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ABSTRACT

The study of the microbiota and the microbiome, and spe-

isms, metabolites or supposed biomarkers without consensus
on their composition associated with healthy or diseased mi-
crobiota and the disease. There is still insufficient evidence in
any disease for interventions on the microbiome beyond FMT

cifically the intestinal one, has determined great interest due
to the possible association of their alterations with numerous
diseases. These include entities as diverse as Crohn's disease,
autism, diabetes, cancer or situations as prevalent today as
obesity. In view of this situation, different recommendations
have been performed regarding the use of probiotics, prebi-
otics, and postbiotics as modulators of the microbiota and the
microbiome, seeking both preventive and therapeutic effects,
and faecal material transfer (FMT) is proposed as an alter-
native. The latter has emerged as the only proven beneficial
intervention on the intestinal microbiome, specifically in the
treatment of recurrent colitis associated with Clostridioides
difficile (R-CDI). In the rest of the entities, the lowering of lab-
oratory costs has favored the study of the microbiome, which
is resolved by delivering reports with catalogs of microorgan-
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and R-CDI. Multi- and multi-disciplinary work with extensive
research and the application of artificial intelligence in this
field may shed light on the questions raised currently. Ethical
issues must also be resolved in light of possible interventions
within the umbrella of personalized medicine.

Keywords: microbiota; microbiome; Clostridioides difficile; faecal transfer;
postbiotics; probiotics; prebiotics.

Microbioma humano intestinal: Papel en la salud
y en la enfermedad

RESUMEN

El estudio de la microbiota y el microbioma, y en concreto
el intestinal, ha despertado gran interés ante la posible asocia-
cion de sus alteraciones con numerosas enfermedades. Estas
abarcan entidades tan diversas como la enfermedad de Crohn,
el autismo, la diabetes, el cancer o situaciones tan prevalentes
en la actualidad como la obesidad. Ante ello, han surgido dife-
rentes recomendaciones en el uso de probioticos, prebioticos
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y postbioticos como moduladores de la microbiota y el micro-
bioma, buscando tanto efectos preventivos como terapéuti-
cos y se propone la trasferencia de materia fecal (TMF) como
alternativa. Esta ultima, se ha erigido como intervencion con
beneficio demostrado en el tratamiento de la colitis recurren-
te asociada a Clostridioides difficile (R-CDI). En el resto de las
entidades, el abaratamiento de los costes de laboratorio ha fa-
vorecido el estudio del microbioma que se resuelve con la emi-
sion de informes con catalogos de microorganismos, metaboli-
tos o supuestos biomarcadores sin que existan consensos sobre
su composicion que se asocien a microbiotas “sanas” o “pato-
l6gicas" con enfermedad humana. No existen aun evidencias
suficientes en ninguna enfermedad para la intervencion sobre
el microbioma mas alld del TMF y la R-CDI. El trabajo multi y
pluridisciplinar con investigaciones amplias y la aplicacion de
la inteligencia artificial en este terreno pueden arrojar luz a los
interrogantes hoy planteados. También deben resolverse cues-
tiones éticas a la luz de las posibles intervenciones dentro del
paraguas de la medicina personalizada.

Palabras clave: microbiota; microbioma; Clostridioides difficile; trasferen-
cia fecal; postbidticos; probidticos; prebidticos

INTRODUCTION

The relationship between our health and the set of micro-
organisms that reside in different territories of our body (mi-
crobiota or colloguially "flora") has been the subject of study
for years. The concept of microbiota has been expanded into
that of microbiome, which includes the ecological niche in
which the microbiota is found and its interaction with the host
[1]. There are currently numerous research lines with essen-
tially three main objectives: 1) to determine whether altera-
tions in the microbiota cause disease; 2) to discern whether
their analysis has diagnostic utility in these diseases; and 3) to
evaluate the possibility of modifying an altered microbiota as a
form of treatment. The latter includes the possibility of admin-
istering substances that modify the microbiota (prebiotics), el-
ements of the microbiota (probiotics) or potentially beneficial
substances synthesized by the microbiota (postbiotics).

The interest the study of this field is enormous, but so is
the confusion in it, a fact that motivates this review promoted
by the COVID-19 and Emerging Pathogens Committee of the
lllustrious Official College of Physicians of Madrid (ICOMEM).
We understand that this confusion has three main causes. The
first is due to the extensiveness of the fields of study, ranging
from allergies to autism or cancer. The second is due to the
economic interests underlying the offer of non-standardized
diagnostic technigques with as yet unproven usefulness (stud-
ies of the microbiota), and of products aimed at improving its
composition (pre, pro and postbiotics). They are often devel-
oped and marketing with lack of strict regulation, which fa-
cilitates their entry into the market without evidence of clear
benefit, with a multitude of products and diverse posology.
Finally, the multidisciplinary approach, in the great majority
with disconnection between professionals, and the absence

of criteria and consensus in the relevance of the studies and
analysis of the results.

From the literature reviewed, this Committee only appre-
ciates sufficient evidence on the therapeutic use of the intes-
tinal microbiota for the treatment of recurrent colitis due to
Clostridioides difficile (R-CDI) and believes it is necessary to
consider the need to regulate not only the research of prod-
ucts intended to modify the microbiota, but also their adver-
tising. The following lines summarize the outcome of the de-
liberations of the Committee of Experts convened by ICOMEM
in response to a series of questions posed by the Committee.

WHAT IS THE MICROBIOME? HOW DOES IT
DIFFER FROM THE MICROBIOTA?

The term microbiota is defined as the set of microorgan-
isms (bacteria, fungi, archaea, viruses, and parasites) that re-
side in our body in different mucous membranes and other
territories. Colloquially it is also known as flora. Microbiome
refers to a broader concept as it also includes the habitat or
ecological niche and the interaction with the host. It refers to
the microbial communities found in an ecological niche, their
genes and metabolites, as well as the environmental condi-
tions surrounding them. It was first used by Whipps et al. in
1988 [2], referring to the set of microbial communities, the
characteristics of their interrelationship, and the properties of
the habitat where they are found.

The microbiota is therefore part of the microbiome in de-
fined ecological niches or locations. Among all these locations,
the intestinal microbiome stands out for its complexity and
diversity, which is the most studied so far. The genitourinary,
the oral cavity, the nasopharynx, the respiratory tract, and the
skin microbiomes, among others, also stand out. Each of them
has its own particular niche and fingerprint in its composi-
tion. The microbial communities that make up the microbiome
have a symbiotic and mutualistic behavior with human cells
and maintain an important dialogue with the immune system
[1]. It is therefore considered as an "organ" essential for life
and with a clear influence on health and disease. The micro-
biome has its own particularities and characteristics inherent
in each individual, which may vary depending on the genetic
substrate, diet, early exposure, geography, interaction with the
environment, or simply the age of the individual.

The vast majority of the microorganisms that make up
the microbiome are not able to be cultured in the tradition-
al culture media and conditions in which they are grown. The
introduction of massive sequencing techniques and bioinfor-
matics tools for massive data analysis (metaomic techniques)
and, more recently, artificial intelligence (Al), have brought
about a revolution and a great advance in the knowledge of
the microbiota and in the catalogs of its composition [3]. How-
ever, it is more difficult to characterize the conditions of the
microbiome and the effects derived from its composition. Re-
cent studies suggest that, more than microbial composition,
the importance of the microbiome lies in its functionality,
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since different microbial species can perform equivalent met-
abolic functions and the same species can perform different
functions. Figure 1 shows the main groups of microorganisms
found in the intestinal microbiota and their taxonomic update.

WHAT IS THE FUNCTION OF THE GUT
MICROBIOME?

The intestinal microbiome represents a complex ecosys-
tem that, in a symbiotic manner, contributes to numerous
functions of the host physiology. To date, its participation in
the absorption and regulation of nutrient metabolism, the
synthesis of essential vitamins, the elimination of toxic com-
pounds, the strengthening of the intestinal barrier and pro-
tection against pathogenic microorganisms and the devel-
opment of the immune system is well known. However, the
mechanisms of this contribution are far from being sufficiently
elucidated [4]. The participation of the intestinal microbiota in
these functions is synthesized below.

Nutrition and metabolism. The intestinal microbiota
provides energy and nutrients to the organism, intervening in
the absorption and metabolism mainly of carbohydrates, but
also of lipids and proteins, besides being able to interfere in
the metabolism of some drugs. It has been demonstrated that

commensal species of Bifidobacterium can synthesize vitamin
K and water-soluble B vitamins. Other groups such as Bacte-
roides can generate short-chain fatty acids (SCFA) by fermen-
tation of non-digestible carbohydrates, also collaborating with
Bifidobacterium species in the fermentation of oligosaccha-
rides. The fatty acids generated, in the form of acetate, pro-
pionate and butyrate, constitute a primary energy source for
the colonic epithelium and can also reach systemic availabili-
ty. In acetate form they become substrate for lipogenesis and
gluconeogenesis [5,6]. In butyrate form they can prevent lactic
acid accumulation. Some microorganisms such as those of the
genus Oxalobacter and certain Bifidobacterium prevent the
formation of oxalates. In relation to lipid metabolism, they en-
hance lipid hydrolysis by regulation of the colipase required by
pancreatic lipases for lipid digestion. Finally, it affects protein
metabolism through proteinases and peptidases that potenti-
ate those of the host [7].

Immunomodulation. The intestinal microbiota also
works in conjunction with the innate and adaptive immune
system of the host. It contributes to the maintenance of intes-
tinal lymphoid tissue (GALT, gut-associated lymphoid tissue),
modulates the expression of T cells, mainly T-helper (Th) and
T-regulatory (Treg) cells, and influences innate lymphoid cells
(ILC). It also interacts with IL10-producing macrophages [6].

Phylum Class Order Genus Expected %  Main characteristics
4 Clostridia Clostridiales Faecalibacterium N 7 A
Clostridium X .
Roseburia Mainly Gram-positives
. Ruminococcus . i .
Firmicutes Secretion of vitamins
Negativicutes Veillonellales Dialister .
(Bacillota)* 50-80% Spore production
o - Lactobacillus
Bacilli Lactobacillales Erierococens carbohydrates
Bacillales Staphylococcus fermentation/SCFAs**
(S L /
. Bacteroides Bacteroidales Bacteroides N X .
Tannerella Mainly Gram-negatives
Bacteroides Parabacteroides .
Alistipes 20-40% Production of SCFAs**
i * Prevotella
(Bacteroidota) Biliary acids metabolisms
Sphingobacteria Sphingobacteriales Sphingobacterium
(. .
e — N ™
Y-proteobacteria Enterobacterales Escherichia
Shigella i
Proteobacteria o % Gram-negatives
A-proteobacteria Desulfovibrionales Desulfovibrio 1-10% Sti lati fthe i "
i i imulation o e immune system
(Ps )* Bilophila y
e-proteobacteria Campylobacterales Helicobacter
& AN J
s - - aYa
Actinobacteria Actinomycetales Corynebacterium
Acti ri . . ram- iti
ctinobacteria Bifidobacteriales Bifidobacterium 1-10% Gram-positives
(Actinomycetota)* Coriobacteria Coriobacteriales Atopobium L Haemostasis maintenance
( Fusobacteria Fusobacteria Fusobacterales Fusobacterium ) [ 1-5% Gram—negatives ]
Verrucomicrobia Verrucomicrobia Verrucomicrobiales AN <1% Gram-negatives
Mucous regulation
Figure 1 ‘ Main groups of microorganisms found in the intestinal microbiota and their taxonomic
update
*updated taxonomic designation; ** Short-chain fatty acids
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Protection against infection. This is a multifactorial
action in which the direct action of the microbiota and the
interaction with the host's defense mechanisms must be con-
sidered. In the former, the intestinal microbiota enters into
competition for nutrients against possible pathogenic micro-
organisms. In addition, some microorganisms have the func-
tion of synthesizing proteins with antimicrobial activity. How-
ever, interaction with host defense mechanisms is essential.
The microbiota induces the production of IgA, improving the
barrier function exerted by the intestinal mucous layer. Also
the production of lactic acid during metabolism, enhances the
activation of host lysozyme which acts as an antimicrobial
agent.

However, it should not be forgotten that the microbiome
constitutes a dynamic ecosystem, rapidly changing according
to changes in diet or exposure to chemical agents, which can
cause not only positive but also negative actions [8].

WHAT EXTRINSIC AND INTRINSIC FACTORS
OF THE INDIVIDUAL INFLUENCE THE GUT
MICROBIOME?

Several factors have been identified that influence the
composition of the intestinal microbiota. It is not well under-
stood, however, which are the ultimate determinants affecting
its stability and the fluctuations that occur throughout life.
The factors most frequently implicated include the following:

— Diet. The basic composition of the human microbiota is af-
fected by diet over the long term, especially diets with a
high proportion of fat and protein versus a high-fibre diet.
Marked differences in gut microbiota have been found to be
associated with these dietary patterns [9].

— Host genetics. In particular, the genetic determinants of the
immune system, which plays a key role in selecting the bac-
teria that reside in the body [10].

— Use of antimicrobials. They significantly alter the intestinal
microbiota, affecting its diversity and composition. This ef-
fect appears both in the short and long term [11].

— Lifestyle and environment. Factors related to lifestyle, diet
and medications in general have a profound impact on the
gut microbiota [11].

— This is another crucial factor affecting the diversity of the
microbiome. Its composition has been observed to vary with
age, possibly reflecting changes in the immune system, diet
and general health [12].

— Stress. Both chronic and acute, can influence the gut micro-
biota. Although the exact mechanism is not fully elucidated,
stress is thought to affect the intestinal barrier and the in-
teractions of the microbiota with the nervous system [13].

— Geographic factors. Geographic location and local dietary
habits account for a significant part of the variation in gut
microbiota [14].

— Sex. Sex differences exist in the composition of the gut mi-
crobiota, although studies show mixed results and the un-
derlying mechanism is still under investigation [15].

CAN THE HEALTH OF THE INTESTINAL
MICROBIOME BE IMPROVED? HOW?

Based on the factors that modify the microbiota and the
microbiome, some interventions have been postulated to im-
prove their "health”. However, their effect on overall health
is still far from being well defined. Some of these interven-
tions are summarized in Table 1. Although these strategies are
promising, further research is essential to fully understand
their impact on global health and disease prevention. Indi-
vidualization of these interventions, taking into account the
uniqueness of each person's microbiota, could be key in the
quest for optimal health and lasting well-being [16-21].

IS THERE A LINK BETWEEN THE GUT MICROBIOME
AND DISEASE? WHAT IS THE EVIDENCE BASE?

The involvement of the microbiota in health or disease
is postulated on three basic pillars: the influence on the con-
struction, maintenance and modulation of immunity. Its ac-
tion is positive in the digestive process and in the generation
of energetic and vitamin resources essential for life or, on the
contrary, negative in the production of potentially toxic sub-
stances that can alter its normal functionalism. The biological
aggressiveness of many microorganisms is manifested when
they colonize or when they undergo translocation and colo-
nize extraintestinal tissues. When studying the relationship
between the microbiota and health or disease, methodological
problems arise in the study of a microbiome of a changing na-
ture and its possible influence on future disease. Its follow-up
over time would show greater certainty, and always including
large numbers of study subjects and their controls to assert
the relationship.

The ultimate example of a pathogenic dysbiosis and its
eradication by manipulation of the microbiota is R-CDI. From
this immediate evidence, we can jump to the already test-
ed scenario of stool transplantation (or transfer) for the im-
provement of autism [22]. Between these two extremes, the
relationship between the microbiota and almost every type of
disease is raised.

The lack of antigenic stimuli due to decreased diversity
and the alteration of what would be a "healthy" microbiome
in the early stages of life, including gestation, have been linked
to reduced immune efficiency and increased risk of disease or
earlier onset of disease. These include atopic eczema [23,24],
food allergies [25], asthma [26-28] and metabolic diseases as
important as obesity [29,30] and type-1 diabetes [31-33], in
the genesis of which, in addition to genetic susceptibility, there
is a background of inflammation [34,35] or autoimmune ag-
gression [36]. These "dysbioses” seem to be strongly influenced
by the type of delivery (natural or cesarea) [37,38], the lack of
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Table 1

Interventions on the microbiome to improve your health

Intervention Comments

Ref.

Prebiotics

Non-digestible compounds, present in the diet, that stimulate the growth or activity of microorganisms of the microbiota, resulting in a 16

possible health benefit. Generally, plant fibres that we do not digest and that are food for bacteria.

Examples: inulin (fructooligosaccharide) and oligosaccharides from breast milk.

Probiotics

A live microorganism that, when administered in adequate amounts, is intended to improve health problems such as obesity. 18

Examples: There are many types of probiotics, generally they are of the species Lactobacillus or Bifidobacterium or related such as
Lactecaseibacillus rhamnosus GG. The Escherichia coli Nissle 1917 strain is also used.

Postbiotics

Inactivated microorganisms and their metabolites that confer a potential beneficial effect on intestinal health by providing possible 21

anti-inflammatory, immunomodulatory and intestinal barrier protective effects.

Examples: Current focus is on gut-derived bacteria such as Akkermansia municiphila, a strict anaerobic bacterium that releases
metabolites with potentially health-promoting activity, including short-chain fatty acids

Dietary fibre
beneficial effects are attributed.

Dietary components

and dietary habits

Its consumption through fibre-rich foods may improve glucose metabolism. It is associated with an increase in bacteria to which 17

Healthy dietary habits, such as a diet rich in plant foods, can promote a diverse and health-promoting microbial ecosystem. Vegetarian 19,20
and vegan diets are associated with an increase in certain potentially beneficial bacteria (such as Bacteroidetes) and may promote the

production of short-chain fatty acids, which are considered beneficial.

maternal exposure during gestation to domestic animals, re-
ceiving antibiotics during this period or in the first months of
life [39,40] and, of course, an artificial neonatal diet. What we
would understand as a more "healthy" state would favor the
development of "allergies” [28,41]. On the other hand, some
of the relationships that have been established between infant
dysbiosis and diseases have not been confirmed in observa-
tional studies in real life, as is the case of the use of antibiotics
and obesity [42].

There are direct pathogenic aspects of the microbiota in
the newborn and especially in the premature infant that pre-
dispose to necrotizing enterocolitis, characterized by a patho-
logical predominance of Enterobacterales and Staphylococcus
with respect to Bifidobacterium and Bacteroidetes [43-45],
contrary to what occurs in healthy children. Immune dysfunc-
tion against this dysbiosis is suspected as the pathogenesis
[46]. Late-onset sepsis, which sometimes occurs, would be an
example of bacterial translocation. The same bacteria isolated
during sepsis have been found in the pre-sepsis intestine of
these children [47,48].

Inflammatory bowel disease (Crohn's disease and ulcera-
tive colitis) shares the same suspected pathogenesis with the
interaction of microbiota, genetic susceptibility and inade-
quate immune-inflammatory response [49-51]. Dysbiosis due
to an increase of proteobacterias and decrease of Bacteroi-
detes and Firmicutes [52] is pointed to in its genesis, as well
as the interaction between diet and microbiota and its con-
sequences on intestinal permeability [50]. Irritable bowel syn-
drome, with such a high prevalence, is a permanent focus of
studies looking for a direct relationship with the microbiota,
without evidence that allows definitive treatment actions [53].

Obesity deserves a separate mention. At the moment, it
is not clear what the profile of the microbiota attributed to
obesity is, although in animal models it seems to be relat-
ed to a higher proportion of Firmicutes, to the detriment of
Bacteroidetes. On the other hand, bariatric/metabolic surgery
changes the ratio between these two groups of bacteria, with
predominance of Bacteroidetes [54-56]. These changes may be
long-lasting and determinant in weight loss and metabolic co-
morbidity control. However, there is little evidence to support
a causal or associative relationship between the microbiome
and obesity. Although there is evidence that the gut micro-
biome may affect the risk of adiposity-related comorbidities,
such as type-2 diabetes and inflammation, there is no evidence
that manipulation of the gut microbiome is an effective treat-
ment for obesity [57-58].

Another field that opens a huge range of studies is the in-
fluence of the microbiota with neurogenesis, behavior and dis-
eases of the nervous system through the so-called "gut-brain
microbiome axis” and again the invitation to modify this "en-
vironmental" part of the individual to control the alterations
of its genetic disposition [59]. Depression, autism, attention
deficit disorder, schizophrenia, Parkinson's disease and neuro-
degenerative disorders, including Alzheimer's disease, do not
escape this relationship.

Evidence has shown bidirectional communication be-
tween the gut microbiome and the central nervous system,
making it a target for ameliorating the development and
progression of neurodegenerative diseases [60,61]. This com-
munication would be mediated by the immune system, vagus
nerve, enteric nervous system, neuroendocrine and circulato-
ry systems [60]. In mouse models it has been observed that
bacterial metabolites generate responses in neurotransmitters
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(serotonin, dopamine, noradrenaline, etc.) and in the immune
system, requlating neurophysiological function and cognition
[61]. Likewise, alterations in the gut microbiota have been as-
sociated with autism spectrum disorders, anxiety, depressive
behaviors, impaired physical performance and motivation, as
well as neurodegenerative diseases such as Alzheimer's disease
and patients with Parkinson's disease) [62]. Aging, a key player
in neurodegenerative diseases, shows that the gut microbiome
of centenarians has a great similarity with those of young in-
dividuals.

On the other hand, the relationship of microorganisms
and cancer has a long history focused on treatment. Today, the
role that microbiota can play in direct or inducing and espe-
cially modulating causation through the immune system and
the production of functional metabolites is recognized [63,64].
The concept of the immune-oncology-microbiota axis is cre-
ated. Much of this relationship is still maintained with the
intestinal microbiota (the colon harbors 97% of the bacterial
microbiota and is the organ with the highest production of bi-
ologically active substances with immunomodulatory activity).
The rest corresponds to bacterial microbiota of other organs.

Once again, a strictly intratumoral microbiome appears,
found in more than thirty types of tumors [65,66] whose path-
ogenic role remains to be defined both in oncogenesis and in
the interference in the response to chemotherapy or immuno-
therapy, and therefore of a possible therapeutic intervention-
ism. The specificity of the intratumoral microbiome is postulat-
ed as a localization or body mapping tool when investigating
this microbiota in blood.

There are very few microorganisms recognized as directly
oncogenic, also called oncomicrobes: Epstein Barr virus; HBV;
HCV; Kaposi's herpesvirus; HIV-1; human papillomavirus; HTL-
1 virus; Opistorchis viverrini and Clonorchis sinensis, Schisto-
soma haematobium and Helicobacter pylori [67], but there are
many others that could act as facilitators through their active
metabolites or by immunomodulation [68-71]. In any case, we
would be at a point that opens the way for the future, but still
without clinically validated tools for therapeutic intervention-
ism [65,66,72-77].

CAN THE MICROBIOME HELP DIAGNOSE DISEASE
OR BE USEFUL IN DISEASE MONITORING?

WHAT ARE THE INDICATIONS FOR MICROBIOME
STUDIES IN THE CLINIC?

Microbiome analysis has the potential to revolutionize
many aspects of healthcare, from diagnosis and treatment to
prevention. However, it is still at a very early stage and further
clinical research and technological developments are needed
for full implementation. Therefore, at present, microbiome
analysis should not be recommended in clinical practice as
we lack the necessary knowledge to translate the results of its
analysis into clinical decisions. Some relevant findings of re-
cent research are schematically presented below:

- Inflammatory Bowel Disease (IBD). The microbiome plays
a role in the pathogenesis of IBD. Microbial biomarkers in
blood and other body fluids are emerging as promising tools
for the diagnosis and prognosis of IBD, although their clini-
cal application is still under development [78].

- Diagnosis of precancerous lesions. This is a hot area. There
are numerous groups interested in developing microbio-
ta-based diagnostic tools for colon cancer. For example, it
has been observed that the abundance of Fusobacterium
nucleatum is higher in patients with colorectal cancer than
in controls [79]. Similarly, it has been observed that the de-
termination of metabolites produced by anal bacteria can
help identify subjects with precancerous lesions [80].

- Predictor of response to immunotherapy in cancer. The role
of the microbiome in response to immunotherapy is an area
of growing interest in oncology. Studies in preclinical, ob-
servational models, and pilot clinical trials suggest that it is
possible to predict the response to immunotherapy based
on the composition of the microbiome, and to modify this
response by microbiota transplantation. Further studies are
needed to introduce this tool into the clinic [81,82].

- Personalized Medicine. Host gene-microbiome interactions
appear to influence the development of chronic multifac-
torial diseases such as type-1 diabetes, ulcerative colitis,
and Crohn's disease. Analysis of the microbiome could help
identify subjects at risk for developing these diseases and
become a tool for diagnosis and personalized medicine [83].

HOW IS THE INTESTINAL MICROBIOME STUDIED?
WHAT LABORATORY REPORTS ARE ISSUED AND
HOW SHOULD THEY BE INTERPRETED?

The study of the microbiome can be approached with dif-
ferent techniques. Typically, mass sequencing is performed af-
ter amplification of the gene encoding the 16S ribosomal sub-
unit (16S rDNA for bacteria), or of the ITS1-2 intergenic space
(for fungi) [84]. First, the total DNA of microorganisms from a
clinical sample is obtained, then the chosen target is amplified
by PCR, and finally mass sequencing is performed. After pass-
ing the quality filters of the process and discarding incomplete
or chimeric sequences, each amplicon (DNA fragment ampli-
fied by PCR, approximately 300 base pairs - bp -) is assigned
to a specific microorganism after matching it to databases
with bioinformatics tools. The final step consists of assigning
values of alpha diversity (total number of different taxa and
balance in their abundance) and beta diversity (statistical dif-
ferences in groups of subjects). This is the most common tech-
nique because of its low cost (approx. 50 €/sample in reagents)
and relative simplicity, but in most cases it cannot discern the
complete taxonomy, and generally only reaches genus without
descending to species. The new massive sequencing platforms,
such as PacBio®, perform sequences up to 1,500 bp, allowing
a more accurate taxonomic assignment as they can read the
complete 165 rDNA gene and reach the species level with high
confidence.
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There is a more complex approach called "shotgun” in
which all the DNA is sequenced without a previous amplifi-
cation step, but again with short sequences of 300 bp [84].
With this strategy we can identify all microorganisms, includ-
ing viruses, and metabolism, virulence, or antibiotic resistance
genes. However, it has as a disadvantage the difficulty in the
bioinformatic reconstruction of the individual genomes of
each microorganism.

Both with the amplification of 16RNA sequences and
with a "shotgun" approach we can know the composition and
abundance of each taxon in a sample in which we want to
characterize the microbiome, with the limitation that the pro-
cess has not been standardized.

Other study techniques collect the expression of genes
(transcriptomics), the proteins synthesized (proteomics), the
metabolites of the entire ecosystem (metabolome) and finally
the connections between them (interactome). Current interest
in the study of the gut microbiome is focused on metabolites
of exclusive microbial production that also have an impact on
health and disease such as SCFAs and trimethylamine N-oxide
(TMAOQ)

It is important to emphasize that, despite technical ad-
vances, there is no consensus on the normality of the microbi-
ota in its composition, and this prevents the preparation of a
report to grant the degree of "normality”. There are diagnostic
laboratories that make reports on the composition of the mi-
crobiota based on internal criteria of normality, but in no case
do they have, for the moment, any validity for therapeutic de-
cisions. These reports are only based on the abundance of each
bacterial taxon, attributing to them a functionality that has
not been proven, for example, they refer to the abundance of
proteolytic bacteria only with the abundance of certain taxa.
The problem with these reports is that they often have thera-
peutic implications, in many cases with antimicrobials, without
prior consensus or evidence of their usefulness.

CAN THE MODULATON OF INTESTINAL
MICROBIOME BE USED TO TREAT DISEASES?
WHAT IS A FECAL TRANSPLANT/TRANSFER AND
WHAT ARE ITS INDICATIONS?

Modulation of the intestinal microbiome has become a
potential therapeutic target to treat putative diseases associ-
ated with its dysbiosis. Among the therapeutic interventions
targeting the gut microbiome, fecal microbiota transplanta-
tion (FMT) has attracted the interest of the scientific and clin-
ical communities. Its use has been documented in at least 85
diseases, with heterogeneous results [85].

FMT can be defined as the transfer of fecal matter from
a healthy donor to a sick person, with the aim of restoring or
modifying his or her microbiota. The procedure is performed
by introducing the processed product from the feces of the
healthy donor into the gastrointestinal tract of the recipient,
either through colonoscopy [86], enema [87], nasoduodenal

tube [88] or more recently, through orally administered cap-
sules [89-91].

FMT is believed to have originated in 4th century China,
where fecal material was administered orally to treat patients
with diarrhea [92]. In the current medical literature, FMT was
first used to treat pseudomembranous colitis in 1958 in Den-
ver, USA [93]. Most of the clinical experience of FMT has orig-
inated in the treatment of R-CDI, where it has demonstrated
high success rates (around 90%) in both randomized clinical
trials and long case series [94,95]. The European Society for
Clinical Microbiology and Infectious Diseases (ECCMID) treat-
ment guidelines recommend fecal transplantation for R-CDI
[96,97]. The Infectious Diseases Society of America (IDSA) and
the Society for Healthcare Epidemiology of America (SHEA)
guidelines [98] also include a strong recommendation for its
use in second and subsequent episodes of R-CDI. R-CDI nonre-
sponsive to standard therapies is the only indication approved
by the US Food and Drug Administration (FDA) for FMT since
2013 [99].

Despite its high efficacy, the exact mechanisms by which
FMT acts on R-CDI are not well understood. Some of the pro-
posed mechanisms include direct competition of C. difficile
with the administered microbiota, reconstitution of alpha
diversity that helps prevent C. difficile colonization, changes
in bile acid metabolism, and repair of the intestinal barrier
by stimulating the mucosal immune system [100-102]. FMT
in R-CDI has been limited by practical barriers such as donor
selection, product preparation, storage, delivery, and in some
cases, patient reluctance [88,103,104]. Stool donors should
undergo periodic thorough controls in which the presence of
pathogenic microorganisms is ruled out both in the stool and
by serology.

Due to increasing clinical demand, the FMT has gradually
evolved. The use of frozen material versus fresh stool was the
first step in its modernization, allowing the creation of stool
banks [94]. There are several ways of processing stool depend-
ing on the route of administration. For administration by co-
lonoscopy, the stool is mixed with a solvent (water or saline),
whereas nowadays it is most commonly administered in cap-
sules. For this purpose, the stool is dissolved with a cryopro-
tectant, then freeze-dried and finally encapsulated with the
resulting powder. The stool or its derivatives have a viability
of 6 months but there are currently protocols that will enlarge
this period.

The development of FMT in oral capsules has represent-
ed a great advance in the treatment and prevention of R-CDI,
overcoming the main disadvantages of other routes of admin-
istration. Several studies have shown that encapsulated TFM
has similar efficacy (around 90%) and produces fewer adverse
events [89,91,95,105-108].

Current data suggest that FMT is a safe therapeutic meth-
od with few adverse effects, although its long-term outcomes
have not been fully elucidated [109]. In a systematic review
collecting FMT-related adverse effects reported over 20 years
(2000-2020) and including 5,688 procedures [110], 19% of ad-
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verse events were found, of which the most frequent were di-
arrhea (10%), abdominal discomfort, pain, and cramping (7%).
Serious adverse events related to FMT were reported in 1.4% of
patients undergoing FMT. The mortality rate was low (0.13%),
mostly as a result of aspiration pneumonia related to the route
of FMT administration. This suggests that most FMT-related
deaths could be avoided by paying attention to risks related
to the route of administration. Of note, serious adverse effects
related to FMT occurred in patients with mucosal barrier injury.
Another recent review and meta-analysis with 5099 patients
showed that serious adverse events developed in less than 1%
of patients [111].

In conclusion, FMT is proposed as a therapeutic action
with great potential in the prevention or treatment of many
diseases, although the only current clinical indication is the
treatment of R-CDI. However, much effort is still needed to
unravel the mechanisms of action and to further update the
guidelines for FMT on an international scale. It is hoped that
with advances in technology and knowledge, FMT will become
a standardized treatment in which the current regimen will be
replaced by well-defined microbial consortia, metabolites or
laboratory-synthesized compounds that can be easily admin-
istered.

WHAT ARE PROBIOTICS, PREBIOTICS AND
POSTBIOTICS AND WHAT ARE THEIR CLINICAL
INDICATIONS?

Prebiotics are non-digestible dietary ingredients that
facilitate intestinal health by stimulating the growth of ben-
eficial bacteria such as bifidobacteria and lactobacilli. An ex-
ample of these would be human milk oligosaccharides, unique
for their high concentration in the human species, synthesized
in the mammary gland, and the first prebiotics ingested by
the newborn and infant. Like probiotics, their real benefit is
controversial, although by favoring intestinal colonization by
bifidobacteria, they could improve infant colic, prevent ear-
ly constipation and intestinal infections. For this reason, the
companies that manufacture them are incorporating them in-
to milk formulas and as food supplements. Prebiotics are also
present in foods rich in fibre.

Probiotics are live microorganisms that, when adminis-
tered in adequate amounts, may offer significant health bene-
fits to the host. They are found in fermented foods and can be
purchased as dietary supplements. Although the actual bene-
fits are controversial, they would contribute to the stability of
the microbiota, strengthen the integrity of the intestinal bar-
rier and enhance immune function. Lactecaseibacillus rham-
nosus GG is the strain with the most evidence of therapeutic
and/or preventive benefit for different types of diarrhea (com-
munity, traveler's and post-antibiotic), functional digestive
disorders, and immune boosting (against allergies and respira-
tory infections).

Postbiotics are metabolic products or cellular compo-
nents of inactive microorganisms of the intestinal microbiota.
An example is SCFA, metabolites formed in the colon after en-
zymatic degradation by the microbiota (Table 1). Their benefi-
cial effects would be observed both at the intestinal level (inhi-
bition of pathogens, barrier effect, increased intestinal transit)
and as anti-inflammatory, immunomodulators and protectors
of the intestinal barrier. Their use in the management of gas-
trointestinal disorders and their potential in improving general
health are being increasingly investigated [21].

Research in this area is difficult due to the absence of
strict requlation of their use. Facilitating their entry into the
market without clear evidence of benefit is the multitude of
different products and posologies. They have been studied in
multiple indications, such as prevention of recurrences of IBD
[112], recurrences of bacterial vaginosis [113], prevention of C.
difficile diarrhea [114] or prevention of recurrent urinary tract
infection [115]. There is great heterogeneity in the results and
products investigated, resulting in a low quality of evidence,
although the most recent investigations show promising data
on the use of probiotics for the prevention of bacterial vagino-
sis [113] and recurrent urinary tract infection [115].

There is no firm evidence to recommend the use of prebi-
otics, probiotics or postbiotics in clinical practice. Even so, the
prescription of probiotics has increased a lot and it is impor-
tant to know their safety. Although adverse reactions have
rarely been demonstrated, there are doubts as to whether their
administration is safe. In theory, due to their composition, pro-
biotics could be implicated in five types of adverse effects: 1)
infectivity and/or pathogenicity as they are live products; 2)
production of undesirable metabolites; 3) possibility of trans-
mission of genes that confer resistance to antibiotics; 4) ex-
cessive immunostimulation or immunosuppression in sensi-
tized individuals:; and 5) adverse reaction associated with their
excipients. In case of doubt, it should be taken into account
which are the potential subjects at risk of suffering complica-
tions (Table 2).

WHAT IS THE INTEREST OF THE MICROBIOTA AND
THE USE OF PROBIOTICS AND PREBIOTICS IN
PEDIATRICS?

Microbial colonization of the digestive tract during infan-
cy is an essential process for our life. It is very important that,
in the immediate neonatal period, a healthy and healthy mi-
crobiota is established, which will maintain its beneficial effect
in the child's life, protecting him/her from intestinal infections
and favoring his/her immune development [116]. The intestinal
microbiome would have an important role in the maintenance
of a healthy gut-brain axis.

The intestinal microbiota is fundamentally established in
the perinatal period (between 22 weeks of gestation and 8
days of life), when the most important intestinal colonization
of the individual occurs, especially during delivery. Although
for years it seemed that the fetus developed in a sterile en-
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Table 2

Patients potentially at risk of complications derived from the use of probiotics [116].

Immunocompromised (including severely malnourished and oncology patients)

Premature infants (*)

Neonates with severe pathology

Cardiopathies (valvular alterations and their replacement, history of endocarditis)

Pregnant women ()
Patients in ICU (severe pathologies and central catheter carriers)

Patients undergoing surgery (*)

Severe risk of intestinal translocation (acute abdomen, intestinal fistula, neutropenia or severe risk of doing so due to chemotherapy or radiotherapy)

Administration of probiotics through jejunostomy

Concomitant administration of broad-spectrum antibiotics to which they are resistant (*) (Lactobacilli often have natural resistance to vancomycin)

Probiotics with high intestinal mucosal binding capacity or known pathogenicity

(*) Relative risk. In general, their use is considered safe in the following groups.

vironment, DNA from different bacterial species has recently
been detected in amniotic fluid, placenta, umbilical cord blood
and meconium. This suggests that the microbiota may be ini-
tiated in gestation. The neonatal microbiome is very dynamic
and changes from the initial intrauterine colonization until 3
years of life, when it becomes similar to that of the adult.

Several protective factors favor the establishment of a
healthy microbiome. Thus, while vaginal delivery, maternal
contact, and breastfeeding favor this physiological process,
birth by cesarean section, artificial breastfeeding, and early ex-
posure to antibiotics hinder it [117]. The following are some
proven findings:

- In vaginal delivery, the newborn is colonized by microor-
ganisms from the maternal vaginal, fecal and cutaneous
microbiota. It incorporates Escherichia coli, Staphylococcus,
Streptococcus, and anaerobic bacteria of the Bacteroides
and Bifidobacterium spp. type.

- The continuous contact of the newborn with its mother and
breastfeeding expose it to a large number of microorgan-
isms that are also incorporated into its initial microbiota:
Staphylococcus, Streptococcus, Serratia, Pseudomonas,
Corynebacterium, and Propionobacterium.

- Breast milk contains prebiotics that promote the growth of
Bifidobacterium in the infant's intestine.

- In children born by cesarean section, intestinal colonization
by the bacteria that appear to be most beneficial (Lactoba-
cillus, Bifidobacterium, and Bacteroides) is delayed.

- Artificially breastfed infants, compared to breastfed infants,
have less Bifidobacterium which facilitates intestinal colo-
nization by enterobacteria and the acquisition of antibiotic
resistance genes.

- Early exposure of the newborn to antibiotics alters the in-
testinal microbiota and can have permanent effects on the

microbiome, especially on Bifidobacterium which some-
times persists for the first 12 months of life.

There is increasing interest in the use of probiotics and
prebiotics in pediatrics, including in neonates and premature
infants [118,119]. Many studies have shown some benefit in
the prevention and/or treatment of digestive and nutritional
diseases in children [120]. Recently, the European Society for
Paediatric Gastroenterology Hepatology and Nutrition (ES-
PGHAN) [121,122] has published Clinical Practice Guidelines
on the use of probiotics to unify criteria for the appropriate
management of acute diarrhea, antibiotic-associated diarrhea,
prevention and treatment of necrotizing enterocolitis of pre-
maturity, H. pylori infection, and functional digestive disorders
such as infant colic, functional abdominal pain, and function-
al constipation. Although there is a high level of agreement
among the clinical practice recommendations of the Scientific
Societies, there are also differences. Comparison of the studies
is difficult due to their heterogeneity in terms of indications,
doses, duration, and composition of the probiotics used, which
makes it difficult to recommend them routinely.

In older children and adolescents, the use of probiotics is
being evaluated, as in adults, for many other pathologies: al-
lergic (allergic rhinitis), cutaneous (acne), nephrotic syndrome,
endocrinological (obesity and diabetes), neurological diseases
(TDH, autism), etc. In some cases, the results are encouraging,
but for the moment there is insufficient information for its
recommendation and routine use.

It is important to insist that the use of probiotics as treat-
ment and/or prevention of specific diseases should be done in
a personalized way, knowing well the product, its doses, ben-
efits and risks, and the maximum time of administration. This
is the only way to better understand the expected benefit of
these products and others that will probably be available in
the future.
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WHAT ARE LIVE BIOTHERAPEUTIC AGENTS OR
SYNTHETIC MICROBIOTAS?

Synthetic microbiota (SynCom) is a laboratory-created,
structurally defined and/or controlled microbial community
consisting of relatively few microorganisms that have been
cultured and that acts as a substitution for the original func-
tions and structure of the microbiome. These communities
when created for therapeutic purposes are also known as “bio-
therapeutic agents".

The SynCom approach has the great advantage that we
can manipulate this community by simply adding, deleting
or substituting one or a few strains to achieve the desired
functions. Furthermore, these manipulations can affect the
genomes of the strains; for example, certain functions can be
eliminated or enhanced by gene silencing or expression en-
hancement, respectively. Because SynCom member microor-
ganisms can be cultured, the strains that comprise SynCom are
ideal for dissecting the structural complexity and associated
functions of the microbiota using reductionist approaches. Al-
though many strains exist, the most commonly used synthetic
microbiotas are of murine (ASF, OMM, GM15) or human (SIHU-
MI, SIM, MET-1, or B4PC2) origin [123, 124]. All of them need
first to grow the microorganisms, stabilize them, and co-cul-
ture them so that all of them are represented and in previously
established proportions.

The FDA authorized in April 2023 a product (VOWST®)
containing encapsulated Firmicutes spores (between 1x106
and 3x107 CFU/ml) to prevent R-CDI in individuals 18 years
of age and older after failure of antibacterial treatment [125].
Ingestion of the capsules (4 per day for 3 consecutive days)
should be done 2-4 days after completing antimicrobial treat-
ment for R-CDI. Their efficacy in clinical trials was demon-
strated by lower R-CDI [12,45] compared to placebo (39.8%)
(https://www.fda.gov/vaccines-blood-biologics/vowst). Earlier
(November 2022) the FDA cleared a stool suspension (Rebyo-
ta®) from qualified donors to prevent R-CDI in individuals 18
years and older [124]. It is prepared for rectal administration,
150 ml containing between 1x108 and 5x1010 UCF/ml of fecal
microorganisms including more than 1x105 CFU/mL of Bacte-
roides. It should be administered 24 to 72 hours after the last
dose of antibiotic for R-CDI. Its efficacy in clinical trials was
70.6% versus 57.59% in the placebo group (https://www.fda.
gov/vaccines-blood-biologics/vaccines/rebyota). The estimated
price in the United States for one dose of VOWST® is $17,000
and that of Rebyota® is $9,000 [126].

WHAT ROLE DOES THE GUT MICROBIOME PLAY IN
DRUG EFFICACY?

The microbiome can condition the pharmacokinetics and
metabolism of drugs, especially those with an enterohepat-
ic route of elimination, affecting their effectiveness, but also
causing unexpected side effects [127]. The gut hosts the most
abundant microbiota in our body, however, effects may also
be at the local level following interaction with vaginal, skin,

or respiratory tract microbiota. Altered pharmacokinetics of
tacrolimus and other immunosuppressants have been reported
[128], highlighting that these products are also of microbial
origin. Although microorganisms can metabolize drugs, the
main mechanism by which their action is affected is seques-
tration inside the microbial cell.

Another aspect to consider is the opposite, the impact of
drugs on the microbiota. Many compounds, beyond antimicro-
bials, may have inhibitory activity by causing death or exerting
a decelerating effect on metabolism, while others may be met-
abolic accelerators. In recent years, the study of omeprazole or
metformin has focused on the intestinal microbial ecosystem
[128,129]. Finally, the major focus of current research is how
the microbiota conditions the response to oncological treat-
ment, particularly immunosuppressive treatment. Thus, there
are proposals for fecal transfer from immunomodulator re-
sponders to non-responders. In some cases, adequate respons-
es have been achieved with this strategy.

WHAT IS THE FUTURE OF THE APPLICATION
OF ARTIFICIAL INTELLIGENCE IN MICROBIOME
RESEARCH AND ITS POTENTIAL ROLE IN THE
CLINIC? ETHICAL CONSIDERATIONS

Research in relation to the microbiota, beyond FMT, is in
full swing. Metabolites associated with the intestinal microbi-
ota, such as TMAO or SCFAs, may have a potential therapeutic
impact on the future of some diseases. Other potential strat-
egies would come from the use of micro RNA (miRNA) that
would allow the manipulation of the intestinal microbiome,
hyaluronan, nanomedicine or extracellular vesicles [130]. Much
of the knowledge about microbiota-host interactions comes
from animal models. There are methodological complexities
and manifest limitations inherent in translating reductionist
animal models to complex human disease. Although it is a
gateway to research and future treatments, at present there
are no robust conclusions in either the diagnosis or treatment
of diseases that have been linked to alterations in the microbi-
ota. Therefore, great expectation has been created in the pos-
sible use of Al to facilitate the knowledge of the microbiome
and its relationship with health and disease.

Al and in particular machine learning (machine-learning)
and deep learning (deep-learning), is opening new frontiers in
microbiota research. The use of these tools can improve the
understanding, diagnosis and treatment of diseases related to
the human microbiome [131]. Al allows the analysis of high
volume and complex datasets by identifying patterns and as-
sociations limited to other traditional statistical methods, as
well as assisting in the sequencing of metagenomic data by
allowing the identification and classification of microbial spe-
cies. These tools can be used to design predictive models and
improve the diagnostic accuracy of some microbiota-relat-
ed diseases. In addition, they can contribute to personalized
treatments by improving knowledge of individual microbiome
profiles. There are international experiences and networks to
promote research and work on the identification of predictive
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and discriminatory "omics" features, the improvement of re-
peatability and comparability, the development of automation
procedures, and the definition of priority areas for the devel-
opment of novel machine learning methods targeting the mi-
crobiome [132].

Despite the potential of Al application in microbiota re-
search, there are important challenges related to data quali-
ty and standardization, improving algorithms into applicable
models that better handle the variability and complexity of
microbiome data, combining them with other data such as
genomic, proteomic and metabolomic data, and ensuring their
ethical use in research. It would be important to start identi-
fying potential ethical issues early on rather than waiting for
problems to arise. In this sense, this new technology leads to
try to answer the following points that can be generalized to
the study of the microbiome [133,134]:

- Personal identity: The microbiome of each individual is
unique. If this microbiome, together with genes, conditions
our susceptibility to disease and response to treatment, it
can be considered part of our identity.

- Privacy: The guarantee of confidentiality is fundamental to
the practice of medicine and research. Therefore, in both
clinical and research settings, everything related to confi-
dentiality is fully applicable to the microbiome. Patients rea-
sonably expect that their information will not be disclosed.

- Ownership: If someone's microbiome is unique and valuable,
to whom does it belong? Do we have ownership rights over
our microbiome because our body is its host? When knowl-
edge from a microbiome study has commercial value, who
should get the benefits?

- Research with human subjects, creation of biobanks: Having
treatments to prevent diseases requires advances in basic
science and translational research including biobanks, sam-
ple banks and research with human subjects. In this respect,
autonomy gives primacy to informed consent and privacy
in the current ethics of all research, including therefore all
microbiome research. But aside from the above basic con-
sideration, questions arise about the rules and governance
of biobanks and sample banks. Who should be given access
to biological samples, what information should be shared,
what projects should the samples support, and who should
make these decisions?

The biomedical research community will need to answer
these questions as microbiome research progresses, avoiding both
exaggeration of the risks and ignorance of the real problems.

CONCLUSIONS

Although there is evidence of the possible association be-
tween the composition of the gut microbiota and numerous
diseases, beyond those affecting the digestive tract, and the
possible benefit on its modulation, it is still too early to es-
tablish general recommendations for action. Only FMT in the
treatment of R-CDI has demonstrated unequivocal benefits,
and in the rest of the diseases it is necessary to carry out ex-

tensive studies with ambitious designs that allow conclusions
to be drawn. Part of the difficulty lies in the definition of what
is a healthy microbiota (or state of eubiosis) or a diseased mi-
crobiota (state of dysbiosis), which is covered by the stand-
ardized application of laboratory techniques for its study and
interpretation. Around this, decision making has arisen in the
face of reports with catalogs of microorganisms that are part
of the microbiota that in many cases favor the use of probi-
otics, prebiotics and postbiotics as a medicine of complacency
with the patient. Efforts should be made by scientific societies
and regulatory agencies in the analysis of the evidence and
the promotion of research by funding agencies. The applica-
tion of Al, the reduction in the cost of laboratory techniques,
and work in multi- and multidisciplinary teams can facilitate
this work. Also, and given that action on the microbiome can
be considered part of personalized medicine, it is necessary to
clarify numerous questions that arise from the ethical point of
view. On this depends a better knowledge of the microbiome
and the role of prevention and treatment of possible diseas-
es associated with the composition of the microbiota, without
falling into a pseudo-medicine that does not add value to sci-
entific progress.
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ABSTRACT

cause immunologically mediated diseases such as rheumatic

Group A B-hemolytic Streptococcus (S. pyogenes), also
known as GAS, is a Gram-positive bacterium. It can be easily
identified in the microbiology laboratory by its ability to hemo-
lyse blood in culture media. This bacterium is highly virulent
due to its production of enzymes and toxins, and its ability to
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fever and post-streptococcal glomerulonephritis.

GAS is the primary cause of bacterial pharyngotonsilli-
tis, although it is typically a benign and non-invasive disease.
However, it also has the potential to cause severe skin and soft
tissue infections, necrotising fasciitis, bacteraemia and endo-
carditis, pneumonia and empyema, and streptococcal toxic
shock syndrome, without any age or predisposition limits. The
term invasive GAS disease (iGAS) is used to refer to this group
of conditions.

In more developed countries, iGAS disease has declined
thanks to improved hygiene and the availability of antibiot-
ics. For example, rheumatic fever has practically disappeared in
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countries such as Spain. However, recent data suggests a po-
tential increase in some iGAS diseases, although the accuracy
of this data is not consistent.

Because of this, the COVID and Emerging Pathogens Com-
mittee of the lllustrious Official College of Physicians of Madrid
(ICOMEM) has posed several questions about invasive GAS in-
fection, especially its current situation in Spain. The committee
has enlisted the help of several experts in the field to answer
these questions. The following lines contain the answers that
we have collaboratively produced, aiming to assist not only the
members of ICOMEM but also anyone interested in this topic.

Keywords: Streptococcus pyogenes, group A streptococcus, pharyngotonsi-
Ilitis, bacteraemia, endocarditis, skin and soft tissue infection, necrotising
fasciitis, pneumonia, explosive pleuritis, empyema, streptococcal toxic
shock syndrome, SSTS, rheumatic fever. glomerulonephritis.

Infeccion invasora por estreptococo del grupo A
(Streptococcus pyogenes): situacion actual en Espaiia

RESUMEN

Streptococcus B-hemolitico del grupo A (S. pyogenes) (SGA)
es una bacteria Gram positiva facil de identificar en el laborato-
rio de microbiologia por muchos procedimientos, pero particu-
larmente por su capacidad de hemolizar la sangre en los medios
de cultivo. Su virulencia estd bien acreditada por la produccion
de enzimas y toxinas, pero también por la capacidad de inducir
enfermedades inmunologicamente mediadas tales como la fie-
bre reumatica o la glomerulonefritis postestreptocdcica.

Es el agente causal de la mayoria de las faringoamigdalitis
bacterianas que en general se comportan como enfermedades
benignas y no invasoras. Al mismo tiempo, ha demostrado su
capacidad de producir infecciones graves en piel y tejidos blan-
dos, fascitis necrotizantes, bacteriemia y endocarditis, neumo-
nias y empiemas, sindrome del shock toxico estreptococico y
otras muchas sin respetar limites de edad ni de predisposicion.
Para este ultimo conjunto de cuadros utilizamos el término de
enfermedad invasora por SGA (iSGA).

La iSGA habia disminuido en los paises mds desarrollados
al amparo de la mejor calidad de la higiene y de la disponibi-
lidad de antibioticos al punto de una practica desaparicion de
la fiebre reumatica en paises como Espafia. Sin embargo, datos
recientes, aunque no siempre precisos, hablan de un aumento
de algunas enfermedades iSGA.

Por este motivo, el Comité de COVID y patdgenos emer-
gentes, del llustre Colegio Oficial de Médicos de Madrid (ICO-
MEM) se ha formulado una serie de preguntas sobre la infec-
cion iSGA y particularmente su situacion en Espafa. El Comité
ha convocado a algunos expertos en el tema recabando su
ayuda para responder a dichas preguntas. Las lineas que si-
guen son las respuestas que hemos producido entre todos, tra-
tando de ser utiles no solo a los colegiados de Madrid si no a
todos los interesados en el tema.

Palabras clave: Streptococcus pyogenes, Streptococcus grupo A, faringoa-
migdalitis, bacteriemia, endocarditis, infeccion de piel y partes blandas,
fascitis necrotizante, neumonia, pleuritis explosiva, empiema, sindrome del
shock toxico estreptococico, SSTS, fiebre reumatica, glomerulonefritis

INTRODUCTION

The disease caused by Lancefield's group A Streptococ-
cus (Streptococcus pyogenes) has a long history as a cause of
infection in humans. Unlike less severe forms of the disease,
such as pharyngitis, invasive Group A Streptococcus infections
(iGAS) can lead to systemic and often fatal manifestations. Ad-
ditionally, Group A Streptococcus can trigger immune respons-
es that result in tissue damage, such as rheumatic fever and
post-streptococcal glomerulonephritis. The pathogen's ability
to produce toxins with multiple targets makes it one of the
most feared infectious diseases in history. The availability of
antimicrobials, particularly penicillin and its derivatives, has
helped alleviate some of the fear associated with this pathogen.

During the pandemic years, there was a documented de-
crease in iGAS infections. However, there have been warnings
of an increase in iGAS diseases in the aftermath, particularly in
the last two years and especially in children [1]. Since the path-
ogen is not notifiable in most nations, records may not always
be accurate, but many data point to a resurgence of iGAS as a
cause of disease in all age groups.

Given these uncertainties and a desire to understand the
situation in Spain, the COVID-19 and Emerging Pathogens
Committee of the Official College of Physicians of Madrid
(ICOMEM) has posed a series of questions on this issue and
sought answers from experts. The following are the answers
to these questions, discussed and agreed upon by the working

group.

WHAT DEFINES A GROUP A STREPTOCOCCUS (S.
PYOGENES) AS A MICROORGANISM, AND HOW

CAN ITS TOXIC CAPACITY AND MECHANISMS BE
DESCRIBED?

S. pyogenes, also known as group A B-hemolytic Strepto-
coccus (GAS), is a highly virulent bacterium that can cause a
wide range of infections with varying severity. These infections
can range from mild, such as acute pharyngitis or erysipelas,
to very aggressive forms like necrotising skin and soft tissue
infections or streptococcal toxic shock syndrome (SSTS). These
severe cases are referred to as invasive GAS infections (iGAS).
Additionally, GAS can lead to autoimmune or post-infectious
diseases such as rheumatic fever (RF) and acute glomerulone-
phritis.

GAS is a human-exclusive pathogen, and the skin and
mucous membranes of colonised individuals (healthy carriers)
serve as the natural reservoir.

In terms of its essential microbiological characteristics, it
is a Gram-positive bacterium that appears as cocci in chains
when viewed under Gram staining.

GAS is an aerobic and facultative anaerobic, non-motile,
non-spore-forming bacterium. It thrives well on standard cul-
ture media at 37°C, preferably in a 10% CO, environment. It
produces complete hemolysis in blood-enriched culture media
(Figure 1). Identification in the laboratory is straightforward.
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Figure 1

Complete haemolysis in a culture
medium enriched with blood from S.
pyogenes

Like other streptococci, it is catalase negative, which sets it
apart from the Staphylococcus genus, and belongs to group A
according to the Lancefield classification. It can ferment some
carbohydrates, producing lactic acid, and can be readily identi-

fied by MALDI-TOF (matrix-assisted laser desorption/ionisation
time-of-flight) and other procedures.

The microorganism has various virulence factors involved
in the adhesion and colonisation process (lipoteichoic acid),
in evading the immune system (hyaluronic acid capsule, Cba
peptidase, M protein, streptolysin O, streptococcal pyrogenic
exotoxin B), and in facilitating the spread of the bacterium in
the host's soft tissues (streptokinase, hyaluronidase, streptoly-
sin S) [2-9]. Some of their toxins and their effects are presented
in Table 1.

HOW IS THE HUMAN DISEASE CAUSED BY GAS
CLASSIFIED? WHAT ARE THE LEADING CAUSES?
WHAT ARE THE PRIMARY FORMS OF INVASIVE

DISEASE?

GAS can cause a wide range of symptoms, from no symp-
toms to severe and life-threatening illnesses [10]. Diseases
caused by GAS can be categorised based on how they are pro-
duced: through direct invasion of tissues by the bacteria or by
toxins, immunological mechanisms, or inflammation (Table 2).

GAS can directly invade specific tissues, leading to local-
ised infections, or enter the bloodstream and spread to other
organs. The most common localised infections associated with
GAS are throat and tonsil infections and skin and soft tissue
infections, which significantly impact global health [11,12].
Throat and tonsil infections can lead to local suppurative in-
fections like suppurative adenitis, cellulitis, and abscesses or
spread to nearby sinuses and the central nervous system. Skin

Table 1

Main virulence factors of S. pyogenes and their effects

Virulence factor

Effects

Lipoteichoic acid
Hyaluronic acid capsule
Peptidase C5a

M protein

Haemolysins or streptolysins O and S

Streptokinase

Hyaluronidase
Streptodornases or deoxyribonucleases

Streptococcal pyrogenic or erythrogenic toxin (Spe)

Protein F and LT

It forms a complex with the M-protein and contributes to the adherence to epithelial cells.
It confers antiphagocytic properties by preventing the opsonisation of the bacteria [5].

An enzyme that degrades the C5a component of complement (essential in chemotaxis), reducing the attraction of
complement to the phagocytes.

Antigen that inhibits phagocytosis by polymorphonuclear cells and prevents intracellular killing of the bacteria.
The increased prevalence of M1 and M3 types has been associated with increased invasive infections by this
microorganism [6].

Streptolysin O is an antigenic cytotoxin that forms transmembrane pores in leukocytes, tissue cells and platelets,
leading to their lysis [7]. Streptolysin S is non-antigenic but also produces pores in various cells, especially toxic to
leukocytes that phagocytose streptococci [8]. Both are responsible for the erythrocyte lysis that can be observed in
the blood agar cultures mentioned above.

Transformation of plasminogen into plasmin that destroys fibrin and contributes to the dissemination of the
infection.

Hydrolyses the hyaluronic acid in connective tissue, conferring the ability to disseminate it in tissues.
They promote dissemination by depolymerising tissue DNA.

There are four types: A, B, C, and D. They behave as superantigens, causing fever, rash (scarlet fever), T-lymphocyte
proliferation, B-lymphocyte suppression, and increased susceptibility to endotoxins [9] The production of types A and
C depends on the presence of an early gene carried by a bacteriophage. A chromosomal gene produces B.

Surface proteins that bind to fibronectin and interfere with opsonisation.

Rev Esp Quimioter 2024,37(6): 454-471

456



M. C. Martin-Delgado, et al.

Invasive group A Streptococcus infection (Streptococcus pyogenes): Current situation in Spain

Table 2 Diseases caused by S. pyogenes
according to location and mechanism

of production

Table 3 Diseases caused by S. pyogenes

according to their degree of invasion

Through direct invasion by GAS

Superficial infections

Focal infections

Tonsillopharyngitis

Skin and soft tissue infections

Impetigo

Erysipelas

Cellulitis

Necrotising fasciitis (myonecrosis, streptococcal gangrene)
Scarlet fever*

Puerperal sepsis

Others (pneumonia, empyema, endocarditis, meningitis, arthritis, osteomyelitis)
Bacteraemia

By other mechanisms

Inflammatory: Streptococcal toxic shock syndrome
Immunological:
Glomerulonephritis

Rheumatic fever

* Produced by toxin

and soft tissue infections can affect all layers, from the surface
to the muscle, and can lead to severe necrotising fasciitis (NF)
[13]. Additionally, GAS can affect the skin through the pyro-
genic (erythrogenic) toxin, causing scarlet fever and resulting
in recent outbreaks in multiple countries following its near dis-
appearance at the end of the 20th century [14]. GAS can also
lead to rare conditions such as puerperal sepsis.

Any localised infection can lead to GAS entering the blood-
stream, causing bacteraemia and potentially leading to distant
metastasis. Although rare, GAS can also cause other localised
infections through the bloodstream (such as pneumonia, endo-
carditis, meningitis, and osteoarticular infections). Streptococ-
cal toxic shock syndrome (STSS) can occur in association with
any streptococcal infection, with or without bacteraemia, and
is also triggered by pyogenic toxins.

In addition to direct invasion or toxin-based diseases,
some GAS infections can result in non-suppurative complica-
tions through immunological mechanisms, such as developing
autoantibodies and immune complexes. Post-streptococcal
glomerulonephritis can develop after skin and throat infec-
tions. In contrast, rheumatic fever (RF), which typically follows
a throat infection, can lead to secondary valvular heart disease
and remains a common cause of early cardiovascular morbidity
and mortality in young people worldwide [15] (Table 2).

Another way to classify diseases caused by GAS is by con-
sidering the level of invasion they cause (Table 3).

Based on the information above, it can be inferred that
GAS infections can be divided into superficial, relatively mild

Tonsillopharyngitis
Impetigo
Scarlet fever

Invasive infections

Erysipelas

Cellulitis

Necrotising fasciitis

Bacteraemia

Streptococcal toxic shock syndrome

Puerperal sepsis

Others (pneumonia, empyema, endocarditis, meningitis, arthritis, osteomyelitis)

Non-suppurative sequelae

Glomerulonephritis

Rheumatic fever

cases (such as pharyngotonsillitis, superficial foot infections,
and scarlet fever) and invasive, often severe infections (such
as deep skin infections, bacteraemia, distant organ metastases,
SSTS), which are increasingly being observed even in high-in-
come countries [16].

WHAT IS THE CURRENT STATUS OF RHEUMATIC
FEVER, BOTH GLOBALLY AND IN SPAIN?

Rheumatic fever (RF) is an inflammatory disease caused by
an autoimmune response to a GAS infection. The autoimmune
response is due to a similarity between the components of the
Streptococcus and those of the affected tissues. Both humoral
antibody-mediated and cellular T-cell-specific responses are
involved in tissue damage. The characteristic Aschoff nodules
found in RF histology account for this cellular response. Reac-
tive arthritis, although clinically different, is considered to be
part of the spectrum of RF.

The autoimmune response to GAS also contributes to
post-streptococcal glomerulonephritis, which has a different
immune pathogenesis from RF.

In addition to chorea, a cardinal symptom of rheumatic
fever, other neurological disorders such as certain behavioral
issues and stuttering have been epidemiologically linked to
streptococcal infection.

RF manifests in the second to third week after GAS in-
fection with rapidly migrating polyarthritis (60-80% of cases)
-monoarthritis may occur- and is highly responsive to anti-in-
flammatory drugs; pancarditis (50-80%); chorea (10-30%), a
markedly later symptom; skin involvement in the form of ery-
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Figure 2

Incidence of rheumatic fever in Denmark and mortality of rheumatic fever

in the United States. Taken from Alm PA [24] CC-BY license, version 4.0

thema marginatum, a rare but characteristic lesion (less than
6%) and nodules in the subcutaneous tissue (0-10%). These
symptoms and signs, notably defining the entity, are accom-
panied by other more frequent but non-specific symptoms and
signs: fever, increase in acute phase reactants (ESR and RHDP),
and prolongation of the PR interval of the electrocardiogram.

Diagnosis is primarily clinical, considering the history of
pharyngitis, if present. The diagnostic criteria established by
Thomas Ducktt Jones in 1944 [17] are universally accepted;
they have undergone revisions considering the sensitivity and
specificity of the symptoms in the different compilation series,
the epidemiological risk of the population where it occurs, and
the influence of the diagnostic techniques incorporated in the
confirmation of previous GAS infection and the diagnosis of
carditis. The latest globally accepted update was established by
the American Heart Association in 2015 [18].

The disease primarily but not exclusively affects children
aged 5-14 and can and often does recur. RF is a self-limiting
disease, although chorea can last for months. Endocardial inju-
ry and the resulting valvulitis are responsible for the chronic-
ity and severity and are enhanced by recurrences. Mortality in
acute attacks is very low, and if it occurs, it is always due to
carditis.

So important is it that in geographic areas where it is still
prevalent, rheumatic heart disease (RHD) remains the most
common cause of death in the 5-18 age group [19], as it was
in Western countries and our environment well into the 20th
century [20] and the leading cause of cardiovascular death in
those under 50 years of age [21].

GAS transmission is a determinant for endemic mainte-
nance and RF and RHD epidemic outbreaks, with overcrowding
being the main risk factor [22,23].

It was previously believed that certain types of throat in-
fections and specific strains of Streptococcus posed a higher
risk of causing rheumatic fever (referred to as “rheumatogen-
ic strains"). However, the current understanding of rheumatic
fever epidemiology challenges this concept, as a wide range
of strains are now implicated in the disease. In areas where
rheumatic fever is common, skin infections such as impetigo
are considered another possible initial trigger for the body's
sensitisation to the disease.

Genetic susceptibility, similar to other autoimmune pro-
cesses, also plays a role in rheumatic fever, although specific
genetic markers have not been identified. There is a higher in-
cidence of rheumatic fever in identical twins.

The improvement in living conditions in Europe, the Unit-
ed States of America, and other high-income Western coun-
tries over the last century has been a significant factor in the
decline of rheumatic fever. This decline accelerated from the
mid-20th century with the availability of antibiotics effective
against GAS. The graph depicting this decline in Denmark ap-
plies to all the mentioned regions [24] (Figure 2).

The global incidence of rheumatic fever (RF) is estimat-
ed at 470,000 new cases annually, with 282,000 of those cas-
es leading to rheumatic heart disease (RHD). It affects more
than 33 million people in areas where it is still prevalent, and
220,000 people in the Western world. Seventy-three percent of
cases are concentrated in the world's most populous countries.
South Asia, Oceania, and sub-Saharan Africa bear the high-
est burden of the disease [25,26]. The incidence varies widely,
ranging from 150-380 cases per 100,000 school-aged children
among Indigenous people in Australia and New Zealand (this
has been consistent since the 1980s) [27] to less than 2 per 10°
in the same age group and less than 1 per 10° in the gener-
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al population in the Western world. This results in 230,000 to
320,000 annual deaths from RHD worldwide.

Globally, there is a downward trend in the incidence of the
disease, although occasional resurgences are reported in vari-
ous regions, including the USA, Utah [28], Italy [29], Slovenia
[30], South Asia, Central Africa, and Sub-Saharan Africa. The
burden of the disease is higher in areas with poor epidemiolog-
ical data collection, so the figures used are estimates.

In Spain, reporting of the disease ceased to be mandatory
at the national level in 1996, although some regions continued
to require it. The incidence declined in most countries, with a
slight delay lasting until the 1970s. However, its cardiac con-
sequences and the need for surgery remained significant until
the 1980s. The most recent data in the literature is an update
by Cortina et al., which covers up to the mid-1980s [31].

Today, the disease is practically non-existent in Spain, but
it should always be considered [32,33], especially given the
immigrant population from areas with active rheumatic fever.
It's important to remember that early treatment can positively
impact the course of heart disease.

WHAT IS THE TREND IN GAS BACTERAEMIA
EVOLUTION IN RECENT YEARS IN SPAIN AND
AROUND THE WORLD?

The occurrence of GAS bacteraemia can occur with or
without focal pictures as its portal of entry. The current un-
derstanding of the incidence of GAS bacteraemia and its recent
evolution is still not fully clarified. Not all data indicates a re-
cent increase in episodes, let alone bacteraemic episodes.

[t is estimated that there are between 10,649 and 13,434
cases of iGAS infections annually in the US, causing between
1,136 and 1,607 deaths [34]. In 2016, the US Centers for Disease
Control and Prevention (CDC) published surveillance results for
iGAS infections between 2005 and 2012 in 10 US areas with a
population of 32.8 million. A total of 9,557 cases (3.8 cases per
100,000 persons per year) with 1,116 deaths (case fatality rate,
11.7%) were identified, with isolation of the organism from
blood in 7,837 cases (82%). The study did not show an increase
in invasive infection rates during the study period [34].

In contrast, in subsequent years, several publications have
emerged warning of a recent increase in iGAS infection [35,36].
Incidence increased from 1.04 to 4.76 cases per 100,000 per-
sons from 2008 to 2019 in Idaho [35], with SSTS numbers
evolving from 0 to 6.4% of cases. In the USA, recent outbreaks
associated with an increase in GAS bacteraemia in drug-ad-
dicted patients [37] have been reported in association with the
presence of xylazine. Xylazine, often referred to as “trang,”" is
an adulterant in an increasing number of illicit drug mixtures.
Among other effects, it produces vasoconstriction and necrosis,
and users experience effects similar to those of opioids.

In Alberta, Canada, out of 3,551 cases, there has been
an increase in the incidence of iGAS infections from 4.24 per
100,000 population in 2003 to 10.24 in 2017, with half of the
cases being bacteraemic [36].

In Europe, the incidence of iGAS infections in Finland has
shown a fluctuating but increasing trend. The incidence of bac-
teraemic cases has been estimated at 3.52 episodes/100,000
population per year, reaching 7.93 episodes/100,000 in 2018
[38]. In England, there has been an apparent increase in the
incidence of GAS infections, especially respiratory tract infec-
tions in children [39], but not clearly in bacteraemic episodes.

In the Netherlands, a study involving seven hospitals
showed that the incidence of GAS infections doubled after the
pandemic compared to pre-pandemic data in paediatric pa-
tients [40].

In France, GAS infections requiring intensive care unit
(ICU) admission have increased more than 4-fold in equivalent
periods before and after the pandemic [41], as have paediatric
episodes in patients with previous viral infections [42]. Data
from Belgium show an increase in bacteraemia, including in
adults [43].

Among the Danish population of 1,152,000 children and
adolescents aged 0-17, a significant increase in iGAS infection
episodes greater than 9-fold was demonstrated. The incidence
of iGAS infection increased in 2022-23 compared to the three
pre-COVID-19 seasons of 2016-17, 2017-18, and 2018-19
without increasing severity [44].

Other papers suggesting an increased incidence of iGAS
infections in paediatrics come from Australia [45], Portugal
[46], and British Columbia, Canada [47].

In Spain, the Gregorio Marafion Hospital published a pro-
spective series of 100 episodes of GAS bacteraemia in 1997.
At that time, 62% of the cases occurred in patients addicted
to injecting drugs and had an origin in skin infections in most
cases [48].

In a 2006 publication covering practically the previous
decade, the Hospital La Fe in Valencia, Spain, published 42 cas-
es of GAS bacteraemia, amounting to 1.01 cases per 100,000
inhabitants. The origin of the bacteraemia was determined in
38 patients (90.5%), with skin and soft tissue infection being
the main foci [49].

Recently, a retrospective study on GAS bacteraemia in 16
hospitals in Madrid in children under 16 years of age included
109 cases, with an incidence rate of 4.3 episodes/100,000 chil-
dren/year. The incidence was compared between two periods
(June 2005 to June 2011 versus July 2011 to July 2017), and a
non-significant increase in cases was observed over the study
period. Twenty-two percent of cases required admission to the
paediatric ICU (PICU) and two of the children died [50].

Ramirez de Arellano et al. have described the clinical, mi-
crobiological, and molecular characteristics of iGAS infections
in children between September 2022 and March 2023 [51] in
Spain. Ninety-three cases were included, of which 46 (49.5%)
required admission to the PICU. These findings suggest but do
not confirm an increase in the incidence of episodes shown in
another Spanish study [52].

A high proportion of patients with GAS bacteraemia
have some prior underlying disease [53], including malignant

Rev Esp Quimioter 2024,37(6): 454-471 459



M. C. Martin-Delgado, et al.

Invasive group A Streptococcus infection (Streptococcus pyogenes): Current situation in Spain

6400

5,00
4,36 4,25 4,39

4,00

3,00

2,00

1,00

0,00 0,26
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—Doce Octubre 0,93 1,62 1,38 3,87 1,80 4,25 0,89 2,03 3,11 6,00
=—La Paz 0,66 0,80 1,60 0,26 2,40 1,58 1,37 2,08 2,46 2,82 0,93 1,13 1,67 4,23
——Ramoén Cajal 2,57 2,02 1,34 0,83 1,34 1,99 1,82
G. Marafién 1,05 1,17 1,42 0,72 1,21 0,85 1,58 2,51 4,36 4,05 0,62 0,95 3,77 4,39
Figure 3 Evolution of bacteraemia episodes per 100,000 inhabitants of GAS in four
large hospitals in Madrid

0,8
0,63

0,6
47

0,4

N W

25
0,1 3

0,15

s 9%
0,08 0,08
0,06

00 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

= Doce Octubre 0,09 0,15 0,13 0,38 0,18 0,42 0,10 0,23 0,33 0,63
=2 Paz 0,08 0,08 0,17 0,06 0,25 0,17 0,15 0,22 0,27 0,31 0,11 0,13 0,19 0,47
~—Ramadn Cajal 0,47 0,38 0,25 0,17 0,26 0,37 0,34
G. Marafién 0,2 0,2 0,2 0,1 0,21 0,14 0,27 0,17 0,30 0,28 0,05 0,07 0,28 0,32
Figure 4 Evolution of episodes of GAS bacteraemia per 1000 hospital admissions in

4 large hospitals in Madrid

diseases, diabetes mellitus, chronic obstructive pulmonary
disease, congestive heart failure, respiratory viral infections,
drug addiction, and immunosuppression from various causes
[54,55].

Skin and soft tissue infections are common entry points
for GAS bacteraemia, with factors such as advanced age, resi-
dence in a nursing home, recent surgery, septic shock, menin-
gitis, pneumonia, and underlying chronic diseases being associ-
ated with poor outcomes. GAS bacteraemia has a mortality rate
ranging from 5.6% to 32% [56,57].

WHAT DATA ON GAS BACTERAEMIA HAVE
BEEN AVAILABLE IN FOUR LARGE HOSPITALS IN
MADRID SINCE 20107

To obtain a clear understanding of the evolution of GAS
bacteraemia, four large hospitals in Madrid were asked to pro-
vide the number of episodes per 100,000 population and 1,000
hospital admissions in recent years.

Figures 3 and 4 in the accompanying report illustrate the
evolution of GAS bacteraemia in these four centres using data
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collected from their annual reports. The impact of the COV-
ID-19 pandemic is evident in the data, with a significant reduc-
tion in cases across all centres in 2020 and 2021. The incidence
of GAS bacteraemia episodes has ranged from 0.7 to 6 episodes
per 100,000 population and from 0.08 to 0.63 cases per 1,000
hospital admissions, in those centers.

WHAT METHODS ARE AVAILABLE FOR RAPIDLY
DIAGNOSING INVASIVE GAS DISEASE?

The gold standard for diagnosing GAS infection is microbi-
ological culture, particularly in cases of invasive disease. This in-
volves culturing blood and affected tissue samples such as deep
tissue for cellulitis, necrotising fasciitis, bone samples for osteo-
myelitis, joint fluid for arthritis, respiratory samples for pneumo-
nia, pleural fluid for empyema, and cerebrospinal fluid for men-
ingitis. Culturing these samples usually yields high results and is
recommended for suspected invasive infections. Blood cultures
should be taken regardless of the location of the infection.

Microbiological culture is also crucial for non-invasive
infections like streptococcal pharyngitis, with pharyngeal ex-
udate being the most common culture. However, rapid point-
of-care techniques have become more common for ruling
out GAS pharyngitis and avoiding unnecessary antibiotic use
[58-60]. Molecular techniques, such as rapid tests based on the
detection of genetic material, have increased the sensitivity
of detection. While rapid antigen detection testing (RADT) is
licensed for detecting GAS in pharyngeal samples, its off-la-
bel use has had varying success in samples from patients with
invasive infections. Studies have compared the performance
of RADTs, culture, GAS PCR, and 16S rRNA gene PCR assays
with a composite gold standard (GAS-PCR assay or culture)
for diagnosing severe GAS infection. A total of 192 specimens
from deep-tissue sites enriched for 75 GAS-positive samples
were enrolled in the study. The three evaluated RADTs showed
sensitivities ranging from 88.0% to 94.7% versus 98.7% for
GAS PCR, 849% for 165 rRNA gene PCR, and 77.3% for culture.
Antigen detection has even been used in surgical procedures
to assess the extent of soft tissue necrotising lesions and de-
bridement decision-making [61]. Point-of-care systems based
on molecular diagnostic techniques have also been evaluated
in non-invasive skin and soft tissue infections with 100% sen-
sitivity and 99.5% specificity compared to culture [62].

Syndromic molecular panels are a new addition to mi-
crobiological diagnostics. These panels detect microorganisms
associated with a specific type of infection and identify genes
linked to resistance mechanisms. Some approved panels tar-
get bacteraemia (performed on a positive blood culture) and
lower respiratory tract infections, such as community-acquired
pneumonia, hospital-acquired pneumonia, and those linked
to mechanical ventilation. Some panels even include GAS as a
detection target [63]. Although they are suitable for bacterae-
mia and respiratory infections [64], they have shown promising
results when used off-label for conditions like joint infection,
empyema, or brain abscesses [65,66]. However, when used in
these cases, the panels should be used under control, and the

results should be discussed with the clinical decision-makers.
It's important to note that a negative result does not neces-
sarily mean the absence of GAS (false negatives). Additionally,
there are no case series or multicentre evaluations to deter-
mine their sensitivity and specificity in these situations.

WHAT ARE THE MECHANISMS OF ANTIBIOTIC
RESISTANCE PRESENT IN GAS?

The latest World Health Organisation (WHO) report of
2024, revising the list of priority pathogens for developing
new antimicrobials, introduces GAS. It classifies it as a medi-
um-priority pathogen, essentially because of its resistance to
macrolides, especially in low- and middle-income countries [1].

GAS has traditionally been considered universally suscep-
tible to penicillin, although isolates that lose sensitivity to pen-
icillin have been described. Moreover, they may be associated
with some therapeutic failure. Initially recognised in Japan,
such isolates have been reported from different parts of the
world, which, although considered sensitive to penicillin, have
somewhat higher minimum inhibitory concentrations (MICs)
than most isolates [67-69]. These sporadic strains have muta-
tions in some penicillin-binding proteins (such as PBP2x and
PBP1a), sites of action of B-lactam antibiotics. They also have
higher MIC values for ampicillin and cefotaxime in the anti-
biogram, which can be used for phenotypic recognition [70].
Exceptionally, isolates for which penicillin has a MIC value of 2
mg/L have been isolated in Japan [71]. In Spain, although there
is a lack of epidemiological surveillance studies over time to
ensure categorically that they are not present in our environ-
ment, the studies carried out with invasive isolates of GAS do
not demonstrate their presence [51,72].

More worrying is macrolide resistance. Since the first de-
scription of erythromycin-resistant GAS in 1968 in the USA,
macrolide resistance has been progressively increasing. In some
countries, it reaches percentages of up to 40%, being lower
in Spain in both upper respiratory tract isolates (10-15%) and
invasive isolates (3%) [51,72]. Resistance of GAS to macrolides
is due to different mechanisms. The most prevalent is produced
by post-transcriptional modification of the target of action by
the production of rRNA methylases associated with erm genes.
This mechanism can be constitutive or inducible, leading to re-
sistance to macrolides, lincosamides (clindamycin), and strep-
togramin B (MLSB phenotype). In Spain, it is the most impor-
tant mechanism and is present in 80% of the resistant isolates.
Itis also produced by mutations in the 23S rRNA subunit of the
ribosome or in ribosomal proteins (L4 and L22) that confer a
variable phenotype and mechanisms associated with expulsion
pumps (mef genes) that determine resistance to macrolides,
but susceptibility to clindamycin (phenotype M) [73]. The latter
would be present in 25-30% of isolates). Qverall, clindamycin
resistance would be 8% in non-invasive isolates and 3% in in-
vasive isolates [51,72,73].

Resistance to fluoroquinolones is rare (3-5%) and is due
to mutations in the quinolone resistance-determining region
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(QRDR) of gyrase (gyrA mutations) and topoisomerase IV (parC
mutations). More than one mutation is required for a signifi-
cant increase in MICs of fluoroguinolones (ciprofloxacin, levo-
floxacin, and moxifloxacin) [73]. No resistance mechanisms to
fluoroquinolones associated with expulsion pumps have been
described in this pathogen.

Finally, GAS resistance to tetracyclines is produced by en-
zymatic inactivation, ribosomal protection, or efflux mecha-
nisms, the latter being the most prevalent worldwide. In Spain,
GAS resistance to tetracycline reported is 12% [72].

WHAT ARE THE RISK FACTORS FOR INVASIVE GAS
INFECTION?

Risk factors that increase the likelihood of severe iGAS
infection in adults include age, comorbidities, dermatological
diseases, history of trauma resulting in hematomas, surgical
wounds, immunosuppression, and treatments such as corticos-
teroids [43,74,75].

The incidence of iGAS is higher in patients with pre-exist-
ing chronic conditions such as cancer, diabetes, chronic renal
failure, chronic suppurative respiratory disease, and immuno-
deficiency diseases, particularly HIV infection [76,77].

Previous viral skin diseases, especially varicella and herpes
zoster, may lead to impetigo and subsequent development of
iGAS [43].

Even blunt trauma leading to small hematomas can result
in severe and high-mortality necrotising fasciitis (NF) caused
by GAS [78]. The factors contributing to the development of
NF without skin breakdown or cellulitis are poorly understood.
However, they appear to be related to microorganism-de-
pendent factors, high-pathogenicity strains, and host factors
such as low body mass index [78,79]. NF can also occur in con-
nection with abscesses resulting from injections and surgical
wounds [43,78]. iGAS associated with injecting drug use has
been well-documented [43,80,81].

Other factors linked to an increased risk of iGAS include
malnutrition with a low body mass index, NF, smoking, and al-
cohol consumption [43,74,75].

Additionally, older individuals in institutional care are at a
higher risk of iGAS compared to those with similar characteris-
tics in the general community [82], as well as older individuals
receiving care from external caregivers [83]. This heightened
risk, as reported in England due to its home care organisation,
should be considered in our setting, especially as home care
aids are becoming increasingly common.

WHAT IS THE CURRENT REALITY OF
STREPTOCOCCAL TOXIC SHOCK SYNDROME?

SSTS is a complication of iGAS disease characterised by
shock and multi-organ failure. It occurs due to capillary leak-
age and tissue damage caused by inflammatory cytokines re-
leased by streptococcal toxins [84].

Between 8% and 22% of patients with severe GAS infec-
tion and 40-50% of patients with NF will develop SSTS. SSTS
can occur in all age groups, and most patients with SSTS are
not immunosuppressed. Confirmatory diagnosis requires the
presence of hypotension, multi-organ dysfunction, and isola-
tion of GAS in usually sterile tissues. The main focus of infec-
tion is the vagina, pharyngeal mucosa, skin, and soft tissues. In
4500 of patients with SSTS, no clear entry point is identified,
and blood cultures are positive in 60-86% of cases.

The main superantigenic exotoxins described in GAS are
the streptococcal pyrogenic exotoxins (SpE) A, B, and C, and
the streptococcal superantigen A (SSA). The mortality rate of
SSTS is high, estimated to be between 14% and 64%, and can
exceed 25% within the first 24 hours. It is also associated with
high morbidity, requiring admission to the ICU.

Treatment is based on early diagnosis, adequate resuscita-
tion of shock, combined antibiotic treatment with clindamycin
and B-lactams, drainage of the focus of infection, and support
of organ dysfunction. Intravenous immunoglobulins (IVIG) may
reduce mortality [85]. In a recent meta-analysis, the factors as-
sociated with prognosis in SSTS were clindamycin treatment
and, within this subgroup, IVIG treatment, albeit with a low
level of evidence [86].

Different series in Spain have been published showing an
increase in incidence [87]. One of the most significant case se-
ries is that of Vall D'Hebron Hospital in Barcelona, which in-
cludes 13 patients with iGAS infection and sepsis code criteria
admitted to the ICU from November 2022 to March 2023. The
study identified three distinct phenotypic profiles: hyperin-
flammatory with high levels of cytokines and endotoxemia;
with low perfusion, the presence of cardiomyopathy (549%),
and need for extracorporeal venous, arterial support tech-
niques (38.4%); and hypogammaglobulinemia, which could
guide personalised therapeutic approaches [88]. In the paedi-
atric setting, an increase in incidence has also been observed
without correlation with an increase in antibiotic resistance or
a shift in M-protein types (emm) [51].

In the ISTRE (Infections invasives & Streptocoque du
groupe A en Réanimation) study in 37 French ICUs, considering
the pre- and post-pandemic period for COVID-19, the case rate
and frequency of SSTS was higher in the post-pandemic period
(205 vs 949/100,000 ICU admissions and 61% vs 45%), with no
increase in ICU mortality (14% vs 229%). Mechanical ventilation
was required in 61%, and vasoactive support in 74%. The caus-
es of this increase in incidence are proposed to be more virulent
strains, their relationship with respiratory viral infections such
as influenza, favouring co-infection and superinfection, or the
loss of immunity following the restrictive measures of the pan-
demic [41].

WHAT IS THE EXTENT OF NECROTISING SKIN AND
SOFT TISSUE INFECTION CAUSED BY GAS?

It'simportant to remember that iGAS infection can cause a
condition called necrotising fasciitis (NF). NF is characterised by
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Figure 5

rapidly progressing soft tissue damage and can lead to sepsis,
systemic toxicity, multiple organ failure, and potentially fatal
outcomes. The infection rapidly spreads along tissue planes,
causing blockages in small blood vessels, tissue necrosis, and
affecting multiple tissue layers. Initially, the skin may look nor-
mal, but it can become hot, red, and tender after a few days.
Early detection is crucial because only prompt surgical removal
of affected tissue can reduce the risk of death. However, accu-
rate diagnosis at the time of presentation is only achieved in
15% to 349% of cases. The most commonly affected areas are
the extremities (58%), followed by the trunk (26%) and peri-
neum (40%). This also includes specific subgroups like Fournier
gangrene, as well as the head and neck, periorbital region, and
hands (Figure 5).

The most common clinical signs of necrotising fasciitis
(NF) include local inflammation, pain, fever, and symptoms of
systemic toxicity, often disproportionate to the original lesion
[89-92].

In established NF, the affected fascia is usually not at-
tached to adjacent layers, allowing the surgeon to quickly dis-
sect with the finger along the fascial plane (finger test). If there
is a high suspicion of NF, and the imaging results are negative
or the necessary means are not available, the finger test can
confirm the diagnosis. Local scanning also allows examination
of the underlying fat and muscle [90,92]. Although the loss of
tissue adherence is a sensitive sign for NF, it may not be present
early. It does not apply to all entities within the classification
of necrotising soft tissue infections. It is essential to follow the
evolution until the symptoms improve, as even if initially no
NF is present, there may be an evolution towards NF in the
following hours/days.

S. pyogenes necrotising fasciitis

In 2004, Wong et al. introduced the concept of the LRI-
NEC (Laboratory Risk Indicator for Necrotizing Fasciitis) score
based on six analytical parameters as a tool to distinguish NF
from other soft tissue infections [93]. In 2021 [94], this scale
(m-LRINEC) was modified to include renal disease and diabetes,
suggesting a high sensitivity for early diagnosis of NF, but vali-
dation in more extensive studies is needed.

WHEN AND WHY SHOULD SURGERY BE
PERFORMED?

If necrotizing fasciitis (severe infection, rapid deterio-
ration, crepitus, necrosis, blistering) is present or highly sus-
pected, early surgical debridement is essential. This helps stop
the infection from getting worse, reduces tissue loss, lowers
the likelihood of amputation, and decreases the risk of death.
The initial debridement should be thorough, and samples need
to be taken from the edge of the wound for microbiological
and histological examination. Even tissue that looks normal
can have extensive blood clotting when examined under a mi-
croscope. That's why it's important to remove tissue down to
where it's well-vascularized and bleeding [95-96].

A second necessary surgical procedure should be sched-
uled within 24 hours of the initial debridement unless the
patient's condition worsens quickly. In that case, the surgical
revision should happen sooner. It may be necessary to perform
multiple operations, with an average of 3 to 4 debridements.

After removing the dead tissue, the exposed area needs to
be treated with negative pressure wound therapy, also known
as vacuum-assisted wound closure (VAC). This therapy involves
applying continuous or intermittent sub-atmospheric pressure
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to a filler substance (such as foam or gauze) on the surface of
the wound. VAC therapy helps prepare the exposed tissue for
subsequent reconstruction by maintaining a moist and closed
environment, controlling excess exudate, reducing the need for
frequent dressings, minimizing pain, and promoting the early
formation of granulation tissue [97].

Once the tissue is healed, the infection is under control,
and no further surgical debridement is needed, reconstruction
and coverage of the exposed tissues should be carried out.

HOW IMPORTANT IS GAS AS A CAUSE OF
INFECTION IN PAEDIATRICS?

On December 2, 2022, a UK alert reported an unusual
increase in the incidence of GAS infections, mainly tonsillitis
and scarlet fever, along with a significant number of deaths of
children under ten years of age in a short period [98]. Several
European countries quickly reported a similar rise in strepto-
coccal infections [99-101], and cases of pneumonia may have
been the clinical condition that increased the most during this
epidemic outbreak [102].

This increase in incidence had already been observed in
the years before the pandemic, as described by other authors
[40,102], and also observed in Spain [52].

During the COVID-19 pandemic, viral and bacterial in-
fections were significantly reduced. However, in the winter of
2022-23, a resurgence of infections in children was observed,
leading to the concept of “immune debt” [103]. In Spain, cases
of GAS infection, including the invasive forms, are not offi-
cially reported, so accurate data is not available. Nonetheless,
the paediatric network "PedGAS-net," supported by the Span-
ish Society of Paediatric Infectious Diseases, has been collect-
ing data on invasive infections since 2019 from a network of
51 national public hospitals. Initially, some national publica-
tions suggested a return to pre-pandemic normality. How-
ever, a group from Madrid later calculated the incidence of
paediatric GAS infections seen in the emergency department
(ED). In the first half of 2023, the incidence was 22.85 per
1000 ED visits, which is double the rates found in 2022 (10.2
per 1000 visits) and 2019 (12.38 per 1000 visits). Similarly, the
rate of invasive infections also increased during this period,
nearly doubling from 0.2 per 1000 visits in 2022 and 0.38 per
1000 ED visits in 2019 to 0.58 per 1000 visits in 2023. Anal-
ysis by PedGAS-Net showed a significant increase in invasive
GAS infections in late 2022 and early 2023, surpassing the
frequency and severity observed in the pre-pandemic years
[104-105]. This surge in cases, which are often associated
with a significant number of pneumonias, has coincided with
an increase in cases of respiratory infections caused by RSV
and influenza in both the United Kingdom and Spain, often
involving virus-bacteria co-infections.

In terms of circulating strains, the same pre-pandemic
strains appear to be detected, particularly in invasive infec-
tions [106], with a predominance of serotype M1 and a variant
M1UK, especially in pneumonia. However, a study conducted in

Spain in collaboration with Centro Nacional de Microbiologia
(CNM), PedGAS-net, and the CIBER de Enfermedades Infecci-
osas (CIBERINFEC) did not find any evidence of new strains or
significant microbiological differences between mild and severe
cases that could explain the recent epidemic. It also seems that
resistance to GAS to different antibiotics was not the cause
of the severe cases. No resistance to penicillin or clindamycin
has been identified, which could explain more severe cases of
invasive infections, often treated with these antibiotics as an
adjuvant [51].

It is also believed that the recognized virus-bacteria co-in-
fection could have been the perfect breeding ground for the
emergence of this significant outbreak, which, although it may
still be too early to tell, does not seem to be recurring with the
same intensity in the current season.

IS GAS A DREADED PATHOGEN IN PREGNANCY
AND THE POSTPARTUM PERIOD?

The significance of GAS infection during pregnancy,
childbirth, and the postpartum period is primarily due to its
potential role in causing puerperal infection, leading to early
endometritis shortly after childbirth or cellulitis in the surgical
wound. In rare cases, it can progress to sepsis or even more
rarely, invasive diseases such as necrotizing fasciitis or strepto-
coccal toxic shock syndrome. Among cases of puerperal sepsis,
invasive GAS infection still contributes to at least 45-509% of
deaths. Prepartum GAS infection is uncommon, accounting for
7-15% of all pregnancy-related GAS infections, and may also
occur in the context of septic abortion. A systematic review of
9 studies in high- and middle-income countries reported that
the incidence of invasive GAS infection during pregnancy and
the postpartum period was 0.12 per 1000 live births (95% CI
0.11 to 0.14) [107-112].

During childbirth or a caesarean section, GAS can cross
the vaginal-skin mucosal barrier, increasing the risk of infec-
tion in the postpartum period. Other suggested risk factors
for infection include immunosuppression during pregnancy,
genetic susceptibility, virulence of the bacterial strains, or the
presence of superantigens. GAS colonization in the vagina can
occur through contact with carriers of GAS from the throat or
skin, respiratory secretions, or contact with skin exudates and
infected wounds. Although vaginal GAS identification is rare in
the general population (0.03% to 0.37%), hospital isolates of
GAS are associated with infections related to pregnancy or the
postpartum period. The rupture of membranes can alter vaginal
pH and facilitate the growth and ascension of microorganisms.
Given the low vaginal colonization by GAS in the general pop-
ulation, it is suggested that the oropharynx is a possible route
of entry, and symptomatic maternal pharyngitis is considered a
risk factor for pregnancy-related GAS infection.

Maternal infection usually occurs in the first two days af-
ter childbirth (0-5 days). However, a significant percentage of
women with puerperal sepsis acquire the infection from their
other children at home or from other contacts. Symptoms
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typically include high fever, abdominal pain, purulent vagi-
nal discharge, uterine tenderness, chills, and gastrointestinal
symptoms. Uncommon symptoms such as leukocytosis, tach-
ycardia, and hypotension may indicate a more severe course of
infection. Upon examination, inflammation and infection may
be found at the episiotomy, perineal tear, or caesarean section
wound, and in severe cases, this can progress to necrotizing
formes.

To prevent a potentially deadly iGAS infection in pregnant
or postpartum women, it's crucial to consider this condition in
a patient with suspicious symptoms or disproportionate pain
during physical examination. Early diagnosis, antibiotic treat-
ment, and timely surgical debridement if necessary are essen-
tial [113].

There are national and international protocols for manag-
ing and preventing puerperal sepsis [114]. Prevention measures
include proper hygiene practices for the patient, her family,
and healthcare workers (such as handwashing and avoiding
contact with contaminated items), cleaning and disinfecting
wounds, and using appropriate dressings. Standard precautions
should be followed in healthcare settings.

WHAT ARE THE MOST RECENT OUTBREAKS OF
GAS DISEASE DESCRIBED?

Since the COVID-19 pandemic, there has been a noticeable
increase in iGAS disease cases in Spain, other European coun-
tries, Asia, Canada, the USA, and Latin America, especially since
2022. This increase could be related to changes in the strains of

Estimated number of cases and deaths due to invasive GAS disease in USA [117,118].

the bacteria, an overall rise in GAS infections, co-infection with
respiratory viruses like influenza and respiratory syncytial virus,
and improved surveillance measures. The disease can occur in
outbreaks among children sharing school and leisure time or in
older adults" homes.

The CNM reported an epidemic of iGAS infections starting
in October 2022, which was also observed globally [52]. The
initial surge was seen in the emm12 serotype, followed by an
increase in the emm?1 serotype. This epidemic situation con-
tinued for several months in 2023. Furthermore, resistance
rates are higher, particularly for tetracycline, which is double
the average from 2007 to 2019. The presence of uncommon
tetracycline-resistant serotypes like emm81, emm94, emm102,
emm118,emm119, and emm183, along with the low incidence
of usually susceptible emm1, emm3, and emm89, could explain
the increase in resistance rates [52].

In Europe, there has been a reported increase in the number
of iGAS cases among children under ten in countries such as Ire-
land, France, the Netherlands, Sweden, and the United Kingdom
since September 2022 [1,115]. Portugal [56] and Denmark [116]
have also subsequently reported increased cases. Meanwhile, in
the US, there were more cases and deaths from invasive disease
in 2022 than during the COVID-19 pandemic [117]; however, the
2022 figures were quite similar to 2018 and 2019 (Figure 6). Pre-
liminary results from 2023 indicate that the number of cases of
invasive disease is the highest in 20 years [118].

Public health authorities recommend improved surveil-
lance of the problem, increased vaccination coverage against
viruses (influenza, syncytial virus) that cause co-infection to
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reduce severity, increased hand and respiratory hygiene to re-
duce transmission, and early diagnosis and treatment of cases
to improve prognosis [115,118].

WHAT IS THE CURRENT MEDICAL TREATMENT OF
INVASIVE GAS INFECTION?

Treating iGAS infection involves collaboration between
infectious disease specialists, microbiologists, intensivists, and
surgeons. This usually requires a multidisciplinary approach
based on the clinical condition of the patient. In this section,
we will focus only on medical treatment and disregard surgical
treatment and the management of septic shock, which have
already been addressed.

Empirical antibiotics should be administered immediately
while awaiting confirmatory results. Generally, the antimicro-
bial regimen includes a B-lactam agent (which inhibits cell wall
synthesis) in combination with clindamycin or other agents
that inhibit protein synthesis.

It is recommended to use a combination of agents with
different targets because using B-lactam alone has been linked
to higher morbidity and mortality, particularly in severe in-
vasive infections [119-121]. Research indicates that penicillin
monotherapy is ineffective when the bacterial inoculum is high
and growth rates decrease [122]. In such cases, the availability
of PBPs to bind B-lactams may decrease [123]. Clindamycin, on
the other hand, remains effective regardless of inoculum size
or growth stage, inhibits bacterial toxin production, and has a
more prolonged post-antibiotic effect compared to B-lactams
[124].

Observational studies have shown that adding clindamy-
cin to B-lactams is associated with lower mortality, even in pa-
tients without shock and necrotizing fasciitis [125].

The recommended dose of clindamycin for adults is 900
mg IV every eight hours. For children, the recommended dos-
age is 30-40 mg/kg IV per day, administered every six to eight
hours.

In cases where patients have clindamycin-resistant iso-
lates, linezolid can be used as an alternative, as resistance to
oxazolidinones is very low [126-128].

For patients with hypersusceptibility to B-lactams and a
history of anaphylaxis, vancomycin or other glycolipopeptides
may be used.

Combination therapy with penicillin and clindamycin
should be continued until clinical and hemodynamic stability is
achieved, typically for 48-72 hours. After this period, penicillin
monotherapy can be considered.

Combination therapy with penicillin G and clindamycin
is recommended for the initial treatment of GAS bacteraemia
or pneumonia in the absence of shock, organ failure, or ne-
crotising infection. However, in these circumstances, penicillin
G monotherapy is a reasonable alternative.

For patients with bacteraemia and those with complicat-
ed deep infections, it is advisable to continue treatment for at
least 14 days, and sometimes longer.

Non-antibiotic treatments for SSTS (streptococcal toxic
shock syndrome) include intravenous immunoglobulin (IVIG),
hyperbaric oxygen, and anti-tumor necrosis factor (TNF) an-
tibodies.

In patients with invasive SSTS, intravenous immunoglob-
ulins (IVIG) are recommended for treating patients at a dosage
of 1 g/kg on the first day, followed by 0.5 g/kg over the next 2-3
days. A meta-analysis conducted by Parks et al. [85] in 2018,
which included five studies of patients with SSTS, concluded
that the use of IVIG was associated with a reduction in 30-
day mortality (33.7% to 15.7%). However, subsequent studies
do not confirm the efficacy of IVIG [129,130]. A Spanish study
group also found no confirmation of IVIG's efficacy in patients
with GAS bacteraemia requiring ICU admission. This retrospec-
tive multicenter study, conducted in nine ICUs in southern
Spain, included 57 patients, and it was observed that clinda-
mycin but not IVIG behaved as a protective factor for mortality
[130].

The use of hyperbaric oxygen has been proposed for a
small number of patients with SSTS [131,132], but no con-
trolled trials have been conducted to affirm the efficacy of this
treatment.

Since TNF levels are elevated in patients with SSTS [133],
the use of TNF blockers has been occasionally studied in exper-
imental animals [134,135], but no clinical data justifies their
use in humans.

HOW CAN GAS INFECTION BE PREVENTED
THROUGH VACCINES?

Preventing and controlling GAS infection requires a com-
prehensive approach [136]. This approach includes promoting
hygiene, educating the community, promptly diagnosing and
treating infections, and implementing specific strategies to
manage outbreaks [83,137]. Health professionals, educators,
and the community need to collaborate to reduce the impact
of these infections and prevent serious complications. The fol-
lowing preventive measures are highlighted [136, 38]:

Educational campaigns should emphasize training pro-
grams, particularly for high-risk populations such as children,
the elderly, and institutionalized individuals. The focus should
be on promoting handwashing, especially after coughing or
sneezing, before meals, or after using the toilet. Additional-
ly, individuals should be encouraged to cover their nose and
mouth with their elbow when coughing or sneezing, or to use
a disposable handkerchief, while following mask recommenda-
tions for respiratory diseases.

It's important to maintain good control of indoor environ-
ments by disinfecting surfaces and ensuring proper ventilation
to reduce the spread of respiratory droplets. To control out-
breaks, it's important to use rapid antigen detection tests and
throat cultures for early diagnosis. Infected individuals should
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be temporarily isolated and should avoid close contact with
others until at least 24 hours after starting antibiotic treat-
ment. Surveillance systems should be implemented to detect
and monitor cases of GAS infections. Close contacts of con-
firmed cases should be identified and assessed, and prophylac-
tic treatment should be provided when necessary.

Regarding vaccination, there is currently no commercial-
ly available vaccine against GAS, but research in this area is a
major focus.

The development of an effective and safe vaccine against
GAS presents several challenges due to the genetic diversity of
the pathogen, potential autoimmune epitopes, and issues with
animal models [136]. Currently, only four candidates have pro-
gressed to early clinical trials [136,138,139]. These candidates
primarily target the M protein of GAS, excluding autoepitopes
and utilizing N-terminal fragments from different serotypes.
For instance, StreptAnova® has demonstrated immunogenicity
and good tolerance in initial trials, while MJ8CombiVax® has
been reformulated to include epitopes that protect against
highly virulent variants. Other vaccines are based on non-M
proteins, with examples from GlaxoSmithKline® and Vaxcyte®
showing efficacy in animal models.

Recent efforts led by the WHO, which have recognized
GAS vaccine research and development as a global priority, are
resulting in significant progress in vaccine formulation and de-
livery, including the potential use of microarray patches. How-
ever, greater investment is necessary in the formulation and
delivery of vaccines, along with coordinated efforts to achieve
comprehensive global vaccine coverage and substantially re-
duce the disease burden caused by GAS [140].

FUNDING

Nothing to declare

CONFLICTS OF INTEREST

The authors declare the absence of conflicts of interest.

REFERENCES

1. Cunningham C, Fisher L, Wood C, et al. Incidence and treatment of
group A streptococcal infections during covid-19 pandemic and
2022 outbreak: retrospective cohort study in England using Open-
SAFELY-TPP. BMJ Med 2024; 3:e000791.

2. Alamiri F, Andre O, De S, et al. Role of serotype and virulence de-
terminants of Streptococcus pyogenes biofilm bacteria in internal-
ization and persistence in epithelial cells in vitro. Front Cell Infect
Microbiol 2023; 13:1146431.

3. Bogiel T, Domian A, Dobrzynska Z, et al. Assessment of the Rela-
tionship between Clinical Manifestation and Pathogenic Potential
of Streptococcus pyogenes Strains-Distribution of Genes and Gen-
otypes of Toxins. Biomedicines 2022; 10(4):799.

10.

1.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

Kozinska A, Sitkiewicz I. Detection of Streptococcus pyogenes Viru-
lence Factors. Methods Mol Biol 2020; 2136:3-16.

Hurst JR, Shannon BA, Craig HC, et al. The Streptococcus pyogenes
hyaluronic acid capsule promotes experimental nasal and skin in-
fection by preventing neutrophil-mediated clearance. PLoS Pathog
2022; 18:¢1011013.

Gonzalez-Abad MJ, Alonso Sanz M. [Invasive Streptococcus pyo-
genes infections (2011-2018): EMM-type and clinical presenta-
tion]. An Pediatr (Engl Ed) 2020; 92:351-8.

Langshaw EL, Reynolds S, Ozberk V, et al. Streptolysin O Deficiency in
Streptococcus pyogenes M1T1 covR/S Mutant Strain Attenuates Viru-
lence in In Vitro and In Vivo Infection Models. mBio 2023; 14:e0348822.

Shannon BA, Hurst JR, Flannagan RS, et al. Streptolysin S is re-
quired for Streptococcus pyogenes nasopharyngeal and skin infec-
tion in HLA-transgenic mice. PLoS Pathog 2024; 20:¢1012072.

Veseld R, Vohrnova S, Kozakova J. Detection of superantigens in
Streptococcus pyogenes isolates based on whole genome sequenc-
ing data. Epidemiol Mikrobiol Imunol 2023; 72:191-4.

Walker MJ, Barnett TC, McArthur JD, et al. Disease manifestations
and pathogenic mechanisms of Group A Streptococcus. Clin Micro-
biol Rev 2014; 27:264-301.

Miller KM, Carapetis JR, Van Beneden CA, et al. The global burden
of sore throat and group A Streptococcus pharyngitis: A systematic
review and meta-analysis. EClinicalMedicine 2022; 48:101458.

Cannon JW, Zhung J, Bennett J, et al. The economic and health bur-
dens of diseases caused by group A Streptococcus in New Zealand.
Int J Infect Dis 2021; 103:176-81

Allaw F, Wehbe S, Kanj SS. Necrotizing fasciitis: an update on ep-
idemiology, diagnostic methods, and treatment. Curr Opin Infect
Dis 2024; 37:105-11.

Turner CE, Pyzio M, Song B, et al. Scarlet Fever Upsurge in Eng-
land and Molecular-Genetic Analysis in North-West London, 2014.
Emerg Infect Dis 2016; 22:1075-8.

Dougherty S, Okello E, Mwangi J, Kumar RK. Rheumatic Heart Dis-
ease: JACC Focus Seminar 2/4.J Am Coll Cardiol 2023; 81:81-94.

Tyrrell GJ, Bell C, Bill L, Fathima S. Increasing Incidence of Invasive
Group A Streptococcus Disease in First Nations Population, Alberta,
Canada, 2003-2017. Emerg Infect Dis 2021; 27:443-51.

Jones TD. The diagnosis of rheumatic fever. JAMA 1944; 126.:481-4..

Gewitz MH, Baltimore RS, Tani LY, et al. Revision of the Jones Crite-
ria for the diagnosis of acute rheumatic fever in the era of Doppler
echocardiography: a scientific statement from the American Heart
Association. Circulation 2015; 131:1806-18.

Yokchoo N, Patanarapeelert N, Patanarapeelert K. The effect of
group A streptococcal carrier on the epidemic model of acute rheu-
matic fever. Theor Biol Med Model 2019; 16:14.

Hajar R. Rheumatic Fever and Rheumatic Heart Disease a Historical
Perspective. Heart Views 2016; 17:120-6.

Watkins DA, Johnson CO, Colquhoun SM, et al. Global, Regional,
and National Burden of Rheumatic Heart Disease, 1990-2015. N
Engl J Med 2017; 377:713-22.

Rev Esp Quimioter 2024,37(6): 454-471 467



M. C. Martin-Delgado, et al.

Invasive group A Streptococcus infection (Streptococcus pyogenes): Current situation in Spain

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Jaine R, Baker M, Venugopal K. Acute rheumatic fever associated
with household crowding in a developed country. Pediatr Infect Dis
J2011;30:315-9.

de Crombrugghe G, Baroux N, Botteaux A, et al. The Limitations of
the Rheumatogenic Concept for Group A Streptococcus: Systemat-
ic Review and Genetic Analysis. Clin Infect Dis 2020; 70:1453-60.

Alm PA. Streptococcal Infection as a Major Historical Cause of
Stuttering: Data, Mechanisms, and Current Importance. Front Hum
Neurosci 2020; 14:569519.

Ou Z, YuD, Liang Y, et al. Global burden of rheumatic heart disease:
trends from 1990 to 2019. Arthritis Res Ther 2022; 24:138.

Ghamari SH, Abbasi-Kangevari M, Saeedi Moghaddam S, et al.
Rheumatic Heart Disease Is a Neglected Disease Relative to Its Bur-
den Worldwide: Findings From Global Burden of Disease 2019.J Am
Heart Assoc 2022; 11:¢025284.

Jaine R, Baker M, Venugopal K. Epidemiology of acute rheumatic
fever in New Zealand 1996-2005. J Paediatr Child Health 2008;
44:564-71.

Veasy LG, Wiedmeier SE, Orsmond GS, et al. Resurgence of acute
rheumatic fever in the intermountain area of the United States. N
Engl J Med 1987; 316:421-7.

Munteanu V, Petaccia A, Contecaru N, et al. Paediatric acute rheu-
matic fever in developed countries: Neglected or negligible dis-
ease? Results from an observational study in Lombardy (Italy). AIMS
Public Health 2018; 5:135-43.

Kocevar U, Toplak N, Kosmac¢ B, et al. Acute rheumatic fever out-
break in southern central European country. Eur J Pediatr 2017
176:23-9.

Cortina Greus P, Alfonso Sanchez JL, Cortés Vizcaino C, et al. [Epide-
miological course of rheumatic fever and rheumatic heart disease in
Spain (1951-1986)]. Rev Sanid Hig Publica (Madr) 1991; 65:17-24.

Feinstein AR, Spagnuolo M. The clinical patterns of acute rheumatic
fever: a reapraisal. Medicine (Baltimore) 1962; 41:279-305.

Noonan S, Zurynski YA, Currie BJ, et al. A national prospective
surveillance study of acute rheumatic fever in Australian children.
Pediatr Infect Dis J 2013; 32:€26-32.

Nelson GE, Pondo T, Toews KA, et al. Epidemiology of Invasive
Group A Streptococcal Infections in the United States, 2005-2012.
Clin Infect Dis 2016; 63:478-86.

Dunne EM, Hutton S, Peterson E, et al. Increasing Incidence of Inva-
sive Group A Streptococcus Disease, ldaho, USA, 2008-2019. Emerg
Infect Dis 2022; 28:1785-95.

Tyrrell GJ, Fathima S, Kakulphimp J, Bell C. Increasing Rates of Inva-
sive Group A Streptococcal Disease in Alberta, Canada; 2003-2017.
Open Forum Infect Dis 2018; 5:0fy177.

Raymond MJ, Wolfe TR, Smith LM. Notes from the Field: Group A
Streptococcus Bacteremia in Persons Who Inject Drugs - Northern
Vermont, January 2020-October 2023. MMWR Morb Mortal Wkly
Rep 2024; 73:382-4.

Vilhonen J, Vuopio J, Vahlberg T, et al. Group A streptococcal bacte-
remias in Southwest Finland 2007-2018: epidemiology and role of

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

infectious diseases consultation in antibiotic treatment selection.
Eur J Clin Microbiol Infect Dis 2020; 39:1339-48.

Guy R, Henderson KL, Coelho J, et al. Increase in invasive group A
streptococcal infection notifications, England, 2022. Euro Surveill
2023; 28.

van Kempen EB, Bruijning-Verhagen PCJ, Borensztajn D, et al. In-
crease in Invasive Group a Streptococcal Infections in Children in
the Netherlands, A Survey Among 7 Hospitals in 2022. Pediatr In-
fect Dis J 2023; 42:€122-e4.

Orieux A, Prevel R, Dumery M, et al. Invasive group A streptococcal
infections requiring admission to ICU: a nationwide, multicenter,
retrospective study (ISTRE study). Crit Care 2024; 28:4.

Lassoued Y, Assad Z, Ouldali N, et al. Unexpected Increase in Inva-
sive Group A Streptococcal Infections in Children After Respiratory
Viruses Outbreak in France: A 15-Year Time-Series Analysis. Open
Forum Infect Dis 2023; 10:0fad188.

Zangarini L, Martiny D, Miendje Deyi VY, et al. Incidence and clin-
ical and microbiological features of invasive and probable inva-
sive streptococcal group A infections in children and adults in the
Brussels-Capital Region, 2005-2020. Eur J Clin Microbiol Infect Dis
2023; 42:555-67.

Nygaard U, Hartling UB, Munkstrup C, et al. Invasive group A strep-
tococcal infections in children and adolescents in Denmark during
2022-23 compared with 2016-17 to 2021-22: a nationwide, multi-
centre, population-based cohort study. Lancet Child Adolesc Health
2024;8:112-21.

Abo YN, Oliver J, McMinn A, et al. Increase in invasive group A
streptococcal disease among Australian children coinciding with
northern hemisphere surges. Lancet Reg Health West Pac 2023;
41:100873.

Gouveia C, Bajanca-Lavado MP, Mamede R, et al. Sustained in-
crease of paediatric invasive Streptococcus pyogenes infections
dominated by M1(UK) and diverse emm12 isolates, Portugal, Sep-
tember 2022 to May 2023. Euro Surveill 2023; 28.

Nwosu A, Schut A, Wood CA, et al. Invasive group A streptococcal
(iGAS) surveillance in Island Health, British Columbia, 2022. Can
Commun Dis Rep 2023; 49:342-50.

Bernaldo de Quirds JC, Moreno S, Cercenado E, et al. Group A strep-
tococcal bacteremia. A 10-year prospective study. Medicine (Balti-
more) 1997; 76:238-48.

Vallalta Morales M, Soriano Navarro CJ, Salavert Lleti M, et al.
Group A streptococcal bacteremia: outcome and prognostic fac-
tors. Rev Esp Quimioter 2006; 19:367-75.

Cobo-Vazquez E, Aguilera-Alonso D, Carbayo T, et al. Epidemiology
and clinical features of Streptococcus pyogenes bloodstream infec-
tions in children in Madrid, Spain. Eur J Pediatr 2023; 182:3057-62.

Ramirez de Arellano E, Saavedra-Lozano J, Villalon P, et al. Clinical,
microbiological, and molecular characterization of pediatric inva-
sive infections by Streptococcus pyogenes in Spain in a context of
global outbreak. mSphere 2024; 9:e0072923.

Villalon P, Medina-Pascual MJ, Garrido N M, et al. Enfermedad in-
vasiva por Streptococcus pyogenes o estreptococo del grupo A. In:
En: Echevarria Mayo J E OlJ, Jado Garcia I. (editores). editor. Progra-

Rev Esp Quimioter 2024,37(6): 454-471 468



M. C. Martin-Delgado, et al.

Invasive group A Streptococcus infection (Streptococcus pyogenes): Current situation in Spain

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

mas de Vigilancia Microbiologica Centro Nacional de Microbiologia
Volumen 2 2021-2022 Majadahonda (Madrid); Instituto de Salud
Carlos Ill, Centro Nacional de Microbiologia. Available at: https://
www.isciii.es/QuienesSomos/CentrosPropios/CNM/Publishinglmag-
es/Paginas/default/PV_CNM_2022_V2.pdf

Nguyen ADK, Smith S, Davis TJ, et al. The efficacy and safety of a
shortened duration of antimicrobial therapy for group A Strepto-
coccus bacteremia. Int J Infect Dis 2023; 128:11-9.

Linder KA, Alkhouli L, Ramesh M, et al. Effect of underlying immune
compromise on the manifestations and outcomes of group A strep-
tococcal bacteremia. J Infect 2017; 74:450-5.

Ho EC, Cataldi JR, Silveira LJ, et al. Outbreak of Invasive Group A
Streptococcus in Children-Colorado, October 2022-April 2023. J
Pediatric Infect Dis Soc 2023; 12:540-8.

Huang YC, Huang YC, Chiu CH, et al. Characteristics of group A
streptococcal bacteremia with comparison between children and
adults. J Microbiol Immunol Infect 2001; 34:195-200.

Livni G, Ashkenazi S, Leibovici L, et al. Incidence and severity of
group A streptococcal bacteremia in a medical center in Israel,
1981-1994. Scand J Infect Dis 1996; 28:139-42.

Cohen JF, Tanz RR, Shulman ST. Group A Streptococcus pharyngitis
in Children: New Perspectives on Rapid Diagnostic Testing and An-
timicrobial Stewardship. J Pediatric Infect Dis Soc 2024; 13:250-6.

Dubois C, Smeesters PR, Refes Y, et al. Diagnostic accuracy of rapid
nucleic acid tests for group A streptococcal pharyngitis: systematic
review and meta-analysis. Clin Microbiol Infect 2021; 27:1736-45.

Gazzano V, Berger A, Benito Y, et al. Reassessment of the Role of
Rapid Antigen Detection Tests in Diagnosis of Invasive Group A
Streptococcal Infections. J Clin Microbiol 2016; 54:994-9.

Tsuge |, Matsui M, Takeda T, et al. Less-invasive Treatment for
Group A Streptococcal Fasciitis with Rapid Antigen Detection Test
and Collagen/Gelatin Sponge. Plast Reconstr Surg Glob Open 2021;
9:€3793.

Close RM, Sutcliffe CG, Galdun P, et al. Point-of-care molecular
diagnostics for the detection of group A Streptococcus in non-in-
vasive skin and soft tissue infections: a validation study. Diagn Mi-
crobiol Infect Dis 2022; 103:115729.

Miller JM, Binnicker MJ, Campbell S, et al. Guide to Utilization of
the Microbiology Laboratory for Diagnosis of Infectious Diseases:
2024 Update by the Infectious Diseases Society of America (IDSA)
and the American Society for Microbiology (ASM). Clin Infect Dis
2024:ciae104.

Bagge K, Pedersen L, Lisby JG. Streptococcal toxic shock syndrome
in a patient with community-acquired pneumonia. Impact of rap-
id diagnostics on patient management. Access Microbiol 2020;
2:acmi000144.

Michos A, Palili A, Koutouzis El, et al. Detection of bacterial patho-
gens in synovial and pleural fluid with the FilmArray Blood Culture
|dentification System. IDCases 2016; 5:27-8.

Escudero D, Forcelledo L, Leoz B, et al. [Utility of multiplex PCR
(FilmArray Blood Culture Identification) in other biological liquids.
Detection of Streptococcus pyogenes in brain abscess and synovial
fluid]. Rev Esp Quimioter 2019; 32:194-7.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Beres SB, Zhu L, Pruitt L, et al. Integrative Reverse Genetic Analysis
Identifies Polymorphisms Contributing to Decreased Antimicro-
bial Agent Susceptibility in Streptococcus pyogenes. mBio 2022;
13:20361821.

Yu D, Zheng Y, Yang Y. Is There Emergence of B-Lactam Antibiot-
ic-Resistant Streptococcus pyogenes in China? Infect Drug Resist
2020; 13:2323-7.

Kebede D, Admas A, Mekonnen D. Prevalence and antibiotics sus-
ceptibility profiles of Streptococcus pyogenes among pediatric pa-
tients with acute pharyngitis at Felege Hiwot Comprehensive Spe-
cialized Hospital, Northwest Ethiopia. BMC Microbiol 2021; 21:135.

Vannice KS, Ricaldi J, Nanduri S, et al. Streptococcus pyogenes pb-
p2x Mutation Confers Reduced Susceptibility to B-Lactam Antibi-
otics. Clin Infect Dis 2020; 71:201-4.

Yu D, Guo D, Zheng Y, Yang Y. A review of penicillin binding protein
and group A Streptococcus with reduced-B-lactam susceptibility.
Front Cell Infect Microbiol 2023; 13:1117160.

Villalon P, Barcena M, Medina-Pascual MJ, et al. National Surveil-
lance of Tetracycline, Erythromycin, and Clindamycin Resistance
in Invasive Streptococcus pyogenes: A Retrospective Study of the
Situation in Spain, 2007-2020. Antibiotics (Basel) 2023; 12.

Cattoir V. Mechanisms of Streptococcus pyogenes Antibiotic Re-
sistance. In: Ferretti JJ, Stevens DL, Fischetti VA, editors.: Basic Bi-
ology to Clinical Manifestations. Oklahoma City (OK): University
of Oklahoma Health Sciences Center. The University of Oklahoma
Health Sciences Center 2022.

Factor SH, Levine OS, Schwartz B, et al. Invasive group A streptococ-
cal disease: risk factors for adults. Emerg Infect Dis 2003; 9:970-7.

Bartolomé-Alvarez J, Galan-Ros J, Ferrer-Amate F, Escribano Ga-
raizabal E. [Community-acquired invasive soft tissue infections due
to Streptococcus pyogenes]. Enferm Infecc Microbiol Clin 2014,
32:691-2.

Davies HD, McGeer A, Schwartz B, et al. Invasive group A strepto-
coccal infections in Ontario, Canada. Ontario Group A Streptococ-
cal Study Group. N Engl J Med 1996; 335:547-54.

Langley G, Hao Y, Pondo T, et al. The Impact of Obesity and Diabetes
on the Risk of Disease and Death due to Invasive Group A Strepto-
coccus Infections in Adults. Clin Infect Dis 2016; 62:845-52.

Nuwayhid ZB, Aronoff DM, Mulla ZD. Blunt trauma as a risk factor
for group A streptococcal necrotizing fasciitis. Ann Epidemiol 2007;
17:878-81.

Stevens DL, Bryant AE. Necrotizing Soft-Tissue Infections. N Engl J
Med 2017; 377:2253-65.

Bruun T, Rath E, Madsen MB, et al. Risk Factors and Predictors of
Mortality in Streptococcal Necrotizing Soft-tissue Infections: A
Multicenter Prospective Study. Clin Infect Dis 2021; 72:293-300.

Kwiatkowska RM, Manley P, Sims B, et al. Outbreak of group A Strep-
tococcus emm94.0 affecting people who inject drugs in southwest
England, April 2017. Am J Infect Control 2018; 46:238-40.

Saavedra-Campos M, Simone B, Balasegaram S, et al. Estimating the
risk of invasive group A Streptococcus infection in care home resi-
dents in England, 2009-2010. Epidemiol Infect 2017; 145:2759-65.

Rev Esp Quimioter 2024,37(6): 454-471 469


https://www.isciii.es/QuienesSomos/CentrosPropios/CNM/PublishingImages/Paginas/default/PV_CNM_2022_V2.pdf
https://www.isciii.es/QuienesSomos/CentrosPropios/CNM/PublishingImages/Paginas/default/PV_CNM_2022_V2.pdf
https://www.isciii.es/QuienesSomos/CentrosPropios/CNM/PublishingImages/Paginas/default/PV_CNM_2022_V2.pdf

M. C. Martin-Delgado, et al.

Invasive group A Streptococcus infection (Streptococcus pyogenes): Current situation in Spain

83.

84.

85.

86.

87.

88.

89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

Nabarro LE, Brown CS, Balasegaram S, et al. Invasive Group A Strep-
tococcus Outbreaks Associated with Home Healthcare, England,
2018-2019. Emerg Infect Dis 2022; 28:915-23.

Atchade E, De Tymowski C, Grall N, et al. Toxic Shock Syndrome: A
Literature Review. Antibiotics (Basel) 2024; 13.

Parks T, Wilson C, Curtis N, et al. Polyspecific Intravenous Immuno-
globulin in Clindamycin-treated Patients With Streptococcal Toxic
Shock Syndrome: A Systematic Review and Meta-analysis. Clin In-
fect Dis 2018; 67:1434-6.

Bartoszko JJ, Elias Z, Rudziak P, et al. Prognostic factors for strepto-
coccal toxic shock syndrome: systematic review and meta-analysis.
BMJ Open 2022; 12:2063023.

Talavera M, Martinez A, Vicent C, et al. Four cases of unexpect-
ed severe community-acquired pneumonia aetiology: Group A
Streptococcus pyogenes disruption. Med Intensiva (Engl Ed) 2023;
47:475-7.

Ruiz-Rodriguez JC, Chiscano-Camon L, Maldonado C, et al. Cata-
strophic Streptococcus pyogenes Disease: A Personalized Approach
Based on Phenotypes and Treatable Traits. Antibiotics (Basel) 2024;
13.

Salati SA. Necrotizing fasciitis a review. Pol Przegl Chir 2022; 95:1-8.

Sartelli M, Guirao X, Hardcastle TC, et al. 2018 WSES/SIS-E consen-
sus conference: recommendations for the management of skin and
soft-tissue infections. World J Emerg Surg 2018; 13:58.

Glass GE, Sheil F, Ruston JC, Butler PE. Necrotising soft tissue infec-
tion in a UK metropolitan population. Ann R Coll Surg Engl 2015;
97:46-51.

Orug E, Turung T, Beyaz S, et al. Necrotizing Fasciitis: Evaluation of
85 Cases and Usage of LRINEC Score. Infect Dis Clin Microbiol 2022;
4:81-6.

Wong CH, Khin LW, Heng KS, et al. The LRINEC (Laboratory Risk
Indicator for Necrotizing Fasciitis) score: a tool for distinguishing
necrotizing fasciitis from other soft tissue infections. Crit Care Med
2004; 32:1535-41.

Wu H, Liu S, Li C, Song Z. Modified Laboratory Risk Indicator for
Necrotizing Fasciitis (m-LRINEC) Score System in Diagnosing Ne-
crotizing Fasciitis: A Nested Case-Control Study. Infect Drug Resist
2021; 14:2105-12.

Carlin PS, Botella AG, Valladares LD, et al. Necrotizing fasciitis
caused by Streptococcus pyogenes in immunocompetent patient.
Surg Infect (Larchmt) 2014; 15:859-60.

Hakkarainen TW, Kopari NM, Pham TN, Evans HL. Necrotizing soft
tissue infections: review and current concepts in treatment, sys-
tems of care, and outcomes. Curr Probl Surg 2014; 51:344-62.

Malmsjé M, Gustafsson L, Lindstedt S, et al. The effects of variable,
intermittent, and continuous negative pressure wound therapy,
using foam or gauze, on wound contraction, granulation tissue
formation, and ingrowth into the wound filler. Eplasty 2012; 12:e5.

Alcolea-Medina A, Snell LB, Alder C, et al. The ongoing Streptococ-
cus pyogenes (Group A Streptococcus) outbreak in London, United
Kingdom, in December 2022: a molecular epidemiology study. Clin
Microbiol Infect 2023; 29:887-90.

Rev Esp Quimioter 2024,37(6): 454-471

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1M1

112

Villalon P, Sdez-Nieto JA, Rubio-Lopez V, et al. Invasive Streptococ-
cus pyogenes disease in Spain: a microbiological and epidemiologi-
cal study covering the period 2007-2019. Eur J Clin Microbiol Infect
Dis 2021; 40:2295-303.

UK Health Security Agency, UKHSA. Update on scarlet fever and
invasive group A strep. Latest data from the UK Health Security
Agency (UKHSA) on scarlet fever and invasive group A strep cas-
es. From: UK Health Security Agency. Published 2 December 2022.
Last updated 15 December 2022. Available at: https://www.gov.uk/
government/news/ukhsa-update-on-scarlet-fever-and-invasive-
group-a-strep-1

Ladhani SN, Guy R, Bhopal SS, et al. Paediatric group A strepto-
coccal disease in England from October to December, 2022. Lancet
Child Adolesc Health 2023; 7:e2-e4.

Holdstock V, Twynam-Perkins J, Bradnock T, et al. National case se-
ries of group A Streptococcus pleural empyema in children: clinical
and microbiological features. Lancet Infect Dis 2023; 23:154-6.

Calvo C. Changes in the epidemiology of infections in children. Is
there an immune debt? Only for respiratory viruses? An Pediatr
(Engl Ed) 2023; 98:155-6.

de Ceano-Vivas M, Molina Gutiérrez M, Mellado-Sola |, et al. Strep-
tococcus pyogenes infections in Spanish children before and after
the COVID pandemic. Coming back to the previous incidence. En-
ferm Infecc Microbiol Clin (Engl Ed) 2024; 42:88-92.

de Ceano-Vivas M, Molina Gutiérrez M, Lopez Lopez R, Calvo C.
Comments to the article "Streptococcus pyogenes infections in
Spanish children before and after the COVID pandemic. Coming
back to the previous incidence”. Enferm Infecc Microbiol Clin (Engl
Ed) 2024; 42:114-5.

Zhi X, Li HK, Li H, et al. Emerging Invasive Group A Streptococcus
M1(UK) Lineage Detected by Allele-Specific PCR, England, 2020(1).
Emerg Infect Dis 2023; 29:1007-10.

Hasegawa J, Ikeda T, Sekizawa A, et al. Recommendations for saving
mothers' lives in Japan: Report from the Maternal Death Exploratory
Committee (2010-2014). J Obstet Gynaecol Res 2016; 42:1637-43.

Instituto de Salud Carlos Ill. Enfermedad invasiva por Streptococ-
cusdel Grupo A en Espafa. Sistema de Informacion Microbioldgica.
Afos 1995-2008. Boletin Epidemioldgico Semanal 2009; 17:253-6.
https:/[revista.isciii.es/index.php/bes/article/view/141/140

Tanaka H, Katsuragi S, Hasegawa J, et al. The most common causa-
tive bacteria in maternal sepsis-related deaths in Japan were group
A Streptococcus: A nationwide survey. J Infect Chemother 2019;
25:41-4.

Harris K, Proctor LK, Shinar S, et al. Outcomes and management of
pregnancy and puerperal group A streptococcal infections: A sys-
tematic review. Acta Obstet Gynecol Scand 2023; 102:138-57.

Gustafson LW, Blaakeer J, Helmig RB. Group A streptococci infection.
A systematic clinical review exemplified by cases from an obstetric
department. Eur J Obstet Gynecol Reprod Biol 2017; 215:33-40.

Upton A, Taylor S. Observational study of Streptococcus pyogenes
isolated from vaginal swabs of adult women in a hospital and com-
munity laboratory. Pathology 2013; 45:678-80.

470


https://www.gov.uk/government/news/ukhsa-update-on-scarlet-fever-and-invasive-group-a-strep-1
https://www.gov.uk/government/news/ukhsa-update-on-scarlet-fever-and-invasive-group-a-strep-1
https://www.gov.uk/government/news/ukhsa-update-on-scarlet-fever-and-invasive-group-a-strep-1

M. C. Martin-Delgado, et al.

Invasive group A Streptococcus infection (Streptococcus pyogenes): Current situation in Spain

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Hamilton SM, Stevens DL, Bryant AE. Pregnancy-related group a
streptococcal infections: temporal relationships between bacterial
acquisition, infection onset, clinical findings, and outcome. Clin In-
fect Dis 2013; 57:870-6.

UK Health Security Agency. UK guidelines for the management of
contacts of invasive group A Streptococcus (iGAS) infection in com-
munity settings. Version 2.0. March 2023. Available at: https://as-
sets.publishing.service.gov.uk/media/6407 1ec5d3bf7f25fa417a91/
Management-of-contacts-of-invasive-group-a-Streptococcus.pdf

European Centre for Disease Prevention and Control. Increase in
Invasive Group A streptococcal infections among children in Eu-
rope, including fatalities. Dec 2022. Available at: https://www.ecdc.
europa.eufen/news-events/increase-invasive-group-streptococ-
cal-infections-among-children-europe-including

Johannesen TB, Munkstrup C, Edslev SM, et al. Increase in invasive
group A streptococcal infections and emergence of novel, rapidly
expanding sub-lineage of the virulent Streptococcus pyogenes M1
clone, Denmark, 2023. Euro Surveill 2023; 28.

Centers for Disease Control and Prevention. ABCs Bact facts In-
teractive Data Dashboard. Available at: https://www.cdc.gov/abes/
bact-facts/data-dashboard.html

US Centers for Disease Control and prevention Group A Strep-
tococcal (GAS) Disease. Current Group A Strep Activity. Avail-
able at:  https://www.cdc.gov/group-a-strep/php/surveillance/
index.htmI?CDC_AA_refVal=httpst3A%2F%2Fwww.cdc.govoo2F-
group-a-strep%?2Fdata-research%?2Ffacts-statsto2Findex.html

Burillo A, Bouza E. The eternal dilemma of antitoxin antibiotics for
skin and soft tissue infection. Curr Opin Infect Dis 2021; 34:80-8.

Stevens DL. Invasive group A Streptococcus infections. Clin Infect
Dis 1992; 14:2-11.

Stevens DL, Tanner MH, Winship J, et al. Severe group A strepto-
coccal infections associated with a toxic shock-like syndrome and
scarlet fever toxin A. N Engl J Med 1989; 321:1-7.

Eagle H. Experimental approach to the problem of treatment failure
with penicillin. I. Group A streptococcal infection in mice. Am J Med
1952; 13:389-99.

Stevens DL, Bryant AE, Yan S. Invasive group A streptococcal infec-
tion: New concepts in antibiotic treatment. Int J Antimicrob Agents
1994, 4:297-301.

Mascini EM, Jansze M, Schouls LM, et al. Penicillin and clindamycin
differentially inhibit the production of pyrogenic exotoxins A and B
by group A streptococci. Int J Antimicrob Agents 2001; 18:395-8.

Babiker A, Li X, Lai YL, et al. Effectiveness of adjunctive clindamycin
in B-lactam antibiotic-treated patients with invasive B-haemolytic
streptococcal infections in US hospitals: a retrospective multicen-
tre cohort study. Lancet Infect Dis 2021; 21:697-710.

Rezahosseini 0, Roed C, Gitz Holler J, et al. Adjunctive antibiot-
ic therapy with clindamycin or linezolid in patients with group A
Streptococcus (GAS) meningitis. Infect Dis (Lond) 2023; 55:751-3.

Heil EL, Kaur H, Atalla A, et al. Comparison of Adjuvant Clindamycin
vs Linezolid for Severe Invasive Group A Streptococcus Skin and
Soft Tissue Infections. Open Forum Infect Dis 2023; 10:0fad588.

Rev Esp Quimioter 2024,37(6): 454-471

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Cortés-Penfield N, Ryder JH. Should Linezolid Replace Clindamycin
as the Adjunctive Antimicrobial of Choice in Group A Streptococcal
Necrotizing Soft Tissue Infection and Toxic Shock Syndrome? A Fo-
cused Debate. Clin Infect Dis 2023; 76:346-50.

Senda A, Endo A, Fushimi K, Otomo Y. Effectiveness of intravenous
immunoglobulin therapy for invasive group A Streptococcus infec-
tion: A Japanese nationwide observational study. Int J Infect Dis
2023; 135:84-90.

Fernandez-Galilea A, Estella A, Garcia-Garmendia JL, et al. Clinda-
mycin but not Intravenous Immunoglobulins reduces mortality in a
retrospective cohort of critically ill patients with bacteremic Group
A Streptococcal infections. Rev Esp Quimioter 2022; 35:475-81.

Bisno AL, Stevens DL. Streptococcal infections of skin and soft tis-
sues. N Engl J Med 1996; 334:240-5.

Lazzeri D, Lazzeri S, Figus M, et al. Hyperbaric oxygen therapy as
further adjunctive therapy in the treatment of periorbital necrotiz-
ing fasciitis caused by group A Streptococcus. Ophthalmic Plast
Reconstr Surg 2010; 26:504-5; author reply 5.

Norrby-Teglund A, Pauksens K, Norgren M, Holm SE. Correlation
between serum TNF alpha and IL6 levels and severity of group A
streptococcal infections. Scand J Infect Dis 1995; 27:125-30.

Stevens DL, Bryant AE. A critical role of tumor necrosis factor (TNF)
alpha in experimental group A streptococcal (GAS) bacteremia. Adv
Exp Med Biol 1997; 418:797-800.

Liu YH, Wu PH, Kang CC, et al. Group A Streptococcus Subcutane-
ous Infection-Induced Central Nervous System Inflammation Is At-
tenuated by Blocking Peripheral TNF. Front Microbiol 2019; 10:265.

Brouwer S, Rivera-Hernandez T, Curren BF, et al. Pathogenesis, epi-
demiology and control of Group A Streptococcus infection. Nat Rev
Microbiol 2023; 21:431-47.

Degala S, Puleston R, Bates R, et al. A protracted iGAS outbreak in
a long-term care facility 2014-2015: control measures and the use
of whole-genome sequencing. J Hosp Infect 2020; 105:70-7.

Bouza E, Garcia Navarro JA, Alonso S, et al. Infection control in long
term care institutions for the elderly: A reflection document on the
situation in Spain. Rev Esp Quimioter 2023; 36:346-79.

Burns K, Dorfmueller HC, Wren BW, et al. Progress towards a gly-
coconjugate vaccine against Group A Streptococcus. NPJ Vaccines
2023; 8:48.

Bloom DE, Carapetis J. Strep A: challenges, opportunities, vac-
cine-based solutions, and economics. NPJ Vaccines 2024; 9:80.

471


https://assets.publishing.service.gov.uk/media/64071ec5d3bf7f25fa417a91/Management-of-contacts-of-invasive-group-a-streptococcus.pdf
https://assets.publishing.service.gov.uk/media/64071ec5d3bf7f25fa417a91/Management-of-contacts-of-invasive-group-a-streptococcus.pdf
https://assets.publishing.service.gov.uk/media/64071ec5d3bf7f25fa417a91/Management-of-contacts-of-invasive-group-a-streptococcus.pdf
https://www.ecdc.europa.eu/en/news-events/increase-invasive-group-streptococcal-infections-among-children-europe-including
https://www.ecdc.europa.eu/en/news-events/increase-invasive-group-streptococcal-infections-among-children-europe-including
https://www.ecdc.europa.eu/en/news-events/increase-invasive-group-streptococcal-infections-among-children-europe-including
https://www.cdc.gov/abcs/bact-facts/data-dashboard.html
https://www.cdc.gov/abcs/bact-facts/data-dashboard.html
https://www.cdc.gov/group-a-strep/php/surveillance/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fgroup-a-strep%2Fdata-research%2Ffacts-stats%2Findex.html
https://www.cdc.gov/group-a-strep/php/surveillance/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fgroup-a-strep%2Fdata-research%2Ffacts-stats%2Findex.html
https://www.cdc.gov/group-a-strep/php/surveillance/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fgroup-a-strep%2Fdata-research%2Ffacts-stats%2Findex.html

Official journal
of the Spanish Society
of Chemotherapy

§

ISSN: 1988-9518 [ ©The Author 2024. Published by Sociedad Espafiola de Quimioterapia. This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)(https://creativecommons.org/licenses/by-nc/4.0/).

Original

Revista Espaiiola de Quimioterapia
doi:10.37201/req/045.2024

Fernando Cobo'

Juan Antonio Reguera-Marquez'
José Antonio Marin-Rodriguez?
Francisco José Martin-Pérez?
Patricia Pérez-Palacios®*®
Esther Recacha®*®

José Maria Navarro-Mari'

A 5-year study of bloodstream infections
caused by carbapenemase-producing
Gram-negative bacilli in southern Spain

'Department of Microbiology and Instituto de Investigacion Biosanitaria 1bs.GRANADA, University
Hospital Virgen de las Nieves. Granada, Spain.

’Department of Preventive Medicine. University Hospital Virgen de las Nieves. Granada, Spain.
3Unidad Clinica de Enfermedades Infecciosas y Microbiologia, Hospital Universitario Virgen Macarena,
Seville, Spain.

*Instituto de Biomedicina de Sevilla IBIS, Hospital Universitario Virgen Macarena/CSIC/Universidad de
Sevilla, Sevilla, Spain.

*Centro de Investigacion Biomédica en Red en Enfermedades Infecciosas (CIBERINFEC), Instituto de

Article history

Salud Carlos IlI, Madrid, Spain

Received: 4 May 2024; Revision Requested: 8 July 2024; Revision Received: 25 July 2024; Accepted: 30 July
2024; Published: 19 September 2024

ABSTRACT

Introduction. The aim of this study was to evaluate the
microbiological epidemiology of carbapenemase-producing
Gram-negative bacilli (CPGNB) isolated from blood during a
5-year period.

Methods. A total of 80 isolates from 78 patients were fi-
nally included; fifty-five (70.5%) were men and the mean age
was 60 years. Detection of carbapenemase production was
performed by immunocromatography (IC) and polymerase
chain reaction (PCR). Genotyping was carried-out by pulsed-
field gel electrophoresis (PFGE) and multi-locus sequence typ-
ing (MLST), and characterization of carbapenemase-producing
isolates was performed by whole genome sequencing (WGS).

Results. The main microorganisms isolated were K. pneu-
moniae (29.4%), E. cloacae (28.2%), A. baumannii (17.9%) and
P. aeruginosa (15.3%). Overall, the most common carbapene-
mase in Enterobacterales was OXA-48 group (57.7%). The most
common carbapenemase in non-fermenting bacilli was OXA-
23 (60.8%). The most common ST in K. pneumoniae producing
OXA-48 types was ST45 and in E. cloacae ST114, while in E
cloacae producing VIM types was ST78. In OXA-23 types, the
most common clone in A. baumannii was ST2, whereas in P.
aeruginosa producing IMP types was ST253.

Conclusions. There was an increase in cases recorded in
the years of highest incidence and severity of the SARS-CoV-2
pandemic, with a significant number of cases in patients ad-
mitted to the ICU. All bacteremias caused by A. baumannii
were caused by the same clone, and 12 of the 14 cases caused
by A. baumannii were part of outbreaks in the ICU.

Keywords: Carbapenemase; Enterobacterales;
O0XA-48 type; OXA-23 type; ST-clones
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Estudio de 5 aios de infecciones del torrente
sanguineo producidas por bacilos gramnegativos
productores de carbapenemasas en el sur de Espana

RESUMEN

Introduccion. El objetivo de este estudio fue evaluar la
epidemiologia microbioldgica de los bacilos Gram negativos
productores de carbapenemasas (CPGNB) aislados de sangre
durante un periodo de 5 afos.

Métodos. Se incluyeron finalmente 80 aislamientos de 78
pacientes; cincuenta y cinco (70,5%) eran hombres y la edad
media fue de 60 afos. La deteccion de la produccion de car-
bapenemasas se realizd mediante inmunocromatografia (IC) y
reaccion en cadena de la polimerasa (PCR). El genotipado se
llevd a cabo mediante electroforesis en gel de campo pulsado
(PFGE) y tipificacion de secuencia multilocus (MLST), y la carac-
terizacion de los aislados productores de carbapenemasas se
realizo mediante secuenciacion del genoma completo (WGS).

Resultados. Los principales microorganismos aislados fue-
ron K. pneumoniae (29,4%), E. cloacae (28,2%), A. baumannii
(17.9%) y P. aeruginosa (15,3%). En general, la carbapenemasa
mas comun en Enterobacterales fue el grupo OXA-48 (57,7%).
La carbapenemasa mas comun en los bacilos no fermentadores
fue la OXA-23 (60,8%). El ST mas comun en K. pneumoniae que
produce tipos OXA-48 fue ST45 y en E. cloacae ST114, mientras
que en E cloacae que produce tipos VIM fue ST78. En los tipos
0XA-23, el clon mas comun en A. baumannii fue ST2, mientras
que en P. aeruginosa tipo IMP fue ST253.

Conclusiones. Hubo un incremento de casos registrados
en los afos de mayor incidencia y gravedad de la pandemia por
SARS-CoV-2, con un nimero importante de casos en pacientes
ingresados en UCI. Todas las bacteriemias producidas por A. bau-
manniilo fueron por el mismo clon, y 12 de los 14 casos produ-
cidos por A. baumannii formaron parte de brotes en la UCL.

Palabras clave: Carbapenemasa; Enterobacterales; bacilos no fermentado-
res; OXA-48 type; OXA-23 type; clones ST
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INTRODUCTION

The increasing prevalence of carbapenemase-producing
gram-negative bacilli (CPGNB) is a major public health threat
worldwide, causing significant morbidity and mortality [1]. This
trend is particularly, but not limited, to Enterobacterales, es-
pecially Klebsiella pneumoniae and extensively drug-resistant
strains of Pseudomonas aeruginosa. In addition, the increasing
prevalence of nosocomial infections caused by multidrug-re-
sistant bacteria complicates the choice of appropriate treat-
ment [2].

The importance of monitoring carbapenem-resistant
gram-negative bacteria is due to their potential for widespread
transmission of resistance through mobile genetic elements.
In fact, WHO considers these microorganisms as a priority 1
(critical) in the list of antibiotic-resistant "priority pathogens”,
that responds to urgent public health needs (https://who.int).
Particularly serious are the bloodstream infections caused by
these bacteria due to their potential higher risk of morbidity
and mortality. Mortality and clinical outcomes associated with
carbapenem-resistant gram-negative bacteria can be severe. It
is important to understand factors that may help guide earlier
detection and therefore earlier treatment of infections caused
by these pathogens [3,4].

Moreover, the economic impact could be higher than the
annual cost of many chronic diseases and many acute diseases.
Costs rise proportionally with the incidence of these infections,
so prevention and control strategies should be considered.

Currently, carbapenemases are classified into three groups
and the most frequently isolated enzymes are as follows: class
A enzymes that includes KPC, class B metallo-B-lactamases
(MBLs) represented by the groups VIM, IMP and NDM, and
class D enzymes such as OXA-48-like [3]. In European coun-
tries, current data on these enzymes are diverse and the dis-
tribution of different types of carbapenemases varies in dif-
ferent countries of this world region [4]. In a recent report
of carbapenem-resistant K. pneumoniae in Europe, KPC was
predominant in some countries such as ltaly, Greece, Portu-
gal and Israel, while OXA-48 was the main carbapenemase en-
zyme in Romania, Turkey and Spain [5]. OXA-48 is by far the
most common carbapenemase in K. pneumoniae circulating
in Spain, followed by MBLs and KPCs [6]. Regarding carbapen-
emase-producing P. aeruginosa in Spain, the prevalence was
low, accounting for approximately 0.4% of carbapenem-resist-
ant isolates [7]. Due to the great diversity, it is important to
know the patterns of CPGNBs especially in bloodstream infec-
tions, because early detection may allow timely approaches to
adopt preventive measures and controlling possible outbreaks.
This manuscript addresses the assessment of the burden of CP-
GNBs isolated from blood in our hospital over a 5-year period.

METHODS

Setting and demographic data. This study was con-
ducted in the Department of Microbiology of the University

Hospital Virgen de las Nieves located in Granada, southeastern
Spain. This center is a tertiary care facility with approximate-
ly 1,100 beds and serves as a primary care facility for near-
ly 550,000 inhabitants. Only samples obtained from blood of
hospitalized patients were included and analyzed. Data about
age, sex, ward of admission, infections in other location, colo-
nization before or after the infection, risk factors for carbap-
enemase acquisition, presence of septic shock, antimicrobial
treatment applied, and outcome were recorded.

Bacterial isolates: identification and antimicrobial
susceptibility testing. Eighty CPGNBs isolates, from January
2017 to February 2022, were included from 78 patients with
bacteremia due to CPGNB. All isolates were initially identified
by MALDI-TOF MS (Bruker Biotyper, Bellerica, MA, USA) accord-
ing to the manufacturer's recommendations. Antimicrobial
susceptibility was determined using the panel N96 of MicroS-
can WalkAway system (Beckman Coulter, USA). The isolates
with a MIC to meropenem > 0,12 mg/L were initially selected
for the study. Phenotypic detection of carbapenemase produc-
tion was performed using the BCarba assay (BioRad, Spain)
and commercial combined disk test (Rosco Diagnostica A/S,
Denmark), containing meropenem and inhibitors (phenyl-bo-
ronic acid, dipicolinic acid and cloxacillin) as well as a disk of
temocillin for Enterobacterales, and imipenem and inhibitors
(phenyl-boronic acid, dipicolinic acid, EDTA and cloxacillin) for
P. aeruginosa. The NG test Carba5 (NG Biotech, Guipry, France)
was used to detect the carbapenemase group (KPC, VIM, IMP,
NDM and OXA-48). All isolates were sent to the Reference Lab-
oratory of Andalusia (located in Hospital Universitario Virgen
Macarena, Seville, Spain) for phenotypic and molecular char-
acterization, as part of PIRASOA programme, an antimicrobial
stewardship programme. The PIRASOA programme was devel-
oped to prevent and control healthcare-associated infections
and promote the appropriate use of antimicrobials throughout
the Andalusian public health

Pulsed-field electrophoresis (PFGE). Genotyping was
assessed by pulsed field gel electrophoresis (PFGE) after di-
gestion of total chromosomal DNA with Xbal (Enterobacter-
ales), Spel (Pseudomonas spp) and Apal (Acinetobacter spp.).
DNA fragments were separated using a CHIEF DR-II system
(Biorad, Madrid, Spain). Normalization strain used were E. coli
ATCC25922 for K. pneumoniae, Salmonella braenderup for the
other Enterobacterales species and P.aeruginosa ATCC27853
for Pseudomonas spp. Banding patterns of the gel were ana-
lyzed using Bionumerics 8.1 software (AppliedMaths, Austin,
TX, USA) using Dice's coefficient (19%) to measure the genetic
similarity between the isolates.

Molecular detection of carbapenemase and MLST. The
presence of carbapenemases (NDM, VIM, KPC, IMP and OXA-48
types) was assessed by PCR with gene-specific primers and direct
sequencing by Sanger until 2017. From October 2017, molecular
detection and identification of carbapenemase genes was per-
formed using whole genome sequencing (WGS) with MiSeq sys-
tem (Illumina®, San Diego, CA, USA). DNA library was prepared
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Table 1 Demographic data of cases of bacteremia
with carbapenemase-producing
Gram-negative bacilli (2017-2022).
Demographic data n %
Average age (years) 60
Sex
Men 55 70.5
Women 23 295
Ward of admission
Medical ward 43 55.1
Surgical ward 3 3.8
Intensive care unit 32 4
Microorganisms
K. pneumoniae 23 295
E. cloacae 22 282
A. baumannii 14 17.9
P. aeruginosa 12 153
E. coli 3 3.8
P. putida 2 25
K. oxytoca 1 1.2
C. freundii 1 1.2
Colonized patients
Before infection 14 179
After infection 10 12.8
Without colonization 54 69.2
Septic shock
No 55 70.5
Yes 23 295
Risk factors for infection
Use of invasive procedures 41 60.2
ICU admission 39 50
Immunosuppression 35 448
Other (surgery, long antibiotic treatment) 7 89
Infection in other location 35 448
Empirical therapy*
Correct 52 66.6
Incorrect 26 333
Outcome
Successful 42 53.8
Death 36 46.1

* Empirical therapy was considered correct when the antibiotic applied was sus-
ceptible to this pathogen.

with the Nextera DNA flex (Illumina®). Raw reads were assembled
de novo using the CLC Genomic Workbench v9 (Qiagen). Antimi-
crobial resistance genes were determined using ResFinder4.1 da-
tabase [8-10]. MLST was determined by PCR and sequencing or by
WGS data (from 2017) using MLSTfinder 2.0 {11, 12].

Outbreaks' study. During the period of study, the out-
breaks declared were analyzed. An outbreak was considered
when two or more cases of an infection were caused by the
same microorganism with a time-space association and sus-
picion of an epidemiologic link [13]. Initially, isolates of the
same species with similar resistance pattern were studied with
different molecular techniques to consider them belonging to
an outbreak.

RESULTS

Demographic data. Seventy-eight patients with bac-
teremia due to CPGNB were finally included in the study; 55
(70.5%) isolates belonged to male patients with an average
age of 60 years (range 19-94). Most of samples came from
medical units (n=43; 55.1%) and intensive care unit (ICU)
(n=32; 41%). Moreover, 35 (44.8%) patients had an infection
for the same microorganism in other location. Twenty-three
(29.5%) patients had septic shock and 36 (46.1%) patients died
as a consequence of this infection. The main risk factor for in-
fection due to microorganisms carbapenemase-producing was
the use of invasive procedures (n=47; 60.2%) followed by ICU
admission (n=39; 50%). An incorrect empirical therapy was
applied in 26 (33.3%) patients and in 17 (65.3%) of them the
outcome was unsuccessful (Table 1).

Characteristics of carbapenemase-producing isolates.
During the period of study, a total of 80 strains were included
in the study (two patients had one isolate producing two types
of carbapenemases each one). From these isolates, Enterobac-
terales represented 64% (n=52) of them while non-ferment-
ing Gram-negative bacilli represented 36% (n=28). Among
Enterobacterales, K pneumoniae was the microorganism
most common isolated (n=23; 29.4%), followed by E. cloacae
(n=22; 28.29%). Among non-fermenting Gram-negative ba-
cilli, A. baumannii was the bacterium most common isolated
(n=14; 17.9%) followed by P. aeruginosa (n=12; 15.3%) (Ta-
ble 1). Overall, the most common carbapenemases detected
were OXA-48 (n=26; 32.5%) and VIM (n=25; 31.2%), followed
by OXA-23 (n=14; 17.5%). In Enterobacterales, regarding to
the prevalence through the years, VIM-like had the highest
prevalence in 2017 (8 cases), meanwhile OXA-48-like had the
highest prevalence in 2020 (12 cases) and OXA-23 had the
highest prevalence in 2021 (11 cases). The carbapenemase
less frequent through all period of study was NDM-like (only
2 cases). In non-fermenting Gram-negative bacilli, the most
common carbapenemase was OXA-23 (n=14; 17.5%) followed
by IMP-like (n=6; 26.1%). Only in 9 isolates, co-production of
an additional associated resistance mechanism was detected,
especially penicillinases in 8 strains of K. pneumoniae (TEM-1).
One isolate of K. pneumoniae harbored two carbapenemases:
O0XA-48 and NDM-5, and other isolate of C. freundii produced
also two carbapenemases: OXA-48 and VIM-63 (Table 3).

Regarding to clonal lineages of carbapenemase-produc-
ing Enterobacterales, K. pneumoniae ST45/0XA-48 and E. clo-
acae ST114/0XA-48 were the most prevalent (n= 6, each one),
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Table 2 ‘ Types of carbapenemases in Gram-negative bacilli causing bacteremia (2017-2022).
Type of carbapenemase 2017 2018 2019 2020 2021 2022 TOTAL
VIM 8 4 4 3 5 1 25
0XA-48 = = 1 12 10 3 26
0XA-23 = = 1 2 1 = 14
IMP - 5 1 1 2 = 9
KPC 3 - - - 1 - 4
NDM - - 1 1 - - 2
TOTAL 1 9 8 19 29 4 80

followed by E. cloacae ST78/VIM-1 (n=5). Moreover, two iso-
lates of K. pneumoniae ST258/KPC-1 and KPC-3 were detected.
In non-fermenting Gram-negative bacilli, the most frequent
variant was A. baumannii ST2/OXA-23 (n=14) followed by P.
aeruginosa ST253/IMP-16 (n=>5) (Table 4).

Outbreaks detected. The data obtained through PFGE
allowed us to establish which strains were part of the differ-
ent outbreaks. During the period of study, four outbreaks were
declared; the first of them was caused by P. aeruginosa ST253/
IMP-16 in March 2018 in the ICU (three cases); the other three
outbreaks were caused by A. baumannii ST2/0XA-23 in the ICU
in December/January 2020, at the beginning of February 2021
and at the end of March and beginning of April 2021 (four
cases each one).

DISCUSSION

This is a report of the bacteremias due to CPGNB isolated
in a tertiary-care hospital in southeast Spain in a 5-year peri-
od. It was performed from routine testing of 80 Gram-nega-
tive bacilli isolates belonging to Enterobacterales and non-fer-
menting Gram-negative bacilli species isolated from blood
cultures during this period.

CPGNB represent a global threat to healthcare systems,
especially when they are causing severe infections such as
bloodstream infection. Regarding to the prevalence of CPGNB,
there is currently considerable heterogeneity across different
countries and regions. Several surveillance studies focused on
epidemiological situation of CPGNB are available in the scien-
tific literature and, recently, a report about the epidemiologi-
cal status in carbapenemase-producing Enterobacterales in 37
European countries has been recently published [1]. Overall,
four countries such as Greece, Italy, Malta and Turkey were in
"endemic” situation and other countries, including Spain, were
in an "inter-regional spread” stage. The result of this report in-
dicates that 11 countries reported a worsened epidemiological
situation compared with the previous report [5]. These trends
are highlighted in Enterobacterales, especially in K. pneumoni-
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ae; in these bacteria, carbapenemases are the main contribut-
ing factor to extensive drug resistance.

Regarding to the type of carbapenemase, different reports
showed different distribution in Europe [3]; while KPC-like is
predominant in Italy, Greece, Portugal and Israel, VIM-like is
more frequent in Hungary and OXA-48-like in the main car-
bapenemase in Romania, Turkey and Spain [3].

From the point of view of CPGNB that cause bacteremia,
there are some studies reporting this item. A multicenter study
conducted in the USA demonstrated that the majority of
cases were due to K. pneumoniae KPC-2 and KPC-3, and the
ST258 predominated among KPC-producing K. pneumoniae
[14]. Other study showed that in cases of bacteremia caused
by carbapenemase-producing K. pneumoniae (CPKP), 61.1% of
these bacteria were KPC [15]. In Korea, in 131 cases of bacter-
emia due to carbapenemase-producing Enterobacterales, 69%
were caused by K. pneumoniae, followed by Enterobacter spp
(10%) and E coli (8%); regarding to the type of carbapene-
mase, KPC was the most commonly observed (66%) followed
by NDM (20%) [16]. Moreover, other study stated that from
146 carbapenem-resistant K. pneumoniae strains, KPC-2 was
the main mechanism of carbapenem resistance (n=127) [17].
Finally, a report recently published of bacteremia with carbap-
enemase-producing Enterobacterales in immunocompromised
patients previously colonized, 12.7% (28 from 221) developed
bloodstream infections of carbapenemase-producing Entero-
bacterales [18]. Most of these infections were caused by K
pneumoniae, and KPC was the most frequent type of carbap-
enemase, followed by NDM.

A multicenter study of CPKP and carbapenemase-produc-
ing E. coli conducted in Spain in 2019, revealed that CPKP was
the most frequent carbapenemase-producing bacteria found
in blood (50 out of 52 isolates), although in this work only 52
isolates were collected from bacteremia [19]. The main limi-
tation of this study to know the true prevalence of CPGNB in
blood is that only isolates of K. pneumoniae and E. coli were
included. Regarding to the type of carbapenemase, almost
70% of isolates expressed OXA-48, although no data of car-
bapenemases from type of samples were reported. However,
in this study, the distribution of carbapenemase-producing
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Table 3

Main variants and clonal lineages of carbapenemase-

producing Enterobacterales (n=45).

Carbapenemase (n/%) Variants (n)

Species and clones (n)

KPC (2/4.4) KPC-1 (1)
KPC-3 (1)

VIM (13/28.8) VIM-1(12)

VIM-63 (1)
OXA (24/53.3)

NDM (2/4.4)
NDM + OXA (2/4.4)

NDM-5 (2)

VIM + OXA (2/4.4)

OXA-48 (24)

NDM-5 + OXA-48

VIM-63 + OXA-48

K: pneumoniae, ST258/KPC-1 (1)
K: pneumoniae, ST258/KPC-3 (1)
K. pneumoniae, ST25/VIM-1 (1)
K. pneumoniae, ST469/VIM-1 (1)
E. cloacae, ST78/VIM-1 (5)
E. cloacae, ST111/VIM-1 (1)
E. cloacae, ST90/VIM-1 (2)
E. cloacae, ST311/VIM-1 (1)
K. oxytoca, ST36/VIM-1 (1)
E. cloacae, ST22/VIM-63 (1)
K: pneumoniae, ST307/0XA-48 (4)
K: pneumoniae, ST45/0XA-48 (6)
K: pneumoniae, ST405/0XA-48 (2)
K. pneumoniae, ST6446/0XA-48 (1)
E. cloacae, ST114/0XA-48 (6)
E. cloacae, ST307/0XA-48 (1)
E. cloacae, ST110/0XA-48 (1)
E. coli, STA05/0XA-48 (2)
E. coli, ST307/0XA-48 (1)

K. pneumoniae, ST15/NDM-5 (2)
K. pneumoniae
ST15/NDM
ST307/0XA-48
C. freundii
ST22/VIM-63
ST405/0XA-48

bacteria was different depending on the geographical loca-
tion; founding in southern Spain more KPC-producing isolates.
Moreover, in this report 8 high-risk CPKP clones were detected,
especially ST307/0XA-48 (16.49%) and ST11/0XA-48 (16.4%),
although in bacteremias ST512-258/KPC and ST15/0XA-48-
like were the most frequent bacteremia-producing clones (24
and 16%, respectively). In our study, K. pneumoniae was also
the most frequent carbapenemase-producing isolated bacte-
ria (29.5%) followed by E. cloacae (28.2%) and A. baumannii
(17.9%). However, the most frequent type of carbapenemase
was 0XA-48, followed by VIM-like, and, in A. baumannii, the
main type of carbapenemase was OXA-23. These data contrast
with those previously mentioned, and show the differenc-
es between countries or regions respect to the prevalence of
carbapenemases in bloodstream infections and the different
measures to be taken to prevent its spread, reinforcing the
need for epidemiological control at regional level.

Rev Esp Quimioter 2024;37(6): 472-478

Respect to the high-risk bacteremia-producing clones,
in our study the most frequent association between high-
risk clone and carbapenemase-producing K. pneumoniae was
ST307/0XA-48 (4 cases), followed by K. pneumoniae ST258/
KPC-1 (1 case).

Regarding to non-fermenting Gram-negative bacilli (NF-
GNB), data about carbapenemase-producing NFGNB in blood-
stream infections are scarce. An ltalian nationwide survey on
P. aeruginosa from invasive infections included 935 clinical
isolates from bloodstream infections and lower respiratory
tract infections collected 20 centres between 2014 and 2023;
they showed that 12 and 32 isolates were positive for carbap-
enemase types VIM and IMP, respectively [20]. However, the
authors do not specify the type of samples for each group of
carbapenemases. In A. baumannii, a study found that the ac-
quired carbapenemase detected most frequently was OXA-23,
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Table 4

Main variants and clonal lineages of carbapenemase-

producing non Enterobacterales (n=23).

Carbapenemase (n/%) Variants (n) Species and clones (n)
IMP (6/26.1) IMP-16 (5) P. aeruginosa, ST253/IMP-16 (5)
IMP-23 (1) P. aeruginosa, ST175/IMP-23 (1)
VIM (3/13.1) VIM-1(2) P. aeruginosa, ST115/VIM-1 (1)
P. putida, ST78/VIM-1 (1)
VIM-2 (1) P. aeruginosa, ST277/VIM-2 (1)
OXA (14/60.8) 0XA-23 (14) A. baumannii, ST2/0XA-23 (14)

which was present in 69% of the isolates, but the type of sam-
ple was not specified either [21].

A Spanish nationwide survey on P. aeruginosa showed
that 2.1% of isolates produced carbapenemases, especially GES
type; bloodstream samples only represented 5.9% of all iso-
lated tested, but no more details were shown [7]. However, in
our bloodstream isolates, the main type of carbapenemase was
IMP-like, particularly IMP-16, and all strains belonged to ST253
clone (Table 4). Respect to this, three of five cases belonged to
the same outbreak. These data demonstrated that epidemio-
logical studies should be performed in all health areas, in order
to know the differences in the prevalence of carbapenemases
in each region.

The rapid detection of carbapenemases is an important
factor in order to establish a rapid and adequate empirical
therapy, especially in bloodstream infections and other severe
infections. In our patients, an incorrect empirical therapy was
applied in 26 (33.3%) patients and in 17 (65.3%) of them the
outcome was unsuccessful. Thus, taking into account the epi-
demiology of carbapenemase-producing Gram-negative bacil-
li in our area, an improvement in the initiation of empirical
treatment should occur in patients with risk factors for acquir-
ing carbapenemases, although this improvement may be due
to a rapid microbiological diagnosis.

In our study, the great increase in cases registered during
the years 2020 and 2021 is striking, which were the years with
the highest incidence and severity of the pandemic produced
by SARS-CoV-2. It is also striking that a very significant num-
ber of cases occurred in patients admitted to the ICU, a service
that was especially pressured during this period. All bactere-
mias caused by A. baumannii were caused by the same clone
and occurred in these three years (2019, 1 case and 2020-21,
thirteen cases). Twelve of the fourteen cases caused by A. bau-
mannii were from outbreaks (two or three) that occurred in
the ICU in 2020 and 2021.

The main limitations of the present study is that the da-
ta are limited to one health area; further studies including a
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great number of hospitals will be necessary to corroborate
these data.

In summary, respect to the prevalence of CPGNB, our re-
sults add information to several studies published last years in
Spain and in other countries, emphasizing the need for epide-
miological surveillance both at regional and local level. A rapid
detection of carbapenemases in bloodstream infections can help
physicians to establish the best therapeutic strategy as well as
to implement control measures to prevent the spread of these
strains in order to reduce the mortality of these patients.
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ABSTRACT

Objective. To date, no data exist regarding the prevalence
of integrase inhibitor (INSTI) resistance-associated mutations
(HIVDRM) in HIV-infected pregnant women (HPW) in Latin
America. We describe the prevalence and transmissibility of in-
tegrase HIVDRM in a historical cohort of INSTI-naive HPW from
Argentina (n=56) with Next Generation Sequencing (NGS).

Material and methods. Bioinformatics analysis was per-
formed by HyDRA software for 20%, 10%, 5%, 2%, and 1%
sensitivity thresholds. We calculated the mutational viral load
for each INSTI-HIVDRM, considering those with >1000 c¢/mL as
of high risk of transmissibility.

Results. The predominant HIV subtype was BF (78.5%).
Major HIVDRM were not detected with the population se-
quencing 20% filter. With a 1% threshold, the prevalence in-
creased to 8.9%;: Y143C/S, E92G, E138K, and T66l mutations
were found. The median (range) mutational load (expressed
in ¢/mL) was: 355 (50.2-11705); with only 1 case >1000 ¢/mL
Accessory mutations (G163R/K, T97A) were detected mostly
with a 20% sensitivity threshold with an overall prevalence of
23.29%; the median (IQR) mutational load was: 23929 (4009-
63158) ¢/mL; all of them above 1000 ¢/mL.

Conclusion. Our results show evidence of the presence
of major INSTI-HIVDRM as aleatory mutations and a high fre-
quency of accessory mutations with potential transmissibility
in HPW.

Keywords: mutations; prevalence; pregnant women; HIV; integrase inhi-
bitors
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Resistencia a los inhibidores de integrasa en
embarazadas con VIH

RESUMEN

Objetivo. Hasta la fecha, no existen datos sobre la pre-
valencia de mutaciones asociadas a la resistencia (HIVDRM) a
los inhibidores de la integrasa (INSTI) en mujeres embarazadas
infectadas por VIH (HPW) en América Latina. Describimos la
prevalencia y la transmisibilidad de las HIVDRM de la integrasa
en una cohorte historica de HPW naive de INSTI de Argentina
(n=56) mediante Next Generation Sequencing (NGS).

Material y métodos. Se realizd un analisis bioinformati-
co mediante el software HyDRA para umbrales de sensibilidad
del 20%, 10%, 5%, 2% vy 1%. Calculamos la carga viral mu-
tacional para cada INSTI-HIVDRM, considerando aquellas con
>1000 ¢/mL como de alto riesgo de transmisibilidad.

Resultados. El subtipo de VIH predominante fue BF
(78,5%). No se detectaron HIVDRM principales con el filtro de
secuenciacion poblacional del 20%. Con un umbral del 1%, la
prevalencia aumento al 8,9%; se encontraron las mutaciones
Y143C/S, E92G, E138K y T66l. La mediana (rango) de la car-
ga mutacional (expresada en ¢/mL) fue: 355 (50,2-11705); con
solo 1 caso >1000 ¢/mL. Las mutaciones accesorias (G163R/K,
T97A) se detectaron principalmente con un umbral de sensibili-
dad del 209%, con una prevalencia general del 23,2%; la media-
na (RIQ) de la carga mutacional fue: 23929 (4009-63158) ¢/mL;
todas ellas por encima de 1000 c/mL.

Conclusion. Nuestros resultados muestran evidencia de
la presencia de INSTI-HIVDRM principales como mutaciones
aleatorias y una alta frecuencia de mutaciones accesorias con
potencial transmisibilidad en HPW.

Palabras clave: mutaciones; prevalencia; embarazadas; VIH; inhibidores de
integrasa
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INTRODUCTION

Despite massive public health efforts, rates of mother-to-
child transmission of HIV remains high in Argentina and in sev-
eral countries in Latin America [1]. Antiretroviral therapy (ART)
is mandatory for pregnant women to suppress HIV replication
to prevent perinatal transmission. However, perinatal transmis-
sion is mostly driven by late-presenting pregnant women and
those with a high peripartum viral load due to lack of access
and HIV testing, nonadherence to ART, and virologic failure [2].

The emergence of primary mutations in the viral genome
is a significant cause of drug resistance, which can lead to
treatment failure [3]. Thus, drug resistance- associated mu-
tations (HIVDRM) in HIV-infected pregnant women (HPW)
may increase the risk of perinatal transmission with impact in
women and children’s future treatment options [4]. According
to published reports, levels of transmitted drug resistance are
high in Argentina in the general population, HPW, and new-
borns, mostly for first-generation non-nucleoside reverse tran-
scriptase inhibitors (NNRTI) such as efavirenz and nevirapine
(NVP) [5-7].

Local and international guidelines currently recommend
an integrase-inhibitor (INSTI) based ART for HPW [4]. Dolute-
gravir (DTG) or, alternatively, raltegravir (RAL) as anchor drugs
are recommended with a backbone of two nucleoside analogs
(emtricitabine/tenofovir; lamivudine/tenofovir; abacavir/lam-
ivudine). For those mothers with a high risk of transmission
(those with peripartum viral loads >1000 ¢/mL) there is indica-
tion of zidovudine infusion during delivery and performance of
cesarean section when possible. In addition, neonatal prophy-
laxis is an essential component of prevention for those high-
risk newborns. DHHS guidelines recommend presumptive HIV
therapy with lamivudine, zidovudine plus either RAL or NVP in
this clinical scenario [4]. Guidelines from Argentina prefer RAL
to NVP in this setting, due to the high levels of NNRTI resist-
ance reported [8].

Despite the fundamental role of INSTI in maternal and ne-
onatal therapy, there is no data regarding the prevalence of
primary resistance to INSTI in Argentina in general or in preg-
nant women populations. In addition, INSTI HIVDRM transmis-
sibility in the mother-child pair is unknown. This study consti-
tutes a baseline epidemiological survey for INSTI resistance in
pregnant women in Argentina using Next Generation Sequenc-
ing (NGS).

MATERIAL AND METHODS

Study design. Cross-sectional investigation. We includ-
ed stored baseline plasma samples from a previous study that
evaluated transmitted and acquired drug resistance in a cohort
of HIV-infected pregnant women in Argentina [6].

Study population. HPW were enrolled in a reference
public Hospital in Buenos Aires City from 2008 until 2014.
All women enrolled had their blood drawn, processed, and
stored for the determination of HIV resistance. For the pres-

ent analysis, 89 plasma samples were available: 40 were from
treatment-naive and 49 from treatment-experienced patients.
None of them had exposure to INSTI, as these drugs were not
routinely available and not recommended in local guidelines
during the collection period. The clinical and epidemiological
profile of this cohort has been described previously [6].

Sample amplification. RT-PCR was performed on 10
pl of each extract of clinical samples using Superscript™ IlI
One-Step RT-PCR Platinum® Hi-Fidelity Taq System (Thermo
Fisher Scientific, Canada), and the primers IN-out-F1 5'- CA-
CAYAARGGRATTGGAGGAAATG-3" (HXB2 loci 4162-4185) and
IN-out-R1 5'- TARTGGRATGTGTACTTCTGAAC-3' (HXB2 loci
5195-5217). RT-PCR conditions were as follows: 50 °C for 30
minutes, 94 °C for 2 minutes, 40 cycles of 94 °C for 20 seconds,
54 °C for 30 seconds, and 68 °C for 60 seconds, and a final
extension at 68 °C for 5 minutes. Following RT-PCR, a 5 pl ali-
quot was transferred to a nested- PCR reaction, with Phusion®
Hot Start Il Hi-Fidelity DNA Polymerase (Thermo Fisher Scien-
tific, Canada) and the primers IN-nest-F1 5'- AACARGTAGA-
TAAATTAGTHAGT-3' (HXB2 loci 4186 - 4208) and IN-nest-R1
5'-ATACATATGRTGYTTTACTARACT-3" (HXB2 loci 5107 - 5130).
Nested-PCR conditions were performed as follows: 95 °C for
10 minutes, 40 cycles at 94 °C for 20 seconds, 52 °C for 30 sec-
onds, and 72 °C for 60 seconds, followed by a final extension
at 72 °C for 5 minutes.

MiSeq library prep and ultra-deep sequencing. Sam-
ples were sequenced for the integrase (IN) region using an ul-
tra-deep sequencing protocol published by Taylor et al for gen-
otyping of protease and retrotranscriptase region [9]. Libraries
were prepared using Nextera® XT DNA Library Preparation Kit
(Ilumina, USA) and amplicon final concentration 0.2 ng/ul.
Tagmentation, indexing, and purification were all performed
according to the manufacturer's detailed Reference Guide.
Libraries normalization was performed using the Quant-iT™
PicoGreen™ dsDNA Assay Kit (Invitrogen). Libraries were pooled
in equal fractions and the mixture was diluted to 2 nM. PhiX
control library (20 pM, v3, lllumina, USA) was spiked in at 10%,
to measure quality and to elevate the diversity of the ampli-
cons libraries. Finally, the product was sequenced on the MiSeq
using a v2 300-cycle MiSeq reagent kit (Illumina, USA) [9-10].

MiSeq data analysis. Reference-based mapping and var-
iant calling against the HXB2 pol gene (loci 2253~ 5096, Gen-
Bank Accession number: K03455) was performed with HyDRA
Web (http://hydra.canada.ca) with the default settings. Drug
resistance mutations detected at 1%, 2%, 5%, 10%, and 20%
thresholds of sensitivity were identified based on the current
Stanford list. In addition, the list of INSTI-mutations for the
surveillance of transmitted drug resistance according to Tzou
et al was considered [11-12].

Mutational viral load. Mutational load was estimated
from maternal viral load and the frequency of each mutation
within viral quasispecies. The baseline viral load per patient was
the starting point to calculate the mutational load (for exam-
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ple, a mutational load was 100 if a patient has a viral load
of 10% corresponding to a specific mutation over a baseline
viral load of 1000 ¢/mL). Those HIVDRM with mutational load
>1000 c/mL were considered at high risk of being transmitted
perinatally considering the reference value for cesarean section
indication [13].

RESULTS

RT-PCR was performed on 89 samples from INSTI-naive
HPW. Of these, 56 (38 ART naive; 18 exposed to other drug
classes) were satisfactorily amplified and sequenced as shown
in Figure 1. The predominant HIV subtype was BF (78.5%).
Median (interquartile range, I1QR) viral load was 15545 (5228-
47688) c/mL.

Major mutations were not detected with the population
sequencing 20% threshold neither in the overall sample (0/56)
nor ART-naive population (0/38). With a 5% threshold, the
prevalence was 1.7% (1/56) in the overall population and 2.6%
(1/38) in the naive population. The 2% threshold increased the
prevalence to 7.1% (4/56) in the overall population and 7.9%
(3/38) in naive. With a 1% threshold, the overall prevalence
was 8.9% (5/56) and 10.5% (4/38) in the naive population. Ac-
cessory mutations were detected mostly with a 20% sensitivity

threshold with a prevalence of 23.2% (13/56). Such prevalence
did not increase significantly with the 5, 2, and 1% thresholds.
The viral quasispecies harboring major HIVDRM were not pre-
dominant within the overall viral population. In contrast, those
harboring accessory mutations, were. A summary of these find-
ings is described in Table 1. The proportion of quasispecies har-
boring HIVDRM among individual samples of experienced and
naive patients is shown in Tables 2 and 3, respectively.

Considering major mutations, the median (range) muta-
tional load was 355 ¢/mL (50.2-11705); with only 1 case >1000
¢/mL (1/56; 1.7%), at expenses of a high baseline maternal viral
load (487732 ¢/mL). Mutational load for Y143C, Y143S, E92G,
E138K, and T66l mutations were: 63.5, 11705, 50.2, 761.7, and
355 c¢/mL, respectively. Considering accessory mutations T97A
and G163K/R median (IQR) mutational load was 23929 (4009-
63158) ¢/mL, all of them above the 1000 ¢/mL threshold.

DISCUSSION

To our knowledge, this study is the first report of primary
resistance to INSTI in HIV- infected pregnant women in Latin
America. We describe baseline data before its general use in
our region, which may allow a better future understanding of
evolving patterns of INSTI-resistance. Recently, Brazil reported

Total Samples
N=89

J

Pr/RT-naives
N=40
¢DNA amplification unsuccessful
N=2
Amplified
N=38

J

Pr[RT-experienced
N=49
cDNA amplification unsuccessful
N=31
Amplified
N=18

INSTI naive genotype
N=56

Figure 1

Flowchart describing the inclusion of stored samples (period 2008-2014) from HIV-infected

pregnant women for a baseline survey of resistance to integrase inhibitors (INSTI) by next-

generation sequencing in Argentina.

Pr[RT: protease inhibitor/reverse transcriptase inhibitor; cDNA: complementary DNA
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Table 1 Prevalence of major, accessory, and other mutations (Stanford algorithm) in the integrase
coding region of INSTI-naive pregnant women living with HIV in Argentina.
NGS threshold 20% 10% 50 2% 1%
Major mutations *
Y143C —- — 1.7% 1.7% 1.7%
Y143S = = = 1.7% 1.7%
T66l - -- -- 1.7% 1.7%
E138K -- - -- - 1.7%
E92G —- — — 1.7% 1.7%
Accessory mutations
T97A 3.50 3.5% 3.50 3.5% 3.50%
G163R 12.5% 12.5% 12.5% 12.5% 12.5%
G163K 7.1% 7.1% 8.9% 8.9% 8.9%
Other
V151l 5.3% 7.1% 8.9% 8.9% 10.7%
1741 1.7% 1.7% 1.7% 1.7% 1.7%
NGS: Next-generation sequencing; INSTI: integrase strand transfer inhibitor; *mutations included in the list of INSTI-mutations for the surveillance of transmitted drug
resistance
Table 2 INSTI resistance-associated mutations detected in individual baseline samples of ART-experienced/
INSTI-naive pregnant women in Argentina by Next Generation Sequencing (NGS) considering
different thresholds. Each line represents a unique patient sample; the percentage in brackets
represents the prevalence of viral quasispecies harboring each mutation and the mutational load. The
first detection (threshold) of a major mutation appears in bold.
VL (cop/ml) NGS 20% NGS 10% NGS 5% NGS 2% NGS 1% Subtype
2018 = = V1511 (5.33%, 107) V1511 (5.33%, 107) V1511 (5.33%, 107) BF
60507 - - G163K (5.5%, 3327) G163K (5.5%, 3327) G163K (5.5%, 3327) B
45184 G163R (99.9%, 45138) G163R (99.9%, 45138) G163R (99.9%, 45138) G163R (99.9%, 45138) G163R (99.9%, 45138) BF
5529 V1511 (41.19%, 2272) V1511 (41.1%, 2272) V1511 (41.1%, 2272) V1511 (41.19%, 2272) V1511 (41.19%, 2272) B
55617 G163R (99.9%, 55561) G163R (99.9%, 55561) G163R (99.9%, 55561) G163R (99.9%, 55561) G163R (99.9%, 55561) BF
70826 (6163K (99.9%, 70755) G163K (99.9%, 70755) (6163K (99.9%, 70755) G163K (99.9%, 70755) (6163K (99.9%, 70755) BF
12103 G163R (99.9%,12090) G163R (99.9%, 12090) G163R (99.9%, 12090) G163R (99.9%, 12090) G163R (99.9%, 12090) BF
Y143S (2,4%, 11705), Y143S (2.4%, 11705),
487732 S230N, (99.5%,485293 S230N (99.5%, 485293 S230N (99.5%, 485293 B
169.5%485293) 169.5%, 485293] 199.5%.485293)  Gyon (a0, 485203) 230N (09.5%, 485299)
4706 G163K (99.7%,4691) G163K (99.7%, 4691) G163K (99.7%, 4691) G163K (99.76%,4691) G163K (99.76%, 4691) BF
13147 L741 (99.2%, 32881), 1741 (99.29%,32881), L741 (99.2%, 32881), 1741 (99.21%, 32881), 1741 (99.2%, 32881),

S230N (99.3%, 32914)

S230N (99.3%, 32914)

S230N (99.3%, 32914)

S230N (99.31%,32914)

S230N (99.3%, 32914)

INSTI: integrase strand transfer inhibitor; PR/TR: protease/reverse transcriptase viral subtype; VL: viral load

increasing INSTI resistance in naive populations in the context
of the use of these drugs in the general population [14].

In our historical cohort, major INSTI mutations were de-
tected only by thresholds <29%. This is in concordance with

other publications in which these mutations were infrequent

or not reported at all [15-17]. Therefore, the 8.9% prevalence
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of HIVDRM to INSTI detected at the 1% threshold warrants
careful interpretation. It’s important to note that this preva-

482



D. Cecchini, et al.

Integrase strand transfer inhibitors resistance-associated mutations in HIV-infected pregnant women

Table 3 INSTI resistance-associated mutations detected in individual baseline samples of ART-naive pregnant
women in Argentina by Next Generation Sequencing (NGS) considering different thresholds. Each
line represents a unique patient sample; the percentage in brackets represents the prevalence of viral
quasispecies harboring each mutation and the mutational load. The first detection (threshold) of a
major mutation appears in bold.

VL (cop/ml) NGS 200% NGS 10% NGS 5% NGS 2% NGS 1% Subtype
214738 T97A (99,48%, 213621) T97A (99,480%, 213621) T97A (99.4%, 213449) T97A (99.4%, 213449) T97A (99.4%, 213449) BF
13851 - V1511 (14%, 1939) V1511 (14%, 1939) V1511 (14%, 1939) V1511 (14%, 1939) BF
69941 V1511 (100%, 69941) V1511 (100%, 69941) V1511 (100%, 69941) V1511 (100%, 69941) V1511 (100%, 69941) B
E92G (4.5%, 49), £92G (4.5%, 49),
1095 - - Y143C (5.8%, 63 BF
L, G Y143C (5.8%, 63) Y143C (5.8%, 63)
18700 T97A (93.3%, 17447) T97A (93.3%, 17447) T97A (93.3%, 17447) T97A (93.3%, 17447) T97A (93.3%, 17447) BF
111000 G163R (99.7%, 110667) G163R (99.7%, 110667) G163R (99.7%, 110667) G163R (99.7%, 110667) G163R (99.7%, 110667) BF
G163R (99.6%, 3139),
152 163R (99.6%, 31 163R (99.6%, 31 163R (99.6%, 31 163R (99.6%, 31 BF
315 G163R (99.6%, 3139) G163R (99.6%, 3139) (G163R (99.6%, 3139) G163R (99.6%, 3139) Q164P (1.8%, 56)
163R (63.8%, 154697
242473 G163R (63.8%, 154697) G163R (63.8%, 54697) G163R (63.8%, 154697) G163R (63.8%, 154697) S )2, 151 BF
V1511 (1.1%, 2667)
3036 (G163R (43.4%, 1317) (G163R (43.4%, 1317) (G163R (43.4%, 1317) G163R (43 4%, 1317) (G163R (43.4%, 1317) BF
26967 V1511 (99.5%, 26832) V1511 (99.5%, 26832) V1511 (99.5%, 26832) V1511 (99,5%, 26832) V1511 (99.5%, 26832) BF
24074 (163K (99.4%, 23929) G163K (99.4%, 23929) (163K (99.4%, 23929) G163K (99.4%, 23929) G163K (99.4%, 23929) BF
17000 - - - T661 (2.09%, 355) 1661 (2.09%, 355) BF
163K (98.20
55200 (163K (99.8%, 55089) (163K (99.8%,55089) (163K (99.8%,55089) (G163K (99.8%, 55089) G [ B2 BF

E138K (1.38%, 761)

INSTI: integrase strand transfer inhibitor; PR/TR: protease/reverse transcriptase viral subtype

lence was observed at very low thresholds (1-2%) and not de-
tected at the clinically relevant 20% threshold typically used in
population sequencing. These low-frequency mutations likely
represent random mutations rather than true transmitted drug
resistance, especially considering the study period (2008-2014)
when INSTI use was not widespread in our country. Detection
of major HIVDRM with the highest sensitivity filters shows ev-
idence of their existence as aleatory mutations, with minimal
representation within viral quasispecies. In consequence, they
have a low mutational load and risk of transmissibility in the
absence of selective pressure. Therefore, the high sensitivity of
NGS allows detection of viral quasispecies that may not be clin-
ically relevant. Considering the current recommendations and
the widespread use of INSTI in people living with HIV, including
pregnant women, further research is needed with current sam-
ples to detect signals of increasing trends in INSTI resistance in
our country. This finding underscores the importance of inter-
preting low-frequency mutations cautiously and in the context
of their true potential clinical impact.

Conversely, we found a high overall prevalence of ac-
cessory HIVDRM in the integrase coding gene, mostly due to
G163K/R mutations. Such mutations have a potential impact

on susceptibility ("low-level resistance") to first-generation IN-
STls (raltegravir, elvitegravir) according to the Stanford algo-
rithm. These results were congruent with previous reports [18-
19] and may be attributable to polymorphisms of circulating
subtypes, with high representation within viral quasispecies.
These quasispecies can be transmitted perinatally because they
exceed the threshold of 1000 ¢/mL.

Neither Latin America nor Argentina have achieved the
programmatic objective of HIV perinatal transmission <29% ex-
pected for non-breastfeeding populations, being >15% for Lat-
in America and >4% for Argentina [1]. Despite the late diagno-
sis and limited access to ART remain significant determinants
of mother-to-child transmission, drug-resistance is a cause of
maternal virologic failure potentially contributing to neonatal
infection [2-4]. The INSTIs are, to date, the most effective ther-
apeutic strategy to reduce the viral load in pregnant women
to prevent perinatal HIV transmission, even in late diagnoses
[8]. Considering the recommendations of INSTI- based therapy
in local and international perinatal guidelines (as well as for
the general population), resistance surveillance remains crucial.

While our study reports findings at various detection
thresholds, including 1%, it's crucial to emphasize the limit-
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ed clinical significance of mutations detected at such low fre-
quencies. The 20% threshold is generally considered clinically
relevant for population sequencing, as it represents the limit of
detection for Sanger sequencing and is more likely to impact
treatment outcomes [20-21]. Therefore, mutations detected at
the 1% threshold, while interesting from a research perspec-
tive, may not have clinical implications. These low-frequen-
cy variants may not persist over time due to lack of selective
pressure or fitness costs, are unlikely to impact the virological
response to INSTI-based regimens and may represent natural
aleatory or random mutations rather than true drug resistance.
Therefore, while NGS allows us to detect these low-frequency
variants, their clinical relevance remains uncertain [1]. Treat-
ment decisions should primarily be based on mutations detect-
ed at higher, clinically validated thresholds. The low-frequen-
cy mutations reported in this study should be interpreted as
providing insight into viral diversity and potential resistance
pathways rather than as direct predictors of potential treat-
ment failure

Despite the intrinsic limitations and limited external valid-
ity inherent to the retrospective and local nature of our study,
this first report on HIVDRM in pregnant women supports the
need for surveillance of transmitted and acquired drug resist-
ance in Argentina and other Latin American countries.
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RESUMEN

Objetivos. Analizar la precision diagnostica de la nueva
prueba MeMed® para predecir infeccion bacteriana en los pa-
cientes adultos atendidos con sospecha clinica de infeccion en
el servicio de urgencias hospitalario (SUH), asi como comparar
su rendimiento con otros biomarcadores de uso habitual (pro-
teina C reactiva-PCR-, procalcitonina -PCT-).

Métodos. Estudio observacional, de cohortes, prospecti-
vo y analitico de pacientes adultos atendidos en un SUH con
el diagnostico clinico de un proceso infeccioso. Se realizd un
seguimiento durante 30 dias. Como variable dependiente se
considero el diagnostico de infeccion bacteriana (IB). Se analizo
la capacidad predictiva con el area bajo la curva (ABC) de la
caracteristica operativa del receptor (COR) y los valores de sen-
sibilidad (Se), especificidad (Es), valor predictivo positivo (VPP) y
negativo (VPN) de la PCR, PCT, recuento de leucocitos y el test
LIAISON® MeMed®.

Resultados. Se incluyo a 258 pacientes, de los que 36
(14%) habian fallecido a los 30 dias tras su consulta en el
SUH. La edad media fue 68,28 (DE 19,53) afos, el 57,4% (148)
eran hombres. A los 30 dias el grupo con el diagnostico IB te-
nia 137 pacientes, el grupo infeccion viral 68 casosy 17 en el
grupo indeterminado. El ABC-COR que consigue MeMed® en
el grupo que analiza todos los pacientes es de 0,920 (IC 95%:
0,877-0,962) y la PCT de 0,811 (IC 95%: 0,754-0,867). Con un
punto de corte (PC) > 65 puntos del test MeMed® se obtiene
una Se:79,2% y Es:91,2% y con PC > 90 puntos una Se: 57%
y Es:95,9%. Aplicando el indice de Youden el PC > 50 puntos
consigue una Se:84,1% vy Es:88,2%.

Conclusiones. En los pacientes adultos atendidos con sos-
pecha clinica de infeccion en el SUH, la prueba de LIAISON Me-
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Med® presenta una gran capacidad para diagnosticar su origen
bacteriano y obtiene un mejor rendimiento que la PCT, la PCR y
el recuento de leucocitos.

Palabras clave: Biomarcadores, Servicio de Urgencias, Diagndstico, Infec-
cion bacteriana.

Diagnostic power of LIAISON MeMed VB® for
bacterial infection in adults patients seen in
Emergency Departments due to infections

ABSTRACT

Objectives. To analyze the diagnostic accuracy of the new
MeMed® test to predict bacterial infection in adult patients
seen in emergency departments (ED) with clinical suspicion
of infection, as well as to compare its performance with other
commonly used biomarkers (protein C reactive-PCR-, procalci-
tonin -PCT-).

Methods. A prospective, observational and analytical
study was carried out on adult patients who were treated in
an ED with the clinical diagnosis of an infectious process. Fol-
low-up was carried out for 30 days. The diagnosis of bacterial
infection (Bl) was considered as the dependent variable. The
predictive ability was analyzed with the area under the curve
(AUC) of the receiver operating characteristic (COR) and the
values of sensitivity (Se), specificity (Es), positive predictive val-
ue (PPV) and negative predictive value (NPV) of the PCR, PCT,
leukocyte count and the LIAISON® MeMed® test.

Results. The study included 258 patients, 54 (15.6%) of
whom died within 30 days of visiting the ED. The mean age
was 68.28 (SD 19.53) years, 57.4% (148) were men. At 30 days,
the group with the IB diagnosis had 137 patients, the viral
infection group 68 cases and 17 in the indeterminate group.
The AUC-COR achieved by MeMed® in the group that analyzes
all patients was 0.920 (95% Cl: 0.877-0.962) and the PCT was
0.811 (95% Cl: 0.754-0.867). With a cut-off point (PC) > 65
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points of the MeMed® test, achieves a Se: 79.2% and Es: 91.2%
and with PC > 90 points a Se: 57% and Es: 95.9%. Applying
the Youden index, the PC > 50 points achieves Se:84.1% and
Es:88.200.

Conclusions. In adult patients treated with clinical sus-
picion of infection in the ED, the LIAISON MeMed® test has a
great ability to diagnose its bacterial origin and achieves better
performance than PCT, PCR and leukocyte count.

Keywords: Biomarkers, Emergency Department, Diagnostic, Bacterial Infec-
tion

INTRODUCCION

La presencia de pacientes con sospecha de un proceso
infeccioso en los servicios de urgencias hospitalarios (SUH) se
ha incrementado significativamente en los ultimos afios, has-
ta suponer estos entre un 15%-20% de todos los atendidos
diariamente en estas dreas asistenciales en Espana [1,2]. Asi-
mismo, la gravedad de su presentacion clinica y la mortalidad
tanto intrahospitalaria como a corto plazo (30 dias), también
han aumentado en los ultimos afos, especialmente en los pa-
cientes que cumplen criterios de sepsis, presentan comorbili-
dades relevantes, inmunodeprimidos, ancianos o con bacterie-
mia significativa confirmada desde el SUH [3,4].

En este escenario, la administracion precoz y adecuada
del tratamiento antibiotico (AB), junto con el control y drena-
je del foco de infeccidn, asi como la toma inmediata de otras
decisiones diagnostico-terapéuticas (como solicitar pruebas
complementarias, obtener hemocultivos y otras muestras
microbioldgicas, la intensidad del soporte hemodinamico, o Ia
necesidad de ingreso, entre otras), repercuten directamente en
la supervivencia de los enfermos con infeccion bacteriana gra-
ve [1,2,5,6].

Por otro lado, es conocido que las manifestaciones clinicas
de los procesos infecciosos son a menudo inespecificas y va-
riables, lo que dificulta el reconocimiento precoz de estos en-
fermos y de su posible etiologia bacteriana o viral [1,2]. Todo
ello favorece que se prescriban AB innecesarios sin la certeza
de que el cuadro tenga un origen infeccioso bacteriano, so-
bre todo en aquellos pacientes con sindrome febril de origen
desconocido en el SUH (en los que del 30 al 50% de las ocasio-
nes su etiologia es no infecciosa), con la consiguiente presion
antibiotica y la posibilidad de aumento de las resistencias y de
la virulencia bacterianas [2,7,8]. Esta realidad representa un
verdadero problema, al conllevar un incremento de las pruebas
diagnosticas realizadas, de la estancia hospitalaria, de los cos-
tes y de la administracion en ocasiones de tratamientos anti-
bidticos innecesarios 0, en otros casos, de la no administracion
precoz [1,2,7,8].

En los ultimos afios, se ha acentuado la busqueda de he-
rramientas objetivas de ayuda para intentar predecir, desde la
primera valoracion del paciente con sospecha de infeccion gra-
ve, un diagnostico precoz, el prondstico, la gravedad y junto
con la posible etiologia bacteriana la sospecha de bacteriemia
(al ser estos factores claramente determinantes del prondstico

y la mortalidad de los procesos infecciosos) [2,5,8-11]. En esta
linea, los biomarcadores de respuesta inflamatoria e infeccion
(BMRIel) se han posicionado como herramientas de gran ayuda
para el clinico a la hora de mejorar el diagndstico vy el trata-
miento de la infeccion, ya que podrian facilitar y adelantar la
toma de decisiones vitales en el SUH [2,5,8-12]. Entre todos
ellos, la procalcitonina (PCT) sigue destacando como un BMRlel
sensible y especifico para predecir infeccion bacteriana, guiar
hacia el patogeno causante de la infeccion, asi como prever
su evolucion clinica (hacia sepsis grave y shock séptico) y la
mortalidad asociada [2,9,10,12].

Recientemente, se ha descrito la utilidad de una nue-
va prueba basada en la alteracion de las concentraciones de
distintas proteinas que se producen en la respuesta inmuno-
logica. Este test, denominado LIAISON®MeMed®, calcula una
puntuacion en funcion de un modelo que correlaciona los re-
sultados de tres proteinas solubles del huésped, lo que permi-
te diferenciar entre el origen bacteriano frente al viral de la
infeccion [13,14]. Hasta ahora, se han publicado pocos estudios
que evaluen esta capacidad predictiva de infecciéon bacteria-
na de LIAISON®MeMed®, la mayoria en pacientes pedidtricos
[15-20], aunque también alguno en pacientes adultos [21-27].
Se trata de la primera prueba de diagndstico que incluye una
puntuacion basada en la combinacion de la concentracion de
3 proteinas circulantes en sangre de BMRIel inducidos tanto
por virus como por bacterias [13-27]: 1.- El ligando inductor de
apoptosis relacionado con el factor de necrosis tumoral (TRAIL)
que se eleva como expresion de infeccion viral y disminuye en
infeccion bacteriana, 2.- la proteina 10 inducida por el inter-
feron gamma (IP-10) que se incrementa en mayor medida en
infecciones virales y en menor medida en bacterianas, y 3.- la
proteina C reactiva (PCR) que muestra un patrén opuesto a la
IP-10. De esta manera, la presencia de proteinas del huésped
no relacionadas entre si que participan en diferentes vias puede
mejorar la precision del diagnostico. En particular, la inclusion
de nuevas proteinas del huésped que estan reguladas positiva-
mente en infecciones virales puede ser un complemento inno-
vador a las proteinas inducidas por bacterias en el uso clinico
actual, como la PCR o la PCT [13-27].

El objetivo principal de este estudio es investigar la preci-
sion diagnostica de la prueba MeMed® para predecir infeccion
bacteriana en los pacientes adultos atendidos con sospecha cli-
nica de infeccion en el SUH, asi como comparar su rendimiento
con otros BMRIel de uso habitual (PCR, PCT).

PACIENTES Y METODOS

Disefio y sitio. Estudio observacional, de cohortes, pros-
pectivo y analitico de pacientes adultos (con 18 o mas anos)
atendidos en un SUH con el diagnéstico clinico de un proceso
infeccioso. Se realizd un seguimiento durante 30 dias y tras
este periodo el diagndstico de infeccion fue mantenido. El es-
tudio fue elaborado en un hospital universitario de tercer nivel
de 786 camas perteneciente al Servicio de Salud de Castilla La
Mancha.
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Tabla 1

Interpretacion de los resultados de la formula LIAISON® MeMed®

Puntuacion MeMed® Interpretacion

0a10 Muy alta probabilidad de IV (u otra etiologia no bacteriana)
1Ma34 Probabilidad moderada de IV (u otra etiologia no bacteriana)
35a65 Resultado dudoso en relacion a la etiologia (IV frente IB o coinfeccion)
66 a 89 Probabilidad moderada de IB (o coinfeccion B-1V)

90-100 Muy alta probabilidad de IB (o coinfeccion IB-IV)

IV: infeccion de etiologia viral,IB: infeccion de etiologia bacteriana. Adaptado de las indicaciones del fabricante y referencias 13, 21y 22

Periodos de estudio y poblacion incluida.  Desde el 1 de
julio de 2023 hasta el 7 de febrero de 2024 se incluyeron me-
diante un muestreo por oportunidad (cuando los investigadores
estuvieron de guardia) a los pacientes con 18 o mas afos que
fueron diagnosticados clinicamente de un proceso infeccioso
en el SUH y en los que, por sus caracteristicas clinicas y epi-
demiologicas, los médicos responsables indicaron la obtencion
de muestras sanguineas para realizar pruebas complementarias
analiticas (hemograma, bioquimica y biomarcadores como PCR,
PCT, lactato y el test LIAISON® MeMed®), asi como pruebas para
el diagndstico microbioldgico (hemocultivos -HC-, otros culti-
vos, pruebas de deteccion rapida, serologias, antigenuria, etc.).

Se excluyeron los pacientes de pediatria y obstetricia-gi-
necologia.

Variables recogidas. Como variable dependiente se consi-
dero el diagnostico de infeccion bacteriana (IB). Se disefaron
varios grupos entre los pacientes en funcion del mantenimien-
to del diagnostico de sospecha o confirmado microbiologica-
mente a los 30 dias: 1.- Diagnostico de 1B sospechado en el SUH
y confirmado microbiologicamente; 2.- Diagnostico de infec-
cion viral (IV) sospechado en el SUH y confirmado microbiolo-
gicamente; 3.- Diagnostico de IB sospechado en el SUH y man-
tenido a los 30 dias pero no confirmado microbioldégicamente
(diagnostico y decision tomada por unanimidad por un grupo
formado por unfa médico de urgencias, unfa de microbiolo-
gia, unfa del laboratorio de analisis clinicos y un/a de medicina
interna); 4.- Diagnostico de IV sospechado en el SUH y man-
tenido a los 30 dias pero no confirmado microbioldgicamente
(decision por el grupo de seguimiento); 5.- Sospecha indeter-
minada (el grupo de seguimiento no consensud una decision).

Como variables independientes se recogieron aquellas
que se consideraron interesantes y que pudieran influir en el
prondstico y evolucion del paciente durante los 30 dias pos-
teriores a la visita al SUH: A.-Demogréficas y epidemioldgicas:
edad, sexo, institucionalizacion, toma de AB previos, ingreso
en el ultimo mes, de comorbilidad (indice de Charson [28]). B.-
Clinicas: temperatura, alteracion de la consciencia definida con
<14 puntos en la escala del coma de Glasgow, existencia de
nauseas/vomitos, escalofrios/tiritona, presion arterial sistolica
(PAS), criterios de sepsis y las variables que los definen segun
la conferencia de expertos de sepsis de 2001 [1], definicion de

sepsis segun un qSOFA >2 y de shock séptico y las variables
que la constituyen segun la tercera conferencia de consenso de
sepsis(Sepsis-3) 1. C.-De evolucion y destino: dias desde el inicio
de la clinica y estancia hospitalaria, destino de los pacientes,
reconsulta-reingreso en el SUH y mortalidad en 30 dias tras
la atencion en el SUH. D.-De laboratorio de bioquimica con la
analitica habitual y determinaciones de los BM incluidos (PCR
en mg/L, PCT en ng/ml, lactato sérico en mmol/L); y E.- Del Ser-
vicio de Microbiologia.

Definiciones, técnicas y métodos establecidos para las
muestras. El test LIAISON® MeMed® es una formula matema-
tica que integra un modelo que combina las concentraciones
sanguineas de tres proteinas del sistema inmunoldgico y con
ellas genera una puntuacion final cualitativa numérica (de 0
a 100 puntos) que indica la probabilidad de una respuesta in-
mune bacteriana o coinfeccion frente a una probable respuesta
inmune viral. Utiliza tecnologia de inmunoensayo de electro-
quimioluminiscencia ECLIA para las tres proteinas (TRAIL de
15-300 pg/ml, IP-10 de 100-2000 pg/mly PCR 1-250 mg/ml).
Inicialmente se estudio y comparé el rendimiento diagndsti-
co de IB en todos los pacientes de nuestra muestra y, poste-
riormente, de forma individual en distintos grupos con interés
en los SUH (pacientes con el diagnostico microbioldgico con-
firmado, en los mayores de 65 afios y en los diagnosticados
como infeccion respiratoria de vias bajas -IVRB-). Ademas, se-
gun indicaciones del fabricante (DiaSorin) y debido a la posible
respuesta inmunoldgica artefactada o no controlada, también
se realizo la comparacion eliminando a los pacientes que LIAI-
SON® MeMed® incluye como criterios de exclusion ("grupo ex-
clusion LIAISON-MeMed"): aquellos con sintomatologia vy fiebre
constatada de mas de 7 dias, sospecha de gastroenteritis/colitis
infecciosa, enfermedad inflamatoria activa, inmunodeficiencia
congénita o adquirida, infeccion por virus de la inmunodefi-
ciencia humana (VIH), de la hepatitis B (VHB), de la hepatitis
C (VHC), tuberculosis activa, infeccion fungica o parasitaria
cronica, embarazadas, con neoplasia maligna activa y aquellos
con traumatismos o quemaduras importantes o intervenidos
de cirugia mayor en los ultimos 7 dias.

La interpretacion de los resultados de LIAISON® MeMed®
se realizo, inicialmente, segun las indicaciones del fabricante y
los primeros estudios publicados [13,21,22] (Tabla 1).
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Tabla 2 Pruebas microbiologicas realizadas

Dos muestras de hemocultivos compuestas por dos frascos de cultivo (medios BD BACTEC™ Plus Aerobic y Lytic Anaerobic) incubados durante 5 dias en el sistema BACTEC de
Becton Dickinson. En los casos de sospecha de endocarditis se prolongé hasta 30 dias.

PCR multiple del sistema FilmArray® de Biomereux para la deteccion de bacterias, virus, levaduras y parésitos mediante diferentes paneles sindromicos.

Estudio bacteriologico aerobiofanaerabio y flingico de muestras del tracto respiratorio superior e inferior con un periodo de incubacion entre 3-5 dias.

Antigenuria de S. pneumoniae'y L. pneumophila (serogrupo 1) en muestras de orina mediante inmunocromatografia de flujo lateral ImmuView® de SSI Diagnostica.

Deteccion de virus respiratorios (SARS-CoV-2, influenza A, influenza B y virus respiratorio sincitial) en muestras de exudado nasofaringeo mediante los sistemas de PCR en
tiempo real LIAISON MDX de Diasorin, GeneXpert de Cepheid y Vircell en el equipo Equipo CFX96 de Werfen.

Serologia para la deteccion de patogenos implicados en infeccion respiratoria. Deteccion de clase lgG/lgM mediante técnica de inmunoanalisis quimioluminiscente en equipo

Virclia (Vircell).

Estudio bacteriologico aerobio y fungico en muestras de orina con periodo de incubacion entre 24-48 horas.

Estudio bacteriologico aerobiofanaerobio y flingico de muestras de piel y partes blandas, liquidos estériles y otros exudados con periodo de incubacion entre 3-5 dias.

Estudio bacterioldgico de muestras del tracto gastrointestinal con un periodo de incubacion entre 2-5 dias.

La identificacion de los microorganismos en los estudios bacterioldgicos se realizo mediante espectrometria de masas MALDI-TOF de BrukerDaltonics.

Deteccion de antigeno GDH de Clostridioides difficile en muestras de heces mediante inmunoensayo enzimatico cualitativo Immunocard® C. difficile GDH de Meridian
Bioscience y confirmacion de cepas toxigénicas mediante método LAMP en el sistema lllumipro-10™ de Meridian Bioscience.

Determinacion de marcadores relacionados con otras infecciones viricas (virus de hepatitis, VIH) mediante técnica de inmunoandlisis quimioluminiscente en equipo Alinity

(Abbott).

Deteccion de micobacterias: Tincion de Ziehl-Neelsen y cultivo en medio de cultivo liquido MGIT (Beckton Dickinson) con incubacion en sistema MGIT960 (Becton Dickinson®)
durante 40 dias y medio solido Lowenstein con un periodo de incubacion de 60 dias. La identificacion de las micobacterias se realizo mediante espectrometria de masas
MALDI-TOF de BrukerDaltonics. PCR de Mycobacterium tuberculosis mediante sistema GeneXpert de Cepheid en muestra directa.

Para los BMRIel se adoptaron como valores de referencia
los de nuestro laboratorio. Asi, para la PCT por ECLIA en el equi-
po cobas €801 de Roche (R), medido en plasma con heparina
de litio (con rango de deteccion de 0,02-100 ng/ml). Para el
lactato amperometria en gasometro Gem 5000 de Werfen (R)
en sangre total con heparina de litio (con rango de deteccion
de 0,3-17 mmol/l 0 3-153 mg/dl). Y para la PCR por inmuno-
turbidimetria en cobas c702 de Roche en plasma con heparina
de litio (con rango de deteccion 0,6-305 mg/L).

En relacion con las pruebas microbiologicas realizadas, en
la tabla 2 se detallan las utilizadas para la confirmacion de la
etiologia bacteriana o viral. A todos los pacientes se les realiza-
ron hemocultivos (por protocolo del centro al ser consideramos
como pacientes con una potencial infeccion grave) y, ademas,
una o varias de las pruebas microbioldgicas recogidas en la ta-
bla 2 (en funcion de la sospecha diagnostica decidida por el
médico de urgencias).

La extraccion de los hemocultivos (HC) se realizd por la
técnica estandar por venopuncion cutanea. En cada paciente
se realizaron dos extracciones separadas entre si en el tiempo
(y asegurando que los sitios de venopuncion eran diferentes).
La técnica de extraccion, el tiempo de inoculacion vy las defini-
ciones de bacteriemia verdadera y hemocultivos contaminados
fueron las mismas que las utilizadas en un reciente estudio del
grupo INFURG-SEMES [29].

Analisis estadistico. Para el analisis de la asociacion entre
la IB y las variables independientes se utilizaron medias y sus

desviaciones estandar (DE) para variables cuantitativas y por-
centajes para las cualitativas. Se utilizaron las pruebas de Ji al
cuadrado o exacta de Fisher, la t de Student y la U de Mann-
Whitney, segun fueran aplicables, para investigar la relacion
entre el diagnostico de IB y las variables independientes (y
aquellas que se dicotomizaron). Se considerd como significati-
vo un valor de p <0,05 y todos los contrastes fueron bilaterales.

Se realizo un analisis descriptivo (nimeros absolutos
porcentajes) de ambos grupos de pacientes (en funcion del
diagnostico final de IB o IV).

La eficacia para la prediccion de IB a los 30 dias de los
distintos BMRlIel, recuento de leucocitos y la formula LIAISON®
MeMed® se estudid mediante el analisis de las curvas de la ca-
racteristica operativa del receptor (COR) con el IC 95% del area
bajo la curva (ABC) y se comparo frente al valor neutro (0,5).
Los errores estandar de las ABC se calcularon por métodos no
paramétricos.

Se utilizaron los puntos de corte (PC) en los valores de los
BMRlIel (seguin las publicaciones recientes del grupo INFURG-
SEMES) [9,10] y del test LIAISON® MeMed® seguin recomenda-
ciones del fabricante y publicaciones previas [13-25]. Asimis-
mo, para el test LIAISON® MeMed® se buscé el PC con mayor
capacidad diagnodstica que maximizaba la diferencia entre la
tasa de verdaderos positivos y falsos positivos mediante el indi-
ce de Youden. Se hall6 la sensibilidad (Se), la especificidad (Es),
el valor predictivo positivo (VPP) y el valor predictivo negativo
(VPN), el coeficiente de probabilidad positivo (CP+) y negativo
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Pacientes que cumplen criterios de inclusion

n=2373

53).

Pacientes excluidos, n = 115 (30,8%):
——> | - Diagnéstico distinto a infeccion o pérdida de seguimiento a los 30 dias (n =

- Fallo en la obtencion de MeMed® o falta de datos confirmados (n = 62).

Pacientes finalmente incluidos
n = 258 (69,2%)

\

J

J

Diagnostico 1B a 30 dias*
n =173 (67,1%)

Diagnastico IV a 30 dias™
n = 68 (26,4%)

Indeterminado a 30 dias™
n =17 (6,5%)

l

l

l

MeMed > 65, n=137 MeMed > 65, n==6 MeMed > 65, n=9

MeMed 35-65 ~ n=16 MeMed 35-65 ~ n=8 MeMed 35-65, n=4

MeMed < 35, n=20 MeMed < 35, n =54 MeMed < 35, n=4
Figura 1 Diagrama de flujo de la inclusion de casos

IB: infeccion bacteriana; IV: infeccion viral

*: Incluye a los pacientes con diagnostico de IB confirmado microbiologicamente y aquellos con la sospecha de IB en urgencias que se mantuvo a los 30 dias (por unanimi-
dad por el grupo formado por unfa médico de urgencias, un/a de microbiologia, un/a del laboratorio de anélisis clinicos y un/a de medicina interna).
*: Incluye a los pacientes con diagnostico de IV confirmado microbiologicamente y aquellos con la sospecha de IV en urgencias que se mantuvo a los 30 dias (por unani-

midad por el grupo evaluador descrito antes).

**: Pacientes con diagndstico de IB o IV sospechados en urgencias sin confirmacion microbioldgica y en los que el grupo evaluador no llegd a un consenso por unanimidad

0 se planteo posibilidad de coinfeccion (1B + V).

(CP-) para cada resultado estudiado, asi como sus IC 95% por
métodos binomiales exactos y por el de Taylor para los CP.

El analisis estadistico se realizd con los programas IBM-
SPSS® Statistics 29 para Windows y STATA 17.0.

Consideraciones ¢éticas. El estudio ha seguido todos los
protocolos y normas de nuestro centro e internacionales (De-
claracion de Helsinki) para la utilizacion de los datos de los
pacientes que se codificaron para asegurar la confidencialidad
de los mismos. Se reviso la historia clinica informatizada y de
atencion primaria cuando se requirio. El estudio fue aprobado
por el Comité Etico de Investigacién Clinica con medicamentos
(CElm) del Hospital Universitario de Toledo (n°: 1075/2023). Se

informd oralmente y por escrito al paciente o sus familiares
y se solicitdé consentimiento informado previo a la inclusion.
El estudio no supuso ninguna intervencion terapéutica ni tuvo
ninguna implicacion clinica.

RESULTADOS

Durante el periodo de estudio se seleccionaron por opor-
tunidad 373 pacientes que cumplian con los criterios de in-
clusion inicialmente. De estos, se excluyeron 115 (30,8%) por
perderse en el seguimiento de 30 dias o cambiar o afiadir otro
diagnostico distinto a un proceso infeccioso por un lado, o
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Tabla 3 Caracteristicas clinico-epidemioldgicas, de comorbilidad, de evolucion y analiticas estudiadas en la
primera valoracion del paciente en el SUH (analisis univariable)

Total Diagnastico indeterminado infec[lli?)?]nl()):iltceoriana Diagnostico infeccion viral Valor p*
n=258 n=17 (6,5%) = 173 (67.1%) n= 68 (26,4%)
DATOS DEMOGRAFICOS-EPIDEMIOLOGICOS
Edad (afios), media (DE) 68,28 (19,53) 70,47 (17,05) 69,03 (19,33) 65,79 (20,61) 0,252
Edad >65 afios, (%) 162 (62,8) 10 (58,8) 112 (64,7) 40 (58,8) 0,652
Género masculino, (%) 148 (57,4) 10 (58,8) 99 (57,2) 39 (57,4) 0,952
Institucionalizado, (%) 42(163) 4(23,5) 29 (16,8) 9(132) 0,302
Toma de AB en mes previo, (%) 101 (39,1) 8(47,1) 66 (38,2) 27(39,7) 0,768
Ingreso en el Gltimo mes previo, (%) 48 (18,6) 3(17,6) 31(17,9) 14(20,6) 0,654
COMORBILIDADES
indice de Charlson® [media (DE)] 4,78 (3,16) 5,65 (3,98) 4,83 (3,15) 4,83 (3,15) 0,352
indice de Charlson > 3, (%) 188 (72,86) 13 (7647) 129 (74,56) 129 (74,56) 0,084
DATOS CLINICOS Y DE GRAVEDAD
Temperatura en grados centigrados [media (DE)] 36,86 (0,94) 36,42 (0,56) 36,80 (0,81) 37,13(1,23) 0,015
Temperatura > 38,3°C, (%) 25(9,7) 1(59) 15(8,7) 9(13.2) 0,233
FC en Ipm [media (DE)] 96,22 (21,24) 95,47 (17,77) 97,67 (21,76) 93,96 (20,50) 0216
FC > 90 Ipm, (%) 153 (59,3) 7(412) 108 (62,4) 38 (55,9) 0,188
FR en rpm [media (DE)] 23,59 (6,5) 24,14 (6,46) 23,86 (6,70) 22,85 (6,30) 0417
FR > 22 rpm, (%) 145 (56,6) 11(68,8) 94 (54,7) 40 (58,8) 0,505
Alteracion de la consciencia ECG < 14, (%) 69 (19,9) 2(06) 41(14,0) 28 (519) 0,008
PAS en mmHg [media (DE)] 118,66 (27,06) 121,18 (32,64) 115,76 (26,28) 125,41 (26,70) 0,011
PAS < 100 mmHg, (%) 75(29,1) 5(29,4) 57 (329) 13(19,1) 0,083
Criterios de sepsis (SRIS >2), (%) 167 (64,7) 7(412) 123 (71,1) 37 (54,4) 0,006
qSOFA >2, (%) 72(27,9) 6(353) 56 (32,4) 10 (14,7) 0,018
Criterios Shock séptico (Sepsis-3), (%) 17 (6,6) 1(59) 16 (9,2) 0(0,0) 0,004
Néuseas/vomitos, (%) 57 (22,1) 8(47,1) 38(22,0) 11(16,2) 0,023
Escalofrios/Tiritona, (%) 108 (41,9) 4(23,5) 73 (42,2) 31 (45,6) 0,254
DATOS DE EVOLUCION Y DESTINO
Dias desde inicio de la clinica [media (DE)] 3,55 (3,23) 3,88 (3,60) 3,65 (3,36) 3,22 (2,79) 0,348
Destino inicial de los pacientes <0,001
Alta 53(20,5) 5(294) 17(9.8) 31 (45,6)
Observacion-Unidad corta estancia 26(10,1) 1(59) 16 (9,2) 9(13,2)
Planta de hospitalizacion convencional 152 (58,9) 9(529) 116 (67,1) 27 (39,7)
Unidad de cuidados intensivos 16 (6,2) 1(59) 14(8,1) 1(1,5)
Quirdfano 10(3,9) 1(59) 9(52) 0(0,0
Exitus en urgencias 1(0,4) 0(0,0) 1(0,6) 0(0,0)
Reingreso en 30 dias tras atencion en SUH, n (%) 33(128) 4(235) 21(124) 8 (118 0729
Estancia hospitalaria en dias [media (DE)] 7,72 (8,47) 10,71 (18,64) 8,65 (7,37) 4,60 (6,18) <0,001
Mortalidad durante 30 dias tras atencion en SUH 36 (14,0) 3(17,6) 28(16,2) 5(7.4) 0,048
HALLAZGOS ANALITICOS Y MICROBIOLOGICOS
Bacteriemia verdadera®, n (%) 47(182) 2(1,7) 45(26,1) 0(0,0) <0,001
Creatinina en mg/dl [media (DE)] 1,38 (1,04) 1,52 (1,41) 1,47 (1,14) 1,13 (0,54) 0,023
Leucocitos por mm?® [media (DE)] 12.603 (6.544) 12.606 (7.886) 14.112 (6.662) 8.538 (3.795) <0,001
Neutrdfilos (% de los leucocitos) [media (DE)] 80,22 (14,03) 72,80 (21,15) 82,21 (13,79) 77,01 (11,.21) 0,006
Monocitos (% de los leucocitos) [media (DE)] 7,34 (5,48) 9,81 (11,55) 6,57 (4,91) 8,68 (4,10) 0,002
Linfocitos (% de los leucocitos) [media (DE)] 11,50 (11,28) 15,15 (11,87) 10,49 (12,05) 13,16 (8,53) 0,096
Plaquetas por mm® [media (DE)] 230291 (101.369) 240.118 (108.662) 241.486 (105.615) 199.353 (81.623) 0,003
Lactato sérico en mmol/l ((media (DE)] 19,34 (14,24) 19,46 (17,40) 20,52 (15,17) 15,18 (7,62) 0,029
Proteina C reactiva en mg/L [media (DE)] 118,6 (116,6) 79,8 (102,3) 152,1(122,2) 43,2 (48,1) <0,001
Procalcitonina en ng/ml [media (DE)] 4,14 (13,40) 0,86 (1,73) 5,84 (16,01) 0,57 (2,23) <0,001
Procalcitonina > 0,25 ng/ml, n (%) 137 (54,6) 7(438) 116 (68,6) 14(21,2) <0,001
Procalcitonina > 0,5 ng/ml, n (%) 106 (42,4) 5(31,3) 94 (55,6) 7(10,6) <0,001
Puntuacion MeMed® [media (DE)] 62 (39) 65 (35) 79 (29) 18 (27) <0,001
MeMed® < 35, n (%) 78 (30,23) 4(23,52) 20 (11,56) 54 (79,41) <0,001
MeMed® 35 - 65, n (%) 28 (10,85) 4(23,52) 16(9,24) 8 (11,76) <0,001
MeMed® > 65, n (%) 152 (58,91) 9(52,94) 137 (79,19) 6(8,82) <0,001

SUH: servicio de urgencias hospitalario; DE: desviacion estindar; n: nimero de casos; AB: antibidticos; C: centigrados; FC: frecuencia cardiaca; Ipm: latidos por minuto; FR:
frecuencia respiratoria; rpm: respiraciones por minuto; max: maximo; ECG: escala del coma de Glasgow; PAS: presion arterial sistolica; SRIS: sindrome de respuesta inflamatoria

sistémica; qSOFA: quick Sepsis-related Organ Failure Assessment. *contraste bilaterales entre los grupos infeccion bacteriana frente a infeccion viral. %indice de Charlson: ponderado
por la edad (referencia 28). ® Bacteriemia verdadera: definida segiin criterios de anteriores estudios de INFURG-SEMES (referencia 29). Criterios de sepsis (SRIS > 2) segiin
conferencia de Consenso de 2001 (referencia 1). Criterios de sepsis (qSOFA > 2) seglin la tercera conferencia de consenso (Sepsis-3) (referencia 1)
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' Figura 2a ABC-COR(IC95%)  Valordep
“‘_; o4 MeMed® (puntuacién) 0,920 (0,877-0,962) < 0,001
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; ad Procalcitonina (ng/ml) 0,811 (0,754-0,867) < 0,001
hrocaiconina en ag/mi PCR (mg/L) 0,796 (0,735-0,857) <0,001
aa ~=Proteina C reactiva en mg/L
’r HeGcoces fmms Leucocitos (mm?) 0,778 (0,717-0,839) <0,001
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’J Leucocitos (mm?3) 0,744 (0,647-0,840) < 0,001
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Figura 2 ‘ Capacidad diagndstica de infeccion bacteriana en pacientes
atendidos en el servicio de urgencias por infeccion

2a : todos los pacientes; 2b : grupo exclusion LIAISON-MeMed; 2c : grupo confirmacion microbioldgica; 2d: grupo
> 65 afos; 2e: grupo pacientes con infeccion respiratoria de vias bajas; El valor de p indica el riesgo de error tipo |
en el contraste de la hipdtesis nula de que el ABC-ROC es igual a 0,5.; ABC-COR: rea bajo la curva de la capacidad
operativa del receptor; IC 95%: intervalo de confianza del 95%; PCR: proteina C reactiva
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Tabla 4 Posibles focos/diagnosticos clinico en el servicio de urgencias en los grupos segun sospecha
etiologica

Diagndstico Diagnostico Diagnostico infeccion
Foco/diagnostico clinico en el Servicio de Urgencias nT—Ot;LS indeterminado infeccion bacteriana viral

n=17 (6,5%) n= 173 (67,1%) n= 68 (26,4%)
Infeccion respiratoria de vias bajas, n (%) 115 (44,6) 4(23,5) 58 (33,5) 53 (77,9)
Infeccion del tracto urinario, n (%) 60 (23,3) 4(23,5) 56 (32,4) 0(0,0)
Infeccion abdominal®,n (%) 34(13.2) 1(59) 28 (16,2) 5(7.3)
Fiebre o sospecha de infeccion de origen desconocido, n (%) 29 (11,2) 3(17,6) 20 (11,6) 6(88)
Infeccion de piel y partes blandas, n (%) 14 (5,4) 4(23,5) 6(3.5) 4(59)
Otros focos®, n (%6) 6(23) 1(59) 5(29) 0(00)

“Gastroenteritis, colitis infecciosa, colangitis o colecistitis, hepatitis, apendicitis

®Qtorrinolaringoldgico, sospecha de endocarditis, infeccion de dispositivos vasculares, ete.

bien por no obtenerse adecuadamente y de forma validada el
resultado de MeMed®. Finalmente, se incluyeron 258 pacientes
(Figura 1). De éstos, 36 pacientes (14,0%) fallecieron durante
los 30 dias posteriores a su consulta en el SUH. La edad media
fue 68,28 (DE 19,53), el 57,4% (148) eran hombres.

Las caracteristicas demograficas, epidemioldgicas, de co-
morbilidad, datos clinicos (signos y sintomas) y de gravedad,
destino y evolucion durante 30 dias, asi como las pruebas ana-
liticas, resultados de los hemocultivos y del test MeMed® se
muestran en la tabla 3.

Se encontraron diferencias significativas al comparar los
pacientes en funcion del diagnostico final de IB con el resto
en las siguientes variables: temperatura, alteracion del nivel de
consciencia, PAS <100 mmHg, qSOFA >2, SRIS > 2, criterios de
shock séptico (sepsis-3), existencia de nauseas/vomitos, desti-
no del paciente, estancia hospitalaria, mortalidad a los 30 dias,
bacteriemia verdadera y en distintos resultados del laboratorio
(creatinina =2 mg/d|, lactacidemia, recuento de plaquetas, re-
cuento de leucocitos y proporciones de monocitos y neutro-
filos, asi como en las concentraciones de PCR, PCT (y dicoto-
mizado para > 0,25 y > 0,5 ng/ml) y MeMed® (y dicotomizado
para <35, 35-65 y >65). En 45 (26,1%) de las IB y 2 (11,7%)
del grupo indeterminado, hubo aislamiento significativo en los
hemocultivos.

El posible foco u origen clinico de presuncion en el SUH en
relacion a los pacientes con diagnostico final de IB o IV a los 30
dias se muestra en la tabla 4.

En la figura 2 se describen los valores de ABC-COR del re-
cuento leucocitos, de los BMRIel estudiados (PCR, PCT) y del
test MeMed® para la capacidad de diagnostico de IB en todos
los pacientes atendidos en el SUH por un proceso infeccioso
(Figura 2a), asi como en el grupo exclusion LIAISON-MeMed
(Figura 2b) con 237 pacientes (una vez excluidos 21 que cum-
plian alguno de los criterios de exclusion), en los pacientes en
los que se consiguio confirmacion microbioldgica (155) (Figura
2¢), en los 162 pacientes con > 65 afos (Figura 2d) y en los 115
pacientes con IRVB (neumonias, EPOC agudizado, bronquitis)
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(Figura 2e). Para el grupo con bacteriemia verdadera (47 aisla-
mientos) el ABC-COR es de 0,936 (0,859-1,000), p <0,001.

Los mejores resultados en todos los grupos (2a, 20b, 2¢, 2d
y 2d) por orden de rendimiento los obtiene el test MeMed®, se-
guido de la PCT. EI ABC-COR que consigue MeMed® en el gru-
po que analiza todos los pacientes es de 0,920 (IC 95%: 0,877-
0,962) y la PCT de 0,811 (IC 95%: 0,754-0,867). En la tabla 5 se
pueden consultar todos los valores de rendimiento diagnostico
de los PC definidos para MeMed® previamente y el encontrado
por el indice de Youden, asi como para la PCT, en el grupo que
incluye todos los pacientes.

Finalmente, por su interés, se analizaron y compararon los
resultados de rendimiento diagndstico de IB de la PCT, la PCR y
MeMed® en el grupo de los 28 pacientes con resultado dudoso
(rango 35-65 puntos de MeMed®). Se obtuvieron los siguientes
resultados: Para la PCT un ABC-COR de 0,622 (IC 95%: 0,376-
0,869), p=0,371; para la PCR un ABC de 0,469 (IC 95%: 0,210-
0,729), p=0,823; y para MeMed® un ABC-COR de 0,500 (IC
95%: 0,213-0,787), p=1.

DISCUSION

Los resultados del presente estudio nos permiten confir-
mar la gran capacidad diagnostica de infeccion bacteriana que
ofrecen algunos BMRIel, como la PCT [9,10,12] y sobre todo el
nuevo test MeMed®, para los pacientes atendidos en los SUH
con la sospecha de sufrir un proceso infeccioso [13-26]. En este
estudio, LIAISON-MeMed® se presenta como una prueba nove-
dosa que obtiene el mejor rendimiento diagnostico de infec-
cion bacteriana frente a aquellos pacientes con infeccion de
origen viral y los no infecciosos [13,14]. Este hecho ya habia
sido senalado por otros autores para los pacientes adultos [21-
27], asi como para los pacientes pedidtricos [15-20].

Se trata de la primera prueba de diagndstico que incluye
una puntuacion de 0 a 100 basada en la combinacion de la
concentracion de 3 proteinas circulantes en sangre (por una
formula matematica surgida de un modelo de regresion). Di-
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Tabla 5 Puntos de corte y rendimiento para el rendimiento diagnostico de infeccion bacteriana
TODOS LOS PACIENTES ABC-COR Se 0 Es % VPP % VPN % CP+ CP-
n =258 (IC 95%) (IC 95%) (IC 95%) (IC 95%) (IC 95%) (IC 95%) (IC 95%)
0,857 79,2 91,2 958 63,3 8,97 0,23
Puntuacion MeMed > 65
(0,803-0,911) (72,2-84.8) (81,1-96,49) (90,7-98,3) (52,9-72,6) (4,21-19,32) (0,17-0,31)
0,801 570 959 974 46,8 13,24 0,45
Puntuacion MeMed > 90
(0,741-0,861) (49,3-64,5) (87,2-99,2) (91,3-99,5) (38,4-55,4) (4,61-39,42) (0,38-0,54)
» 0,852 84,1 88,2 94,7 65,9 6,98 0,20
Puntuacion MeMed > 50*
(0,797-0,907 (77,4-89,3) (77,6-94,4) (89,4-97.5) (55,2-75,3) (3,63-13,43) (0,15-0,28)
- 0,787 70,7 80,8 91,2 51,5 324 0,40
Procalcitonina > 0,25 ng/ml
(0,707-0,858) (62,9-77.4) (68,7-89,6) (84,3-95,8) (41,7-61,4) (2,01-5,21) (0,31-0,51)
- 0,725 57,6 89,4 93,1 46,1 544 0,50
Procalcitonina > 0,50 ng/ml
(0,659-0,791) (49,8-65,2) (78,8-95,3) (85,8-96,9) (37,6-54.9) (2,77-109) (0,41-0,60)

*: punto de corte obtenido por el indice de Youden

Se: sensibilidad; Es: especificidad; VPP: valor predictivo positivo; VPN: valor predictivo negativo;

CP+: cociente de probabilidad positivo; CP-: cociente de probabilidad negativo; IC 95%:

chos BMRIel son inducidos tanto por virus como por bacterias
[13-27]: el TRAIL que se eleva como expresion de IV y disminuye
en B, la IP-10 que se incrementa en mayor medida en IV y
en menor medida en las bacterianas, y la PCR que muestra un
patron opuesto a la IP-10 [13,14]. Este modelo representa un
claro ejemplo de la "sinergia de los BMRlel" que aumenta y
supera el rendimiento diagndstico de cada uno de ellos indivi-
dualmente [12].

LIAISON-MeMed® puede convertirse en una nueva herra-
mienta de ayuda cuando las manifestaciones clinicas de los
procesos infecciosos son inespecificas y variables, lo que difi-
culta el reconocimiento precoz de estos enfermos y, asimismo,
de su posible etiologia bacteriana o viral [1,2]. De forma, que
se puede mejorar la adecuacion de la indicacion de antibiote-
rapia desde los SUH en todos los pacientes, pero sobre todo en
los mas vulnerables [2,5,30]. El test puede tener sus resultados
al mismo tiempo que el resto de la analitica urgente (y otros
BMRlel) utilizando los aparatos de inmunoensayo automatiza-
do que habitualmente disponen los centros hospitalarios para
su analitica urgente [13-15]. En este sentido, con los datos co-
municados de nuestro laboratorio y de los fabricantes, se esti-
ma que en este momento en Espafia la realizacion de la prueba
urgente tendria un coste de 30-40€, segun si se realiza indivi-
dualmente o junto con otras determinaciones urgentes. Por lo
que serian necesarios estudios de coste-efectividad donde se
pueda valorar una reduccion y adecuacion del uso de antibioti-
cos y/o del destino del paciente que demuestren la rentabilidad
y eficiencia del uso de la prueba.

Los resultados de nuestro estudio, en todos los pacientes
evaluados (figura 2a), son muy relevantes, MeMed® consigue
un ABC-COR excelente de 0,920 que no difiere del grupo que
excluye a los pacientes indicados por el fabricante (figura 2b)

intervalo de confianza al 95%

con ABC-COR de 0,938 o la de los diagnosticados de un cua-
dro de IVRB (figura 2e), también con 0,938. Y son ligeramente
superiores de los del grupo de pacientes con > 65 afios (figu-
ra 2d) con un ABC-COR de 0,910 y del grupo que tuvo una
confirmacion microbiologica (figura 2¢) con un ABC-COR de
0,896 (aunque estos siguen siendo muy buenos). En cuanto a
los resultados de los PC evaluados como referencia por arti-
culos previos y el fabricante [13-26], cabe destacar que con
PC > 65 puntos del test MeMed® en nuestra muestra obtiene
una Se de 79,2% vy Es de 91,2% y con PC > 90 puntos se pierde
bastante Se (57%), pero se gana en Es (95,9%). Pero, aplicando
el indice de Youden el PC > 50 puntos consigue una interesante
Se de 84,1% vy Es 88,2%. Por lo que creemos que en futuros
estudios habra que sequir explorando y analizando distintos PC
para valorar y validar estos en los distintos subgrupos. Por su
parte, la PCT tanto con el PC > 0,25 ng/ml, sefialado por una
reciente revision sistematica como el mas indicado para prede-
cir el diagnéstico de IB [10], como el PC > 0,50 ng/ml como el
mas adecuado para predecir bacteriemia [9], en nuestro estudio
confirma un menor rendimiento con diferencias significativas
respecto a los PC de 65y 90 puntos de MeMed®. Y, aunque no
ha sido publicado en otros estudios, el ABC-COR de 0,936 en el
grupo de pacientes con bacteriemia verdadera, abre otra linea
interesante para explorar en un futuro con el test MeMed®.

En uno de los primeros estudios publicados, Oved et al [13],
consiguen un ABC de 0,94 (IC 95%: 0,92-0,96) para todos los
pacientesy, también, en los subgrupos de adultos, de confirma-
cion microbiolodgica e IRVB. Y, como en nuestro estudio, con un
significativo mejor rendimiento que la PCT, la PCR y el recuento
de leucocitos. Asimismo, Ashkenazi-Hoffnung et al [22], tam-
bién comunican unos resultados excelentes para MeMed® con
un ABC superior a 0,92 para pacientes adultos, con una Se del
92,6% y una Es de 95,7%, muy superiores a los conseguidos por
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la PCT y la PCR para distinguir entre etiologias bacterianas y vi-
rales en pacientes con infecciones respiratorias y fiebre sin foco
conocido. De forma que estos autores estimaron que se podria
reducir el uso de los AB innecesarios en un 88% de los casos
[22]. En esta misma linea, Stein et al [21], en una muestra de
124 casos de IRVB en adultos y nifios, consigue una Se del 93%
y Es del 91%, superando a la PCR vy leucocitos. Mas reciente-
mente, Halibi et al [23], en una muestra de 415 IRVB en adultos,
publican unos resultados muy relevantes para proponer el test
MeMed® como una prueba de cribado en el SUH para diferen-
ciar las IB de las IV e indicar adecuadamente la administracion
de antibioterapia, al conseguir una Se del 98,1%, Es de 88,4%
y en VPN de 98,8%.

Finalmente, en un estudio publicado en el ultimo afo, Ba-
chur et al [27], en un trabajo prospectivo, multicéntrico y ciego
sobre 314 adultos y 162 nifios, tras conseguir una Se de 90%,
Es de 92,8% y un VPN de 98,8%, concluyen que el test MeMed®
es Util en adultos y nifos atendidos en el SUH para distinguir el
origen bacteriano del viral en distintos procesos infecciosos y
para decidir la administracion de antibidticos o no.

Aunque, como hemos comentado, si se ha comparado en
otros estudios los resultados en pacientes con la sospecha clini-
ca de infeccion bacteriana (consensuada por paneles de exper-
tos) y aquellos con confirmacion microbioldgica o, especifica-
mente, en pacientes con IRVB, es la primera vez que se analiza
el test MeMed® en el subgrupo de pacientes > 65 afios y con
bacteriemia, especificamente.

Nuestro estudio tiene distintas limitaciones. Las principa-
les son, por una parte, el caracter unicéntrico del estudio v,
por otra, el haber reclutado los casos por oportunidad (cuando
los investigadores estaban de guardia) en una muestra limi-
tada (258 casos). Por ello, existe la posibilidad de un sesgo de
seleccion al depender la inclusion de los pacientes de la presen-
cia de uno de los investigadores, aunque esta fuera consecutiva
durante esos periodos de tiempo. Por otro lado, se trata de una
muestra heterogénea con distintos procesos (IRBV, ITU, infec-
ciones abdominales, fiebre sin foco, etc.) y multiples patdgenos
bacterianos y virales y no se han analizado las caracteristicas
diferenciales entre estos grupos.

A pesar de estas limitaciones, creemos que el estudio es un
reflejo de la realidad clinica de nuestros SUH y de los pacientes
que se atienden habitualmente. Y es que, a pesar de los avances
en el diagndstico de enfermedades infecciosas, la identificacion
oportuna de infecciones bacterianas sigue siendo un desafio,
asi como mejorar la adecuacion de la administracion de la an-
tibioterapia precoz en los SUH.

Por todo ello, es necesario que se realicen estudios pros-
pectivos, multicéntricos y con potencia que puedan validar o
matizar estos resultados sobre una prueba novedosa pero pro-
metedora como es MeMed®. En la actualidad, son muchos los
grupos como el nuestro que estan estudiando nuevos BMRIel
y modelos combinados para proporcionar el mejor rendimiento
diagndstico y prondstico en la primera evaluacion del paciente
en el SUH que mejoren y superen las limitaciones de los que
se utilizan habitualmente [31-35]. Asimismo, junto con otros

BMRIel, estos futuros estudios deberdn evaluar para MeMed®
junto al rendimiento diagnostico de IB, el predictivo de bacte-
riemia y el pronostico (gravedad, ingreso en UCI, mortalidad)
con el objetivo de encontrar el BMRIel o combinacion de estos
que sea eficaz y eficiente para la practica clinica habitual en los
SUH [12,32,33].

Como conclusiones de este estudio podemos sefialar que
la prueba de LIAISON MeMed® podria ser util para diagnosti-
car el origen bacteriano en los pacientes adultos atendidos con
sospecha clinica de infeccion en el SUH, asi como que obtiene
un mejor rendimiento que la PCT, la PCR y el recuento de leu-
cocitos.
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RESUMEN

Introduccion. La bronquiolitis por virus respiratorio sin-
citial (VRS) es la primera causa de hospitalizacion en lactan-
tes. Esta temporada disponemos de un anticuerpo monoclo-
nal de vida media prolongada (Nirsevimab) para prevenir esta
enfermedad en los lactantes nacidos entre el 1 abril-30 de
septiembre 2023, y los nacidos durante la epidemia (octubre
2023-marzo 2024). El objetivo de este estudio fue evaluar el
impacto de la implementacion de este anticuerpo en los ingre-
sos por VRS en un hospital de tercer nivel.

Material y métodos. Estudio observacional, retrospec-
tivo y analitico. Se incluyeron todos los pacientes <6 meses
al inicio de la epidemia en el mes de octubre ingresados por
bronquiolitis en 2 tiempos: T1 o Tiempo Pre-nirsevimab: 1 sep-
tiembre 2015-30 septiembre 2023 y T2 o Tiempo nirsevimab: 1
octubre-31 diciembre 2023. La poblacion de referencia fueron
los ingresos totales debidos a cualquier causa de lactantes <6
meses. Se calculd la reduccion del porcentaje de ingresos (RPI)
debidos a VRS respecto al total de ingresos en ambos periodos,
y se calculo el test doble negativo para calcular la efectividad
de la intervencion ( 1-Odds ratio) x 100.

Resultados. En menores de 6 meses de edad encontramos
disminucion en el numero de ingresos por bronquiolitis VRS
entre la ultima temporada y las 7 previas [574/1195 (48%) vs
6/138 (4,3%); p<0,01, RPI: 91%). En la temporada 2023/2024
la efectividad de nirsevimab en menores de 6 meses fue del
85% (IC 95%:32-979%).

Conclusiones. La implementacion de nirsevimab ha teni-
do un importante impacto en el numero de ingresos hospitala-
rios por bronquiolitis VRS. No hubo diferencias en la gravedad
de la bronquiolitis.

Palabras clave: Bronquiolitis, VRS, prevencion, anticuerpos monoclonales, nirsevimab.
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ABSTRACT

Introduction. Respiratory syncytial virus (RSV) bron-
chiolitis is the leading cause of hospitalization in infants. This
season, a long half-life monoclonal antibody (Nirsevimab)
is available to prevent this disease for all infants born from
1 April-30 September to 2023 and all those born during RSV
season (October2023- March 2024). The aim of this study was
to evaluate the impact of the implementation of this antibody
on RSV admissions in a tertiary hospital.

Material and methods. Observational, retrospective
and analytical study. All patients <6 months in October ad-
mitted for bronchiolitis at 2 time points were included: T1 or
Pre-nirsevimab time: 1 September 2015-30 September 2023
and T2 or Nirsevimab time: 1 October-31 December 2023. To-
tal admissions due to any cause of infants <6 months in the
same period were used as the reference population. To assess
the impact of the implementation of nirsevimab, we calcula-
ted the reduction in the percentage of admissions due to RSV
with respect to total admissions in both periods, and also in
the 2023-2024 season we calculated the double negative test
to calculate the effectiveness of the intervention (1-Odds ra-
tio) x 100.

Results. In infants under 6 months of age, we found sig-
nificant differences in the number of admissions for RSV bron-
chiolitis between the last season and the previous 7 seasons
[574/1195 (48%) vs 6/138 (4.3%); p<0.01, RPI: 91%). In the
2023/2024 season, the effectiveness of nirsevimab in pre-
venting admission for RSV bronchiolitis in children under 6
months of age was 85% (Cl 95%: 32-97%).

Conclusions. The implementation of nirsevimab has had
an important impact on the number of hospital admissions for
RSV bronchiolitis. There were no differences in the severity of
bronchiolitis.

Keywords: Bronchiolitis, RSV, prevention, monoclonal antibodies, nirsevi-
mab
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INTRODUCCION

La bronquiolitis por virus respiratorio sincitial (VRS) es la
primera causa de hospitalizacion en lactantes. Es responsable de
3,4 millones de ingresos de lactantes en todo el mundo vy es la
segunda causa de muerte en nifos menores de 12 meses, espe-
cialmente en paises con bajos recursos socioecondmicos [1-4].

Es una enfermedad epidémica y estacional que ocurre en
nuestra latitud entre octubre y marzo. Cada temporada de VRS
supone un reto para el sistema sanitario debido al elevado nu-
mero de lactantes afectados y al gran numero de ingresos, que
ocasiona falta de camas hospitalarias convencionales y tam-
bién en las unidades de cuidados intensivos [5,6].

A pesar de que VRS se descubrio en 1956 y que se trata de
un importante reto de salud global, hasta ahora no disponia-
mos de terapias especificas ni de estrategias de prevencion pa-
ra todos los lactantes. En la década de los '60 se desarroll6 una
vacuna inactivada para prevenir la infeccion por VRS en nifios,
que resultd un fracaso. Este desafortunado hecho ha lastrado
durante mas de 50 afos el desarrollo de estrategias preventi-
vas frente a VRS [7-9].

En el afio 2013, se describié que la proteina de superfi-
cie de fusion (F) del VRS tenia dos configuraciones [10, 11]:
la forma post-fusion alargada, muy estable, la Unica conocida
hasta ese momento, es la forma en que la proteina F se en-
cuentra una vez que ha entrado en el organismo; y una nueva
configuracion, la forma pre-fusion, redondeada, inestable, es la
forma en que se encuentra la proteina F antes de entrar en el
organismo. Destaca que en su forma pre-fusion, la proteina F
muestra sitios antigénicos con mayor potencia neutralizante,
que no existen en su forma post-fusion; por ejemplo el sitio @.

Este hallazgo impulsé el desarrollo de una nueva genera-
cion de anticuerpos monoclonales de vida media prolongada
(nirsevimab) que acttan sobre el sitio @ de la proteina Pre-F
de VRS para prevenir esta enfermedad en todos los lactantes
menores de 6 meses [8].

A finales de septiembre de 2023, nuestro pais incluyo la
profilaxis universal contra el VRS en su calendario de inmu-
nizacion. [12] La poblacion diana fueron los lactantes nacidos
entre el 1 abril y el 30 de septiembre de 2023 (menores de 6
meses al inicio de la epidemia en octubre 2023), los recién na-
cidos durante la temporada y los grupos de riesgo.

El objetivo de este estudio fue evaluar el impacto de la im-
plementacion de nirsevimab sobre los ingresos VRS en lactan-
tes menores de 6 meses de edad al inicio de la epidemia VRS,
en un hospital de tercer nivel, comparando la actual tempo-
rada 2023-2024 con las 7 temporadas anteriores desde 2015.

MATERIAL Y METODOS

Se disefid un estudio observacional y analitico. Los analisis
descriptivos incluyeron todos los < 2 afios de edad diagnosti-
cados de bronquiolitis VRS en el periodo comprendido entre
1 septiembre 2015- 31 diciembre 2023. Para el impacto de la

administracion de nirsevimab se analizaron los ingresos por
bronquiolitis VRS en los lactantes <6 meses al inicio de la epi-
demia en cada temporada.

Se describen 2 tiempos:

T1:incluye a todos los menores de 6 meses ingresados por
bronquiolitis VRS entre el 1 de septiembre de 2015-30 de sep-
tiembre de 2023 antes de la implementacion de nirsevimab.

T2: incluye prospectivamente todos los menores de 6
meses ingresados por bronquiolitis VRS entre el 1 octubre de
2023-31 de diciembre de 2023 tras la implementacion de nir-
sevimab.

En este estudio se incluyeron los datos de la primera parte
de las epidemias de VRS (octubre a diciembre) ya que en el mo-
mento de realizar este analisis la epidemia de VRS 2023-2024
aln estaba activa. Se excluyeron para los analisis de impacto
de la administracion de nirsevimab las epidemias coincidentes
con la pandemia COVID 19 ya que las caracteristicas clinicas
y epidemioldgicas de estas dos temporadas fueron diferentes
[13,14]. Se utilizd6 como poblacion de referencia para estable-
cer el denominador en los analisis el numero de ingresos tota-
les en <6 meses en ese mismo periodo.

El diagnostico microbiologico se realizo mediante test ra-
pido antigénico entre 2015-2019 y mediante PCR en muestras
nasofaringeas entre 2020-2023. La sensibilidad de los test de
antigenos oscila entre el 80-90% vy la especificidad alrededor
del 95% [15]

La identificacion de los pacientes se realizd con los cd-
digos del CIE- 10: J21.0, bronquiolitis aguda VRS; J12.1, neu-
monia VRS; y J21.9 bronquiolitis no especificada. El estado de
inmunizacion con nirsevimab se recogio de la historia clinica.

El analisis estadistico se realizd mediante el software R
version 3.5.3 [16] y GraphPad Prism version 9.5.1. Para valorar
el impacto de la implementacion de nirsevimab se realizaron
dos aproximaciones:

1. Se calculd la reduccion del porcentaje de ingreso de
bronquiolitis VRS (RPI) comparando T2 con T1 en menores de
6 meses utilizando como denominador el total de ingresos de
lactantes de la misma edad por cualquier causa.

2. En T2, se utilizé un disefo de casos y controles median-
te el "test doble negativo" vy la efectividad se calculd como (1-
odds ratio) x 100%. En este analisis los casos fueron lactantes
< 6 meses al inicio de la epidemia ingresados por bronquiolitis
que dieron positivo en las pruebas del VRS y los controles eran
lactantes < 6 meses con resultados negativos en las pruebas
del VRS teniendo en cuenta en ambos casos si recibieron o no
nirsevimab [17].

Se han realizado analisis de sensibilidad comparando la
temporada 2023-2024 en la que se administro nirsevimab con
las temporadas en las que hubo menor numero de ingresos por
bronquiolitis por VRS, se ha analizado también el impacto de
nirsevimab en los no candidatos a inmunizacion y ademas un
analisis de sensibilidad utilizando como denominador el nume-
ro total de ingresos debidos a bronquiolitis de cualquier etiolo-
gia. Se consideraron significativos valores de p<0,05.
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Tabla 1 Caracteristicas clinicas y epidemioldgicas de los ingresos por
bronquiolitis por VRS en menores de 6 meses al inicio de la epidemia
seguin temporada de administracion de nirsevimab (incluye solo

ingresos octubre-diciembre)

VARIABLE Ti (n=574) T2 (n=21) p
Sexo varon 302/574 (52,6%) 12/21 (57,1%) 0,82
Antecedentes personales 107/574 (18,6%) 3121 (14,3%) 0,77
Prematuridad 77/574 (13,4%) 2/21 (9,5%) 0,90

<28 semanas EG 3/574 (0,5%) 0/21(0%)

28- 32 semanas EG 2[574 (0,3%) 0/21(0%) 0,90

32-36 semanas EG 74[574 (12,9%) 2/21 (9,5%)

No prematuro 495/574 (86,3%) 19/21 (90,5%)
Score gravedad

Leve 43574 (7,5%) 3121 (14,2%)

Moderado 278574 (48,4%) 9/21 (42,9%) 0,42

Grave 253(574 (44,1%) 9/21 (42,9%)
Estancia media (dias) 5(4-8) 5(3-7) 0,41
PRUEBAS COMPLEMENTARIAS
Leucocitos 10.300 (7.800-13.475) 11.700 (8.200-16.500) 0,43
Neutrofilos 3.800 (2.228-6.450) 5.800 (2200-6.000) 0,96
Linfocitos 4.500 (3.100-6.200) 5.100 (4.600-8.300) 0,45
PCR 2,5(0,7-7,2) 1,7 (0,4-4,2) 0,80
TRATAMIENTO
0, 549/574 (95,6%) 18/21 (85,7%) 0,10
OAF 267/574 (46,5%) 9/21 (42,9%) 0,82
Aerosoles

No aerosoles 304/574 (53%) 20/21 (95,2%)

Adrenalina 240/574 (41,8%) 1/21(4,8%) <0,01*

Salbutamol 22[574 (3,8%) 0/21 (0%)

Suero hipertanico solo 8/574 (1,4%) 0/21 (0%)
Corticoides 5/574 (0,8%) 0/21 (0%) 0,98
Antibiotico 122/574 (21,3%) 2/21 (9,5%) 0,27
Nutricion enteral 194/574 (33,8%) 7/21 (33,3%) 0,96
Ingreso en UCIP 172/574 (29,8%) 6/21 (28,6%) 0,98
VMNI 158/574 (27,5%) 6/21 (28,6%) 092
MI 25574 (4,4%) 0/21 (0%) 0,90

OAF: oxigenoterapia de alto flujo. 0,: oxigeno, PCR: proteina C reactiva, UCIP: Unidad de cuidados intensivos pediatricos,

VMNI: Ventilacion mecanica no invasiva, VMI: Ventilacion mecdnica invasiva. T;: Temporadas desde 2015-2023 incluye solo
primera mitad de las epidemias (octubre-diciembre). T,: Temporada 2023-2024 incluye solo la primera mitad de la epidemia

(octubre-diciembre)

RESULTADOS

Se incluyeron 2.109 lactantes menores de 2 afios de edad
ingresados por bronquiolitis entre el 1 septiembre 2015-31 de
diciembre de 2023. De ellos, 1.333 ingresaron por bronquiolitis
VRS, con una edad de 3,5 (1,5-8) meses y una estancia media

de 5 (3-7) dias. EI 18% de bronquiolitis VRS presentaron neu-
monia en la radiografia de torax, el 34% precisaron oxigeno-
terapia de alto flujo (OAF) y 19,5% ingresaron en UCIP. Anali-
zando todos los lactantes ingresados por bronquiolitis por VRS
encontramos que la edad fue mayor en T2: 7,2 (2-12) meses
que en T1:3 (1,5-7) meses; p<0,01.
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Figura 1

Distribucion de las hospitalizaciones por bronquiolitis por VRS y otros

virus desde 2015 hasta 2023. El eje horizontal (eje x) representa todas
estaciones analizadas; el eje vertical (eje y) muestra el nimero total de
casos de bronquiolitis VRS positivo y negativo ingresados por mes en el
periodo de estudio. Destaca la ultima estacion 2023-2024 (en recuadro
rojo) con la importante disminucion del numero de ingresos tras la
implementacion de nirsevimab. Destaca asimismo la temporada 2020-
2021 con importante descenso del numero de hospitalizaciones por VRS

debido a la pandemia COVID-19.

En T1, ingresaron en nuestro hospital entre los meses de
octubre a diciembre un total de 1.195 niflos <6 meses por
cualquier causa, 718 ingresaron por bronquiolitis (574 de ellos
fueron bronquiolitis por VRS) y en T2, ingresaron 138 lactantes
<6 meses por cualquier causa, de ellos 32 ingresaron por bron-
quiolitis (21 fueron brongquiolitis por VRS).

Impacto de la estrategia de inmunizacion con nirsevi-
mab en menores de 6 meses

1.- Primera aproximacion: Cuando comparamos la ultima
epidemia con las 7 epidemias previas existian importantes di-
ferencias en el numero de ingresos por bronquiolitis por VRS
[574/1195 (48%) en T1 vs 21/138 (15,2%) en T2; p<0,01, RPI:
68,7%)]. Si excluimos del analisis aquellos lactantes candidatos
a nirsevimab que no lo recibieron: [574/1195 (48%) vs 6/138
(4,3%); p<0,01, RPI: 91%)].

No encontramos diferencias en cuanto a estancia media,
necesidad de OAF e ingreso en UCIP entre ambos periodos (Ta-
bla 1).

2.- Segunda aproximacion. En T2 ingresaron 21 lactantes
< 6 meses al inicio de la epidemia por bronquiolitis por VRS, 6
(289%) habian recibido nirsevimab y 15 no; en el mismo periodo
ingresaron 11 lactantes por bronquiolitis debida a otras causas
de los cuales 8 recibieron nirsevimab (72%) y 3 no; (p=0,02); la
efectividad del nirsevimab frente a la hospitalizacion por VRS
fue del 85% (IC 95%: 32-97%) (Figura 1).

Los andlisis de sensibilidad comparando con las tem-
poradas con menor numero de ingresos por VRS (2018/19-
2021/22) confirman los resultados (p=0,01). Se realizaron los
mismos analisis utilizando como denominador el numero to-
tal de bronquiolitis de cualquier etiologia [574/718 (79,9%) vs
21/32 (65,6%) p= 0,06] y también en los nifios no candidatos
a nirsevimab (> de 6 meses el 1 de octubre de cada ano) de-
mostrando que nirsevimab no tuvo impacto en este grupo de
edad ( p=0,45)

DISCUSION

Este estudio proporciona datos de efectividad de los pri-
meros tres meses tras la implantacion de la estrategia de in-
munizacion con nirsevimab a todos los lactantes menores de
6 meses de edad al inicio de la epidemia y a todos los recién
nacidos durante la primera temporada.

En Espafa se implemento la estrategia universal de admi-
nistracion de nirsevimab a partir de la primera semana de oc-
tubre de 2023 y se han alcanzado unas tasas de cobertura de
inmunizacion que varian entre el 83-94% en todo el territorio
nacional [5,18].

Los ensayos clinicos proporcionaron datos de reduccion
del riesgo relativo de hospitalizacion por VRS del 76,8%-83,2%
[19-21]. Recientemente, el CDC establecio un 90% la efectivi-
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dad de nirsevimab en vida real, para la prevencion de las hos-
pitalizaciones por bronquiolitis por VRS en USA [17]. Los datos
espafnoles describen una efectividad global mayor del 70%
[5.22] y en el caso de Catalufa una efectividad en la preven-
cion de la hospitalizacion de 87,6% y de ingresos en UCIP del
90,1% [22,23]. En nuestro estudio la efectividad fue del 85%
(IC 95%: 32-97%), en concordancia con los primeros ensayos
clinicos y con los datos publicados hasta este momento. Se ha
especulado con la posibilidad de un aumento de gravedad en
la segunda estacion respiratoria en los nifios que recibieron
nirsevimab en su primeros meses de vida sin embargo un estu-
dio reciente demuestra que no hay mayor numero de episodios
de VRS ni de mayor gravedad en la seqgunda temporada [24].

Durante la pandemia COVID la edad de lactantes con
bronquiolitis VRS aumento, en relacion con las medidas de
confinamiento vy la interferencia viral [13]. Con la implemen-
tacion de nirsevimab, la edad de los lactantes ingresados por
bronquiolitis por VRS ha aumentado probablemente porque en
el grupo de no intervencion los ingresos han continuado igual
que en temporadas previas.

Entre las limitaciones de este estudio destaca que se trata
de un estudio unicéntrico, si bien la casuistica es amplia debida
al gran numero de lactantes incluidos ya que se recogen datos
de las ultimas 7 temporadas.

Es la primera vez que disponemos de un producto para
la prevencion de la infeccidon por VRS en toda la cohorte de
nacimiento y en los lactantes menores de 6 meses lo que sin
duda contribuird a disminuir la presion asistencial durante la
temporada de invierno [5, 18]. Se necesitan estudios de vigi-
lancia epidemioldgica y secuenciacion del VRS en las proximas
temporadas
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ABSTRACT

Introduction. Prior research has not examined the size of
antibiotic packages prescribed. We assessed 2023 prescription
rates in Barcelona and the most prescribed presentations in
pharmacies, while evaluating potential reductions if all amoxi-
cillin and amoxicillin/clavulanate containers had 20 doses.

Methods. Antibiotics prescribed by primary care doctors
working for the Catalonian Health Institute in Barcelona in
2023 were analysed by calculating the defined daily doses per
1,000 inhabitants and day (DID).

Results. The observed prescribing rate was 8 DID, with
penicillins accounting for 4.6 DID (57.2%). The most frequently
prescribed antibiotics were amoxicillin and amoxicillin/clavu-
lanate, making up 4.4 DID. If all the 30-dose presentations of
amoxicillin and amoxicillin/clavulanate had been 20-dose con-
tainers, the total number of DIDs would have been 3.3, result-
ing in a reduction of 1.1 DID (25.4% less).

Conclusions. Antibiotic prescribing rate in Barcelona was
low. Aligning the dosage of antibiotics with established guide-
lines could further reduce antibiotic consumption.

Key words: Antibacterial Agents; Primary Healthcare; Antimicrobial
Stewardship; Package Size; Prescribing guidelines.

Uso de antibioticos en Barcelona en 2023 en

atencion primaria y reduccion potencial ajustando
el tamaiio de los envases a las guias actuales

RESUMEN

Introduccion. No se ha analizado hasta ahora el tamafio
de los envases antibioticos. Evaluamos el uso de antibidticos
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recetados en Barcelona en 2023. Ademas, evaluamos la posible
reduccion en su uso si los envases de amoxicilina y amoxicilina
+ dcido clavulanico prescritos contuvieran 20 dosis.

Métodos. Se analizaron los antibioticos prescritos por los
médicos de atencion primaria en Barcelona pertenecientes al
ICS en el afio 2023, calculando la dosis diaria definida por 1000
habitantes y dia (DHD).

Resultados. EI uso total fue de 8 DHD, correspondiendo
a penicilinas 4,6 DHD (57,2%). Los antibidticos mas prescritos
fueron amoxicilina y amoxicilina + acido clavulanico, repre-
sentando 4,4 DHD. Si todas las presentaciones de 30 dosis hu-
bieran sido de 20 dosis, el nimero total de DHD habria sido de
3,3, con una reduccion de 1,1 DHD (25,4% menos).

Conclusiones. El uso antibiotico en Barcelona fue bajo.
Ajustar las dosis de antibioticos con las pautas establecidas po-
dria reducir alin mas su uso.

Palabras clave: Antibioticos; Atencion Primaria; Programa de Optimizacion
de Antibidticos; Tamafio de Envases; Guias de Prescripcion.

INTRODUCTION

The prescription of antibiotics in Spain has been declin-
ing over the last years, with a significant drop when COVID-19
pandemic broke out and with a slight increase in the subse-
quent years. However, the amount of antibiotics prescribed in
2023 was lower compared to the last years of the prior decade
[1]. Spain is currently the eighth country when it comes to
the number of antibiotics prescribed [2]. This is the result of
many antimicrobial stewardship programmes that have been
running in the last years throughout the country and a deeper
sensibilization of health care professionals regarding the global
threat of antimicrobial resistance. Our group has been imple-
menting antimicrobial stewardship programmes with a focus
on promoting the use of first-line antibiotics for uncomplicat-
ed urinary tract infections, advocating for the use of 3g-single
doses of fosfomycin, and we have started implementing pro-
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grammes for respiratory tract infections, promoting the use of
narrow spectrum antimicrobials and shorter courses [3].

Primary care is responsible for about 80% of antibiotic
prescriptions, and both respiratory and urinary tract infections
account for more than two thirds of all antibiotic prescriptions
globally [4]. Antimicrobial stewardship programmes are usual-
ly more focused on the choice of antibiotics and when these
drugs could be averted, with less implementation of duration
when these antibiotics are necessary. In our country, the two
most common antibiotics considered first-line treatments for
respiratory tract infections, amoxicillin and amoxicillin/clavu-
lanate, are only available in boxes of 20 and 30 units, based
on a 2012 resolution by the Spanish Agency of Medicines and
Health Products [5]. However, there is a growing recommen-
dation for shorter treatment courses for also respiratory tract
infections, and current guidelines advocate for five to seven
days of antibiotic treatment [6]. Despite this, no studies have
assessed the prescription patterns of the various presentations
of the most prescribed antibiotics in our country. This study
aimed to assess the current prescription rates in Barcelona in
2023 and the presentations most frequently dispensed in com-
munity pharmacies. Additionally, we examined the potential
reduction in prescription rates if all containers of amoxicillin
and amoxicillin/clavulanate contained only 20 doses.

METHODS

Cross-sectional study carried out during the year 2023.
We present the antibiotic prescriptions in the city of Barcelona,
including all the 51 centres, encompassing primary care cen-
tres, primary care out-of-hours services, primary care sexual
and reproductive services, and the home visit service, belong-
ing to the Catalonian Institute of Health, which covers 75.5%
of the population in Barcelona, based on data in 2023 [7]. Of
the population living in Barcelona assigned to the Cataloni-
an Institute of Health in December 2023, 52.2% were women,
20.3% were older than 65, and 11.5% were children.

We calculated the daily defined doses (DDD) and the DDD
per 1,000 inhabitants and day (DID). The DID was calculated
using the formula: DID = DDD * 1000 / (365 * 1,302,574) [8],
where 1,302,574 represents the population living in Barcelona
assigned to the Catalonian Institute of Health. We also deter-
mined how much the reduction in the DID would have been if
all and 90% of the containers containing 30 doses of amox-
icillin and amoxicillin/clavulanate were instead containers of
20 doses.

RESULTS

The observed prescribing rate was 7.999 DIDs. Among
these, 4.576 doses were penicillins, representing 57.2% of the
total. Macrolides were the second most frequently prescribed
antibiotic family, with 1.063 daily defined doses, followed by
quinolones and cephalosporins at 0.643 and 0.566 daily de-
fined doses, respectively (Table 1).

The most prescribed antibiotics were amoxicillin and
amoxicillin/clavulanate (2.487 and 1.887 DID, respectively),
which in total accounted for 54.7% of all the antibiotics given.
A total of 194,750 containers of amoxicillin and amoxicillin/
clavulanate were prescribed, with 150,080 boxes designated
for adults. Out of these, 119,866 presentations contained 30
doses (79.9%), while only 20.1% of the prescriptions were for
boxes with 20 doses. As illustrated in Table 2, the combined
DID for both antibiotics was 4.374. However, if all the 30-dose
presentations had been 20-dose containers, the total number
of DIDs would have been 3.260, resulting in a reduction of
1.114 DID (25.4% less). Considering a scenario where 90% of
these 30-dose containers are replaced with 20-dose contain-
ers, allowing 10% of the two [-lactam presentations to be dis-
pensed in 30-dose containers, the reduction would have been
1.035 DID. The majority of azithromycin presentations consist-
ed of boxes containing three doses (64.5% of the total pres-
entations), while fosfomycin prescriptions primarily involved
single 3g doses of the antibiotic (58.7%).

DISCUSSION

The results of this study clearly indicate a low antibiot-
ic prescribing rate in primary care in 2023—less than 8 DID—
which is below the average antibiotic consumption in both
Europe and other Autonomous Communities in Spain [2,9].
However, antibiotic use would have been significantly lower if
all the prescribed box sizes of both amoxicillin and amoxicillin/
clavulanate were containing twenty doses each. In addition,
the antibiotic more commonly prescribed, amoxicillin, is the
first-choice antibiotic in most of the common infections in our
country [6,10]. This good choice is also shown with the most
frequent prescription of 3g single presentations of fosfomycin,
which is also considered as the first-line antibiotic for uncom-
plicated urinary tract infections.

Recent guidelines advise against prescribing amoxicillin
and amoxicillin/clavulanate for respiratory tract infections
for a duration of ten days, except in the case of streptococcal
pharyngitis [6]. However, a ten-day course of narrow-spectrum
antibiotics like penicillin V is recommended for this specific in-
fection. Consequently, the availability of containers containing
both amoxicillin and amoxicillin/clavulanate is not justified for
any of the infections typically managed by a general practi-
tioner. Some recent clinical guidelines, like the WHO AWaRe
antibiotic book, advocate for even shorter durations, like five-
day courses of antibiotics for acute rhinosinusitis, acute exac-
erbations of chronic obstructive pulmonary disease, and com-
munity-acquired pneumonia [10]. Despite this evidence, most
clinicians still use standard or longer courses [11]. To adhere
to these guidelines effectively, one approach is to reduce the
number of doses in antibiotic boxes. Firstly, by discontinuing
the availability of boxes containing 30 doses, and secondly, by
aligning the number of doses with these updated guidelines,
allowing a maximum of 15 doses per container of amoxicillin
and amoxicillin/clavulanate. Policymakers play a crucial role in
promoting the rational use of antibiotics, and it is vital to im-
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Table 1

Antibiotics prescribed in Barcelona in 2023 in primary care.

Anatomical Therapeutic Chemical Classification antibiotics Number of boxes DID*
JO1A. Tetracyclines 11,284 0.506
J01C. B-lactam antibacterials, penicillins 211,750 4.576
J01CA. Broad-spectrum penicillins 124,786 2.488
JO1CE. B-lactamase susceptible penicillins 9,572 0.1
JO1CF. B-lactamase resistant penicillins 7334 0.090
J01CR. Combinations of penicillins 70,058 1.887
J01D. Other -lactams antibacterials, cephalosporins 5,849 0.566
JO1DB. First generation cephalosporins 10,542 0.063
J01DC. Second generation cephalosporins 17,252 0.417
J01DD. Third generation cephalosporins 4,303 0.086
JO1DE. Fourth generation cephalosporins 12 0.000
JO1E. Sulphonamides and trimethoprim 6,223 0.197
JOTEA. Trimethoprim 57 0.000
JO1EC. Sulfadiazine 40 0.001
JO1EE. Cotrimoxazole 6,126 0.196
JO1F. Macrolides, lincosamides and streptogramins 90,673 1.165
JOTFA. Macrolides 82,17 1.063
JOTFF. Lincosamides 8,502 0.102
J01G. Aminoglycoside antibacterials 1,165 0.001
JO1M. Quinolones antibacterials 40,647 0.643
JO1X. Other antibacterials 78,888 0.345
JO1XC. Fusidic acid 175 0.001
JO1XE. Nitrofurantoin 7946 0.131
JO1XX. Fosfomycin 70,767 0.213
TOTAL 474,285 7.999

DID=Daily defined doses per 1,000 inhabitants per day.

plement these changes. Qur study shows that simply adjusting
the prescription of B-lactams to containers with a maximum
of 20 pills would be effective in reducing the DIDs to less than
7. Community pharmacies can exchange antibiotics prescribed
as long as they have the same number of tablets per package
but cannot give containers with a different number of dos-
es. Another aspect that could be influencing this is that when
searching for an antibiotic in the electronic medical history in
primary care, the drop-down menu displays the different pres-
entations of the antibiotics randomly, instead of first display-
ing presentations with fewer units.

This study has some limitations. This study consisted of a
large population, including a whole city and all prescriptions
dispensed by general practitioners, professionals working in
out-of-hours centres, sexual and reproductive services, and a
home visit service of a public healthcare service, thus provid-
ing a complete picture of overall antibiotic prescribing in pri-

mary care in the whole city. However, prescription of doctors
belonging to other healthcare providers and private doctors
were not considered in this study. We have focused our anal-
ysis only on the estimated savings of the two most common
antibiotics, rather than all of them, allowing us to specifically
evaluate the savings that can be achieved with first-line anti-
biotics for common infectious diseases in primary care. While
we acknowledge the limitations of extrapolating the findings
of this study to other regions in Spain, we do not consider the
results would have been much different.

Although there may be bias in extrapolating findings from
a single city to the broader Spanish context, our results also in-
dicate an improvement in antibiotic prescribing practices over
recent years. This improvement is characterized by a reduction
in both inappropriate and excessive antibiotic prescriptions.
However, to further enhance these positive trends, regulatory
measures aimed at reducing the number of doses per antibiot-
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Table 2

Number of amoxicillin and amoxicillin/clavulanate presentations prescribed, along with the resulting

DID that would have been observed if the 30-dose boxes prescribed had instead been 20-dose boxes.

Antibiotic presentation Number Sum of DDD Sum of DID Sum of DDD* Sum of DID* Sum of DDD*  Sum of DID*
of boxes adjusted to adjusted to adjusted to adjusted to
dispensed boxes with 20~ boxes with 20  boxes with 20 boxes with 20
doses in all doses in all doses in 90% doses in 90%
cases cases of cases of cases
Amoxicillin, 1,000 mg 15,905.00 283,233.33 0.596 212,066.67 0.446 219,183.33 0.461
Amoxicillin, 125 mg susp. 171.00 342.00 0.001 342.00 0.001 342.00 0.001
Amoxicillin, 250 mg 55.00 150.00 0.001 275,00 0.001 275.00 0.001
Amoxicillin, 250 mg susp. 39,370.00 154,800.00 0.326 154,800.00 0.326 154,800.00 0.326
Amoxicillin, 500 mg 42,127.00 392,980.00 0.827 280,346.67 0.591 292,060.00 0.614
Amoxicillin, 750 mg 27,064.00 350,645.00 0.738 270,640.00 0.569 278,640.50 0.586
Amoxicillin/clavulanate, 100 mg susp. 4,716.00 33,797.33 0.071 33,797.33 0.071 33,797.33 0.071
Amoxicillin/clavulanate, 125 mg susp. 116.00 232.00 0.000 232.00 0.000 232.00 0.000
Amoxicillin/clavulanate, 250 mg susp. 341.00 1,408.00 0.003 1,334.67 0.003 1,334.67 0.003
Amoxicillin/clavulanate, 500/125 mg 32,264.00 322,640.00 0.679 215,093.33 0.452 225,848.00 0.475
Amoxicillin/clavulanate, 875/125 mg 32,621.00 539,175.00 1.134 380,578.33 0.800 396,438.00 0.800
TOTAL presentations of both antibiotics 194,750.00 2,079,402.67 4.374 1,550,006.17 3.260 1,602,950.83 B8Y

DDD=

daily defined dose. DID=DDD per 1,000 inhabitants and day.

*These columns represent the potential DDD and DID if all the containers of amoxicillin and amoxicillin/clavulanate, originally prescribed with 30 doses, had been in pre-
sentations with 20 doses instead. For amoxicillin/clavulanate, the reduction in DDD would have been 266,216.67 DDD, and for amoxicillin, it would have been 263,179.99

DDD.

*These columns represent the potential DDD and DID if 90% the containers of amoxicillin and amoxicillin/clavulanate, originally prescribed with 30 doses, had been in
presentations with 20 doses instead.

ic container or a move to an exact pill-count system should be
implemented, as suggested by other studies [12,13].
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Estimado Editor:

La tinea capitis (TC) es una infeccion fungica del cuero ca-
belludo y los foliculos pilosos causada cominmente por hongos
dermatofitos del género Microsporumy Trichophyton. En Espa-
fia hasta comienzos del siglo XXI el dermatofito mas aislado en
los casos de TC fue Microsporum canis. En la actualidad parece
que se esta incrementando el numero de las tifias antropofi-
licas, y entre sus agentes causales se encuentra Trichophyton
tonsurans [1], siendo este el dermatofito mas frecuentemente
implicado en brotes familiares e institucionales [2,3].

T. tonsurans se propaga a través del contacto directo con
personas infectadas o mediante el uso compartido de objetos
contaminantes [4]. Las manifestaciones clinicas afectan funda-
mentalmente al cuero cabelludo y a los foliculos pilosos cau-
sando picor, descamacion de la zona junto con placas alopéci-
cas, y en casos mas avanzados inflamacion, supuracion y dolor.
En ocasiones puede causar kerion (lesion inflamatoria del cuero
cabelludo con supuracion de los foliculos pilosos).

En los ultimos afios ha habido un incremento de casos de
TC entre la poblacion masculina adolescente contraidos en pe-
luquerias, en los que el hongo aislado con mayor frecuencia ha
sido T. tonsurans. Esto guarda relacion con una moda inter-
nacional consistente en acudir a la peluqueria con frecuencia
semanal o bisemanal para cortarse el pelo de las zonas occipital
y temporal, mediante degradado o rasurado. Esto puede haber
favorecido el contagio de la tifia a través de las maquinillas
eléctricas infectadas [5,6]. Las lesiones tienden a aparecer pre-
dominantemente en la nuca y el area temporal, que son las
zonas donde se apura mas el rasurado. A continuacion se pre-
senta el caso de un paciente con una TC por T. tonsurans.

Varon de 21 anos de edad que acude a su centro de salud en
julio de 2023 con lesiones eritematosas de 6 meses de evolucion

Correspondencia:

Laura Eva Franco Fobe

Hospital Universitario Miguel Servet, Zaragoza, Espafia
E-mail: lauevaf@gmail.com

alguna de ellas sobreinfectadas de predominio en la region cervical
y alguna aislada en cuero cabelludo pruriginosas especialmente
por la noche (Figura 1A). El paciente referia haberse aplicado una
solucion cutdnea con betametasona dipropionato 0,5mg/g. Su
médico le recomendd una crema con betametasona 0,5mg/g y
gentamicina 1mg/g, v realizd una interconsulta con Dermatolo-
gia para la evaluacion de las lesiones. Dermatologia contesto la
interconsulta al dia siguiente valorando la lesién como una posible
micosis cutanea recomendando cultivo de hongos hasta la espera
de la citacion y evitar la aplicacion de la crema con betametaso-
na 0,5mg/g y gentamicina 1mg/g. Cito al paciente con prioridad
preferente a las dos semanas. Durante ese periodo de tiempo no
se recogieron muestras de las lesiones ni se suspendio el uso de la
pomada. El paciente no acudi6 a la primera citacion.

Finalmente, a mediados de septiembre de 2023 el paciente
fue visto por Dermatologia. La lesion fue catalogada como una
posible tinea incognitoy se solicito cultivo micoldgico de la zona.

Se tomaron muestras en Microbiologia de las lesiones de
piel de cuello y nuca y de foliculos del cuero cabelludo y nuca.
Las lesiones que se observaron en septiembre estaban mas evo-
lucionadas que las que se observaron por primera vez en julio
(Figura 1B).

A las 24h de la toma de muestras, el servicio de Micro-
biologia informod de la observacion de estructuras fungicas
en la vision directa de la muestra y en la tincion de Gram de
la extension de material de los foliculos (Figura 2A). Al cabo
de 3 semanas se inform¢ del crecimiento de T. tonsurans. El
microorganismo tardd en crecer y su identificacion fue difi-
cultosa, posiblemente debido al tratamiento topico a base de
corticoesteroides que habia recibido el paciente. El aislamiento
en cultivo se realizd en medios habituales como agar Sabou-
raud-dextrosa con cicloheximida y DTM-Taplin (Dermatophyte
Test Medium). Macroscopicamente las colonias tienen aspecto
pulverulento de color blanco a grisaceo, a veces con centro ro-
sado (Figura 2B). La identificacion de la especie se realizo por
sus caracteristicas micro y macroscopicas en cultivo y mediante
MALDI-TOF.
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Figura 1

A) Lesiones eritematosas de julio 2023. B) Lesiones eritematosas junto con

placa alopécica secundaria a tifa inflamatoria en septiembre 2023.

tonsurans en DTM-Taplin.

El paciente se trato tras la toma del cultivo con terbinafi-
na oral 250mg 1 capsula/dia durante 4 semanas, terbinafina 1%
crema 2 veces/dia durante 3 semanas y ketoconazol 2% champu
1 vez| semana para €l y sus convivientes. La evolucion se pre-
sume satisfactoria porque el paciente no ha consultado ni a su
médico de atencidn primaria ni a las numerosas llamadas de Der-
matologia para controlar su curacion definitiva y ad integrum.

El término de tinea incognito hace referencia a la infeccion
dermatofitica subdiagnosticada por alteracion de la apariencia
clinica debido al uso de esteroides topicos o otras cremas po-
livalentes. La aplicacion inapropiada de corticoides topicos en
infecciones micdticas de la piel puede originar una modifica-
cion de la presentacion clinica [7].

Como conclusiones queremos destacar la importancia que
tiene un diagndstico precoz en este tipo de infecciones, que
muchas veces pasan desapercibidas, ya que en poco tiempo la
evolucion de las lesiones puede ser rapida, progresando a fases
inflamatorias en las que, ademads del perjuicio ligado a la pro-
gresion de las lesiones, se puede seguir propagando la infeccion
a través del contacto directo. Es importante que todos los espe-
cialistas se familiaricen con este tipo de lesiones para asi poder
hacer un diagnostico precoz y evitar el uso inadecuado de las
cremas con corticoides.

A) Estructuras fungicas en la tincion de Gram. B) Crecimiento de T.
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Estimado Editor:

Las infecciones respiratorias agudas (IRAs) de etiologia vi-
ral son una entidad que afectan a la poblacion general. De los
diferentes virus implicados en ellas, el virus respiratorio sincitial
(VRS) se presenta de forma epidémica durante los meses inver-
nales. Este virus afecta preferentemente a la poblacion infantil,
aunque en los ultimos afios se ha observado un incremento en
el numero de casos en la poblacion adulta [1,2], probablemen-
te, fruto del incremento en el diagnostico microbioldgico vy la
sensibilizacion de los médicos para solicitar pruebas viroldgicas
en casos de infeccion respiratoria aguda grave.

En 1970 se pudo confirmar la participacion directa de este
virus en las infecciones respiratorias agudas de la poblacion adul-
tay anciana [1-4] presentando en ellas una elevada morbilidad y
mortalidad. En la poblacion de mayor edad (>60 afos) se calcula
que del 3-10% de las IRAs estan causadas por el VRS, lo cual
representaria unas 250.000 admisiones y 17.000 fallecimientos
anuales por neumonia o sus complicaciones [4,5]. La inmunose-
nescencia y las patologias de base favorecerian la predisposicion
a las infecciones respiratorias, incluidas el VRS [6,7].

Hasta hace un afio no se disponia de ninguna medida pre-
ventiva para hacer frente a las infecciones por VRS, de modo
que la mayoria de los nifios padecian la infeccion de forma
natural. Sin embargo en 2023 se comercializd en Espafia en
anticuerpo monoclonal (niservimab) dirigido especificamente
frente al "sitio cero (®)" (altamente conservado) de la forma
prefusion de la proteina F del VRS [8]. Los diferentes ensayos
clinicos han demostrado una eficacia cercana al 85% en la
prevencion del ingreso hospitalario y en la UCl de los pacientes
infectados por el VRS, asi como un descenso significativo de
la carga global de enfermedad (asistencia a centros de salud
y urgencias hospitalarias) [9]. En Espaia se han publicado va-
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rios estudios que han demostrado el impacto en vida real de la
inmunizacion con nirsevimab de la poblacion lactante [10,11].

Diversos datos epidemioldgicos parecen indicar que la po-
blacion lactante es la que transmite preferentemente el VRS a
los adultos [2-5]; aunque también se postula que la trasmision
del virus puede realizarse desde los nifios en edad escolar al
adulto joven y al de edad avanzada [12]. Por ello hemos creido
interesante observar prospectivamente el posible impacto de
esta inmunizacion en la carga de enfermedad por VRS en Ia
poblacion adulta comunitaria.

El estudio se realizo en el Hospital Universitario Son Es-
pases (Palma de Mallorca), centro de referencia para la Comu-
nidad de las Islas Baleares. Desde el inicio de la inmunizacion
hasta el 31 de marzo de 2024 (temporada 2023-2024) se es-
tudiaron prospectivamente todos los adultos (>15 afos) que
acudian a urgencias con una IRA; a cada uno se les tomaba un
frotis nasofaringeo y se remitia al laboratorio en un medio de
transporte. La deteccion de los diferentes virus respiratorios se
realizd mediante una RT-PCR en tiempo real comercial (Allplex
Respiratory Assay, Seegene) que detecta de forma simultanea
y diferencia 18 virus respiratorios distintos. Se compararon los
resultados con los obtenidos en la temporada previa.

Durante el periodo de estudio se detectaron 480 casos
de IRAs causados por el VRS, correspondiendo 280 (58,4%) a
la poblacién infantil y 200 (41,6%) a la poblacion adulta (>15
anos). Como se observa en la Figura 1, en la actual temporada
se ha producido un aumento en el porcentaje de casos detec-
tados en adultos (30,2% en la temporada previa). Sin embargo
el numero de casos detectados fue de 200 lo que representa
un descenso del 7,9% con respecto a la temporada anterior
(217 casos). Por edades los casos de VRS se distribuyeron de la
siguiente forma: 15-50 afios 29 casos (15,5%), de 51-60 anos
32 casos (16%), de 61-70 afios 39 casos (19,5%), de 71-80
anos 42 casos (21%), de 81-90 45 casos (22,5%) y de mas de
90 afios 13 casos (6,5%). De este modo los mayores de 61 anos
representaron el 69,5% de todos los casos.
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Figura 1 Evolucion del nimero de casos de VRS en adultos y el porcentaje sobre el

total de casos detectados en las ultimas temporadas.

Las IRAs causadas por el VRS en el adulto empiezan a ser
una entidad con una incidencia no despreciable (2-39%), con un
porcentaje de ingresos hospitalarios cercano al 70% y patologias
respiratorias graves como neumonia (26.8%), traqueobronquitis
(22.9%); aunque entre el 20-25% de los pacientes tan solo pre-
sentan un sindrome gripal, afectando preferentemente a pacien-
tes con patologias cardiorrespiratorias cronicas [1-5].

En Baleares la inmunizacion de los menores de 6 meses
con nirsevimab ha comportado un descenso en el nimero
de casos de VRS detectados en la poblacion infantil (61,3%
menos) que ha determinado un ligero descenso asimismo de
las infecciones detectadas en la poblacion adulta (7,9%). Sin
embargo este descenso no puede atribuirse directamente al
proceso de inmunizacion ya cada temporada de VRS es dis-
tinta dependiendo del tipo de VRS que circule, la intensidad
de la misma y de otros factores epidemioldgicos. Aunque el
porcentaje de casos en adultos se ha incrementado hasta el
41,6%, este aumento no es real en cuanto al numero de casos
detectados sino a su distribucion, debido a la disminucion del
numero de casos infantiles.

En una reciente revision [12] se establece que el impacto
de la inmunizacion infantil sobre la poblacion de edad avanza-
da es, por ahora, de baja intensidad, coincidiendo con nuestros
datos, ya que no se sabe con seguridad si esta inmunizacion
disminuye la carga viral en la orofaringe de los lactantes. Esta
revision es tan solo hipotética y basada en articulos referen-
ciados, pero se desconoce la situacion actual, de modo que
los datos publicados recientemente [11,12] podran sentar las
bases de futuros estudios en diferentes temporadas en otros
grupos de edad mas alla de los lactantes.

Evidentemente la magnitud epidemioldgica de la epide-
mia de VRS del adulto es mucho menor, al menos por ahora, y

su impacto en salud publica no comparable a la infantil, aun-
que el porcentaje de ingresos hospitalarios y fallecimientos po-
dria ser superior a los detectados en la poblacion infantil [4,5].
Parece observarse, por ahora, un ligero impacto del nirsevimab
sobre la carga de enfermedad del VRS en adultos, que junto
con la posibilidad de utilizar una vacuna especifica frente a es-
te virus en la poblacion de >60 afos, permitiria el mejor con-
trol de esta infeccion que parece incrementarse con el paso de
los afos.
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Sir,

Bacteria of the Lachnoanaerobaculum genus are obligate
Gram-positive, spore-forming, filamentous bacilli that may
appear Gram-negative due to their easy decolorization [1].
The genus contains four species, L. orale, L. saburreum, L. ume-
aense, and L. gingivalis, found in the oral cavity, saliva, and
small intestine of humans. Their presence has been associated
with gingival disease and bacteremia in patients with hema-
tological malignancies [1-5]. We present the first report of an
association between this genus and an episode of chorioam-
nionitis. We examine the clinical, diagnostic, and therapeutic
data and other factors that may elucidate the pathogenesis.

A 25-year-old woman with no medical history was re-
ferred to our Regional Hospital at 29+1 weeks of gestation for
the diagnosis of threatened preterm labor. She was asympto-
matic at arrival, and her vital signs were within normal ranges.
She reported low-intensity uterine contractions and exhibited
a shortened cervical length of 6 mm. In the emergency de-
partment, premature membrane rupture was ruled out, vag-
ino-rectal swabs were taken to detect Streptococcus agalac-
tioe, and vaginal discharge and urine samples were gathered
for routine microbiological cultures. Analytic findings included
leukocytosis (13,000/pL; normal range: 3,500-10,500/pL), neu-
trophilia (86%; 42-77%), and C-reactive protein (CRP) level of
28.4 mg/L (0.1-5 mg/L). Treatment commenced with intrave-
nous tocolysis and the administration of corticosteroids for
lung maturation. The patient remained clinically stable, but an
increase in CRP levels was observed.

Intravenous antibiotic prophylaxis was initiated with clin-
damycin (900 mg/8 h) and gentamicin (240 mg/24 h), due to a
penicillin allergy. Amniocentesis revealed the presence of elon-
gated, slender Gram-negative bacilli (Figure 1) with reduced
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Figure 1 Gram staining of Lachnoanaerobaculum

gingivalis

glucose (8 mg/dl) and elevated interleukin 6 (160,834 pg/mL)
levels, prompting the clinical diagnosis of chorioamnionitis.
Polymerase chain reaction (PCR) analysis of the amniotic fluid
was positive for Ureaplasma urealyticum. Tocolytic treatment
was discontinued, and magnesium sulfate infusion was initiat-
ed for fetal neuroprotection, followed by labor induction.

After eight hours of induction, she delivered a 1,350 g fe-
male infant with an Apgar score of 6 at one minute and 9 at
five minutes, umbilical artery pH of 7.35, and venous pH of
7.37. The antibiotic treatment was continued for 24 h post-
partum.

L. orale colonies alone were isolated within the first 48
h of anaerobic incubation on sheep blood agar plates (Bi-

Rev Esp Quimioter 2024,37(6): 515-517 515


https://orcid.org/0009-0002-8849-5222
https://orcid.org/0000-0002-4732-3929

L. lglesias-Linares, et al.

Threat of preterm labor and preterm birth in the presence of Lachnoanaerobaculum gingivalis

Table 1 Antibiotic susceptibility of
Lachnoanaerobaculum gingivalis
according to the E-test.

Antibiotics MIC (mg/L) Clinical category
Ampicillin <0.016 Susceptible
Piperacillin-tazobactam <0.016 Susceptible
Cefotaxime 0.12 Susceptible
Imipenem 0.008 Susceptible
Clindamycin 24 Resistant
Tetracycline 8 Intermediate
Metronidazole 0.125 Susceptible

oMerieux, France), presenting as gray, shiny, spread-out,
non-hemolytic colonies with soft consistency and irregular
edges. The colonies were identified (score 2.103) as L orale
by MALDI-TOF spectrometry (Bruker Biotyper, Germany) and
were then genetically identified as L. gingivalis at the National
Center of Microbiology (Majadahonda, Madrid, Spain) by 16S
rRNA gene sequencing, following a previously described proto-
col and using E781 and U1115 as primers [6,7] and the Applied
Biosystems 3730xI DNA Analyzer for sequencing. A sequence
of 1331pb was obtained and compared with strain sequences
in the GenBank data bank (https://blast.ncbi.nlm.nih.gov/Blast.
cgi), observing 99.2% identity with L. gingivalis (ChDC B114),
described in a previous study [8]

Antimicrobial susceptibility testing was performed using
gradient strips (Liofilchem, Italy) according to 2023 CLSI cri-
teria for anaerobic Gram-negative bacilli (CMI value in mg/L)
on Brucella blood agar supplemented with hemin (5 pg/mL),
vitamin K1 (1 pg/ml), and laked sheep blood (5% v/v) (Becton
Dickinson, BD, Franklin Lakes, NJ, USA) anaerobically cultured
at 36 °C+1 °C for 48 h. Table 1 exhibits the results.

L. gingivalis is rarely isolated in clinical samples [4] due
to its easy decolorization in Gram staining and the resulting
mis-assignment to other Gram-negative bacilli in this rap-
id test. Its correct identification is also hampered by current
Maldi-TOF databases, with frequent confusion between L. orale
and L. gingivalis.

Acute or subacute chorioamnionitis is defined by placen-
tal membrane inflammation of infectious origin. It has been
proposed that microorganisms can gain access to the amniotic
cavity by four routes: via ascent from the lower genital tract,
hematogenous spread, invasive procedures, andfor seeding
from the peritoneal cavity [9].

Bacteria involved in periodontal disease can reach the
amniotic cavity, depending on patient-related and/or microor-
ganism-related factors [10,11]. L gingivalis was isolated from
amniotic fluid in the present patient; however, its significance
appears to be limited given that the therapy was not effective,
as shown by the antibiogram.

Membrane rupture is not a prerequisite for the entry of
microorganisms into the amniotic cavity. Bacteria can pene-
trate intact membranes and cause subclinical infections that
are often undetected when the amniotic fluid is not analyzed.

L. gingivalis is more frequently detected in saliva and den-
tal plaque and is associated with the development of gingival
diseases [5]; hence, the oral cavity is a probable source of the
infection in the present patient. Lachnoanaerobaculum has
also been isolated from blood, causing bacteremia in patients
under chemotherapy for acute myeloid leukemia [2-4].

The absence of data on this bacterium in amniotic fluid
can be attributed to the lack of comprehensive microbiologi-
cal studies in these patients, explained by the subacute pro-
gression of the infection, with no evident symptoms of acute
chorioamnionitis.

The antibiogram indicated in vitro activity against am-
picillin, piperacillin/tazobactam, cefotaxime, imipenem, and
metronidazole and resistance to clindamycin. Despite this re-
sistance, the patient remained stable and showed a favorable
clinical progression, suggesting that the infection was success-
fully resolved by the completion of gestation.

In conclusion, this is the first reported case of the isola-
tion from amniotic fluid of L. gingivalis, a potential cause of
intrauterine infection and threatened preterm birth.
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Estimado Editor:

La infeccion por Mycoplasma pneumoniae tiene un espec-
tro clinico de presentacion amplio, que va desde formas asin-
tomaticas a cuadros respiratorios de diversa gravedad o mani-
festaciones extrapulmonares [1]. Afecta predominantemente a
pacientes en edad escolar, siendo los cuadros mas frecuentes la
traqueobronquitis y la neumonia atipica. Sin embargo, existen
manifestaciones menos frecuentes que conviene saber recono-
cer como son la mucositis y/o el exantema mucocutaneo [2].
La erupcion mucocutanea infecciosa reactiva (RIME) engloba a
este exantema y mucositis inducidos por M. pneumoniae (co-
nocido por las siglas MIRM “Mycoplasma pneumoniae induced
rash and mucositis") y a otros producidos en menor frecuencia
por C. pneumoniae, metapneumovirus, parainfluenza tipo 2,
influenza B, enterovirus, adenovirus y SARS-CoV-2 [3].

Presentamos 4 casos de RIME por M. pneumoniae identi-
ficados en nuestro centro hospitalario en un periodo inferior a
un mes (Tabla 1). Realizamos una revision sobre el diagndstico
y tratamiento de esta entidad.

El RIME se caracteriza por la presencia de mucositis in-
tensa en dos o mds localizaciones, con afectacion preferente
en boca produciendo la aparicion de costras hemorragicas en
labios, erosiones y ulceras en mucosa (Figura 1). Suele afectar
a la zona genitourinaria y, menos frecuentemente, a los 0jos
causando conjuntivitis bilateral purulenta o seromucosa y ede-
ma de parpados. La afectacion cutanea puede ser en forma de
lesiones vesiculo-bullosas (mas frecuentes), anulares en diana,
morbilliformes o papulo-maculosas. De forma caracteristica
afectan a menos del 10% de la superficie corporal. La aparicion
de esta sintomatologia mucocutanea suele producirse tras un
cuadro previo de siete a diez dias de evolucion caracterizado
por fiebre, tos no productiva, astenia, cefalea u otros sintomas
respiratorios [4].
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El diagnostico es clinico, basandose en el reconocimiento
de estas lesiones en un contexto compatible con infeccion por
M. pneumoniae o por los otros gérmenes asociados a esta en-
tidad. Es imprescindible descartar la ingesta reciente de farma-
cos que pudieran inducir el desarrollo de cuadros similares co-
mo son el Sindrome de Stevens-Johnson/necrolisis epidérmica
toxica (SJS/NET). Se recomienda realizar radiografia de torax,
analitica, PCR en exudado nasofaringeo para M. pneumoniae,
virus respiratorios y virus herpes simple [2]. Ademas, dada la
dificultad de interpretacion que a veces conllevan las pruebas
moleculares para diferenciar infeccion de colonizacion puede
ser conveniente realizar serologia. La biopsia cutdnea no es ne-
cesaria realizarla de forma sistematica, reservandose para ca-
sos dudosos o evoluciones inusuales. El diagnostico diferencial
se establece principalmente con el eritema multiforme (EM) y
con el SJIS/NET. El EM es producido en su mayoria por virus
herpes. Se distingue clinicamente por la morfologia de las le-
siones en forma de diana que pueden confluir y por presentar
escasa afectacion mucosa [5].

El SISINET es tipicamente producido por farmacos, pre-
sentando lesiones mas extensas, Nikolsky positivo y sintomas
constitucionales. Otras entidades que considerar en el diag-
nostico diferencial son la gingivoestomatitis herpética, el pén-
figo, la enfermedad mano-boca-pie y la estomatitis aftosa [5].

El tratamiento se basa fundamentalmente en medidas de
soporte. Se debe garantizar una adecuada analgesia dado el
intenso dolor que producen las lesiones en mucosas oral. Es
fundamental asegurar el correcto estado de hidratacion y nu-
tricion, siendo necesario en ocasiones la sueroterapia endove-
nosa. Respecto al manejo local de las lesiones mucocuténeas se
recomienda realizar curas evitando la acumulacion de costras,
emplear vaselina como mantenimiento de la barrera cutanea,
corticoides topicos si existe intensa inflamacion y pomadas an-
tibioticas si hay datos de sobreinfeccion por otros gérmenes.
En caso de afectacion ocular puede ser necesario el uso de lu-
bricantes oculares y/o corticoides oftalmicos. No estd claro el
papel de la antibioterapia dirigida frente a M. pneumoniae en
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Tabla 1 Descripcion de casos de RIME. Revision de diagndstico y tratamiento
Paciente Presentacion clinica Diagnostico microbiolégico Tratamiento Evolucion
Fiebre de 7 dias, tos y mucosidad. PCR nasofaringea positiva Azitromicina IV 5 dias. Ingreso hospitalario 7 dias. Lesiones
Mujer Edema de labios con lesiones a M. pneumoniae. Amoxicilina-clavulanico IV 7 dias. hipocromicas residuales a las 3
8 afos costrosas negruzcas, aftas bucales Serologia IgG e IgM positiva Metrilprednisolona IV 1 mg/Kg dia semanas.
friables, inyeccion conjuntival a M. pneumoniae. 5 dias.
bilateral, tlceras genitales y Dexametasona topica conjuntival.
perianales. Lesiones papulo- Betametasona [gentamicina topica
costrosas no confluentes en cara, sobre las lesiones genitourinarias.
tronco y miembros (Figura 1).
Varon Fiebre de 7 dias y sintomas PCR nasofaringea positiva Aciclovir VO (hasta resultado PCR Manejo ambulatorio. Evolucion
5 afios respiratorios. a M. pneumoniae. VHS). favorable.
Lesiones en mucosa yugal, edema Serologia IgM e lgG positiva Azitromicina VO 3 dias. Seguimiento por dermatologia.
de encias y labios. Lesiones cutaneas a M. pneumoniae. Prednisolona VO 1 mg/Kg 3 dias.
vesiculosas sobre base eritematosa Acido fusidico [betametasona topica
que se decapitan, bordes costrosos sobre lesiones cutdneas.
en diana.
Varon Fiebre 4 dias, malestar general, PCR nasofaringea positiva Azitromicina VO 3 dias. Manejo ambulatorio. Evolucion
4 afios sintomas respiratorios. a M. pneumoniae. Mupirocina topica en lesiones favorable sin lesiones residuales.
Queilitis y lesiones costrosas en dérmicas.
labios. En piel maculo-papulas con Gel lidocaina 1% sobre lesiones
vesicula central y bordes costrosos mucosa oral.
en los cuatro miembros.
Varon Fiebre de 4 dias, tos y disnea. Labios PCR nasofaringea negativa Azitromicina VO 3 dias. Ingreso hospitalario 3 dias.
10 afios agrietados, lesiones ampollosas y a M. pneumoniae. Dexametasona tdpica conjuntival. Evolucion favorable de lesiones

Enjuague oral de triamcinolona + mucosas.

Lidocaina oral.

Glceras en mucosa yugal. No lesiones
cutaneas. Hiperemia conjuntival
bilateral.

Serologia IgM positiva
a M. pneumoniae.

IV: intravenoso; VO: via oral.

la evolucion de las lesiones, aunque se recomienda su adminis-
tracion. Para ello empleamos azitromicina oral preferentemen-
te, o intravenosa en caso de imposibilidad oral o casos graves
en ciclos de 3 -5 dias. Respecto al uso de corticoides sistémicos
se recomiendan en casos graves con afectacion extensa de piel
y mucosas con el objetivo de disminuir la inflamacion y el do-
lor. Habitualmente se emplean ciclos de 5-7 dias de prednisona
o metilprednisolona a 1 mg/kg/dia [6].

El pronostico del RIME es habitualmente bueno, siendo lo
mds frecuente la curacion completa y sin secuelas. Ocasional-
mente se han descrito casos en los que se han identificado tras
el cuadro alteraciones pigmentarias postinflamatorias en piel,
sinequias o cicatrices genitales, ulceraciones corneales, 0jos se-
cos, cequera o caidas de pestafas [6].

A modo de conclusion subrayamos la importancia del re-
conocimiento del RIME ante cuadros clinicos compatibles ya
que ello nos va a permitir llevar a cabo su diagndstico precoz,
evitar la realizacion de pruebas invasivas como la biopsia y es-
tablecer el tratamiento necesario que conduzca a una curacion
sin secuelas.

Afectacion mucosa oral con edema y
lesiones costrosas en labios. Afectacion
cutanea con lesiones papulo-vesiculosas
sobre base eritematosa.

Figura 1

Rev Esp Quimioter 2024;37(6): 518-520 519



C. Gonzdlez, et al. Erupcion mucocutanea infecciosa reactiva (RIME) en pacientes pediatricos: afectacion extrapulmonar de
Mycoplasma pneumoniae

FINANCIACION

Los autores declaran no haber recibido financiacion para
la realizacion de este estudi

CONFLICTO DE INTERESES

Los autores declaran no tener ningun conflicto de inte-
reses

BIBLIOGRAFIA

1. Xing Y, Wang D, Sheng K, Xiao X, Wei H, Liu L, et al. Dynamic chan-
ge of Mycoplasma pneumoniae pneumonia in hospitalized chil-
dren in a general hospital: a 3-year retrospective analysis. Transl
Pediatr. 2020; 9(4):522-531. doi: 10.21037/tp-20-149

2. Ramien ML, Bruckner AL. Erupciones mucocutaneas en pacien-
tes pediatricos con enfermedades agudas: piense primero en
Mycoplasma pneumoniae (y otras infecciones). JAMA Dermatol.
2020;156(2):124-125. doi: 10.1001/jamadermatol.2019.3589

3. Ramien ML. Reactive infectious mucocutaneous eruption: Myco-
plasma pneumoniae-induced rash and mucositis and other para-
infectious eruptions. Clin Exp Dermatol, 2021];46(3):420-429. doi.
org/10.1111/ced.14404

4. Canavan TN, Mathes EF, Frieden I, Shinkai K. Mycoplasma pneu-
moniae-induced rash and mucositis as a syndrome distinct from
Stevens-Johnson syndrome and erythema multiforme: a systema-
tic review. J Am Acad Dermatol. 2015;72(2):239-45. doi: 10.1016/].
jaad.2014.06.026

5. Amode R, Ingen-Housz-Oro S, Ortonne N, Bounfour T, Pereyre S,
Schlemmer F, et al. Clinical and histologic features of Mycoplas-
ma pneumoniae-related erythema multiforme: A single-center
series of 33 cases compared with 100 cases induced by other
causes. J Am Acad Dermatol. 2018;79(1):110-117. doi: 10.1016/].
jaad.2018.03.013

6. Mathes E, Kittler N. Reactive infectious mucocutaneous eruption
(RIME). UpToDate.

Rev Esp Quimioter 2024;37(6): 518-520

520



ISSN: 1988-9518 | ©The Author 2024. Published by Sociedad Espafiola de Quimioterapia. This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)(https://creativecommons.org/licenses/by-nc/4.0/).

Official journal
of the Spanish Society

f Chemoth i
of Chemotherapy Carta al Director

Revista Espaiiola de Quimioterapia
doi:10.37201/req/065.2024

Patricia Andres-lbarrola’ ®
Laura Guio Carrion? ®

Lesiones en diana vy fiebre, un
microorganismo inesperado

Espafa.

Article history

'Departamento de Dermatologia del Hospital Universitario de Cruces, Bizkaia, Espafia.
“Departamento de Enfermedades Infecciosas del Hospital Universitario de Cruces, Barakaldo, Bizkaia,

Received: 8 June 2024; Accepted: 12 September 2024; Published: 27 September 2024

Estimado Editor:

Exponemos un caso clinico de una paciente que presento
un eritema multiforme asociado a una infeccion respiratoria
atipica por Chlamydophila pneumoniae.

Caso: Mujer de 77 afios que acudio al servicio de urgencias
por presentar fiebre de 39°C, tiritona, astenia, dolor articular, y
disnea de cuatro dias de evolucion. El dia previo la paciente co-
menzo a presentar un exantema maculopapuloso, de predomi-
nio en tronco y raices de miembros, no pruriginoso. La paciente
relataba que las lesiones habian ido aumentando de tamafo y
se habian extendido a palmas y plantas. Negaba contacto con
animales, ingesta de productos sin pasteurizar, picaduras re-
cientes, contacto con nifios pequefos e introduccion de nuevos
farmacos.

En la exploracion fisica destacd fiebre de 38°Cy la presen-
cia de lesiones maculares confluyentes distribuidas por toda la
superficie corporal respetando cabeza y cuello, con predominio
en toérax, abdomen y extremidades. Estas lesiones presentaban
morfologia dianiforme, con borde sobreelevado y eritematoso,
y el centro mas blanquecino (Figura 1). En la auscultacion pul-
monar se objetivaron crepitantes generalizados en ambas bases
pulmonares.

En las pruebas complementarias realizadas en la urgencia,
se observo una marcada elevacion de parametros inflamatorios
en la analitica. Las PCRs para virus de la gripe y SARS-CoV-2
resultaron negativas, asi como la determinacion de antigenos
de Streptococcus pneumoniaey Legionella sp. en orina. Se rea-
liz una radiografia de torax que mostrd un pinzamiento de
ambos senos costofrénicos sin areas de aumento de densidad
(Figura 2).

Se decidi¢ su ingreso en la Unidad de Enfermedades In-
fecciosas, donde se inicio tratamiento con ceftriaxona y azitro-

micina ante la sospecha de una infeccion respiratoria atipica.
Durante el seguimiento, se solicitaron serologias de C. pneumo-
niae, Mycoplasma pneumoniae, VIH, VHS-1, VHS-2, Parvovirus
B19y Coxiella burnetii. Pendiente de los resultados seroldgicos,
tras varios dias de estabilizacion clinica y mejoria de la sinto-
matologia, se recomendo el alta de la paciente con seguimiento
en consultas externas.

2%
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£
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Figura 1

Exantema maculopapular en abdomen
con lesiones dianiformes concluyentes.
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Figura 2

Radiografia de torax que muestra

un pinzamiento de ambos senos
costofrénicos sin areas de aumento de
densidad.

Un mes después, la paciente presentd mejoria de su sinto-
matologia con resolucion completa del exantema y normaliza-
cion de los parametros inflamatorios en la analitica de control.
Se recibio finalmente el resultado de las serologias solicitadas,
destacando una IgG elevada (1/256) para C. pneumoniae, aun-
que con IgM negativa. En el control realizado una semana des-
pués, la serologia resultd IgM positiva por técnica CLIA, vy el ti-
tulo de 1gG se habia duplicado (1/512). Las serologias restantes
fueron negativas.

La paciente fue finalmente diagnosticada de infeccion res-
piratoria atipica por C. pneumoniae asociada a eritema multi-
forme.

El eritema multiforme es un exantema agudo autolimita-
do caracterizado por la presencia de lesiones maculopapulosas
en forma de diana de predominio acral. Tipicamente se asocia
a la infeccion por Virus Herpes Simple y por M. pneumoniae,
asi como a la exposicion a diversos farmacos [1]. Si bien clasi-
camente la infeccion por C. pneumoniae se ha correlacionado
con la presencia de lesiones cutdneas tipo urticaria o eritema
nodoso, no se describe habitualmente asociada a esta clase
de exantema [2]. No obstante, se han descrito en la literatura
hasta 28 casos de eritema multiforme asociados a la infeccion
producida por este microorganismo [3-6].

El caso descrito junto con la evidencia cientifica disponible
orienta a que es posible que exista una asociacion entre la in-
feccion por C. pneumoniae y la presencia de eritema multifor-
me, pero que ésta esté siendo infradiagnosticada. De cara a evi-
tar este infradiagnostico y con el fin de lograr un mejor manejo
terapéutico de estos pacientes, consideramos que podria ser re-

comendable investigar la presencia no solo de M. pneumoniae
sino también de C. pneumoniae en todo paciente con eritema
multiforme y clinica respiratoria atipica aguda, a pesar de la
ausencia de infiltrados neumonicos en la radiografia de torax.
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Sir,

Bacterial and fungal coinfection presents a significant di-
agnostic and therapeutic challenge in solid organ transplant
recipients. This case involves a heart transplant recipient who
developed pulmonary consolidation and multiple brain lesions.
Nocardia farcinica was isolated from a subcarinal adenopathy,
but despite targeted treatment, new lesions appeared in the
lungs, brain, and stomach. Additionally, Cunninghamella spp.
was detected in a bronchoalveolar lavage, leading to a compli-
cated clinical course.

A 64-year-old male underwent heart transplantation
in March 2022 for ischemic cardiomyopathy. The patient re-
ceived induction therapy with basiliximab (2 doses) and was
on immunosuppressive therapy with tacrolimus 1,5 mg every
12 hours (last levels 9.7 ng/ml), everolimus 0,5 mg every 12
hours (last levels < 0.30 ng/ml), and prednisone 15 mg per day.
In October 2023, he was admitted for Ogilvie syndrome fol-
lowing a hernioplasty, where he received meropenem due to
respiratory symptoms and radiological findings (Figure 1A). A
follow-up computed tomography (CT) revealed a decrease in
consolidation after treatment, along with a subcarinal ade-
nopathy (Figure 1B). Despite initial improvement, the patient's
condition deteriorated, leading to readmission and further di-
agnostic challenges.

A transbronchial biopsy of the subcarinal adenopathy
performed on day +7 of admission revealed the presence of
N. farcinica in the culture, leading to targeted therapy with
cotrimoxazole 1600/320 mg every 8 hours and meropenem 1
g every 8 hours. However, the patient's clinical condition con-
tinued to deteriorate, with the development of multiple ab-
scesses detected on brain magnetic resonance imaging (MRI)
performed on day +21 of admission (Figure 1C). Suspecting
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disseminated nocardiosis, the dosage of meropenem was in-
creased to 1,5 g every 8 hours, but the patient's condition
worsened further. On day +24, the patient exhibited a reac-
tivation of cytomegalovirus (CMV) infection with 8800 copies/
ml. A follow-up chest CT scan on day +35 showed worsening
consolidation in the left upper lobe with cavitation and in-
volvement of the right upper lobe. The serum levels of Wako
beta-D-glucan were 37.84 pg/ml, and galactomannan was
negative. Suspecting an invasive fungal superinfection, lipos-
omal amphotericin B was started at a dose of 5 mg/kg/24h.
Additionally, moxifloxacin was added to the meropenem and
cotrimoxazole regimen due to concerns about Nocardia pro-
gression.

Further complications arose, and the patient required
admission to the Intensive Care Unit (ICU) on day +39. Com-
plications included gastrointestinal bleeding, respiratory dis-
tress, and neurological deficits. A cranial CT scan revealed a
subacute ischemic lesion newly appearing in the left parietal
area, with improvement of the previous lesions observed on
the MRI. Additionally, an endoscopy showed multiple necrot-
ic gastric ulcers. Due to the progression of the condition, the
patient continued to receive an antibiotic regimen for Nocar-
dia consisting of cotrimoxazole, imipenem, and amikacin. The
antifungal treatment was changed to isavuconazole after As-
pergillus fumigatus was isolated from a sputum culture taken
on day +35. A subsequent bronchoalveolar lavage on day +41
revealed non-septate mycelia consistent with mucorales and
the isolation of Cunninghamella spp. in the culture. Surgical
intervention for suspected disseminated mucormycosis was
ruled out by the thoracic surgery department at that time. De-
spite intensive medical support and treatment in the ICU, the
patient deteriorated rapidly and passed away on day +45 of
hospitalization.

A clinical autopsy confirmed the presence of mucormy-
cosis in the lungs, gastric ulcers, spleen, and central nervous
system, as well as Nocardia infection in lymph nodes and
the central nervous system (Figure 2). The cause of death
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Figure 1

Image A presents a chest X-ray performed on day +4 of the previous
admission, due to dry cough and fever. It shows a subsegmental paren-
chymal consolidation with air bronchogram in the left upper lobe (LUL).
Image B presents a CT scan performed on day +10 of the last admission,
due to dry cough and fever. The CT scan reveals a decrease in consolidation
after 5 days of antibiotic treatment, along with a subcarinal adenopathy
cluster. Image C: Brain MRI performed on day 21 of admission, showing 2
infratentorial and 20 supratentorial lesions. These lesions are ring-shaped,
subcentimetric, and associated with vasogenic edema. The FLAIR sequence
depicts signal hyperintensity in some right convexity sulci, suggestive of
meningitis. Image D shows the patient's chest X-ray 7 days after discharge,
revealing progression of pulmonary consolidation in the left upper lobe.
Image E shows a control chest CT on day +35 of the new admission, depic-
ting worsening lung lesions. Extensive consolidation in LSI with a large area
of cavitation, cavitating satellite nodules, and contralateral involvement of
the RUL, all consistent with necrotizing pneumonia.

was attributed to invasive fungal infection by mucormyco-
sis, highlighting the challenges of managing co-infections in
transplant recipients. This case underscores the complexities
involved in diagnosing and treating concurrent mucormycosis
and Nocardia infections. Differential diagnosis considerations
include opportunistic infections, neoplasms, and interstitial

lung disease [1]. Nocardia, a member of actinomycetes, pre-
sents diagnostic challenges, emphasizing the need for com-
prehensive diagnostic approaches such as fibrobronchoscopy
[2,3]. Mucormycosis, known for its aggressive nature, requires
prompt diagnosis through biopsy for direct microscopy, cul-
ture, and histopathological examination [4]. This patient exhib-
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Figure 2 Macroscopic and histopathological study of clinical autopsy. Image A shows
areas of necrosis and abscess formation in the left lung, consistent with
mucormycosis. Image B and C shows areas of necrosis and abscess forma-
tion in the left lung, with thick, sparsely septate hyphae within vessels as
observed in Grocott stain, with mucoral (scale bar 100 um and 200 pm).
Image D shows a gastric ulcer with transmural necrosis, consistent with
mucoral Image E presents a cavitated lesion with areas of necrosis in a
lymph node, Grocott stain positive for positive filamentous bacilli, consi-
stent with Nocardia (scale bar 100 um). Image F shows the macroscopic
piece of central nervous system study, in which an acute necrotic lesion
consistent with mucoral is observed (asterisk) upon a previous lesion in
remission consistent with Nocardia (arrow). Image G shows the microscopic
findings from the nervous system study, revealing sparsely septate hyphae
at 90° in hematoxylin-eosin stain, consistent with mucoral (scale bar 50
um). Image H reveals positive Grocott stain lesions with positive filamen-
tous bacilli, consistent with Nocardia (scale bar 100 pm).

ited multiple risk factors for invasive fungal infection, includ- Solid organ transplant recipients are particularly suscepti-
ing CMV infection, prolonged hospitalization, and subsequent  ble to opportunistic infections like nocardiosis and mucorales.
admission to the ICU. Treatment involves a multidisciplinary ~ These infections can occur in both post-transplant patients
approach combining antifungals and surgical interventions  and those with normal immune function, often mimicking
due to the rapid progression of mucormycosis [4]. other diseases clinically and radiologically. Unfortunately, ac-
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curate diagnosis may only occur when these diseases have
already spread extensively. Therefore, it is crucial to remain
vigilant for signs and symptoms to identify and treat these
conditions early on. Highly immunosuppressed patients may
develop multiple simultaneous opportunistic infections, posing
a challenge for diagnosis and treatment when superinfections
arise during ongoing treatment for a previous infection.
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