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A closer look at U.S COVID-19 vaccination rates and the emergence of new 
SARS-CoV-2 variants: It’s never late to do the right thing 
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According to the Center for Disease Control (CDC), 49.7% of the 
United States (U.S.) population has been fully vaccinated (165, 081, 416 
million people) and 57.9% has received at least 1 dose (192, 120, 576 
million people) as of August 3rd, 2021 [1], which is below the national 
goal of at least 80% [2]. The recent emergence of new SARS-CoV-2 
variants emphasizes the importance of vaccinations and increasing 
vaccination efforts to provide sufficient protection against COVID-19 
and a possible upcoming wave [3,4] 

Within the plethora of SARS-CoV-2 variants identified, the most 
commonly referenced in the literature include B.1.1.7 (Alpha), B.1.351 
(Beta), P.1, and B.1.617.2 (Delta) [5]. These variants have led to 
increased viral transmission, hospitalizations, and severity of disease 
[6], with the Delta variant being declared the most transmissible [4]. 
Recent data published by the CDC shows the number of variant cases, 
per state, for variants Alpha, Beta, and P.1 (Fig. 1) [7]. The states with 
the highest number of variant cases (401+) were clustered around the 
East, with the Alpha variant being mostly responsible. There is no 
available data regarding the number of variant Delta cases distributed 
by state as of today, but it is known to be present in the largest pro
portion [8]. 

In addition to differences in variant distribution, there are differ
ences in vaccination rates throughout the U.S. Fig. 2A and Fig. 2B 
demonstrate these geographic differences and highlight that few states 
have over 50% of their population fully vaccinated. This is concerning 
because receiving a single dose for vaccines which require two doses 
may not sufficiently protect against SARS-CoV-2 and its variants [9]. 

In the 5 states with the lowest vaccination rates, there was no clear 
relationship with the number of variant cases (Table 1A). However, only 
2 of the 5 states with the highest vaccination rates exhibited high variant 
cases (401+), and the other 3 did not even feature in the top 15 states 
with the most variant cases (Table 1B). This suggests a correlation be
tween high vaccination rates and a low frequency of variant cases. 
Although Massachusetts and Connecticut were exceptions, their 

percentage of population vaccinated has increased since the time the 
variant case numbers were acquired by 37.3% and 33.4%, respectively 
[10,11]. Another possible explanation as to why Massachusetts and 
Connecticut have a high number of variant cases despite high vaccina
tion rates could be the time it has taken to vaccinate their population. 
While the mutation rate for SARS-CoV-2 viral strains is slow and vac
cines are effective against variants [14,15], transmission occurs rapidly 
[12]. When transmission does occur, it often goes undetected, and mu
tations can occur in the time prior to vaccination [13]. Vaccination ef
forts must match or exceed transmission rates in order to avoid extensive 
mutations. 

Moreover, current research indicates that vaccines are effective 
against current variants due to preserved neutralization by Pfizer and 
Moderna against emerging strains [14,15]. An article published on July 
21, 2021 estimated that the two-dose Pfizer vaccine retains its effec
tiveness against the newly emerging Delta variant (88%) based on a 
test-negative case-control study [9]. Concurrently, a report of a breakout 
of Delta variant cases in a gymnastics facility in Oklahoma found that 
85% of persons with outbreak-associated COVID-19 had not yet received 
a single dose of a COVID-19 vaccine [16]. In addition, it was reported 
that vaccinations reduce the number of cases, emergency department 
(ED) visits, hospital admissions (Fig. 3A), and fatalities (Fig. 3B) caused 
by SARS-CoV-2 overall [17]. This emphasizes the need to increase 
vaccinations, especially for vulnerable populations. However, variant 
cases are increasing in the U.S while vaccination rates are lagging. 

In the current era that is governed by technology, it is not uncommon 
for misinformation to spread across multiple websites and make several 
false claims pertaining to the efficacy of vaccines against the Delta 
variant [18]. However, they often do not include properly cited 
evidence-based studies, whereas the entities advocating for vaccinations 
are based on evidence. For example, a SARS-CoV-2 microneutralization 
assay was recently developed in Israel to test the neutralization capacity 
of variants of concern in two cohorts of healthcare workers (HCW). After 

* Corresponding author. Department of Surgery, Kendall Regional Medical Center, 11750 Bird Road. Miami, FL, 33175. 
E-mail address: Adel.Elkbulli@HCAHealthcare.com (A. Elkbuli).  

Contents lists available at ScienceDirect 

Annals of Medicine and Surgery 

journal homepage: www.elsevier.com/locate/amsu 

https://doi.org/10.1016/j.amsu.2021.102709 
Received 29 July 2021; Received in revised form 5 August 2021; Accepted 7 August 2021   

mailto:Adel.Elkbulli@HCAHealthcare.com
www.sciencedirect.com/science/journal/20490801
https://www.elsevier.com/locate/amsu
https://doi.org/10.1016/j.amsu.2021.102709
https://doi.org/10.1016/j.amsu.2021.102709
https://doi.org/10.1016/j.amsu.2021.102709
http://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Medicine and Surgery 69 (2021) 102709

2

testing serum samples collected from one cohort of 19 HCW, they found 
a two-fold reduction in neutralization of the Delta variant compared to 
the original virus in vaccinated persons [19]. The other cohort consist
ing of 15 HCW was tested against the original virus and variants Alpha, 
Beta and Gamma, also showing decreased neutralization. Nevertheless, 
it was still concluded that the Pfizer-BioNTech vaccine retains 

protection against the Delta strain and other variants of concern, as well 
as their associated complications. 

According to the CDC, the highest vaccination rates are currently 
among the white, non-Hispanic population. Racial minority groups have 
shown the lowest rates of vaccination (Fig. 4A), as well as a dispro
portionately high number of COVID-19-related hospitalizations and 

Fig. 1. Total Cases of New SARS-CoV-2 Variants (B.1.1.7+B.1.351+P1). 
Data Source: US COVID-19 Cases Caused by Variants. Centers for Disease Control and Prevention. April 12, 2021. Accessed July 20, 2021. https://www.cdc.gov/coro 
navirus/2019-ncov/variants/variant-cases.html). 
The total number of cases due to three new SARS-CoV-2 variants (B1.1.7, B.1.351, & P1) are shown (Data as of April 12, 2021). 

Fig. 2A. Percentage of State Population Partially Vaccinated Against COVID-19 (Data as of August 4, 2021). Average percentage of the population partially 
vaccinated is 56.1%. Top five states with the highest percentage of their population partially vaccinated: Vermont, Massachusetts, Hawaii, Connecticut, and Maine. 
Bottom five states with the least percentage of their population partially vaccinated: Idaho, Louisiana, Wyoming, Alabama, and Mississippi. Data Source: U.S. 
COVID-19 Vaccine Tracker. Mayo Clinic. https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker. Accessed August 4, 2021). 
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deaths [20]. Current vaccination rates among the U.S population also 
vary by age, with individuals aged 50–64 making up the highest pro
portion of the vaccinated population while those under 25 are a much 

smaller proportion of the vaccinated population (Fig. 4B) [21,22]. To 
combat these low rates we must focus on reducing barriers to access and 
vaccine hesitancy [23]. Vaccine hesitancy in particular has been exac
erbated by disinformation on social media platforms and statements 
lacking scientific evidence [18]. It is crucial to increase the monitoring 
of social-media platforms to swiftly detect and correct disinformation 
[24]. 

While current COVID-19 vaccines are effective against recent vari
ants, continued viral transmission may lead to the emergence of resis
tant strains [25]. Increased variant transmission and sudden spikes in 
COVID-19 infections may lead to an increase in hospitalizations, emer
gency department visits, intensive care unit utilization, thus depleting 
hospital resources and potentially overwhelming healthcare systems 
[26]. This could further reduce medical supply stocks and result in the 
shortage of medications and blood bank products [27,28]. Moreover, 
considerable financial strain has been placed on the healthcare system, 
compounded by the cost of reducing elective surgeries and financial 
impact inflicted by the pandemic [29,30]. Vaccines have been shown to 
be highly effective, as only 2.6% of fully vaccinated HCWs (a very high 
risk group) have contracted a breakthrough COVID case [31]. Thus, 
encouraging and increasing access to vaccinations in HCWs and pop
ulations with low vaccination rates may be an avenue to pursue. For 
example, as of August 4, 2021, children <18 years old only comprise 
only 5% of all fully vaccinated individuals, whereas vaccination rates in 
all adult age groups are many magnitudes greater (Fig. 4B). In addition, 
from July 22–29, 2021, children comprised 19% of the weekly COVID 
cases [32]. In a span of 2 weeks, the percentage of pediatric COVID-19 
cases increased by 3% [32]. It is likely that the low vaccination rates 
observed in children plays a role in the increase in the percentage of 
COVID cases occupied by children [32]. 

There needs to be stronger emphasis on decreasing disparities in 
vaccination rates and combatting the amount of misinformation circu
lating online. Public health and medical institutions/healthcare systems 
must avoid being only reactive to ongoing COVID-19 surges and instead 
take proactive approaches going forward in order to prevent the 
imminent collapse of health care systems and move steadily towards 
sustainable mitigation and preventive strategies to end the COVID-19 

Fig. 2B. Percentage of State Population Fully Vaccinated Against COVID-19 (Data as of August 4, 2021). Average percentage of the population fully vaccinated is 
48.9%. Top five states with the highest percentage of their population fully vaccinated: Vermont, Massachusetts, Maine, Connecticut, Rhode Island. Bottom five 
states with the least percentage of their population fully vaccinated: Louisiana, Wyoming, Arkansas, Alabama, and Mississippi. 
Data Source: U.S. COVID-19 Vaccine Tracker. Mayo Clinic. https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker. Accessed August 4, 2021). 

Table 1A 
Bottom 5 states with lowest percentage of population vaccinated and corre
sponding variant case numbers. Vaccination rate is reported as of July 20, 2021. 
Variant case numbers are reported as of April 12, 2021.  

Bottom 5 
States 

Vaccination Rate 
(% of population) 

B.1.1.7 
(alpha) 

P1 B.1.351 
(beta) 

Total 
Variants 

Louisiana 36.2 51 0 0 51 
Wyoming 36 9 0 0 9 
Arkansas 35.4 8 1 0 9 
Alabama 33.74 186 0 2 188 
Mississippi 33.8 147 3 1 151 

Data Sources: U.S. COVID-19 Vaccine Tracker. Mayo Clinic. https://www.mayo 
clinic.org/coronavirus-covid-19/vaccine-tracker. Accessed July 20, 2021. 
US COVID-19 Cases Caused by Variants. Centers for Disease Control and Pre
vention. April 12, 2021. Accessed July 20, 2021. https://www.cdc.gov/coro 
navirus/2019-ncov/variants/variant-cases.html. 

Table 1B 
Top 5 states with highest percentage of population vaccinated and corre
sponding variant case numbers. Vaccination rate is reported as of July 20, 2021. 
Variant case numbers are reported as of April 12, 2021.  

Top 5 States Vaccination Rate 
(% of population) 

B.1.1.7 
(alpha) 

P1 B.1.351 
(beta) 

Total 
Variants 

Vermont 67.0 56 0 0 56 
Massachusetts 63.2 1100 102 12 1214 
Maine 62.8 27 2 5 34 
Connecticut 62.4 792 10 14 816 
Rhode Island 60.5 25 1 0 26 

Data Sources: U.S. COVID-19 Vaccine Tracker. Mayo Clinic. https://www.mayo 
clinic.org/coronavirus-covid-19/vaccine-tracker. Accessed July 20, 2021. 
US COVID-19 Cases Caused by Variants. Centers for Disease Control and Pre
vention. April 12, 2021. Accessed July 20, 2021. https://www.cdc.gov/coro 
navirus/2019-ncov/variants/variant-cases.html. 
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pandemic [33]. These approaches include, but are not limited to: 
significantly increasing vaccination rates among healthcare workers and 
patients, effective marketing and community outreach strategies that 
highlight vaccination benefits, clearly illustrating morbidities and 
mortalities associated with COVID-19 infections, and doing so by uti
lizing balanced educational initiatives that consider varying socioeco
nomic and literacy levels of communities. Then and only then will we be 
able to successfully fight misinformation related to the COVID-19 vac
cines, and eventually increase vaccination rates in these communities. 

Funding 

None. 

Ethical approval 

Not applicable. 

Sources of funding 

None. 

Author contribution 

Author contributions: Study design and conception: AE, Data 
collection, interpretation and analysis: SA, AE, BS, MM, Manuscript 
preparation: SA, BS, AE, MM, Critical revision of manuscript: SA, AE, BS, 
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