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ABSTRACT

There is an urgent need to control the clinical and public
health impact that antibiotic resistance (AR) causes worldwide.
Any measure for its control must be based on an up-to-date
and comprehensive knowledge of the situation. However, it is
difficult to determine the current dimension of AR because a
large part of the available information is based on heterogene-
ous, insufficiently unified and retrospective data. The integra-
tion of genomic information in the surveillance of AR is anoth-
er important factor for improvement. The Spanish Network of
Laboratories for the Surveillance of Resistant Microorganisms
(RedLabRA) is a structured network of interconnected microbi-
ology laboratories developed within the Spanish National Plan
against Antibiotic Resistance. Its main objective is to support
the diagnosis of resistance to antibiotics, integrating molecu-
lar characterization in the surveillance.

Keywords: Antibiotic resistance, antibiotic resistance mechanisms, survei-
llance, RedLabRA.

INTRODUCTION

Multiple factors such as inaccurate antibiotic treatment
regimens, self-medication, low adherence to the treatment,
use of antibiotics in food industry, inability to access to
clean water, and bad hygiene habits, among others, contrib-
ute to the selection and dissemination of microorganisms
presenting antibiotic resistance (AR) to commonly used an-
tibiotics [1,2].

An estimation based on the European Antimicrobial Re-
sistance Surveillance Network data, showed that the clinical
impact of selected antibiotic resistant bacteria in Europe could
be quantified in generated 671,689 infections, 33,110 deaths,
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and 874,541 disability-adjusted life-years (DALYs) (which is a
composite health measure estimating years lived with disabil-
ities following the onset of a disease and of years of life lost
due to pre-mature mortality compared to a standardized life
expectancy) [3]. These infections generated an additional health
expenditure of €1,500 million. It is estimated that more than
4 million people in Spain are infected annually, causing around
2,800 deaths [4], implying an expense of €150 million [5].

Current therapeutic options are being compromised by
the emergence of novel resistance mechanisms such as, for in-
stance, optrA and poxtA linezolide resistance genes [6] and mcr
colistin resistance genes [7]. Changes in dissemination patterns
of already known resistance mechanisms and high risk mul-
tidrug resistant clones, such as the Escherichia coli ST131/
CTX-M-15 [8], Klebsiella pneumoniae ST258-512/KPC [9] and
K. pneumoniae ST307/0XA-48 [10] are of great concern.

Resistance to carbapenems in K. pneumoniae and E coli
has been increasing during the last years [11], enhancing the
emergence of nosocomial infections that do not have optimal
treatment options [2].

It is difficult to determine the current dimension of RA
due to many available data come from heterogeneous, frag-
mented, and retrospective reports, showing issues of concern
in the implementation of an agile and effective surveillance.
An active genomic surveillance allows a better understanding
of bacterial dynamics and to stablish strain/mechanism associ-
ations [12], facts that are crucial to carry out fast interventions
in public health [13].

If measures are not implemented, effectiveness of antibi-
otic treatments against bacterial infections will decrease, and
medical procedures such as organ transplants, chemotherapy
and great surgeries could be also compromised [5]. In 2050,
about 10 million deaths are expected to occur worldwide due
to AR, becoming the leading cause of death [14], what could
deeply compromise global economy, as World Bank estimated
in 2017 [15].
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PRAN

The Spanish National Plan against Antibiotic Resistance
(PRAN]) is a strategic and action plan aimed to reduce the risk
of selection and spread of AR and, consequently, to reduce its
clinical and public health impact. The ultimate goal is to sus-
tainably preserve the efficacy of antibiotics [5]. The PRAN is
coordinated by the Agencia Espafiola del Medicamento y Pro-
ductos Sanitarios (AEMPS) and has the participation of all the
autonomous communities, nine Spanish Ministries, and more
than 70 scientific societies, collegiate organizations, profes-
sional associations and universities.

The PRAN addresses in a multidisciplinary way the AR threat
from six strategic lines for action: 1) surveillance of consump-
tion and resistance to antibiotics; 2) control of the emergence
and spread of antibiotic resistant microorganisms; 3) prevention
measures to reduce infections and promote the use of tools for
an early diagnosis; 4) research to improve the knowledge of
causes and consequences of AR and development of new thera-
peutic and diagnostic alternatives; 5) training of health profes-
sionals; and 6) awareness of the population about a prudent use
of antibiotics through communication campaigns [5].

The PRAN considers a priority the implementation of a
national network of laboratories that allows early and accu-
rate diagnosis of healthcare-related infections (HAI) caused by
multi-resistant microorganisms. This fact contributes to the
establishment of early and effective treatments, as well as to
the application of control measures [16].

REDLABRA

The Spanish Network of Laboratories for the Surveillance

Network structure of RedLabRA.

of Resistant Microorganisms (RedLabRA) has been created as
a network of microbiology laboratories, coordinated and in-
terconnected at a national level, to work together in the di-
agnosis and molecular study of infectious diseases caused by
antibiotic resistant microorganisms. After being approved by
the Interterritorial Board and the Public Health Commission of
the Spanish National Health System, this network is working
led by a Coordinating Committee dependent on the Ministry of
Health, Consumer Affairs and Social Welfare (MSCBS) and the
Instituto de Salud Carlos Il (ISCIII) [16].

The general aim of RedLabRA is to achieve a complete and
quality diagnosis of every case of infection or colonization by
resistant microorganisms included in the epidemiological sur-
veillance of the National Health System. This network aims to
carry out a molecular study of the infectious diseases, includ-
ing the next generation genome sequencing as a gold stand-
ard, allowing the better understanding of bacterial evolution,
outbreaks, and transmission events avoiding the current tem-
poral gaps. For its full implementation, there is a remarkable
need of shared databases, agile informatics systems and polit-
ical implication to acquire resources and health professionals.

RedLabRA is structured in three levels of action (Figure 1).
Level 1 laboratories include all clinical microbiology laborato-
ries of the National Health System, both public and private,
being a key element of the Network. These laboratories must
have the capability to phenotypically detect resistant patho-
gens and resistance mechanisms. Level 2 laboratories must
have the capacity to support level 1 laboratories by perform-
ing an agile molecular characterization of resistance mecha-
nisms and clones, as well as being able to address the study
of outbreaks. Level 2 laboratories are designated by each au-
tonomous community; the Centro Nacional de Microbiologia
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(CNM) can provide support in the performance of level 2 func-
tions in those cases deemed necessary.

The third level will be restricted to the CNM (ISCIII) and
certain laboratories designated by the Network for specific di-
agnoses. They must have the same capabilities and functions
as level 2 laboratories, but their specific functions are to coor-
dinate the Network, to carry out quality controls, to elaborate
protocols and to perform comparative and evolutionary na-
tional studies with representative strains of circulating clones
by whole genome sequencing.

In RedLabRA, a continuous feedback of information be-
tween laboratories of all levels is required; as well as the com-
munication of the obtained results to the National Epidemio-
logical Surveillance Network (RENAVE).

No individual, agency, region, or country will be able to
control AR on their own. RedLabRA is a tool that arises with
the purpose of helping to unify, coordinate and jointly analyze
the AR information generated by microbiology laboratories,
which will facilitate the implementation of early measures to
reduce its impact and dissemination.
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