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Dortmund, "Ruhr-valley" - Germany

● founded in 890 as "imperial free city" (part of an important trading route)
● 1900 - 1970 well known for beer (7 Breweries), coal-mines, steel-production (Thyssen, Hoesch)
● and now: 600.000 citizens, technical university, research, administration, soccer-champion 2012 

"Labor Dr.Eberhard" was founded in the seventies with 25 employees
and now "MVZ Dortmund / Dr.Eberhard" provides medical diagnostics with 350 employees!
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In 2012 I was very pleased to be asked:

● Dipl.Biol. Michael Rossburg
Head of Diagnostic Management / Department of Microbiology
Medical Care Center Dr.Eberhard u. Partner Dortmund

to support the MeshHp-Project by

● having a look at microbiological laboratories
with a focus on structure - equipment - methods / techniques

... the existing situation of microbiological
diagnostics like detection of bacteria,
susceptibility-testing - incl. MDR / XDR
(Multi-Drug-Resistance), the management of
Nosocomial Infections ...

and

● giving a report of the visit 
in UB / Mongolia ... 

... main goal of my (first!) visit in 2012 ...
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... my (first!) impressions of UB / Mongolia ...

I had to learn very soon, that it is essential not only to ask for details in the 
laboratory itself, but also trying to understand the basics of the existing 
health care system in Mongolia and - very important - the country itself!

- great changes / fast development within the last years
... even right now!

- some unique conditions 
... like weather, great distances, infrastructure etc.

► may have an influence on the availability and management of
microbiological diagnostics (e.g. methods)
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... in german laboratories usually: 

- management / marketing-department decides the
strategy: cost-effective or highest quality?

- medical director choses the diagnostic method

- medical director negotiates the terms of costs 
and delivery: buying or leasing?

- every equipment and all test-kits are usually available 
always and everywhere,
and are ordered / delivered within a few days

... and very useful: test-periods / training on the job !

...manufacturers give the opportunity 
to test new systems for weeks/months! 
(costs: only installation/testkits)

... otherwise new equipment may be a
risky capital investment! 

Not every good equipment is 
suitable for every laboratory!
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laboratories in general:

● 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 found situation of laboratories in UB ...
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● amount of specimen in microbiological laboratories 
- evaluating about 50 to 120 specimen a day

(from own hospital / institution - but even brought in by outpatients)

- sometimes from other hospitals / medical centers

- NCCD: in the case of an outbreak it is possible to perform
up to several hundreds of specimen a day
(larger amounts of some ready-to-use media may be available)

● specimen 
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a common trend in Germany: 

● not every hospital provides microbiological diagnostics
► less specimen / throughput = more expensive diagnostics

● fast + appropriate transport of specimen is important
► suitable containers 

(... against danger of contamination!)
► suitable temperature 

(... living bacteria are needed!)
► suitable time 

(shuttle-transport 1-3 times a day; cooling bags!)
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● letters of transmittal 
important for effective microbiological diagnostic is profound information about:

- patient: (clinical symptoms, suspected diagnosis etc.)
- specimen: (kind of specimen, localisation etc.)

► helpful for a fast and result-oriented bacteriological diagnostics
and is essential for deciding between examination in the routine-laboratory
or in a room with higher security-class (e.g. MDR, Tuberculosis)

patient

(name, date of birth, 
home-address)

laboratory

(name, Tel.-number, 
mail, opening hours etc.)

sender

(institution, clinic, ward, 
perhaps name of doctor)
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- kind of specimen - e.g. swab, urine / stool / liquor / blood ...

incl.:

localisation (which pathogenic bacteria do we expect at this location?)

date of collection (suited specimen?)

suspected diagnosis (urgent specimen?)

clinical symptoms and
antibiotic treatment 
(if yes: given substance)
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- desired diagnostics: NO stool:

common pathogenic bacteria, Tuberculosis, yeasts ...
or focussed ONLY on MRSA, VRE, ESBL, Meningococcus etc.

- desired diagnostics: stool

common pathogenic bacteria, parasites ... 
or focussed ONLY on Clostridium difficile (toxine), 
Campylobacter, Salmonella/Shigella, EHEC, Noro-Virus etc.
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● example: workflow incoming specimen 

plausibility-check
(letter of transmittal fits to specimen?)

1. recording-step: specimen-data
(kind of specimen, desired diagnostics)

labelling specimen and letter of 
transmittal with a unique Lab-number

(barcode)

distributing the specimen to the 
concerning working-area

(reading barcode and labelling 
culture-media with Lab-number) 

► start of examination immediately!

scanning the letter of transmittal and
2. recording-step: patient-/sender-data
(2. recording-step: Name, date of birth etc.)
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often to find in elder buildings:

● suboptimal arrangements / environments: 

- delivery-ways for good are complicated
(stairs, long ways, no good closing doors, too little storing place for 
incoming goods and waste etc.)

- electric- and water-installation is sometimes not sufficient
(a lot of plug connectors for very sensitive (!) equipment etc. )

- ventilation facilities are not existing or not sufficient working

● laboratory rooms 
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- working-places that should be close together (one room) are
often disconnected ► no optimal workflow!

in Germany nowadays often open-plan microbiological laboratories:

routine-laboratory higher-security-class

... for example 
without PCR ...

... diagnostics of tuberculosis (or other high-risc-bacteria), media-preparation 
and waste-management is separated.
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- high-risc-bacteria are sometimes examinated at the same working 
place as less pathogenic bacteria (separation recommended!)

- even writing places and aereas for preparating specimen 
should be strictly separated

- all surfaces should be suitable for a sufficient disinfection 
e.g. furniture, seats
(covering with well tendend cloth: only a good in-between-solution)
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- not enough desk-areas for work in sitting position

- streaking of urines and wound-swabs onto culture-media 
must not necessarily be done under a working bench.

... but sometimes there is no alternative: one of the few areas for sitting position 
in the laboratory is the working bench...!

... better alternative:
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- it seems not to be possible to implement a sufficient microbiological 
diagnostic in every hospital / institution in UB within a short time

... and perhaps it is not necessary!

For smaller medical centers the sending of specimen (shuttle-transports) to 
other hospitals with a well equipped microbiological laboratory will be the better 
alternative - at this time...

Annotation: ... plants in a microbiological laboratory?
... lovely, but especially in a microbiological laboratory this is "suboptimal" 
(mould fungus!) ... in Germany not allowed!
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● manual media preparation - always low costs? 
requirements: 

- clean glassware (strictly devided: preparation vs. waste)

- exact weighing of substances (scale must be sensitive enough)

- using sterile / bacteria-free water and suited blood-products

● culture media 
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- sterilisation of all recommended material

- testing the proper functionality / performance !
(control: streaking with several ATCC-strains; very expensive!
haemolysis, reproducable susceptibility-testing by agar-diffusion etc.)

- incubation for some days without inoculation
(contamination?)

- clean / dark storage under constant temperature-conditions

In some cases not all points are managed sufficient. If the amount of specimen 
is increasing in the future, it is recommended to think about
- applying ready-to-use media from certified companies ?
...fulfill all standards, no additional testing, always same performance assured!
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A broad spectre: from low level to very well equipped laboratories

● inoculation – reusable inoculation loop

- decontamination is mostly done by flame-scarfing

In Germany:
- single-use-inoculation loops are more comfortable and shure!
- no additional equipment for decontamination
- no flame (open fire close to alcohol in the laboratory...)

● diagnostic equipment 
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● incubators 

- condition are very different:
old (chinese/russian) and 
newer (asian/european standard); 
sometimes labelled as a donation or gift.

- the temperature inside should be checked every morning
Thermometer: protocol-sheet to guarantee a proper technical condition
(quality management).
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● laminar air flow / working bench 

- quite new, but never used …
effective capital investment?
- missing connection to a ventilation facility
- no necessity – currently no relevant specimen

- suboptimal situations in the cabinets?
due to the technical principle 
of working benches:

free airflow through 
the desk is necessary!

- important: signs of failure 
and technical support!

...display showed: 
„Air Flow Failure“

...reason should be investigated soon!
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- too much specimen, equipment, sheets of paper etc.
> no proper function of filtering system
> no proper protection of staff! BIOHAZARD!

● methods 

- identification and susceptibility-testing: e.g. VITEK
some new equipment availabe - usage highly recommended:
- faster and more sensitive than API
- includes „Expert-software-system“ for testing the plausibility of results

(hundreds of rules checked)
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- incubating anaerobic bacteria
some very old fashioned methods in contrast to new equipment:
High-tech-equipment really recommended?

less expensive alternatives available - esp. for lower amount of specimen:
- normal incubator (multi-purpose) 
+ anoxomate with corresponding containers

or + e.g. BBL-GasPak-system / BectonDickinson
(palladium catalyst, that can be rejuvenated by heating at 160-170 °C
for two hours; waterless; convenience for use in producing anaerobic,
microaerophilic or C02-enriched environments)
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- blood-cultures – incubation for how long?
should be done by automatisated methods
like BactAlert (BioMerieux) or BACTEC (BectonDickinson)

> measuring growth of bacteria by non-invasive technique!
> because of slow growing bacteria / yeasts: min. 7-days-incubation!

In our laboratory 7 days-incubation in the routine!
In-between-results communicated to doctors after 2 days with a comment: 
"No growth until 2 days of incubation - in case of growth an additional 
result will be sent. Total Incubation-time: 7 days"

In the case of endocarditis: 14/21-days-incubation 
(slow growing: Kingella, Cardiobacter, Eikenella, Aggregatibacter etc.)
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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.)

● identification of bacteria 



MVZ Dortmund - Dr.Eberhard u. Partner

MICROBIOLOGY: Report of the visit to Ulaanbaatar 2012 Roßburg / 03.2013

27

● 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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● agar diffusion 
mainly used method for susceptibility-testing in UB/Mongolia is agar-diffusion:

- a valid and good evaluated technique
... but well known: 

- measuring (diameter) and 
- interpretation (in vitro- vs. in vivo-effectiveness of antibiotics) 

implicates some problems!
(e.g. the Oxacillin-testing for the detection of MRSA)

dispenser

● susceptibility-testing of bacteria 
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● 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.



MVZ Dortmund - Dr.Eberhard u. Partner

MICROBIOLOGY: Report of the visit to Ulaanbaatar 2012 Roßburg / 03.2013

31

● 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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... results are mostly communicated as handwritten sheets - including patient-
data, identification and susceptibility-testing of bacteria. 

... sometimes the results afterwards are put into a software program to be able 
to do some statistics; in some cases periodically sent to governmental 
health-institution

● results / reports / software / statistics 
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... e.g. MRSA, 
VRE, other 
multi-drug-resistant
bacteria ...

● comments on important results:
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● important role: Laboratory-Information-System (LIS) 

advantage of a powerful LIS: paperless documentation!

- all diagnostical steps in the LIS-network - until the results!
- even for quality management - in a comfortable way!
... and additionally this workflow could support cost management!

1. step: workflow incoming specimen / start of examination:
- incoming specimen with the patient data and desired diagnostics
- labelling (unique identification-number) and entering data into the LIS
- start of examination (inoculation/cultural methods)

2. step: workflow ongoing examination at following day(s) / results:
- calling ID in the LIS (barcode)
- entering single results/data (methods)
- last day: printing a result

All data of patient, sender, kind of specimen, 
desired diagnostics and results are available 
in an electronical/paperless form:  
... in most cases the LIS also provides sufficient
Statistics and a connection to other computers 
(via intranet to doctors).



MVZ Dortmund - Dr.Eberhard u. Partner

MICROBIOLOGY: Report of the visit to Ulaanbaatar 2012 Roßburg / 03.2013

35

criteria: name, 
date of birth 

etc.

list of viewable 
current results 
concerning the 

selected  patient

● HTML- results by "virtual-private-net"/ VPN:
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selection and 
preview of the 

result

... fast communication of results for all senders !
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● statistics of UB: wards/bacteria

seemingly non-plausible results (lists not complete?):

● gastroenterology:
- no detection of bacteria in stool?

● cardiology:
- no positive blood culture (inoculating volume to little? no endocarditis?)

● nephrology/urology:
- only few positive urines 

(unusual: nephrology same amount as in gastroenterology; 
more gram(+) bacteria than gram(-)? 
Enterococcus / Staphylococcus / contamination?)
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● statistics of UB: bacteria/drug-resistance

● Oxacillin / Vancomycin:
- not tested (Staphylococcus aureus: MRSA!; Enterococcus: VRE!)

● Erythromycin:
- all gram(-) bacteria like E.coli, Klebsiella, Acinetobacter usually resistant!

● Staphylococcus aureus:
- Penicilline and Oxacilline not tested in routine?
- difference between the Cephalosporines 

(depending on Oxacilline > should be the same!)

● Staphylococcus (other):
- difference between the Cephalosporines 

(Oxacilline not in routine?)
- Penicilline tested only for 1 isolate?

● Streptococcus:
- Penicilline not tested?
- Ampicilline-resistance usually rare 

(lokal situation?)
- Cephalosporine-resistance usually rare 

(lokal situation? … perhaps Enterococcus?)
- Aminoglycosides nearly always resistent 

(not obligatory "high resistance")
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● Enterococcus:
- Cephalosporines and Aminoglycosides always resistant 

(in vitro "sensitive": result has to be changed to "resistant" 
... patient should not be treated with these drugs!)

● E.coli:
- Cefotaxim and Ceftriaxone quite often resistant 

(a lot of ESBL-positive isolates?)

● Pseudomonas:
- 3. gen. Cephalosporines (Cefotaxim, Ceftriaxone) always resistant

● Klebsiella:
- 2 isolates Cefotaxim-resistant / 2 isolates Ceftriaxone-sensitive

(same isolates? Only one antibiotic tested? otherwise not
plausible: should be identical)

● Acinetobacter:
- Cotrimoxazol in our laboratory mostly sensitive - here all resistant?

… highly recommended:
to use a valid, effective, fast, sensitive and safe method for susceptibility-testing 
like the automated techniques in the microbiological laboratories, which usually 
provides most of the relevant antibiotics.
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● monitoring: clinical/epidemiological relevant bacteria
(statistics 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.
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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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obviously a quality-management seems to be established in most hospitals / 
institutions … but it seems to vary:

- the range
… documentation of some single methods vs. discription of
all/most relevant prodedures in SOP's

- the implementation
… is everyone familiar with the main rules? ... see "Air-Flow-failure" on 
the display of a used working-bench!

During the implementation of a QMS and the accreditation of our microbiological 
laboratory in 2003 (DACH) we had to prepare a lot of detailed documents 
(hundreds of SOP's etc.) concerning all relevant procedures. 

● quality management 
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● MIQ/ Microbiological-Infectiological Quality Standards
Germany - for example: MIQ Urinary-Tract-Infection:

newest knowledge concerning microbiological diagnostics

… including main target, epidemiology, detection-methods,
indication for microbiological diagnostics of urine ...

● collection of specimen: techniques

● storing and transport of specimen

● possible reasons for wrong germination numbers

● processing of urine specimen
- microscopy, leucocytes; culture, choice of media
- methods to evaluate germination numbers 

● additional methods
- identification and susceptibility-testing 
- recommended therapy 

● interpretation of results

● not suitable specimen and methods 

● methods and cost effectiveness 

● fast transmission of results

● quality control: media, calibration of inoculation-loops

● instruction: proper collection of urine specimen (example for female/male)
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● cooperation – a very helpful instrument
…for example: 

National Center of Communicable Deseases / NCCD:

- a broad range of diagnostics is provided
(e.g. biochemistry, virology/STI, immunology and microbiology)

- department of microbiology is devided into several units
(like e.g. PCR, air-transmitted infections, intestinal infections, 
hospital aquired infections and media preparation)

- staff consists of 25 persons - 10 doctors, 8 technicians and assistances

- trainings by these doctors to the staff of all medical centers in Mongolia
(… even in the aimags outside of UB)

- the given duty: to support laboratory-management and to control

The NCCD took an active part in several projects (e.g. WHO-projects, 
Pneumococcus-vaccine for children etc.) and cooperates with 5 other hospitals.

● inter-laboratory-tests..... 
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Very impressing: the improvements during the last 4 years!
… inter-laboratory-tests

(last 2 years; cooperation with an australian doctors)
… trainings (Multi-Drug-Resistance etc.)

inter-laboratory-tests are a helpful instrument to set standards and to check the 
efficiency of the microbiological diagnostics in part-taking laboratories:

- sufficient methods of identification and susceptibility-testing

- there should also been tested some more difficult species
… beside the identification of very common species like E.coli, 
Staph. aureus, Enterococcus etc.

- susceptibility-testing with a defined / desired range of antibiotics
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During my visits in microbiological laboratories in Mongolia I found:

● very cooperative, motivated, engaged staff !
… doctors / technicians, who are working in very different situations in 
the several microbiological laboratories

● equipment with low standard up to a sufficient / high standard

It is to be hoped, that:

● more laboratories will become better equipped

● a more wide network of knowledge concerning the improvement
of microbiological diagnostics can be built up in Mongolia
… even in the situation of low budgets

Some challenges have to be managed in the future (MDR, healthcare-associated 
infections, hygiene etc.) - and this seems to be the most successful way.

● summary
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I am 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!


