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A B S T R A C T 
Introduction: The study discusses the uneven impact of the COVID-19 pandemic across various demographic 
groups in the US, focusing on Boone County, Missouri. The aim is to identify any correlation between factors 
such as gender, age, ethnicity, and religious beliefs with COVID-19 infection rates over a span of 22 months 
(from March 15, 2020, to December 2, 2021). 

Methods: The research methodology involves time trend analysis graphs for each demographic group, 
benchmarked against significant events like vaccine launches, the introduction of the delta variant, vaccine 
boosters, and the arrival of the omicron variant. 

Results: Preliminary findings suggest that males and certain racial groups, including Black or African Ameri-
cans and the “All-Other” category, exhibit higher COVID-19 positivity rates throughout these defined periods. 
The study also delves into unique patterns among demographic groups during various phases of the pandem-
ic. 

Conclusion: Our results supported the hypothesis that males and minority races such as Black or African 
Americans and All-Other are more likely to have a higher COVID-19 positivity rate across our defined epochs. 
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INTRODUCTION 

COVID-19, an infectious ailment triggered by the 
SARS-CoV-2 virus, originated in Wuhan, China, in De-
cember 2019.1,2 It rapidly proliferated globally, gain-
ing pandemic status by March 11, 2020.1,3 Statistics 
from April 1, 2020, show that the virus affected over 
800,000 individuals and resulted in over 40,000 fa-
talities across 205 countries.4 By November 2020, 
the US alone reported over 250,000 deaths and over 
10 million infections.4,5 Pharmaceutical companies 
announced promising news regarding vaccine effica-
cy by late November 2020.6,7 

The trials for the COVID-19 vaccines showcased im-
pressive efficacy for a majority of the participants.6,8 
The pandemic has wreaked havoc on global public 
health systems and the economy.9,10 Its early phase 
significantly impacted the entire world, with coun-
tries like the United States, China, and several in Eu-
rope facing disruptions across various sectors, in-
cluding social, public health, and economic do-
mains.4,9,32 

While research on risk factors for COVID-19 is ongo-
ing, certain demographic attributes, such as age, gen-
der, ethnicity, marital status, and religious beliefs, 
might influence both testing and infection rates with-
in communities.9,11,12 These rates might differ based 
on demographic features in periods before and after 
the vaccine’s release in November 2020.13,14 The eco-
nomic turmoil caused by the pandemic was unparal-
leled.15,16 Data from the U.S. Department of Labor re-
veals that the unemployment rate surged to 14.7% in 
April 2020.9,17 Additionally, the total export value 
across all 50 states fell by 29.8%, decreasing from 
$414.95 billion in Q2 2019 to $291.47 billion in Q2 
2020.9,15,18 However, there was a slight reprieve as 
unemployment rates dropped to 10.2% by July 
2020.9,15,32 

In the U.S., COVID-19 disproportionately affected 
marginalized communities, particularly racial and 
ethnic minorities like Native Americans, Latin Ameri-
cans, and African Americans.19,20 The virus’s signifi-
cant impact on these groups is evident, but the influ-
ence of economic disparities and regional differences 
on these variances hasn’t been thoroughly exam-
ined.20,21 Existing disparities in economic, environ-
mental, political, and social contexts, which predate 
the pandemic, are accentuated by these stark con-
trasts.19,22,23 

This research strives to identify and elaborate on po-
tential elements that could explain the disparities in 
COVID-19 figures in Boone County, Missouri, both 
before and after the vaccine’s rollout.19,22 The per-
spective is twofold: social determinants and demo-
graphic features.19,24,32 In June 2020, the Centers for 
Disease Control and Prevention (CDC) disclosed that 
33.8% of the COVID-19 cases in the U.S. were Latin 
Americans and 21.8% were African Americans, even 
though these groups only constitute 13% and 18% of 
the U.S. population, respectively.2,25,26 

Term Definitions: 

Positive Rate (PR): The proportion of tested individ-
uals who are found to be positive for COVID-19, calcu-
lated by dividing the number of positive cases by the 
total number of tests conducted and then multiplying 
by 100 to get a percentage. 

White Positive Rate (Wpr): The proportion of indi-
viduals identified as ’White’ who test positive for 
COVID-19. Determined by dividing the number of 
positive cases among the White population by the to-
tal number of tests conducted within that group, 
then multiplying by 100 to get a percentage. 

Atheist Positive Rate (Apr): The proportion of indi-
viduals identified as ’Atheist’ who test positive for 
COVID-19. Determined by dividing the number of 
positive cases among the Atheist population by the 
total number of tests conducted within that group, 
then multiplying by 100 to get a percentage. 

Total Positive (TP): The absolute number of indi-
viduals who have tested positive for COVID-19, re-
gardless of demographic categorization. 

Past research has indicated that factors like non-
white race, male gender, advanced age, and primary 
language other than English correlated with elevated 
COVID-19 infection rates.21,25 Among the infected 
population, individual attributes such as race, gen-
der, and age were linked to a higher probability of re-
quiring hospitalization.13,26 Thus, this study focuses 
on assessing the relationships between COVID-19 
testing and positivity rates and demographic factors 
like age, religion, ethnicity, and gender in Boone 
County, Missouri.15,25 The hypothesis is that positivi-
ty rates will likely diminish post-vaccine release and 
subsequent booster shots. Conversely, the introduc-
tion of the delta variant is expected to cause an up-
surge in positivity rates.17,31 

The study evaluates demographic characteristics 
over various timeframes, spanning from March 15, 
2020, to December 2, 2021. During these 22 months, 
five distinct epochs influenced the positivity rates for 
Boone County residents: 

First and Second Epochs: These cover periods be-
fore and after the vaccine rollout, which occurred in 
November 2020. 

Third Epoch: This phase looks at the time before and 
after the emergence of the delta variant in June 2021. 

Fourth Epoch: This pertains to the timeframe before 
and after the vaccine booster shot introduction in 
September 2021. 

Fifth Epoch: The final epoch focuses on the period 
before and after the appearance of the omicron vari-
ant in late November 2021. 

The hypothesis posits that groups such as minority 
races/ethnicities, males, individuals of any religious 
faith, and the elderly are likely to exhibit elevated 
positivity rates both before and after the vaccine’s in-



Butros M Dahu et al. 

National Journal of Community Medicine│Volume 15│Issue 01│January 2024  Page 64 

troduction and subsequent booster shots. This trend 
is also expected to persist during the epochs marked 
by the delta and omicron variants. 
 

METHODOLOGY 

Localized COVID-19 Test Data: Boone County, situ-
ated in Missouri, encompasses eleven primary towns 
and cities, including Columbia, Ashland, Sturgeon, 
Centralia, Hallsville, Hartsburg, Rocheport, Harris-
burg, McCaine, Huntsdale, and Pierpont.27 Boone 
County lies within the Mid-Missouri geographical re-
gion of the Midwestern U.S. As of the April 1, 2020, 
census, it houses 183,610 inhabitants.28 The data for 
this study is sourced from the Cerner Electronic 
Health Record (EHR) from the University of Missouri 
Hospital and Clinics in the Mid-Missouri area. This 
dataset encompasses individuals tested for COVID-19 
from March 2020 to December 2021, providing de-
mographic details for 236,809 patients. The racial 
and ethnic classifications have been amalgamated in-
to groups such as Other, Some-Other-Race, Un-
known, Unable-to-Acquire, Refused or Declined, His-
panic, Asian, Native Hawaiian, and American Indian. 

For the purpose of this study, certain racial and ethnic 
categories were merged. All categories, excluding 
“non-Hispanic White” and “non-Hispanic Black or Af-
rican American” were grouped under the label “All 
Other.” Similarly, marital statuses were combined, 
pairing “Married” with “Life Partner” and “Divorced” 
with “Separated.” 

When considering religious identification, numerous 
denominations, and faiths, ranging from Christian 
denominations like Baptist, Catholic, and Methodist 
to religions such as Islam, Hinduism, and Judaism, 
were all grouped under the label “Theist.” Meanwhile, 
“None” and “Atheist” were combined. For all these at-
tributes, including race/ethnicity, marital status, and 
religion, any “Unknown,” missing values, or null en-

 tries were labeled as “Unanswered.” 

The positivity rate (PR) was calculated by taking the 
number of the total positive tests (TP) divided by the 
total number of tested individuals (TT): 

PR = TP/TT × 100………………………………………...…….. (1) 

The total number of tested individuals from Boone 
County was 148,328. The total number of individuals 
with positive tests was 15,903, which gives a 10.72% 
positivity rate in the testing population. 

Statistical Exploration: The descriptive statistics for 
the age of the tested individuals are as follows: mean 
of 34.42, standard deviation (std) of 20.48, minimum 
of 0, 25% percentile of 20, 50% percentile (median) 
of 31, 75% percentile of 49, and maximum of 104. To 
test our hypothesis, we first conducted a Chi-Square 
test to find any positive or negative association be-
tween COVID-19 results and sex, race, or religion. 
The degrees of freedom for the Chi-Square were cal-
culated, and a two-sided alpha level of 0.05 was used 
to determine statistical significance in all hypothesis 
tests. First, a Chi-Square Test of Independence was 
performed to assess the relationship between 
COVID-19 and sex. There was a significant relation-
ship between the two variables, Chi-Square (1, 
74769) = 14.45, p = .0001436. P-value is less than 
0.05 which means that it is very significant. Second, 
a Chi-Square Test of Independence was performed to 
assess the relationship between COVID-19 and race. 
There was a significant relationship between the two 
variables, Chi-Square (2, 74769) = 20.18, p = 
.00004158. P-value is less than 0.05 which means 
that it is very significant. Third and lastly, a Chi-
Square Test of Independence was performed to as-
sess the relationship between COVID-19 and religion. 
There was no significant relationship between the 
two variables, Chi-Square (2, 74769) = 1.19, p = 
.5512. P-value is bigger than 0.05 which means that it 
is not significant. 

 
Table 1: Terms definition and their acronyms used to construct the equations for calculating the positiv-
ity rates needed for the time-trend Figures 6, 7, 8,10, and 11 

Term Definitions 
PR Positive Rate Wpr White Positive Rate Apr Atheist Positive Rate 
TP Total Positive Wp White Positive Ap Atheist Positive 
TT Total Tested Wtt White Total Tested Att Atheist Total Tested 
Fpr Female Positive Rate Bpr Black Positive Rate Tpr Theist Positive Rate 
Fp Female Positive Bp Black Positive Tp Theist Positive 
Ftt Female Total Tested Btt Black Total Tested Ttt Theist Total Tested 
Mpr Male Positive Rate AOpr All Other Positive Rate Upr Unanswered Positive Rate 
Mp Male Positive AOp All Other Positive Up Unanswered Positive 
Mtt Male Total Tested AOtt All Other Total Tested Utt Unanswered Total Tested 
 

RESULTS 

Table 2 shows the positive cases before the vaccine re-
lease and after the vaccine release for three demo-
graphic features. The first demographic feature 
studied before and after the vaccine release was sex. 
The total number of tested females in Boone County 
was 86,175 (58.1%), and the number of males was

62,153 (41.9%). The total number of females who 
tested positive was 8,595 (54.05%), 4,550 (54.1%) 
before the vaccine release, and 4,045 (54%) after the 
vaccine release. The total number of males who test-
ed positive was 7,308 (45.95%), 3,861 (45.9%) be-
fore the vaccine release, and 3,447 (46%) after the 
vaccine release. 
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Table 2: Boone County, Missouri COVID-19 demographic statistics for tested individuals, and positive 
cases before and after the vaccine release 

 Variables Total  
Tested (%) 

Positive  
Cases (%) 

Positive  
Before Vaccine (%) 

Positive  
After Vaccine (%) 

Cohort Size:n (%) 148,328 15,903 (10.72) 8,411 7,492 
Sex         

Female  86,175 (58.1) 8,595 (54.05) 4,550 (54.1) 4,045 (54) 
Male 62,153 (41.9) 7,308 (45.95) 3,861(45.9) 3,447 (46) 

Race/Ethnicity         
Non-Hispanic White  116,200 (78.33) 12,261 (77.1) 6,637 (78.9) 5,624 (75.07) 
Black or African American 19,981 (13.47) 2,284 (14.36) 1,097 (13.05) 1,187 (15.84) 
All Other Races 12,147 (8.2) 1,358 (8.54) 677 (8.05) 681 (9.09) 

Religion         
Theist (With Religion)  60,900 (41.05) 6,213 (39.07) 3,364 (40) 2,849 (38.03) 
Atheist (No Religion) 65,227 (43.98) 6,764 (42.53) 3,496 (41.56) 3,268 (43.62) 
Unanswered 22,201 (14.97) 2,926 (18.4) 1,551 (18.44) 1,375 (18.35) 

 

 

 

 

 

 

 

 

 

Figure 1: Histogram for the Age Distribution by Reli-
gion for Atheists showing that younger (ages 16-36) 
individuals were testing positive for COVID more 
than older individuals. The gray color shows all the 
positive cases in the tested population. 

 

 

 

 

 

 

Figure 2: Histogram for the Age Distribution by Reli-
gion for Theists showing that younger (ages 16-24) 
were testing positive for COVID more than older in-
dividuals. The gray color shows all the positive cases 
in the tested population. 

 

 

 

 

 

 

 
Figure 3: Histogram for the Age Distribution by Reli-
gion for Unanswered showing a slight peak in the 
younger generation (ages 16-24). The gray color 
shows all the positive cases in the tested population. 
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The second demographic feature studied before 
and after the vaccine release was race/ethnicity. The 
total number of tested White individuals was 
116,200 (78.33%), 19,981 (13.47%) Black or Afri-
can Americans, and 12,147 (8.2%) were All Other 
Races. The total number of White individuals who 
tested positive was 12,261 (77.1%), 6,637 (78.9%) 
before the vaccine release, and 5,624 (75.07%) after 
the vaccine release. The total number of Black or Af-
rican Americans who tested positive was 2,284 
(14.36%), 1,097 (13.05%) before the vaccine release, 
and 1,187 (15.84%) after the vaccine release. The to-
tal number of All Other Race individuals who tested 
positive was 1,358 (8.54%), 677 (8.05%) before the 
vaccine release, and 681 (9.09%) after the vaccine 
release. 

The third demographic feature studied before and 
after the vaccine release was religion. The total 
number of tested theist individuals was 60,900 
(41.05%), 65,227 (43.98%) atheist, and 22,201 
(14.97%) was unanswered. The total number of the-
ist individuals who tested positive was 6,213 
(39.07%), 3,364 (40%) before the vaccine release, 
and 2,849 (38.03%) after the vaccine release. The to-
tal number of atheists who tested positive was 6,764 
(42.53%), 3,496 (41.56%) before the vaccine release, 
and 3,268 (43.62%) after the vaccine release. The to-
tal number of unanswered individuals who tested 
positive was 2,926 (18.4%), 1,551 (18.44%) before 
the vaccine release, and 1,375 (18.35%) after the 
vaccine release. 

Trend Analysis Based on the Demographic Facets:

 Table 3 identifies the five study epochs during the 
COVID-19 pandemic over the 22-month period 
(March 15, 2020 - December 2, 2021). The “before 
vaccine release” is the period between March 15, 
2020, and December 21, 2020. The “after-vaccine re-
lease” is the period between December 22, 2020, and 
June 12, 2021. It is important to note that the first 
dotted line (December 22, 2020) in Figures 6, 7, 8, 
10, and 11 represents the beginning of the vaccine 
roll-out in Boone County. The “delta variant” is the 
period between June 13, 2021, and September 20, 
2021. The second dotted line (June 13, 2021) in Fig-
ures 6, 7, 8, 10, and 11 represents the first recorded 
case of the delta variant in Boone County. In addition, 
the “vaccine boosters” are the period between Sep-
tember 21, 2021, and November 19, 2021. The third 
dotted line (September 21, 2021) in Figures 6, 7, 8, 
10, and 11 represents the beginning of the vaccine 
boosters in Boone County. Lastly, the “omicron vari-
ant” epoch is the period between November 20, 2021, 
and December 2, 2021. The fourth dotted line (Nov 
20, 2021) in Figures 6, 7, 8,10, and 11 represents the 
appearance of the omicron variant in Boone County. 

Trend analysis for all the tested individuals: Fig-
ure 4 shows the time trend for COVID-19 positivity 
rate for all the individuals in Boone County, Missouri 
from March 15, 2020, until December 2, 2021. To 
compare the positivity rate in five different periods 
within two years, trend analysis was conducted using 
locally estimated scatterplot smoothing (LOESS) to 
smooth out daily fluctuations in positive cases. It is 
worth mentioning that the positivity rate was calculat-
ed using Equation 1. 

 
Table 3: The five study epochs during the COVID-19 pandemic and their time periods 

Study Epochs Time Period 
Before Vaccine Release March 15, 2020 - December 21, 2020 
After Vaccine Release December 22, 2020 - June 12, 2021 
Delta Variant June 13, 2021 - September 20, 2021 
Booster Shot Roll-Out September 21, 2021 - November 19, 2021 
Omicron Variant November 20, 2021 - December 2, 2021 

 

 

Figure 4: Trend analysis for COVID-19 positivity rate for the tested individuals in Boone County, Missouri 
from March 15, 2020, until December 2, 2021. The graph is divided into five major study epochs: before and 
after vaccine release, the appearance of the delta variant, vaccine boosters, and the appearance of the omicron 
variant. 
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Figure 5: Trend analysis for the COVID-19 positivity rates by race for the tested in Boone County 

 

 

Figure 6: Delta Epoch focuses on a 14-day moving average by race between the period of June 10, 2021, and 
September 10, 2021. It shows a significantly higher COVID-19 positivity rate for Black or African Americans 
than All Other. 

 

The All Other had a higher positivity rate on Decem-
ber 22, 2020 than White and Black or African Ameri-
can individuals. In mid-July 2021, Black or African 
Americans had a much higher COVID-19 positivity 
rate compared to White and All Other individuals. 

Trend analysis for the tested individuals by eth-
nicity: Figure 5 shows the time trend for COVID-19 
positivity rate by race/ethnicity from March 15, 2020, 
to December 2, 2021. To construct this time trend 
analysis graph, we calculated the COVID-19 positivity 
rate using the following equations. 

Wpr = Wp/Wtt × 100…………………………………………. (2) 

Bpr = Bp/Btt × 100………………………………….………. (3) 

AOpr = AOp/AOtt × 100……………………….…………… (4) 

We utilized LOESS (a regression and smoothing 
method)22 to smooth out the daily fluctuations in 
positive cases for the three ethnicities (White, Black 
or African Americans, and All Other).  

Time trend analysis for the tested individuals by 
religion: Figure 7 shows the time trend for COVID-19 
positivity rate by religion from March 15, 2020, to 
December 2, 2021. To construct this time trend anal-
ysis graph, we calculated the COVID-19 positivity 
rate using equations. 

Apr = Ap/Att × 100………………………………………...……(5) 

Tpr = Tp/Ttt × 100……………………………………………….(6) 

Upr = Up/Utt × 100………………………………………….………(7) 

We used LOESS to smooth out the daily fluctuations 
in positive cases for the three religions (Theist, Athe-
ist, and Unanswered). There was a significant change 
within the three religions between July 05, 2020, and 
January 10, 2021. The Unanswered individuals 
showed two major peaks with higher COVID-19 posi-
tivity rates than Atheist and Theist with a minimum 
of 0, first quartile of 8.33, median of 18.11, mean of 
18.11, third quartile of 24.67, and maximum of 100.  
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Figure 7: Trend analysis for COVID-19 positivity rate by religion for the tested individuals in Boone 
County.  

 

Figure 8: Trend analysis for COVID-19 positivity rate by age in Boone County 
 

Atheists and theists had a very similar trend during 
this period. Theist had a COVID-19 positivity rate at a 
minimum of 0, a first quartile of 8.29, a median of 
13.51, a mean of 13.65, a third quartile of 18.42, and a 
maximum of 34. The Atheist individuals had a 
COVID-19 positivity rate at a minimum of 2.77, a first 
quartile of 8.33, a median of 12.59, a mean of 12.99, a 
third quartile of 17.02, and a maximum of 30.66. The 
graph shows a significant increase in the COVID-19 
positivity rate for the Unanswered individuals in Sep-
tember and November 2020 compared to Theist and 
Atheist individuals. Also, Atheist individuals showed 
a slightly higher COVID-19 positivity rate in early July 
2021 than Theist and Unanswered individuals. 

Trend analysis for tested individuals by age: Fig-
ure 8 shows the time trend for the tested individuals 
by age brackets, as proposed by the Centers for Dis-
ease Control and Prevention (CDC)30, from March 15, 
2020, to December 2, 2021. To construct this time 
trend analysis graph, we calculated the COVID-19 
positivity rate using Equation 1. We used LOESS to 
smooth out the daily fluctuations in positive cases for 
all the age brackets (0-18, 19-26, 27-49, 50-64, and 
65+). It important to mention that those age brack-
ets are the same used by the Centers for Disease Con-
trol and Prevention (CDC).30 

DISCUSSION 

As COVID-19 is an ongoing source of threat, there 
will definitely be a continuous need for research 
studies and analyses to understand its behavior and 
to monitor the demographic and equitable distribu-
tion of life-saving resources for fighting the virus. 

Table 2 is the demographic statistics to compare the 
population of Boone County with the tested individ-
uals based on their demographic facets. The results 
of the comparison showed that the tested individuals 
are a very accurate sample to be compared to Boone 
County’s population. The percentages of sex, 
race/ethnicity, and religion are very similar. We 
should note that the 19.6% positivity rate of the test-
ed individuals is higher than Boone County’s positivi-
ty 11.73% rate. The reason is that we were only 
counting one positive test result for each unique in-
dividual and discarding the negative test results. 
Boone County has a lower Black or African American 
percentage (9% vs. 12.8%) and positivity rate 
(11.5% vs. 13.74%) than the tested individuals. 

Figures 1, 2, and 3 show the histogram for the age 
distribution by religion for atheists, theists, and un-
answered. The atheist and unanswered histograms 
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are skewed to the left towards the younger genera-
tion. There were more younger individuals of the 
atheists and unanswered who tested positive for 
COVID compared to the older generation. On the other 
hand, the younger and older theist individuals had 
tested positive at the same rate except for some of 
the younger (ages 16-24) individuals who tested 
positive for COVID at a higher rate. 

In Figure 7 we can notice a significant decrease in the 
number of COVID-19 positivity rates in late Decem-
ber 2020 and early January 2021 for the three reli-
gions after the release of the vaccine. The decrease is 
almost similar throughout the three religions with a 
slight favor for the “Unanswered.” It is also important 
to note that Unanswered had a higher COVID-19 pos-
itivity rate before the vaccine release period than 
Theist and Atheist. The COVID-19 positivity rate for 
the three religions began to increase again in June 
2021 due to the appearance of the delta variant. The 
three religions faced a very similar amount of in-
crease in the COVID-19 positivity rate during the del-
ta variant crisis with a slight favor to Atheist fol-
lowed by Unanswered and then Theist. 

Figure 8 shows a large disparity in September 2020 
between “19-26” and the other age groups with “19-
26” having a higher COVID-19 positivity rate com-
pared to the other groups. It clearly shows a de-
crease in the number of COVID-19 positivity rates in 
late December 2020 and early January 2021 for all 
the age groups after the release of the vaccine. The 
decrease is identical throughout all the age brackets 
with “65+” having a slightly lower positivity rate. 
While the “27-49”, “50-64” and “65+” had much low-
er COVID-19 positivity rate in this period. The 
COVID-19 positivity rate for all age groups began to 
increase again in June 2021 due to the appearance of 
the delta variant. The three age groups (19-26, 27-
49, and 50-64) faced a very similar amount of in-
crease in the COVID-19 positivity rate during the del-
ta variant crisis. The age group “0-18” had a slightly 
lower positivity rate than the previous three age 
groups. However, the “65+” age group had a signifi-
cantly lower positivity rate during this period. 

Figure 8 shows a decrease in the positivity rates for 
all the age groups in September 2021 after the vac-
cine boosters. Additionally, all the age groups faced 
almost the same level of lower positivity rate during 
the roll-out of the booster shot except the “65+” age 
group which had a very low positivity rate than the 
other groups during the delta epoch. Two months lat-
er, the positivity rate for all age groups started to in-
crease again in late November 2021 because of the 
first recorded case of the omicron variant. Finally, 
older individuals in the age bracket of “65+” have a 
lower COVID-19 positivity rate before and after the 
vaccine release, during the delta and omicron vari-
ants crisis, as well as before and after the booster 
shot compared to younger individuals. 

The percentage of All-Other race/ethnicity individu-
als in Boone County (12%) and their positivity rate 

(18.5%) are higher than in the tested individuals 
(9.1% and 8.42% respectively). This indicates that 
more Blacks or African Americans individuals tested 
for COVID-19 than all other race/ethnicity individu-
als. Table 2 shows that the percentage of people with 
no religious affiliation is much higher in Boone Coun-
ty’s population (60.6%) than in the tested individuals 
(42.68%), but the difference is approximately the 
same as the 19% of the tested individuals who did 
not give an answer about their religion (unan-
swered). 

The results of the histograms and the trend analysis 
graphs support our hypothesis that males are more 
likely to test positive for COVID-19 than females. The 
same contrast applies to theists of all other ethnicities 
versus White theists, and Black or African American 
theists versus White theists. These significant find-
ings support our hypothesis that minority rac-
es/ethnicities (Black or African Americans and All-
Other individuals) were more associated with higher 
COVID-19 positivity rates than White individuals. Fi-
nally, there is not enough evidence to support the hy-
pothesis that patients who affiliate with any religious 
belief (theist) are more likely to test positive for 
COVID-19 compared to atheist patients. 

From Figure 4 we can notice a substantial decrease in 
the COVID-19 positivity rates in late December 2020 
and early January 2021. This decrease is due to the 
vaccine release in Boone County during that period. 
However, the COVID-19 positivity rate levels started 
to increase again in June 2021 due to the appearance 
of the delta variant. The first recorded delta variant 
case was in mid-June 2020.29 Figure 4 also shows a 
significant decrease in the COVID-19 positivity rates 
in the tested population of Boone County around Sep-
tember 2021 due to the vaccine boosters. Lastly, 
COVID-19 positivity rates started to increase again in 
late November 2021 because of the first recorded 
case of the omicron variant in Boone County. 

Figure 5 clearly shows a major decrease in the 
COVID-19 positivity rate in late December 2020 and 
early January 2021 for the three ethnicities after the 
release of the vaccine. The All Other continue to have 
a higher COVID-19 positivity rate than White indi-
viduals and Black or African Americans after the vac-
cine release. Before the vaccine release, Black or Afri-
can Americans and All Others had a higher COVID-19 
positivity rate than White individuals. The period be-
tween November 10, 2020, and January 15, 2021, 
had a significant change for the three races. The All 
Other showed a very high peak compared to White 
and Black or African Americans. During this period, 
All Other had a minimum of 0, a first quartile of 
16.52, a median of 20, a mean of 21.94, a third quar-
tile of 27.78, and a maximum of 55.56. Black or Afri-
can Americans had a much lower peak (COVID-19 
positivity rate) with a minimum of 0, first quartile of 
12.5, median of 17.65, mean of 16.72, third quartile 
of 20.81, and maximum of 40. The White individuals 
had a minimum of 6.67, first quartile of 14.77, median 
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of 16.67, mean of 17.204, third quartile of 19.72, and 
maximum of 25.83. 

The COVID-19 positivity rate for the three ethnicities 
started to increase again in June 2021 due to the ap-
pearance of the delta variant. Black or African Ameri-
cans faced a drastic increase in the COVID-19 positiv-
ity rate during the delta variant epoch compared to 
White and All Other individuals, especially between 
June 10, 2021, and October 11, 2021. We should also 
note that there are no data anomalies or spikes, but 
the COVID-19 positivity level is just significantly 
higher. The Black or African Americans show the 
highest local maximum (highest peak) in mid-July 
2021. On the other hand, All Other shows the lowest 
local minimum during the delta epoch. Figure 5 
shows the significant change for Black or African 
American compared to All Other over 14 days moving 
average during the delta epoch (between June 2021 
and September 2021). Figure 6 shows a more detailed 
view of the delta epoch. Black or African Americans 
had a much higher COVID-19 positivity average rate 
especially in late July 2021, whereas All Other had a 
much lower average positivity rate for that period. 
Black or African Americans had a huge increase in 
the COVID-19. The positivity rate compared with 
White and All Other with a minimum of 0, first quar-
tile of 7.25, median of 13.56, mean of 16.84, third 
quartile of 23.90, and a maximum of 68.18. During the 
delta epoch, All Other had a very low COVID-19 posi-
tivity rate than Black or African Americans with a 
minimum of 0, first quartile of 3.03, median of 10, 
mean of 11.6, third quartile of 16.67, and a maximum 
of 50. The White individuals had the lowest COVID-
19 positivity rate during this period with a minimum 
of 0, first quartile of 7.35, median of 10, mean of 
10.56, third quartile of 12.88, and maximum of 28.85. 

Figure 5 also shows a significant decrease in the pos-
itivity rates for the three ethnicities in September 
2021 due to the booster (third vaccine shot) roll-out. 
Additionally, White individuals and All Other Race 
faced lower positivity rates than Black or African 
Americans during the vaccine boosters. Finally, the 
positivity rate for COVID-19 started to increase again 
in late November 2021 because of the first recorded 
case of the omicron variant. All Other Race seemed 
to have a lower positivity rate than the other two 
ethnicities. The results in Figure 5 supported our hy-
pothesis that minority race/ethnicity is associated 
with higher COVID-19 positivity rates before and af-
ter vaccine release, delta variant, booster shot, and 
omicron variant. 

Figure 7 shows a significant decrease in the positivi-
ty rates for the three religions in September 2021 
due to the booster shot (third vaccine shot) roll-out. 
Additionally, the three religious beliefs faced almost 
the same level of lower positivity rate during the 
vaccine boosters. In addition, finally, the positivity 
rate for COVID-19 started to increase again in late 
November 2021 because of the first recorded case of 
the omicron variant. The three of them started to in-

crease in the same manner with a slight favor to the 
Unanswered. 

Finally, there is not enough evidence to support the 
hypothesis that individuals who affiliate with any re-
ligious belief (Theist) are more likely to have a high-
er COVID-19 positivity rate before and after the vac-
cine release, during delta and omicron variants crisis 
and before and after the booster shot compared to the 
Atheist and Unanswered individuals. 

Figure 8 shows a significant deviation between the 
age groups in the period between July 25, 2020, and 
October 10, 2020, before the vaccine release epoch. 
The age group “19-26” had a much higher COVID-19 
positivity rate before the vaccine release period fol-
lowed by the “0-18” age group. Also, the “19-26” age 
group shows a significant increase in COVID-19 posi-
tivity rate with a minimum of 0, first quartile of 10, 
median of 15.79, mean of 17.53, third quartile of 
23.74, and a maximum of 50. While “0-18” age group 
shows a lower COVID-19 positivity rate than the “19-
26” age group but higher than the other age groups 
with a minimum of 0, first quartile of 5.4, median of 
9.85, mean of 11.29, third quartile of 15.43, and max-
imum of 40. In contrast, the “65+” age group shows 
the lowest positivity rate in this period with a mini-
mum of 0, first quartile of 0, median of 2.99, mean of 
4.99, third quartile of 8.08, and maximum of 40. 

Despite the promising results, there are several limi-
tations in our study. First, the tests are known to 
have the possibility of false positives and false nega-
tives. Second, we do not have information about the 
individuals who did not test in Boone County or test-
ed at some other clinics and facilities other than the 
University of Missouri hospital and clinics. Third, we 
do not have information about the vaccine boosters, 
as well as the first delta and omicron recorded cases 
dates at other hospitals, facilities, clinics, and ven-
dors other than the University of Missouri hospital 
and clinics. Fourth, the “none” in the religion was 
represented at a high percentage in the tested data 
that could be errors entered by nurses, or patients 
who refused to say their religious beliefs. Fifth and 
lastly, we do not have vaccination status information 
for the study. 

Our findings support the hypotheses that males and 
minority races are more likely to have a higher 
COVID-19 positivity rate during the vaccine period, 
delta, and omicron variants, as well as the vaccine 
boosters’ period in Boone County, Missouri. Howev-
er, more resources should be allocated to the most 
vulnerable sex, race/ethnicity, and religion to ad-
dress the COVID-19 pandemic in an equitable man-
ner. Therefore, our team is conducting additional 
studies that will include geospatial analysis based on 
the zip code addresses and census tracts of the tested 
individuals in Boone County, Missouri to study and 
define the associations and other features that could 
be related to the testing, positivity, and death rates 
for COVID-19. 
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CONCLUSION 

From a demographic perspective, our study shows 
that males are more likely to test positive for COVID-
19 and they are more likely to test positive than fe-
males. In addition, males have higher positivity rates 
than females in our tested population. It also shows 
that minority races such as Black or African Ameri-
cans, and all other races are more likely to test posi-
tive for COVID than majority races such as White. 
There was no evidence that religion was associated 
with the positivity rate in our study population.  
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