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Vaccines: An Armament in Combating Antimicrobial
Resistance
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Antimicrobial resistance (AMR) is a worldwide risk to health-
care, consequently increasing the healthcare costs as well as
mortality and intimidating prospective medical procedures.
Customarily,  AMR is  addressed through antibiotic  steward-
ship, infection prevention and control precautions, promotion
of  antibiotic  research,  and  development,  agricultural/lives-
tock use restriction, antibiotic cycling, antibiotic mixing, as
well as prompt and accurate diagnostics.1 At the same time,
multifaceted strategies take into account the increasing aware-
ness, safeguarding practices related to environmental protec-
tion (feed production, food and waste management), surveil-
lance improvement and research, human and animal vaccina-
tion programmes, better sanitation and optimising the antibi-
otic  use.2  World  Health  Organization  (WHO)  listed  AMR,
amongst ten substantial threats to global health, yet it is likely
that by 2030, economic impact of AMR will be comparable to
global climate change.3 Apart from this, emerging economies
have predicted 60% increase in cost on antibiotic from 2020 to
2030.4  By  2050,  AMR  associated  estimated  cost  for  global
economy will increase to USD 100, 000.5 The World Bank report
on antibiotics use per year globally on agriculture and livestock
is appraised to be 63,000–240,000 metric tons.6 Overall, AMR
has impact on global trade, gross domestic product, livestock
raising, and healthcare budget, due to escalating morbidity.1

In  USA,  80%  of  antibiotics  are  used  in  animals,  mostly  to
enhance yield and quality of meat. Whereas, in developing
countries antibiotics are offered without a prescription, which
lead to unconstrained and indiscriminate use in population.7

Generally, the annual number of estimated deaths globally,
due to AMR, is 700,000, including 230,000 deaths attributable
to  multidrug  resistant  (MDR)  tuberculosis.8  Usually,  the
inability to promptly identify pathogen at point of care leads to
empirical treatment, eventually imposing pressure on microor-
ganisms  besides  targeted  pathogen,  leading  to  bystander
selection.
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To elucidate, Alexander Fleming in 1946 predicted the overall
burden  with  this  renowned  verdict,  “There  is  probably  no
chemotherapeutic drug to which, in suitable circumstances the
bacteria cannot react by in some way acquiring fastness [resis-
tance]”. Consequently, penicillin was commercialised in 1943
and resistance development was noticed by 1948 in staphylo-
coccus aureus.9

Why are vaccines considered to be an extreme tool against
AMR? Firstly, resistance development is a mere issue in vaccina-
tion because there are no spontaneous mutations or the mobile
genetic element acquirement by horizontal gene transfer. Due
to prophylactic use of vaccines, there is lesser likelihood of resis-
tance-conferring  mutations  that  can  appear  or  proliferate
smaller  pathogen population.  It  attacks  microbes in  various
ways,  requiring  multiple  mutations  to  confer  resistance;  in
contrast, antibiotics have single target. In addition, vaccines
induce T cell responses or host-specific antibody; and some-
times  a  combination  of  both.  Secondly,  its  golden  era  of
vaccines, where resistance selection is making the antibiotics
obsolete. In contrast, there is a dire need of continual pipeline of
novel antibiotics for effective treatment. Hardly any new antibi-
otics have been licensed in the course of the last 40 years.
Furthermore,  no  antibiotic  employing  a  new  mechanism
against gram-negative bacteria has been announced in current
timeframe.1 During the last century in USA, the statistics on
licensed  products  shows  declension  of  antibiotic  era  and
vaccine escalation.10 Thirdly, by decreasing global disease inci-
dence  covering  both  infections  caused  due  to  viruses  and
susceptible  pathogens,  decreases  both  inappropriate  and
appropriate antimicrobial usage.11 In ambulatory care in the
USA, a third of antibiotic prescriptions are for viral infections.
Another  reason  to  use  vaccines  for  combating  AMR  is  to
preserve  the  microbiome;  to  reduce  detrimental  impact  on
overall health, particularly in children; to reduce alteration in
the immune system’s development and negative effects on
nutritional status. Markedly, antibiotics alter the microbiome
composition,  through  bystander  selection,  which  indirectly
generate a pool of host-specific resistant genes.12

Firstly, vaccines can aid in averting AMR by inhibiting disease
incidence and microbial proliferation. Theoretically, there are
almost  billions  of  copies  of  the  pathogen,  which  directly
increase  mutation  probability  and  confer  antibiotic
resistance.13 Likewise, it restricts pathogen ability to institute a
foothold in the host by inducing immune responses to multiple
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targets (e.g., multiple epitopes on each antigen). Therefore,
bacteria would need to undergo multiple mutations to escape
the immunity induced by vaccination.14 Increasing vaccination
coverage  also  offers  an  indirect  herd  protection.   Clinicians
often prescribe antibiotics empirically (e.g. suspected typhoid
fever) to avoid complications mortality, for infections requiring
confirmation  through  culture  and  antibiotic  susceptibility,
mostly due to expensive culture and susceptibility tests or lack
of testing facility.15 Therefore, downsizing these medicaments
through  vaccination  will  have  primary  control  on  AMR  by
preventing antimicrobial misuse. Currently, worldwide cases
by Salmonella enterica serotype typhi sores to approximately
20 million cases and greater than 150,000 deaths. However,
data  regarding  exact  incidence  of  typhoid  fever  (AST
confirmed) is considerably lower, with 3 in 25 cases treated for
each true case, results in over 50 million avoidable antibiotic
prescriptions  every  year.16  At  this  time,  viral  febrile  illness
mimicking symptoms of typhoid fever are the main drivers for
antibiotic  misuse  across  South  Asia.  For  this  purpose,  WHO
recommends the prioritisation of typhoid vaccination in high
encumbering nations; and in particular, with heightened AMR
prevalence.15 Equally, influenza vaccine can scale down incor-
rect  prescriptions  for  symptoms  of  upper  respiratory  tract
illness. Throughout winter months, there is 10–30% additional
antimicrobial usage owing to influenza; and through vaccina-
tion, acute otitis media cases can be reduced by a third.17 During
the year 2000, universal influenza vaccination implementation
in Ontario, lead to reported 64% decline in prescriptions leading
to 144,000 antimicrobial prescriptions avoidance per year.18 As
revealed by a meta-analysis of 96 studies, influenza vaccination
cut down days of antibiotic utilisation amongst healthy individ-
uals (28.1% reduction) and anti-microbial regulation in pedia-
tric age group (6 months till 14 years).19

Next, by subsiding antibiotic utilisation due to sporadic infec-
tions from  Streptococcus pneumoniae (>90 serotypes iden-
tified)  being  the  leading  cause  of  childhood  hospitalisation,
otitis  media,  bronchitis,  antibiotic  use  and  mortality  from
severe  life-threatening  pneumonia,  invasive  pneumococcal
diseases (IPD, meningitis and bacteremia). In year 2000, USA,
started pneumococcal conjugate vaccine 7 (PCV-7: 4, 6B, 9V,
14, 18C, 19F, 23F) routine childhood vaccination; and by 2007,
IPD cases due to all serotypes had waned by 76% in children
below 5 years for 100% vaccine serotypes, 37% case reduction
in people over 65 years (for 92% vaccine serotypes).20 After-
wards, antibiotic prescriptions dropped by 35% in vaccinated
pediatric age group and a prospective decrease of 1.4 million
antibiotic prescriptions each year in Northern California. 21

In 2010, infections due to serotype replacement (non-vaccine
serotypes inclination) were prevalent in USA, for that PCV 13
(six additional cserotypes not constituted in PCV-7) was intro-
duced.  In  Africa,  USA and  Europe,  pneumococcal  conjugate
vaccine reduced resistant invasive pneumococcal disease as
well as antibiotic use.21 Eventually, Pakistan was the foremost
country in South Asian region to offer PCV-10 vaccine in phased

manner,  started October  2012 in  routine immunisation pro-
gram.  (GoP  &  GAVI)  22  Clearly,  acute  otitis  media  (AOM)  is
another most common cause of antibiotic prescriptions in the
USA,  pneumococcal  polysaccharide  conjugate  vaccines
induced direct protection of infants to AOM and developed herd
immunity in adult age group.23 In the same way, PCV7, PCV13
and pneumococcal  haemophilus influenzae  protein D conju-
gate vaccine (PHiD-CV), reduced prevalence of pneumococci
resistant to penicillin among invasive strains and IPD cases.24 By
decreasing AOM and pneumonia, widespread antibiotic utilisa-
tion ratio is anticipated to drop and eventually decrease AMR
rates.  During 2004, resistant strains prevention from occur-
ring/spreading, PCV-7 serotype infection declined by 87% in the
USA; and by 2008, PCV-7 reduced IPD due to penicillin-non-sus-
ceptible by 64% in children below 5 years, and 45% in adults
over 65 years in USA.1

In  the  past,  1970,  increasing  resistance  to  β-  lactam  in  H.
influenzae  type b (Hib) that was responsible for severe life-
threatening  childhood  infections.  As  vaccines  are  rarely
designed to target resistant pathogens directly; but with intro-
duction of Hib vaccination in 1988, β-lactamase-positive Hib
strains infection steadily declined. Until 2006, Hib vaccination
was not largely implemented in developing countries, as it was
unequivocally endorsed by the WHO.25 Furthermore, vaccines
can reduce infection due to resistant strains among inter-re-
lated  species,  as  noted  in  retrospective  case-control  study
between 2004 and 2008, where one million individuals were
inoculated outer membrane vesicles based vaccine (MeNZB)
against  meningococcus  B  outbreak  in  New  Zealand,  which
leads to 31% reduction of gonorrhea cases.26 Evident from the
fact  that  N.  meningitides   and  N.  gonorrhoeae  has  80–90%
nucleotide homology at the gene level. Advance research is
necessary  to  assess  the  efficacy  of  MenB-4C  vaccine  in
inhibiting gonococcal infections. Initially, infection prevention
through vaccines decrease the antibiotics (and antivirals) utili-
sation for co-infections or superinfections treatment.

In a Swedish study, 35% of cases hospitalisation due to adult
community  acquired  pneumonia  were  mixed  infections,
majority caused by S. pneumoniae in addition to respiratory
viruses.27 Another multicentre study, 65% of adults with labora-
tory-confirmed influenza revealed secondary bacterial infec-
tions, predominantly S. pneumoniae and S. aureus infections.28

These cases lead to increased morbidity, mortality as well as
antibiotic usage that could have been prevented by PCV. Individ-
uals with influenza are often more susceptible to secondary
bacterial  infections;  therefore,  vaccines  can  prevent  these
complications.29

Future research is going to develop vaccine against some methi-
cillin  Resistant  Staphylococcus aureus  genotypes as well  as
treatment for drug-susceptible genotypes in reducing hospital
outbreaks.30  Moreover,  hindrance to influenza vaccination is
mostly due to decreased perception of disease severity and
doubts  regarding  safety  and  effectiveness  of  immunisation.
Using recombinant DNA, glycoconjugation and reverse vacci-
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nology accord for optimal vaccine antigens designing. Likewise,
a novel glycoconjugate vaccine for Klebsiella pneumoniae and
Psuedomonas aeruginosa infections is in preclinical develop-
ment.  Other  approaches  to  enhance  vaccine  efficacy  are
growing  serotype  coverage,  vaccine–antibiotic  combined
strategy, vaccine adjuvants, structural vaccinology, bio-conju-
gates, genetically modified outer membrane vesicles and thera-
peutic monoclonal antibodies (mAbs).13

In conclusion, the need is that resources for combating AMR
should  be  dispensed  among  the  competing  options  with
strategy development for the best implementation of an inte-
grated AMR strategy. Governing the prime apportionment of
funds to address AMR is needed. Collective efforts in antibiotics
field,  novel  tools  for  vaccine research and monoclonal  anti-
bodies will deliver affordable resolutions to confront AMR.
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