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Pathogen growth as a function of nutrient access and host attacks 

Antibiotics 



            Course of salmonellosis 

  

Spleen 

Typhoid fever: 

16 Mio cases, 190‘000 deaths 

Intestinal mucosa 

Diarrhea:  

94 Mio cases, 80‘000 deaths 



Ex vivo Salmonella proteomics 
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Diverse but scarce nutrients, 
Overall nutrient limitation 
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The same drink for everybody ? 



Adapted from: 

Krstic, R.V. Human Microscopic Anatomy. 

Springer Berlin Heidelberg (1991). 

Complex anatomy of host organs 



TIMERbac as a growth rate reporter in vitro 
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TIMER    Nuclei 

Heterogeneous growth of microcolonies 
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Nutrients 
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Cell (2014). 
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H2O2 

Heterogeneous stress in individual Salmonella 

20 μm 

Infected spleen section 
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Antibiotics ? 
Nutrients 

Slow growth 
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3. Impact of Salmonella heterogeneity on slow eradication ? 
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Strong antagonism / synergism of host attacks with antibiotic: 
Diverse levels of tolerance 
 
Tolerance facilitates resistance?  

Beatrice Claudi 
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Finding rare live Salmonella in spleen: S2P tomography 

5d enrofloxacin-treated 

anti-lipopolysaccharide IHC 



Slow eradication of Salmonella in vivo 

1 2 3 4 5
0

1

2

3

4

Dose 

D
is

e
a

s
e

 s
c
o

re
 

BALB/c mice, oral infection day 5, treatment with 5 mg kg-1 enrofloxacin 

Similar in human enteric fever patients: 

Travel Med Infect Dis 9, 263-277 (2011) 

C
o

lo
n

y
-f

o
rm

in
g

 u
n

it
s
 

mLN Last PP Spleen 

b 1 2 3 4 5 1 2 3 4 5 1 2 3 4 

Daily Dose Daily Dose Daily Dose 

10 1 

10 2 

10 3 

10 4 

10 5 

10 6 

Beatrice Claudi 



Summary  
 
o Diverse microenvironments 

 
o Disparate molecular interactions 

 
o Divergent fates of pathogen subsets 

 
o Heterogeneous antibiotic efficacy 



Mapping Salmonella microenvironments – SBF-SEM 

20 µm 



Science 352, DOI: 10.1126/science.aad3018 (2016) 
Nature Rev Immunol 15, 669–82 (2015) 
Nature Rev Cancer 15, 409–25 (2015) 
Nature 501, 346–54 (2013) 
Nat Med 19, 1423–37 (2013) 
  

Tumor microenvironments determine cancer outcome 
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Stubbings et al. AAC 2011 Sep; 55(9): 4394–4397 



Salmonella Polymorphonuclear Neutrophils Erythrocytes 

Salmonella enterica ser. Typhimurium 

in mouse spleen 

Nutrients, Salmonella metabolic pathways, stresses? 
 
Ex vivo proteomics, metabolic mutants, in silico 


