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The efforts of pharmaceutical manufacturers to develop vaccines that are ultimately effective and approved for clinical 

use require meeting basic requirements throughout pre-clinical and clinical testing phases (Table 2).4  While all are 

important, one primary property is specifically emphasized here. First and foremost, vaccine safety is a critical factor. 

protecting ourselves, our families, and others with whom we interacted with daily. Yet although the incidence of these 

and other infectious diseases has been significantly reduced by immunizations, they have not been eliminated. Adults 

and adolescents who escaped infection and have not been immunized are at increased risk for several of the diseases in 

Table 1.

The development and global implementation of COVID-19 vaccines represent the latest opportunity for widespread 

immunization as a critical strategy against the SARS-CoV-2 virus and its resultant variants. This article will initially focus on 

basic principles inherent in vaccine development and vaccination programs. SARS-CoV-2 infection and its variants will 

then be considered as challenges to the success of immunization efforts. It should be noted here that the discussion 

purposely provides only brief coverage of topics. The reader is urged to refer to more detailed vaccine publications for 

additional information2, 3 and consult science-based and clinical publications about SARS-CoV-2 infection and COVID-19 

disease.

Table 1. Impact of Vaccines in the 20th and 
21st Centuries 

Table 2. “Ideal” Vaccine Properties

The effectiveness of certain vaccines to control and greatly limit the spread of many human infectious diseases is 

regarded as one of the major public health achievements of the 20th century.1 It is not an overstatement to say 

that vaccinations have changed the face of many infectious diseases by dramatically lowering their incidence in the 

population. Table 1 details this success against many previously

common diseases. It also reinforces the opinion that some of you 
reading this would not have been born were it not for the fact that 
your grandparents and parents chose to be vaccinated. As a result, 
routine childhood immunizations have become an integral 
component of pediatric preventive medicine. In fact, most younger 
adults have neither contracted nor seen previously common 
infections, such as polio, diphtheria, tetanus, measles, mumps, and 
rubella, thanks to the long-standing success of childhood 
vaccination programs.

The old expression “back in the day” can be applied to the historical 
success of public health vaccination programs. For most people, it 
was not only a personal, but also a public health, responsibility to 
get vaccinated against polio, measles, mumps, and others. We were

Properties of an “Ideal” Vaccine

• SAFE: no side effects, non-allergenic
• Immunogenic: stimulates protective host 

response
• Provides lifelong immunity
• Requires only one administration (if possible)
• Does not increase susceptibility to other 

diseases
• Can be administered to immune-competent 

and immune-compromised recipients
• Inexpensive

The basic health care axiom “do no harm” also applies to vaccines. In 

addition to being subjected to established safety considerations during 

developmental phases, vaccines are continuously monitored and 

evaluated for possible vaccine-related adverse effects long after any 

clinical trials and governmental approval for use in the population is 

completed (Table 3). These after-approval evaluations are required for 

assuring vaccine safety. Health care professionals should be aware of 

these efforts and procedures the CDC, the Advisory Committee on 

Immunization Practices, the FDA, and other agencies use to provide 

useful, up-to-date information to patients and others who inquire.



Vaccines the FDA approves must meet high standards during 
laboratory investigation and human clinical trials. When 
manufacturers obtain favorable results, the FDA then 
evaluates submitted data and can approve the public release 
of the vaccine. Even after a vaccine is approved and released 
for use within the population, there is a strong multicheck
system in place for ongoing vaccine monitoring. This involves 
a determined effort by multiple federal and state agencies 
and local state health departments to collect and investigate 
ongoing information concerning vaccine safety. One of the 
major monitoring systems is the Vaccine Adverse Event 
Reporting System, where the above groups and the public 
can submit reports of possible side effects for further 
investigation.5

Table 3. How Vaccine Safety Continues to Be Monitored

Potential Vaccine Adverse Effects and 

Protection Safeguards

As successful as vaccines have been in providing protection 

against many childhood and adult diseases, no vaccine is 

perfect and post-immunization adverse events can occur. The 

overwhelming majority of these adverse reactions are minor
and transient, lasting a few hours to a couple of days. These include injection site soreness, temporary myalgia, fatigue, and 
fever.6 Unfortunately, rare, serious reactions can also occur and may be documented only when large numbers of people 
receive the vaccine after FDA approval. These may be seen in one individual out of hundreds of thousands to millions of 
recipients. In some instances, the event may be so rare that it cannot be appropriately investigated. Ultimately, continued use 
of a vaccine within the population requires that the benefits of immunization against disease far outweigh potential risks.

How Can New, Microbial Strains/Variants Emerge and Affect Vaccine Success?

Viruses constantly change through mutation. A new strain or variant can possess one or more modifications that 

differentiate it from others already in circulation. Multiple SARS-CoV-2 variants have been documented throughout the 

world during the current pandemic. During infection by certain viruses, such as influenza and SARS-CoV-2, replication of 

the virus’s nucleic acid can undergo “antigenic drift.” These lead to copying errors, which cause mutations within the 

viral genetic material. This can subsequently lead to alterations in surface proteins or other antigens. Rates of mutation 

vary among different viruses, as noted by the fact that influenza viruses mutate faster than coronaviruses. Antigenic drift is 

a major reason new flu vaccines typically must be developed for each upcoming flu season. Also, RNA viruses mutate faster 

than DNA viruses, and single-stranded viruses mutate faster than double-strand viruses. Basically, the more a virus can 

replicate, the greater the opportunity for chance mutations. These genetic changes may cause the virus to cause more 

serious disease or milder infections. In addition, while some mutations may not induce meaningful changes in viral 

properties, others can give the virus new characteristics, including an increased virulence and ability to escape host immune

defenses. In the case of the SARS-CoV-2 virus, spike protein mutations may also affect the affinity for the virus to both 

attach onto host cell ACEII receptors and bind with host antibodies.7

Quality Control and Monitoring of Vaccine Safety



Table 4. Current SARS-CoV-2 Variants 
of Concern in the United States

Multiple SARS-CoV-2 variants have emerged during this pandemic, and the SARS-CoV-2 Interagency Group (SIG), 
established with the U.S. government, was organized early on. This SIG meets regularly; focuses on the rapid 
characterization of emerging variants; and actively monitors their potential impact on critical SARS-CoV-2 
countermeasures, including vaccines, therapeutics, and diagnostics. There are four classifications of SARS-CoV-2 variants 
being monitored:

Of these, the classification being most closely followed and reported on is the VOC.8 Potential consequences that can 
occur with the appearance of VOCs in a susceptible population include that the variant may:

Table 5. Monitoring SARS-CoV-2 Variant 
Proportions in the United States

Table 4 lists the current COVID-19 VOCs and representative 

properties for the four major VOCs that have spread in the 

United States. Presently, the Delta variant accounts for 

more than 98% of all new COVID-19 cases (Table 5).8

It is far more transmissible; replicates much faster than 
both the original pandemic virus and earlier variants; and 
can cause more severe disease, especially in unvaccinated 
people. As of this writing, the recently detected Lambda 
and Mu variants are not included on the U.S. VOC list. The 
reader can obtain detailed information on all the 
characterized variants from the WHO9 and CDC.10

1. Have more rapid transmission, compared to viruses without the new 
mutation

2. Cause milder or more severe disease
3. Have the ability to evade detection by specific serological tests
4. Have decreased susceptibility to therapeutic agents (e.g., monoclonal 

antibodies and antivirals)
5. Be able to evade natural or vaccine-induced immunity

1. Variants being monitored (VBM)
2. Variants of interest (VPO
3. Variants of concern (VOC)
4. Variants of high consequence (VOHC)



Breakthrough Infections After Immunization

Primary goals for manufacturers and the FDA’s vaccine approval process are maximizing a vaccine’s success, 

minimizing the risk for adverse events, and keeping potential post-vaccination infections to as low a level as possible. 

Remember, no vaccine is 100% foolproof. In addition to there being occasional side effects following immunization, 

there is also the possibility of breakthrough infection after vaccination. Some vaccines may not be 100% effective at 

preventing infection; thus, some people who are fully vaccinated can still get COVID-19. Clinical studies of vaccinated 

and unvaccinated people in several countries continue to show that both:

1. The risk of SARS-CoV-2 infection, hospitalization, and death from COVID-19 are much lower in vaccinated 

people than unvaccinated individuals.

2. Some fully vaccinated people will contract viral infections, and some may be hospitalized or even die 

from COVID-19.

The CDC defines a COVID-19 vaccine breakthrough infection as “the detection of SARS-CoV-2 RNA or antigen in a 

respiratory specimen collected from a person greater than or equal to 14 days after they have completed all 

recommended doses of a U.S Food and Drug Administration (FDA)-authorized COVID-19 vaccine.”11 To keep track of 

these cases, the CDC continues to collect data on hospitalized or fatal COVID-19 vaccine breakthrough cases. As of 

Sept. 13, 2021, there were 15,790 reported patients.11

Table 6. Breakthrough Infections After Vaccination

                              

                                      

                                                     

                                                                     

                                             

                                        

                                                         

                                                                    

                                                        

                                                           

                                                                        

                                                                   

The CDC, the WHO, and other global 

institutions continue to investigate post-

immunization breakthrough infections. Table 6

summarizes potential factors that may 

contribute to their occurrence. Of these, a 

major one to understand is that a person may 

fail to immunologically respond to the vaccine 

by not producing protective antibodies and T-

cells against SARS-CoV-2. Remember, even 

though a vaccine may have a 95% efficacy rate 

in clinical trials, that still means that 1 in 20 

people will not respond to the vaccination 

regimen. The percentage of the population that 

does not develop a protective immune 

response may also increase if recipients are 

immune-compromised or have other serious 

co-morbidities.

COVID-19 Vaccine Boosters

There was little doubt among infectious disease specialists and clinicians about the necessity for COVID-19 booster 

injections after the initial immunization regimen. Discussion concerning booster doses has intensified, especially 

because the Delta variant surged among unvaccinated individuals and a low but increasing incidence of breakthrough 

infections in fully vaccinated individuals has been documented. While the FDA recently approved boosters for immune-

compromised individuals and those over 65 years of age, there is still disagreement among some infectious disease 

specialists and scientists concerning the timing for boosters. However, even as this issue is being studied and resolved, 

it is important to emphasize that available vaccines remain very effective in combating SARS-CoV-2 illness, 

hospitalization, and death, even against the Delta variant.



We want to thank Dr. Molinari, and we invite you to evaluate our wide range of products designed to protect 
clinicians, patients, and the practice during dental procedures. 
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While many may focus on when COVID-19 boosters will be available, a more fundamental question to ask is, “Why will 

we need them?” The following are suggested reasons to reinforce the booster approach:

1. SARS-CoV-2 is an RNA virus, and RNA viruses are known to mutate over time. Mutations that develop in 

susceptible hosts have already led to the rise of variants.

2. SARS-CoV-2 viruses have a high rate of mutation. Global data have suggested that the virus has 

undergone over 12,000 mutations since the start of the pandemic.

3. It has become apparent that each major COVID-19 wave or surge has been caused by a variant that 

possesses certain properties that allow escape from host immune defenses.

4. SARS-CoV-2 is not the seasonal flu. It does not disappear during certain seasons like influenza, and it can 

cause far more damage during and after infection than influenza.

5. Slowing the incidence of viral infection and mutation in the population is extremely important to protect 

against future variants.

Will boosters be necessary at six months, eight months, or longer after primary immunization? It all depends on how 

long our active vaccine-induced immune responses and immunological memory capabilities can protect us against 

current and emerging viral mutations.
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