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FiRe 

• Established in 1991, all major Finnish clinical microbiology 

laboratories involved (24 laboratories) 

– 1996 CLSI (NCCLS) was taken as the susceptibility testing standard 

– 2011 EUCAST was taken as the susceptibility testing standard 
 

Finres report 
• Coverage: >95 % of all susceptibility tests in Finland 
• National antimicrobial resistance map 
• Finres report in figures 

– 15 major clinical bacterial pathogens 
– One isolate / patient / specimen type / follow-up period 
– > 400.000 isolates / year 
– 3 million antimicrobial susceptibility results / year 

• www.finres.fi 

 



Do you find the Salmonella? 



• United States – salmonellosis  

– 1.4 million persons/year will be infected (10% 

of foodborne infections) 

– Appr. 600 persons/year die (30% of 

foodborne deaths) 

• United States – campylobacteriosis  

–  2.5 million persons/year will be infected 

– 120 persons/year die 

Diarrheal pathogens – US 

Source: Mead et al., EID 1999 



Ripulin aiheuttajat – Suomen tilanne 
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Diarrheal pathogens – Finland 

Source: Lukinmaa et al., APMIS 2004 

Foodborne pathogens 1995-2002, NIDR Foodborne epidemics 1995-2002, FFSA 



Salmonella enterica 



• If antimicrobial treatment is needed   
– Fluoroquinolones 

– Azithromycin? 

– 3rd generation cephalosporins, carbapenemes 

– (Chloramphenicol) 

– (Ampicillin) 

– (Trimethoprim-sulfa) 

 

Salmonella enterica 



Antimicrobial resistance among 22 S. enterica isolates from food 

production animals in Finland 2009, Finres-Vet 2007-2009 report 

Source: www.evira.fi 

 

Resistance epidemiology 



Effect of BROILACT (Orion Corp., Espoo, Finland) on 

the colonization of ESBL 

Source: Nuotio et al, Poultry Science, 2013. 



Antimicrobial resistance among S. enterica, Finres 2013 report 

Source: www.finres.fi 

Resistance epidemiology 



Sources: Hakanen A, EID 2001; Hakanen et al, JAC 2006 

Salmonella isolates with decreased ciprofloxacin susceptibility 

(CIP >=0.125 µg/mL)
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Salmonella enterica 



• From 1995 to 2002 all 
tested Salmonella isolates 
with reduced ciprofloxacin 
susceptibility (CIP MIC 
≥0.125 µg/mL) were 
uniformly resistant (MIC 
≥256 µg/mL) to nalidixic 
acid 
 

• 2003 emergence of a ”novel 
quinolone-resistant 
phenotype”  

 (Hakanen, Lindgren, et al, JCM 2005) 
 

• A highly mobile qnr 
genotype confers the novel 
quinolone-resistant 
phenotype  

 (Gunell, et al, AAC 2009) 

Salmonella enterica 



Two sub-populations among Salmonella isolates with 

decreased ciprofloxacin susceptibility 

CIP >=0.125 mg/L
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Enterobacteriaceae 

EUCAST kliniska brytpunkter v. 5.0, NordicAST v. 5.1, 2015-04-20  



Azithromycin resistance among isolates from Finnish 

travellers 2003-2008 
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Salmonella enterica 



The increasing trend (p<0.001) in the proportion (%) of 

cefotaxime-nonsusceptible (30-μg disk diameter ≤22 mm) 

Salmonella enterica isolates in Finland during 1993–2011. 

Source: Gunell ym, EID, 2014 

Salmonella enterica –  

Resistance to 3. gen. cephalosporins in Finland 



Number of cefotaxime-nonsusceptible S. enterica 

isolates carrying ESBL (black bars) and AmpC genes (gray bars) 

in Finland, 1993–2011. 

Salmonella enterica –  

Resistance to 3. gen. cephalosporins in Finland 

Source: Gunell ym, EID, 2014 



Source: LeHello et al, Lancet Infect Dis, 2013  

Salmonella enterica serotype Kentucky, France 

Two isolates producing carbapenemase OXA-48  from Egypt 2009 

Highly drug-resistant isolates producing VIM-2 from Morocco in 2010  



Conclusions - Salmonella 

• ESBL screening is important not only with E. 

coli and Klebsiella, but also with Salmonella 

strains. 

• When 3rd generation cephalosporin resistance 

(combined with fluoroquinolone resistance) 

among Salmonella isolates is increasing, new 

treatment options are urgently needed. 

• (For severely ill patients, MIC-based 

susceptibility testing should be used.) 

 

 



Campylobacter spp. 



• 1886, Theodor Escherich observed and described 

nonculturable spiralshaped bacteria in the colonic mucus 

of a child who died of “cholera infantum” 

• The veterinary era  

– 1906 McFadyean and Stockman – ”vibrionic abortion” in sheep 

– 1930s – Enteric infection (also first isolations) 

– 1950s Elizabeth King: Optimum growth temperature of ”related 

vibrio” (C. jejuni/C. coli) was 42 °C 

• The human medicine era 

– 1972 Jean-Paul Butzler – culturing methods published in JID 

– 1977 Martin Skirrow published in BMJ…and the rest is history 

 

 
 

Campylobacter spp. – History 



Campylobacter spp. – Taxonomy 

Source: On, J Microbiol Methods 2013 



Campylobacter cases reported to the National Infectious Disease 

Register of Finland between July 2002 and June 2005  

Source: Nakari et al, Epidemiol Infect 2010 

Epidemiology 



Mean incidence of Campylobacter infection in different age groups of 

patients in Finland between 2002 and 2005 

Source: Nakari et al, Epidemiol Infect 2010 

Epidemiology 



ClonalFrame genealogy including all detected C. jejuni sequence types 

(STs) and resistance patterns in different sources 

Source: Olkkola et al, Zoonoses and Publ Health 2015 

Epidemiology 



• If antimicrobial treatment is needed   
– Macrolides  

– Fluoroquinolones 

– Co-amoxiclav? 

– Carbapenems 

– Tigecycline 

 

• Fluoroquinolone resistance is up to 80% but 
macrolide resistance is still low, 0-4% 
– Poland, Germany, Iran, Ethiopia, Chile, Japan 

– All studies from 1996-2009 

 
 

Campylobacter spp. 



 

• The incidence of macrolide resistance among 

the Campylobacter spp. is low, but the 

macrolide-resistant strains are uniformly 

multidrug-resistant 

 

• No perorally administered antimicrobial agent 

reliably covers the macrolide-resistant 

Campylobacter strains 

  
 

Campylobacter spp. 

Source: Lehtopolku et al, AAC 2010 



Antimicrobial resistance among C.j. and C.c., Finres 2013 report 

Source: www.finres.fi 

 

Resistance epidemiology 



Antimicrobial resistance among 78 C.jejuni isolates from chicken in 

Finland 2009, Finres-Vet 2007-2009 report 

Source: www.evira.fi 

 

Resistance epidemiology 



Antimicrobial resistance among C.j. (A) and C.c. (B), U.S. NARMS 

Resistance epidemiology 

Source: Ge et al, J Microbiol Methods 2013 



Antimicrobial resistance among C.j. (A) and C.c. (B), EFSA-ECDC report 

Source: Ge et al, J Microbiol Methods 2013 

Resistance epidemiology 



 
• CLSI disk diffusion method may not be a reliable 

tool for Campylobacter spp. 
 

• For 17 (10%) of 174 Campylobacter strains, the 
variation was substantial for both erythromycin 
and ciprofloxacin. 
 

• For seven antimicrobial agents, only macrolide-
resistant strains (to macrolides) did not have a 
substantial variation between 2-4 times repeated 
disk diffusion tests. 

 

Campylobacter spp. –  

Susceptibility testing 

Source: Lehtopolku et al, JCM 2012 



Source: Ge et al, J Microbiol Methods 2013 

Susceptibility testing 



Source: Ge et al, J Microbiol Methods 2013 

Susceptibility testing 



Campylobacter spp. 

Source: www.eucast.org 



C. jejuni and C. coli 

EUCAST kliniska brytpunkter v. 5.0, NordicAST v. 5.1, 2015-04-20  



Conclusions - Campylobacter 

• Use EUCAST disk diffusion method for 

Campylobacter susceptibility testing! 

• For severely ill patients, MIC-based 

susceptibility testing should be used 

 – But how? 

• There is a need for international 

harmonization of Campylobacter susceptibility 

testing. 

 

 



Tack! 

Thank you! 

Kiitos! 


