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Resistance to antibiotics — its developments and global spread

PRENOS REZISTENCIE NA ANTIBIOTIKA - SAMOVRAZEDNY ASPEKT
UZIVANIA ANTIBIOTIK

Jana Blahova, Marta Babalova, Kvetoslava Kralikova, Vladimir KRCMERY jun.,
Radko MENKYNA

Transfer of resistance to antibiotics — self-defeating aspect of antibiotic use

SUHRN:

Pouzivanie antibiotik uviedlo do pohybu, popri selekcii a klonovom Sireni sa mutantov
baktérii prirodzene rezistentnych na antibiotikd, aj nové, dovtedy nezname a nepredpokladané
mechanizmy $irenia génov rezistencie — prenosnu rezistenciu. Tento fenomén prispieva k
narastu a Casto k explozivnym zmenam citlivych baktérii na kmene Casto rezistentné sii¢asne
aj na vacsi pocet antibiotik. Prenosy génov rezistencie sa uskutocnuju transferom plazmidove;j
DNA konjugaciou baktérii alebo transdukciou bakteriofagmi. Stucasne sa Coraz CastejSie
zjavuje prenos ,,Ciste] DNA génovych kaziet, kodujucich rezistenciu transforméciou tzv.
transpozonov a integronov, ktory prekracuje hranice Statov, ba aj kontinentov. Vznika reélna
hrozba lokélnej alebo aj globalnej postupnej straty ucinnosti antibiotik.

KTuc¢oveé slova: transfer rezistencie na antibiotikd — R-plazmidy — konjugacia baktérii
— transdukcia — transpozony — integrony.

SUMMARY:

Global and general use of increasing numbers and quantity of antibiotics induced new and
previously unexpected mechanisms of spread of antibiotic resistance the so-called transferable
resistance. This phenomenon of transfer of genes coding for resistance contributes to sudden
and unexpected explosive changes of susceptible bacteria to resistant and multiresistant ones.
The transfer of genes of resistance is performed by conjugational spread of genes on bacterial
plasmids or by transduction of genes by bacteriophages. Recently, also transposons and
integrons carrying gene cassettes coding for resistance are transformed into bacterial cells.
These frequently pass the borders of countries and continents, which really endangers the
effectiveness of certain antibiotics in the future.

Key words: transfer of antibiotic resistance — R plasmids — conjugation — transduction —
transposons — integrons.

MENI SA STAV CITLIVOSTI NAJCASTEJSICH RESPIRACNYCH PATOGENOV
NA ANTIINFEKCNE LIECIVA?

Anna LiSkova, Valéria Dubajova, Libusa Glosova, Juraj Hanzen4, Helena Hupkova,
Lubica Macekova, Maria Molokacova, Eleonéra Novakova, Anna Purgelova

Is antibiotic susceptibility of most frequently respiratory pathogens changing?



SUHRN:

Vychodisko: Cielom prace je zhodnotit’ stav a trendy rezistencie na sledované antimikrobové
latky pri najznamejSich pdovodcoch baktériovych respira¢nych infekcii — Streptococcus
pyogenes, Streptococcus pneumoniae, Haemophilus influenzae a Staphylococcus aureus.
Subor a metddy: Pracovna skupina mikrobiologov analyzovala patogény respiraéného traktu
v 9 krajskych mikrobiologickych pracoviskach pocas poslednych troch rokov. Spracované
boli vysledky ziskané z rutinnej laboratornej praxe.

Vysledky: Autori zaznamenali mierne sa zvysSujuci trend rezistencie na makrolidové
antibiotika pri kmenioch Streptococcus pyogenes a vyrazné lokéalne rozdiely. Pri kmenioch
Streptococus pneumoniae sa rezistencia na penicilin stabilizovala.

Zavery. Predlozené vysledky dokumentujii vyznam surveillance rezistencie mikrébov na
antibiotika ako podklad pre sledovanie trendov rezistencie.

Kracoveé slova: respiratné patogény - Streptococcus pyogenes - Haemophilus
influenzae - Streptococcus pneumoniae - Staphylococcus aureus - surveillance rezistencie.

SUMMARY:

Background: The goal of the paper was to evaluate of the status and trends in resistance to
investigational antibiotics in the most important causative agents of bacterial respiratory tract
infections — Streptococcus pyogenes, Streptococcus pneumoniae, Haemophilus influenzae a
Staphylococcus aureus.

Material and methods: The working group for microbiological monitoring analysed causative
agents of bacterial respiratory tract infections in 9 microbiological institutes during the last 3
years. The paper deals with monitoring of bacterial strains obtained during a routine
microbiological examination.

Results: The authors recorded a moderately increasing trend in the resistance of the strains of
Streptococcus pyogenes to macrolide antibiotic and considerable local differences. A
stabilized situation was recorded in the resistance rate of Streptococcus pneumoniae.
Conclusion: The results presented in this paper document the value of resistance surveillance
as a basis for monitoring of trends in bacterial resistance.

Key words: respiratory patogens - Streptococcus pyogenes - Haemophilus influenzae -
Streptococcus pneumoniae - Staphylococcus aureus - surveillance of resistance.

MONITOROVANIE REZISTENCIE NA ANTIBIOTIKA V SLOVENSKEJ
REPUBLIKE — DYNAMIKA REZISTENCIE MIKROBOV IZOLOVANYCH Z
BAKTERIEMII V ROKOCH 2002 — 2003

Jana Blahova, Kvetoslava Kralikova, Vladimir Kréméry jun., Vladimir Kréméry sen.,
Marta Babalova, Radko Menkyna, Libusa Glosova, Helena Knotkova, Anna LiSkova,
Maria Molokacovad, Alena Vaculikova, Dagmar Bruckmayerova,

Ivan Rovny

Monitoring of antibiotic resistance in Slovakia — Dynamics of resistance of microbes
isolated from bacteraemia during 2002 — 2003

SUHRN:
Vychodisko: Bakteriémie predstavuju nebezpecné komplikadcie u hospitalizovanych
pacientov. Problémy terapie bakteriémii narastaji s vyskytom nozokomidlnych kmeiiov



rezistentnych proti antibiotikdm. Ciel'om tejto Studie bolo monitorovat’ vyskyt patogénov a
rozvoj rezistencie pri baktériach izolovanych z hemokultar pacientov.

Stbor a metddy: Na stadii participovalo Sest’” nemocnic v SR a spolu bolo 1426 izolatov
vySetrenych v 3 polrocnych obdobiach (2. polrok r. 2002 a 1. a 2. polrok r. 2003). Mikrobova
diagnostika sa uskuto¢nila Standardizovanymi metédami. Rezistencia na vybrané antibiotika
sa urcila diskovou metddou podl'a odporacani NCCLS.

Vysledky: Vyrazna zmena vo vyskyte bakteriémii na jednotkach intenzivnej starostlivosti a
d’alSich oddeleniach sa nezaznamenala. V troch sledovanych casovych tsekoch doslo k
zna¢nému poklesu v ucinnosti najmé ciprofloxacinu pri Enterobacter spp., Escherichia coli a
Klebsiella pneumoniae. Uéinnost’ ceftazidimu pri Pseudomonas aeruginosa v sledovanych
obdobiach klesla z 97 na 60 % a prekvapujica je aj nizka uc¢innost’ ciprofloxacinu na P.
aeruginosa. Vyznamna je stale dobra aktivita karbapenémov pri gramnegativnych a 100 %
ucinnost’ vankomycinu a teikoplaninu pri grampozitivnych baktériach.

Zavery: Surveillance antibiotickej rezistencie poskytuje udaje o stave U€innosti antibiotik v
sledovanej lokalite a tvori vyznamnu sucast’ celého komplexu opatreni na udrzanie dobre;j
ucinnosti antibiotik.

KTucové slova: surveillance rezistencie na antibiotikd — rezistencia na antibiotika —
bakteriémie.

SUMMARY:

Background: Bacteraemia represents a dangerous complication in hospitalized patients. The
problems of therapy of bacteraemia increase with the emergence of antibiotic resistance. The
aim of this study was to monitor the prevalence of pathogens and trends of resistance in
bacteria isolated from blood.

Set and Methods: Six University Clinics and/or Regional Hospitals in Slovak Republic have
participated in the study and a total of 1426 isolates were collected in three half-year periodes
in 2002 and 2003. Microbiological diagnosis was performed according to standardized
methods in participating laboratory. Antimicrobial resistance was estimated by the disc
diffusion method by NCCLS.

Results: Staphylococci, i.e. CONS and S. aureus have been identified as the most frequent
causal agents of bacteraemia. The most significant rise in resistance has been observed in
ciprofloxacin against Enterobacter spp., E. coli and K. pneumoniae within three study periods.
The efficiency of ceftazidime in Pseudomonas aeruginosa decreased from 97 to 60 % in the
monitored periods and a low activity of ciprofloxacin in P. aeruginosa is surprising. Good
activity of carbapenems in gramnegative and 100 % efficiency of vancomycin and teicoplanin
in grampositive bacteria is significant.

Conclusion: The surveillance of antibiotic resistance provides data about the situation in the
efficiency of antimicrobials in

a given locality and it is an important part of complex measures maintaining good antibiotic
activity.

Key words : antimicrobial resistance surveillance — antimicrobial resistance —
bacteraemia.

SPEKTRA A MOZAIKY MULTIREZISTENCIE MIKROBOV Z BAKTERIEMII

Marta Babalova, Jana Blahova, Kvetoslava Kralikova, Vladimir Kréméry, Vladimir
Kréméry sen., Radko Menkyna, Libusa Glosova, Helena Knotkova, Anna LiSkova,
Maria Molokacova, Alena Vaculikova, Dagmar Bruckmayerova, Ivan Rovny



Spectra and mosaics of microbial multiresistance from bacteraemia

SUHRN:

Vychodisko: Monitorovanie rezistencie na antibiotikd v SR (1) umoznilo objektivizovat
nielen vyvoj a dynamiku rezistencie na jednotlivé antibiotikd, ale spracovat aj udaje o
vyskyte a narastani zv1ast’ nezelateI'ného javu — multirezistencie na antibiotika

a identifikovat’ jej zlozenie z génov rezistencie na jednotlivé najCas-tejSie uzivané antibiotika,
majuce zvlast’ vel’ky vyznam z hl'adiska stracania ich terapeutickych moznosti.

Stbor a metddy: Analyzovala sa multirezistencia kmeniov z bakteriémii izolovanych v 6
oddeleniach klinickej mikrobiolégie (OKM) nemocnic na Slovensku, zvlast kmenov
grampozitivnych a gramnegativnych baktérii.

Vysledky: Z grampozitivnych baktérii izolovanych v Slovenskej republike z bakteriémii sa
najCastejSie vyskytovala multirezistencia (na tri a viac antibiotik) koagulazonegativnych
stafylokokov (CONS). Najviac z nich sa izolovalo z OKMI, 2 a 3 (141 kmeniov zo 158). Z
nich 59 kmenov (41,8 %) vykazovalo rezistenciu na tri a viac antibiotik alebo skupin
antibiotik. NajcastejSie sa vyskytovala rezistencia na cely blok piatich antibiotik (oxacilin,
makrolidy, klindamycin, aminoglykozidy a fluorochinolény). Pritom jednotlivé oddelenia
nemocnic mali vlastné spektrd tejto rezistencie. Multirezistencia inych grampozitivnych
kokov bola skor zriedkava (S. aureus, pneumokoky a i.). Pri gramnegativnych bakté-riach
vykultivovanych z krvi pacientov sa zaznamenala Castd multirezistencia na peniciliny,
cefalosporiny (Casto spdsobena prendsanim génov pre beta-laktamdzy s rozsirenym spektrom
ucinku) a fluorochinolony. Pri kmenoch P. aeruginosa a Acinetobacter sp. sa ¢oraz CastejSie k
rezistencii na uvedené antibiotikd pripaja v Slovenskej republike uz aj rezistencia na
meropeném.

Zavery: Vyskyt rezistencie a multirezistencie aj mikrobov z bakteriémii mozno zastavit’ alebo
aspon znizit. Treba sa vSak zamerat' aj na zniZzenie samotného vyskytu tychto zdvaznych
prihod na nemocni¢nych oddeleniach.

Klracové slova: multirezistencia — bakteriémia — grampozitivne a gramnegativne
baktérie.

SUMMARY:

Background: The introduction of the system of surveillance of antibiotic resistance in Slovak
Republic (1) enables not only to demonstrate the dynamics of resistance to individual
antibiotics but also to study the phenomenon of multiple drug resistance in individual
bacterial species.

Set and Methods: Multiresistance of bacteremic strains isolated in 6 departments of clinical
microbiology (DCM) of hospitals in Slovakia was analyzed, separately in gram-positive and
gramnegative bacteria.

Results: From gram-positive bacteria, isolated from patients with bacteremia, the multiple
drug resistance (resistance to 3 and more drugs currently used) was most frequently found in
coagulase-negative staphylococci (CONS). Most of these strains were isolated in three OKM
(1 —3) (141 strains from 158). From them, 59 strains (41,8 %) were multiple-drug resistant.
Most frequently the total spectrum of resistance to five drugs (oxacillin, macrolides,
clindamycin, aminoglycosides and fluoroquinolones) was demonstrated. It was also observed
that strains of CONS from different clinics have their own spectrum of drug resistance to
various antibiotics. Other gram-positive bacteria from bacteremic patients (S. aureus, S.
pneumoniae) did not demonstrate any extensive pattern of multiple resistance. In
gramnegative strains from bacteremic patients we observed the multiple drug resistance to
penicillins plus cephalosporins (due to their production of transferable ESBL production) plus
fluoroquinolones. An unwanted phenomenon is also the increasing occurrence of added



resistance to meropenem in multiple drug resistant strains of P. aeruginosa and/or
Acinetobacter spp. isolated from bacteremic patients.

Conclusion: The occurrence of resistance and multi-resistance of bacteremic isolates can be
decreased, but it is necessary to bring down the occurrence of such relevant cases in hospital
units.

Key words: multiresistance — bacteraemia — gram-negative and gram-positive bacteria.

BAKTERIEMIE U ONKOLOGICKYCH PACIENTOV NA VYBRANOM ODDELENI]
ONKOLOGICKEHO USTAVU SVATEJ ALZBETY V BRATISLAVE

Orga BABELOVA, Rébert BABELA

Bacteraemia in oncological patients at selected department of Oncological Institute of
Saint Elizabeth in Bratislava

SUHRN:

Vychodisko: Bakteriémia je spojend s vy$Sou morbiditou a mortalitou, hlavne v urcitych
skupinach pacientov, medzi ktoré jednoznacne patria i onkologicki pacienti. V€asny zachyt
bakteriémii, ich efektivna liecba a hlavne prevencia ich vzniku vo velkej miere ovplyvnia
d’alsi osud onkologickych pacientov.

Stibor a metédy: Na internom oddeleni Onkologického ustavu Svitej Alzbety (OUSA) v
Bratislave sme zachytili od zaciatku juna 1999 do konca maja 2002 (3 roky) 59 pacientov s
bakteriémiou. U pacientov sme zistovali rizikové faktory pre vyvoj bakteriémie, etiologiu a
antimikrobovii rezistenciu. Statisticki vyznamnost’ sme ratali pomocou programu EPI INFO-
STACALC (YATES CORRECTED statisticka vyznamnost) vypo¢tom hodnot P.

Vysledky: NajcastejSimi izolatmi boli grampozitivne baktérie Staphylococcus spp. (37,3 %) a
Streptococcus viridans (11,9 %). Z gramnegativnych baktérii mala popredné postavenie
Escherichia coli, Klebsiella pneumoniae a Pseudomonas aeruginosa. Z 13 rizikovych
faktorov, pri ktorych sme predpokladali suvislost’ so vznikom bakteriémie, sme zistili ¢astejsi
vyskyt hlavne centradlneho vendzneho katétra a neutropénie. Staphylococcus spp. vykazoval
rezistenciu vo€i viacerym casto pouzivanym antibiotikam na rozdiel od gramnegativnych
baktérii, ktoré mali v naSom subore relativne dobru citlivost’ na antibiotika.

Zéaver: Dokladny mikrobiologicky monitoring na jednotlivych oddeleniach nemocnic,
zabezpeCenie cieleného zamerania hygienicko-epidemiologickych opatreni, antibioticke;j
politiky a sledovanie rizikovych faktorov pre vyvoj bakteriémii moézu do velkej miery
pozitivne ovplyvnit’ d’al$i osud onkologickych pacientov.

Krac¢oveé slova: onkologicky pacient — bakteriémia — etioldégia — rezistencia —
rizikovy faktor.

SUMMARY:

Background: Bacteraemia is associated with higher morbidity and mortality rates, mainly in
selected groups of patients including oncological.

Patients and methods: From the beginning of June 1999 till the end of 2002 (the period of 3
years) at Internal Department of Oncological Institute of Saint Elizabeth in Bratislava
(Onkologicky ustav sv. Alzbety, Bratislava) in 59 patients with bacteraemia the risk factors
for the development of bacteraemia, etiology and antimicrobial resistance were followed up.
Statistical significance was calculated by means of EPI INFO-STACALC programme
(YATES CORRECTED statistical significance) by calculating P values.



Results: The most frequent isolates were gram-positive bacteria Staphylococcus spp. (37.3 %)
and Streptococcus viridans (11.9 %). Escheria coli, Klebsiella pneumoniae and Pseudomonas
aeruginosa were the most common gram-negative bacteria. Of 13 risk factors that were
supposed to be associated with the appearance of bacteraemia, the presence of venous
catheter and neutropenia were most frequent. Staphylococcus spp. showed resistance against
many commonly used antibiotics in comparison to gram-negative bacteria that had a
relatively good sensitivity to antibiotics in our group.

Conclusion: A substantial microbiological monitoring at individual hospital departments,
providing targeted hygienic-epidemiologic measures, antibiotic policy and the follow-up of
the risk factors for the development of bacteraemia may have a considerable positive effect
upon the future of oncological patients.

Key words: oncological patient — bacteraemia — etiology — resistance — risk factor.

SLEDOVANIE PRENOSNEJ REZISTENCIE NA AZTREONAM - KRIizZA
REZERVNYCH ANTIBIOTIK?

Marta Babalova, Jana Blahova, Kvetoslava Kralikova, Vladimir Kréméry, Radko
Menkyna, Petr Jezek

Monitoring of Transferable Resistance to Aztreonam — Crisis of Reserve Antibiotics?

SUHRN:

Vychodisko: V rdmci monitorovania vyvoja situdcie v rezistencii a u¢innosti tzv. rezervnych
antibiotik sledovali autori prvé prejavy prenosnosti rezistencie na aztreondm pri
nozokomialnych baktériach.

Stubor a metddy: Prenosnost’ rezistencie sa zistovala pri bakté-riach izolovanych vo velkej
krajskej nemocnici v Ceskej republike, konkrétne pri kmetioch baktérii multirezistentnych na
beta-laktdamové antibiotikd a produkujucich beta-laktamazy s rozsirenym spektrom uc¢inku
(ESBL).

Vysledky: Z 29 kmetiov izolovanych od pacientov hospitalizovanych na ro6znych oddeleniach
NsP Ptibram 4 kmene (2 kmene Citrobacter freundii, 1 kmeni Stenotrophomonas maltophilia a
1 kmen Klebsiella pneumoniae) produkovali ESBL hydrolyzujucu aj aztreonam. Tri z tychto
kmeniov (2 kmene C. freundii a 1 kmenn K. pneumoniae) ko-transferovali rezistenciu na
aztreondm spolu s rezistenciou na iné antibiotika.

Zavery: Prezentované vysledky poukazuju na riziko, Ze sa rezistencia na aztreonam rozsiri na
d’alSie kmene v tomto i v d’alSich zdravotnickych zariadeniach.

Krac¢oveé slova: rezistencia na antibiotikd — prenosnd rezistencia na aztreonam —
mobilizdcia determinantov rezistencie.

SUMMARY:

Background: The first signs of transferability of aztreonam resistance in nosocomial bacteria
were observed within the monitoring of the situation in the effectiveness of the reserve
antibiotics. The strains studied were collected due to their production of extended spectrum
beta-lactamase destroying all available penicillins and cephalosporins.

Methods: The transfer of resistance has been examined in multiresistant, extended-spectrum
beta-lactamase producing bacteria isolated in large regional hospital in Czech Republic.
Results: Four producers of ESBL (2 strains of Citrobacter freundii, 1 strain of
Stenotrophomonas maltophilia a 1 strain of Klebsiella pneumoniae) from 29 isolated,
demonstrated, by means of a double disc diffusion test, the production of ESBL inactivating



also aztreonam. Three of them (2 strains of C. freundii and one strain of K. pneumoniae) co-
transferred the resistance to aztreonam together with other transferred determinants of
resistance to susceptible recipient strains.

Conclusion: This finding points at the possibility of moving the gene coding resistance to
these antibiotics to other bacterial strains in and outside the hospital monitored.

Key words: resistance to antibiotics — transferable resistance to aztreonam —
mobilization of antibiotic resistance determinants.

REZISTENCIA NA MEROPENEM CELOSVETOVO PRUDKO NARASTA A
PRENASA SA MEDZI BAKTERIAMI

Jana Blahova, Marta Babailova, Kvetoslava kralikova, Vladimir Kréméry sen., Radko
Menkyna

Meropenem resistance rises worldwide and spreads among bacteria

SUHRN:

V ostatnom Case celosvetovo narastd rezistencia na meropeném a stdva sa zavaznym
problémom chemoterapie. Aj v Slovenskej republike sa v nemocniciach nedavno (v rokoch
2002 — 2004) zjavil narastajici pocet niektorych na meropeném rezistentnych druhov
mikroorganizmov, najmi Acinetobacter spp. a Pseudomonas aeruginosa. Tento narast
sprevadza aj narast vyskytu rezistencie na d’alSie antibiotikd, ktoré sa stale este pokladaju za
tzv. antibioticki rezervu. Na ochranu meropenému pred ndrastom rezistencie sa zaviedol
celosvetovy monitorovaci systém, nazvany MYSTIC. Nové gény rezistencie (pre produkciu
tzv. metalo-beta-laktaméz - MBL) sa zjavili zaCiatkom 90. rokov minulého storoc¢ia najskor v
Japonsku (tzv. gény blaIMP) a rozsirili sa pri baktériach pomerne rychlo do dalSich 4zijskych
krajin (Korea, Taivan a i.). V Europe a USA sa v kmenoch P. aeruginosa a Acinetobacter spp.
nasli d’alSie typy génov pre MBL, tzv. gény blaVIM. Tieto sa zjavili najprv pri mikréboch v
Taliansku a rozsirili sa do Francuzska a Spanielska a odtial’ do Belgicka. V USA nedévno
taktiez objavili varianty génov blaVIM. Tym sa rezistencia na meropeném akoby ,,dala do
pohybu‘ a prekracuje hranice Statov, ba kontinentov.

KTac¢ové slova: rezistencia na antibiotikd — meropeném — metalo-beta-laktamazy.

SUMMARY:

The resistance to meropenem has a dramatic increase globally and recently it has become a
serious problem of antimicrobial chemo-therapy. In hospitals of Slovak Republic (during
2002 - 2004) an increasing number of meropenem resistant strains of Pseudomonas
areruginosa and Acinetobacter spp. was also recorded. This increase in incidence of
meropenem resistance is accompanied with in-creased resistance to other antibiotics that are
considered the so- called reserve drugs. The first step in the prevention of devaluation of
meropenem seems to be an introduction of a specific international monitoring system for
recording and analysis of meropenem resistant strains (designated as “MYSTIC”). New genes
of resistance (for the production of the so-called metallo-betalactamases - MBL) appeared in
Japan at the beginning of the 90-ies (so-called genes blaIMP) which began spreading to other
Asian countries (Korea, Taiwan, etc.). In Europe and USA other types of MBL genes, the so-
called blaVIM were found in the strains of P. aeruginosa and Acinetobacter spp. These
appeared first in Italy, later in France, Spain and Belgium. USA recently reported the
appearance of other types of gene blaVIM. Meropenem resistance seems to be moving,
crossing the borders of states and continents.



Key words: resistance to antibiotics — meropenem — metallo-beta-lactamases.

VZOSTUP A PAD REZERVNYCH ANTIBIOTIK: QUO VADIS - MEROPENEM A
FLUOROCHINOLONY?

Jana BLAHOVA, Kvetoslava KRALIKOVA, Vladimir KRCMERY sen., Radko
MENKYNA

Rise and fall of reserve antibiotics: Quo vadis — meropenem and fluoroquinolones?

SUHRN:

Medzi rezervné antibiotikd zaradujeme preparaty s takou spolahlivou antimikrébovou
ucinnost’'ou, aby sa po nich dalo Uspesne siahat’ aj u pacientov s tazkymi, zivot ohrozujicimi
infekciami. Predpokladom tejto spolahlivosti je nizky, az zanedbatelny vyskyt rezistencie
klinicky vyznamnych mikrobov. V neddvnej dobe takuto spolahlivost’ vykazovali eSte najméa
karbapenémové antibiotika (imipeném a obzvlast meropeném), fluorochinolénové
chemoterapeutika druhej a tretej generacie a vybrané peniciliny a cefalosporiny, chranené tzv.
inhibitormi beta-laktamaz (Augmentin, Unasyn alebo Sulperazon). Nadmerné uzivanie tychto
preparatov vSak selektuje mikroorganizmy rezistentné aj na tieto antibiotikd, teda s novymi
mechanizmami rezistencie. Okrem tzv. ESBL (extended-spectrum beta-lactamase) st to nové
metalo-beta-laktaméazy (MBL) inaktivujice karbapenémy. Selektuju sa teda mikroorganizmy,
ktoré maji ,rigidne” pozmenené miesta zdsahu antibiotik (pneumokoky, na meticilin
rezistentné stafylokoky, pozmenené mutanty koaguldza-negativnych stafykokov a i.), ako aj
zmenené transportné mechanizmy antibiotik do buniek a efluxné mechanizmy transportu z
buniek.

Ked'Ze mnohé z tychto mechanizmov rezistencie sa geneticky prenaSaji na citlivé kmene,
narast vyskytu rezistencie zacina byt alarmujuci a vyzaduje si okamzité rieSenie.
PredovSetkym sa musi racionalizovat’ ,,antibiotickd politika® (najma zdrzanlivost’ a spravny
vyber antibiotik a ich dostato¢né davkovanie na prevenciu selekcie mutantov) a striktne
dodrziavat’ protiepidemické opatrenia.

KTuac¢ové slova: rezistencia na antibiotikd — meropeném — fluorochinoldny.

SUMMARY:

The reserve bacteria involve the antimicrobials with a reliable antimicrobial effectiveness so
that they could be used also in patients with severe, life—threatening infections. The
prerequisite of such a reliability is very low emergence of resistance in clinically significant
microbial strains. Until recently, these properties were seen mainly in carbapanem antibiotics
(imipenem and meropenem), in second and third generation fluoroquinolone
chemotherapeutics and in selected penicillins and cephalosporins protected by their
combinations with beta-lactamase inhibitors of resistant bacteria (Augmentin, Unasyn,
Sulperazone).

However, the excessive use of these antibiotic preparations selects the microorganisms
resistant also to the antibiotics with new mechanisms of resistance. Besides, the so called
ESBL (extended-spectrum beta-lactamase) there are new metallo-beta-lactamases (MBL) that
inactivate carbapenems. Thus, microorganisms that have a changed sites of action of
antibiotics (pneumococci, meticillin-resistant staphylococci, changed mutants of coagulase-
negative staphylococci, etc.) as well as changed transport mechanisms of antibiotics into the
cell and the efflux mechanism of transport out of the cells, are selected.



As several of these mechanisms of resistance are genetically transferred to susceptible strains,
the increased incidence has become alarming, requiring an immediate solution. First of all, it
is important to rationalize “antibiotic policy” (mainly abstinence in using certain antibiotics
and the adequate choice of antibiotics as well as their sufficient dosing to prevent the selection
of resistant mutants). Hygienic and preventive measures in hospital departments have to be
strictly applied.

Key words: resistance to antibiotics — meropenem — fluroquinolones.

TERAPEUTICKE MONITOROVANIE KONCENTRACIi ANTIBIOTIK
Pavol BENO, Marianna MRAZOVA, Margaréta KACMARIKOVA, Eva GREY
Therapeutic drug monitoring of antimicrobial agents

SUHRN:

Terapeutické monitorovanie koncentracii lie¢iv — TDM (Therapeutic Drug Monitoring,
zname tiez ako Drug Therapy Monitoring) je prostriedok na monitorovanie koncentracii lieciv
v biologickych tekutindch. Vyuziva sa na meranie koncentracii lie¢iv v krvi s cielom urcit
najefektivnejSie davkovanie a vyhnit' sa neziaducim toxickym ucinkom lie¢iva. Ciel'om tohto
procesu je individualizovat’ lieCebny rezim tak, aby sa dosiahol optimalny terapeuticky efekt.
Tento systém vyuziva poznatky z oblasti farmakokinetiky, farmakodynamiky a analyzy lieciv
(farmacie). Clanok podava prehlad stéasneho stavu vyuzitia TDM pri antibiotikdch. Len
niekol’ko malo antibiotik spifia poziadavky kladené na aplikdciu tohto systému. Zavazné
dovody existujii pre vykonavanie TDM pri aminoglykozidoch (gentamicin, tobramycin,
netilmicin, amikacin). Zavedenie jednodenné¢ho dévkovania do terapie si vyziadalo potrebu
redefinovat’ kritérid pre vykondvanie TDM. Vankomycin sa monitoruje rutinne, mnohé
nejasnosti ohladne indikécii a vhodnej stratégie vSak pretrvavaji. V niektorych pripadoch sa
monitoruju aj koncentracie inych lieCiv, ako teikoplanin, chloramfenikol. Servis TDM pre
antituberkulotika zatial nie je eSte bezne dostupny. Kritéria pre aplikaciu TDM nespiiia
celkom Ziadne antimykotikum, ale individualizdcia antimykotickej lie€by pomocou TDM-
servisu sa odporuca (flucytozin, itrakonazol), neboli vSak vypracované Specifické
odporucania. Farmakoekonomické (cost-benefit) Stidie TDM v Slovenskej republike zatial
chybaju.

Klacové slova: Terapeutické monitorovanie sérovych koncentracii lieciv —
antimikrobové lieky — sérové koncentracie.

SUMMARY:

Therapeutic drug monitoring (TDM), also known as Drug therapy monitoring, is a means of
monitoring drug levels in biological fluids. TDM is employed to measure the blood drug
levels so that the most effective dosage can be determined, with toxicity prevented. The goal
of this process is to individualize therapeutic regimen for optimal patient benefit. TDM
combines knowledge of pharmacokinetics, pharmacodynamics and drug analysis
(pharmaceutics). Current status in TDM of antimicrobial agents is reviewed. Only few
antimicrobial drugs fulfil the requirements for TDM. There is a strong reason for monitoring
aminoglycosides (gentamicin, tobramicin, netilmicin, amikacin). The recent move to once
daily dosing means that criteria for TDM must be redefined. Vancomycin has been monitored
routinely, but many questions remain unanswered about the most appropriate approach to this.
Other drugs such as teicoplanin, chloramphenicol, are monitored in certain circumstances.
TDM for antituberculotic drugs is still not widely available. No antifungal drug is ideally



suited for application of TDM, but individualization of antifungal therapy through the use of
TDM has been suggested (flucytosin, itraconazol), although no specific recommendations
have been developed. Pharmacoeconomic (cost-benefit) studies in Slovak Republic are still
missing.

Key words: Therapeutic drug monitoring — antimicrobial agents — serum concentrations.
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