our findings related to implied student acceptability of
alternative schedules suggest the need for discussions regarding the
value of evidence-based risk communication. While the majority of
students recognized the importance of fully immunizing children, 21%
confidently disagreed about the concept of reducing parental stress
through the use of alternative immunization schedules. Unfortunately
this question in our survey conflated parental stress and the
acceptability of the alternative schedule, and future studies should
consider separating these points. Recent studies suggest that patient
concerns regarding vaccines and the use of non-physician resources
play an important role in choices to follow an alternative
immunization schedule, while communication from physicians play a
significant role in promoting adherence to Advisory Committee on
Immunization Practices (ACIP) schedules [15,16]. Educating medical
students about the importance of schedule adherence and approaches
to risk communication could prove particularly important during the
pre-clinical and clinical years [17].

Finally, in addition to limitations mentioned previously with
respect to the timing of our survey and some of the questions, we note
some additional limitations. First, we surveyed a relatively small
population of students in a new medical school. Other populations of
students may show different results, and consequently we suggest the

need for further study of other medical school student populations.
Second, although we used some validated questions from other
studies, we piloted the survey questionnaire during this study, which
limited our ability to fully evaluate the questions or compare the
results between different populations.

Conclusions

This study provides an important foundation to support the
development of comprehensive vaccination education for medical
students. We highlight differences in knowledge levels between
medical student classes and the influence of student experience
delivering vaccines on student knowledge and confidence. Medical
students positively view vaccination education, and they would likely
be receptive to more education and training related to vaccines.
Further studies should extend the survey to other medical school
populations and explore the development of an educational
intervention to address the identified knowledge gaps and boost
student confidence about vaccines. We also suggest that medical
institutions should consider standardizing a set of core competencies
for immunization for all US medical students.
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