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Which burden ?
• CAP:

– A major acute cause of death (3rd to 7th);
– Clear association between aging and pneumonia (“a friend of 

the elderly.”) 1

– Hospitalization rates for pneumonia have also increased 
significantly over the last 15 years 2

– High levels in long-term-care facilities 3
 “health care associated” pneumonia ? 

– Costly treatments of elderly patients because of the increased 
length of hospital 4

– Long term survival is often poor (half of elderly patients with 
community-acquired pneumonia died in the next year) 5

1 Osler W The Principles and Practice of Medicine. 3rd ed 1898 Appleton New York 109
2 Fry et al. JAMA. 294:2712-2719 2005
3 Marrie TJ.  Infect Control Hosp Epidemiol. 23:159-164 2002 
4 Marston et al. Arch Intern Med. 157:1709-1718 1997
5 Kaplan et al. Arch Intern Med. 163:317-323 2003  
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Respiratory tract infections: 1. the diseases

20/3/2016 Vietnam Workshop, Taipei, Taiwan

we will 
focus on 

pneumonia
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Respiratory tract infections: 2. the enemies

Pneumonia in patients coming from the community: which type ?

– community acquired (CAP)
• Children
• Young adult patients with no risk factor 
• Elderly
• Comorbidities and severity of disease

– health care associated (HCAP)
• nursing homes or previous antibiotic treatments
• hospital

– immunocompromized patient
• asplenic
• HIV
• anticancer treatment

stratification is 
essential

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Main pathogens in CAP (adult)

Pathogen Frequency (%)

No pathogen identified 49.8

Streptococcus pneumoniae 19.3

Viruses 11.7

Mycoplasma pneumoniae 11.1

Chlamydia pneumoniae 8.0

Haemophilus influenzae 3.3

Legionella spp 1.9

Other organisms 1.6

Chlamydia psittaci 1.5

Coxiella burnetii 0.9

Moraxella catarrhalis 0.5

Gram-negative enteric bacteria 0.4

Staphylococcus aureus 0.2

Woodhead M. Eur Respir J Suppl 2002;36:20s-7s.

in Asia, recent reported figures (%)  
vary from 
• 2.2 (China)
• 1 to 23 (Taiwan)
• 1.3 to 20 (Philippines)
• 3.1 to 5.5 (Malaysia)
• 12 (Korea)
• 20.6 to 23.1 (Thailand)
• 35.8 (India)

Jae-Hoon Songa et al. Intern. J. Antimicrob. Ag. 38 (2011) 108– 117

In Ho Chi Minh, 71% of pneumonia in 
children were bacteriemic with   
Streptococcus pneumoniae grown in 
92.5% of the blood cultures 

Tran et al. Pediatr Infect Dis J. 1998 Sep;17(9 Suppl):S192-4.

In Nha Trang, S. pneumoniae and 
H. influenzae type b were the most 
common causes of laboratory-confirmed
invasive bacterial disease in children.

Anh et al. Clin Infect Dis. 2009 Mar 1;48 Suppl 2:S57-64.
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CAP: importance of age, severity of disease and 
environment on types of bacteria

Pathogen Frequency (%)

No pathogen identified 49.8

Streptococcus pneumoniae 19.3

Viruses 11.7

Mycoplasma pneumoniae 11.1

Chlamydia pneumoniae 8.0

Haemophilus influenzae 3.3

Legionella spp 1.9

Other organisms 1.6

Chlamydia psittaci 1.5

Coxiella burnetii 0.9

Moraxella catarrhalis 0.5

Gram-negative enteric bacteria 0.4

Staphylococcus aureus 0.2

Woodhead M. Eur Respir J Suppl 2002;36:20s-7s.

 in young adults

 in severe cases 

 in severe cases and comorbidities 
 in local environments (!!!)

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Main pathogens in HCAP associated pneumonia

All of the above plus

• Gram-positive
– S. pneumoniae (most often multiresistant)
– Methicillin-resistant Staphylococci (including aureus [MRSA])
– Enterococci

• Gram-negative
– Enterobacterciaceae (E. coli, K. pneumoniae)
– Acinetobacter baumanii
– Pseudomonas aeruginosa

• Anaerobes

Donowithz G. Acute pneumonia: health-care assciated pneumonia In Priciples and Practie of Infectious Diseases, Mandell et al. eds, 7th Edition on line - chapter 64 
(https://expertconsult.inkling.com/read/principles-practice-infectious-diseases-mandell-7th/chapter-64/pneumonia-syndromes#87a18782a8ba440c91948961322e0397)

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Pathogen, n (%) CAP

(n=208)

HCAP

(n=431)

P value

MRSA 25 (12.0) 132 (30.6) <0.001

S. pneumoniae 85 (40.9) 45 (10.4) <0.001

P. aeruginosa 10 (4.8) 110 (25.5) <0.001

MSSA 28 (13.5) 60 (13.9) 0.874

Haemophilus species 36 (17.3) 18 (4.2) <0.001

Other nonfermenting Gram-negative rods 4 (1.9) 43 (10.0) <0.001

Other Enterobacteriaceae 5 (2.4) 39 (9.0) 0.002

Klebsiella species 7 (3.4) 28 (6.5) 0.103

E. coli 12 (5.8) 18 (4.2) 0.372

Legionella species 7 (3.4) 1 (0.2) 0.017

CAP and HCAP : a comparison of etiologies

Micek et al. Antimicrob Agents Chemother. 2007; 51:3568-73.

1020/3/2016 Vietnam Workshop, Taipei, Taiwan



MRSA is a Frequent Cause of Hospital-acquired 
Infections in many parts of the world

1. Moet  GJ, et al. Diagn Microbiol Infect Dis 2007;57:7‒13;  2. Ray GT, et al. BMC Infect Dis. 2013;13(1):252; 3. Koulenti D, et al. Crit
Care Med 2009;37:2360-2368; 4. Kollef MH, et al. Chest 2005;128:3854-3862; 5. Jones RN, Clin Infect Dis 2010;51 Suppl 1:S81‒7; 6. 
Landrum ML, et al. JAMA 2012;308:50-9; 7. Laupland M, et al. Clin Microbiol Infect 2013;19:465‒471.
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SSTI Pneumonia Bacteraemia

SSTI = skin and skin-structure infection
IBSC = International Bacteremia Surveillance Collaborative (Finland, Australia, Canada, Denmark and Sweden)

Frequency of MRSA isolated from infections among 
hospitalised patients
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But also in Asia: spread of CA-MRSA ?
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But also in Asia: spread of CA-MRSA ?
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Song et al. J Antimicrob Chemother. 2011;66:1061-9. 

4117 isolates from patients with clinically demonstrated S. aureus infection
from 17 ANSORP tertiary- or secondary-care teaching hospitals

1320/3/2016 Vietnam Workshop, Taipei, Taiwan



S. pneumoniae

H. influenzae Mycoplasma

S. aureus (MSSA)

Enterobacteriaceae

P. aeruginosa
A. baumanii

Anaerobes

In a nutshell (for bacteria) …

1420/3/2016 Vietnam Workshop, Taipei, Taiwan

S. aureus (MRSA)

CAP

HCAP



Message(s)

• Talk to your microbiologist

• Invest MORE in microbiology

• Trust microbiology

• Use microbiological surveys data

20/3/2016 Vietnam Workshop, Taipei, Taiwan 15
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Avoid inappropriate treatments in HCAP …

20/3/2016 Vietnam Workshop, Taipei, Taiwan 17



Avoid inappropriate treatments …

20/3/2016 Vietnam Workshop, Taipei, Taiwan 18

inappropriate therapies

mortalities

Micek et al. Antimicrob Agents Chemother. 2007; 51:3568-73.



A choice of antibiotics based on EUCAST…

20/3/2016 Vietnam Workshop, Taipei, Taiwan 19

EUCAST deals with breakpoints and technical aspects of phenotypic in 
vitro antimicrobial susceptibility testing and functions as the breakpoint 
committee of EMA and ECDC. 



A choice of antibiotics based on EUCAST…
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EUCAST deals with breakpoints and technical aspects of phenotypic in 
vitro antimicrobial susceptibility testing and functions as the breakpoint 
committee of EMA and ECDC. 



Here are some proposals…a
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S. pneumoniae c
clinical breakpoint (mg/L) b

susceptible resistant
β-lactams

amoxicillin ≤ 0.5 > 2

ceftriaxone ≤ 0.5 > 2

ertapenem ≤ 0.5 > 0.5

meropenem ≤ 2 > 2

macrolides

azithromycin ≤ 0.25 > 0.5

clarithromycin ≤ 0.25 > 0.5

fluoroquinolones

levofloxacin d ≤ 2 > 2

moxifloxacin ≤ 0.5 > 1

glycopeptides

vancomycin ≤ 2 > 2

tetracyclines

doxycycline ≤ 1 > 2
a more details and proposals on http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
b susceptible: high likelihood of clinical success; resistant: high likelihood of clinical failure
c non-meningitis indication
d high dose ( 2 X 500 mg/day)

check those 
figures against 

your 
epidemiological

data

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf


Here are some proposals…a
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MRSA
clinical breakpoint (mg/L) b

susceptible resistant
β-lactams

ceftaroline ≤ 1 > 1

macrolides

clarithromycin ≤ 1 > 2

fluoroquinolones

moxifloxacin c ≤ 0.5 > 1

glycopeptides

vancomycin ≤ 2 > 2

tetracyclines

doxycycline ≤ 1 > 2

tigecycline ≤ 0.5 > 0.5

Oxazolidinones

linezolid ≤ 4 > 4

tedizolid ≤ 0.5 > 0.5

Trimethoprim/Sulfamethoxazole ≤ 2 > 4

a more details and proposals on http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
b susceptible: high likelihood of clinical success; resistant: high likelihood of clinical failure
c moxifloxacin has no indication for MRSA but some strains show low MICs (testing is essential)

check those 
figures against 

your 
epidemiological

data

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf


Here are some proposals…a
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Enterobacteriaceae
clinical breakpoint (mg/L) b

susceptible resistant
β-lactams

amoxicillin/clavulanic acid ≤ 8 > 8

piperacillin/tazobactam ≤ 8 > 16

ceftazidime ≤ 1 > 4

ceftriaxone ≤ 1 > 2

ertapenem ≤ 0.5 > 1

meropenem ≤ 2 > 8

fluoroquinolones

ciprofloxacin ≤ 0.5 > 1

moxifloxacin ≤ 0.5 > 1

aminoglycosides

gentamicin ≤ 1 > 4

amikacin ≤ 4 > 16

polymyxins

colistin ≤ 2 > 2

a more details and proposals on http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
b susceptible: high likelihood of clinical success; resistant: high likelihood of clinical failure

check those 
figures against 

your 
epidemiological

data

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf


Here are some proposals…a
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Pseudomonas aeruginosa
clinical breakpoint (mg/L) b

susceptible resistant
β-lactams

piperacillin/tazobactam ≤ 16 > 16

ceftazidime ≤ 8 > 8

cefepime ≤ 8 > 8

meropenem ≤ 2 > 8

fluoroquinolones

ciprofloxacin ≤ 0.5 > 1

levofloxacin ≤ 1 > 2

aminoglycosides

gentamicin ≤ 4 > 4

amikacin ≤ 8 >16

polymyxins

colistin ≤ 4 > 4

a more details and proposals on http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
b susceptible: high likelihood of clinical success; resistant: high likelihood of clinical failure

check those 
figures against 

your 
epidemiological

data

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_6.0_Breakpoint_table.pdf
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The resistome …

• all the genes and their 
products that contribute to 
antibiotic resistance

• highly redundant and 
interlocked system

• clinical resistance under 
represents the resistance 
capacity of bacteria 

• existing biochemical 
mechanisms (protoresistome) 
serve as a deep reservoir of 
precursors that can be co-
opted and evolved to

Antibiotic Resistance:Implications for Global Health and Novel Intervention Strategies: Workshop Summary
http://www.nap.edu/openbook.php?record_id=12925

20/3/2016 Vietnam Workshop, Taipei, Taiwan

http://www.nap.edu/openbook.php?record_id=12925
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The selectome
A simple application of Darwin’s principles ...

genes

enzymes / nucleoproteins

function

selection 
pressure

Detail of watercolor by  
George Richmond, 1840.
Darwin Museum at Down House

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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How and why can you select so easily ?

fast selection of the fittest !

• an infectious focus typicaly contains
more than 106 - 109 organisms

• most bacteria multiply VERY quickly 
(20 min…) and do mistake …

• they are not innocent or useless mistakes

A simple application of Darwin’s principle…
to a highly plastic material…

section 
pressure

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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What are the risks ?

http://amr-review.org/

20/3/2016 Vietnam Workshop, Taipei, Taiwan

http://amr-review.org/
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What are the risks ?

http://amr-review.org/

AMR: antimicrobial resistance

20/3/2016 Vietnam Workshop, Taipei, Taiwan

http://amr-review.org/
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Epidemiology

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Epidemiology: principles

Epidemiological (surveillance) studies must be

• geographically well adapted to the type of pathogen
– S. pneumoniae regional or national

– P. aeruginosa by hospital and even wards

• comprehensive
– correct coverage of patients, underlying diseases, and 

organisms of interest 

– with a sufficiently large number of isolates in a given period

• use appropriate interpretative criteria (breakpoints)

20/3/2016 Vietnam Workshop, Taipei, Taiwan



Resistance in Cambodia 
and neighboring countries
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PLoS One. 2014; 9(3): e89637



Resistance in Cambodia 
and neighboring countries
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PLoS One. 2014; 9(3): e89637

Further comment:

In two multinational antimicrobial susceptibility 
studies carried out between 2000 and 2004, 
Vietnam’s isolates had one of the highest
resistance rates against cefuroxime, 
clindamycin, and erythromycin out of 11 Asian 
countries….
(cited from Hung et al. Int J Infect Dis. 2013; 17(6):e364-73.



You are not alone … for macrolide resistance

20/3/2016 Vietnam Workshop, Taipei, Taiwan 36

http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/database/Pages/map_reports.aspx
Last visited: 14 March 2016

Resistance to 
macrolides in 
Europe in 
2014

http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/database/Pages/map_reports.aspx


Resistance Rates of S. pneumoniae
Asia-Pacific Region

66

35.8

54

68.8

25

33

69.6

0

10

20

30

40

50

60

70

80

90

100

Australia
(170)

China (288) Hong Kong
(25)

Korea (48) Malaysia
(20)

Singapore
(15)

Thailand
(23)

Penicillin MICs of ≥2 µg/mL

Sader et al. Diagn Microbiol Infect Dis 2013; 76:61-8.

%
 o

f i
so

la
te

s 
te

st
ed

3720/3/2016 Vietnam Workshop, Taipei, Taiwan



38

Resistance to penicillin in Vietnam: 1. Hospital

1st October 201520/3/2016 Vietnam Workshop, Taipei, Taiwan
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Resistance to pencillin for S. pneumoniae at Bach Mai, Hanoi, Vietnam

Susceptibility to penicillin G

intermediate resistant

EUCAST breakpoints

Watanabe et al. Ped. Int. 2008; 50:514-518

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Resistance to penicillin for S. pneumoniae at Bach Mai, Hanoi, Vietnam

Susceptibility to penicillin G

intermediate resistant

EUCAST breakpoints

Watanabe et al. Ped. Int. 2008; 50:514-518

20/3/2016 Vietnam Workshop, Taipei, Taiwan



20/3/2016 Vietnam Workshop, Taipei, Taiwan 41

Recent Vietnamese data for respiratory tract infections 
in a major hospital *

S.  pneumoniae (n=44)

Antibiotic no. tested R (%) I (%) S (%) MIC50 MIC90

Erythromycin 38 92.1 2.6 5.3

Chloramphenicol 34 17.6 0 82.4

Clindamycin 38 86.8 0 13.2

Vancomycin 37 0 0 100

Cotrimoxazole 37 94.6 2.7 2.7

Penicillin 43 23.3 58.1 18.6 0.38 1.5

CLSI breakpoints

* Bach Mai hospital, Hanoi (Jan-May 2013) Unpublished data
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Resistance to penicillin in Vietnam: 2. Community

Ba Vi District

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Resistance for S. pneumoniae in Ba Vi District, 
Vietnam

421 isolates of S. pneumoniae. 
95% (401/421) resistant to at least one clinically-used antibiotic

High level of resistance for
• co-trimoxazole (recommended by WHO !)
• tetracycline
• penicillin V
• erythromycin (70-78%; crossed resistance with other macrolides).

CLSI breakpoints

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Resistance increases over time …

CLSI breakpoints

Resistance for S. pneumoniae in Ba Vi District, 
Vietnam

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Resistance and community antibiotic 
consumption in Vietnam

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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The message: make and use surveys
• Viet Nam should know ITS resistance patterns (by regions) !

20/3/2016 Vietnam Workshop, Taipei, Taiwan
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Conclusions and Recommendations

Any prescription should assess…

• the risk/benefit balance for individual 
patients

• the adequacy to the most likely 
pathogen (with possibility for surprises !) 

• the current and foreseeable resistance 
to antibiotics that will affect all present 
and future patients

https://www.whitehalltraining.com/blog/risk-benefit-doesnt-balance

20/3/2016 Vietnam Workshop, Taipei, Taiwan

https://www.whitehalltraining.com/blog/risk-benefit-doesnt-balance
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Please, ask questions… and start the discussion…

I’ll do my best

20/3/2016 Vietnam Workshop, Taipei, Taiwan



Back-up
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The hidden risk of therapy (in our hospitals …)
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Do you remain 
effective while 
treating ?

amikacin (n=29)
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meropenem (n=28)
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piperacillin-tazobactam (n=31)
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*

cefepime (n=29)
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a

ciprofloxacin (n=11)

D0 DL
0.015625
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- D0: initial isolate
DL: last isolate obtained

- individual values with geometric 
mean (95 % CI)

- S (lowest line) and R (highest 
line) EUCAST breakpoints

* p < 0.05 by paired t-test (two-
tailed) and Wilcoxon non-
parametric test 

a p < 0.05 by Wilcoxon non-
parametric test only

Note: stratification by time 
between D0 and DL gave no 
clue (too low numbers)

Message: for all 
antibiotics,  we 

see global 
increases of MIC 
during treatment
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Main resistance mechanisms of bacteria of importance in 
Respiratory Tract Infections and how to fight them

Organism Mechanism What to do ? success ?
Streptococcus 
pneumoniae

target mutation
PBP2x with low 
penicillin  binding 

increasing the 
dosage of β-lactams

partial
(MIC ≤ 4 
mg/L)

target mutation for 
macrolides, 
lincosamides and 
steptogramins

nothing (high-level 
resistance)

no

efflux for macrolides increase the dose 
(but difficult)
use ketolides or 16-
membered 
macrolides

disputable

Telithromycin 
effective but 
risk of toxicity  

efflux for 
fluoroquinolones

avoid 
fluoroquinolones 
subject to efflux 
(ciprofloxacin, 
gemifloxacin)

yes (if using 
moxifloxacin)
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Main resistance mechanisms of bacteria of importance in 
Respiratory Tract Infections and how to fight them

Organism Mechanism What to do ? success ?
Haemophilus 
influenzae

β-lactamase add a β-lactamase
inhibitor

yes (but 
toxicity)

target mutation for β-
lactams

high level resistance no

Moraxella 
catarrhalis

β-lactamase add a β-lactamase
inhibitor

yes (but 
toxicity)

Staphylococcus 
aureus

methicillin-resistance use vancomycin, 
linezolid, or 
daptomycin

yes, but limits 
(vancomycin; 
daptomycin) 
and toxicities

Mycoplasma 
pneumoniae

target mutation for 
macrolides

nothing (high level 
resistance)

no
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Main resistance mechanisms of bacteria of importance in 
Respiratory Tract Infections and how to fight them

Organism Mechanism What to do ? success ?
Enterobacteriaceae β-lactamases 

(including ESBL 
and 
carbapenemases)

change antibiotic(s) yes (but 
difficulties in 
case of MDR)

target mutations 
for 
fluoroquinolones

use the most potent 
fluoroquinolone 
(dissociated 
resistance)

moderate

efflux
(affect several 
classes)

“fine-tuning” 
antibiotic choice 
(based on 
antibiogram)

moderate
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Main resistance mechanisms of bacteria of importance in 
Respiratory Tract Infections and how to fight them

Organism Mechanism What to do ? success ?
Pseudomonas 
aeruginosa

β-lactamases 
(including ESBL)

change antibiotic(s) yes (but 
difficulties in 
case of MDR)

decreased 
permeability

choosing an 
antibiotic with higher 
permeability

moderate

target mutations 
for 
fluoroquinolones

use the most potent 
fluoroquinolone 
(dissociated 
resistance)

moderate

efflux
(affect several 
classes)

“fine-tuning” 
antibiotic choice 
(based on 
antibiogram)

moderate
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S. pneumoniae: example in Belgium for CAP
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S. pneumoniae: an example in Belgium for CAP
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Mar;39(3):208-16. 

* non-meningitis
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S. pneumoniae: how to make antibiotic policy
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