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laboratories in general in Mongolia:

● buildings / laboratory-rooms
- not always modern room-arrangements: suboptimal workflow!

(but: often new laboratory-rooms planned or they are ready to move)

● companies / reliable and guaranteed delivery
- not always sufficient technical support available: no short reaction time!

(modern technical equipment is mostly very sensitive!)

● health care system / prescription of antibiotics
- free availability of antibiotics and treatment without medical indication

(one cause for the increase of Multi-Drug-Resistance!)

● costs
- sometimes not effective use of equipment and testkits could be found

(donated equipment is available - substances and reagents are not)

● skill-level of staff / motivation of employees
- ... very gratifying: cooperative, engaged, motivated staff!

(finding suitable solutions for changing  and even suboptimal conditions)

... the situation of laboratories in UB ...



3

MICROBIOLOGY Dortmund: some aspects of microbiological diagnostics Michael Roßburg 03.2014

MVZ Dortmund - Dr.Eberhard u. Partner

MIKROBIOLOGY ● www.labmed.de / mikro@labmed.de

Medical Care Center Dr.Eberhard u. Partner in Dortmund / Germany

prevention of 
Hospital Aquired Infections (HAI)
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● preconditions for bacterial growth:
- water
- solved nutrients / chemical elements

(for metabolism, energy recovery, enzymatic activity etc.)

► irreversible increase of biomass
► growth of bacteria-cells until cell division

● reproduction of bacteria
► cell division/segmentation

► 2 identical daughter cells !

● generation time: (duplication of quantity)

fast/ colony forming units/CFU: <   1 day : E.coli
slow/ colony forming units/CFU: > 14 days : M.tuberculosis

successfully spreading bacteria!



5

MICROBIOLOGY Dortmund: some aspects of microbiological diagnostics Michael Roßburg 03.2014

MVZ Dortmund - Dr.Eberhard u. Partner

● fast spreading bacteria by cell division !

e.g. bacteria E.coli: duplication every 15 minutes *
1

2 4 8

> after 1 h: 16

> after 2 h: 256

> after 5 h: 1.048.576 bacteria!

*... slower at low temperatures ...
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● clinical/epidemiological relevant bacteria (e.g. wound)

► Staphylococcus aureus (CAVE: MRSA!)

► Enteroccus sp. (CAVE: VRE!)

► increasing: drug resistant Gram-Negative bacteria (GN)
- Escherichia coli (CAVE: ESBL-pos.)
- Klebsiella sp. (CAVE: ESBL-pos.)
- Pseudomonas aeruginosa (CAVE: MDR)
- Proteus sp.
- Enterobacter cloacae etc.

► anaerobes (Clostridium perfringens, Bacteroides sp.)

Multi-Drug-Resistance - a challenge
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loss of porines/ 
changes in 
permeability

efflux-pump

ß-laktamase/ 
enzyme

change in 
bonding site

● mechanisms of drug resistance
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E nterococcus faecium
S taphyloc. aureus
K lebsiella pneumoniae
A cinetob. baumannii
P seudom. aeruginosa
E nterobacter cloacae

IDSA:
Bad bugs 

–
No drugs

VRE
MRSA
ESBL
Carbapenemases, MDR
Carbapenemases, MDR
ESBL+AmpC, MDR

● No ESKAPE ? problematic bacteria (IDSA / USA)
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Robert-Koch-Institute / RKI

● central institution for health protection

- supports the Federal Ministry of Health
as a central scientific institution in
the field of biomedicine

Tasks of the Robert Koch Institute:

- developing concepts for the prevention of communicable diseases
(for early detection of infections and the prevention of their spread) 

- draws up guidelines, recommendations, and other information

- determines criteria for nosocomial infections and pathogens
(with special resistances / multiple resistances - see IfSG § 23)

- publishes results of epidemiological evaluations
(e.g. in the Federal Health Gazette)

... this has an important impact on the role of 
laboratories / national reference centers in Germany!

www.rki.de
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monitoring Hospital Aquired Infections

● hospitals

"How many hospital aquired infections do we have?"

- establish screenings - all incoming patients (for a defined period)
(to detect risk-patients - e.g. MRSA: colonisation? 
... existing or real hospital aquired infection?)

- duty to monitor development of hospital aquired infections!
(§ 23 IfSG; reported to health autorities!)

● laboratories / National Reference Centers 

- offer statistics to the central institute of health protection (RKI)
(bacteria, resistance etc.; actually in Germany: ARS-project)

- offer statistics as a helpful service for the hospitals / doctors
(data concerning every case or patient are available in the laboratory!)
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essential precondition: 
praeanalytics 
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a common trend in Germany ... and in Ulaanbaatar too:

► not every hospital provides microbiological diagnostics

less specimen / throughput = more expensive diagnostics

► fast + appropriate transport of specimen is important!

● suitable time:

- examination of microbiological specimen 
should start at the same day !
(... if not possible, you have to follow special storing conditions)

We usually collect and transport specimen:
- 2 x a day for hospitals: before midday and in the afternoon
- 1 x a day for smaller medical centers / practitioners

(by our own car-fleet, 20 cars equipped with climatisated boxes) 

collection and transport of specimen
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● "not-suitable" collection and transport of specimen ... 

baby's napkin...

● better:

microbiological diagnostics:
- containers MUST be always sterile!
- storage-conditions AFTER collecting the specimen:

... often room-temperature recommended !



14

MICROBIOLOGY Dortmund: some aspects of microbiological diagnostics Michael Roßburg 03.2014

MVZ Dortmund - Dr.Eberhard u. Partner

proper closing of  
tubes / containers !

NO FORMALIN !

... not this way!

Microbiology: Wounds

● specimen - classic indicators of a local infection:

► smear test of wound (...ideal: from the depth of the wound!)

● specimen - sepsis with fever:

► if necessary: blood-cultures

● specimen - necrosis at the edge of wounds:

► biopsy / tissue sample

in sterile universal tubes / containers
(advantageous: adding 1 drop physiological 
sterile NaCl-solution to prevent dehydration!)

or:

in bouillon
(dilution! usually done in the Lab: 
bouillon after inoculation of culture media)
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swabs for smear tests:
● thick inflexible swabs with transport-media (BLUE)

● wounds ● throat, tonsilla, nose ● genital area, cervix ...

● thin, flexible swabs with transport media (ORANGE)

● smear test of urethra ...

for smear tests with swabs in general:
> put swabs into transport-media, close tube properly
> instant transport to Lab or interim storage at room-temperature
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Microbiology: Sepsis / Fever
● indication for blood cultures at:

► SIRS, (serious) sepsis, septical shock / FUO

► systemic involvement of local infections like: 
cyclic infections
(typhus, brucellosis etc.; symptoms not always like sepsis!)
bacteremia / fungemia 
(subacute endokarditis, katheter-associated infections)

as well as serious cases of:

- purulent meningitis 

- ambulant acquired / respiration-associated pneumonia

- komplicated (!) Pyelonephritis

- infections of skin- / soft parts
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BACTEC-plus® blood culture System)
(fluorescence-technology / infrared-absorption-technology)

● blood ● liquor cerebrospinalis / puncture specimen:

- 2 blood culture bottles (set) for aerobic / anaerobic bacteria
- bottles contain media for transport AND cultural growth !

for inoculated blood cultures: possibly fast transport to LAB !
> 3-10 ml / bottle inoculation (paediatric media / bottle: 1-3 ml)
> otherwise interim storage at room temperature (max. 48 h!)
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sterile Universal-tubes:

suitable for fluid primary sterile specimen like:

● liquor ● punctures ● exudats (abscess) ● biopsy (tissue)

- aseptic conditions during collection of specimen !
- 1 ml minimum (3 ml incl. serological examinations)
- proper closing of tubes !

for primary sterile materials (native):
possibly fast transport to LAB; if necessary delivery service!

> otherwise interim storage at room temperature (max. 48 h!)
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Microbiology: Respiratory Tract Infections:
● collection of bronchial- / tracheal-secretion:

● if isotonic fluids are used before aspiration (NaCl-solution), this 
must be free of antibacterial additives ! 

● very suitable: primarily very few contamination by physiological
bacterial flora of mouth and throat

● collection of bronchial lavage (BAL):
● anaesthetising gels might be antimicrobial / antibacterial !

● collection of sputum
● saliva / spittel from mouth is not suitable ! (physiological flora)

● perhaps inducing sputum-production:

(inhaling several times and holding breath for 3-5 seconds 
before coughing up; after deep inhaling once again the 
sputum can be given into the opened vial; repeating 

procedure)
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Microbiology: Urinary Tract Infections (UTI):
● indications für mikrobiological urine-diagnostics:

● symptomatic Infektion / UTI (except uncomplicated cystitis: ♀)
● signs of hospital-acquired UTI
● ongoing symptoms during/after antibiotic therapy
● fever or sepsis of unknown origin

● interpretation of results (urine: midstream/dip slides):

< 10 5 CFU / ml (colony forming units) : 
1 path. species:     susceptibility-testing; UTI possible

(with symptoms, ♀ urethritis, children, 
chronic UTI)

1 contaminant:      NO susceptibility-testing; UTI doubtful

> 10 5 CFU / ml  : 
1 path. species:     susceptibility-testing; UTI very likely

2 path. species:     UTI by dominating species very likely

1 contaminant:      NO susceptibility-testing; UTI doubtful
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sputum-/ urine-tubes

● bronchoscopic material/ tracheal-secretion ● sputum ● urine

midstream urine :  5-10 ml necessary
(minimum 20 ml if suspicion: Mycobacteria)

katheter urine: if possible, a fresh layed catheter !

CAVE: use only sterile and tight closable transport vials !

for respiratory-secretions and urine (native):
> instant transport to Lab or interim storage cool at 4 °C
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Microbiology:   Diarrhoea
● recurring watery diarrhoe during hospital treatment:

● Salmonella/ Shigella, Yersinia, Campylobacter, 
- bloody: EHEC; 

Clostridium difficile (Toxin) ?
- antibiotic treatment: Clostridium difficile (Toxin) ?
- children < 3 J.: Rota-/Adeno-Virus; 

EHEC/EPEC ?
- foreign country (-side): parasites

● diarrhoe and vomiting - suspicion Noro-Virus!
● Noro-Virus is highly infectious: Hospital Hygiene! 

... do not wait for laboratory results to start hygiene-management!
Same symptoms? Diagnostic not necessary for every patient!

Cost efficiancy by ordering 
specific Lab diagnostics !

(e.g. control after treatment / situation after clinical symptoms)
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stool-vials:

● sampling of stool specimen
● use a toilet (with paper-layer) or a clean bowl

● collect some stool with the spoon and put it into the vial
(a portion like a bean / a hazelnut is enough !)

● liquid / watery stool: ca. 5 ml 

1 negative result will not exclude 
a gastrointestinal infection for shure 

(if necessary / ongoing clinical symptoms: control)

for stool specimen:
fast transport to LAB; physiological flora !

> instant transport to Lab or interim storage cool at 4 °C
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separate instruction manual 
available: 
Sampling, Interim Storage 
and Transport of Specimen
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essential precondition: 
culture media and equipment
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● microbiological examination of bacteria:
1. microscopy
2. culture, identification
3. susceptibility testing (resistance)

(identification is  the most complex step in examination -
microscopic, cultural, biochemical and serological methods etc.!)

● main appearance of bacteria (microscopy)

- coccus:
(Staphylo-/Strepto-/Pneumococcus, 
Neisseria meningitidis etc.)

- bacillus:
(Escherichia coli etc.)

bacterial cultures
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● nutrients needed by bacteria:
... broad range from "few basic nutrients" up to "very complex 
culture media" possible ... (modest: E. coli)
... if high requirements: additional substances are needed!

● influence on growth of bacteria:

● temperature:
- < 0 °C usually no groth
- Bacillus sp. can resist high temperatures (> 100 °C)

● humidity / water:
- bacteria need humid culture media 
- yeast need less ...

● pH-value:
- usually around pH 7.0 for human pathogens (neutral)

● oxygen:
- aerobic : growth needs available oxygen 
- anaerobic : growth only without oxygen (toxic!)
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● inoculation of culture media

main target: single colonies !
... only on semisolid culture media you will find single 
colonies for identification and susceptibilty-testing!

● streaking of culture media: 3 sectors !
1. sector:

streaking specimen (with swab / loop)
in zigzag-line on ½ of the media

2. sector:
with new loop through 1. sector 
and again zigzag on ¼ of the media

3. sector:
mwith same loop through 2. sector
and again zigzag on last ¼ of the media

... at the latest one can find single colonies in the 3. sector
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u … and at least the result is ready to be printed

... including comments
on important results:
e.g. MRSA, VRE, other
multi-drug-resistant
bacteria ...

… and is available for
other ways of
transmission to the
sender 
(mail, fax, intranet,
internet via VPN ...)
and is part of
statistical evaluations
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● advantages of a paperless LIS:

- all doctors can see the actual examination level

always and everywhere via LIS-network - even from home!

- all diagnostical steps are documented in the LIS-network

until the results !

- contains a statistic-module

is able to do a "case-management"; putting together all results
of ONE patient ("revised statistics") to get convincing data

- provides monitoring for the senders / doctors / physicians

of clinical / epidemiological relevant bacteria as a routine 
every six months ... or on demand.
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statistics for hospitals every six months ... or on demand:
list of all cases (Patients) with relevant bacteria (special drug resistance) 
including patients name, date of detection, clinic, ward etc.

monitoring epidemiological data
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list of all bacteria and the corresponding specimen / total frequency;
revised > same patient and same specimen > counted only once
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sensitive antibiotics for important bacteria / in parenthesis number of isolates;
revised > same bacteria, same patient and same specimen > counted only once
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● service of the microbiology-unit:

- regular working hours of laboratory (microbiology):
mo-fr 07:00 - 19:00 h
sat 07:00 - 15:00 h
sun 08:30 - 13:30 h

- 24 hours-service for urgent diagnostic (specimen-receipt) !
("on-call-service" ... e.g. ICU's: specimen announced by call)

- doctors in laboratory: advising on medical matters by telephone
(interpretation of relevant / komplex results 
... on-site-visits possible too ... e.g. ICU's)

- cooperation with executive personnel in hygiene (hospitals)

- presentations in hospitals 
(optimized collection of specimen, suited specimen, statistics 
concerning the situation of antibiotic resistance, cost-controlling etc.)

reachability Microbiological Laboratory
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modern microbiological diagnostics -
including mass-spectrometry ?!
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culture identification resistance
streaking manually or VITEK 2/XL (biochem.) or agar-diffusion or
by Innova (automated) MALDI-TOF (Mass-Spectrom.) VITEK 2/XL (MIC)

... methods currently used in our laboratory routine ...

principle: microbiological examination 
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The mainly used method for identification is the API-system - a reliable method: 

● API-method: … easy, well experianced, mostly valid 

- interpretation by the staff (subjective)

- some problems with detection of bacteria
(gram (+) bacilli, Streptococci etc.: not to find in database; 
discrimination between Streptococcus mitis and Streptococcus oralis
often not significant etc.)
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● automatisation: … faster, more sensitive and specific 
e.g. VITEK (BioMerieux), Phoenix (BectonDickinson) or MicroScan (Siemens):

- interpretation by an photometer (objective)
- revision of the results by an "Expert-Program"

(software which suggests plausibility-checked identifications
of bacteria - even for susceptibility-testing!

… advantage concerning quality management)

The configuration of the used panels / cards must be well chosen; good 
experience we had with the panels:

gram (negative) bacteria:
routine: AST-N118
MDR: AST-N110

gram (positive) bacteria:
Staphylococci: AST-P580
Enterococci AST-P586

Staphylococci, Enterococci and Enterobacteriaceae are usually provided well.
... but also here you can find some problems with the discrimination of

Streptococci (special cards available).  
… Non-fermenters show some gaps 
... anaerobic bacteria are sometimes better identified by API ...
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... VITEK 2/XL-system is modern until now ... 

... but we are always looking for better methods!

... in the future perhaps: 
easy, reliable, sensitive, specific and inexpensive 

detection-method for bacteria
...within 5 minutes...!?

"egg-laying-wool-milk-pig"
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● theoretic advantages of mass-spectrometry-method 
in a medical microbiology laboratory:

● method for identification of cultural grown microorganisms

● significant faster than the biochemical identification methods
- biochemistry: hours / days
- MALDI-TOF-MS: few minutes (!)

● in some cases more precise identification possible?
- based on identification of ribosomal proteins (!)

► improvement of microbiological diagnostics?

... faster and more precise !?
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... what means 
„MALDI-TOF-MS“?
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- -
- -
- -

- -
- -
- -

flight-tube (turbo high vakuum pump)

cathode - to buildup an electric field

+
++

specific spektrum 
of masses -
compared to 
database ...

MALDI-TOF 
(principle)
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comparison with reference-spectres in data base

(similarity / probability is calculated)

► identifikation possible within minutes ...
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reported results
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MVZ Dr.Eberhard Dortmund in 2012: revised (same material same patient: 1 x)

... pathogens found in specimen

in blood-cultures:

(blood/liquor)

133Pseudomonas aeruginosa

140Candida albicans

144Klebsiella oxytoca

152Streptococcus pneumoniae

260Enterobacter spp.

261Proteus spp.

282Enterococcus faecium

398Streptococcus (ß-hämolys.)

3105Klebsiella pneumoniae

4141Enterococcus faecalis

4147Streptococcus spp. (non-pneumoniae)

4155Propionibacterium spp.

12484Staphylococcus aureus

21820Escherichia coli

321236Staphylococcus spp. (koag.(-))

3875total 2012

%positivebacteria (group)
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182Enterococcus faecium

1106Serratia spp.

1109Candida albicans

1110Klebsiella pneumoniae

1111Citrobacter spp.

1115Morganella spp.

1157Prevotella spp.

1172Klebsiella oxytoca

1201Acinetobacter spp.

2210Anaerococcus (Peptostreptoc.) spp.

2347Enterobacter spp.

4528Bacteroides spp.

4536Pseudomonas aeruginosa

4577Proteus spp.

5697Streptococcus spp. (non-pneumoniae)

5705Streptococcus (ß-hämolys.)

6769Escherichia coli

81075Enterococcus spp. (non-faecalis/-faecium)

182450Staphylococcus spp. (koag.(-))

212976Staphylococcus aureus

13949total 2012

%positivebacteria (group)
in wounds:
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in upper 
respiratory tract:

041Aspergillus spp.

1108Candida spp. (non-albicans/-krusei/-glabrata)

1133Serratia spp.

1135Haemophilus spp. (non-infl./-parainfl.)

1165Klebsiella oxytoca

1172Candida glabrata

1176Klebsiella pneumoniae

2258Enterobacter spp.

2281Pseudomonas aeruginosa

2313Escherichia coli

2337Streptococcus pneumoniae

2340Moraxella catarrhalis

3444Streptococcus spp. (non-pneumoniae)

71005Haemophilus influenzae

81039Haemophilus parainfluenzae

91212Staphylococcus spp. (koag.(-))

91253Streptococcus (ß-hämolys.)

111484Candida albicans

263579Staphylococcus aureus

13841total 2012

%positivebacteria (group)
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in lower 
respiratory tract:

151Aspergillus spp.

152Moraxella catarrhalis

152Klebsiella oxytoca

154Stenotrophomonas (Xanth.) maltophilia

158Serratia spp.

266Streptococcus pneumoniae

282Haemophilus parainfluenzae

290Enterobacter spp.

2100Klebsiella pneumoniae

2106Candida spp. (non-albicans/-krusei/-glabrata)

3114Haemophilus influenzae

3141Streptococcus spp. (non-pneumoniae)

5193Escherichia coli

5208Streptococcus (ß-hämolys.)

5228Pseudomonas aeruginosa

7292Staphylococcus spp. (koag.(-))

10412Candida glabrata

12525Staphylococcus aureus

23993Candida albicans

4249total 2012

%positivebacteria (group)
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in urine:

098Acinetobacter spp.

0105Serratia spp.

1150Enterococcus faecium

1173Morganella spp.

1200Candida glabrata

1329Citrobacter spp.

1374Enterobacter spp.

1375Candida albicans

1382Klebsiella oxytoca

2606Staphylococcus aureus

2632Pseudomonas aeruginosa

3770Lactobacillus spp.

3822Streptococcus (ß-hämolys.)

3962Streptococcus spp. (non-pneumoniae)

41031Klebsiella pneumoniae

41253Proteus spp.

164565Staphylococcus spp. (koag.(-))

205916Enterococcus spp. (non-faecalis/-faecium)

329480Escherichia coli

29384total 2012

%positivebacteria (group)
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● agar diffusion 
mainly used method for susceptibility-testing in UB/Mongolia is agar-diffusion:

● a valid and good evaluated technique

● ... but also well known problems: 
- measuring (diameter) and 
- interpretation

(in vitro- vs. in vivo-effectiveness of antibiotics; 
e.g. the Oxacillin-testing for the detection of MRSA)

dispenser

susceptibility-testing of bacteria 



52

MICROBIOLOGY Dortmund: some aspects of microbiological diagnostics Michael Roßburg 03.2014

MVZ Dortmund - Dr.Eberhard u. Partner

● important rules - who is the „Expert“? 

... it must be assured, that important rules are considered like (short excerpt):

● Enterococcus faecium:
- natural resistance ; always R at nearly all ß-lactam-antibiotics

(Cephalosporines/Penicillines; even combinations with ß-lactam-inhibitors)

● Klebsiella pneumoniae:
- natural resistance ; always R at Ampi-/Amoxicillin and Mezlo-/Piperacillin
- Imipenem-R: Carbapenemases / Carbapenem-resistance !

● Proteus spp.:
- natural resistance ; always R at Nitrofurantoin and Tetracyclin
- Imipenem-R: NO Carbapenemases (poor target for Proteus spp.)

● Pseudomonas aeruginosa:
- natural resistance ; always R at Ampi-/Amoxicillin (even combinations 

with ß-lactam-inhibitors) and most cephalosporines (e.g. Cefaclor,
Cefazolin, Cefotaxim / Ceftriaxon) and Cotrimoxazol, Nitrofurantoin,
Tetracyclin, Moxifloxacin, Trimethoprim, Tigecyclin ...

- Imipenem-R: Carbapenemases/Carbapenem-resistance !

● Staphylococcus aureus:
- if MRSA (Oxacillin-R): all ß-lactam-substances and Carbapenems are R
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● range of antibiotics, that should be tested 
The measured values must always be revised (plausibility!) and sometimes 
adopted to the rules, because the communicated results should be:

advice for an effective antimicrobial treatment!

Sometimes not all relevant antibiotics are tested because of the lack of 
availability - perhaps because of the lack of money. 

Very important first:
- to set terms of susceptibility-testing 

(which spectre of antibiotics should be tested for the bacteria-groups?)
- to assure the availability of all these substances and then 
- to establish this as a "standard"

(... ideally in all microbiological laboratories in UB (a challenge!)

Practical hint:
... for methods like agar-diffusion and also minimal-inhibitory-concentration 
(e.g. VITEK) the inoculation has to be done with a 

- defined amount of bacteria (NCCLS/CLSI, McFarland etc.) and
- only pure monocultures

will give sufficient results.
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● automatisation – the „Expert“ is included !
... a more modern kind of susceptibility-testing of bacteria:

- usage of an automated system
like VITEK/BioMerieux® or Phoenix/BectonDickinson®

great advantage is:
- the included "Expert-Program"-software

adopted to hundreds of rules concerning the susceptibility-testing
... software verifies the measured values and gives some suggestions
for changing the values:

- 3 values during the examination:

measured value suggestion (Expert-Program) result

To find a result for an effective antimicrobial treatment, this way is more 
comfortable and also better documented in the case of quality management.
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MIKROBIOLOGY ● www.labmed.de / mikro@labmed.de

Medical Care Center Dr.Eberhard u. Partner in Dortmund / Germany

bacterial resistance -
not only a therapeutical challenge!
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- important: pure monoculture (!) - otherwise no reliable results

- statistical data (hospitals/practitioners): 01.01.2012 - 31.12.2012
(data / situation can vary by different hospitals / regions)

- revised: same patient, same specimen, same bacteria > 1 case

- green: important antibiotics ... should be tested

- ineffective antibiotics tested? to provide reliability for identification!

- agardiffusion: measuring the diameter - ONE standard! (CLSI?) 

- VITEK 2/XL panels used:
gram (+) usually AST-N118

MDR AST-N110
gram (-) Staphylocossus AST-P580

Enterococcus AST-P586

common annotations

... some important pathogens
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clin. relevant isloates: not efficiant3589127Cefuroxim

3.gen.-cephalosp.: i.v.3728569Cefotaxim/ Ceftriaxon

3.gen.-cephalosp.: oral15071425Cefixim/Cefpodoxim

i.v. at serious infections377201663Piperac.+ Tazobactam

like Amoxic.+Clavulana. - but i.v.37147251Ampic.+ Sulbactam

i.v. at serious infections428321751Ceftazidim

i.v. at serious infections46412088Imipenem/Meropenem

oral;66013384Tetracyclin

e.g. urinary-tract infections66913086Cotrimoxazol

effective; even ambulant patients69516381Ciprofloxacin/Levofloxacin

43911088Gentamicin/Tobramycin

clin. relevant isloates: not efficiant18377221Cefaclor

clin. relevant isloates: not efficiant50172226Amoxic.+ Clavulana.

clin. relevant isloates: not efficiant64786212Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance● owns a lot of natural 
resistances

Acinetobacter spp.
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● fast development of 
resistances against 
cephalosporines 
(e.g. cefotaxim/ 
ceftriaxon) and other 
ß-lactam-antibiotics
(except carbapenems)

urinary-tract-infection1134096Trimethoprim

2.gen.-cehpalosp.: oral303471538Cefuroxim- Axetil

urinary-tract inf. (not complicated)12500100Fosfomycin

2.gen.-cehpalosp.: i.v.48455837Cefuroxim

3.gen.-cephalosp.: oral2179190Cefpodoxim/Cefixim

3.gen.-cephalosp.: i.v.4889091Cefotaxim/ Ceftriaxon

wide spectre: only i.v.; serious inf.48310090Piperac.+ Tazobactam

3b.gen.-cephalosp.: i.v.4868092Ceftazidim

carbapenems: only i.v.48000100Imipenem/Meropenem

7513592Tetracyclin

only urinary-tract-infections16722276Nitrofurantoin

urinary-tract infection7873097Cotrimoxazol

gyrase-inhibitor: wide spectre; oral/i.v.7872098Ciprofloxacin/Levofloxacin

aminoglycosides: combi at serious inf.5204096Gentamicin/Tobramycin

1.gen.-cephalosp. (oral/i.v.)12555144Cefaclor/Cefazolin

i.v.48651148Ampic.+ Sulbactam

oral76648151Amoxic.+ Clavulans.

always R (natural resistance)78710000Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Citrobacter spp.



59

MICROBIOLOGY Dortmund: some aspects of microbiological diagnostics Michael Roßburg 03.2014

MVZ Dortmund - Dr.Eberhard u. Partner

like Citrobacter spp.:
● fast development of 
resistances against 
cephalosporines
(e.g. cefotaxim/ 
ceftriaxon) and other 
ß-lactam-antibiotics 
(except carbapenems)

● natural resistance 
(always R):
- Ampicillin/A.+Clav.
- Amoxicillin/A.+Sulb.
- Cefuroxim /C.-Axetil
- Cefaclor/Cefazolin

urinary-tract-inf. (not complicated)12815085Trimethoprim

urinary-tract-inf. (not complicated)14051049Fosfomycin

3.gen.-cephalosp.: i.v.117229071Cefotaxim/ Ceftriaxon

wide spectre: only i.v.; serious inf.112426074Piperac.+ Tazobactam

3b.gen.-cephalosp.: i.v.; serious inf.115928072Ceftazidim

only i.v.: serious infections113700100Imipenem/Meropenem

160041086Tetracyclin

only urinary-tract-infections182244531Nitrofurantoin

urinary-tract infection16809091Cotrimoxazol

gyrase-inhibitor: wide spectre; oral/i.v.16805194Ciprofloxacin/Levofloxacin

aminoglycosides: combi at serious inf.12368092Gentamicin/Tobramycin

115030070Piperacillin

110032068Mezlocillin

always R (natural resistance)167410000Ampic./ Amoxic.+Clavul.

isolates [n]R [%]I [%]S [%]substance

Enterobacter spp.
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● natural resistance 
(always R):
- nearly all ß-lactam-
antibiotics:
cephalosporines/
penicillines!
(even combinations 
with ß-lactamase-
inhibitors!)

● suitable:
- Vancomycin/Teicopl.
and Linezolid

● Tigecycline:
treatment only at soft 
tissue infection - NOT 
at blood-steam-
infections

CAVE:
usually within this 
species we can find
VRE! (13 %!)

16100100Tigecyclin

important substance: initial therapy29800100Linezolid

not suitable!81185150Levofloxacin

not suitable!7809406Imipenem

important substance: initial therapy79712088Vancomycin/Teicoplanin

not suitable!8089910Ciprofloxacin/Cotrimoxazol

only combi (endocarditis: +Van/Tei)77910000Gentamicin/Tobramycin

not suitable!77710000Cefotaxim/ Ceftriaxon

not suitable!8099307Amoxic.+ Clavulans.

not suitable!8119307Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Enterococcus faecium
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● natural resistance 
(always R):
- all cephalosporines!
- all aminoglycosides

● suitable:
- Ampicillin/Amoxic.
(even combinations 
with ß-lactamase-
inhibitors ...
but usually not 
necessary)

not suitable!14510000Trimethoprim

16126173Moxifloxacin

not suitable!388329710Levofloxacin

only as a combi (low grade inf.)123341452Fosfomycin

only i.v.: serious infections24984096Imipenem

not necessary: only if VRE!24572098Vancomycin/Teicoplanin

1189208Tetracyclin

only urinary-tract-infections12221396Nitrofurantoin

not suitable!38829820Ciprofloxacin/Cotrimoxazol

only as combi (endocarditis)254910000Gentamicin/Tobramycin

always R (natural resistance)118210000Cefaclor and others!

in most cases not necessary38863097Amoxic.+ Clavulans.

important substance: initial therapy38883097Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Enterococcus spp. (non-faecium)
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● resistance varies
from "polysensitive" 
to "MDR"

treatment depends 
on susceptibility 
testing and 
seriousness of 
desease

400233067Trimethoprim

61123077Moxifloxacin

urinary-tract inf. (not complicated)43831099Fosfomycin

i.v./oral820813582Cefuroxim/ C.-Axetil

52898092Cefpodoxim

833400100Meropenem

here: about 16 % ESBL859516084Cefotaxim/ Ceftriaxon

1566094Cefixim

8185182062Piperac.+ Tazobactam

828213087Ceftazidim

... if not carbapenem-resistent ...861800100Imipenem

1299835065Tetracyclin

only urinary-tract-infections50262692Nitrofurantoin

CAVE: increasing resistance!1356332068Cotrimoxazol

1357221079Ciprofloxacin/Levofloxacin

76948092Gentamicin/Tobramycin

40659190Cefaclor

812752048Mezlocillin/Piperacillin

13559201763Amoxic.+ Clavulans.

1357249150Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Escherichia coli
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● respiratory tract 
infection treatment with:
- Ampicillin/Amoxicillin 
(if sensitive)

almost always sensitive:
- green marked subst.
(oral /i.v.: depending on 
seriousness of desease)

oral10310298Cefuroxim- Axetil

126700100Levofloxacin

2361396Cefuroxim

23700100Meropenem

12743543Cefazolin

23700100Cefotaxim/ Ceftriaxon

102000100Cefixim

23700100Ceftazidim

23900100Imipenem

1269363232Tetracyclin

82623076Cotrimoxazol

126700100Ciprofloxacin

35221682Gentamicin/Tobramycin

366165331Cefaclor

oral12681099Amoxic.+ Clavulans.

126810090Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Haemophilus influenzae
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● natural resistance 
(always R):
- Ampi-/Amoxicillin
- Mezlo-/Piperacillin;

● suitable 
see above - in 
combination with 
ß-lactam-inhibitor

CAVE:
- ESBL:

● Imipenem - R:
carbapenem-
resistance !!
(3MRGN/4MRGN ?)

here:
not found

12610090Trimethoprim

14427073Fosfomycin

i.v./oral74018379Cefuroxim/ C-Axetil

3826193Cefpodoxim

75000100Meropenem

...only 5 % ESBL7435293Cefotaxim/ Ceftriaxon

74219378Piperac.+ Tazobactam

74121277Ampic.+ Sulbactam

7403097Ceftazidim

no carbapenem-resistence (3/4MRGN)76200100Imipenem

10757291Tetracyclin

18582566Nitrofurantoin

11286094Cotrimoxazol

112810090Ciprofloxacin/Levofloxacin

7842098Gentamicin/Tobramycin

14019081Cefaclor

112419279Amoxic.+ Clavulans.

always R (natural resistance)112910000Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Klebsiella oxytoca
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36217083Trimethoprim

41321079Fosfomycin

i.v./oral128013484Cefuroxim/ C.-Axetil

65811089Cefpodoxim

131200100Meropenem

... about 16 % ESBL !135216084Cefotaxim/ Ceftriaxon

128415382Piperac.+ Tazobactam

128016480Ampic.+ Sulbactam

130213087Ceftazidim

no carbapenem-resistence (3/4MRGN)135300100Imipenem

183815581Tetracyclin

496334423Nitrofurantoin

194914086Cotrimoxazol

195011089Ciprofloxacin/Levofloxacin

12787390Gentamicin/Tobramycin

381133354Cefaclor

195016380Amoxic.+ Clavulans.

always R (natural resistance)195010000Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance● natural resistance 
(always R):
- Ampi-/Amoxicillin
- Mezlo-/Piperacillin;

● suitable 
see above - in 
combination with 
ß-lactam-inhibitor

CAVE:
- ESBL: more isolates
found here than in 
K. oxytoca

● Imipenem - R:
carbapenem-
resistance !!
(3MRGN/4MRGN ?)

here:
not found

Klebsiella pneumoniae
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● treatment depending 
on localisation and 
seriousness of desease

● Imipenem - R:
NO (!) carbapenemase 
but "poor target" for 
Proteus spp.

264715085Levofloxacin

urinary-tract inf. (not complicated)47716084Fosfomycin

i.v./oral171413186Cefuroxim/C.Axetil

9382098Cefpodoxim

no carbapenem-resistence (3/4MRGN)171900100Meropenem

...only about 2 % ESBL17102098Cefotaxim/ Ceftriaxon

16982494Piperac.+ Tazobactam

17074591Ampic.+ Sulbactam

17011099Ceftazidim

not suitable! "poor target"166983134Imipenem

always R (natural resistance)253810000Tetracyclin

always R (natural resistance)61010000Nitrofurantoin

264433067Cotrimoxazol

264515085Ciprofloxacin

181310090Gentamicin/Tobramycin

45113087Cefaclor

170227073Mezlocillin/Piperacillin

26374591Amoxic.+ Clavulans.

265038062Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Proteus spp.



67

MICROBIOLOGY Dortmund: some aspects of microbiological diagnostics Michael Roßburg 03.2014

MVZ Dortmund - Dr.Eberhard u. Partner

● natural resistance 
(always R):
- Ampic./Amoxicillin
(incl. +ß-lactam.-inhib.)

- most Cephalosporines
(e.g. Cefaclor,Cefazolin,  
Cefotaxim/Ceftriaxon)

- Cotrimoxazol
- Nitrofurantoin
- Tetracyclin
- Moxifloxacin
- Trimethoprim
- Tigecyclin

● Imipenem-R:
carbapenem-resistence !!
(3MRGN/4MRGN)

here: found !!!

281024175Levofloxacin

as a combi partner21882018Fosfomycin

many side-effects! lokal application?!981099Colistin

like Piperacillin177291477Piperac.+ Tazobactam

always R (natural resistance)172610000Ampic.+ Sulbactam

3b.gen.-cephalosp.: i.v.; serious inf.27226391Ceftazidim

27058389Imipenem/Meropenem

271210000Tetracyclin

27010000Nitrofurantoin

281610000Cotrimoxazol

the only oral substance2814131176Ciprofloxacin

as a combi-partner17455095Tobramycin

as a combi-partner21756490Gentamicin

like Piperacillin+ß-lactamase-inhib.173291477Piperacillin

not suitable!54771263Mezlocillin

always R (natural resistance)281810000Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Pseudomonas aeruginosa
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like Citrobacter spp., 
Enterobacter spp.:
● fast development of 
resistances against 
cephalosporines
(e.g. cefotaxim/ 
ceftriaxon) and other 
ß-lactam-antibiotics 
(except carbapenems)

● natural resistance 
(always R):
- Ampicillin/A.+Clav.
- Amoxicillin/A.+Sulb.
- Cefuroxim /C.-Axetil

10036064Cefpodoxim

3.gen.-cephalosp.: i.v.36510090Cefotaxim/ Ceftriaxon

wide spectre: only i.v.; serious inf.3639091Piperac.+ Tazobactam

3b.gen.-cephalosp.: i.v.; serious inf.3628092Ceftazidim

only i.v.: serious infections3120199Imipenem/Meropenem

496481240Tetracyclin

urinary-tract infection6003097Cotrimoxazol

gyrase-inhibitor: wide spectre; oral/i.v.6029091Ciprofloxacin/Levofloxacin

34121385Tobramycin

aminoglycosides: combi at serious inf.3993097Gentamicin

36411188Piperacillin

35512187Mezlocillin

always R (natural resistance)60210000Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Serratia spp.
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● first choice:
basic cephalosporines 
(Cefazolin, Cefuroxim), 
and Oxacillin

● Oxacillin - R (MRSA):
all ß-lactam-substances 
and carbapenems are R!

● in the case of MRSA:
Vancomycin/Teicoplanin 
(in combination with 
Rifampicin if necessary) 
or Linezolid

336800100Linezolid

oral - ambulant patients521319081Cefuroxim- Axetil

nasal ointment 324900100Mupirocin

combi with Vanco/Teico: endocarditis79791099Fosfomycin

35971198Fusidinsäure

1822098Chloramphenicol

combi with Vanco/Teico: endocarditis761500100Rifampicin

same resistance like Oxacillin730941059Cefazolin/Cefuroxim

802142058Cefotaxim/ Ceftriaxon

802442058Imipenem/Meropenem

800900100Vancomycin/Teicoplanin

27 % MRSA; most in hospitals1222027073Oxacillin

1149529071Clindamycin

1153930070Erythromycin

77 % penicillinase-bilding; rarely S1224576024Penicillin

122345095Tetracyclin

122271099Cotrimoxazol

1223031068Ciprofloxacin/Levofloxacin

793412088Tobramycin

88273097Gentamicin

for children510419081Cefaclor

802142058Amp.+ Sulb./Pip.+Taz.

1224127073Amoxic.+ Clavulans.

same resistence like Penicillin801882018Mezlocillin/Piperacillin

same resistence like Penicillin1224776024Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Staphylococcus aureus (koagulase-pos)
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16600100Linezolid

oral - ambulant patients113131069Cefuroxim- Axetil

418952048Fosfomycin

214221167Fusidinsäure

combi with Vanco/Teico: endocarditis36353097Rifampicin

same resistance like Oxacillin408661039Cefazolin/Cefuroxim

411261039Cefotaxim/Ceftriaxon

411261039Imipenem/Meropenem

419600100Vancomycin/Teicoplanin

55 % MRSE; most in hospitals522355045Oxacillin

394348052Clindamycin

435664036Erythromycin

84 % penicillinase-bilding; rarely S522884016Penicillin

523443057Tetracyclin

519818082Cotrimoxazol

522141158Ciprofloxacin/Levofloxacin

410541059Tobramycin

445036064Gentamicin

for children105330070Cefaclor

411361039Amp.+ Sulb./Pip.+Taz.

523255045Amoxic.+ Clavulans.

same resistence like Penicillin410986014Mezlocillin/Piperacillin

same resistence like Penicillin522884016Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance● first choice:
basic cephalosporines 
(Cefazolin, Cefuroxim), 
and Oxacillin

● Oxacillin - R (MRSE):
all ß-lactam-substances 
and carbapenems are R!

● in the case of MRSE:
Vancomycin/Teicoplanin 
(in combination with 
Rifampicin if necessary:
advantage e.g. for 
katheter infection with
biofilm) 
or Linezolid

Staphylococcus spp. (koagulase-neg)
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● first choice:
Penicillines, 
Cephalosporines
(here: no resistance 
detected)

● Gentamicin and 
Tobramycin.: 
only as a partner of 
combination;
e.g. endocarditis
(if not "high-level-
resistant")

● Penicillin-allergy and 
high-level resistance:
- Erythromycin
- Clindamycin
- Moxifloxacin
- Vancomycin

1880199Moxifloxacin

199800100Cefuroxim- Axetil

29600100Teicoplanin

161600100Cefuroxim

162100100Meropenem

152300100Cefazolin

162000100Cefotaxim/ Ceftriaxon

156000100Piperac.+ Tazobactam

161200100Ampic.+ Sulbactam

156900100Imipenem

35600100Vancomycin

303114086Clindamycin

310917083Erythromycin

361900100Penicillin

3253097Nitrofurantoin

55932464Cotrimoxazol

only combination: endocarditis183410000Gentamicin/Tobramycin

194700100Cefaclor

361200100Amoxic.+ Clavulans.

361700100Ampic./ Amoxic.

isolates [n]R [%]I [%]S [%]substance

Streptococcus spp. (ß-haemolys.)
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conclusion:

effective cooperation of all participants is necessary !

- fast (!), effective diagnostic

- fast (!), effective treatment

- Paul Ehrlich (1854-1915):

"Frapper fort et frapper vite"
"Hit hard and fast"

(Address to the 17th International Congress of Medicine, 1913)
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I was proud to have the opportunity
to visit your laboratories ....

and your wonderful country!

And we all have to bear in mind....
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... working hand in hand, and ...

... according to all medical issues it 
is useful to act as qualified, 

effective and innovative PARTNERS 
...
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... remembering hand disinfection!

(... the most important vehicle for microorganisms!)

Please support your hygiene-management !

Thanks for your attention!


