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Introduction

The resistance of pathogens to various therapeutic interventions 
poses an unprecedented threat to Global health as currently 
evident with COVID-19. The misuse and overuse of therapeutics 
coupled with the “discovery void” has led to a degree of resistance 
to every antibiotic available on the market today. Why is 
antimicrobial resistance so very common, yet vaccine resistance 
occurs so seldomly?  What are the implications of vaccine 
resistance and COVID-19? 1,2     
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Uses of antimicrobials vs vaccines:

Antimicrobials and vaccines are used in different settings for 
different purposes. Vaccines are generally synthesized for the use 
against viruses except the MCV4, tetanus toxoid vaccine, Tdap-
diphtheria toxoid and acellular pertussis pneumococcal, and Hib 
which are bacterial vaccines. Whereas antimicrobials are generally 
used against bacteria. 3

Resistance in vaccines:

The emergence of resistance towards vaccines is a far less 
quantified risk to global health. Vaccines act as a preventative 
measure and allow the immune system to kill any pathogen in the 
initial phases when the load is relatively low. This circumvents the 
replication of the pathogen and thus prevents the formation of 
mutations and furthermore resistance which is attributed to those 
mutations. Vaccines develop resistance so seldomly that the same 
formulas of vaccines have been used for decades, without the 
development of resistance. Although less quantified resistance 
to vaccines however does develop, for example resistance of the 
influenza virus. 4-8

The influenza virus undergoes mutations at a high rate. The 
periodic antigenic drift and shift of the virus is the culprit. 
Antigenic drift occurs due to minimally quantified mutations 
and alterations and is the overriding factor for a new vaccine to 
be synthesized each year. Antigenic shift however occurs due to 
a major alteration and mutation and thus leads to an influenza 
epidemic.

Figure 1: Target site of binding for antibiotics and vaccines 8

Figure 1 below depicts how various mutations in the target and 
or binding sites of a said therapeutic regime confer resistance 
more often in antimicrobials than they do vaccines. The alteration 
of a vaccines binding site does not confer resistance as a vaccine 
produces a wide spectrum of antibodies due to multiple epitopes 
on the said antigen, the remaining antibodies are thus still 
protective. In antimicrobials however, the drug targets a specific 
site and is not dynamic and thus if a mutation of the site arises, the 
drug efficacy is reduced.

SARS-CoV-2 variants and vaccination:

The current global pandemic caused by SARS-CoV-2 has 
developed a host of mutations which are displaying a degree 
of resistance and reduced efficacy to the vaccines. A study 
conducted on 20 subjects who had received either the Moderna 
(mRNA-1273) or Pfizer–BioNTech (BNT162b2) vaccine showed 
very good efficacy to infections with the wild type of virus. The 
efficacy on the mutated P.1 Brazilian variant and the B.1.351 South 
African strains however was markedly reduced. The wild type 
and mutated strains share a host of common target epitopes and 
receptor binding domains which should theoretically confer a 
level immunity. In actuality this does not hold true as out of the 
17 most vital monoclonal antibodies produced 14 of which have a 
diminished and or annulled neutralization capacity in the mutated 
strains. This reduced efficacy and resistance of the mutations to 
current vaccination programmes, pose a risk to global health. It 
is vital for new vaccines to be synthesized to specifically be active 
against the variants. 9-11

Resistance in antimicrobials:

Currently bacteria have developed resistance to every antibiotic 
on the market. Resistance develops in a host of manners namely 
through mutations, transduction, transformation, lysogenic 
conversion, transposons and conjugation. The overprescribing 
and overuse of antimicrobial agents has further provided the 
fertile soil for the emergence of resistant strains as it applies a local 
pressure for resistance to occur via the culling of “good” normal 
gut flora and fauna. 4,5

The improper use of antibiotics by patients via the premature 
cessation of the prescribed course and via the failure to complete 
the course has caused the development of MDR-TB (multidrug 
resistant tuberculosis). 6

The resistance of bacteria to antimicrobial agents is further 
enhanced by the “discovery void”. No new antimicrobial agents 
have been discovered since 1987 and thus means that the 
antibiotics in use today have been in circulation for an extended 
period of time. Time and re-use as well as cross resistance forms a 
hotbed for the emergence of antimicrobial resistance. 7

Vaccine resistance vs antimicrobial resistance:

The mechanisms by which these two vastly different therapeutic 
regimes act is cause for antimicrobials to be far more at risk to 
developing resistance as opposed to vaccines. Antimicrobials are 
used in situations where a colony of bacteria is well established 
and the bacterial load is in the high millions. The bacteria divide 
at an exponential rate, the more divisions that occur equates to 
a greater likelihood of errors in DNA and RNA replication. These 
errors translate into a higher rate of mutations. 12,13

Vaccines however act by a completely different mechanism. 
Vaccines are preventative in nature and thus stimulate the hosts 
immune system to produce antibodies long before the wild type 
of pathogen is actually exposed to the host. This ensures that 
when the pathogen is exposed to a host that it is rapidly eradicated 
when the load is still minimal, as opposed to antimicrobials which 
face a very high bacterial load. This destruction and neuralization 
of the pathogen at such an early phase ensure that replication is 
kept to a minimum, and thus reduces the likelihood of mutations 
occurring. 14

An advantage that vaccines have over antimicrobial agents is 
the fact that the human immune system is highly complex and 
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advanced. It does not only produce a single antibody to a specific 
antigen, but produces a wide range of different antibodies to 
various epitopes of the antigen with which the patient was 
immunized. This confers a wider range of activity as opposed to 
antimicrobial agents which will act on a single specific enzyme or 
target. 

The new strains of SARS-CoV-2 however are cause for great concern 
as their resistance to vaccine monoclonal antibody neutralization 
equates to infections and therefore jeopardizes the entire global 
vaccination campaign. It is therefore pertinent for new specific 
vaccines to be synthesized which are active against the variants. 
It is likely that the synthesis and development of new vaccines to 
counter new variants as they arise will be an ongoing process. It is 
evident in future that new vaccines to the mutations in COVID-19 
may have to be developed as they are for the seasonal influenzae 
virus. 8,9,10,15

Conclusion:

Antimicrobial resistance is a well-established global health 
concern. Vaccine resistance is of a far less quantitated concern; 
however, the SARS-CoV-2 pandemic has raised great concerns 
about vaccine efficacy and resistance due to the development 
of the new SARS-CoV-2 variants. It is likely that the synthesis and 
development of new vaccines to counter new variants as they 
arise will be an ongoing process in future. Rational, judicious 
prescribing and dispensing of drugs as well as better patient 
compliance and adherence to rules and regulations to curb the 
spread of the virus should be used at the forefront to safeguard 
and prevent the development of further resistance. 
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