The astonishing complexity of antibiotic resistance
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Grami-negative bactenia tace the assault on their integriey
essentially by protecting the possible targets of antibiotic
actvity. This defence can consist of (1) obstructing access to the
target; (1) modifying either the target structure and atfinity or
the antbiotic molecular features; and, finally (in) extruding (or
increasing the extrusion rate of) the invading substances. Some
of these mechamsms may be preferred by the different bactena,
but in many instances strains of the same taxa may use different
mechanisms and, often, several mechanisms may be used ac the
same ume. Furthermore, a number of recently described etflux
mechamsims are capable of pumping compounds out of the cell
that are onlv loosely related to one another and even belong to
different classes of antibioties [1-3].

The combmation of more than one resistance mechanisim
usually accounts tor higher levels of resistance, and atcempts
ammed at mathematically modeling this mterplay have been
made [4]. Owing to the mterplay between outer membrane
permeabihity and f-lactamase activity, even mild to moderate
hydrolytic acaviaes in the penplasm may be sufficient to
counteract the impaired influx of antibiotic molecules through

deficient porins, thus etficiently preventing adequate hinding

to the pemeillin-binding proteins (PBPs). As o typical resule of

this mechanism, carbapenems may prove poorly eftective
aganst Psendomonas acniginosa even in the absence of metallo-
enzymes — which are endowed with high specific activity -
since the enzymane barner provided by serme f-lactamases 1s
enhanced by the permeabibty barnier raised by a stgnificant
reduction i OprD) ponn expression [5]. Recently, attempts
have also been made to clanty the mterplay between -
lactamase actvity, outer membrane permeability and the
newly deseribed etflux resistance mechamsms [6-8].

On the strength of these basic consideranons, 1t 1s evident
chat when a molecular modification enables a given compound
to escape ditferent resistance mechamsms at the same time, this
modified compound 15 also very likely to prove highly

effectve against bactena with gh-level reaistance o the

parent molecule. Major advances in the biological properties of

molecules  endowed with o disuncdy  greater ability  to
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overcome the resistance mechanisms lead to the defininon of
4 ‘new generation” of compounds.

A ‘new generation’ of cephalosponns should encompass
both Gram-positive and Gram-negative pathogens, ncluding
of course Psendomonas acruginosa, i thewr extended climcally
usetul spectrum, and their use should not be fraught wach the
problem of resistance, which hampers the use of earlier broad-
spectrum cephalosporins active against Gram-negatve patho-
gens [9]. Thas is the ratonale tor presenting cefepime and other
compounds endowed with a novel C-3" quaternary ammo-
nm group as “fourth-generanon” cephalosporins (4-GCs)
These molecules exhibit fast transit through the outer
membrane porins, low affinity to many f-lactamases and high
affininies to PBPs, thus accounung for their porent antibactenal
activity, including antipseudomonal acoviry,

4-GCs. which are dipolar 1omc¢ compounds, are capable of
penetrating the ponn channels much more rapidly than the
third-generaton  cephalosporins (3-GCs): thus, thev very
efficiently overcome the first resistance mechanism encoun-
tered obstructing access to the target, 1.e. the permeability
barrier represented by the bactenal outer membrane [10], and
have a very pronounced advantage over the earlier cephalos-
porins owing to their ability to reach higher concentrations in
the penplasnice space.

Moreover, as compared with 3-GCs, the molecular features of
cefepime and the other 4-GCs also afford a greater ability to
overcome the second bamier coming between the drug and the
target, i.¢. the enzymatic one. The newer compounds are more
stable than 3-GCs to chromosomal, Bush's group | B-lactamases
and may exhibit greater m vitro activity agamst . aeniginosa as
well as aganst those Enterobactenaceae species that typically present
nducible or derepressed hyperproduction of these enzymes —
such as Enterobacter spp., Citrobacter  freundis,  Sematia  spp.,
Morganella moerganii,  Providencia stuantin and  Providenda rettgen
Only total  derepression noticeably  compronises  cefepime
actvity [11]. Owing to its reduced athnity for these enzymes.,
cefepime at the concentrations usually attanable i serum has
also proved capable of virtually suppressing the emergence of the
atorementioned derepressed ampC mutants [12].

4-GCs also show a greater stability to Bush's group 2be
(ESBL) B-lactamases, although, in this mstance, the chnical data
would appear msufficient 1o suggest that 4-GCs can be
effectively used to treat patents after a 3-GC treatment has faled
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The combmanon of fast ransit through the porins and low
sensinvaty to P-lactamase acton results in high penplasmic
concentrations of 4-GCs, but for these concentrations to exert
an effecuve anubactenal acuvity, good affinity for PBPs 1s
needed. 4-GCs have indeed mamtained the high affimity for
the essennal PBP 3 typical of 3-GCs, and cefepime also
exhibits high affimity tor Eschenchia coli PBP 2, which 1s a very
unusual property among cephalosponns [13].

Compared with the informatuon we have about the classic
litde about 4-GCs as
substrates of the recently descnbed efflux pumps, whose

resistance  mechanmsms, s known
acuviues seem to be coregulated with other resistance
mechanisms at the genenc level, furmshing what may be
regarded as an astomshingly sophisticated example of an
integrated defence strategy.

The vanous energy-dependent efflux  systems recentdy
described in P. aeruginosa share a similar gene organizaton,
in that an efflux operon codes for a peniplasmic fusion protein,
a cytoplasmmc membrane efflux pump and an outer membrane
protemn. Typically, in some of these strains, the increase in
resistance ivolves carbapenems, but not other B-lactams [1,8],
and seems to be attributable to a concomitant reductuon of the
carbapenem-specific  OprD)  porin protein.  Co-regulation
between anubiouc efflux and outer membrane porin synthesis
has also been descnbed 1n E. i mar mutants [14].

The different resistance mechamsms used by a bactenal
strain, the possibility of interplay with other mechanisms and
the different contnbutions of the various mechanisms operat-
mg m a combmed defence are all factors accountung for
different resistance phenotypes within a given bacterial species
and lead to therapeutic decisions that may vary greatly from
one setting to another. Tesung clinical 1solates for their
suscepuibilities to all the available f-lactams can provide both
microbiologists and clinicians with invaluable information
about the phenotypes prevailing at that moment, local
susceptibility patterns and the spread of clones endowed with
peculiar resistance mechamsms.
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