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How do bacteria protect themselves against antibiotics ?

“offensive strategy”: to develop resistance mechanisms
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Main infections caused by S. aureus
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Chronic rhinosinusitis

Clement et al, J Infect Dis. 2005;192:1023-8
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Benefits of intracellular life
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Intracellular activity of antibiotics
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Persisters and antibiotics
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Following bacterial multiplication
at the single cell level and in real time
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Roostalu et al., BMC Microbiol. 2008; 8:68. LDR?>
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Following bacterial multiplication
at the single cell level and in real time
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Application to S. aureus planktonic cultures
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Application to intracellular S. aureus
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Application to intracellular S. aureus
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Application to intracellular S. aureus
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Application to intracellular S. aureus
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Non dividing bacteria persist inside the cells

24h

Cell sorting and transcriptomic analysis <

Peyrusson et al, Nat. Comm. 2020; 11:2200 LDR?
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Intracellular persisters: a global view
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Presenter
Presentation Notes
Overview of intracellular persistence regulation of S. aureus. 
In vacuolar nutrient-rich compartments, persisters are metabolically active cells shielding cell wall, DNA and translation products. 
Under pressure of the environmental factors from the host cell, including a carbon source shift and antibiotic pressure, persisters promote a network of stress or adaptive responses displaying multiple entries. Stringent response does not show signs of activity  for prolonged periods but rather contributes partly to initiate the switch to a persister phenotype through (i) post-translational modifications, contributing to an almost immediate blockade of bacterial division, and (ii) transcriptional regulation, silencing energy-consuming processes. Regulation circuits also include the cell wall stress stimulon, the SOS response, and the heat shock
response. These active responses, together with a decrease in oxidative phosphorylation and in translation levels, lead to multidrug tolerance upon exposure to a single antibiotic. This stable phenotype allows bacteria to
maximize the chances of long-term survival. Finally, depending on the level of stress, this state could either revert to replicative forms, or promote the evolution to resistant forms, through increased probability of mutations and horizontal gene transfer.


Intracellular persisters: a global view
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Multidrug tolerance
[
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Multidrug tolerance
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Intracellular persisters: clinical implications

= |ntracellular bacteria can remain ‘dormant’ inside eukaryotic cells
= Dormancy is favored by stressful conditions (antibiotic pressure, e.g.)

= Dormancy is associated to the activation of a global stress response
— Dormant bacteria are ‘multidrug tolerant’
— Exposure to one drug makes bacteria non-responsive to other classes of drugs
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Intracellular persisters: a global view
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Deepness of dormancy.... Kinetics of awakening

\Oacterial stress

B UCLouvain 55,5055 ECCMID 2023 36 LDR?



Deepness of dormancy

FACS counts vs colony forming units ~ %*Ag 50xMIC
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Presenter
Presentation Notes
J774 stimulés: interferon gamma et LPS
Macrophages humains antiox: butylated hydroxyanisole (BHA)


Deepness of dormancy
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J774 stimulés: interferon gamma et LPS
Macrophages humains antiox: butylated hydroxyanisole (BHA)


Deepness of dormancy: impact of the cell type

ROS production
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Presentation Notes
J774 stimulés: interferon gamma et LPS
Macrophages humains antiox: butylated hydroxyanisole (BHA)


Awakening of dormant forms

Awakening of intracellular bacteria upon drug removal

In liquid culture
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@Deepness of dormancy : a balance between translation defects and ROS

Shallow
persisters

Deep
persisters

Peyrusson et al, Microbiology Spectrum 2022; 10(1):e0231321 LDR?
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Presenter
Presentation Notes
Model for dormancy of S. aureus persisters under host oxidative stress. In low-oxidative-stress cells, persisters do not show signs of the dark foci observed during protein aggregation. In an oxidative host environment, persisters face ROS-induced translational and ATP synthesis defects; the resulting balance between them defines the dormancy depth. ATP depletion induces protein aggregates that bacteria clear prior to growth resumption, resulting in increased lag times. On the other hand, translation plays a pivotal role to fine-tune the deepness of dormancy, and translation inhibition decreases protein aggregation, resulting in reduced dormant fractions.
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Intracellular persisters: clinical implications

Intracellular bacteria can remain ‘dormant’ inside eukaryotic cells
Dormancy is favored by stressful conditions (antibiotic pressure, e.g.)

Dormancy is associated to the activation of a global stress response
- Dormant bacteria are ‘multidrug tolerant’
— Exposure to one drug makes bacteria non-responsive to other classes of drugs

Dormancy is reversible when the stress is relieved
— A possible reason for recurrence of the infection ?

If deeply dormant, persisters do no grow on agar plates
- How to detect them in biological samples ?

D. Parkins
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Intracellular persisters: a global view
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Presenter
Presentation Notes
promoting the evolution to resistant forms if the pressure is maintained. 
In the latter case, our data indicate that this evolution could be promoted mainly at two distinct levels, through potentiation of higher mutation rates and extensive horizontal gene
transfer, as a consequence of drastic activations of low-fidelity polymerases and competence genes, respectively


What about clinical isolates ?

Relative persister fraction to the fluoroquinolone moxifloxacin in a collection of clinical isolates
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Does persistence prepare for resistance?
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Does persistence prepare for resistance?

MXF % x MIC
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Cross-persistence without cross-resistance
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Cross-persistence without cross-resistance

Susceptible;

High persister
to MXF

Susceptible;
Low persister
To MXF

Atb % x MIC
J) o

Exposure to sub-MIC

MIC (mg/L)

8 days witl-@llz MIC
16—
o—H

4—
1- /
o—1a
0.25- o—m
0.064 —
0.016 —
| =
0.004 — o—nu
0.001 DO —' D8 DO ; D8 DO '- D8
@ RIF GEN
c
S 1000~
wid
o
o
%= 100
L
Q
wid
R4
I 10
1 99
o
o
o -
s
©
—_ D0O-D8 D0-D8 DO-D8
e 01 I | I
MXF RIF GEN

MIC (mg/L)

8 days wit12 MIC
] o—Hu

16
4-
1-
—1a
0.25- o= o—0
0.064 - o—m
o—i
0.016 —
0.004 —
0.001 |D0:D8 D0.D8 DO-D8
MXF @ GEN
c
O 1000-
wid
7]
o /
“ 100- -
()
wid
2
I 10
o ./'
o
2 | ./
2
©
—_— D0-D8 D0-D8 DO-D8
MXF RIF GEN

8 days wit@uz MIC
16—
o—Hu

4-
— 1-
< —a
g’ 025+ o= P
g 0.064 | o—m
= 0.016 -
—=
0.004 - o—n
0.0011D0-D8 D0-D8 DO.DS
MXF RIF @
c
S 1000~
whd
1)
o /'
= 100- -
)
whd
0
T 10
S
) /
w -
s
®
- DO - D8 DO - D8 DO - D8
MXF RIF GEN

* selects for resistance to the selecting drug (when possible)

B UCLouvain 55,5055

ECCMID 2023

Balcaen et al., unpublished ?



Cross-persistence without cross-resistance
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A Logqo CFU from time 0

Persister character to predict intracellular tolerance
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Intracellular persisters: clinical implications

Intracellular bacteria can remain ‘dormant’ inside eukaryotic cells
Dormancy is favored by stressful conditions (antibiotic pressure, e.g.)

Dormancy is associated to the activation of a global stress response
- Dormant bacteria are ‘multidrug tolerant’
— Exposure to one drug makes bacteria non-responsive to other classes of drugs

Dormancy is reversible when the stress is relieved
— A possible reason for recurrence of the infection ?

If deeply dormant, persisters do no grow on agar plates
- How to detect them in biological samples ?

Clinical isolates differ by the fraction of persisters in their populations
—2 Is there a link with the risk of clinical failure ?

Activation of stress in persisters favors selection of resistance
— Another reason to see resistance increase when dealing with chronic infections ?

D. Parkins
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Still more questions than answers ....
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