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In search for the lost antibiotic: a multidisciplinary
approach to address the problem of the emergence
of antibiotic resistance
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SUMMARY

The resistance to antibiotics, appeared in the 50s, at the same time of the introduction of these drugs, has
become today a public health emergency of international importance. This problem is extremely complex
because it is based on many factors, including inappropriate use of antibiotics and their massive presence in the
feed of farm animals. Today this problem has become a real public health priority not only for the clinical
implications (increased morbidity, mortality and duration of disease, the possibility of developing complications
and infections), but also for the economic impact of infections by bacteria resistant, due to the additional cost
for more expensive drugs and procedures and for stretching the hospitalization. The European Centre for
Disease Prevention and Control (ECDPC) in Stockholm has recently estimated that the bacteria with multiple
resistances are responsible for about half of thirty-seven thousand deaths per year in the twenty member
countries of the European Union. The importance of this phenomenon has prompted several surveillance
systems based on the collection of laboratory data to local or national level. To standardize and interpret the
data collected and to facilitate comparison between different realities, in 1998 the EU has decided to finance a
European surveillance network (EARSS: European Antimicrobial Resistance Surveillance System), which involves
several national surveillance networks. Despite the increase of antimicrobial resistance in clinical isolates of both
gram positive and gram negative, there are very few new antimicrobial agents in development.

Only a multidisciplinary approach, combining various skills in medicine, can help us cope with this emergency

and to use the resources available.

INTRODUCTION

The resistance to antibiotics, appeared in the 50s,
at the same time of the introduction of these
drugs, has become today a public health emer-
gency of international importance.

This problem is extremely complex because it is
based on many factors, including inappropriate
use of antibiotics and their massive presence in
the feed of farm animals. Today this problem has
become a real public health priority not only for
the clinical implications (increased morbidity,
mortality and duration of disease, the possibility
of developing complications and infections), but
also for the economic impact of infections by bac-
teria resistant.

In fact this problem is responsible for additional
costs for more expensive drugs and procedures
and for stretching the hospitalization. The
European Centre for Disease Prevention and
Control (ECDPC) in Stockholm has recently esti-

mated that the bacteria with multiple resistances
are responsible for about half of thirty-seven thou-
sand deaths per year in the twenty member coun-
tries of the European Union.

The importance of this phenomenon has prompt-
ed several surveillance systems based on the col-
lection of laboratory data at local or national level.
To standardize and interpret the data collected and to
facilitate comparison between different realities, in
1998 the EU has decided to finance a European sur-
veillance network (EARSS: European Antimicrobial
Resistance Surveillance System), which involves
several national surveillance networks.

Despite the increase of antimicrobial resistance in
clinical isolates of both gram positive and gram
negative, there are very few new antimicrobial
agents in development.

Only a multidisciplinary approach, combining
various skills in medicine, can help us cope with
this emergency and to use the available resources.
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What is antibiotic resistance?
Antimicrobial resistance is an inevitable evolu-
tionary response to antibiotic therapy.
Significant resistance to penicillin appeared in
Staphylococcus aureus just one year after the
introduction of penicillin resistance and multiple
strains have appeared in the hospitals a few years
later.
Since the introduction of fluoroquinolones in clin-
ical practice in the 80’s resistance to these com-
pounds has become common in some bacterial
species, especially in nosocomial strains of staphy-
lococci, Enterobacteriaceae and Pseudomonas
aeruginosa. The recent isolation of nosocomial
strains of S. aureus vancomycin-resistant is the lat-
est in a chain of events that have antibiotic resist-
ance one of the major health problems of global
significance.
At the origin of the onset of acquired resistance,
there are two fundamental genetic mechanisms:
a) mutation and selection;
b) exchange and acquisition of resistance genes
between strains and species.
The first mechanism is of “Darwinian” type: with-
in a sensitive bacterial population, the resistant
bacterial cell survives the selective pressure exert-
ed by the antibiotic and by duplication it will
gives rise to a resistant population. The resistance
is due to a mutation and will be transmitted “ver-
tically” to the clone. In the second mechanism, the
transmission of genetic information linked to the
resistance is “horizontal”: susceptible strains
receive genes from resistant strains.
A phenotypic antibiotic resistance in a strain may
occur with different biochemical mechanisms:
inactivation of the antibiotic, alteration of the tar-
get structure, expression of an alternative target,
and changes in the permeability.
At the base of the first mechanism there is the syn-
thesis of enzymes that inactivate antibiotics.
- This mechanism is typical of the resistance to §3-
lactamics by S. aureus. B-lactamases hydrolyze
the B-lactam ring of penicillin. Among the Gram
negatives there are enzymes capable of destroying
the cephalosporins and monobactams of the third
generation: these enzymes are called extended-
spectrum B-lactamase (ESBL).
Other B-lactamase, defined carbapenemase, are
expressed at low levels in Gram negative and are
active on carbapenems.
The mechanism of resistance that is at the basis of
the methicillin-resistance consists in the alteration
of the target structure. In S. aureus such resistance
is encoded by the expression of the mecA gene,
which produces a Penicillin Binding Protein
(PBP) 2a, of modified type, which has a very low
affinity for penicillins.
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Normally these resistances are expressed in
strains i1solated in nosocomial environment, how-
ever, community acquired methicillin-resistant
strains are becoming more frequent, which are
even more virulent because of the production of a
typical toxin.

Resistance to glycopeptides (vancomycin and
teicoplanin) is mediated by mobile elements of
DNA (plasmids, transposons) among the gram-
positive bacteria.

This resistance was first described in 1986 in
Great Britain and since then it has spread around
the world in a polyclonal way because of the ease
of enterococci to transfer and take such genetic
elements. In fact they also passed to S. aureus
leading to the emergence of strains with reduced
susceptibility to glycopeptides (VISA, VRSA).
All resistances described so far can be co-
expressed, resulting in a multidrug resistant phe-
notype (MDR), i.e. resistant to at least three of the
following classes of antibiotic drugs: beta-lac-
tams, carbapenems, aminoglycosides and fluoro-
quinolones (5).

Why are there no new antibiotics on the
market?

The development of new antibiotics is influenced
by several factors including the need for substan-
tial funds for research, marketing strategies that
can address the development towards more prof-
itable pharmaceutical sectors and complexity of
clinical trials.

These problems discourage the pharmaceutical
industry in developing innovative antimicrobial
molecules and limit the production to drugs
chemically similar to those already in distribu-
tion.

Although some antimicrobials are at an
advanced stage of development for the treatment
of infections caused by major pathogens such as
S. aureus methicillin-resistant (MRSA), a few
molecules have been proposed for the treatment
of pathogens such as Enterococcus, Klebsiella,
Acinetobacter. Pseudomonas and Enterobacter.
Up to now for the treatment of infections by
pathogenic Gram negative MDR, such as
Acinetobacter baumannii and Pseudomonas
aeruginosa, there is no drug that has reached an
advanced state of development, therefore it was
necessary to re-use antibiotics now fallen into
disuse such as colistin (1, 4).

What is the role of the clinical pathology
laboratory?

As regards the diagnostic laboratory testing phe-
notypic drug susceptibility and identification of
bacteria are carried out using standardized and
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automated methods. The susceptibility (i.e. the in
vitro evaluation of bacterial sensitivity to antibi-
otics) is defined by determining the value of
Minimum Inhibitory Concentration (MIC) of the
tested drugs. The results of these values are inter-
preted (sensitive or resistant) according to the pro-
visions of the European Committee on
Antimicrobial Susceptibility System Testing
(EUCAST) and by using an expert system that
guides the microbiologist in the interpretation of
the test and may suggest additional tests to con-
firm the highlighted resistances.

As regards the impact of resistance on blood cul-
tures submitted to the Clinical Pathology
Laboratory of G. Gaslini Institute, from 2005 to
2010, 83 isolates of S. aureus (15 MRSA), 242
Gram negative (I MDR and 7 ESBL producers)
out of 1945 patients with positive blood culture
have been reported. There were no vancomycin-
resistant enterococci and staphylococci.

To monitor the colonization of MRSA in critical
departments (such as resuscitation, at risk infants,
hematology-oncology) and patients transferred
from other hospitals, strategies based on molecu-
lar biology techniques have been implemented for
the detection of the gene for methicillin-resistance
(mecA).

Analysis of the data obtained so far demonstrate
an incidence of MRSA by 6%. Although the per-
centage is far below the world average (which
exceeds 50% with variations from country to
country) we can not lower our guard and we must
implement all the laboratory strategies currently
available to meet this emergency.

What are the future diagnostic and therapeutic
scenarios?

Since no new antibiotics are being introduced in
the short time, we need to explore models of pre-
vention, to increase the use of rapid diagnostic
tests, and to implement knowledge on pharmaco-
kinetic and pharmaco-dynamics.

And here is that the lost drug is really lost, and his
research can only go through a scientific and orga-
nizational model that will ship us to the time of
the availability of new drugs.

Today the ideal antibiotic to treat bacterial infec-
tions is a molecule already in use, but used in a
new, highly integrated way where no detail is left
to chance. In practice it is necessary to preside
over many different fields of medicine to achieve
this result.

With regard to the response of the laboratory
strategies to be adopted are: - a rapid diagnosis
(antigen detection, nucleic acid detection), which
also includes the demonstration of genes and / or
proteins associated with bacterial resistance. The
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technology “next generation sequencing” applied
to bacterial genomics will surely be of great
impact in this field (2).

In this way an empirical therapy, based only on
the knowledge of the spectra of sensitivity of a
particular microbe, would be markedly improved
- the assessment of the actual capabilities of an
antibiotic to kill a microbe. Indeed we are accus-
tomed to speak of sensitivity and resistance to an
antibiotic, but this is a very academic approach
and away from reality. Currently, the concentra-
tions of different antibiotics occurring to kill
many bacteria are well known.

We could almost speak of reference values as for
any other blood chemistry parameter. Suppose,
for example, that 100 different strains of a
microbe have a threshold of 50 units of antibiotic
above which are killed. It is intuitive that a con-
centration of antibiotic achieved in the tissue, very
close to the threshold of resistance (for example
60 units) will have a very different significance
from a concentration that is far from the threshold
(for example 600 units).

In the first case we can imagine that it can take a
little to get a full resistance, while in the second
case the situation may be more easily manageable.
Furthermore it is evident that in the case of a
resistant strain the possibility of reaching concen-
trations close to that required into the tissues,
could lead us to use different strategies (site
regional infusion?) to overcome the threshold of
resistance. But which is the concentration of
antibiotic that reaches the target tissue?

Clinical pharmacology, together with analytical
chemistry, allows documenting the presence of a
drug in a biological matrix, allowing a highly spe-
cific identification and quantification.

The introduction of methods of mass spectrome-
try associated with liquid chromatography (LC-
MS/MS) is essential in order to guard this field.
This is a new challenge for laboratory medicine
that as it’s capable of measuring the levels of
digoxin or immunosuppressive drugs, should
organize itself to measure the levels of antibiotics
and antifungals to face the emergency in progress.
The treatment of infections, especially in the pres-
ence of multiresistant bacteria, is a delicate bal-
ance between the availability of the drug at the
required concentration in a given district, the sen-
sitivity of the microorganism to the molecule and
the general toxicity and/or local antibiotic admin-
istered.

The infectious disease specialist, pharmacologist,
microbiologist and toxicologist will work in great
synergy to win this battle (3).

Surely we have the means, we must make
progress in the organization.
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