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Introduction
 The discovery of the Smallpox vaccine by Edward Jenner in 
1796 opened the floodgates for further works by scientists on the 
application of vaccines in infectious disease prevention [1-3]. These 
efforts culminated in the discovery of a second vaccine, against 
diphtheria, which was applied a century later and it would be 150 
years for the Polio vaccine to be introduced [4,5].

 Vaccination is one of the fundamental public health achievements 
of the 20th century and has remarkably decreased the prevalence of 
infectious disease-related mortalities across the globe [6-8]. Apart 
from clean water and sanitation, few public health measures can rival 
the impact of vaccines which have been widely appraised as a cost-
effective public health intervention with a population-wide benefit 
[6,9-11].

 The successful global eradication of Smallpox and the nearly 
eradicated Poliovirus is key milestone achievements attributed to 
vaccination efforts [6,12]. Vaccines directly induce immunity to 
confer protection against infections in most vaccinated individuals 
[1]. They indirectly provide community protection through raised 
herd immunity by preventing the spread of infectious diseases from 
person-to-person [1,13].

 A cost-benefit analysis of vaccine-use revealed that for a single 
birth cohort approximately twenty million cases of diseases were 
prevented, including 40, 000 mortalities [14]. Vaccination does 
not only save lives of children but creates a positive impact on the 
economy. It is estimated that nearly $70 billion in net economic 
benefit has been attributed to vaccination in the United States [12]. 
An economic evaluation of 10 vaccines in 94 low-and middle-
income countries showed that an almost $34 billion investment in 
immunization program resulted in saving $586 in reducing costs 
of illness and $1.53 trillion when broader economic benefits were 
included in the analysis [15].

 The World Health Organization has prioritized immunization 
which is included as a core to the 2030 Sustainable Development Goals 
(SDGs) [16]. This is in keeping with the Global Vaccine Action Plan  
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Background: There has been an upsurge in the outbreaks of 
Vaccine-Preventable Diseases (VPDs) and their related mortalities in 
the United States. These are attributable to the rising trend of vaccine 
delays/refusals based on beliefs and ideological preferences.

Objective: This study aimed to determine the immunization status of 
kindergarten and elementary school students in Lexington-Fayette 
County, Kentucky, 2018-2019 school year. 

Methods: A cross-sectional, secondary analysis of school-based 
vaccination records of 7,253 participants (3,599 kindergarten and 
3,654 elementary students, respectively) in Lexington-Fayette 
County, Kentucky, was done from January to April 2020 using 
Microsoft Excel and SPSS V.25. A Z test of difference in proportions 
was employed to show the difference in vaccination coverage 
between kindergarten and elementary student participants. 

Results: Vaccination coverage and exemption rates for kindergarten 
and elementary student participants were (98%, 2%) and (98.2% 
1.8%), respectively. DTap had the highest vaccination coverage 
(99.4%) for kindergarten students. Hepatitis A vaccine had the least 
vaccination coverage for both kindergarten (92.2%) and elementary 

students (75.1%), respectively. There was a statistically significant 
difference in vaccination coverage between kindergarten and 
elementary school students for DTap (Z, 18.90) and Polio (Z, 22.90) 
vaccines, respectively, above 10% (P <.00001). 

Conclusion: This study showed a relatively impressive school-
based vaccination outlook; it, however, revealed a 2% student 
population who may be vaccine-hesitant, a potential threat to public 
health in the community. Therefore, to attain full school-based 
vaccination coverage, an assessment of vaccination hesitancy and 
determinants of uptake of school-based vaccinations in Lexington-
Fayette County is thus recommended.
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that is aimed to prevent millions of death by 2020 through enhanced 
global vaccine access and utilization strategies [16]. Children’s health 
is central to achieving the SDGs and the school system has remained 
a crucial avenue to the successful enforcement of state or local 
immunization mandates to achieve this major global development 
milestone. However, the role of parents in immunization cannot be 
overlooked as they make early life decisions for their children who 
are of schooling age including acceptance or refusing them the right 
to get immunized against vaccine-preventable diseases.

 Following the Supreme Court ruling of 1922 upholding the 
constitutionality of vaccinations, mandatory school vaccination 
programs and vaccination requirements have existed in the United 
States for nearly a century [17]. These school vaccination requirements 
vary by state and local authorities and are aimed to protect school 
children from vaccine-preventable diseases [18].

 Despite the plethora of scientific evidence of the positive health 
and social impacts of vaccination on children and society at large 
[6,10,11,16] school vaccination has been met with stiff resistance 
from figures in the society, whose towering influence has continued 
to gain huge support and followership among some parents, many of 
whom now hesitate, delay or at rightly refuse vaccination for their 
children [19].

 The recent upsurge in the outbreaks of vaccine-preventable 
diseases and their related mortalities in the United States have been 
attributed to this rising trend of vaccine delays or their complete 
refusals based on non-medical exemptions, mostly rooted in personal 
beliefs and individual ideological preferences [20-22]. It is estimated 
that an alarming 2.0% of parents decline all forms of vaccinations for 
personal reasons. Published data shows that from 2004 to 2011, the 
mean rate of non-medical exemption per state in the U.S. increased 
from 1.5% to 2.2% [23]. According to the CDC’s report for the 
2018-2019 school years, the U.S. national estimate of vaccination 
exemption rate for children in kindergarten stood at 2.5% showing a 
0.5% increase from the 2017-2018 school year report [24].

 In the 2017-2018 school year, the CDC reported national 
vaccination rates for MMR (94.3%), DTap-4 or 5 doses, (95.1%), 
Varicella-2 doses (93.8%) among children in kindergarten [25]. 
The corresponding coverage rates for these vaccines in the State of 
Kentucky were 92.6%, 93.7%, and 91.7%, respectively [25]. These 
relatively high estimates, unfortunately, may conceal clusters of 
under-vaccinated children [18]. The proportion of vaccine refusals 
have been shown to be associated with an increase in the incidence 
of vaccine-preventable diseases in recent times [26]. The findings of 
this study could potentially reveal immunization prevalence gaps in 
kindergarten and elementary school students in Lexington-Fayette 
County. This will serve the purposes of planning and prioritization 
of the allocation of resources for the implementation of initiatives 
aimed at promoting vaccine acceptance and increase uptake within 
the Lexington-Fayette County area. Furthermore, they could spark 
research into the determinants of vaccine hesitancy, especially 
among parents of school aged children who make critical vaccination 
decisions on behalf of their kindergarten and elementary school 
children in the county. Hence this study aimed to determine the 
immunization status of kindergarten and elementary school students 
in Lexington-Fayette County, Kentucky.

Methods and  Materials
 This study used a cross-sectional design to analyze secondary 
data of kindergarten and elementary school immunization records 
for 2018-2019 academic years, Lexington-Fayette County, Kentucky. 
A population sample of 7,253 (kindergarten, 3,599 and elementary 
3654, respectively) was selected using available records obtained 
from the State Immunization Registry between January and April 
2020. A secondary data collection instruments was used to obtain data 
on vaccination and exemption status of kindergarten and elementary 
school students. Confidentiality was ensured by de-identifying 
individual student/school record during data entry with the use of 
serial coding only. Furthermore, all data acquired through this study 
were kept in password-protected computer files within the Lexington-
Fayette County Health Department. School-based vaccination data 
were analyzed using Microsoft Excel Real Statistics software and 
SPSS [25]. Tables and charts were used to present the immunization 
and exemption rates in kindergarten and elementary school students. 
A test of difference of proportions was done to show the difference 
in vaccination rates between kindergarten and elementary student 
participants. Statistical significance was set at p<0.05.

Results
 A total of 3,599 kindergartens and 3,654 elementary school 
student’s vaccination records were analyzed during this study (Table 
1).

 Ninety-eight percent of kindergarten students in Lexington-
Fayette County were vaccinated in the 2018-2019 school year. Of 
the 2% of kindergarten students with vaccination exemption, 1.67% 
were no- medical (religious exemption) while 0.33% were medical 
exemptions. Ninety-eight percent of elementary school students in 
Lexington-Fayette County were vaccinated in the 2018-2019 school 
year. Of the 1.8% of elementary students with vaccination exemption, 
1.12% were non-medical (religious exemption) while 0.68 % were 
medical exemptions.

 Vaccination coverage rates for specific vaccines administered to 
kindergarten students in Fayette County in the 2018-2019 school 
year were: Dtap, 99.4%; Polio, 99.5%; HepB, 99.2%; MMR, 97.9%; 
Varicella, 97.4%; HepA. 92.2%. Dtap had the highest vaccination 
coverage. The least Hepatitis A had the least vaccination coverage. 
Vaccination coverage rates for specific vaccines administered to 
elementary school students in Fayette County in the 2018-2019 
school years were: Dtap, 89.0%; Polio, 85.1%; HepB, 97.6%; MMR, 
97.3%; Varicella, 95.4%; HepA. 75.1% (Table 2).

Status Frequency Percent (%)

Kindergarten students
Medical exemption

Religious exemption
Vaccinations

(n=3599)
12
60

3,527

0.33
1.67
98.0

Elementary students
Medical exemption 

Religious exemption
Vaccination

(n=3654)
25
41

3588

0.68
1.12
98.2

Table 1: Vaccination/exemption status of kindergarten and elementary school students, 
Lexington-Fayette County, 2018-2019 school year.
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 There was a comparable proportion of vaccination coverage 
between kindergarten and elementary school student participants 
with a slight percentage difference between them; MMR (97.9%, 
97.3%), HepB (99.2%, 97.6%), and Varicella (97.4%, 95.1%), 
respectively (Table 3). The difference in vaccination coverage 
between kindergarten and elementary school students for Dtap and 
Polio vaccines was more than 10%. Vaccination coverage was found 
to be least for Hepatitis A when compared to other vaccines in both 
the student population. Overall, there was no statistically significant 
difference in the vaccination coverage rate for MMR vaccine between 
kindergarten and elementary student population.

 A major proportion of the study participants (kindergarten, 
99.5%; elementary 99.6%) had vaccination certificates. Only 0.5% 
of kindergarten students had no vaccination certificates while 0.4% of 
elementary students had no vaccination certificates (Figure 1).

Discussion
 The data highlights the coverage rates for specific vaccines 
required for maintaining school enrollment. This requirement is not 
unique to Lexington-Fayette County alone, as mandatory student 
vaccination is practiced throughout the state of Kentucky [27,28]. 
Vaccination requirement for school enrollment has been a practice 
in the United States for nearly a century, and the continuation of this 
practice despite opposition over the years has been predicated on 
sound scientific evidence of the potency of vaccines to protect children 
from infectious disease by boosting the immune system directly, and  

the indirect protection from herd immunity it provides for the larger 
population [1,13,19]. Also, the data on vaccination exemption status 
of the student population points to the fact that despite an almost 
century-long practice of vaccination of school children, a section of 
unvaccinated people in the population may pose a threat to public 
health [29]. This study showed ninety-eight percent of kindergarten 
students in Fayette County were vaccinated in the 2018-2019 school 
year. This proportion exceeded the U.S average for MMR, pertussis, 
varicella, respectively for the same school year [30]. Of the 2% 
of kindergarten students with vaccination exemption, 1.67% was 
religious exemptions while 0.33% was medical exemptions.
 

 According to the data, the overall vaccination rate for kindergarten 
school children in Fayette County was 98%, leaving a 2% prevalence 
gap in the unvaccinated kindergarten population. This was 
comparable to the vaccination coverage rate of the elementary school 
student population in the county as well. Although the data showed a 
2% proportion of vaccination exemption status in either kindergarten 
or elementary schools, however, they also appeared to suggest that 
religious exemption rather than medical exemptions accounted more 
for the observed number of unvaccinated kindergarten and elementary 
school student population, respectively. This finding is consistent 
with that of a systematic review of school immunization requirement 
which showed evidence of rising rates of nonmedical exemptions 
(NMEs) from school-entry vaccine mandate [31]. As children do 
not make vaccination-based decisions, it could be hypothesized that 
this trend may be attributed to the role of vaccine-hesitant parents 
or vaccine refusers [32]. This hypothesis is consistent with past 
research which documented that an alarming 2% of parents decline 
all forms of vaccinations for personal reasons [23]. Besides, the 2% 
vaccination exemption rate observed in this study is also consistent 
with published data which showed that from 2004 to 2011, the 
mean rate of non-medical exemption per state in the U.S. increased 
from 1.5% to 2.2%.23 Furthermore, this study showed a 0.5% lower 
vaccination exemption rate compared with the published CDC’s U.S. 
national vaccination exemption rates report for the 2018-2019 school 
year, for children in kindergarten which stood at 2.5% showing a 
0.5% increase from the 2017-2018 school year report [24].

 Vaccination coverage rates for specific vaccines administered to 
kindergarten students in Fayette County in the 2018-2019 school 
years suggested that Hepatitis A was the least, 92.2% compared to  

Vaccine Frequency Percent (%)

Kindergarten students (n=3599)

DTaP 3,572 99.4

Polio 3,583 99.5

HepB 3,571 99.2

MMR 3,526 97.9

Varicella 3,506 97.4

HepA 3,317 92.2

Elementary students (n=3654)

Dtap 3,253 89

Polio 3,111 85.1

HepB 3,565 97.6

MMR 3,554 97.3

Varicella 3,485 95.4

Hep A 2,745 75.1

Table 2: Vaccination coverage among kindergarten students in Lexington-Fayette 
County, 2018-2019 school year.

Vaccination Coverage Rates 
Kindergarten (%) Elementary (%) Z P

DtaP
Polio

Hep B*
MMR

Varicella
HepA*

99.4
99.5
99.2
97.9
97.4
92.2

89.0
85.1
97.6
97.3
95.4
75.1

18.90
22.90
5.41
1.67
4.57

19.66

<.00001
<.00001
<.00001
.09492

<.00001
<.00001

Table 3: Result of the test of difference in the proportion of vaccination coverage 
between kindergarten and elementary student population, Lexington-Fayette County, 
2018-2019 school year.

Figure 1: Vaccination certificate holding status by student type, Fayette-country, 2018-
2019.
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the other recommended vaccines. This trend was also observed in 
the elementary students who had a HepA vaccination rate of 75.1%.  
These statistics may reflect the current rate of compliance with the 
new Kentucky mandate on Hepatitis A vaccination for children, as a 
requirement for school enrollment for children. The state of Kentucky 
commenced the implementation of a new immunization mandate in 
2018; a 2-Dose series of hepatitis A vaccine for children 12 months 
through 18 years [33]. In this study, the HepA vaccination coverage 
for kindergarten students was 17% higher than that of elementary 
school students. Being a relatively new state vaccination mandate, it 
may be argued that a one-year post-implementation assessment may 
be too early to substantially reflect the uptake of the HepA vaccine in 
the population. According to a published national progress report on 
Hepatitis A, there has been an observed increase in the proportion of 
children aged 19 to 35 months who receive more than two doses of 
Hepatitis A vaccine from 19% in 2010 to 85% in 2020 [34].

 In this study, the analysis of the test of difference in the proportion 
of vaccination coverage between kindergarten and elementary 
student population showed a statistically significant difference 
between vaccination coverage’s for Dtap, Polio, HepB, Varicella, and 
HepA, respectively. This may imply that there are a universally high 
vaccination rate and acceptance of these vaccines. Previously published 
data shows that vaccination rates are relatively high [28]. Generally, it 
may appear there is a relatively high vaccination coverage rate among 
the study population. While this trend remains, there is a need to 
sustain the pace and work for improved school vaccination program, 
as any complacency may erode the present gains. Furthermore, the 
relatively high vaccination rates seemed to be more consistent among 
the kindergarten compared to the elementary student population. 
The 2% unvaccinated student population could pose a public health 
risk and may be linked to potential future outbreaks. An outbreak of 
measles or pertussis in a school with unvaccinated student population 
will put students at risk of contracting the disease with a possibility 
of transmission to the community if adequate protective measures are 
not taken [26].

 The data showed a slightly lower vaccination rate among the 
elementary school population. This may open an opportunity for 
vaccination program operations research to explore factors responsible 
for the observed trend and recommend ways for improvement. Such 
an initiative may help in closing the gap in kindergarten-elementary 
vaccination rates in the county through scale up efforts.

 The Hepatitis A vaccination coverage rates in this study can 
be described as less than impressive. It may be too early to have 
sufficient data that accurately reflects the uptake of this vaccine in 
the population considering that its implementation was approved in 
2018 [33]. Perhaps a five-year post-implementation assessment will 
yield more data and allow for a more robust assessment of Hepatitis 
A vaccine uptake in the study population. Consequently, the Fayette 
County Public Health Administrators and Planers can engage the 
health educators to implement strategies for enhancing the diffusion 
of the relative innovation in the continuum of vaccines required for 
school children in Kentucky.

 This study showed a relatively impressive school-based vaccina-
tion outlook; it however, revealed a 2% student population who may 
be vaccine hesitant, a potential threat to public health in the commu-
nity. Therefore, to attain full school-based vaccination coverage, an  
 

assessment of vaccination hesitancy and determinants of uptake 
of  school-based vaccinations in Lexington-Fayette County is thus 
recommended.
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