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A difficult balance

+
Reduce mortality,
morbidity and costs

Antibiotics will:

-
Cause resistance

Pollute the environment

Disturb our normal
bacterial microflora

No other medical procedures or classes of medicines have been as
important in reducing human morbidity and mortality as antibiotics

Effective (from life-threat to cure in days)

Cheap (in relation to effect)

Few side effects (compare e.g. cancer drugs)

Discovery of new classes  
of antibacterial drugs 

Morbidity
Mortality

Costs

Antibiotic
resistance

Research and
development

“The problem”

Will we enter a post-antibiotic era? 

2008, we are loosing the battle against
antibiotic resistant bacteria………

Genetic mechanism
•Mutation

•Transfer of resistance genes

Antibiotics
Hygienic and

environmental 
factors

Survival and spread of antibiotic
bacteria in the environment

What is needed for resistance development?

Veterinary 
medicine

Human medicine

Agriculture

Community

Hospital

ANTIBIOTIC ECOSYSTEMS

Animal feed additives

Plant protection

Treatment & prophylaxis

EnvironmentEnvironment
Aquaculture

Resistance is a medical and ecological problem
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In the US= 22,000 tons/year

• 11,000 tons to humans (50%)
150 million prescriptions annually

• 8 -10,000 tons to animals (40%) 
to treat or prevent infections 
mixed into feed to promote growth of agricultural animals

• 20-30 tons to Plants (0.1%)

• 30-200 tons to Aquaculture (1%)

Drugs for human treatment and veterinary use 
are released into the environment

And so are antibiotics for
Plants Fish

Streptomycin
–12 plant species (apple, pear, ornamental trees)
–Applied to the surface
–Control of fire blight (Erwinia amylovora)

Oxytetracycline
–For internal use in plants
–Injected into trunks of palm /elm trees against
diseases caused by phytoplasmas

Oxytetracycline
-treating catfish, salmonids and lobster 
-bacterial hemorrhagic septicemia /
pseudomonas disease in catfish,
ulcer disease, furunculosis, bacterial
hemorrhagic septicemia, gaffkemia in lobster

Sulfonamide
-enteric septicemia of catfish and furunculosis 
in salmonids

Pharmaceuticals measured in 139 streams during 1999 and 2000
(US Geological Survey)

Site                                            CTC   OTC   TCC SDM   SMT   SMX  STZ

Groundwater WA                                                  0.22
Snake Creek, GA                      0.15           0.11
Cuyahoga River, Steele, OH                                      1.02
North Dry Creek, Kearny, NE                                  0.06   0.22
Suwannee River, GA                          0.34
KS                                                   0.07-1.34     0.24-15                  0.08

Concentrations micrograms/liter

CTC Chlortetracycline
OTC Oxytetracycline
TCC Tetra Cycline
SDM Sulfadimethoxime
SMT Sulfamethazine
SMX Sulfamethoxazole
STZ Sulfathiazole

Adapted from Infectious Disease Epidemiology Section, Office of Public 
Health, Louisiana Dept of Health & Hospitals

Sales of different classes of antibiotics expressed as DDD/1000 inhabitants and day to outpatients 
1997 in the 15 EU countries. 
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macrolides and lincosamides J01F
quinolones J01M
trimethoprim J01EA
tetracyclines J01A
cephalosporins J01D
narrow spectrum penicillins J01CE
penicillins with extended spectrum J01CA

Cars O, et al. Lancet  2001; 357:1851–1853

Variation in antibiotic use 

Emergence of VancomycinEmergence of Vancomycin
Resistant EnterococciResistant Enterococci
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 Martone WJ. Infect Control Hosp Epidemiol. 1998;19:539-545.

NNIS Antimicrobial Resistance Surveillance Report. 1999.).
*through June 1999

Blood isolates Blood isolates of of 
StaphylococciStaphylococci::

MeticillinMeticillin--resistant strains resistant strains 
(MRSA)(MRSA) England & Wales

1989-2002
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The consequence of antibiotic use and misuse
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Antibiotic resistance is a transmissible problem

1. Transmission between animals and humans

2. Global transmission between humans

3. Transmission within hospitals
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Prevalence of

enterococci resistant

to vancomycin (VRE)
(van denBogaard 1996)

1. Transmission from animals to humans

2001-2002

Endemicity Sporadic reports

Endemicity Sporadic reports
2005

2007

ESBL (CTX-M) producing 
Enterobacteriaceae

Similar resistance found in Uppsala
(“Akademiska”) in 2005

2. Global (pandemic) transmission

First reported outbreak, Germany 1983

3. Transmission within a hospital 

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

ESBL in Klebsiella at Uppsala University Hospital

Index case patient with wound infection hospitalized abroad
Patient came to UUH in May 2005--> since then 270 cases
(mostly immuno-suppressed patients, geriatric patients)

One bacterial clone responsible for outbreak:
Resistant to cephalosporins, fluoroquinolones, aminoglycosides, trimethoprim
tetracycline and others--> VERY FEW TREATMENT OPTIONS LEFT

Strategies to treat and prevent the emergence 
and spread of antibiotic resistant bacteria:

1. Slow down resistance development by reduced antibiotic use

2. Slow down transmission of resistant bacteria
Infection control (hygien, identify-track-isolate)

3. Revert existing resistance problem by reduced antibiotic use

4. New treatments
-new antibiotics
-new vaccines
-other approaches (bacteriophages, 
anti-bacterial peptides, serum therapy etc.)

New drugs and treatments

“Stimulate” pharmaceutical industry

Fact: New antibiotics are not very profitable for industry

Why? Very difficult to develop (compared to other drugs)
Uncertain use (small market, risk of resistance,
societal attempts to lower use)

Economic incentives (e.g. patent times)

Public-industry partnership (e.g. defense industry)
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Conclusions:

1. Antimicrobial drugs are in contrast to all other types of
pharmaceutical drugs an exhaustible resource because 
resistance will (always) develop 

2. Antibiotic resistance is a transmissible problem.

3. Antibiotics are present at relatively high levels in our environment
(i.e. they can have biological effects and select for resistance) 

Locations of normal flora

Human intestinal microbiota: >1,000 
different species, aggregate biomass 
of ~ 1.5-2 kg per person

In a person, bacterial cells outnumber 
somatic and germ cells by >10 fold 
(you= 1012-1013 cells, bacteria= 1013-1014 cells)

We are loaded with bacteria!

Antibiotic treatments will
also affect our normal flora

1. DEVELOPMENT
for example, formation of blood capillaries in intestine

2. NUTRITION
Absorption and processing of food

3. DEFENSE
Protection against other infectious (and dangerous) microbes

4. IMMUNITY
Protection against allergies

Bacteria are essential 
for your health

Germ-free Conventional B. thetaiotamicron only

Capillary development is dependent 
on presence of bacteria

Capillary system in mouse intestine

11/14/2008

• In mice, which have been treated with antibiotics, the 
infective dose of exogenous microorganisms is 
between 1000 – 100 000 –fold lower that that in 
untreated mice.

• Vollaard EJ, Clasener HA. Antimicrob Agents Chemother 1994;38:409-14.

• In women 2.6-5.2 fold risk for urinary tract infection 
when treated with antibiotics

• Smith et al. Clin Infect Dis 1997;25:63-8.

Disturbing your normal bacterial flora 
by antibiotic treatment increases risk 

for bacterial infections


