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INTRODUCTION

The most common infectious diseases are thosevimgplthe upper and lower
respiratory tract. Their treatment are frequentffialilt due different resistance mechanisms
spreading among respiratory pathogens and leadingtti-resistant strains.

S. pneumonigethe most common causative agent of community iesdju
pneumonia can be ranged in 90 different serotypesrding to its polysaccharide capsule
antigen. The mechanism of action of vaccines i®dam the fact that antibodies produced
against these antigens prevent invasive infectiansed by the same seroty®epneumoniae
Vaccines against sevee pneumonia@fections were developed to cover the most pestal
serotypes.

Previously allS. pneumoniastrains were susceptible to penicillins. Penitdliact
on penicillin binding proteins (PBPs) present ia tytoplasmic membrane of the bacteria and
are involved in the peptidoglycan synthesis of tbell wall as transpeptidases and
transglycolases. Penicillins irreversibly bind e PBPs and inactivate them. The synthesis of
the PBPs are coded by mosaic genes. Dependingtfrermomposition of these mosaic genes
low-level or high-level penicilin resistance as Iwas amoxicilin and ¥ generation
cephalosporine resistance can develop in pneumbd@enicillin G is not the drug of first
choice any more i%. pneumoniamfections, however thia vitro resistance against it indicate
well the resistance of the strains to beta-lactantibimtics. About 50% of the population
harbourS. pneumoniaén the nasopharynx without any symptoms (carrtatus). All virus
infections promote the binding of bacteria to thpétheelial cells of the respiratory tracs.
pneumoniaemay spread from the nasopharynx and reach ther loeggpiratory tract causing
inflammation. S. pneumoniads still one of the most prevalent lower respirgtdract
pathogens especially in the case of community aeduipneumonia. According to a
surveillance data from the US, 50% of those diedefereS. pneumoniaénfections could
have been saved by the widespread vaccination sig@inpneumoniaeSimilar to other
European countries Hungary has developed its owecination policy to preventS.
pneumoniaénfections.

In ventilated and cystic fibrosis patients thefilrio formation plays important role
in the pathogenesis &f. aeruginosanfections. Antibacterial agents can not cure ¢hestients
without the help of their own immune system. Baetéving in biofilms are protected against
antibacterials and sometimes even against phagociteording to this the decrease of the
biofilm formation or destruction of the biofilm maelp in the successful treatment of these
patients. Certain macrolide antibiotics are provedinhibit the alginate production d®.

aeruginosastrains and therefore they are used as an adgiyerdtment in cystic fibrosis
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patients. However, the treatment of infections edusy multi-resistanP. aeruginosastrains

are often seemed as impossible.

The most common Gram-negative bacteria causingcoosal pneumonia ar&lebsiella
pneumoniag Enterobacter aerogenesEnterobacter cloacae, Escherichia coli, Serratia
marcescengand Pseudomonas aeruginasAs a result of misuse and overuse of beta-lactam
antibacterials the beta-lactamase producing isolatel those producing extended spectrum
beta-lactamases (ESBLs) can be isolated more anéd frequently. The mortality rate of
severe nosocomial pneumonia is between 50 and 1B66fAte the prevalence and resistance

patterns of pathogens should be monitored to keetalfind optimal empiric therapy.

AIMS
Aims of this study were:

1. To evaluate the penicillin, amoxicillin, ceftriax@rand macrolide resistance of
clinical S. pneumoniaésolates obtained between 1997 and 2005. Analyses
performed according to age groups, specimen typedsspecimen origin (inpatient
or outpatient). We collected data on the carriag8.gneumoniaé children. We
were also interested in whether tBepneumoniagaccines introduced in Hungary
cover the frequently isolated serotypes. We alsestigated the efficacy of a new
3 generation cephalosporin against high-level amdlével penicillin resistans.
pneumoniagsolates.

2. To follow the respiratory tract colonisation of tigsfibrosis (CF) patients treated in
a cystic fibrosis outpatients clinic between 1988 2001. We aimed to develop an
in vitro method suitable to detect the biofilm productidnPo aeruginosastrains
isolated from these patients and to test the itdripieffect of macrolides on biofilm
formation by the new method.

3. To compare and evaluate the clinical relevancewaf tower respiratory tract
sampling methods used in an Intensive Care Unie ptevalence and ESBL
production ofEnterobacteriaceaestrains isolated from patients with nosocomial
pneumonia were also analysed.

4. To investigate the synergistic effect of differanitibiotic combinations and to
select a time-saving method to help clinicianshim $election of effective antibiotic
combinations against multi-resistant respiratoagtpathogens.

5. To study the resistance mechanisms of common eg¢epjrtract pathogens against

beta-lactam antibiotics by conventional and molecaoiethods.
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MATERIALS AND METHODS

Bacterial strains

Thirty-five S. pneumoniaésolates were obtained from the nasopharynx ofttine@hildren
(aged 3-6 years) attending day-care centres. 9&ésowere collected earlier in the Heim Pal
Hospital, Budapest. All otheB. pneumoniaésolates - involved in different studies - were
isolated in the Institute of Clinical MicrobiologyJniversity of Szeged from the upper and
lower respiratory tract, blood culture, and cerspioal fluid of symptomatic patients.

The P. aeruginosasolates (110) were recovered from the upper amei respiratory
tract of cystic fibrosis patients. The 1K9 pneumoniae82E. cloacae 7 E. coliand the 155.
marcescengsolates were cultured mainly from the lower resiairy tract of different patients.
Specimen collection
The nasopharyngeal swabs were used for the samvedl study §. pneumoniaearriage),
sputum and throat samples were taken from cydtiodis patients. Sputum was cultured after
cytological analysis (acceptable sample: >25 nehite and <10 epithelial cells/ field;
examining at least 40 fields with 100x zoom). Thea@racheal aspirates (EA) - obtained from
ventilated patient - were examined microscopictdlydetermine the presence or absence of
neutrophil granulocytes. In the case of EA, theaffivalue was 20° colony forming unit/ml
(CFU/mI), while in the case of protected bronchealar lavage (miniBAL) it was 20°
CFU/ml.

Serotyping of Streptococcus pneumoniae isolates

Serotyping was performed with ti%e pneumoniagy/ping antisera purchased from Mast Group
Ltd (Bootle UK).

Antimicrobial susceptibility testing

Susceptibility testing was performed by the diskudion method. The minimum inhibitory
concentration (MIC) was determined by Etest (ABds$#, Solna, Sweden), agar dilution or
micro-broth dilution method. NCCLS/CLSI guideline®gre used rigorously during the whole
study.

Investigation of beta-lactamase production and itgenetic background

Beta-lactamase production was detected by discwioamg nitrocefin (Difco). The substrate
profiles of the enzymes were determined by the eroolorimetric method of Escamilla. For
the enzyme induction experiments the disc diffusi@thod was used. The inducer antibiotics
were cefoxitin and imipenem whereas the indicatmibitics were cefuroxime, cefoperazone,
cefotaxime and ceftazidime. For the screening oBIE®roduction the double-disc method
(ceftazidime and amoxicillin/clavulanic acid), tfiee-disc method of Jarlier (ceftazidime,

cefotaxime, aztreonam, cefepim and amoxicillin/alanic acid) or the Etest methodology was
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applied. For the molecular investigation of ESBloguction ofK pneumoniagE. cloaceae
and S. marcescenstrains the plasmid DNA was isolated by the maldiniprep DNA
Purification Kit (Promega Madison WI). Plasmids wetetected in 0.7% agarose gel, stained
with ethidium bromide. Specific primers for the TEdd SHV genes were used for the
amplification. Single-stranded conformation polypiusm (SSCP) analysis was performed to
differentiate different types of SHV genes aftagadition by Pstl enzyme. The fragments of the
ssDNA were visualised by silver nitrate staining.

Examination of synergisms

To evaluate the combined effect of beta-lactamakibitors (clavulanic acid, sulbactam) and
cefoperazone, the chequerboard titration (accortbngorian) and the killing curve method
were used. The initial inoculum was®1OFU/ml. The effect of cefoperazone alone (at 1XMIC
or 2xMIC concentrations) or combined with 1 mg/awailanic acid and 1mg/l or 16 mg/l
sulbactam was evaluated by killing curve methode Thltures were incubated at°@7in
normal atmosphere. The CFU counts were determifiediacubation for 6 and 24 hours. The
Fractional Inhibitory Concentration (FIC) index weadculated to classify the combined effect.
The applicability of the Etest method in synergstiodies was also evaluated.

Examination of biofilm production

The biofilm production of mucoidP. aeruginosastrains isolated from the respiratory tract
specimens of cystic fibrosis patients was investidian vitro by the Enzym-Linked
Lectinsorbent Assay (ELLA) according to Leriche.tékf standardisation of the method we
investigated the inhibition effect of clarithromgcon biofilm production (on those strains
which proved to be good biofilm producers). In teigeriment the method of Leriche was
changed as clarithromycin (to produce a solutioth w0, 100, 200, 300, and 400 mg/l final
clarithromycin concentrations) was solved in thétuze medium. After the daily washing
procedures with the clarithromycin buffer we addperoxidase conjugated lectin and
compared the inhibitory effect of clarithromycindontrol cultures.

Direct Etest examination of sputum

After cytological examination and mucolysis, 1@0of the sputum of cystic fibrosis patients
were plated on blood agar. Etest strips contaimimipseudomonal drugs were placed on the
culture plates and incubated for 18-24 hours a3 normal athmosphere. We determined
the MICs of differenf. aeruginosastrains, revealed the presence of multiresistaains and
examined the susceptibility of the normal florate corresponding antibiotics.

Antibiotic consumption

The annual wholesaler data on the community phayreales of antibacterials were collected
retrospectively for the 8-year period 1998-200%dRcts were classified and calculations were

performed according to the 2005 version of the Wettalth Organization ATC (Anatomical -
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Therapeutic - Chemical) DDD (Defined Daily Doseflén. For investigating the effect of
antibiotic consumption on penicillin and macrolidsistance o5. pneumoniaenly the oral
formulations were included in the analyses (bettala antibacterials [ATC code: JO1C] and
the macrolides, lincosamides [JO1F]). The natioewahtibiotic consumption and that of
Csongrad County were expressed as DDD per 1000itah&days.

Statistical analysis

All resistance data were collected retrospectifyn our laboratory database. Repeat isolates
from individual patients were excluded. Differenéeshe distribution of resistance patterns
were analysed by means of chi-square test and riSséxact test, as appropriate, using the
SPSS program package (version 13.0). A P valueDdi><was considered to be statistically

significant.

RESULTS
1. Results obtained during investigations of. pneumoniae isolates

Due to controversial data published in the ‘O0sutitihe penicillin resistance &.
pneumoniaeisolates in Hungary, a retrospective evaluation pehicillin, amoxicillin,
ceftriaxone and macrolide resistanceSfpneumoniaésolates was carried out. All clinical
isolates between 1998 and 2005 were retrieved frardatabase of our institute. During this
period the resistance determination methods suejést NCCLS/CLSI were used rigorously.
Until 2002 our data showed a much lower prevaleocdigh-level penicillin resistan§.
pneumoniaeisolates compared to those published by otheroasittnd could be found in
national databases. These discrepancies mightétodhe usage of different, not standardised
methods in the screening and confirmation of higrel penicillin resistant pneumococci in
many Hungarian laboratories.

During this 8-year period both inpatient and otigyd samples were included, but
the proportion of the patients and hence the nurobd¢he isolates in these two groups had
changed over time. Between 1998 and 2001 (Periodrl)aboratory provided a service almost
exclusively for the different clinical wards andr fineir outpatient departments, while from
2002 (Period Il) increased number of samples wen¢ By general practitioners and from the
recently merged general paediatric hospital. Thieseges resulted in an increase in the total
number ofS. pneumoniastrains isolated from outpatients, especially fronildren. During
the 8-year period 2678. pneumoniaestrains were isolated from different samples. 1267
strains were derived from inpatients, great majo(883 strains) from children (agedl4&
years). The frequency distribution of strains wiijh-level or low-level penicillin resistance

varied considerably between the two periods. Trevglence rate of high-level penicillin-
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resistantS. pneumoniaestrains decreased from Period | to Period Il, despf the same
detection methodologies that were used. Among tBey8ar old children, both in inpatients
and outpatients, the prevalence rates of high-lpeeiicillin-resistantS. pneumoniastrains
were considerably lower in Period Il compared toideel (20% vs. 4% and 21% vs. 2%,
respectively). A similar trend was seen among thars isolated from 3-14 year old patients
Among the isolates obtained from adults (>14 yeatis¢ prevalence rate of high-level
penicillin-resistant strains were low in both peSo(8.7% vs. 2.5%). The amoxicillin and
ceftriaxone resistance was rare during the whaldystThe erythromycin and clindamycin
resistance of the isolated strains were continyaarstl uniformly high.

The national penicillin (JO1C) consumption remairretatively stable between
1998 and 2005 (mean * SD: 8.45+0.51 DDD per 106@bitant-days), with a transient peak
in 1999, possibly in consequence of an influenzgébreak with concomitant bacterial
infections. The consumption of penicillins with emtled spectrum (JO1CA) gradually
decreased, while the usage of penicillins combinéti beta-lactamase inhibitors (JO1CR)
continuously increased. The consumption of theCJOI01CA and JO1CR subgroups in
Csongrad County exhibited similar trends and wersequently slightly higher compared to
national values. The consumption of macrolides Bmebsamides (JO1F) rose in Hungary
through the years, as well as in Csongradd Counhe @ntibiotic consumption and the
prevalence rate of penicillin resist&htpneumoniastrains are not associated.

Sero-types of 57 randomly select8d pneumoniaésolates were determined. The
sero-types of the strains recovered from 0-2 y&hchildren were identical in 95% with those
present in the conjugated pneumococcus vaccinefaséide immunisation of this population.
The isolates obtained from children above 2 yefemge showed identity in 97% with the the
serotypes of the corresponding vaccine.

We also collected nasopharyngeal samples from ¥ty children attending 4
different day-care centres (two situated in thetreeof the city and two situated outside of the
city). Thirty three percent of them we8 pneumoniaearrier. An interesting observation is
that children attending day-care centres in thg o@ntre harboure®. pneumonia@nly in
11%, whereas in those attending suburban day-emtees the carriage rate was 29%. Of the
35 strains, only one had an MIC of 4 mg/L for pdhic and an MIC of 1 mg/L for
amoxicillin. An additional 13 strains had an MICr fpenicillin between 0.125 and 1 mg/L,
corresponding low-level penicillin resistance. Rélim resistance was more frequent among
children attending day-care centres in the citytregenpresumably due to more frequent
antibiotic use. None of th®. pneumoniastrains were resistant to ceftriaxone. Fourtesminst
were resistant to erythromycin and clindamycin afi.w
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We also investigated the vitro activity of cefditoren-pivoxil, a new3generation
cephalosporine against 35 isolates obtained fromit pdtients with pneumonia and against 93
S. pneumoniastrains recovered from children with upper regpisatract infection. In this
later group the prevalence rates of high-level lamdlevel penicillin resistan§. pneumoniae
strains were very high (54% and 22%, respectivélyle MIC values for cefditoren-pivoxil
were much lower than the average serum levelsraddid with the regular doses. According to
these, cefditoren-pivoxil could be a useful altéinein the treatment of infections caused by

high-level or low-level penicillin resistant strain

2. Results obtained during the investigation oP aeruginosa strains isolated from samples
of cystic fibrosis patients.

Twenty four patients - treated in a special CF atigmt clinic in Szeged - were
monitored between July 1999 and June 2001. Therugmek lower respiratory tract samples
were cultured to detect the appearance or contswpoesence of potential respiratory tract
pathogens. During this perid@. aeruginosawas isolated most frequently. In 1999 38%, in
2000 33% and in 2001 36% of the patients were ésdohwithP. aeruginosaThis means that
there was a permanent risk for colonisation anecitidncaused by. aeruginosa

An in vitro model was developed to detect the biofilm formmatd P. aeruginosa
isolates. Mucoid colonies - isolated from cystibrdisis patients - were selected for these
experiments. To standardise the method we detedhtime optimal duration of the biofilm
formation, the culture conditions and the signadtey. In this model it was possible to
measure and quantify the biofilm formation inhibiti effect of clarithromycin. During the
selection of proper drugs to treat already colahisgstic fibrosis patients, it is mandatory to
differentiate varioud®. aeruginosasolates with different resistance patterns. A reure
technigue and a direct antibiotic resistance detertion method were introduced. We applied
this method to the lower respiratory tract specisnehsymptomatic cystic fibrosis patients in
order to determine the most suitable antibiotiatimeent to kill mucoidP. aeruginosaand to
save the normal respiratory tract flora. This mdthoas also suitable for the direct

differentiation of colonising bacteria with diveraetibiotic resistance patterns.

3. Prevalence of the ESBL producingEnterobacteriacae strains isolated from the lower
respiratory specimens of different patients.

We evaluated the clinical relevance of culture ltssobtained by different lower respiratory
tract sampling methods. We confirmed the advantafgsrotected bronchoalveolar lavage
(miniBAL) over the tracheal aspirates. The culttesults of lower respiratory tract specimens
obtained between July 1997 and October 1999 bynimeBAL method and by tracheal
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aspirates were compared. During this period 63pttihad hospital acquired pneumonia. Out
of the 95 miniBAL samples 49 were positive and allé&§6 pathogens were isolated. When the
culture results of the tracheal aspirates were ewetpto those obtained by the miniBAL
identical species isolation was found only in 68%e can conclude that the invasive sampling
method (miniBAL) can not be replaced by the trathspirate in case of the intubated patients
with hospital acquired pneumonia as prolonged hakpiay may result in colonisation of the
upper respiratory tract with bacteria and may léadalse isolation results with tracheal
aspirates.

Between 2002 and 2005 the resistance patternsash®egative pathogens isolated
from the lower respiratoty tract of patients witbsocomial pneumonia were evaluated with
special emphasis on resistance to beta-lactam iatit® The extended spectrum beta-
lactamase (ESBL) production was tested by diffedetection methods. The number of the
ESBL producing Gram-negative strains did not diffigmificantly during the study period, and
no dominant ESBL producing strain was found.

4. Investigation of antibiotic synergisms in the cse of Gram-negative respiratory tract
pathogens.

During the routinen vitro testing of antibiotic resistance by disc diffusinethod a
synergistic effect was observed between cefopesmzord amoxicillin/clavulanic acid. For
further investigation of this phenomenon chequembdération and killing curve methods
were used to investigate the combined effect obpmfazone-clavulanic acid as well as
cefoperazone-sulbactam combinations agairist@li and 9K. pneumoniastrains producing
different types of beta-lactamases (TEM and SHW effect of the cefoperazone/clavulanic
acid combination was superior to that of cefopemazsulbactam, so this could be a suitable
combination in the treatment of infections causgdbleta-lactamase (TEM or SHV-type)
producing Gram-negative bacteria.

110 clinicalP. aeruginosasolates were evaluated by the Etest methodolodint
effective antibiotic combinations. Thirty isolatesoved to be ciprofloxacin resistant of which
26 were multi-resistant (resistant t8 grugs with antipseudomonal activity). Accordiogtie
FIC index the ceftazidime/ciprofloxacin and pipélffladamikacin combinations were
synergistic against 10 strains, while the pipeliadiiprofloxacin combination was synergistic
against 7 strains. In case of ciprofloxacin-intednate resistant or ciprofloxacin susceptible
strains these synergistic effects were less frefjuéound. Our results show that Etests are
very practical for routine everyday use as rapiditro data can guide the clinicans to find

effective antibiotic combinations for the treatmehinfections.
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5. Investigation of resistance mechanisms of betadtam-resistant Gram-negative
bacteria belonging to the Enterobacteriaceae group

Clinical isolates oK. pneumoniag170), E. cloaceag82) andS. marcescenfl5)
were investigated for the beta-lactamase product@ut of the 267 isolates 109 (41%)
harboured one or more beta-lactamase genes. Thepmslent ESBL-types among thke
pneumoniaestrains were SHV-2 and SHV-5, whereas among Eheloaceaestrains the
inducible Class C beta-lactamase was detected 3. 9%1eS. marcescenstrains - isolated
from a nosocomial epidemy (12 clinical and 3 enwvinental isolates) - were investigated by
molecular methods. The PCR-SSCP analysis suggdsied4S. marcescenstrains not only
produced the Class C, inducible chromosomal betafisase, but also acquired a plasmid-
mediated SHV-2 type ESBL. The in vivo transfer 8A\&2 gene was assumed from an SHV-2
positive K. pneumoniaestrain present simultaneously in the same patienthe hospital
environment, mostly in the case of respiratory ttradections, we have to take into
consideration the accumulation of multiple resistamechanisms coded by chromosomal or

plasmid genes and the inter-species gene transfer.

CONCLUSIONS

S. pneumoniaethe most frequent causative agent of communityuised
pneumonia and upper respiratory tract infectionsy nteve severe, life-threatening
consequences. Our retrospective evaluation of jiemicamoxicillin, ceftriaxone, and
macrolide resistance ob. pneumoniaestrains showed that the prevalence of high-level
penicillin resistant strains was very low (5.58%pecially in adult patients (4%) and among
invasive isolates (3.8%). Low-level penicillin retsince were 37% and 39% in the isolates
obtained from inpatients and outpatients. Througtibis 8-year period we rigorously used
internationally accepted methodologies for the estily and confirmation of resistances.
These data differ greatly from those reported mesly in Hungary. Resistance to amoxicillin
(that is extensively used for the treatmenSopneumoniafections) and to ceftriaxone (that
is used for the treatment of severe invasive ifdas) were 2.62% and 1.12, respectively.
However the macrolide resistance was continuousgly uring the study period, which means
that macrolides can not be used for the empiratitnent ofS. pneumoniamfections.

The carriage rate &. pneumonia@ children attending day-care centres was 33%.
Resistance to penicillin, amoxicillin, ceftriaxorsed macrolides was similar to that found

among clinical isolates.
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The investigation of the serotypes of randomly el clinical S. pneumoniae
isolates showed that 95% and 97 % of the serotyjges covered by the respective vaccines
used for the immunisations. According to this, inmisation programmes may prevent severe
consequences &. pneumoniamfections in Hungary.

Our study shows that the neW generation cephalosporine, cefditoren-pivoxil is
very active against both high-level and low-levehigillin resistanS. pneumoniastrains. The
MIC values of cefditoren-pivoxil were much loweraththe average serum levels obtainable
with the regular doses. According to these cefditepivoxil could be a useful alternative for
the treatment of infections caused by high-levdburlevel penicillin resistant strains.

With the development of aim vitro method we were able to detect the biofilm
formation ofP. aeruginosastrains that are frequently colonising the airwaf/systic fibrosis
patients. With this method we could provide uséffbrmation about the inhibitory effect of
macrolides (clarythromycin) on biofilm formation.yBising the direct antibiotic resistance
detection method - carried out with Etests - wefvalp to find the most appropriate antibiotics
that are able to kill the simultaneously detectethpgen colonies and strains with diverse
antibiotic resistance patterns while preservingrtbenal flora.

Gram-negative bacteria belonging to theterobacteriaceagroup are the most
common pathogens of ventilator-associated pneuramgjaired in intensive care units. To get
clinically relevant culture results, the usage oiiBAL instead of tracheal aspirate is
recommended in case of intubated patients. ScrgehénESBL production of respiratory tract
pathogens helps to select effective empiric thefapyhese patients. The appearance of ESBL
producing strains urge the restrictive use of gettata-lactam antibiotics. As ESBL producing
Gram-negative bacteria were rarely isolated inintensive care units it can be regarded as a
success.

In vitro methods are available to investigate tlygesgistic effect of antibiotic
combinations. We confirmed that synergistic effefatefoperazone and clavulanic acid against
beta-lactamase producing Gram-negative bacterguperior to the cefoperazone-sulbactam
combination. The chequerboard titration and thdinkil curve method used for these
examinations are time- and labour-consuming methadsaore suitable method for the every
day routine, the Etest methodology was evaluatedcampared to the classical methods. The
synergistic effect of different antipseudomonalilzitdtic-ciprofloxacin combinations were
proved by this method even in case of multi-restfa aeruginosastrains. The efficacy of the
combinations (FIC index) was highly dependent an ittolate, on the level of the resistance
and on the combined antibiotics. Individual testisgnecessary to guide therapy caused by
multi-resistant strains.
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To investigate the genetic background of beta-fact@sistance is extremely
important as beta-lactamase genes present on plasmay easily spread in the hospital
environment. On the other hand chromosomal geneslhas plasmid genes mutate according
to the antibiotics used in the wards. Our data ioonthe widespread presence of TEM and
SHV genes among clinical Gram-negative isolate® filygh co-prevalence of the inducible
chromosomal and stable derepressed beta-lactaraass @E. cloaceaavas also confirmed.

In a nosocomial epidemy the in vivo transfer of SPI\gene was assumed from an SHV-2
positiveK. pneumoniaestrain into aS. marcescenstrain producing a Class C beta-lactamase.
The presence of both strains could be confirmetthénsame ward, in the same patient and at

the same time.
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