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Available online at www.sciencedirect.com Current Opinion in

SciVerse ScienceDirect Microbi0|ogy

Vaccines and antibiotic resistance

Ravi PN Mishra, Ernesto Oviedo-Orta, Prachi Prachi,

Rino Rappuoli and Fabio Bagnoli (a) (b)
|[ENVIRONMENT |

Current Opinion in Microbiology 2012, 15:596-602
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Emergence of antibiotic resistance

*HGT: Horizontal Gene Transfer
@ Antibiotic sensitive bacteria

Vaccine resistance has not
been observed so far
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Table 1

Major features of antibiotics and vaccines

A A
Relevant features / Antibiutics\ / ‘u’accines\ Reference

NEUMOCO

™
2

h‘

Therapeutic/prophylactic tly therapeutic ostly prophylactic See text
Coverage and specificity road, indiscriminate Narrow, very specific See text
(different bacterial species)
Resistance emergence Common Not observed See text
Selective pressure High Low Figure 1
Time to develop resistant strains Short (emergence of Not observed Table 2
resistance during therapy)
Durability Restricted to the time Duration of protection persis [15,16]
of treatment from several months to life-lohg
Treatment/prevention of viral infections No Yes See text
Herd or community effect No Yes See text
Prevention of perinatal infections Yes Yes (maternal immunity) [17]
Prevention of cancer No Yes (prevention of HBV and [18]
HPV associated cancers)
Prevention of infections in cancer patients Yes (e.g. lymphomas) No See text
Prevention of infections in immune Yes (e.g. neutropenia) Yes (by herd immunity) See text
compromised patients
Prevention of surgical-associated infections Yes No See text
Cost From few $ to thousands $ From few § to <200 $ [http://www.cdc.gov/
(for one therapy, depends an (1 or few immunizations be vaccines/programs/vfc/
e length of the therapy) ufficient for lifelong profiection) cdc-vac-price-list.ntm]
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The antibiotic resistance crisis

1.9 million deaths annually due to antibiotic resistant infections

Antimicrobial
resistant infections

Diabetes 1.5m
Diarrhoeal disease - 1.4m
Road traffic accidents - 1.2m

Measles I 130,000

10.0m

Antimicrobial resistance
collaborators. Lancet, 2022.
http://amr-review.org/

Cholera I 120,000

TEM B-lactamase AmpC cephalosporinase Oxa-1 carbapenemase
e.g. Pseudomonas aeruginosa e.g. Kiebsiella pneumoniae
Tetanus | 60,000 =
2 Iy ~ ’
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Pray, L Antibiotic R&D.

Cephalosporin @&———)»
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of bacterial infections
that need antibiotics

Reduce the number a
of viral infections for

which antibiotics are

unnecessarily given

S
-]
)
E
=
o
[+]
=
e
Q
[
=
o
7]
=4

Reduce the number
of drug-resistant
infections

VACCINES CAN REDUCE ANTIBIOTIC
USE IN HUMANS

Antimicrobial

Review on
Resistance

Vaccines can reduce Antibiotic use in Humans

Tackling drug=resistant infections globally
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ALTERNATIVE APPROACHES
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The antibiotic res
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resistant infections.
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These are high-consequence antibiotic-resistant threats because of
UHEE"' significant risks identified across several criteria. These threats may not be

currently widespread but hawve the potential to become so and require urgent
e e e e public health attention to identify infections and to limit transmission.

Carbapenem-resistant Enterobacteriaceae (CRE), Drug-resistant Meissena

http://www.cdc.gov/

DRUG-RESISTANT Phase 1

NEISSERIA GONORRHOEAE

2 * E 7 188,600 555 .
Ins .i\—\ 246 000 8egee 2200 - Neisseria

- Py A st gonorrhoeae
[ eee@ ] ﬁﬁZﬂ 000 s s

Clostridium
difficile

. 14,000

N CTI()NS PER YEAR =@ DEATHS

5{4 $1 000 lll)(l p8o i

IN EXCESS MEDICAT™E@STS PER YEAR BYa-D)

CARBAPENEM-RESISTANT

». ENTEROBACTERIAGEAE
* 9,000::" 2 600 Kiebsiella*
527,900 B8 1,400
MRW ”m e e 9 @ Y- ]\ ' CRE HAVE BEGOME BESIS’I‘ANT TO ALL

e SO OR NEARLY ALL AVAILABLE ANTIBIOTICS




The vaccine pipeline for MDR bacteria

There are no vaccines for preventing infections caused by MDR

Gram-negative species.

Updated from Timothy Cooke, BIO Convention

Vaccines against resistant bacteria. Industry pipeline
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The role of vaccines in preventing

nature.,, .
. S . , medicine
bacterial antimicrobial resistance

Kathrin U Jansen, Charles Knirsch & Annaliesa S Anderson

VOLUME 24 | NUMBER 1 | JANUARY 2018 NATURE MEDICINE
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REVIEW Reduction of AMR after broad rollout
of pneumococcal conjugate vaccine

| I Al types . .
ol B PCV7 types The impact of PCV7 on disease rates of
S S. pneumoniae strains not susceptible to
10+ T .
g penicillin in children under 5 years of
g 8 age and the indirect effect (herd
€ g effect) on the elderly (>65 years old) is
§ . shown, comparing incidence in the time
° frame before PCV7 implementation
T (1998-1999) to that in the frame after
Syoan 265 S Yo vaccine implementation (2007-2008)
1998—!1999 | 2007-20Q8
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Evolucion de la resistencia antibidtica en cepas de
neumococo que causan enfermedad invasiva en adultos
durante 25 aiios

450 «
40,0 o .
== Penicillin (-20%: -37% to 2%)

SR ~#—~  Co-trimoxazole (-40%: -53% to -23%)*
@
S 300 4 —t= Tetracycline (-5%: -27% to 24%)
%
T 50 == Erythromycin (33%: -1% to 77%)
5 ~m—  Clindamycin (10%: -20% to 50%)
o 20,0 s
2 —@— Cefotaxime (-45%: -64% to -15%)*
Q
U 15,0 +
5‘? == Chloramphenicol (-67%: -82% to -39%)*

10,0 5 — Levofloxacin (85%: -69% to 1000%)

50 s

0,0 —_— Y T T r .

pre-PCV early-PCV7 late-PCV7 early-PCV13 late-PCV13 , ‘ o
Extraido de Camara J, et al. ] Antimicrob Chemother. 2021
(1994-2001) (2002-2005) (2006-2010) (2011-2015) (2016-2018)

Figure 2. Evolution of antimicrobial susceptibility (a) and MICso/MICsq values (b) over the study period. The percentage of change and the 95% CI are
shown in parentheses {differences between the pre-PCV ond the lote-PCW13 periods). Statistically significant differences (P<0.01) are highlighted in
bold. This Fqure appears in colour in the online version of JAC and in black and white in the print version of 24aC.
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El serotipo 11A fue el serotipo resistente a la penicilina mas frecuentemente aislado

Evolucidon de la resistencia antimicrobiana de los aislamientos de ENI en Madrid; 2007-2021, n=7133

E11A O1SA B14 @9 W6B W8 W34 W11B W19F M16* ENT

25

Extraido de de Miguel, Antibiotics.
2023

20

PCV13

de Miguel S, Pérez-Abeledo M,
Ramos B, Garcia L, Arce A,
Martinez-Arce R, et al. Evolution
of Antimicrobial Susceptibility to

i Penicillin in Invasive Strains of
Streptococcus pneumoniae during
2007-2021 in Madrid, Spain.
Antibiotics 2023;12:289.
https://doi.org/10.3390/antibioti

10 cs12020289.
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Number of cases

El 94,4% de los aislados resistentes a penicilina pertenecen a serotipos
iﬂClUidOS en Pcvzo ENI: enfermedad neumocécica invasiva; PCV20: vacuna antineumocdcica conjugada 20-valente (Pfizer). .
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ii.Vacunas frente grupo ESKAPEE
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Enterobacter spp.
Escherichia coli

Klebsiella pneumoniae
Pseudomonas aeruginosa

Enterococcus faecium
Staphylococcus aureus
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Poliomielitis

Pseudomonas aeruginosa

r-n el (IFN- seueb ng) for OprF
ol (IL-17-socreting) for PopB ARecrutment

rMM Ls* . _L’_V—(j:e{}/‘ il X’

S MHC \

PopB or OprF peptide

— IL17

\*—(9\7

P8 ]rTTSS

Confur'ma*l'or'y Phase II/III Study
Assessing Efficacy, Immunogenicity
and Safety of IC43 (OprF/OprI
fusion protein): Completed

g G
g g 8 3
LPS O antigen

Psl
o

.K Opsenic antibody
'4{ Anti-viru

ience antibody

LPS-based vaccines (30-valent)

Vaccines for CF patients:

Alginate

Bivalent flagella vaccine

Live attenuated vaccine (aroA)

Outer membrane proteins:

- OprL, FpvA, PopB (type III secretion system)

- OMPs, like OprF and OprI

PcrV (needle-tip component of the type IIT
secretion system

IgY antibodies, inhibit attachment to epitelial
cells

Opsoncphagocyic ling _K Anti-toxin antibody > A n-‘- i _Oll mA b
> PsI, biofilm associated extracellular
polysaccharide
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Acinetobacter baumannii

Contents lists available at ScienceDirect =

Vaccine
Vaccine *
journal homepage: www.elsevier.com/locate/vaccine S
Commentary
Considerations for the development of a prophylactic vaccine for @Cmmk
Acinetobacter baumannii
Jeréonimo Pachon, Michael ]. McConnell*
Biomedical Institute of Sevilla (IBiS), University Hospital Virgen del Rocio/CSIG/University of Sevilla, 41013 Sevilla, Spain
i

Vaccine 32 (2014) 2534-2536 | et

Antigens used in experimental Acinetobacter baumannii vaccines.

Antigen Results

Formalin-inactivated whole cells Intramuscularfintranasal vaccination with or without an aluminum-based adjuvant, reduction
in post-infection tissue bacterial loads, protection in a mouse model of sepsis, passive
protection using antisera

Quter membrane complexes Intramuscular vaccination with an aluminum-based adjuvant, reduction in post-infection
tissue bacterial loads, protection in mouse model of sepsis, passive protection using antisera,
treatment of infected mice with antisera

QOuter membrane vesicles Intramuscular vaccination with an aluminum-based adjuvant, reduction in post-infection
tissue bacterial loads, protection in a mouse model of sepsis
Biofilm-associated protein (Bap) Freund's adjuvant, reduction in post-infection tissue bacterial loads, protection in a mouse
model of sepsis
Poly-N-acetyl-p-(1-6)-glucosamine Passive intranasal/intravenous immunization, opsonophagocytosis of A. baumannii with
(PNAG) antisera, reduction in tissue bacterial loads after passive immunization in a mouse model of
pheumonia
Trimeric autotransporter protein Passive intravenous immunization, opsonophagocytosis of A. baumannii with antisera,
(Ata) complement-dependant bactericidal activity of antisera, reduction in tissue bacterial loads
after passive immunization in a mouse model of pneumonia
Outer membrane protein A (OmpA) Subcutaneous vaccination with an aluminum hydroxide adjuvant, protection in a diabetic
mouse model of sepsis, opsonophagocytosis of A. baumannii with antisera, protection after
NEUMOCOCO & >3 § {55 NEUMOCOCO s >3 5 passive immunization UMOCOCO ¢ § .55 NEUMOCO!
T o@SI3 2§ S o@®Sy3 5 S oI E < @
Lag Sk 5 : Lo §3¥%3 s . - S . - : L2gs L2
R g ; SI¥ 2 i - ;; SITE 3% K1 capsular polysaccharide Subcutaneous passive immunization in a mouse soft tissue infection model, decrease in tissue i -2 ; 3 § & °‘u§ £
St AP e ?é}%\:,'as, {5 ;-%C bacterial loads £ ?\3- £
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Menstrual toxic
shock syndrome |

Soft tissue
infections

Staphylococcus aureus

Mabi Types 5 and 8 CPS

(Staph\vax) conjugated to
pseudomonal
exoprotein A

GlaxoSmith Mabi vaccine +

ine candidates in clinical development with the potential to prevent diseases caused by pathogens highlighted in this review s

Hemodialysis Failed in Phase Il

Phase Il
Completed 2006
Mo study results

Cardiovascular surgery
patients

Phase Il
Completed 2006
Mo study results

Irmrnunogenicity
Orthopedic joint surgery
Orthopedic implant patients

Safety immunogenicity Phase |

oz

5. aureus

SA4Ag (Pizer)88

4C-Staph (GSK)®

Hemolysins o :
SEs @ *

Cytolytic activity

CHIPS

CP&/CPB-CRM g7, P-Y variant CIfA, MntC
ClinicalTrials.gov identifier NCTO2388165

CsalA (Sur2), FhuD2, EsxA/EsxB, HIAH35L
ClinicalTrials.gov identifier NCTO1160172

— Iron uptake
@ Novadigm rAls3p-N (C albicars
Biofilm formation surface protein
> that cross reacts with
5. aureus)
WRI Eap, GST-Can, His-CIf
(&) : :
o0 Eno Un!mrmed senvices Staph}-bcoccal aureus
Eap Emp University of the Health toxoids
CoA Efb Bacterial adhesion 3 Sriencesy Nabi {rAT and rLleS—PV)

Bothelho-Nevers et al. 2013. Expert Rev Vaccines

sars-Cov-2 2 MenC = SAR SAdAg: d-antigen Staphyiococous aureus vaccine,

Phase Zb

Phase 1

e n alled in Phasze 11411
wound infection

Cardiothoracic surgery

mia a

Phase I
Completed 2010

Immunogenicity Hemodialysis

Phase |

Completed
Mo study results

Safety immunogenicity
Volunteers

Safety immunogenicity Phase |
Volunteers Completed

Safe

Immune response
Safety immunogenicity Phase VI
Volunteers Completed

201

Mo study results

Table 1. Summary of past or ongoing Staphylococcus aureus vaccine clinical trials (active immunization).

[28,102,103]
NCT00211913 [101]

NCTO0211965

NCTO0211926 [101]

NCTO1160172 [101]

NCTO1018641 [101]

NCTO1364571 [101]

[35]

NCTO0518687 [101]

NCTO0572910 [101]

NCTO1447407 [101]

[104]

NCTO1011335 [101]

! ATP: Adenosgne triphosphate; C albicans Candida albicans; CIFA: Fibrinogen adhesin, CPS: Capsular polysaccharide; Eap: Extracellular adheranca protain;
GST-Can: Collagen-binding protein; His-CIE Clumping factor; Hla: A-toxin {a-hemaolysing BdB: Inon suface determinant B; LTA: Lipoteichoic acid;



Staphylococcus aureus

Possible reasons for this failure in effective vaccine development

>Reasons due to S. aureus

-Choice of inappropriate antigens: surface antigens

-High antigenic variability: regional differences in strain prevalence and variability of antigens that
limit cross-protectivity remain major obstacles

-Immune evasion Spa-mediated

»Strengths and weaknesses of animal models
»Immune response complexity

-Efficient immunity against S. aureus does not involve antibody response
- Absence of cellular immunity response induced

>No impact on carriage are probably the reasons of the failures

g

o

o
-
&

Hi‘b c l P [ f
ROTAVIRUS

MenS VAR

Poliomielitis
[ >
. DTP}

MenACWY .

@ vawneeia
[ x]
w
>
=

sy 5 FUMOCOCO & > H FUMOCOCO ¢ >3 § £ .53 NEUMOCOCO | FUMOCOCO s >3 5 FUMOCOCO & > EUMOCOCO s & 5 EUMO
33 -l R T o@®II3 Loy S o@IN3 S o@Ss3 s A R - <
¥ 3 SZEILY 3 @ IET 584 3@ IITE &y S ITT L7 SSE@IITE 3% y
g > e g g Tl D » -

P s9dug3d o s 9d99 3P o 492D 90199 3d o TiTi i 9dI93d o Pty \ﬁdg«m;) , o 2% *g\adgag
2 2@ 2 frocQ@ 2 -2 6@ R 20@@ 2 Tos>ac@@ 2 cir2c@ 2 LE>2
= > 33X FS& EEE IREFEEESE E&E s s EE SixFe ERE s S:3XEFES ESE > 332 F
Tae® <E0 = B < o §0 =P = £:0 2 b= s § EhTaey® <EO ShZSe)® SED
Sae=—9 3= ~ Se ] & ¥z < s s 2 E S a » = E,ar ) &<
SE=dSEFIEREES P IS ERE £ $: 3 ¥ z - pEe=d i EREESD T
cov-2 =2 MenC = sArs-cov-2 <2 MenC = SARS-CoV- SAR € = C sARs-Cov-2 =2 MenC = saps-cov-2 =2 MenC =

&
(2

mlgmﬂg vaR ©

Pl bia

ROTAVIRUS ©

>



S. aureus

SpA IgBDs

SpA cell wall

Released SpA

Missiakas et al.
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Klebsiella pneumoniae

Deaths Attributable to
Carbapenem-Resistant
Enterobacteriaceae Infections

Matthew E. Falagas,! Giannoula S. Tansarli,' Drosos E. Karageorgopoulos,’
and Konstantinos Z. Vardakas'

Emerging Infectious Diseases - www.cdc.gov/eid - Vol. 20, No_ 7, July 2014 I The CRM197-based vaccine was
immunogenic in both mice and
rabbits and produced antibodies
that were cross-reactive with K.
pneumoniae CPS. The

_ _ _ _ _ semisynthetic glycoconjugate

A Semi-Synthetic Glycoconjugate Vaccine Candidate for vaccine induced a high level of

Carbapenem-Resistant Klebsiella pneumoniae Ig61 antibodies and the
antibodies were

opsonophagocytic in
differentiated HL-60 cells The

Linked to the diphtheria ability of the vaccine to protect
| toxin-based carrier CRM197 against K. pneumoniae challenge
was not assessed due in large

par"r to the absence of a good
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Vaccines for Antibiotic-
Resistant Bacteria: Possibility
or Pipe Dream”/

Meritxell Garcia-Quintanilla,”® Marina R. Pulido,"

Marta Carretero-Ledesma,’ and Michael J. McConnell"* ' Proteomic analysis
- Surface antigen identification
Surface exposed epitopes

Antigen expression

Transcriptomic analysis
Antigen expression during infection

http//dx.doi.org/10.1016/j.tips.2015.10.003 g

© 2015 Elsevier Ltd. All rights reserved.
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Proteins

o
e
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Transcripts

Genomic analysis
Highly conserved antigens <
Core genome
Essential genes for infection (Tn-Seq)
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