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3. Introduction

Eradication of infectious diseases is constantly challenged by micro-organisms that develop new
survival strategies. Previous studies suggest that mutational events play a predominant role in
bacterial adaptation and confer a selective advantage [1, 2]. Early experiments detecting mutators
used mutagenized laboratory strains of bacteria, which coupled with different selection
strategies. LeClerc et al reported high mutation frequency among Escherichia coli and
Salmonella pathogens, challenging the theory that mutators were rare among bacterial
populations [3]. These findings demonstrated that natural populations could respond to
environmental selection in two ways, i.e. by enhanced mutation frequencies and by

recombination.

Proteins involved in the DNA mismatch repair pathway (methyl-directed mismatch repair
(MMR)) help to replace nucleotides introduced erroneously into the replicated DNA and also
hinder recombination between non-identical DNA sequences. Deficiencies in any of the DNA
mismatch repair pathway mechanisms can lead to a hypermutator phenotype. Transient mutator
status, which involves reversion or recombination within the mutator alleles or depletion of the
MMR system proteins, allows the organism to temporarily benefit from the elevated mutation
frequency for adaptation while reducing the risk of accumulating deleterious mutations. Using a
mathematical model, Rosche & Foster (1999) showed that transient hypermutators play a role in

adaptive mutation in E. coli [4].

The idea to investigate the association between hypermutation and biofilm forming capacity as
well as antibiotic resistance in urinary tract infections (UTI) was based on several observations.
The elevation of antibiotic resistance is a global problem, which affect most of the antibiotics
used in UTI. E. coli hypermutators more frequently found in UTI than in other origin [5]. Both
biofilm formation and acquisition of antibiotic resistance in urinary tract infections have an
extensive literature. There is one clinical entity, in which significant relation between
hypermutation and antibiotic resistance or between hypermutation and biofilm exists, namely
cystic fibrosis (CF) lung infection. In CF the alveoli and bronchioli are blocked by a thick

secretion, which is colonized and infected by bacteria. This mucus leads to the formation of



bacterial microenvironments known as biofilms in the long run, which protect the pathogen

against the penetration of antibiotics making infection even more difficult to eradicate.

Chronic infection, bacterial adaptation, presence of persisters and transient mutators, protection
against antibiotics and antibiotic pressure are the phenomena which are both present in CF lung
infection and in UTI, making these two entities similar in a certain respect. This gave me the idea
to investigate hypermutation, biofilm formation and antibiotic resistance in the context of urinary

tract infections.

3.1 Hypermutation

3.1.1 Molecular mechanisms of hypermutation - DNA repair

Siegel & Bryson discovered the mutS gene in an azaserine-resistant derivative of E. coli had a
mutator phenotype and carried a deletion in the mutS gene [6]. The majority of naturally
occurring strong mutators have defects in the MMR system; the mutations are mainly in mutS
[7], but deletions in genes encoding beta-clamp proteins [8] and in mutH, mutL and mutU (uvrD)

have also been described (Figure 1.).

Inactivation of basal excision repair genes, e.g. mutY, mutM, mutT, can also cause a major
increase in mutation rate. MutY, MutM and MutT reduce the level of 8-oxo-dG, and MutD
supplies proofreading activity. In Bacillus anthracis, the mutY and mutM single knockouts are
weak mutators by themselves, but the mutY mutM combination results in very high mutation
rates due to G: CAT : A transversions [9]. Bacterial strains that are unable to perform any of
these activities are unable to repair mismatches and, consequently, their mutation frequency

increases.


http://en.wikipedia.org/wiki/Biofilm
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Figure. 1. MMR system DNA repair mechanism. Adapted by permission from Macmillan
Publishers Ltd: EMBO J (Jiricny, 1998), copyright 1998; and by permission from Annual
Reviews (Schofield & Hsieh, 2003). The initiation of mismatch repair requires MutS, MutL and
MutH; the latter generates a nick in the unmethylated strand of a nearby hemimethylated
d(GATC) sequence. Both MutS and MutL are dimeric ATPases: MutS recognizes and binds the
mismatch and recruits MutL, which binds the MutS— mismatch complex. The endonuclease
MutH is stimulated to catalyze endonucleolytic cleavage at the unmethylated d(GATC) site in
the presence of MutL and MutS. DNA unwinding is then initiated at the nick by DNA helicase |1
(UvrD) and the repair itself is catalyzed by the DNA polymerase 111 holoenzyme.
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Mismatch repair systems are highly conserved in bacterial populations and evolved from
common ancestors, i.e. the Hex system in Gram-positive Streptococcus pneumoniae and the Mut
system in Gram-negative E. coli and Salmonella enterica serovar Typhimurium. There is
homology between HexA and MutS and between HexB and MutL in Streptococcus pneumoniae

[10, 11] and Saccharomyces cerevisiae [12].

Disruptions of genes other than mut can also result in a hypermutator phenotype. For example,
DNA adenine methylation by DNA adenine methyltransferase (Dam) plays an important role in
DNA replication, gene expression regulation and DNA methylation for strand discrimination
during mismatch repair [13]. Strains deficient in Dam are hypersensitive to DNA-damaging
agents or reactive oxygen species [14]. Insertional inactivation of dam and/or drg (damreplacing

genes) results in hypermutator phenotypes [15].

Other mutants with inactivated DNA repair genes have also been reported. These include isolates
with inactivation of the alkylation damage repair gene ada/alkA in several Mycobacterium
tuberculosis isolates and in one Mycobacterium bovis strain [16] and E. coli isolates with an
inactivated dnaQ gene, which encodes the epsilon subunit of DNA polymerase 111 [17].

Recently, Rodriguez-Rojas & Blazquez looked for additional genes involved in hypermutability
by screening a Pseudomonas aeruginosa library with random insertions. Mutational inactivation
of pfpl, which putatively encodes a member of the DJ-1/ThiJ/Pfpl superfamily, was found to
confer a hypermutator phenotype [18].

3.1.2 Molecular mechanisms of hypermutation — Recombination

Recombination requires the genetic recombination genes recB, recC, recD and recA, which are
part of the bacterial RecBCD recombination system. These proteins generally require near-
perfect homology between the two complementary DNA strands, but this requirement is greatly
relaxed in MMR-deficient mutants. Recombination-deficient recA and recB null mutant strains
are deficient in adaptive reversion. A hyper-recombinogenic recD strain is hypermutable, and its
hypermutation depends on functional recA and recB genes (Harris et al., 1994) [19]. Worth et al.
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(1994) showed that MutS abolishes recA catalyzed strand transfer between the DNA of the fd
and M13 bacteriophages, which vary by 3% at the nucleotide level, but has no effect on M13-
M13 or fd—fd exchange [20]. Although MutL has no effect on M13—fd heteroduplex formation,
the protein dramatically enhances inhibition of MutS-mediated strand transfer. Analysis of
strand-transfer intermediates that accumulate in the presence of MutS and MutL indicates that
the proteins block branch migration, presumably in response to mispairs within the newly formed
heteroduplex. Transduction between Salmonella typhimurium and Salmonella typhi is blocked by
the activity of the recipient’s mismatch repair system, which senses sequence divergence and

disrupts heteroduplexes in favor of recipient sequences [21].

3.1.3 Determination of mutation frequencies

All the mutations present in a given population at a chosen time can be measured by determining
the mutation frequency in distinction to the “mutation rate”, which is frequently used in the same
manner, but refers to the rate of mutation within the genome per generation [22]. Usually the
mutation frequency of a bacterial population is of the order of 10° to 10’, but numerous studies
have described organisms which exhibit permanent mutation frequencies 10-1000-fold or even
higher than the median value of their bacterial population, including clinical pathogens and
animal sources [5] [23] [24]. These clones are termed as hypermutators. In order to better define
the medium value of mutation frequencies for bacteria with a hypermutator phenotype,
polymorphisms in rifampicin resistance genes have been studied by Baquero et al, who defined 4
categories of E. coli strains according to their findings on mutation frequencies (f), and named
them as hypomutable (f < 8x10°°), normomutable (8x10 < f < 4x10°®), weak mutator (4x10°® < f
< 4x10™), and strong mutator (f > to 4x10™) [25]. Denamur et al proposed that a strain should be
considered a mutator strain when the frequencies of mutations that conferred resistance to
rifampicin were 10-fold higher than the median value of mutagenesis observed for all the studied
strains (these were termed ‘10-fold mutators’). Strains that displayed a >50-fold increase in
mutagenesis were considered strong mutators (50-fold mutators) [5]. E. coli is far the most

frequent pathogen in UTI, followed by other species of the Enterobacteriaceae family. The
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former is investigated in detail, but data about the mutation frequency of the latter group was

missing in the literature.

3.2 Hypermutator incidence in urinary tract infections

Hypermutators make up about 0.1% of the natural E. coli population [3], but this incidence is
sometimes higher in clinical strains [5, 25]. Denamur et al studied a population of 603 E. coli
strains, some commensal (i.e. fecal samples collected from healthy unrelated human subjects)
and some pathogenic (from patients with bacteraemia, from patients with UTIs, enteroinvasive or
enterohaemorrhagic pathogens, or from newborn meningitis) [5]. They found no significant
difference in the frequency of mutators between the two groups. However, mutator strains
occurred significantly more frequently among UTI strains. These results were confirmed by
Baquero, who found a higher frequency of weak mutators in urinary tract isolates (25 %) and in
blood isolates (38 %). Studying 696 E. coli strains from patients with UTIs in Sweden, Denmark
and Spain he found that 23% were weak mutator and 0.7% was strong mutator [25]. The
proportion of weak mutators among the Danish isolates was significantly lower than in the
Spanish blood isolates, indicating geographical differences in the mutation frequency distribution

profiles.

3.3 Hypermutation and biofilm formation

The initial goal of this thesis was to show a possible relationship between hypermutation and
antibiotic resistance in UTI. After the first results | started to collect the literature when | realized
some possible similarity between the microenvironment of CF lung infection and of urological
biofilms. It is now evident, that P. aeruginosa isolated from respiratory samples in patients with
cystic fibrosis showed a higher proportion of hypermutable strains in biofilms. So we decided to
do a pilot study about the biofilm formation feature of the samples which we could compare with
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the hypermutation and resistance feature. Since we observed some promising data, we have done

an adhesion test as the initial step of biofilm formation for the whole series.

The ability of microorganisms to adhere to surfaces is influenced by electrostatic and
hydrophobic interactions, ionic strength, osmolality and urinary pH [26, 27]. Several theories
have been put forth to explain the complex interaction that occurs as a microbe approaches and
then attaches to a surface. However, the precise mechanisms of attachment to biomaterials are

still under investigation.

In order to react to a surface or an interface like an air-water interface, bacteria must be able to
’sense’ their proximity to these surfaces. The planktonic ’free-floating’ bacterial cells release
both protons and signaling molecules as they move through the bulk fluid. These protons and
signaling molecules must diffuse radially away from the floating cell, if not adjacent to any
surface or interface. But a significantly higher concentration of either protons or signaling
molecules can develop on the side of the bacterial cell close to any surface. This allows the cell
to sense that it is near to a surface because diffusion is limited on this side [28]. After the
planktonic bacterial cell has sensed the surface, it may commit to the active process of adhesion

and biofilm formation.

There is no single process or theory, which can completely describe microbial adhesion. The
initial adhesion is reversible and involves hydrophobic and electrostatic forces. It is followed by
irreversible attachment provided by bacterial polysaccharides which anchor the organisms to the
surface. Subsequently, colonization takes place in accordance with species’ factors, such as slow
migration and spreading, rolling, packing and adhesion. A developed biofilm consists of groups
of microorganisms, sometimes in mushroom-like forms, separated by interstitial spaces that are
filled with the surrounding fluid [29]. The growth rates of organisms on a surface as well as the
strategies used by microorganisms to spread over a surface are important for colonization. These

strategies are species specific and can influence the distribution of a biofilm on a surface [30].

Mutator phenotypes in P. aeruginosa can enhance microcolony initiation and growth during
biofilm formation. It is showed that bacteria within microcolonies exhibit enhanced mutation

frequencies and vice versa, bacteria with an elevated mutation frequency can exhibit enhanced

14



microcolony development. Microcolonies are foci of cell division and growth within biofilms

[31], which may explain why mutations are localized within microcolonies of biofilms.

3.4 Hypermutation and antibiotic resistance

The increasing resistance of the most common uropathogens against the majority of antibiotics
used in UTI is a global problem. The mechanism of Enterobacteriaceae acquiring resistance has
been widely studied and many of the modalities have been described. If mutators have a role in
the emergence of antibiotic resistance under natural conditions, such strains are expected to
occur in natural populations, including clinical specimens [8]. Although the relationship between
hypermutability and the acquisition of antibiotic resistance has been extensively investigated, the
evidence of the association among different species remains conflicting except for cystic fibrosis
[25, 32]. From the available data, it is still not clear whether high mutation frequencies are
particularly important for the global evolution of pathogen populations, including antibiotic
resistance acquisition [3, 33-35].

4. Hypoteses and objectives

4.1 Hypoteses

(1) Clones of the most common uropathogens belong to the Enterobacteriaceae family with

hypermutable phenotype are more likely to be resistant to antibiotics.

(2) The higher the mutation frequency of the studied population the greater the ability to initiate

biofilm formation.
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4.2 Objectives

(1) To show the frequency of mutation for the first time in a highly diverse collection of
Enterobacteriaceae strains collected from urine of UTI patients and from blood stream isolates.

(2) To investigate the capacity of strains to initiate biofilm formation.
(3) To explore the relationship between mutation frequency and biofilm formation.

(4) To determine the antibiotic resistance of the isolates against the most common antibiotics
used in UTI.

(5) To show a possible link between hypermutable strains and acquisition of antibiotic resistance.

5. Material and Methods

5.1 Bacterial strains

A total of 4000 clinical strains were screened for Enterobacteriaceae species admitted to the
Urologic and Nephrologic Department of Pontchaillou University Hospital, in Rennes, France

from January to December 2007. Samples with polymicrobial results were excluded.

The next step was the duplication of each strain in order to get the collection for the research.
Agar medium was used to check the purity of the strain, than they were conserved on -80°C. The
special deep-frozen medium contains pearls (15-20 pieces) (Cryobank TM Mixed (4x16), Mast
Group Ltd, Bootle, Merseyside UK), each of which is sufficient for reproducing the baseline
strain and gave the opportunity to repeat the dilution procedure three times or to repeat any case
of questioned result. For the security of conserving the strains for one year and avoiding an

unexpected event, deep-frozen samples was made in duplicate and held separately.
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The blood samples were selected and studied by the institute followed the protocol I used for the

UTI samples and the results were provided for further analysis.

5.2 Pulse-field gel electrophoresis (PFGE)

Preparation of the cellular DNA for PFGE followed the protocol of Allardet-Servent et al with
minor modifications [36]. DNA contained in agarose plugs was restricted for 4 h with Sfil
endonuclease (20 U) (New England BioLabs® Inc.) for Proteus mirabilis strains and with Xbal
(40 U) (New England BioLabs® Inc.) for all other species. Electrophoresis was performed at 6
V/cm with a field angle of 120° for 22 hours with a switch time of 5 to 35 s at 14 °C and 24
hours at 30 to 70 s at 14 °C for P. mirabilis using a contour-clamped homogeneous electric field
DR 111 apparatus (CHEF-DR Ill, BioRad, Ivry-sur-Seine, France). Bacteriophage lambda DNA
ladders (Sigma) were included as size standards. Gels were then stained using SYBR® Green |
(Lonza Inc.) and photographed under ultraviolet light (Picture 1.). PFGE patterns were compared
by calculating the Dice correlation coefficient with the Gel Compar 11 software (Applied Maths,
St-Martens-Latem, Belgium) and were clustered into a dendrogram using the unweighted pair
group matching method (tolerance, 2.0%) (Figure 1.). Two isolates were considered genetically
related if their Dice coefficient was 85% or higher. Solely the unique patterns were considered
for the statistical analysis.
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Picture 1. Photograph of DNA particles under ultraviolet light after PFGE.
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5.3 Determination of mutation frequencies

Bacteria from the strain collection were spread onto agar plate (soy tryptase, TS) 18 hours (h), at
37°C to verify the purity of the strain. One isolated colony is incubated in 10ml Luria Bertani
(LB) broth for 18h, at 37°C, continuously stirred at 150 rpm. Serial dilutions of the preculture
made in sterile distilled water (10ml) 10" 102 10° 10 10 10° 10”7 and 10°® respectively. Then
100pL of dilutions 10° and 10 are spread onto agar LB + rifampicin, and 10, 107 and 107

onto agar LB without rifampicin (Figure 2.).

The mutation frequency corresponds to the number of bacteria resistant to rifampicin / the total

number of bacteria:

Nx10"+Nx 10?

_ 2
Nx10"+Nx10°
2
1 colony 1ml
/\ /_\ Tm 1ml 1m 1m 1m 1ml
LB agar B /\/‘\ /'\

24 hours

incubation for
24 hours

N7 N\
&3
incubation for
9ml
10_1'% 10° 107

0,1ml 0,1 ml 0,1ml 0,1 ml

| | |

SR &

LB agar + rifampicin LB agar

Figure 2. Serial dilution method for mutation frequency counting.
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The number of colonies was counted and mutation frequencies were estimated. We used two
methods for the evaluation of mutation frequencies. We considered the categorization described
by Baquero, where a strain determined as normomutable when the mutation frequency (f) was
equal or close to the modal point of the distribution of mutation frequencies. The results for the
different species were categorized as previously described for E. coli strains. If the value is less
than or equal to (N <) 8x107°, it means that the bacterium is hypomutable, if the value is 8x10™° <
N < 4x107, it means that the bacterium is normomutable, when it is 4x10® < N < 4x107, itis a
week mutator, and finally, if it is N > to 4x107, it means that the strain is a strong mutator [25].
According to Denamur et al, strains displaying a > 50-fold increase of the median value of

mutagenesis were considered strong mutators and a 10- to 50-fold increase as weak mutators [5].

The experiment was repeated in triplicate. The results were related to the mean value obtained
from three independent cultures of about 10° CFU/mL. When mutation frequencies were > 4 x
10, mutation frequencies were also tested with lower (about 10’ CFU/mL) or higher (about 10°
CFU/mL) inocula and, if necessary, with another antibiotic (fosfomycin 30 pg/mL), to eliminate

the possibility of ‘jack-pot” emergence that might disturb the calculation of mutation frequencies.

5.4 Biofilm formation

The initiation of biofilm formation was assayed using polystyrene microtiter plates, as described
previously, with some maodifications [37]. Specifically, one fresh colony of each strain was
inoculated into 10 mL tryptic soy (TS) broth and cultured for 2 h. Samples (150 pL) of
exponential-growth-phase bacteria were removed and incubated overnight (18 h) at 37 °C in 96-
well microtiter polystyrene plates (Falcon MicrotestTM 96; Becton Dickinson, Meylan, France).
After removal of the medium, crystal violet (0.4% solution; 150 pL) was added to the emptied
wells to stain the biofilm if present. The biofilm was quantified at least in triplicate for each
sample. Streptococcus gordonii (strain ChallissATCC 35105/CH1/DL1/Vv288) and bovine
Salmonella Heidelberg B182 [24] were used as positive controls. Escherichia coli HB 101 and
sterile TS culture broth were used as negative controls. The mean OD570 nm value (ODm) was

calculated for three wells. A cut-off value (ODc) was established as three standard deviations

20



above the mean OD570 nm of the three negative controls in each plate. Biofilm production was
calculated as the ODm/ODc ratio as recommended by Stepanovic et al [37]. The studied strains
were classified into four categories: no biofilm producer (ratio < 1), + biofilm producer (1 < ratio
< 2), ++ biofilm producer (2 < ratio < 4) and +++ biofilm producer (ratio > 4). The raw value of

the ratio was used for the correlation calculations.

5.5 Susceptibility testing

Susceptibilities of commonly used antibiotics for treatment of urinary tract infections or surgical
prophylaxis (nalidixic acid, ciprofloxacin, norfloxacin, cefalotin, cefoxitin, ceftazidime,
cefotaxime, fosfomycin, gentamicin, amoxicillin, amoxicillin+clavulanic acid and
cotrimoxazole) were determined at admission, using agar diffusion and E tests methods,
according to the current CASFM (Comité de I’Antibiogramme de la Société Frangaise de
Microbiologie (2007) and CLSI (Clinical and Laboratory Standards Institute, formerly NCCLYS)
guidelines 2007. AmpC overproducers were detected by their characteristic antibiotype, namely
resistance to all beta-lactams except carbapenems and cefepime with no influence of clavulanic
acid on MIC values of cefotaxime and cefepime. Production of extended spectrum beta-
lactamases (ESBL) was detected using double-disk synergy assay and E-tests (ESBL E-test, AB
Biodisk).

5.6 Statistical analysis

Continuous data were expressed as mean values + standard deviation or as median and percentile
25 and 75, and discrete data as percentages. Comparisons between two groups were performed
by two-sided Fisher’s exact test for count data or the Mantel-Haenszel chi-square test for
stratified data or Student’s t and chi-square tests, P value of <0.05 was considered as statistically

significant. For the purpose of analysis, “non-susceptible” count included both the intermediate
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and resistant categories. Statistical analyses were performed with the SPSS software (SPSS Inc.,

Chicago, Illinois, USA).

6. Results

6.1 Pulse-field gel electrophoresis (PFGE)

Three-hundred sixty-nine clinical strains of Enterobacteriaceae were selected from urine samples

of 218 patients for further analysis after purity examination and the exclusion of polymicrobial

samples. The evaluation of PFGE determined 222 unique clones (isolated from 195 patients).

Four, 3 and 2 different clones were isolated from the same patient in 1, 7 and 18 cases,

respectively. Two patients harbored a strain with identical PFGE pattern, mutation categories and

susceptibility values to another patient’s. One of each of these duplicated clones was excluded

from the analysis. There were 15 patients who had more than one identical clone from which we

used the first one. The remaining 222 different Enterobacteriaceae strains from urine samples

together with the 213 blood isolates were distributed as indicated in table 1:

Ne of isolates with unique PFGE pattern

Species
Urine Blood

E. coli 161 149
K. oxytoca 7 11
K. pneumonia 15 13
C. koseri 2 4
C. freundii 11 -
P. mirabilis 10 8
M. morganii 5 3
S. marcescens 7 6
P. rettgeri 4 -
H. alvei - 2
E. aerogenes - 2
S. enterica Typhi - 1
E. cloacae - 14

Total 222 213
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6.2 Mutation frequencies

The mutation frequency distribution was calculated for the whole collection. According to
Baquero’s criteria, 10.3% hypomutable (f < 8x10°®), 64.8% normomutable (8x 10° < f < 4x10°®),
23% weak mutator (4x10® < f< 4x107), and 1.8% strong mutator (f > 4x10) strains was
revealed. One-hundred weak mutators (57 UTI and 43 BSI strains) and 8 strong mutators were
isolated [five UTI strains (one C. freundii and four E. coli) and 3 BSI strains (two E. cloacae and
one E. coli)] (Table 2.). The distribution pattern of mutation frequencies for the
Enterobacteriaceae collection without the E. coli strains showed close similarity to the
distribution of the E. coli strains (Figure 3.). In this collection of Enterobacteriaceae, a
submajority population whose mutation frequency was 1 x 10® (1 x 108 < f< 2 x 10®), and a
smaller subpopulation with a mutation frequency 10-fold higher (1 x 107 < f < 2 x 10°®) was
already described as normomutators and weak mutators [25]. Between these two populations,
strains have intermediate rates, mainly between 3 x 10® and 1 x 10”. To confirm the distinct
modal mutation frequencies and the threshold proposed by Baquero et al, the analysis has been
repeated and limited to strains with the characteristic rate of 1 x 10® and 1 x 107, respectively,
considered as normomutators and weak mutators. In this specific population, 115 strains were
normomutators (including 84 E. coli and 31 other Enterobacteriaceae; 63 from BSI and 52 from
UTI) with a mutation frequency between 1 x 10® and 1.98 x 10® We also found 27 weak
mutators (including 19 E. coli and 8 other Enterobacteriaceae: 8 from blood cultures and 19
from urine) with a mutation frequency between 1 x 107 and 1.91 x 10”. Mutation frequency
calculations using the criteria defined by Denamur et al helped to highlight 10-fold and 50-fold
mutator E. coli strains: for the whole collection, 4.1% of the UTI and 1.9% of BSI isolates were
10-fold mutators, while 0.9% of the UTI and none of the BSI isolates were 50-fold mutators [5].
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Figure 3. Distribution of the mutation frequencies to rifampicin resistance for 310 Escherichia
coli (black circles) and 125 other Enterobacteriaceae (white triangles) clinical strains. The
vertical lines indicate the thresholds proposed for E. coli by Baquero et al. (2004). The mutation
frequencies of E. coli and other Enterobacteriaceae species showed the same distribution, which

was similar to that presented in the paper by Baquero et al. (2004).
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Mutation frequency (f) Enterobacteriaceae Total

status™ species (No of isolates)

Hypomutable strains E. coli 29
£< 8x10° K. oxytoca _ 7
K. pneumoniae
C. koseri
S. marcescens
C. freundii
M. morganii
P. mirabilis
Total Hypo 45

Normomutable strains E. coli 203
-9 8 K. pneumoniae 20
Bx107 < f<4x10 P. mirabilis 10
E. cloacae 9
K. oxytoca
S. marcescens
M. morganii
C. freundii
P. rettgeri
C. koseri
H. alvei
E. aerogenes
S. enterica Typhi
Total Normo

Weak mutator strains E. coli
P. mirabilis
4x10°® < f< 4x10” K. pneumoniae
C. freundii
E. cloacae
K. oxytoca
S. marcescens
C. koseri
E. aerogenes
M. morganii
Total Weak

Strong mutator strains E. coli

R E. cloacae
£>to 4x107 >
2 to 4x10 C. freundii

Total Strong

ARIOIRLINOIEIRPIFRPIFRPININIWIRIOINININ|IFPIPINW R|OT|OY)|O©|©

Total

Table 2. Mutation frequency distribution according to Baquero’s criteria (2004).



6.3 Hypermutation and biofilm formation

Higher biofilm-forming capacity was observed in UTI strains than in BSI strains: 140/222
(63.1%) and 90/213 (42.3%), respectively (Table 3-4.). The results were similar for the E. coli
subpopulation in UTI strains (87/161; 54.0%) and BSI strains (71/149; 47.7%). The Mantel-
Haenszel chi-squared test for stratified data (with E. coli in stratum 1, and other
Enterobacteriaceae in stratum 2) gave a chi-square statistic = 18.4, a P-value < 0.001 and an
Odds ratio = 2.26; 95% CI [1.55-3.28]. As expected among the urease producer Proteus
mirabilis strains, 10/10 (100%) and 0/8 were biofilm producers in UTIs and BSIs, respectively
(P < 0.001). Of the Klebsiella pneumoniae isolates, which are also urease positive, 14/15
(93.3%) of UTI and 3/13 (23.1%) of BSI isolates were biofilm producers (P < 0.001). No
significant difference in biofilm production was demonstrated for E coli UTI strains (87/161;
54.0%) vs. BSI strains (71/149; 47.7%). Some biofilm-producing species (i.e. P. mirabilis) are
particularly isolated from urine during pyelonephritis associated with bacteraemia, compared
with digestive translocation or other origin. The great majority of K. pneumoniae UTI strains are
biofilm producers; however, this is not the case for BSI strains (urinary, pulmonary or digestive
origin) (Table 3A-B). In our series, only 35.2% of the BSI strains had a proven urinary tract

origin.
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Mutation frequency (f) Enterobacteriaceae

Urinary strains

No biofilm +Biofilm Total

status* species
producers** producers
Hypomutable E. coli 6 11 17
-9 C. freundii - 1 1
f=8x10 Total Hypo 6 12 18
Normomutable strains E. coli 45 54 99
-9 8 K. pneumoniae - 13 13
8x107 <1< 4x10 P. mirabilis i 3 3
K. oxytoca 1 5 6
S. marcescens 2 4 6
M. morganii 2 3 5
C. freundii 1 4 5
P. rettgeri 1 3 4
C. koseri - 1 1
Total Normo 52 90 142
Weak mutator strains E. coli 21 20 41
P. mirabilis - 7 7
4x1078 < f< 4x1077 K. pneumoniae 1 1 2
C. freundii - 4 4
K. oxytoca - 1 1
S. marcescens - 1 1
C. koseri - 1 1
Total Weak 22 35 57
Strong mutator strains E. coli 2 2 4
-7 C. freundii - 1 1
fzto4x10 Total Strong 2 3 5
Total 82 140 222
Table 3A.
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Mutation frequency (f) Enterobacteriaceae _Blood strains
_ No biofilm +Biofilm
status™ species Total
producers**  producers

N

Hypomutable strains E. coli

£< 8x10° K. oxytoca _
K. pneumoniae
C. koseri
S. marcescens
M. morganii
P. mirabilis
Total Hypo

Olw
(2~
[@NE_N|
=

Normomutable strains E. coli

8x10° < f < 4x10°8 K. pneumoniae
P. mirabilis
E. cloacae
K. oxytoca
S. marcescens
M. morganii
C. koseri
H. alvei
E. aerogenes
S. enterica Typhi
Total Normo

R NI RN N N R I I ER I ENEY

w | o1
= o
OOl
N B
o

Weak mutator strains E. coli
K. pneumoniae
4x10°® < f< 4x107 E. cloacae
K. oxytoca
S. marcescens
E. aerogenes
M. morganii
Total Weak

w |k [krkk| 0 (kNN G| a0 (RN w|o

1 [l L 1

RlRlRrlRrlwbdlwk R kNN Rl wo|N N R N R RN N N~ e

Strong mutator strains E. coli

) E. cloacae
£>to 4x10”7
=10 Total Strong

I NI
1
H

Total

Table 3B.

Table 3A-B. Mutation frequencies and ability to form a biofilm (on polystyrene plate) of a
collection of clinical Enterobacteriaceae species (n = 435), isolated from blood and urine

samples. * Categorisation according to Baquero’s criteria (2004). ** Biofilm production was
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calculated as the ODm/ODc ratio as recommended by Stepanovic et al.(2007). The studied
strains were classified into 2 categories: no biofilm producers (ratio < 1), +biofilm producers

ratio > 1). The raw value of the ratio was used for the correlation calculations.

Higher percentage of urine sample isolates presented in every level of biofilm production. The
largest difference between urine and blood strains experienced among the strongest biofilm

producers (Figure 4).

80% -

60% -

O Urine

40% -
@ Blood

% of strains

20% -

[ [

0% T T T —

No + ++ +++

Biofilm production level

Figure 4. Biofilm production level of Enterobacteriaceae strains: Comparison between strains
isolated from urinary tract infections (n = 222) and from bloodstream infections (n = 213).

Biofilm production was classified using a 4-group classification system [37].

There was no significant correlation (Pearson’s R correlation coefficient and P-values < 0.05
were considered statistically significant) between mutation frequency and the capacity to initiate
a biofilm (R = 0.030, Figure 5.), irrespective of the source of the strain (urine: R = 0.022; blood:
R =0.057) or the group of species (E. coli: R = 0.038; other Enterobacteriaceae: R = 0.020).
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Figure 5. Relationship between rifampicin resistance mutation rates and biofilm production for
435 Enterobacteriaceae strains: 222 from urinary tract infections (A) and 213 from bloodstream
infections (B). Biofilm production was calculated as the ODm/ODc ratio as recommended by
Stepanovic et al. (2007). The dotted vertical lines indicate the thresholds of mutation according

to Baquero et al. (2004).

The ability of the bacterial population to form a biofilm was then studied between the two main
peaks of mutation frequencies: 1 x 10® (1 x 10-8 < <2 x 10®) and 10-fold higher (1 x 107 < f<
1 x 10®). In the first group, the biofilm production, assessed by the DOmM/DOC ratio, ranged
from 0.49 to 20.04, with an average of 1.64 and a standard deviation of 2.16. In the second
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group, these values were 0.14, 4.13, 1.38 and 0.97, respectively. The number of strong mutators

(i.e. MMR deficient type) was very low and the genetic basis was not characterized.

The highly biofilm-producing strains were normomutators except one weak mutator (E. coli),
and 6 out of 7 had a urinary origin (three K. pneumoniae, two E. coli, one K. oxytoca and one S.
marcescens). Most of the P. mirabilis (7 out of 10) had a weak mutator phenotype, and all of
them were biofilm producers (one was +biofilm producer, five were ++biofilm producers, and

two were +++biofilm producers).

6.4 Susceptibility testing

Referring to a previous study in the same hospital, from May 2003 through April 2004, activity
of fosfomycin on E. coli appears unchanged, in hospitalized patients, in contrast to the increased
resistance rates to other antibiotics usually prescribed for UTI [38]. Resistance rate increased by
21% for amoxicillin, 9% for amoxicillin combined with clavulanic acid, 3.8% for third
generation cephalosporins, 15.5% for cotrimoxazole, 8,7% for first-generation quinolones, and
13.6% for norfloxacin, and 9,1% for ciprofloxacin (Table 4.). These results are in line with other
recent works [39, 40]. Seven strains harbored an extended-spectrum beta-lactamase (ESBL)

phenotype and 11 strains an overproduced cephalosporinase.

Year Cip Nor Nal Caz Ctx Cxt AC Amx Gen Fos Tsu
Overall 2007 180 225 230 81 81 113 563 689 54 63 347

Resistance
% 2004 8.9 14.3 473 479 6.0 19.2

Table 4. Comparison of antibiotic resistance in three years’ time from the same geographical
area. Amx: amoxicillin; AC: amoxicillin clavulanate; Ctn: cephalotin; Cxt: cefoxitin; Ctx:
cefotaxime; Caz: ceftazidime; Gen: gentamicin; Fos: fosfomycin; Tsu: cotrimoxazole; Nal:

nalidixic acid; Nor: norfloxacin; Cip: ciprofloxacin
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Fluoroquinolon-cotrimoxazole cross resistance in case of ciprofloxacin, norfloxacin and nalidixic
acid was 60%, 67,5% and 68%, respectively.

6.5 Hypermutation and antibiotic resistance

No significant difference in the distribution of mutator (strong and weak) and non-mutator
(normo and hypo) phenotypes was observed between the antibiotic resistant and susceptible
isolates for any of the tested antibiotics (Table 5A-B.), neither if we examined the samples as a
whole, nor as species by species. The number of strong mutators was too low to demonstrate a
possible relationship between antibiotic resistance and acquisition of a strong hypermutator
phenotype, although strong mutators were more frequently found in resistant strains, particularly:
i) for quinolones, ii) a little for cefotaxime-ceftazidime, and iii) importantly for gentamicin. The
percentage of mutators is almost the same among resistant and susceptible groups, except for

fosfomycin, where we found just a few isolates (Figure 6.).

Mutation
rate Antimicrobial susceptibility
status
Gen Fos Tsu Nal Nor Cip
S R S R S R S R S R S R
H+N
) 158 8 154 13 108 58 128 38 129 37 136 30
n
H+N
95 5 92 8 65 35 77 23 78 22 83 17
(%)
W+St
) 52 4 54 1 37 19 43 13 43 13 46 10
n
W+St
92 8 98 2 66 34 77 23 77 23 82 18
(%)
P 0.356 0.166 0.874 0.9522 0.977 0.884
Table 5A.
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Mutation

rate Antimicrobial susceptibility
status
Amx AC Ctn Cxt Ctx Caz
S R S R S R S R S R S R
H+N
") 47 120 70 96 63 103 147 18 153 12 153 12
n
H+N
28 72 42 58 38 62 89 11 93 7 93 7
(%)
W+St
) 22 33 27 29 27 29 48 7 51 6 51 6
n
W+St
40 60 48 52 47 53 88 12 90 10 90 10
(%)
P 0.08 0.36 0.237 0.88 0.512 0.415
Table 5B.

Table 5A-B. Statistical analysis comparing the mutation rate status with antimicrobial
susceptibility. Mutation frequencies (f) were defined according to Baquero et al (2004):
hypomutable H (f < 8x10-9), normomutable N (8x10-9 < f < 4x10-8), weak mutator W (4x10-8
< f < 4x10-7), and strong mutator S (f > to 4x10-7). Amx: amoxicillin; AC: amoxicillin
clavulanate; Ctn: cephalotin; Cxt: cefoxitin; Ctx: cefotaxime; Caz: ceftazidime; Gen: gentamicin;
Fos: fosfomycin; Tsu: cotrimoxazole; Nal: nalidixic acid; Nor: norfloxacin; Cip: ciprofloxacin; S
susceptible, R: resistant or intermediate; H: hypomutable strains; N: normomutable strains; W:

weak mutators; St: strong mutators; n: number of strains; p:p value.
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Figure 6. Distribution of mutation frequencies within the susceptible and resistant UTI strains by
antibiotics. Amx: amoxicillin; AC: amoxicillin clavulanate; Ctn: cephalotin; Cxt: cefoxitin; Ctx:
cefotaxime; Caz: ceftazidime; Gen: gentamicin; Fos: fosfomycin; Tsu: cotrimoxazole; Nal:

nalidixic acid; Nor: norfloxacin; Cip: ciprofloxacin.

6.6 “Highlights’ of the clone dendogram

There were patients with multiple isolates up to 12, but they had three PFGE patterns at most.
Clones with similar PFGE pattern were excluded from the analysis, although interesting
information could be gained about the possible changes of the clones during a longer period of
time. Comparison of mutation frequency changes and biofilm forming capacity, or possible
alteration in the antimicrobial susceptibility could also yield some exciting data. Hence, we

examined patients with multiple isolates even though they had similar PFGE pattern.

One third of the patients had the same PFGE pattern with the same antibiogram through their
whole series of isolates. One patient’s strong mutator clone changed to hypomutable after one

and a half month, with a 100% similarity of its PFGE pattern. Another clone changed to weak
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mutator from strong mutator in three months’ time. The third sample got hypomutable from
strong mutator in one month, than consequently showed hypomutatbility along with the same
antibiogram for six months. One isolate became hypomutable from strong mutator after seven
months, with a 97% PFGE similarity. Our last example showed five isolates with the same PFGE
pattern during four months, started with weak mutator phenotype which turned to hypomutable,
than normomutable followed by a weak mutator phenotype, which altered to hypomutable in the

end.

7. Discussion

7.1 Mutation frequencies

The distribution of mutation frequencies for the E. coli strains was in close agreement with the
distribution reported by Baquero et al, who found a high rate (25%) of weak mutator and 0.7% of
strong mutator strains in a collection of 696 E. coli isolated from urinary tract infections [25].
Polymorphisms in the rifampin resistance mutation frequency for the whole Enterobacteriaceae
collection included the blood stream isolates showed similar pattern as well, even in case of
excluded E. coli species. These results confirm that the mutation frequency classification
developed for E. coli by Baquero and applied to Stenotrophomonas [41] can also be extended to

other Enterobacteriaceae species.

Compared to the study by Denamur et al, we found fewer 10-fold and 50-fold mutator E. coli
strains. Using their classification criteria for the whole collection, 4.1% of the urinary isolates
and 1.9% of blood isolates were 10-fold mutators, while 0.9% urinary isolates were 50-fold
mutators and we did not find any from blood cultures. The median value of mutagenesis in the
Denamur report was 5x10°, meanwhile 2.2x10® in this study, indicating the difficulty to
compare different studies and contributing to the controversy in this topic [5]. The difference in

the mutagenesis value might be due to geographical variation or differences in host or strain
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characteristics. In 2004 Baquero showed considerable difference in distribution of weak mutators
between the Danish (16%) and Spanish (25%) E. coli isolates from UTI. In the same study
Spanish weak mutators tended to have higher frequencies of mutation than the Swedish ones
[25]. In our experiment, there were numerous isolates with an intermediate mutation frequency
between the normomutable and weak mutator frequency as well. Since incorrect assessment of
the nature of these mutator strains could distort the measurement of the association with the
ability to produce a biofilm, we performed a repeated analysis limited to strains with the
characteristic rate of 1 x 10® and 1 x 107, respectively, considered as normomutators and weak

mutators. We found 115 normomutable strains and 27 weak mutators.

7.2 Hypermutation and biofilm formation

In the clinical context, it is estimated that 80% of acute and chronic infections are biofilm-related
[42]. Uropathogenic E. coli (UPEC) is known to form biofilms easily [43, 44]. Previous studies
are in accordance with our results, showing that biofilm was produced by about half of the
strains [45, 46]. However, taking into consideration the site of isolation, this percentage only
reached 42.3% in BSI strains compared with 63.1% in UTI strains in our series. Soto et al found
43% and 40% of biofilm-forming strains from patients with cystitis and pyelonephritis,
respectively, while this percentage reached 63% in case of prostatitis [45].

By definition, hypermutable strains are expected to have higher capacities for adaptation, and
some mutations might be linked to an increase in biofilm formation [47]. Numerous studies,
especially with P. aeruginosa isolated from respiratory samples in patients with cystic fibrosis,
showed a higher proportion of hypermutable strains in biofilms. Driffield et al found a 105-fold
increase in mutability of P. aeruginosa strains (from CF patients) in biofilm, compared with
planktonic cells [48]. Several authors have attempted to explain the large amount of
hypermutators in a bacterial population known to readily form biofilms. Bacterial biofilm
formation can be induced by DNA damaging agents (involved in mutations) triggering the SOS
response, through a connection between stress-inducible biofilm formation and the RecA-LexA
interplay [49]. Damaging agents have been described, including silver nanoparticles used for
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their antibacterial properties [50], oxidative product created by other bacteria present in the
biofilm (i.e. S. gordonii producing H202) [51], or some antibiotics such as fluoroquinolones
[52].

To explain the large amount of hypermutators in biofilms, some authors have involved the
formation of persister cells, in a quiescent state, rest in the biofilm or inside urothelial cells in the
bladder [53] [54]. The appearance of persister cells in the biofilm promotes survival and may be
related to the hypermutator phenotype. Persister cells are especially found in late cultures, and
therefore in chronic infections. Considering all the above information, we could expect a
relationship between the mutation frequency of a collection of clinical Enterobacteriaceae

strains and their capacity to initiate a biofilm.

Contrary to what could be expected, there was no significant correlation (Pearson’s R correlation
coefficient and P-values < 0.05 were considered statistically significant) between mutation
frequency and the capacity to initiate a biofilm (R = 0.030, Fig. 3), irrespective of the source of
the strain (urine: R = 0.022; blood: R = 0.057) or the group of species (E. coli: R = 0.038; other
Enterobacteriaceae: R = 0.020).

However, association was realized in a small series. As expected with the urease producer
Proteus mirabilis, previously described as the predominant organism in biofilms from encrusted
catheters [55] and urinary stones, 10/10 (100%) and 0/8 were biofilm producers in UTIs and
BSIs, respectively (P < 0.001). Nevertheless, 7 out of 10 isolates of P. mirabilis from UTIs
showed a weak mutator phenotype, all of which were biofilm producers in a different level (one

was +biofilm producer, five were ++biofilm producers, and two were +++biofilm producers).

Thus, solid conclusions may be obtained for weak mutators, but not for MMR deficient strong
mutators (n = 8). Moreover, among the few highly biofilm-producing strains, only one weak
mutator type (E. coli) was detected, while seven were normomutators among other strains (three
K. pneumoniae, two E. coli, one K. oxytoca and one S. marcescens). These strains were mostly

isolated from urine samples (6 out of 7).

The relationship between mutation frequency and the capacity to form a biofilm is very complex
and could be dependent on the state of growth. Contrary to the mentioned examples, Garcia-

Castillo et al showed decreased mutation frequencies of hypermutators in biofilms compared
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with planktonic conditions [56]. The emergence of biofilm production frequently implies
increased adhesion between bacterial cells, which could be responsible for errors in estimating

the number of colonies counted to measure the frequency of mutation.

7.3 Hypermutation and antibiotic resistance

The relationship between the acquisition of antibiotic resistance and hypermutator phenotype is
controversial. Mutation frequencies can vary among studies and often did not correlate well with
antibiotic-resistant strains known to have developed mutational resistance [57]. In a large series
of S. aureus, including many methicillin-resistant S. aureus (MRSA) strains, O’Neil and Chopra
could not discover a mutator phenotype and concluded that mutator status is not necessary for
the generation of high-level vancomycin resistance in S. aureus [58]. Analyzing more than 300
E. coli isolates, Baquero et al were unable to find any significant association between mutator
phenotype and resistance against ciprofloxacin in countries with either low or high prevalence of
fluoroquinolone resistance [25]. Despite the fact that mutational-antibiotic resistance
development was a frequent outcome in a series of 103 acutely infected intensive care unit
patients, the prevalence of hypermutable strains was found to be lower than 1%, saying there was

no association between hypermutation and resistance [59].

However, significant difference between mutator and non-mutator isolates regarding the
antibiotic resistance in cystic fibrosis (CF) lung infection has been previously documented [34,
60]. The same association was found within Staphylococcus aureus isolates in CF patients,
although the authors hypothesize easier adaptation benefit prior to the hypermutable feature,
because they found several mutations involved in stress response and adaptation [61]. Studying
other chronic processes of the lung it was found not only that hypermutable strains were much
more resistant to all the antibiotics, but also that most of the antibiotic-resistant strains were
hypermutable [32]. Another series showed a more quickly evolved resistance level along with a
higher resistance rate in the mutator background than in the wild type (Schaaff et al. 2002) [62].
Hypermutable strains were more frequently found (43%) in a collection of 89 extended-spectrum
beta-lactamase (ESBL)-producing isolates from different patients than in non-ESBL (26%) E.
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coli strains, although these results did not supported either the possibility that mutator strains
could be better recipients of ESBL-encoding plasmids or a putative mutagenic effect on the
recipient cell derived from the ESBL plasmid acquisition [23]. Komp Lindgren et al have already
suggested an unequivocal coherence between elevated mutation rate and fluoroquinolone
resistance, by DNA sequencing for fluoroguinolone resistance-associated mutations in E. coli

genes [63].

In this study, no significant difference in distribution of mutation frequencies (hypo- and
normomutable strains versus weak and strong mutators) was observed between the resistant and
susceptible isolates for any of the examined antibiotics, even if the strain was ESBL or AmpC

overproducer, or had fluorogquinolone resistance.

However, when statistical analysis compared strong mutators versus all the other strains, a
statistical difference was observed only with fluoroquinolones. This data correspond to the fact
that point mutation in gyrA gene can result quinolone resistance. Strong mutators were also
found in resistant strains a little more frequently for cefotaxime-ceftazidime. Mutation in AmpR
transcription regulator may induce the AmpC B-lactamase [64, 65], which resulted in clones with
similar features than ESBL clones, except the fact that they are resistant against -lactamases.
The association of strong mutators and gentamicin resistance is suggested in figure 6. The
number of resistant species was only 12, out of which 30% were mutators. The very low
resistance rate is welcomed considering the human population, but not enough to draw a solid
conclusion. Another interesting data was that pathogens kept showing low resistance rate against

fosfomycin, and we found only one mutator amongst them.

7.4 ‘Highlights’ of the clone dendogram

PFGE allowed to compare the isolates, which let us define the similarity of the bacteria isolated
from different patients or from the same host. Multiple urinary tract infections affecting a patient
within a year could be caused by reinfection or relapse. The latter case presumes the continuous
presence of the pathogen. Chronicity is an issue in the mutagenesis and transient mutator status,

which is thought to be involved in the adaptation of bacteria to the environment. Thus we
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examined all the species belonging to a patient and all the species with the same PFGE pattern.
Comparison of mutation frequency changes and biofilm forming capacity, or possible alteration

in the antimicrobial susceptibility was determined.

Our results showed examples for mutation frequency changes along with constant PFGE pattern.
Variation of shifting included all the possibilities, involving the phenomenon of transient mutator
status, which may involve reversion or recombination within the mutator alleles or depletion of
the MMR system proteins, allows the organism to temporarily benefit from the elevated mutation
frequency for adaptation while reducing the risk of accumulating deleterious mutations.
Antibiograms might alter together with changes of the PFGE pattern or mutation frequency as

well, although we could not define any association.

7.5 Critical remarks, limitation of this study

A significant number of patients had recurrent infection, which presumes former antibiotic
consumption. Previous antibiotic treatment possibly contributes to selection of mutators in in
vitro experiments. Mutators can be favored under such conditions because they generate
antibiotic resistance conferring mutations at a higher rate than what is generated by nonmutators.
In addition, they also generate more mutations that compensate for the fitness reduction
associated with antibiotic resistance [5]. We could not control the prescriptions made by other
hospitals or the general practitioners and did not have information about the antibiotic
consumption and about the course of healing, which rises several unanswerable questions like
what kind of antibiotics did they receive and how long, were these infections due to resistant
strains, whether the selected patients got the sufficiently prolonged therapy for that certain
infection, was there a therapy failure, is there impairment between therapy failure and the
development of resistance. Consequently, the effect of previous antibiotic treatment on our

results is inestimable.
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8. Conclusions

We were the first to confirm that the mutation frequency classification developed for E. coli by
Baquero et al and applied to Stenotrophomonas [41] can also be extended to other

Enterobacteriaceae species isolated from urinary tract infections.

We could not show linear dependence or significant correlation between mutation frequency and
the capacity to initiate a biofilm. However, association was realized in a small series of Proteus
mirabilis, where 7 out of 10 isolates were weak mutators, all of which were biofilm producers.
This association may support our basic idea of this research, as cystic fibrosis and certain urinary
tract infections are similar in a certain respect. Further investigation with larger P. mirabilis
sample size might refine this relationship. Not finding a correlation between increased mutation
frequency and initiation of biofilms in Enterobacteriaceae might be directly linked to the fact
that strains were mainly isolated from acute infections, and does not mean that there is no

relevant effect of mutation frequency in other stages or aspects of biofilm growth.

We found statistical difference between the antibiotic resistant and susceptible isolates for the
tested antibiotics in case of quinolones, when the analysis compared strong mutators versus all
the other strains, but we found no significant difference in the distribution of mutator (strong and
weak) and non-mutator (normo- and hypo-) phenotypes. Although the number of strong mutators
was too low to demonstrate a possible relationship between antibiotic resistance and acquisition
of a strong mutator phenotype. The same conclusion has to be drawn for gentamicin, although
the suggested association is an unexpected finding and would be a promising novelty, the sample

size is sparse.

Alteration in mutation frequency and antibiotic resistance in isolates with identical PFGE
patterns belonging to the same patients suggests the importance of chronicity and transient
mutator status. Further investigation of these features might help to better understand the

mechanisms of bacterial adaptation.
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10. Magyar nyelvi osszefoglalo

Hipermutacio szerepe a biofilm képzédésben és az antibiotikum rezisztencia
kialakulasaban Enterobacteriaceae csaladba tartozé korokozok altal okozott

hagyuti fertozésekben

10.1 Bevezetés

A fert6z0 betegségek gyogyitasat a mikroorganizmusok Ujabbnal jabb  talélési
mechanizmusokkal nehezitik meg. Kutatdsok tdmasztjak ald, hogy a mutacionak, amely a
baktériumok természetesen meglevé tulajdonsaga, alapveté szerepe van a korokozok
tanulmanyok olyan mutatorokat figyeltek meg, melyek kiilonb6z6 szelekcios stratégiakkal
rendelkeztek. LeClerc és munkatarsai E. coli és Salmonella egyedeket vizsgalva magas mutacios
frekvenciardl szamoltak be, amely megkérddjelezte azon elmélet 1étjogosultsagat, mely szerint
baktérium populacidkban a mutitorok eléforduldsa ritka. Ezen eredmények azt mutattdk, hogy
természetes populaciok a kornyezeti szelekcids nyomasra két moédon reagaltak, megemelt

mutacios frekvenciaval, és rekombinacioval.

Adott populécidban, adott iddben a mutaciok szama meghatarozhat6, mely megadja a populacio
mutacios frekvencigjat (f). Ismertek olyan organizmusok, klinikai pathogéneket is beleértve,
amelyek 10-1000 szeres, vagy akar még nagyobb allandé mutacios frekvenciaval rendelkeznek
sajat populacidjuk median értékéhez képest, melyet hipermutacionak neveziink. Kutatasom elott

az irodalomban E. coli-tol eltekintve nem volt adat hagyati infekciokbol szarmazd mas,

.77

A hipermutécié és biofilm formald készség, illetve hipermutéacio és antibiotikum rezisztencia
kozotti kapesolat vizsgalatanak otlete a kdvetkezokben részletezett megfigyeléseken alapult. Az
antibiotikum rezisztencia emelkedése az egész emberiséget érinté probléma, mely a hugyuti

infekciokban (HI) hasznalatos szinte 0sszes antibiotikumot érinti. Kisérletesen igazolt, hogy a
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hugyuti infekciokban magasabb a hipermutatorok aranya, mint mas lokalizacioju fertdzésekben
[5, 25], mellesleg a vizsgalatok arra is ramutatottak, hogy a mutacids frekvenciaban féldrajzi
kiilonbségek is megfigyelhetok. Tovabba, mind a biofilm képzddésnek, mind az antibiotikum
rezisztencia kialakulasanak széles irodalma van a HIl-k terén. Létezik egy klinikai entités,
melyben a fent emlitett hipermutacié és biofilm képzddés, illetve hipermutacié és antibiotikum
rezisztencia kozott szignifikans 6sszefliggést mutattak ki. A betegség nem mas, mint a cisztas
fibrozis tiid6 érintettsége. Mucoviscidosisban az alveolusok, brochiolusok a betegség kapcsan
keletkez0 stri szekrétum miatt elzdrodnak, melyben baktérium kolénidk, és ezzel
Osszefuggesben fertézések alakulnak ki. Hossza tavon az emlitett nyakban biofilm képzodik,

mely biztonsdgos mikrokornyezetet biztosit a benne ¢€l6 korokozoknak, megneheziti az

crer

Kronikus fertézés, bakterialis adaptacio, un. perziszter klénok, tranziens mutatorok jelenléte,
védelem az antibiotikumokkal szemben, antibiotikum, mint szelekcids tényezd. Ezek azok a
jelenségek, amelyek cisztds fibrozisban és hugyuti fertézések egy részében is jelen vannak, és
ezert bizonyos tekintetben hasonldéva teszik a két betegséget. Ez adta az Otletet, hogy
megvizsgaljuk a hipermutacio és biofilm képzddés, illetve antibiotikum rezisztencia kapcsolatat

hagyuti fertézésekben.

Hipotézisink szerint az Enterobacteriaceae csaladba, mint a leggyakoribb uroldgiai kérokozék
kozé tartoz6 egyedek hipermutator fenotipusai nagyobb valdsziniiséggel lesznek
antibiotikumokra rezisztensek. Tovabba, minél magasabb a patogén mutacids frekvenciaja, annal
gyakrabban szerez biofilm képz6 képességet. Céljaink kozott szerepelt (1) a mutécids frekvencia
meghatarozasanak Kiterjesztése Enterobacteriaceae csaladba tartozo, hugyuti fertézések soran
vizeletbdl és hemokultarabol kitenyészett korokozokra. (2) Az izoldtumok biofilm inicializal6
kapacitasanak vizsgélata. (3) A mutacios frekvencia és biofilm képz6 képesség kozott lehetséges
kapcsolat feltarasa. (4) A kérokozok HI-ban leggyakrabban hasznélt antibiotikumokkal szembeni
rezisztencigjanak meghatarozasa. (5) A hipermutatorok és fokozott antibiotikum rezisztencia
kozott lehetséges kapcsolat feltarasa.
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10.2 Beteganyag és modszer

A vizsgalat els6 fazisaban egy bretagne-i egyetemi klinikan (Equipe Microbiologie, Université
de Rennes 1, France) a 2007-es évben beérkezett négyezer klinikai mintabol Enterobacteriaceae
csaladba tartoz6 vizelet mintakat szelektaltunk. Az izolatumok tisztasagat ellendriztiik, a
polimikrobas anyagokat a vizsgalatbol kizartuk, majd specialis, tobbszdri mintavetelre alkalmas
hordozéban, mélyfagyasztva taroltuk a kdrokozokat. A Kklénokat gél elektroforézis utan
dendogram analizisnek vetettiik ald annak érdekében, hogy csak egyedi izoldtumok Kkeriljenek a

vizsgalatba.

A koérokozok antibiotikumokkal szembeni érzékenységet diszk diffuzids teszt illetve E teszt
segitségevel hataroztak meg a klinikai megjelenés kapcsan, melyekbdl a HI-ban leggyakrabban
hasznélt hatdanyagokat vettiik figyelembe. Az AmpC tipusi B-laktaméz termel6 és ESBL

(extended spectrum B-laktamase) termeld izolatumokat is meghataroztuk.

A mutacios frekvencia becsléséhez az egyes torzsekben a mutécid kovetkeztében létrejott
rifampicin rezisztencia mértékét hasznaltuk fel, rifampicin dilGcios teszt segitségével. A
mutacios frekvenciak osztalyozasat kétféleképpen végeztik el, egyrészt Baquero definicidja
szerint négy kategériat hatarozva meg, Ggymint hipomutéabilis (f < 8x10), normomutébilis
(8x10”° < f < 4x10®), a hipermutatorokat két csoportba sorolva: gyenge mutétor (4x10® < f <
4x107), és er8s mutator (f > t 4x10°) fajok [25], illetve Denamur csoportositasat hasznalva.
Utobbi szerint mutator az az izolatum, melynek rifampicinnel szembeni rezisztenciaja kapcsan
jelentkezé mutacidinak szdma tizszerese a vizsgalt populacid median mutagenezisének. Ezeket
tizszeres mutatoroknak nevezte el, amely klonok > 50x mutacids frekvenciat mutattak, azokat

pedig er6s mutatoroknak tekintette [5].

A kutatds harmadik 1épcs6jében a kdrokozok adherencia képességének, mint a biofilm képzddés
kezdeti |épésének meghatarozasat vegeztiik el, Stepanovic modszerét nemi modositassal

alkalmazva [37].

A statisztikai elemzéshez kétoldalti Fischer’s exact tesztet, és a Mantel-Haenszel khi-négyzet

tesztet, illetve a Student-féle t és khi-négyzet tesztet alkalmaztunk.
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A hemokultdrabol szarmazd egyedeket a klinika alkalmazottai vizsgéltdk a fent leirt
modszereknek megfelelden, végiil 213 izolatummal kapcsolatos adatbazist bocsatottak

rendelkezésiinkre az 6sszehasonlito vizsgalatokhoz.

10.3 Eredmények

Haromszazhatvankilenc hugyati fertdzésbdl izolalt, Enterobacteriaceae csaladba tartozo
korokozobol a PFGE 222 egyedi klont hatarozott meg, melyek eloszlasat az 1. tablazat

tartalmazza.

A Baquero altal meghatarozott négy kategérianak megfeleléen a torzsek 10.3%-a volt
hipomutabilis, 64.8% normomutabilis, 23% gyenge mutator és 1.8% erds mutator. Az
Enterobacteriaceae csaladdra, mint egészre vonatkozd eloszlasi adatok kozeli hasonlésagot
mutattak a fent emlitett beosztashoz akkor is, ha az E. coli-kat kihagytuk a szamitasbol. A
Denamur-féle felosztas szerint a hugydti mintakbol szarmazd E. coli-k esetében a 10x és 50x
mutatorok megoszlasa 4.1% és 0.9%, mig hemokultirdkban 1.9% volt 10x mutator, és nem
talaltunk 50x mutatort.

Szignifikans kulénbség nem mutatkozott a mutacios frekvencia és biofilm inicial6 képesség
kozott, fiiggetleniil az izolatum forrasatol vagy a speciestdl. Vizeletbdl szarmazd mintdkban
minden biofilm kategdridban nagyobb volt az esetszam a hemokulturakhoz képest.
Osszességében a hagyati mintak 63.1%-a, mig a hemokultirak 42.3%-a mutatott biofilm
inicializal6 tulajdonsagot. A vizeletbdl szarmazo P. mirabilis egyedek mindegyike biofilm képz6

volt, és a tizb6l hét gyenge mutator tulajdonsaggal is rendelkezett.

A vizsgalt antibiotikumokkal szembeni rezisztencia ndvekedese egy harom évvel korabbi
felméréshez képest a kovetkezd értékeket mutatta: nalidix-sav 8.7%, ciprofloxacin 9.1%,
norfloxacin 13.6%, harmadik generacids cefalosporinok 3.8%, fosfomycin 6.1%, gentamicin

5.7%, amoxicillin 21%, amoxicillin-klavulansav 9% és trimethoprim-sulfamethoxazol 15.5%.

A mutator (erés és gyenge mutatorok csoportja) és non-mutator (normo- és hipomutabilis
korokozok) fenotipusok kozott az érzékeny és rezisztens tulajdonsag tekintetében egyik vizsgalt

antibiotikum esetében sem mutatkozott szignifikans kiilonbség. Ha az er6s mutéatorok csoportjat

46



allitottuk szembe a gyenge mutatorok, normo- és hipomutabilis kérokozok csoportjaval, akkor a
kinolonoknal szignifikans Osszefiiggés mutatkozott az er6s mutator fenotipus €s az antibiotikum
rezisztencia jelenléte kozott (P<0,001). Azonos betegb6l szarmazd, azonos PFGE mintazatot

mutatd kdrokozok kozott valtozatos mutacios frekvenciaju klonokat mutattunk ki.

10.4 Megbeszélés

Vizsgalatunkban a mutacids frekvencia eloszlas megegyezett a Baquero altal k6zolt adatokkal,
mi tdbb, az Enterobacteriaceae-k csaladjat tekintve is azonos volt, akkor is, ha az E. coli
izoldtumokat kihagytuk a szamitasbol. Erre vonatkozd adat kordbban nem szerepelt az

irodalomban.

Hipermutécio és biofilm képz6 sajatossag kozott nem sikertilt szignifikans kapcsolatot kimutatni,
de 0Osszefliggés mutatkozott egy Kis csoport tekintetében. Ahogy az varhatd volt, minden P.
mirabilis izolatum biofilm képz6 volt a hugyati mintakban, ugyanakkor tizb6l hét korokozo
gyenge mutatornak bizonyult. Alapfelvetésiinket, mely szerint bizonyos tekintetben azonosséag
mutatkozik a cisztas fibrozis és bizonyos hagydti infekciok kortlményei kdzott, utdbbi

Osszefliggés alatdmaszthatja. Nagyobb esetszamu vizsgalat tovabb finomithatna a jelenséget.

Bar a hipermutaci6 €s az antibiotikum rezisztencia kialakulésa kozotti logikusnak tiind kapcsolat
igazolasara szamos vizsgalatot végeztek, az eredmények ellentmondasosak. Vizsgalatunkban
statisztikai killonbség mutatkozott a kinolon rezisztencia, és az er6s mutatorok verzusz nem erds
mutétorok (ide értve a gyenge mutéatorok, normal populacio és hipomutabilis térzsek csoportjat)
kozott, azaz kimutathatéan tobb rezisztens korokozo volt az erds mutatorok csoportjaban, mely
Osszecseng a gyrA génben létrejov6 pont mutacid okozta fluorokinolon rezisztencia
eléfordulasaval. Ugyanezen, de nem szignifikans 0sszefiiggést igazoltuk gentamicinnel szemben
is, mely nem vart eredmény, és biztaté ujdonsagnak szamitana, de a Kis esetszdm statisztikai

ereje nem elegendd az egyértelmii Gsszefliggés kimondasahoz.

Azonos PFGE mintdzata, ugyanattdol a betegtdl szdrmazo korokozok valtozé mutacios
frekvenciaja és antibiotikum rezisztenciaja felhivja a figyelmet az elh(1z6d6 bakterialis jelenlét és
a tranziens mutator status jelent6ségére, melyek tovabbi vizsgalata hozzasegithet a baktériumok

adaptacios mechanizmusainak megértéséhez.
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