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ABSTRACT

Randomized clinical trials (RCTs) are key to the ad-
vancement of medicine and microbiology, but they are not
the only option. Observational studies provide information
on long-term efficacy and safety, are less expensive, al-
low the study of rare events, and obtain information more
quickly than RCTs. On the other hand, they are more vul-
nerable to confounding factors.

Prospective exploratory pilot studies share many as-
pects with RCTs but are not subject to supervision by ex-
ternal commissions or mandatory registration. Multitesting
can pervert the balance of publications in favor of the de-
sired effect. Bonferroni's reasoning shows that if 10 studies
are performed with an ineffective antibiotic, the probability
that at least one will show P <0.05 might be 40%. Scenari-
os in which there is intensive pressure to perform research,
such as the recent pandemic, might result in many research
teams trying to study the effect of an antimicrobial. Even if
the drug has no efficacy, if 100 research teams conduct a
study to assess its usefulness, it might be virtually certain
that at least one will get a P value <0.05. If the other stud-
ies (with P >0.05) are not published, the scientific commu-
nity would consider that there is strong evidence in favor of
its usefulness.

In conclusion, RCTs are a very good source of clinical
information, but are not the only one. The systematic regis-
tration of all research can and should be applied to all types
of clinical studies.

Keywords: methodology, statistics, clinical trials.
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RESUMEN

Los ensayos clinicos aleatorizados (ECA) son claves en el
avance de la medicina y la microbiologia, pero no son la tni-
ca opcion posible. Los estudios observacionales proporcionan
informacion sobre la eficacia y la sequridad a largo plazo, son
menos costosos, permiten estudiar eventos poco frecuentes
y obtener informacion mas rdapido que los ECA. En su contra,
son mas vulnerables a factores de confusion.

Los estudios prospectivos piloto exploratorios, comparten
con los ECA muchos aspectos, pero no estan sujetos a la su-
pervision por parte de comisiones externas ni a la obligatorie-
dad de su registro. El multitesting, puede pervertir el balance
de publicaciones a favor del efecto buscado. El razonamiento
de Bonferroni muestra que, si se realizan 10 estudios con un
antibiotico no efectivo, la probabilidad de que al menos uno
arroje P <0,05 pude ser del 40%. Escenarios en los que hay
mucha presion para investigar, como la reciente pandemia,
son propicios para que muchos equipos traten de estudiar el
efecto de un antimicrobiano. Aunque el farmaco no tenga
ninguna eficacia, si 100 equipos de investigacion realizan un
estudio para valorar su utilidad, puede ser practicamente se-
guro que aparecera al menos uno con P <0,05. Si los demds
estudios (con P >0,05) no se publican, la comunidad cientifica
consideraria que hay fuerte evidencia a favor su la utilidad.

En conclusion, los ECA son una muy buena fuente de in-
formacion clinica, pero no la unica. El registro sistematico de
todas las investigaciones iniciadas puede y debe aplicarse a
todo tipo de estudios clinicos.

Palabras clave: metodologia, estadistica, ensayos clinicos.
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INTRODUCTION

Clinical studies (with human beings) can be divided, sim-
plistically, into observational and prospective interventional
studies (Figure 1). Although there are situations where aspects
of these categories overlap, this outline helps to clarify the ad-
vantages and disadvantages of each type of design.

In observational studies, the researcher does not per-
form any type of action on the subjects, and only observes the
clinical situation, personal, and environmental circumstances,
looking for possible relationships between conditions and risk
or preventive factors. In prospective interventional studies, the
physicians undertake an action on the subjects and observe
the response that occurs in the short- or medium-term. For
example, an antimicrobial is given to patients with an infec-
tion and its possible benefits and side effects are investigated.
Two large categories of prospective interventional studies are
distinguished: exploratory pilot studies and randomized clini-
cal trials (RCTs) that, in addition, are controlled, blinded, and
registered. RCTs are key to the advancement of medicine and
microbiology. However, they are not the only possible option,
but rather they share importance with other types of studies.
In this article, we will try to show: 1) the error of disregard-
ing all information not coming from RCTs, 2) that the different

types of design do not compete with each other but rather are
complementary, 3) the precautions to take when interpreting
studies results.

OBSERVATIONAL/CASE-CONTROL STUDIES VS.
PROSPECTIVE STUDIES

Observational studies can provide information on long-
term efficacy and safety that is typically lacking in RCTs. In
addition, they are less expensive, allow to study rare events
and to obtain information more quickly. New and ongoing de-
velopments in data and analytics technology, such as artificial
intelligence and big data, offer a promising future for these
studies.

We should not question its usefulness, since many treat-
ments and interventions aimed at preventing or solving health
problems, with proven effectiveness, have not been subjected
to rigorous evaluation using RCTs [1]. From the so-called evi-
dence-based medicine, it is not correct to demand the adop-
tion of interventions evaluated using only data from RCTs [2].

Observational studies include case reports and case series,
ecological studies, cross-sectional studies, case-control (CC)
studies, and cohort studies. The latter include clinical registries
that are gaining increasing importance as a method to moni-

Main types of clinical studies

Observationals

Prospective Interventional

Controlled Blinded Registered

Datab
Case-Control Real-World 4 alse Pilot Studies Clinical Trials
Explotation
~— —— R ,
2 Authorized and controlled by the medical
=2 doctors who designed and carried th t, . ’
3 OC.OrSW ° .ESIgne z'an CE!I‘I'IE e".1 o Mandatory registry, which reduces
= with extensive experience in the subject L
1 . publication bias risk
3 and many months and efforts dedicated to
< developing the project
wv
v
ik
::; No mandatory project registration Authorized and supervised by external
3 Publication bias is favored committees. Risk of being wrongly rejected
2
a
Figure 1 Most important types of clinical studies with their main advantages

(in the green box) and disadvantages (in the red box).
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Table 1

Objectives, advantages, and disadvantages of observational studies.

Type of study Aim

Advantages Disadvantages

Case reports and case series To describe new or extraordinary events

Ecological studies To describe data about a population

Cross-sectional studies To describe population profiles or outcome

of interest at a single point in time

Case-control studies To identify risk factors for an event or

disease

To estimate the incidence of events and
their determinants

Cohorts

Easy, detailed information to generate
hypotheses

No generalizable

Easy if you use routinely collected data No subject data

Relatively easy Absence of temporality

You can explore rare events Limited to a single event

Longitudinal. Study multiple events and Relatively difficult,
risk factors expensive and time-
consuming

tor and improve the quality of healthcare [3]. The main types
of observational studies used in health research, their purpose
and main strengths and limitations are shown in Table 1. Its
purpose may be descriptive, analytical or both [4]. Descriptive
studies are designed primarily to describe the characteristics of
a studied population while analytical studies seek to address
questions of cause and effect or, at least, generate hypotheses
in that sense [4].

Among the various types of observational studies, CC
designs occupy a relevant place. A recent survey carried out
among medical doctors attending a course on "Expansion of
basic concepts of statistical analysis in medicine”, carried out
at the Chair of Statistical Analysis and Big Data of the Catholic
University of Murcia, showed that more than 80% were not
able to identify the difference between the term "controlled"
applied to prospective studies and the noun "control" used to
designate CC studies (unpublished data). Although the word
is the same, in prospective studies the control group does not
receive the treatment we are studying, while in CC design the
control group does not have the disease we are studying.

CC studies take a random sample of patients with a cer-
tain disease and another random sample of people without
that disease (healthy or with health problems not related to
the condition). In both groups, the frequency of individuals
who had been exposed to a certain factor will be evaluated. To
be more specific, supposing that we ask ourselves if following
a certain diet is associated with the frequency of meningitis.
A prospective study would consist of taking a sample of, for
example, 180 people, randomizing them into two groups, with
and without that diet, following them for twenty years and
comparing the percentage of meningitis that appears in each
group. In the CC approach, we take a sample of 90 cases of
meningitis and another of 90 people who have not suffered
that infection and we find out the percentage of people who
followed that diet during the last 20 years. We see that the CC
approach requires much less time, because the 20 years that
patients must be followed with the prospective design, in the
CC "have already passed” when the research is done. Another

advantage of CC designs is that, depending on how frequent
meningitis is and the consumption of that diet, the statistical
power can be much greater than with a prospective study. For
instance, if 30% of people follow that diet and meningitis af-
fects 19 of the population that does not use it and 4% of the
population that uses it, (taking that diet multiplies the risk of
suffering from the disease by 4), the statistical power of the
study, for a P value of the test 0.05, is 0.92. The probability of
finding a P value <0.05 is 0.92, that is, of every hundred stud-
ies that were carried out with this design, 92 would yield a P
value <0.05. With a prospective study (RCT or pilot), the statis-
tical power of the study, for a P value of the test 0.05, is 0.16.
The probability of finding a P value <0.05 is 0.16, that is, of
every hundred studies that were carried out with this design,
only 16 would show a P value <0.05.

[t must be considered that CC studies do not allow, in
principle, to estimate relative risks (RR) that indicate how
much greater the risk of disease is in patients on the diet than
in those who do not follow it. CC studies allow us to estimate
the odds ratio (OR), which is another way to quantify the
harmful effect (in this example) of the diet. In this assumption
it would be OR = 3.13, very close to the RR = 3. This proximity
occurs whenever the risks involved are small, but with greater
risks the value of the OR can be very different from the value
of the RR. For instance, if the risk of a certain infection were
60% in those who follow the diet and 20% in those who do
not follow it, the RR is 3, which tells us that following the diet
multiplies the percentage of patients by 3. But, in this case, the
OR is 6, which tells us that following the diet multiplies by 6
the number of sick people for every healthy person. With a CC
study we could estimate this OR value, but not the RR value 3.
Supplementary material depicts the concept of odd and OR.

Moreover, it must also be said that CC studies are much
more vulnerable to the action of confounding factors. Part of
this confusion is controlled with different types of multivari-
ate analysis, regarding factors that have been recorded in each
study. Another part can be controlled by sampling in a strati-
fied and even paired manner. However, it will rarely be possible
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to control as effectively as randomization does in prospective
studies. In observational studies, adjustment for potential con-
founders can be performed and techniques such as propensity
score, but only for a limited number of confounders and only
those that are known and have been collected. Randomization
in RCTs minimizes selection bias, while blinding controls infor-
mation bias. Therefore, to, for example, know the effectiveness
of a drug, RCTs provide the strongest evidence. However, this
reality should not lead us to disregard the information pro-
vided by observational studies; information that is increasingly
more precise and refined with new analysis methods. In fact,
technological advances are changing the way in which obser-
vational studies are carried out [5].

NEW TECHNIQUES FOR ANALYSIS AND REPORT
OF OBSERVATIONAL STUDIES

Even without randomizing subjects, methods have
emerged in recent years that allow for less biased comparisons
of two or more subgroups. Propensity score is a way of bring-
ing together two or more groups for comparison, so that they
appear to have been randomly assigned to an intervention or a
comparator. In summary, the method involves logistic regres-
sion analysis to determine the probability (propensity) of each
person within a cohort who was in the intervention, and then
matching subjects who were in the intervention with those
who were not, based on those propensity scores. The results
are then compared between the two groups [6].

Increasing sophistication in data collection techniques,
artificial intelligence, and the use of big data is also enabling
continued improvements in the ability to conduct observa-
tional studies. Automatic linking of multiple data already of-
fers a convenient way to capture results, even retrospective-
ly. However, ethical considerations must be considered, such
as whether informed consent may be required before data is
linked, or who can access it. Machine learning already enables
the capture, processing and analysis of unstructured text. New
statistical techniques allow the imputation of missing data [7],
a frequent problem in observational studies.

Unfortunately, the reporting of observational study re-
search is often inadequate, making it difficult to evaluate
their strengths and weaknesses and extrapolate results. The
Strengthening The Reporting of OBservational studies In Ep-
idemiology (STROBE) initiative [8] has allowed us to develop
recommendations on how an observational study should be
designed and reported. This initiative focuses on the three main
types of observational studies: cohort, CC, and cross-sectional.
It is based on a checklist with 22 items (the STROBE statement)
that relate to the title, abstract, introduction, methods, results,
and discussion sections of the articles. The vast majority of the
items (18 of them) are common to the three types of study
and four are specific for cohort, case-control or cross-section-
al studies. STROBE is to observational studies what the State-
ment of Consolidated Standards of Reporting Trials (CONSORT)
is for clinical trials. Both initiatives have helped improve the
quality of studies and, above all, the way they are reported.

Similar initiatives exist for other areas of research, for example,
for reporting meta-analyses or diagnostic studies. In any case,
STROBE is not a panacea nor does it free us from the biases
and limitations inherent to observational studies. Yes, it is a
useful tool that provides guidance on how to report the results
of observational research correctly. Although these recom-
mendations are not prescriptions for designing or conducting
studies, they must be considered when planning any observa-
tional study. Furthermore, while clarity of reporting is a pre-
requisite for evaluation, the checklist is not an instrument for
evaluating the quality of observational research. This means
that an observational study that meets all the STROBE items
may still have important gaps. The STROBE statement is a key
checklist before writing a paper with the results of an observa-
tional study. Its sections include the title and summary of the
article (item 1), the introduction (items 2 and 3), the methods
(items 4 to 12), the results (items 13 to 17) and the discussion
sections (items 18 to 17). 21), and other information (point 22
on financing).

PROSPECTIVE PILOT EXPLORATORY STUDIES

Prospective exploratory pilot studies, hereinafter "pilot”,
share many aspects with RCTs, but they differ from them in
two important issues:

a) They are not subject to supervision, authorization,
and possible veto by external commissions, in which the au-
thors of the study do not participate.

b) There is no systematic record of each of them when
it is launched, which is why it is much more difficult to have a
record of studies with "negative” results. Therefore, it is practi-
cally impossible to avoid publication bias.

The advantages of submitting a research project to the
supervision of an external commission are evident. If the ex-
ternal commission that evaluates a research project is made
up of truly qualified professionals who can dedicate the neces-
sary time to this evaluation, they would undoubtedly make ob-
servations that could improve the project. But here are three
points that require detailed reflection:

[) Committees cannot include experts in all fields. Most
likely, no member of the committee is an expert on the topic
to be evaluated and, if there is one, he or she may not know
the topic better than the researchers may. In cases where this
commission decides to enlist the help of an expert in the field,
that person will know the topic under study, but probably will
not know it better than the parents of the project.

1) In general, the people who make up that commission -
or the expert consulted - will be able to dedicate many fewer
hours to the evaluation than those the authors dedicated to
preparing it.

1) It is necessary to evaluate very carefully when it makes
sense for the evaluation commission to reject a project. In
this aspect, three types of situations must be distinguished: a)
when the evaluation committee is a doctoral thesis committee
or another academic degree, or has to decide if a project de-
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serves financial aid, it is obvious that for each project it has to
accept it or not; b) when the committee is the editorial board
of a scientific journal, it must also accept it for publication or
not; ¢) in other situations the evaluation commission does not
perform these two functions. So, it is questionable whether
that commission has the power to veto a project. There are
frequent cases in which the objections made by these commit-
tees to justify their veto of a project are of a methodological
nature (not of a clinical nature) and, upon closer inspection,
turn out to be wrong. This error would not have major neg-
ative consequences if the rejection were advisory, because
the authors, after verifying with an expert that the objection
is wrong, would ignore it. However, if the objection implies a
veto and appealing that "sentence” is difficult, the most com-
mon thing is that the authors of the project give up continu-
ing with it and abandon an initiative that could have provided
useful knowledge.

An argument frequently put forward is that these com-
missions ensure patient safety, defending their rights and - it
is assumed - protecting them from possible abuse by research-
ers. However, there is little reason to think that the members
of the external commission will take better care of patients
than the doctors who are in personal and direct contact with
them. Attending physicians do not ask any committee for au-
thorization every morning to explore and treat each of their
patients. For all these reasons, it does not seem appropriate for
the evaluation committee to have veto power when this is not
an essential part of their mission [9].

REGISTRATION OF MEDICAL STUDIES AND
PUBLICATION BIAS

In principle, all RCTs that are launched are registered
and their authors undertake to publish the results, since it
is assumed - with good judgment - that, if the study is well
planned and developed, its result, whatever it may be, provides
useful information. However, in practice it is very difficult to
get studies published that do not show some "“statistically
significant” effect. Even the most serious and honest authors
when they find poor results tend to give the study as "failed”,
that is, it was not possible to carry it out properly, instead of
"with a negative result” and assume that it is not necessary to
publish their work. Thus, we have the problem of multitesting,
which can seriously pervert the final balance of publications
towards the desired effect. Bonferroni's reasoning helps us
quantify the probabilities of finding results with a test P value
lower than a certain limit, if several attempts are made and
only those that yield a sufficiently small P value are considered
worthy of publication.

Let us consider the case in which the pathogen "A", caus-
ing a serious infection with very high mortality, was sensitive
to a certain antibiotic, but has recently developed resistance,
resulting in a strain resistant to all currently known antibiotics.
A study aimed at verifying whether it is sensitive to the new
drug "B", that has given very promising "provisional” results,
creates high expectations, which lead a large number of teams

to carry out studies that can confirm it. A pertinent design
would be to randomize 100 patients with this infection into
two groups of 50, one with placebo and the other with "B". If
the antibiotic is not effective, the study will most likely return
a result with a relatively large P value, say greater than 0.05.
But if several studies of the same type are carried out with
ineffective drugs, the probability that at least one of them will
yield a P value < 0.05 increases significantly with the number
of studies carried out. Specifically, if N studies are performed,
we have: probability (at least one study with P <0.05) = 1 - (1
- 0.05)".

Thus, if 10 studies are carried out with an ineffective an-
tibiotic, the probability that at least one will show P < 0.05 is
1-(1-005"=1-095"=1-0,60=0,40. And if 40 studies
are carried out, the probability that at least one shows P < 0.05
is 1 - 0.95% = 0.83. There are scenarios in which there is a lot
of pressure to research the treatment of an infection, the pan-
demic is possibly the best example. It is therefore plausible that
the number of teams that decide to do this research reaches
100 and in this case the probability that at least one returns
P <0.05 is 0.994, that is, with a useless drug, it is practically
certain that it will appear at least one with P value <0.05. In
fact, one study with P <0.01 and others around 4 studies with
P <0.05 are very likely. If all other studies (with P >0.05) are
not published, the scientific community would consider that
there is strong evidence in favor of the usefulness of that drug.
To quantify this evidence, a meta-analysis could be carried out
with the five published ones and a P value < 0.001 would be
obtained.

A possible resource to partially alleviate the problem of
multitesting would be to ask for a smaller test P value, for
example 0.01, to consider that there is sufficient evidence in
favor of the new drug being effective. However, the accumula-
tion of studies has an effect that is only partially counteracted
by this lowering of the value that is set as a threshold. Apply-
ing the previous formula, we find that the probability that at
least one study yields P < 0.01is 0.10 for N = 10; 0.33 for N =
40 and 0.63 for N = 100. We see that the probability of finding
studies with “significant” results when there is not really the
desired effect is high and if the medical scientific community
does not have access to studies with negative results that have
appeared simultaneously with the positive ones, is committed
to considering good products and procedures that are useless.
In some cases, these treatments can even have a harmful ef-
fect, as we have seen in the case of hydroxychloroquine used
for COVID-19 infection [10].

The problem of publication bias arises in the most gener-
al case, where there is no promising previous data regarding
a specific product. It is enough that there is - as is usual in
medicine - a problem to which a solution is sought and many
research groups are mobilized for it. If each group tests a dif-
ferent product or procedure, the probability that one of them
that is truly useless will be declared useful also increases ac-
cording to the Bonferroni formula and therefore the need to
faithfully report all clinical studies that are launched. It is im-
perative to reduce publication bias.
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RCTs have this component - the systematic recording of
all studies initiated - that is very positive, but it is obvious that
the same praxis can be applied to all types of clinical studies.
The entire administrative infrastructure that enables the reg-
istration of RCTs can and should accommodate the registra-
tion of prospective, pilot and exploratory clinical studies. The
logistics involved are complicated and expensive, but the med-
ical science community has no choice. If there are no rigorous
systematic prior records that allow us to know at least a good
part of the studies with negative results, the publication bias is
very high. Only with these records and the publication of neg-
ative results is it possible to carry out reliable meta-analyses.

In conclusion, RCTs are a very good source of clinical in-
formation, but not the only one. The systematic registration of
all research initiated can and should be applied to all types of
clinical studies.
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ABSTRACT

The properties of the main surface proteins and the viral
cycle of the respiratory syncytial virus (RSV) make it an attrac-
tive pathogen from the perspective of microbiology. The virus
gets its name from the manner it infects cells, which enables
it to produce syncytia, which allow the virus' genetic material
to move across cells without having to release viral offspring
to the cellular exterior, reducing immune system identification.
This causes a disease with a high impact in both children and
adults over 60, which has sparked the development of sever-
al preventive interventions based on vaccines and monoclonal
antibodies for both age groups. The epidemiological character-
istics of this virus, which circulates in epidemics throughout
the coldest months of the year and exhibits a marked genetic
and antigenic drift due to its high mutation capability, must be
taken into consideration while using these preventive meth-
ods. The most important microbiological and epidemiological
elements of RSV are covered in this study, along with how
they have affected the creation of preventive medications and
their use in the future.

Keywords: Respiratory syncytial virus; F protein; microbiology; epidemiology

Caracteristicas microbioldgicas y epidemioldgicas
del virus respiratorio sincitial

RESUMEN

Las caracteristicas de las principales proteinas de superfi-
cie y el ciclo virico del virus respiratorio sincitial (VRS) lo con-
vierten en un patégeno atractivo desde el punto de vista de la
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microbiologia. El virus debe su nombre a la forma en que in-
fecta las células, lo que le permite producir sincicios, que per-
miten que el material genético del virus se desplace a traveés de
las células sin tener que liberar descendientes virales al exterior
celular, lo que reduce la identificacion por parte del sistema in-
munitario. Esto provoca una enfermedad con un alto impacto
tanto en niflos como en adultos mayores de 60 afios, lo que ha
motivado el desarrollo de diversas intervenciones preventivas
basadas en vacunas y anticuerpos monoclonales para ambos
grupos de edad. Las caracteristicas epidemioldgicas de este vi-
rus, que circula en epidemias durante los meses mas frios del
afo y presenta una marcada deriva genética y antigénica de-
bido a su alta capacidad de mutacion, deben ser tenidas en
cuenta a la hora de utilizar y disefar estos métodos preventi-
vos. En esta revision se abordan los elementos microbioldgicos
y epidemioldgicos mas importantes del VRS, asi como la forma
en que han afectado a la creacion de medicamentos preventi-
VoS y a su uso en el futuro.

Palabras clave: Virus respiratorio sincitial; proteina F; microbiologia; epi-
demiologia

INTRODUCTION

After COVID-19 pandemic, there has been a surge of in-
terest in virology, particularly in microbes that have a signif-
icant impact on human health but have previously gone un-
noticed. One of these is respiratory syncytial virus (RSV), which
generates annual epidemics primarily in infants but also has a
significant influence on the elderly's health.

Before pandemic, multiple product concepts for RSV pre-
vention in various age groups were in development. Among
the prophylactic approaches available were monoclonal anti-
bodies for passive immunization and vaccinations for children
and people >60 years. This, combined with the inclusion of this
virus in most surveillance systems globally, particularly in Eu-
rope, illustrates the high level of interest in this pathogen and
the burden of disease it causes.
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It is vital to have quality knowledge on the microbiological
features of RSV, as well as the aspects involved in its seasonal-
ity and form of circulation, in order to understand the details
of their use and the reasons for their use. As a result, we pro-
pose this narrative review focused on the virological features
and an examination of the available RSV epidemiology data.

VIROLOGICAL FEATURES OF RSV

History of their discovery. RSV was first described in
1956 [1], but it was not until much later that it was linked to
the respiratory disease it produces in humans [2]. In fact, the
virus was discovered in a group of 14 chimps suffering from
the common cold, and a virus was isolated from them that
the researchers termed CCA, or "Chimpanze Coryza Agent"
[3,4]. Antibodies were found in all convalescent animals, im-
plying that the attack rate was 100% [5]. Furthermore, one of
the animal caregivers had an acute respiratory infection and
a detectable antibody response to this novel virus, but unlike
the animals, the etiologic agent could not be identified in the
respiratory samples. The pathogenicity of the CCA virus was
demonstrated by re-inoculating the isolated virus in healthy
chimps, who acquired the sickness three days later.

Subsequently, it was revealed that this same infectious
agent caused respiratory illness in children, and that many of
them had neutralizing antibodies against it, therefore the virus
was named Respiratory Syncytial Virus [2] owing to the behav-
ior it displayed in cell cultures. As 80% of 4-year-olds had an-
tibodies against RSV, this led to the conclusion that CCA was a
human virus that infrequently affected other primates [6]. The
researchers Chanock and Finberg [6] found two distinct viruses

in respiratory samples from children with bronchopneumonia
and laryngotracheobronchitis, designating them "Long strain”
and "Snyder strain,” respectively. When it was discovered that
the Long strain, as well as the Snyder and CCA strains, exhibited
a very similar respiratory pathology, they were merged into a
single group, Respiratory Syncytial Virus, as further papers de-
scribing this disease arose.

Classification and virological features of RSV. RSV
is a virus belonging to the genus Orthopneumovirus, family
Pneumoviridae, order Mononegavirales [7,8], and their species
denomination is Human orthopneumovirus or Orthopneumo-
virus hominis. This family contains RSV as well as other viruses
that affect various animals, such as bovine and murine RSV
[7,.9-11]. The other genus in the family Pneumoviridae that af-
fects also human being is Metapneumovirus, which has only
one representative, the human Metapneumovirus (hMPV) [2],
which was initially reported in the Netherlands in 2001 [12].

RSV has a dual morphology, sometimes spherical with a
diameter of roughly 100-350 nm and occasionally filamentous
with a diameter of 60-200 nm [13]. In reality, when cultivat-
ed in cells, its filamentous form is common, with many of the
virions remaining attached to the infected cell and not being
released until certain procedures are used.

The genetic material is made up of single-stranded, un-
segmented, negatively polarized RNA [14], which is made up of
15,000 nucleotides. The RSV genome is organized into 10 genes
and 11 ORFs (Open Reading Frames) encoding 11 structural
and non-structural proteins, NS1, NS2, N, P, M, SH, G, F, M2-1
& M2-2 (encoded by two ORFs) and L [15,16] (Figure 1) (Table
1). The genetic material is surrounded by many proteins, includ-
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Figure 1 ‘

Morphological features of the Respiratory Syncytial Virus and genomic organization and structure of
genes. On the left site, filamentous form and on the right site spherical form. M2-1 and M2-2 are
represented inside the virion but are not present in nature because they are non-structural proteins.
M2-1 and M2-2 genes are overlapped because they pertain to the same gene but are translated by
different ORFs (Open Reading Frames). Created with BioRender.com.
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Tabla 1 Features of the genes and proteins composing the RSV genome. Modified from Collins et al. [17].
Length Length
Protein nucleotides  aminoacids Type Location Function
G 923 298 Structural Lipid envelope Attachment
F 1903 574 Structural Lipid envelope Fusion/attachment
SH 410 64 Structural Lipid envelope Viroporinion channel
M 958 256 Structural Inner envelope face Assembly
N 1203 391 Structural Ribonucleocapsid RNA-binding
P 914 241 Structural Ribonucleocapsid Phosphoprotein
L 6578 2165 Structural Ribonucleocapsid Polymerase
M2-1 961 194 Nonstructural Ribonucleocapsid Transcription processivity factor
M2-2 961 90 Nonstructural Not present in virion Transcription RNA replication
NS1 532 139 Nonstructural Not present in virion Inhibit type I IFN induction and signaling, inhibit apoptosis
NS2 503 124 Nonstructural Not present in virion Inhibit type | IFN induction and signaling, inhibit apoptosis

ing nucleoprotein (N), phosphoprotein (P), and RNA-depend-
ent polymerase (L), which are involved in the encapsulation of
the virion RNA to create the ribonucleoprotein (RNP) complex,
which is part of the viral replication machinery. Furthermore,
M2-1 and M2-2 proteins proceed from the same gene express-
ing two different proteins by two different ORFs. M2-1 protein
is an enzyme that increases RNA transcription processivity, and
M2-2 has regulatory activities in RNA replication and transcrip-
tion [17]. The M, or matrix protein, is found beneath the virus
membrane and is in charge of viral structural integrity, as well as
mechanisms associated to virion production and virus outward
"budding.”

RSV contains three distinct membrane glycoproteins. Pro-
tein G is a cell adhesion protein with the primary function of
anchoring to the host cell membrane. The F protein is involved
in the fusion of the cytoplasmic membrane of the host cell and
the viral membrane. The SH (Short Hydrophobic) protein gen-
erates an ion channel that is required for virion internaliza-
tion into the cell. RSV contains two extra proteins that are not
found in other paramyxoviruses. These are the non-structural
NS1 and NS2 proteins, which have roles linked to interferon
production inhibition, cell signaling limiting, and apoptosis in-
hibition [17].

To protect themselves from enzymatic destruction, to be
recognized by cellular translation mechanisms [18], and to es-
cape identification by certain immune system elements [19],
the mRNAs that give rise to these proteins are methylated at
the 5" end and have polyA tails at the 3" end. Except for the M2
gene, which has two separate ORFs producing M2-1 and M2-
2 proteins, the genetic material is arranged from 3' to 5', and
each gene expresses its matching mRNA. The genome starts at
3" with an extragenic area of 44 nucleotides before the NS1
gene and ends with another extragenic region of 155 nucleo-
tides after the L gene. The first nine genes are separated by a

brief spacer of 1-58 nucleotides that has no known function
and varies between virus genotypes.

Functions of G, F and SH proteins. Antigenic sites and
their importance for disease prevention. RSV surface gly-
coproteins G and F are the most important. These two proteins
are responsible for virus adherence to the host cell and virion
internalization within the cell, and therefore for the virus's in-
fectious process.

Protein G is an approximately 80 kDa heavily glycosylated
protein. Depending on the serotype, it has approximately 298
amino acids. It has so many carbohydrate groups connected to
the protein that the glycosylated portion accounts for 60% of
the total protein weight [20]. Its primary purpose is to keep RSV
attached to the host cell. The action of this protein is known
from trials in which RSV adherence to Hela cells was reduced
using specific antibodies against the G protein, demonstrating
that the function of this protein was cell adhesion [21]. How-
ever, this protein serves other purposes. It plays a role in both
the inflammatory response and immunological evasion. G pro-
tein may mimic some cellular receptors and be responsible for
some inhibitory effects, such as those caused by TNF-at [22]. As
a result, future vaccines directed against this immunogenic pro-
tein should help to minimize illness by lowering virus-induced
inflammation as well as viral replication [23,24].

The F protein (fusion protein) is a 574-amino acid trans-
membrane protein [25]. It is synthesized in its inactive state
(FO) and is surrounded by strain-dependent glycans. F protein
is made up of three FO monomers (trimer). This inactive protein
is cleaved by furin-like proteases [26], resulting in the forma-
tion of two protein subunits, F1 and F2, which are covalently
connected by disulfide bridges [27], activating the F protein to
its post-fusion state [20]. The hydrophobic fusion peptide is
buried in a central cavity of the protein in the pre-fusion state
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(FO), and the protein undergoes a conformational change that
results in a new folding of the protein that allows insertion of
the fusion peptide into the host cell membrane by a currently
unknown mechanism [28]. This permits the viral and host cell
membranes to gradually approach each other [29], resulting in
membrane fusion and internalization of the virion and its ge-
netic material for starting of the viral replication cycle. Specific
antibodies against the F protein have been found to impede
membrane fusion and thereby prevent infection and its sever-
ity [30]. Furthermore, some researchers believe that the F pro-
tein can facilitate cell adhesion and fusion in the absence of G
and SH proteins, making it one of the most important targets
for vaccination [31].

The F protein's membrane-fusion function is responsible
not only for virion internalization but also for syncytium for-
mation, which is characteristic of RSV disease and pathogene-
sis. During the viral replication cycle, the F protein is produced
in infected cells and subsequently localized in the cell mem-
brane, where it binds to other neighboring cells and causes
them to fuse [32]. As a result, syncytia form, which are multi-
cellular and multinucleated formations without continuity dis-
solution, allowing the passage of the virus's genetic material
from one cell to another without the need to leave the cell
[33], favoring transmission and avoiding, at some extent, im-
mune system activity. This pathway is required for RSV patho-
genesis and cytotoxicity. This syncytium-forming impact is al-
so seen in other viral diseases such as measles [34], HIV, herpes
simplex virus, and, in rare circumstances, SARS-CoV-2 [35,36].

The virus interacts with the host cell via a variety of re-
ceptors. The G protein, for example, binds to CX3CR1 and
HSPG (heparan sulfate proteoglycans) receptors, whereas the
F protein interacts with nucleolin receptors, EGFR (Epidermal
growth factor), IGF1R (Insulin-like growth factor-1 receptor),
and ICAM-1 (Intercellular molecular adhesion-1) [14,20].

Finally, the SH protein is an integral membrane protein
of 64-65 amino acids that is very phylogenetically conserved
[37]. The SH protein acts as an ion channel to permeabilize the
membrane of the infected cell. It is also involved in the pre-
vention of apoptosis in infected cells.

Evolution/mutation rate. Genetic variability, viral
evolution, immune escape and impact on reinfections.
RSV is formed by two distinct subtypes, A and B, that differ
fundamentally by antigenic and genetic drift of the virus,
which happens mostly through the G protein but also in the
other viral proteins at less extent [10]. These two subtypes
were initially described based on reactivity to monoclonal an-
tibodies [38], but it was later discovered that the differences
between them were more complex, and were based, as pre-
viously noted, on the existing variety in the sequence of their
different genes. There are several genotypes within subtypes A
and B in this sense, but there is no agreement on their nomen-
clature and characterization [39,40]. In fact, this evolutionary
process, which involves the introduction of new genotypes in-
to populations where others were previously circulating and
the extinction of the latter [40], is very similar to the seasonal

dynamics of other respiratory viruses such as influenza and,
more recently, SARS-CoV-2, which involves the continuous
emergence of new variants, the introduction of the same and
new populations, and the extinction of the previous ones [41].

RSV's mutation rate, like that of other RNA viruses, is sig-
nificant, resulting in constant genetic and antigenic drift with
repercussions for humans. RSV, like influenza viruses, is very
variable, and the lack of a proof-reading exonuclease (which
exists in SARS-CoV-2) results in a mutation rate of roughly
107%/10™* nucleotide substitutions/site/year [41-44], depending
on the gene and strain. RSV-A viruses appear to have a low-
er mutation rate (1.48x107 nucleotide substitutions/site/year)
than RSV-B viruses (1.92x107° nucleotide substitutions/site/
year) [41]. This high mutation rate results in the continuous
selection of new strains or variants as a result of immune sys-
tem pressure, among other mechanisms [39], which has a clear
impact on the medium/long term development of effective
vaccines, antivirals, and monoclonal antibody treatments [1].

The aforementioned genetic and antigenic diversity re-
sulted in a full genotype classification [45,46]. RSV-A has
9 genotypes (GA1-GA7, SAA1 and NA1) [1], but RSV-B has
at least 32 genotypes (BA1-14, GB1-GB5, SAB1-4, URU1-2,
NZB1-2, BA-CCA, BA-CCB, BA-C, CBB and CB1) [41]. These dis-
tinct genotypes of both groups can co-circulate in the same
RSV season in consecutive years, but the predominant geno-
type often changes each year [47]. This rapid divergence and
evolution is a problem for vaccines in development or near to
be approved, since they must create a broad response against
all genotypes while maintaining a distinct response against
each genotype.

Within the two RSV proteins with the highest antigenic
capability (G and F), the G protein exhibits a 10-fold strong-
er antigenic drift than F and other internal virus genes [48].
RSV-A viruses (NA1 genotype) have a 72-nucleotide duplica-
tion in the G protein, while RSV-B viruses (BA genotype) have
a 60-nucleotide duplication [1]. These duplications in the G
protein's genetic material have resulted in an increase in viral
fitness, causing these two genotypes to spread fast around the
world [49]. The F protein, on the other hand, is far more con-
served, thus while both proteins are of relevance for vaccine
and monoclonal antibody creation, the F protein has a greater
interest since it may have higher long-term utility. Nonethe-
less, there are genetic and antigenic changes in the F protein
(particularly in RSV-B viruses), so its genetic drift will have to
be taken into account in the future for the adaptation of these
preventive treatments, as is done with influenza viruses and
will most likely be done with SARS-CoV-2 infections.

The immune system'’s pressure is substantially responsible
for RSV's genetic and antigenic drift [39]. The high variability
of the G protein indicates positive selection, allowing the virus
immune escape to the host, whereas the lower variability of
other proteins, including F, indicates that they are genes that
specialize and optimize over time and have important func-
tions in the cell cycle related to genetic material replication
and viral transmission.
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Figure 2

Mechanism of infection and syncytia formation of respiratory syncytial virus. First the virus attach to

the cell through G protein (A) and insert their genetic material after fusion of viral/cell membranes via
activation of F protein. After that, the genetic material starts their replication and mRNA translation
for protein formation. The F protein is then produced and located into the cell host membrane (B),
attaching the infected cell to the next one and forming syncytia (C), a superstructure formed by several
cells with only one cytoplasm but with several nuclei, where the genetic material of the virus can travel
from one cell to another. When the virus produces damage into the syncytia, this triggers the death of
several cells at the same time. Created with BioRender.com.

Other processes, like as recombination, which can gen-
erate new genotypes, allow the virus to evolve. According to
some authors, these recombination can only occur between
genotypes of the same group (A or B), not between groups
[41]. However, there is limited data indicating co-infections of
many genotypes in the same individual, which could allow for
this form of recombination, thus further research is needed in
this area. Despite this, the recombination hypothesis may be
realistic because other viruses, such as SARS-CoV-2, have ex-
perienced this effect, such as the development of the XBB var-
jation as a result of BA.2.10.1 and BA.2.75 recombination [50].

The aforementioned RSV variability, mediated by the
aforementioned processes, results in recurrent reinfections.
According to certain research, 36-42% of children suffered
RSV reinfections within their first five years of life [51]. RSV
infections do not elicit a long-lasting immune response, but
reinfections are typically milder than the original episode [52].
Antibodies produced during the first infection do not vanish,
but the antibody titer tends to diminish over time, resulting in
the recurrence of similar episodes, albeit with reduced clinical
signs. One of the most critical determinants in reinfection is
age, particularly for reinfections that occur during the same
RSV season in which the kid was first infected. These reinfec-
tions are more common and severe in younger children [53].

Viral cycle. RSV infection characteristics are greatly de-
pending on cell type. When RSV enters the respiratory system
by inhalation, it attaches via the G protein to the ciliated cells
of the respiratory epithelium via the receptors indicated above,
most notably CX3CR1. Following this interaction, the F protein
is activated in its post-fusion state and the virion binds to the
host cell membrane, fusing both membranes and initiating in-
ternalization [17]. The virion nucleocapsid is then released into
the cell cytoplasm, where the viral genome, along with the N
protein, forms a helical structure and associates with the pol-

ymerase-RNA-dependent complex. The polymerase then starts
transcribing viral mRNAs and replicating the genome, generat-
ing positive polarity RNA sequences (antigenome) that serve as
a template for the synthesis of negative polarity RNA that will
be part of the viral offspring [54]. The “de novo" synthesized
genomes bind to the structural proteins that comprise the pol-
ymerase-RNA-dependent complex and the N protein to form
new nucleocapsids, which are then transported to the infected
cell's plasma membrane to bind to the rest of the structural
proteins and produce the new virions that are released from
the infected cell.

Pathogenic effect of the virus through the creation of
syncytia. Although the virus can continue its infectious cycle by
releasing virions into the extracellular space, the formation of
syncytia is another prevalent method of intercellular transmis-
sion in RSV, which also lends the virus its name. As previously
stated, syncytia are cellular clusters that share the same area
within a single lipid membrane but contain several cell nuclei.
This superstructure permits viral genetic material to be trans-
ported between cells without being released into the cellular
space, resulting in a very efficient transmission system that also
hides the virus from immune system action [55] (Figure 2).

One implication of syncytia formation is that the peak vi-
ral load occurs later than in other viral infections that do not
induce syncytia [56,57]. Another difference is that this type of
virus progression appears to be a viral evasion strategy, with
a direct impact on the severity of infection [55]. Another im-
plication of syncytium formation is that, unlike in the case of
an influenza infection, where cell death occurs one at a time,
cell death occurs abruptly in the case of RSV and syncytia, in
which many cells die at the same time because they are part of
the same syncytium, which has been dubbed the “"burst model"
[58]. This huge cell death appears to be linked to significant
lung injury, which has a direct impact on the progression of
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the disease and consequently the severity of the clinical pro-
cess [59]. Although syncytia development impacts other disor-
ders, such as COVID-19, the exact processes by which it wors-
ens the condition in these patients remain unknown.

Antigenic sites in the F protein and the possible im-
pact on vaccine effectiveness and protection. Six distinct
antigenic regions in the F protein have been identified as being
of particular significance for the production of vaccines and
monoclonal antibodies. These antigenic sites were discovered
both before and after fusion. Neutralizing antibodies were de-
veloped in the following sequence of potency: site @, site V,
site Il site IV, site II, and site | [60]. Sites @ and V are exclu-
sively present in the F protein's pre-fusion conformation, but
the others are present in both, with considerable differences in
the effectiveness of neutralizing antibodies produced against
them (up to 80-fold in some circumstances) [60].

Given that the @ and V sites are the most potent inducers
of neutralizing antibodies, and that these are only present in
the pre-fusion state of the protein, the great majority of vac-
cine and monoclonal antibody designs will target the pre-fu-
sion form of this protein. Sixty percent of the neutralizing an-
tibodies found against the F protein target the @ and V sites.
The most likely explanation for these large differences is that
the @ and V sites on the F protein are much more topologically
accessible than the rest, in addition to the angle of approach
of the antibodies, which interacts with other annexin struc-
tures less than other antigenic sites on the same protein [61].

In terms of the technique to be taken to avoid infection or
minimize its severity, the two preventative strategies available
at present time are drastically different. Vaccines formulated
against the F protein in its pre-fusion condition generate a
broad polyclonal antibody response when manufactured us-
ing the complete protein. In other words, antibodies are made
preferentially towards the most accessible antigenic sites @
and V, although antibodies against other sections of the pro-
tein are also formed [62]. However, antibody treatments such
as nirsevimab and palivizumab are directed against specif-
ic epitopes (in the case of nirsevimab @ and Il in the case of
palivizumab) [63], implying that we are dealing with monoclo-
nal antibodies [64]. This results in significant discrepancies in
active and passive immunization techniques, despite the fact
that both paradigms examine different areas of protection and
are, of course, complementary.

Several Spanish hospitals conducted the first global esti-
mate of nirsevimab's effectiveness using real-world evidence,
which was published in February 2024 [65]. According to this
trial, in infants under 9 months old who were candidates for
this vaccine, nirsevimab was found to be effective in prevent-
ing laboratory-confirmed RSV LRTI (low-respiratory tract in-
fections) by 70% to 849%, with coverages exceeding 90%.

EPIDEMIOLOGICAL FEATURES OF THE RSV

Features of the transmission of RSV. RSV is transmit-
ted by infected people's secretions via the respiratory pathway

[66]. Furthermore, children with bronchiolitis produce aerosols
that might transport the virus via extremely small droplets
that are easily spread [67]. On the other hand, other authors
suggest that aerosol transmission is inefficient, since investi-
gations in pediatric primary care found that just 2.3% of aer-
osol samples collected had detectable RSV [68]. As a result,
the process of respiratory transmission necessitates, above all,
closeness between two people. Furthermore, some authors ar-
gue that fomite contamination may be an additional pathway
for virus transmission [69], albeit of lesser consequence than
respiratory transmission. RSV has a basic reproductive number
of roughly 3.0 (SD=0.6) [65]. However, as with all respirato-
ry diseases, this number varies based on the features of the
individual source of infection (behavior, age, etc), as well as
the preventive measures implemented throughout the virus's
circulation months.

This fast transmission rate has an impact on more than
just the process by which the virus spreads from an infected
individual to a vulnerable one. Other elements, like as coex-
istence and interpersonal interactions, also have a role. The
characteristics of families and persons living together in the
family setting are highly linked to RSV transmission. Some
authors, for example, show that infections in younger chil-
dren frequently develop when the virus enters the home via
an older sibling's infection [70,71]. Younger children who are
not in school have a very restricted contact regimen, but older
children who are already in day care/school are more likely to
become infected, developing a milder condition but having a
significant influence on younger children who are cohabitants
due to their age. Children, on the other hand, can transmit
RSV to older caregivers, which can be harmful if they have risk
diseases [72,73]. Vaccination measures for older children may
thus be beneficial in preventing sickness in younger children.

Features of epidemic circulation and lasting of epi-
demics. During the coldest months of the year, RSV spreads
like wildfire. It is typically diagnosed in the northern hemi-
sphere between the months of October and March, with the
epidemic peak recorded in several European nations around
week 48-50 of the year, about at the end of December [68,69]
(Figure 3). Epidemics in these countries last from 12-32 weeks,
depending on the territory and the characteristics of the sur-
veillance system (a total of 5-6 months). RSV epidemics often
spread from the southern hemisphere to the northern hemi-
sphere. They begin in the southern hemisphere in March and
June and conclude in the northern hemisphere in September
and December [74,75]. However, in tropical climatic areas, the
RSV season might last up to ten months [76].

The seasonal prevalence of RSV in temperate regions
may reflect one of two previously proposed ideas for influ-
enza viruses. The first theory holds that epidemics during the
cold months of the year are caused by new virus introduc-
tions from countries with widespread virus circulation, either
from the opposite hemisphere or from tropical or subtropical
climates where the virus adopts a type of endemic circulation
[78]. These reintroductions would occur on a regular basis,
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Figure 3 Circulation of RSV and influenza viruses during the last 9 epidemic seasons before the COVID-19

pandemic in Spain. Modified from Instituto de Salud Carlos Il [77].

but in unfavorable times due to an unfavorable climate for
the virus in temperate climes, brief chains of transmission
would occur, which would not result in epidemics. On the
contrary, once the cold months arrive and the above-men-
tioned environmental conditions (low temperatures, low ab-
solute humidity, overcrowding, etc.) favor virus persistence,
reintroductions from other parts of the world lead to longer
chains of transmission, eventually leading to epidemics, as
seen with influenza [79].

Alternatively, the second hypothesis proposes that the vi-
rus will remain dormant in select populations, such as immu-
nocompromised persons such as HIV/AIDS patients and even
children, until the following season [40]. These people are gen-
erally long-term virus excretors, even weeks or months [80,81],
since they are unable to clear the infection or reduce the viral
load, but they are often asymptomatic or pauci-symptomatic.
However, until the appearance of COVID-19, current surveil-
lance systems focused their efforts on influenza and exclusive-
ly on the epidemiological surveillance period (week 40 of one
year to week 20 of the following year), making it difficult to
discover this sort of case.
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For example, in the case of influenza, one of the most
widely accepted explanations for the annual occurrence of ep-
idemics is that reintroductions are the primary driver of this
seasonality. Indeed, the "East-Southeast Asian epicenter mod-
el" hypothesis, proposed by Smith et al. in 2008, demonstrated
the existence of a continuous reservoir of influenza in East and
Southeast Asia, which could be the epicenter of strains that
were then distributed globally in each epidemic, both in the
northern and southern hemispheres [82]. These scientists even
claimed that dispersions out of this part of the world had lit-
tle effect on the evolutionary divergence of influenza viruses,
implying that this epicenter was responsible for the majority
of the virus's antigenic alterations. Similar patterns have been
seen by other researchers from several tropical climatic reser-
voirs [78]. However, as previously discussed, the possibility that
RSV could survive for a long time in non-immunocompromised
populations should not be discounted. According to some au-
thors, the mixed hypothesis is the most correct. Indeed, due to
nitric oxide activity, RSV may remain latent in monocyte-de-
rived dendritic cells for lengthy periods of time [83,84], which
could be significant to the occurrence of epidemics or non-pe-
riodic seasonal outbreaks in temperate regions.
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Figure 4 Incidence rate (cases/100.000 inhabitants) of RSV in Spain during the last five seasons since the

emergence of COVID-19 pandemic. Modified from SIVIRA [96].

RSV has been described as having two subtypes (RSV-A and
RSV-B) and various genotypes, as previously stated. Historical
divergence statistics indicate that the two RSV groups may have
separated in the year 1681 [41]. The two RSV subtypes frequent-
ly co-circulate in the same epidemic [38,85], however one sub-
type predominates over the other depending on the year [86].
Which subtype is more widespread is highly dependent on the
season, the affected population, the territory, and the people's
immunological background. However, numerous reports claim
that subtype A is more common than subtype B in around 60%
of outbreaks [87,88]. Both RSV subtypes have similar pathologic
characteristics in illness manifestation. However, there appears
to be a larger prevalence of ICU hospitalizations in pediatric
RSV-A patients than in RSV-B patients [89].

Impact of the COVID-19 pandemic on the RSV cir-
culation. The COVID-19 pandemic changed the way all res-
piratory viruses behaved. Mask use, social isolation, travel bans
to other countries, and isolation all abruptly halted the spread
of SARS-CoV-2 and other respiratory-transmitted viruses [90].
However, the relaxation of these measures beginning in 2021
caused some respiratory viruses to partially resurface, albeit
with epidemiological characteristics in terms of timing of pres-
entation that were not normal compared to before the pan-
demic (higher intensity, longer months of circulation, locali-
zation of epidemics in unusual months of the year, and so on).

In Japan, for example, the 2021 RSV outbreak began in July,
significantly earlier than usual [91]. This was due not only to the
relaxation of the aforementioned measures, but also to the fact
that many countries adopted strict measures to keep children
away from the virus, closing daycare centers, schools, and even

parks to prevent transmission [88], effectively keeping them in a
bubble in which only adults were responsible for the virus's en-
try into the home environment. In 2021, an unseasonalized RSV
outbreak occurred in France as well, beginning in February and
lasting until about May of that year [92]. Pinquier et al. found a
3-4 month disparity between what happens in this country and
what happens in other countries. Other studies have found sim-
ilar shifts in various countries, primarily during the off-season
and notably in late RSV epidemics [93].

RSV behavior in 2022 was more similar to that observed
prior to the pandemic, with the virus emerging in several na-
tions in the fall months, albeit significantly earlier. The major-
ity of cases (919%) in the United States were caused by differ-
ent genotypes of the RSV-A subtype. This revival was severe,
with detection and hospitalization rates higher than before
the pandemic [94]. Other countries, such as Spain, have also
reported a more severe RSV outbreak in 2022 compared to
previous years, particularly among younger children [95]. The
national reports produced by the SiVIRA tool (ARI Surveillance
System) at the state level demonstrate this anomalous behav-
ior. They indicate a delocalized epidemic peak in comparison
to other post COVID-19 epidemics, with the epidemic peak oc-
curring in week 1/2023, and a very high incidence, approach-
ing 300 cases/100,000 inhabitants [96]. Following that, both
the incidence and the pattern that accompanied the epidemic
peak in the 2023-2024 season were comparable to those of
prior years (Figure 4).

CONCLUSIONS

RSV has a significant influence on human health, particu-
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larly in youngsters and the elderly. The virological and genetic
properties of this virus constitute a barrier for the develop-
ment of appropriate preventative strategies to avoid the dis-
ease from a microbiological standpoint. Among these obsta-
cles is the high variability of the G protein, which is primarily
responsible for reinfections in the initial years of life, as well as
an etiopathogenesis of the disease that inhibits the immune
system's ability to eradicate the virus. However, the character-
istics of the RSV F protein in the prefusion state have made vi-
able the appearance of different preventive treatments, which
have already seen or will see the light of day in the coming
years.

It is desirable to improve existing knowledge on the ep-
idemiological realities of RSV, particularly the disease's influ-
ence on human health, not only in infants but also in older
age groups. This may allow us to assess who will gain the
most from the advent of this sort of preventative medicine,
allowing us to prioritize its usage in these populations. Robust
surveillance mechanisms, in addition to those already in place
for influenza and COVID-19, are required to properly track the
virus's activities. The breakthroughs in RSV treatment and pre-
vention that are now being achieved will likely allow for pro-
gress in many aspects of its treatment and prevention during
the coming decade.
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ABSTRACT Cuestiones candentes en neumonia. Reflexiones

Pneumonia is a multifaceted illness with a wide range
of clinical manifestations, degree of severity and multiple
potential causing microorganisms. Despite the intensive
research of recent decades, community-acquired pneu-
monia remains the third-highest cause of mortality in
developed countries and the first due to infections; and
hospital-acquired pneumonia is the main cause of death
from nosocomial infection in critically ill patients. Guide-
lines for management of this disease are available world-
wide, but there are questions which generate controversy,
and the latest advances make it difficult to stay them up
to date. A multidisciplinary approach can overcome these
limitations and can also aid to improve clinical results.
Spanish medical societies involved in diagnosis and treat-
ment of pneumonia have made a collaborative effort to
actualize and integrate last expertise about this infection.
The aim of this paper is to reflect this knowledge, com-
municated in Fifth Pneumonia Day in Spain. It reviews
the most important questions about this disorder, such
as microbiological diagnosis, advances in antibiotic and
sequential therapy, management of beta-lactam allergic
patient, preventive measures, management of unusual or
multi-resistant microorganisms and adjuvant or advanced
therapies in Intensive Care Unit.

Keywords: Community-acquired pneumonia, aetiology, management, the-
rapeutic failure, nosocomial pneumonia, healthcare-associated pneumo-
nia, epidemiology, diagnosis stewardship, prevention.
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RESUMEN

La neumonia es una enfermedad polifacética con una
amplia gama de manifestaciones clinicas, niveles de gra-
vedad y microorganismos causantes potenciales. A pesar
de la intensa investigacion de las ultimas décadas, la neu-
monia adquirida en la comunidad sigue siendo la tercera
causa de mortalidad en los paises desarrollados y la pri-
mera debida a infeccion; y la neumonia adquirida en el
hospital es la principal causa de muerte por infeccion no-
socomial en pacientes criticos. En todo el mundo existen
directrices para el manejo de esta enfermedad, pero hay
cuestiones que generan controversia y los ultimos avances
dificultan su actualizacion. Un enfoque multidisciplinar
puede superar estas limitaciones y ayudar a mejorar los
resultados clinicos. Varias sociedades médicas espafolas
implicadas en el diagnostico y tratamiento de la neumonia
han realizado un esfuerzo colaborativo para actualizar e
integrar los ultimos conocimientos sobre esta infeccion. El
objetivo de este trabajo es reflejar estos conocimientos,
comunicados en el V Dia de la Neumonia en Espafa. En él
se revisan las cuestiones mas importantes sobre este tras-
torno, como el diagndstico microbiologico, los avances en
la terapia antibiotica y secuencial, el manejo del pacien-
te alérgico a betalactamicos, las medidas preventivas, el
manejo de microorganismos inusuales o multirresistentes
y las terapias coadyuvantes o avanzadas en la Unidad de
Cuidados Intensivos.

Palabras clave. Neumonia adquirida en la comunidad, etiologia, manejo,
fracaso terapéutico, neumonia nosocomial, neumonia asociada a la asis-
tencia sanitaria, epidemiologia, diagndstico, administracion, prevencion.
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INTRODUCTION

Community-acquired pneumonia (CAP) is the infection
with the higher mortality in industrialized countries. Not tak-
ing account COVID-19 (coronavirus disease 2019), it has an
incidence of 1.2 cases per 1000 adults in Europe and 2.4 in
USA. Higher rate of pneumococcal vaccination in Europe is
believed to cause this difference. At extreme ages (under 5
and over 70-year-old) the incidence increases [1]. Hospital-ac-
quired pneumonia (HAP) is also an important cause of morbid-
ity, decreased quality of life, increased sanitary spending and
mortality [2-6]. HAP is a pulmonary inflammatory process of
infectious origin that develops after more than 48 hours from
hospital admission time, was not previously incubating and
was absent at time of admission. Ventilator-associated pneu-
monia (VAP) is a significant sub-set of HAP that appears in pa-
tients with an artificial airway more than 48-72 hours after
tracheal intubation [7-9]. HAP is the main cause of death from
nosocomial infection in critically ill patients (with an incidence
of 5 to 10 cases per 1000 hospital admissions), while VAP af-
fects 10-25% of all patients in intensive care units (ICU), with
a higher mortality than HAP: 20-30% vs 20-50% respectively
[10, 11].

Despite international guidelines implemented in all health
systems, there is variability in the diagnostic and therapeutic
management of these entities. Moreover, morbidity and mor-
tality remain high and a multiprofessional approach is neces-
sary to improve these rates [12, 13]. Finally, new information
from clinical trials and epidemiological studies arises regularly
so frequent actualization of knowledge is necessary.

Since 2019, an annual meeting of Pneumonia has been
held by main Medical Societies involved in diagnosis and treat-
ment of this disease in Spain. The fifth meeting happened on
14 November 2023 [14]. Experts of different medical speciali-
ties related to CAP, HAP and VAP presented the latest advances
in their respective fields of action. The aim of the present paper
is to synthesize the main ideas of each presentation showed in
the meeting regarding the scientific program.

MATERIAL AND METHODS

Design. The Study Group of Infection in the Critically Il
Patient of the Spanish Society of Infectious Diseases and Clin-
ical Microbiology (GEIPC-SEIMC) called experts of different
Spanish Medical Societies involved in diagnosis and treatment
of CAP, HAP, and VAP (listed in this document's affiliation) to
make a narrative review of their respective field of knowledge
and to present their conclusions in different workshops in the
Annual Meeting of Pneumonia.

Search strategy. Between July and November 2023, the
experts performed a bibliographic search of their correspond-
ing topics in PubMed ((http://www.ncbi.nlm.nih.gov/pubmed/,
accessed on 1 November 2023), Embase (http://www.elsevier.
com/online-tools/embase/ , accessed on 1 November 2023)
and Scopus (http://www.elsevier.com/onlinetools/scopus , ac-

cessed on 1 November 2023). They chose the most relevant
and current articles in their opinion for each issue, to prepare a
presentation of 45 minutes for the meeting.

Drafting. On 14 November 2023, two medical writers
(CMRL and CGC) attended and then, between November and
December, they wrote a text with the main ideas exposed in
the meeting.

Revision. Between January and February of 2024, all the
experts had the opportunity to read the complete text and
raise objections and changes.

RESULTS

Microbiological diagnosis. Targeted treatment has al-
ways been a great challenge in planning clinical work algo-
rithms for infectious diseases, especially in sepsis with respira-
tory origin or HAP/VAP [8]. The time elapsed from the start of
empirical antibiotics to the selection of targeted treatment in
intensive care units (ICUs) is marked mainly by the microbiologi-
cal results obtained. This time is conditioned by clinical identifi-
cation of infection, obtention of specimens for microbiological
testing and laboratory processing of samples. Clinicians initiate
empirical treatment, which becomes targeted treatment when
microbiological results are available. That empirical treatment
can be appropriate or inappropriate, so microbiological results
can be used to maintain the same therapy, deescalate therapy
or to escalate spectrum based on identification and suscepti-
bility testing [15].

Due to the potential appearance of resistant bacteria
and possible therapeutic failures associated with an incorrect
choice of antibiotic, the microbiological diagnostic techniques
have evolved mainly in two aspects: response time and kind of
information provided. Molecular biology has been decisive to
improve them. It provides results on samples of the respira-
tory tract and blood in few hours and this information allows
to transform an empirical treatment into a targeted one ear-
lier. Polymerase Chain Reaction (PCR) is an example of these
molecular techniques and has greatly developed in last years.
Main advantages given by these procedures are [12]: i) High
negative predictive value for studied microorganisms, ii) High
positive predictive value for genotypic markers of resistance
and iii) Increased detection yield compared to standard culture.
However, they also have several limitations: i) Clinical signifi-
cance of qualitative detection debatable (sample dependent),
i) Interpretation of (semi)quantitative result, iii) Interpretation
of mixed detections and iv) Colonization microorganisms of
doubtful clinical significance.

Despite these rapid techniques have dramatically im-
proved time response of microbiological laboratory, it is ear-
ly to make general recommendations about their use. In any
case, progress in reducing time for identification of microor-
ganism and resistance mechanisms is evident. Potential impact
is especially relevant for sicker patients, such as ones with VAP
or immunosuppressed. However, conventional bacteriological
culture is still essential for the correct interpretation of results
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Table 1
analysis.

Strengths, Weakness, Opportunities and Treats (SWOT) and Correct, Adapt, Maintain y Explore (CAME)

SWOT analysis

Strengths
Motivation, capacitation, values, and compromise (attitude and aptitude).
Effort culture.
Opportunities
Strategic alliances between study groups (SG).
Strategic alliances between SG and Pharmaceutical Industry.

Execution of inversions and grants.

Weakness
Toxic competitivity between different medical specialities.
Apathy.
Treats

SG with same fields of interest and competition between them.

CAME analysis

Correct the Weakness
Empowerment SG.
Stimulation of members of SG.
Renovation of board of directors.
To improve attraction of new members.
Generational replacement.
Diffusion in social networks.

Maintain the Strengths
Awards for young investigation and publications.
Awards for clinical cases.

Relationship among Sepsis Code and with foundations.

Adapt to the Threats
Stimulation of own identity and mark.
Create differential value.

To search for alliances.

Explore the Opportunities
Consensus documents and recommendations.
Own clinical trials and epidemiological studies. Derived publications.

To improve web page.

and decision making. Moreover, the development and im-
provement of conventional microbiology techniques continue
to play an important role in obtaining better results [16].

Actualization in pneumonia. New documents driven
by Spanish medical societies. Eleven medical societies collab-
orated in 2022 to prepare two documents to actualize knowl-
edge about CAP, HAP, and VAP [17, 18]. These societies were
GEIPC-SEIMC (critical patient infection study group, Span-
ish Society of Clinical Microbiology and Infectious Diseases),
SEQ (Spanish Society of Chemotherapy), Infurgsemes-SEMES
(Emergency Department Infection Study Group, Spanish So-
ciety of Emergency Medicine), GEVAC-SEIMC (Vaccines Study
Group, Spanish Society of Clinical Microbiology and Infectious
Diseases), GTEIS-SEMICYUC (Working Group on Infectious Dis-
eases and Sepsis-Spanish Society of Intensive Care Medicine,
Critical Care and Coronary Units), GEMARA-SEIMC (Task Force
on Mechanisms of Action and Antimicrobial Resistance, Span-
ish Society of Clinical Microbiology and Infectious Diseases),
GEIRAS-SEIMC (Healthcare-associated Infection Study Group,
Spanish Society of Clinical Microbiology and Infectious Dis-
eases), SEPAR (Spanish Society of Pneumology and Thoracic
Surgery), SEGG (Spanish Society of Geriatrics and Gerontolo-
gy), SEDAR-GTIPO (Perioperative Infections Task Force, Spanish
Society of Anaesthesiology, Resuscitation and Pain Therapy),
and SEHAD (Spanish Society of Hospital at Home). This collab-

orative effort was preceded by a SWOG and CAME analysis to
perform a good strategy, as can be seen in Table 1.

Experts wrote about ten important issues about commu-
nity-acquired and nosocomial pneumonia.

Most relevant issues for CAP

Changing aetiology. Thanks to introduction of syndro-
mic panels [19], proportion of pneumonia caused by identified
bacteria grew from 15-30% to 62-71%, compared to classic
methods, such as cultures [20, 21]. Also, the impact of COV-
ID-19 made Haemophilus influenzae and Staphylococcus au-
reus were more frequent than Streptococcus pneumoniae [22].

Diagnostic procedures [23-25]. Primary care, outpatient
clinic and long-term facilities: Only rapid antigen detection of
SARS-CoV-2 in nasopharyngeal swab is recommended for vul-
nerable patients, such as aged ones. Emergency department.
Recommended: rapid antigen detection of SARS-CoV-2 in na-
sopharyngeal swab. In severe cases: gram stain and culture of
respiratory secretions, blood culture, urinary antigen test for
S. pneumoniae and Legionella pneumophila and molecular
tests for detection of bacterial and viral pathogens. In patients
empirically treated for methicillin-resistant S. aureus (MRSA):
nares screening for MRSA. Procalcitonin is not recommended
to determine initiation of antibacterial therapy.

Use of corticosteroid therapy. Risks (corticosteroid in-
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Table 2

Initial treatment strategies for patients with CAP. Adapted from Candel et al. [17].

Primary care regimen Hospital admission regimen

ICU admission regimen

Oral amoxicillin 1g/8h or oral amoxicillin-clavulanic
875/125 mg/8h (if asthma or COPD) or cefditoren
400mg/12h (alternative)

Plus Plus

or risk of S. aureus)

Macrolide (oral azithromycin 500mg/24h/ 3 days or

clarithromycin 500mg/12h) clarithromycin 500mg/12h)

Ceftriaxone 2g/24h iv or cefotaxime 2g/8h iv or
ceftaroline 600mg/12h v (if post-influenza pneumonia

Oralfiv macrolide (azithromycin 500mg/24h [3 days or

Ceftriaxone 2g/24h iv or cefotaxime 2g/8h iv or
ceftaroline 600mg/12h iv

Plus

Macrolide (azithromycin 500mg/24h iv or
clarithromycin 500mg/12h iv) or quinolone
(levofloxacin 500mg/12h or moxifloxacin 400mg/24h)

or or
Levofloxacin500mg/12h (1-2 days) and then 500mg/24h  Levofloxacin 500mg/12h iv (1-2 days) and then If risk factors for MDR bacteria:
or Moxifloxacin 400mg/24h 500mg/24h or moxifloxacin 400mg/24h iv Meropenem 1g/8h iv + Levofloxacin 500 mg/12h iv +
Ceftaroline 600mg/12h iv or Linezolid 600mg/12 h iv
Table 3 Pneumococcal vaccination guidelines in Spain. Adapted from Candel et al. [17]

Population group

Recommended pattern Modifications in autonomous regions

QOver 65 years without risk factors

Over 18 years with chronic pathology: chronic cardiovascular and respiratory disease, severe

PPSV23v (1 dose)
PPSV23v 1 dose

PCV20v or PCV13v (1 dose)
PCV20v or PCV13v (1 dose)

neurological and neuromuscular disease, chronic liver disease, diabetes mellitus, celiac disease, i

institutionalized persons.

Over 18 years high risk groups: immunodeficiencies and complement system deficiencies,
immunosuppressive treatment, asplenia or severe splenic dysfunction, HIV infection, chronic +
renal failure and nephrotic syndrome, transplant, CSF fistula, cochlear implant, history of invasive

pneumococcal disease, liver cirrhosis and chronic alcoholism, Down syndrome.

Revaccination each 5 years
PCV13v (1 dose) PCV20v (1 dose)
+

PPSV23v (1 dose)

(at least 8 weeks)

PPSV23v (1 dose)

(at least 8 weeks)

PPSV23v: 23-valent Pneumococcal polysaccharide vaccine. PCV13v: 13-valent pneumococcal conjugate vaccine, PCV20v: 20-valent pneumococcal conjugate vaccine. HIV:

Human Immunodeficiency Virus. CSF fistula: cerebrospinal fluid fistula.

duced hyperglycaemia) and potential benefits (to avoid ICU ad-
mission and reduction of treatment failure) must be balanced
towards a personalized medicine [26, 27]. A deeper review will
follow in next sections, but the most important remarks are:
Influenza pneumonia. Clinicians must avoid corticosteroid [28],
refractory septic shock (in context of respiratory focus origin).
Corticosteroid therapy has demonstrated benefit [29]. Other
situations such as COVID-19, autoimmune disease, or concur-
rent asthma of chronic obstructive pulmonary disease (COPD),
employment of corticosteroid can be considered [30, 31].

Recommended initial treatment is shown in Table 2 [32].
The duration of treatment should be individualized according
to clinical stability with a minimum of 5 days. Risk factors for
multidrug resistant (MDR) bacteria include prior respiratory
isolation of MRSA or Pseudomonas aeruginosa, severe COPD,
bronchiectasis, or recent hospitalization and receipt of paren-
teral antibiotics (in the last 3 months).
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Main risk factors for readmission. CAP related [33-35]: wors-
ening signs and symptoms of CAP, treatment failure, clinical insta-
bility at discharge, PSI (oneumonia severity index) > 4, leucocytosis
over 12000/mm?®, and multidrug-resistant bacteria. Non-CAP re-
lated [36-38): comorbidities, age over 65 years, Charlson comor-
bidity score over 2, coronary heart disease, COPD, non-metastatic
cancer, complicated diabetes, chronic kidney disease, =3 previous
admissions, chronic respiratory failure, heart failure, chronic liver
disease, and discharge to hospital at home unit. Dementia was a
protective factor for readmission, despite aspiration risk.

Other issues were the Spanish recommendations for
pneumococcal vaccination (Table 3) and new advances given
by artificial intelligence are available, such as machine learn-
ing for the prediction of sepsis [39] and interpretation of chest
radiographs [40].

Most remarked issues in HAP and VAP (some of them are
showed in other parts of the present document).
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Suspected nosocomial pneumonia in the ICU

Early onset without vHAP and/or prior I -
previous AT AT failure MIMAOSUprESSed patien
Patient risk factors Epidemiological context MDR incidence >5%
(>5% incidence) PCR result or severilly ill
| |
| | | | | | |
Opportunistic
MDR P. aeruginosa OXA-48 KPC Enterobacteriaceae No or Unkown Yes microorganisms
suspect
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3G cephalosporin :
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AMG + linezolid or

Associate linezolid or vancomycin according to meticillin-resistant S. aureus local incidence

voriconazole, candine,

ceftaroline anpho B)

MDR P. aeruginosa
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and/or bacteremia

Y

Methicillin-S: cloxacillin/
cefazolin
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or CAZ/AVI

CAZIAVI cefiderocol

or colistin

Methicillin-R:
linezolid/vanco/ceftaroline

Metallo-B-lactamase
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Cefepime

Acinetobacter Aspergillosis

Colistin
or cefiderocol
+/- tigecycline

Antifungal

TMP/STX
(Isavuconazol,

+[- candine

voriconazole,
candine, anpho B)

Figure 1 ‘

Modified PANNUCI algorithm from empirical to targeted treatment on nosocomial pneumonia in ICUs in
European countries (both immunocompetent and immunosuppressed). Adapted from Candel et al. [18]

AT: antimicrobial therapy; vHAP: ventilated hospital-acquired pneumonia; VAP: ventilator-associated pneumonia; MDR: multidrug resistant; PCR: polymerase chain
reaction; CFT/TAZ: ceftolozane/tazobactam; CAZ/AVI: ceftazidime/avibactam; PIP[TAZ: piperacillin/tazobactam; AMG: aminoglycoside; AZT: Aztreonam; EAT: empirical
antimicrobial treatment; TAT: targeted treatment; OXA-48: OXA-48 Carbapenemase; KPC: Klebsiella pneumoniae Carbapenemase; MER-VAR: meropenem-vaborbactam;
IMI-REL: imipenem-relebactam; ESBL-E: extended spectrum beta-lactamase-producing enterobacteria; PJ: Pneumocystis jirovecii. * If Oxa-48 susceptible to CAZ/AVI.

Molecular techniques. They are very useful for rapid di-
agnosis of HAP and VAP. They detect a wide range of micro-
organisms, with a variety of commercial panels. The range of
answer time goes from 20 to 120 minutes. They have demon-
strated an improvement in health, mortality, and a good cost/
benefit profile. They are especially helpful for immunocom-
promised patients and for detection of viruses such as SARS-
CoV-2 [41-45].

Nowadays, two main guidelines recommend different

samples to reach microbiological diagnosis in VAP. The Amer-
ican Thoracic Society/Infectious Diseases Society of America

Rev Esp Quimioter 2024,37(3): 221-251

(ATS/IDSA) guideline [46] recommends tracheal aspiration,
which is the easiest, safest, and cheapest way, although it is
vulnerable to upper respiratory tract contamination, so some-
times it is difficult to differentiate colonization from real in-
fection and a derived risk of overuse of antibiotics exists. On
the other hand, the International ERS/ESICM/ESCMID/ALAT
(European Respiratory Society, European Society of Inten-
sive Care Medicine, European Society of Clinical Microbiology
and Infectious Diseases, Latin American Thoracic Association)
guideline [47] suggest the use of bronchoscopy with broncho-
alveolar lavage (BAL), that requires trained staff, but it obtains
a lower respiratory tract sample, has higher specificity, easily
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Table 4

Causes of therapeutic failure in patients with HAP-VAP. Adapted from Candel et al. [18]

Cause Recommendation

Inadequate antibiotic treatment
Sub-therapeutic antibiotic concentrations
New pathogens isolated

Undrained pyogenic focus (i.e., empyema) Therapeutic drainage
Drug fever

A non-infectious illness presenting as HAP

Escalate based on microbiological results.
Increase antimicrobial dosing. Use extended or continuous antibiotic infusions to optimize PK/PD parameters

Antimicrobial treatment according to microbiological data

Change antibiotic treatment

Management as appropriate

PK/PD: pharmacokinetics/pharmacodynamics.

distinguishes infection from colonization and is safe. Finally,
mini-BAL is a reasonable alternative when bronchoscopy is not
available [48-51].

Immunosuppressed patients can benefit from a wide
range of microbiological procedures [18]. Some of them are:
i) Microbiological stains or respiratory secretions, with imme-
diate results and low costs. Despite these advantages, there are
derived risk of false negative results, and they are also observ-
er dependent, ii) Traditional culture of respiratory specimens
and blood, which are time dependent and have medium-low
performance, iii) Detection of fungal antigens, such as galac-
tomannan in respiratory samples or blood; and (1-3)-B-D-glu-
can or cryptococcal antigen in serum sample. More useful in
neutropenic patients and some techniques are not completely
validated, iv) PCR (polymerase chain reaction) in respiratory
samples, nasopharyngeal swab, or blood. It is very sensitive
but with risk of false positive (colonizing microorganisms) and
false negative (inadequate sample, microorganisms not in-
cluded in the panel), v) Direct fluorescent antibodies directed
against certain microorganisms, vi) Detection of soluble anti-
gens in urine.

The prior PANNUCI algorithm for antibiotic treatment of
pneumonia [52] has been updated [18]. It is shown in Figure
1. Use of antibiotics for hospital at home (HaH) is an useful
tool to improve quality of life of some patients with HAP that
requires intravenous treatment for a long time and reach clin-
ical stability. New devices such as electronic and elastomeric
pumps allow a safe administration at home [53-55]. Finally, a
review of causes of therapeutic failure and recommendations
to solve them can be seen in Table 4 [18].

Allergy to beta-lactam antibiotics. Allergy to be-
ta-lactam antibiotics is a frequent problem among patients
and in Spain it is estimated that a 10-12% of the population
has some type of hypersensitivity and women are more often
affected. Overall, 17% of all these adverse drug reactions are
severe and 0.6% are the cause of death [56, 57]. Clinical spec-
trum of allergic reactions is very wide. They include cutaneous
reactions, anaphylaxis, blood dyscrasias and kidney diseases.
Amoxicillin-clavulanic is the antibiotic more often involved, al-
though more of the reactions are mild. Cases caused by piper-

acillin-tazobactam and meropenem are less frequent, but their
occurrence has been increased in last years and their severity is
higher [58]. Moreover, people who are allergic to beta-lactam
antibiotics have worse outcomes: they are more days in hos-
pital, have higher rates of hospital readmission, costs, ICU stay
and mortality; have more postsurgical complications and high-
er risk of Clostridioides difficile diarrhoea and multidrug re-
sistant bacterial infections [56, 59, 60]. In addition, alternative
antibiotics such as quinolones have an unfavourable adverse
reaction profile, with publication of safety notes by regulatory
agencies [61].

Despite being a frequent problem among general popula-
tion, different studies have demonstrated that only 18.3% to
28.6% of people who claim being allergic to beta-lactam are
really allergic to them [62-64]. This false label limits possibil-
ities of treatment and potentially causes worse outcomes as
has been mentioned.

Chemical structure of beta-lactam antibiotics is important
because it determines cross reactivity between different mol-
ecules. They have a shared beta-lactam ring, a specific ring for
each group and one or more lateral chains, that can be similar
between different beta-lactam antibiotics, even if they are of
different families. Generic chemical structure is showed in Fig-
ure 2 [65-67].

Owing to their different chemical structure, hypersen-
sitivity to penicillin, for example, does not mean hypersensi-
tivity to other beta-lactam antibiotics. In fact, cross reactivity
between first generation cephalosporins and penicillin is less
than 10%. Lateral chain is a good predictor of cross reactivity,
so that different beta-lactam antibiotics with a similar lateral
chain have a relative risk of cross reactivity of 3 (confidence
interval -Cl- 1.6-5.5), whereas second and third generation
cephalosporins, such as ceftriaxone, have a very low chance
of cross reactivity with penicillin, due to their different lateral
chains [65, 66, 68, 69]. In fact, 75 - 97% of penicillin allergic
patients tolerate cephalosporins, and 99% tolerate aztreonam
and carbapenems. Although aztreonam has been classically
considered secure in these patients, it shares the same lateral
chain than ceftazidime and cefiderocol, so cross reactions are
expected between them and its use in patients allergic to these
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Figure 2 ‘ Beta-lactam structure
Solid arrow: beta-lactam ring. Dashed arrow: group ring. R, R1, R2: lateral chains.

specific cephalosporines is not recommended. In the case of
carbapenems, a history of penicillin allergy contraindicates
their use, but in practice it is important to know result of his-
torical cutaneal allergy test against penicillin, which has a high
negative predictive value [64]: in case it is negative, use of
carbapenems is considered secure; in case it is positive or un-
known, carbapenem should be administrated in a gradual way,
with increasing concentration and with narrow surveillance of
allergic reactions [70-73] .

So, beta-lactam allergy is a heterogeneous problem be-
cause a patient can be allergic to a specific family (e.g. amin-
openicillins) but can tolerate other families (e.g. carbapenems).
Moreover, false label of beta-lactam allergy is a frequent issue
that can be dangerous because it can lead to worse outcomes

as has been mentioned. So, it is very important to take a de-
tailed clinic history and consultation with allergology if avail-
able [74]. PEN-FAST is an instrument designed to stratify risk
in these patients and it evaluates time since allergic reaction,
clinic manifestations and severity of them, and treatment re-
quired for reaction [75]. So, after a careful evaluation, a pa-
tient can be classified as not allergic if he has an adverse re-
action such as vomiting or diarrhoea; mild reaction probably
not mediated by IgE, so cephalosporins of third generation and
newer, carbapenems and aztreonam can be used; and severe
reactions, that can be mediated by IgE, such as anaphylaxis, or
not mediated by IgE, such as interstitial nephritis. In these last
cases, only aztreonam can be employed. In all cases, a subse-
quent evaluation by allergy service is strongly recommended.
Other instruments have been developed to evaluate the risk
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Table 5 Empirical treatment in patients allergic to beta-lactam antibiotics. Adapted from Barberan et al. [79]
Low risk of allergic reaction High risk of allergic reaction
CAP Levofloxacin 750 mg/24 h vo Levofloxacin 750 mg/24 h iv

If severe:
Ceftriaxone 2 g/24 h iv plus

Azithromycin 500 mg/24 h vo

or

Levofloxacin 750 mg[24 h iv

Early HAP-VAP (less than 5 days in hospital) Ceftriaxone 2 g/24 h iv or

Levofloxacin 750 mg/24 h iv

Late or severe HAP-VAP Ceftazidime 2 g/8 h iv or
Meropenem 1-2 g/8 h iv.
Consider add:

Linezolid 600 mg/12 h iv

or

Aztreonam 2 g/8 h plus

Linezolid 600 mg/12 h iv

or

Vancomycin 30 mg/kg/d in 2-3 doses iv

Vancomycin 30 mg/kg/d in 2-3 doses iv

Lung abscess or aspiration pneumonia Ceftriaxone 2 g/24 h iv plus

Clindamycin 600 mg/8 h iv

Aztreonam 2 g/8 h plus
Clindamycin 600 mg/8 h iv

of cross reaction and they have demonstrated an increment
in utilization of beta-lactam without a higher rate of adverse
effects [76, 77].

Recommended empirical antibiotic treatment is shown in
Table 5. Recommended duration of treatment is 3-5 days in
CAP, 8 days in HAP-VAP, and individualized until drainage in
the case of lung abscess. Clinicians also must consider anti-
biotic coverage of S. aureus andfor P. aeruginosa if needed.
If a beta-lactam antibiotic is used, they may perform a previ-
ous controlled exposition trial [56]. As it has been stated, it is
important to eliminate false allergy labels and to stratify risk.
Allergy consultation, if available, is strongly recommended.
Alternatives with non-beta-lactam antibiotics, such as mox-
ifloxacin, omadacycline, eravacycline or plazomicin may be
considered for some patients with multidrug resistant bacteria
[78-80]. Currently, the optimized management of beta-lactam
allergy is included in stewardship strategies or programs.

Zero Pneumonia. The Zero Pneumonia (ZN) project is a
multifactorial intervention proposal based on the simultane-
ous application of a package of measures to prevent VAP. Its
intention is to reduce the infectious complications in Spain.
The project is sponsored by the Quality Agency of the Ministry
of Health, Social Policy, and Equality (MSPSI) with the collab-
oration of the Spanish Society of Intensive Care Nursing and
Coronary Units (SEEIUC) and the Spanish Society of Intensive
Care Medicine and Coronary Units (SEMICYUC). Zero Bacter-
iemia project was developed previously, and its structure was
used to implement ZN project. It is an ambitious project that
involves the MSPSI Quality Agency, the Health Departments of
the Autonomous Communities (AACC) and the management
team of several national hospitals. It also includes the collab-
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oration of doctors and nurses from most ICUs in the country
and different working groups of the SEMICYUC. The main ob-
jective of the ZN project is to reduce the national VAP rate to
less than 9 episodes per 1,000 days of mechanical ventilation,
which means a 40% reduction respect to previous rates (2000-
2008) and a 25% reduction compared to 2009 and 2010 rates.

To achieve it, medical doctor and nurses, appointed by
their respective societies, defined ten recommendations. Seven
of them have the highest scientific evidence and are obliga-
tory [81]. They are: Training of staff in airway manipulation,
control of pneumotamponade, oral hygiene with chlorhexidine
(0.12-0.2% every 6-8h), hand hygiene, avoid supine position
whenever possible, promoting the process of respiratory me-
chanical weaning, avoid the scheduled change of humidifiers
and tracheal tubes. Another three recommendations are highly
recommended, but at the beginning they were not mandatory:
Selective decontamination of the digestive tract, aspiration of
subglottic secretions, use of systemic antibiotics during intu-
bation in patients with a low level of consciousness.

The applications of these measures made incidence of
VAP decrease until 5.41 episodes per 1,000 days of mechanical
ventilation in 2019. However, COVID-19 pandemic made it rise
to 19.99 in 2021. Therefore, the latest ZN guideline made all
recommendations mandatory. This change, along with control
of COVID-19 pandemic, made incidence of VAP decreases to
8.55 [81].

Finally, aetiology of VAP has maintained without great
changes in the last 10 years, with P. aeruginosa and K. pneu-
moniae predominating among Gram-negative Bacilli (GNB),
and methicillin-susceptible S. aureus among Gram Positive
Cocci (GPC). As resistance mechanisms associated with GNB,

228



C. M Rodriguez-Leal, et al.

Candent issues in pneumonia. Reflections from the Fifth Annual Meeting of Spanish Experts 2023

Table 6

ATS/IDSA criteria to define severe CAP. Adapted from File et al. [84]

Major criteria

Minor Criteria

Septic shock treated with vasopressors

Respiratory failure necessitating mechanical ventilation

Respiratory rate > 30 bpm

Confusion or disorientation

Hypothermia (temperature < 36°C)

Hypotension necessitating aggressive fluid resuscitation
Leukopenia (<4000 cells/mm?).

Thrombocytopenia (<100000 platelets/mm?).

Uremia: BUN > 20 mg/dL.

Ratio Pa0, to Fi02 < 250

Multilobar (>2) infiltrates

bpm: breath per minute, BUN: blood urea nitrogen level, PaO,: partial pressure of arterial oxygen, FiO,: fraction of inspired oxygen.

extended-spectrum beta-lactamase (ESBL) producing En-
terobacterales, multi-resistant Pseudomonas spp, and metal-
lo-beta-lactamase producing GNB stand out. Meropenem and
linezolid are the most used antibiotics, whereas utilization of
piperacillinftazobactam has decreased and the appearance of
new molecules have allowed the development of new thera-
peutic regimens [14, 29, 81].

Therapeutic optimisation in community-acquired
pneumonia

Community-acquired pneumonia in intensive care
unit (ICU). Pneumonia is an important cause of death world-
wide. It was the first cause of death at the end of twentieth
century and nowadays is the second cause, only overcome by
cardiovascular diseases [82]. Moreover, it frequently causes the
death of aged people [83]. Among CAP that require ICU admis-
sion, mortality have maintained high (around 30%), despite ef-
forts to reduce it [84-87]. Apart from distress syndrome, which
severity is correlated with likelihood of death, other factors
related with higher risk of decease are advance age, previous
antibiotic therapy, comorbidities, multiorgan failure and an
inadequate empiric antibiotic treatment [88]. Another factor
related with higher mortality is delayed intubation in patients
who needed it [89].

The main identified aetiology of CAP is S. pneumoniae,
identified in more than 80% of isolates, but its prevalence
has become slightly lower in last years. It is followed by other
microorganism such as Streptococcus spp., Haemophilus spp.,
enterobacteria, Pseudomonas spp. and others [21,90,91]. How-
ever, in 50% of pneumonias, etiologic agent is not identified.
This lack of identification is related with antibiotic treatment
before obtaining sample and non-invasive tests [92]. Decreased
susceptibility to penicillin of S. pneumoniae is observed in some
pneumococcal pneumonia. An intermediate susceptibility can
be observed in 5-10% of cases, while high resistance is con-
firmed in less than 4% of all cases [93]. S. pneumoniae has

a decreased susceptibility to ceftriaxone in 5-109% of isolates,
depending on studied region. In contrast, quinolones and cef-
taroline maintains an excellent profile, with susceptibilities of
almost all studied isolates [94].

Severe CAP pneumonia is defined as a CAP with a major
criterion or at least 3 minor criteria established by the Ameri-
can Thoracic Society and Infectious Diseases Society of America
-ATS/IDSA- [84,95]. These criteria are shown in table 6.

Recommended empiric antibiotic treatment can be read
in table 2. Guidelines worldwide recommend a combination of
a beta-lactam plus macrolide or quinolone [29,96-98]. Due to
potential serious adverse effects of quinolones [61] and proven
benefits of macrolide combinations of 3 days, this last is the
preferred option. Election of beta-lactam is an important issue
with new evidence emerging in last years. Traditionally, choice
of election has been ceftriaxone or cefotaxime. An ideal antibi-
otic in severe CAP has these qualities: to reach an adequate se-
rum concentration, to compensate distribution volume of critic
patient, to create a high gradient to tissue, to reduce quickly
bacterial charge and to achieve enough concentration to avoid
mutant selection [99]. Two relatively news beta-lactam anti-
biotics have properties like the ones described. Ceftobiprole
demonstrated a better rate of improvement than comparator
[100]. Ceftaroline also proved better outcomes than ceftriaxone
in different settings and in presence of bacteriemia [101-103].
Duration of treatment must be tailored to patient evolution,
but in many cases five days is enough. Procalcitonin serum lev-
els (PCT) can guide this, but there is not a specific threshold to
take a decision. Dynamic changes, considering clinical state of
patient, may be helpful [96,104]. If viral aetiology is demon-
strated, in absence of signs of bacterial coinfection, antibiotic
therapy can be safely stopped. Signs of bacterial coinfection
are positive culture, radiographic findings suggestive of bacte-
rial origin, high white-cell count (>15000/mm?), high c reactive
protein (>150 mg/L) and/or PCT over 0.25 ng/mL.

So, to make mortality rates become lower in severe CAP,
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Table 7 Available options for sequential treatment of pneumonia. Adapted from Barberan et al. [116]
Advantages Disadvantages
Almost no pneumococcal resistance
Administration each 12 hours
Cefditoren Dose of 400 mg each 12 hours has an optimal pharmacokinetic Bioavailability of 20%. It can improve with food [109]

profile, even against S. pneumoniae with decreased penicillin

susceptibility

Lowest risk of resistance selection

Low resistance rate

Bioavailability of 60%

Amoxicillin-clavulanate

Administration each 12 -24 hours
Highest bioavailability (>95%)

Levofloxacin

Commercial formulation (875/125 mg) needs to be given each 8 ours

High dose of amoxicillin (2000 mg twice a day) is needed for S.
pneumoniae with decreased penicillin susceptibility and to avoid
resistance selection

Highest ecological impact

Risk of severe side effects: QT syndrome, tendonitis, retinal
detachment, aortic dissection, dysglicemia, psychiatric side effects

High dose (500 mg twice a day) is needed to avoid resistance selection

an energic approach is needed. Focus on vulnerable patients,
early intubation in people who need it and wisely use of antibi-
otic therapy might aid to achieve this objective.

Sequential treatment in community-acquired pneu-
monia. Antibiotic stewardship can be defined as a set of strat-
egies to promote the responsible use of antimicrobials for the
purpose of protecting public health [105]. A lot of interven-
tions can contribute to this objective, but some of them are
easier to implement than others and with stronger evidence
of cost-saving results, such as formulary restrictions, batching
of intravenous antimicrobials, therapeutic substitutions, and
intravenous-to-oral conversions -sequential therapy- [106].
This last one intervention is also a basic element of stewardship
programs in pneumonia treatment [107]. There are three kinds
of intravenous-to-oral conversions [108]:

e Sequential therapy. To replace the same antibiotic with an
oral formulation. E. g. substitution of levofloxacin iv (intra-
venous) for levofloxacin, moxifloxacin (or perhaps or in the
near future, delafloxacin po (per oral)).

e Switch therapy. To substitute an antibiotic for an equiva-
lent with an oral formulation. The best candidate for se-
quential therapy since ceftriaxone, by in vitro activity and
with the best pharmacodynamic profile, is cefditoren at a
dose of 400 mg every 12 hours. Its absorption improves if
taken with food [109].

e Step down therapy. To replace an antibiotic for another of
other class with an oral formulation. E. g. substitution of
ceftriaxone iv for levofloxacin po.

Sequential therapy is a universal recommendation in cur-
rent guidelines for the treatment of pneumonia [95,96]. To do
so, patient must have reached clinical stability, defined with

the following criteria [29,110]: Resolution of vital sign abnor-
malities (heart rate less than 100 beats per minute, respiratory
rate less than 24 breaths per minute, systolic blood pressure
more than 90 mmHg, arterial oxygen saturation more or equal
to 90% with usual oxygen flow for the patient, temperature
less than 37.8°C, normal mental status) and the ability to eat.

In a study conducted in Japan, sequential therapy was per-
formed in 30.1% of patients, and was more frequent among
mild patients and in people treated by pulmonologists [111].
Early intravenous-to-oral conversion of antibiotic therapy is
safe, with the same rate of mortality, recurrent infections, and
treatment success than exclusive intravenous therapy; and it
is associated with a shorter length of hospital stay and lower
costs [112,113].

Despite its advantages, there are resistances to implant se-
quential therapy. Some identified barriers are wrong concepts,
practical issues, factors related to organization and insufficient
medical education [114]. To overcome these barriers, it is nec-
essary to establish a clear hospital program, with the identifica-
tion of patients who can benefit from early switching from in-
travenous treatment to make recommendations to physicians
and to maintain an open channel of two-way communication
to create an appropriate culture. Finally, it is important a sur-
veillance of these patients to implement improvement meas-
ures [108].

Characteristics of an ideal oral antibiotic to implement a
sequential therapy are [115] similar antimicrobial spectrum,
high bioavailability, favourable pharmacokinetic characteristics
(oral route, administration every 12 to 24 hours), low resistance
selection and, if possible, low cost. In table 7, available options
to swich from an intravenous to an oral antibiotic treatment
are shown. Due to high rate of pneumococcal resistance of ce-
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Table 8 Surveillance of bacteria of interest. Adapted from Parente et al. [135]
Bacteria Sample PPV NPV
MRSA Nasal exudate Moderate Very high
CPE Perineal exudate Moderate Very high, combined with local epidemiology
PAER Respiratory or perineal High Low

CPE: carbapenemase producing enterobacteria, PAER: P. acruginosa, PPV: positive predictive value, NVP: negative predictive value.

Table 9 Mechanisms of resistance and susceptibility of new beta-lactams. Adapted from Doi et al. [151]
Carbapenemase

Class A Class B Class D

KPC, GES MBL: VIM, NDM, IMP OXA-48 PAER MR Acinetobacter S. maltophilia
Ceftazidime-avibactam S R S S R R
Ceftolozane-tazobactam R R R S R R
Imipenem-relebactam S R R S R R
Meropenem-vaborbactam S R R R R R
Cefiderocol S S S S S S

R: resistant, S: susceptible, PAER MR: P. aeruginosa multi-drug resistant.

fixime, almost 70% of isolates, this antibiotic is considered in-
appropriate. Finally, cefuroxime in usual dosage (500 mg twice
a day) does not reach enough serum concentration to be active
against S. pneumoniae [61,116-119].

Therapeutic optimisation in healthcare-associated
pneumonia

Antibiotic therapy in hospital-acquired pneumonia
and ventilation associated pneumonia. Empiric antibiotic
treatment for HAP and VAP in ICU is tailored to microbiologic
results of samples, which usually last 24 to 48 hours to be
known with traditional microbiological methods [120]. In Spain
there is intensive surveillance of aetiology of infections in ICUs
[121]. This surveillance shows that the most frequent microor-
ganisms are P. aeruginosa (17.56%), S. aureus (10.43%) and K.
pneumoniae (10.32%). Among the ten most common microor-
ganisms isolated are also S. maltophilia (5.49%), A. fumigatus
(2.63%) and cytomegalovirus -CMV- (2.09%), which are not
routinely covered by empirical treatments. Moreover, around
20% of all empiric treatments for bloodstream infections do
not treat the aetiology properly and the main predictor of em-
piric treatment failure is the isolation of a resistant microor-
ganism [122]. Delayed appropriate treatment is associated with
higher length of antibiotic treatment, hospital stay, disability
and costs [123]. An early BAL is recommended for these infec-
tions to obtain a good sample for microbiological analysis and
to adjust empiric treatment as soon as possible [120].

Current guidelines recommend empiric treatment with an
antibiotic against methicillin-resistant S. aureus -MRSA- (lin-
ezolid or vancomycin) with a combination of two antibiotics
with action against P. aeruginosa (beta-lactam plus fluoro-
quinolone or aminoglycoside or polymyxin) [6,7]. European
guideline adapts empiric antibiotic coverage attending to se-
verity and local epidemiology [124]. As antibiotic consumption
in Spain shows, these recommendations are often followed
[121]. A common suggested combination is meropenem plus
linezolid plus amikacin, but due to predominant profiles of re-
sistance of microorganisms, there is a high risk of a functional
monotherapy of aminoglycoside, which is a not recommended
option [7,121] . The most important risk factors for infection
by a multidrug resistant microorganism are [125-134]: anti-
biotic pressure, immunosuppression, comorbidity, hospital-
ization-length of stay, severity of illness, local epidemiology,
colonization of the patient by resistant microorganism and di-
agnostic and therapeutic invasive procedures performed.

There are some strategies that can help to design a more
precise empiric treatment. These approaches are a potent tool
to anticipate classical microbiological results, such as surveil-
lance of colonization by bacteria of interest [135-138]. In table
8 the most used techniques are show, knowledge about local
and regional epidemiology, and trends in resistance profile.
Among enterobacteria in Spain, the most frequent kind of car-
bapenemase is OXA-48, but other types such as KPC are also
rising [139]. In contrast, frequency of carbapenemase produc-
tion by PAER is lower [140], previous antibiotic pressure in-
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creases risk of antibiotic resistance, especially in case of PAER
[141], microscopic examination of samples and detection of re-
sistance genes by molecular techniques such as PCR [120,142].

There are recently commercialized beta-lactam antibiotics
that have a higher rate of susceptibility than older ones against
PAER. Also, aminoglycosides and colistin maintain low rates of
resistance [143], but new beta-lactams have demonstrated bet-
ter results than combinations of older ones [144-150]. In table
9 there is a review of mechanisms of resistance and suscepti-
bility of different recently developed beta-lactams [151,152].

Attending to all aspects commented in last paragraphs,
a new approach to empiric treatment has been developed by
Spanish Medical Societies, that is available in Figure 1 [18]. As
it is shown, a suggested empirical treatment guided by clues
given by patient profile, local epidemiology, gram staining
and molecular techniques is strongly recommended. Empiric
treatment against PAER must include a beta-lactam antibiot-
ic, although double antibiotic empiric regimen is optional and
it may be prescribed in case or risk of therapeutic failure, to
achieve synergic action and to optimize pharmacokinetic and
pharmacodynamic properties [153].

Although European Guidelines recommends a duration of
treatment of less than 7 days [6], length of treatment is not
well determined in case of multidrug resistant microorgan-
isms [18]. Regarding the duration of antibiotic treatment for P.
aeruginosa pneumonia, a recent clinical trial failed to demon-
strate non-inferiority of 8 days versus 15 days. Moreover, the
shorter length of treatment was associated with increased re-
currencies [154].

Finally, benefit of nebulized antibiotics for VAP has been
argued in last years. Pneumonia is an infection of high inocu-
lum and due to bronchi obstruction and atelectasis, nebulized
antibiotics fails to achieve enough concentration in target tis-
sues of animal models [155-158]. In humans, different devices
have been used to give these treatments, and membrane inhal-
ers are preferred in ventilated patients [159]. Experts advise to
avoid nebulized antibiotics for treatment of HAP and VAP, due
to the lack of effectiveness in reducing mortality and length
of ICU stay, and a high rate of respiratory adverse effects
[160,161]. Whereas inhaled antibiotics for treatment are not
recommended, amikacin may prevent VAP if given to patients
recently intubated [162].

HAP-VAP by producing-carbapenemase enterobacte-
ria non metallo-beta-lactamase (non-MBL CRE). Infectious
Diseases Society of America (IDSA) in 2023 has proposed sever-
al recommendations for the treatment of infections caused by
resistant bacteria [163]. Ceftazidime-avibactam and meropen-
em-vaborbactam are two current alternatives in the treatment
of HAP-VAP caused by non-MBL CRE, especially carbapene-
mases OXA-48 like and KPC types.

Ceftazidime-avibactam has excellent activity against bac-
teria that produce B-lactamases of Ambler class A and C, as
well as some of group D (OXA), including extended-spectrum
B-lactamases (ESBL), AmpC, KPC-type carbapenemases and

OXA-48 [164]. Data on the effectiveness of ceftazidime-avibac-
tam in critically ill patients, such as mechanically ventilated
patients, are limited. In 2020, a retrospective observational
cohort study in central Greece compared critically ill and me-
chanically ventilated patients (41 subjects) suffering from CRE
infections receiving ceftazidime-avibactam to 36 patients who
received other appropriate available antibiotic therapy, such as
polymyxin B, tigecycline and aminoglycosides. There was a sta-
tistically significant improvement in the Sequential Organ Fail-
ure Assessment (SOFA) score on days 4 and 10 in the ceftazi-
dime-avibactam group compared to that in the control group.
Ceftazidime-avibactam was better than other treatments in all
evaluated outcomes: microbiological eradication, clinical cure,
and mortality. Iliness severity was also associated with mortal-
ity. In conclusion, a ceftazidime-avibactam-containing regime
was more effective than other available antibiotic agents for
the treatment of CRE infections in the high-risk, mechanically
ventilated ICU population evaluated [165].

Despite these encouraging results, resistance to ceftazi-
dime-avibactam has developed in recent years, such as KPC-2
and KPC-3 variants. Resistance caused by the plasmid with a
mutation in the blaKPC-3 gene (D179Y variant, described in the
ST258 clone) is a challenge for microbiology laboratory. It re-
duces the MIC to carbapenems and other beta-lactams, which
can lead to false negative result in carbapenemase immuno-
chromatography detection kits. This mutation produces chang-
es in the KPC Q-loop zone (165-179 positions), it increases the
affinity for ceftazidime and meropenem and it restricts binding
to avibactam [166].

Meropenem-vaborbactam is another novel antibiotic. Va-
borbactam is a serine-B-Lactamase inhibitor, derived from bo-
ronic acid. It is defined as Ambler class A inhibitor (especially
KPC) and C, but it does not inhibit B and D classes [167]. A
Phase 3, multinational, open-label, randomized controlled trial
(TANGO Il) was conducted from 2014 to 2017 to evaluate the
efficacy and safety of meropenem-vaborbactam monothera-
py versus best available therapy (BAT) for CRE. Eligible patients
were randomized 2:1 to meropenem-vaborbactam (2g/2g over
3 h-8h for 7-14 days) or BAT (mono or combination therapy
with polymyxins, carbapenems, aminoglycosides, tigecycline;
or ceftazidime-avibactam alone). Efficacy endpoints included
clinical cure, day-28 all-cause mortality, microbiologic cure,
and overall success (clinical cure + microbiologic eradication).
Meropenem-vaborbactam was better than BAT for cure rates
and test cure, but there was not a statistically significant dif-
ference for day-28-all-cause mortality [145]. As in the case of
ceftazidime-avibactam, resistance to this new drug has been
described, such as OmpK35 and 36 mutations [168].

Cefiderocol has potent in vitro and in vivo activity against
multidrug-resistant (MDR) gram-negative bacilli, including
carbapenem-resistant isolates (including A, B, C and D Ambler
beta-lactamase classification). Exceptional reduced susceptibil-
ity during treatment to cefiderocol have already been reported
[169].

Imipenem-relebactam is a new combination of a be-
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Table 10 Differences in the IDSA and ESCMID A. baumannii CR infections treatment recommendations.
Adapted from Tamma et al. [163] and Carrara et al. [178]
IDSA ESCMID

The use of high doses of ampicillin-sulbactam is recommended (6-9g/day) in
combination with another antibiotic at least until clinical improvement is observed.

Associate minocycline, tigecycline, polymyxin B or cefiderocol.
do not associate fosfomycin, rifampicin or meropenem.
It is recommended to use ampicillin-sulbactam, even if it is in-vitro resistant.

Consider the use of polymyxin B in combination with another antibiotic, because
of limitations of this antibiotic: narrow therapeutic range, suboptimal pulmonary
penetration, potential clinical failure, and emergency of resistance during treatment.

High doses of minocycline or tigecycline can be used with at less another antibiotic.

Tigecycline is associated with higher mortality rates and should not be used in
presence of bacteriemia.

Cefiderocol should be limited to the treatment of A. baumannii CR if other
treatments fail, or it is resistant. It is recommended to prescribe it in combined
treatment.

The use of nebulized treatment is not recommended for respiratory infections.

For patients with A. baumannii CR pneumonia sensitive to sulbactam, suggests
ampicillin-sulbactam (Low level of evidence)

For patients with A. baumannii CR resistant to sulbactam, polymyxin or high doses of
tigecycline are recommended if they are active in vitro. There is not enough evidence
and a preferred antibiotic could not be recommended.

We conditionally advise against the use of cefiderocol for treatment of infections
caused by A. baumannii CR (low level of evidence).

Neither combinations are recommended: polymyxin-meropenem (high level of
evidence) nor polymyxin-rifampicin (moderate level of evidence).

In high risk and severe-ill patients, a combination of two antibiotics with in vitro
activity among available therapies should be used: polymyxins, aminoglycosides,
tigecycline, sulbactam. (very low level of evidence). If meropenem MIC is less than
8mg|L, combined therapy with meropenem extended infusion is suggested (good
practice).

ta-lactam and a beta-lactamase inhibitor. Relebactam has the
power to inhibit type A (KPC, GES, IMI) and C (AmpC, PCD) be-
ta-lactamases, but it is useless against type B and D. It also
inhibits ESBL. This combination has demonstrated non-inferi-
ority compared to piperacillin-tazobactam in HAP-VAP, with
or without bacteraemia [170]. Its safety profile is comparable
to that of imipenem-cilastatin. It is a useful alternative in the
treatment of HAP-VAP caused by non-MBL CRE type A, in a
targeted treatment setting or in settings of high prevalence
and clinical suspicion as empirical treatment [171].

Metallo-beta-lactamase-producing Pseudomonas
aeruginosa. Infections caused by multidrug-resistant
Gram-negative bacteria are becoming a worldwide problem
due to their increasing incidence and associated high mor-
tality. Carbapenem-resistant bacteria such as K. pneumoniae,
P. aeruginosa and A. baumannii are the most important in
clinical practice [172,173]. P. aeruginosa is presented as one
of the main microorganisms causing HAP/VAP in the last few
years [18]. Metallo-beta-lactamase (MBL) production has been
the cause of therapeutic failures with the antibiotics available
in the therapeutic arsenal. However, the appearance of new
antimicrobials and the rescue of old known drugs have pro-
vided alternatives for this type of isolates [173]. Several teams
from the CIBER for Infectious Diseases (CIBERINFEC) led by the
Balearic Islands Health Research Institute (IdISBa)/Son Espases
Hospital have analysed the evolution of antibiotic resistance in
P. aeruginosa. The results have recently been published in The

Lancet Regional Health-Europe [140]. The work reveals that,
in 2022, bacteria showed lower resistance to all the antibiot-
ics evaluated, both the oldest and the newest, which implies
that the bacteria were more susceptible to these treatments.
Additionally, a significant decrease in the prevalence of mul-
tidrug resistance (resistance to three or more families of an-
tibiotics) and extensive resistance (resistance to all, except 1
or 2 families) bacterial profiles was found in 2022 compared
to 2017. However, a significant increase in the proportion of
strains with the most dangerous mechanism, the production of
carbapenemases, has been described. Moreover, it is associat-
ed with the dissemination of the hypervirulent epidemic strain
ST235. This strain, along with ST175, and others associated with
high frequency to MBL production, are great challenges for
antibiotic management [140]. Alternatives currently available
in MBL-producing P. aeruginosa isolates are: cefiderocol, fos-
fomycin, high doses of amikacin and synergistic combinations
[173]. The combination of ceftazidime/avibactam with aztre-
onam is an attractive alternative in MBL-producing enterobac-
terales. However, in the case of P. aeruginosa, due to the co-
existence of collateral mechanisms, such as overexpression of
efflux pumps or loss of porins, it is not the preferred alternative
if other drugs are available [174].

The novel beta-lactam cefiderocol is stable against dif-
ferent serine- and metallo-beta-lactamases, and, due to its
iron channel-dependent uptake mechanism, is not impacted
by porin channel loss. Furthermore, the periplasmic level of
cefiderocol is not affected by upregulated efflux pumps. The
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Table 11 Differences in the IDSA and ESCMID S. maltophilia infections treatment recommendations. Adapted
from Tamma et al. [163] and Carrara et al. [178]
IDSA ESCMID

We recommend the use of 2 of the following antibiotics in combination: TMP-SMX,
minocycling, tigecycline, cefiderocol or levofloxacin.

We recommend the combination ceftazidime-avibactam plus aztreonam in clinical
instability, intolerance, or resistance to other alternatives.

Use TMP-SMX 8-12mg/kg (TMP) in combination therapy, at least until clinical
improvement.

High doses of minocycline (200mg/12h) in combination therapy is reasonable, until
clinical improvement. Tigecycline is a sensible option.

We recommend cefiderocol in combined therapy until clinical improvement.

Use levofloxacin as part of combination therapy. It is not advised leave it on
monotherapy after clinical improvement.

Consider combined therapy in severe infections, especially in immunocompromised
patients.

In patients with infections resistant to TMP-SMX or if it cannot be used, perform
combined treatment based on in vitro activity.

Use TMP-SMX at 15mg/Kg/day (TMP) in 3-4 doses adjusted to renal function.

Levofloxacin monotherapy is non-inferior to TMP-SMX monotherapy. If
fluoroquinolones are used, emergence of resistance during treatment may appear.

In patients with limited options consider second-line agents based on in vitro test.

potential for on-treatment resistance development currently
appears to be low, although more clinical data are required. In-
formation from surveillance programs, real-world compassion-
ate use, and clinical studies demonstrate that cefiderocol is an
important treatment option for MBL-producing P. aeruginosa
infections, including pneumonia [140,173-175].

Acinetobacter baumannii and Stenotrophomonas
maltophilia. A. baumannii complex and S. maltophilia are two
opportunistic bacterial species that cause nosocomial infection
(mainly HAP-VAP and bacteraemia). A. baumannii is associated
with resistance mechanisms that the World Health Organiza-
tion (WHO) introduced in the “WHO priority list for research
and development of new antibiotics for antibiotic-resistant
bacteria” (Priority 1: critical) [176]. Especially in HAP-VAP in-
fections, combinations of ampicillin-sulbactam together with
cefiderocol, tigecycline or colistin have been proposed to in-
crease the probability of therapeutic success [177]. IDSA and
ESCMID recommendations in high-risk and severe ill patients
suggest the combination of at least of two antibiotics with in
vitro activity. Table 10 shows the differences between the rec-
ommendations for treatment of A. baumannii Carbapenems
Resistant (CR) provided by IDSA and ESCMID [163,177,178].
Among the future options, it is worth highlighting the trials
that are being carried out with sulbactam/durlobactam.

Infections caused by the opportunistic pathogen S.
maltophilia in immunocompromised patients are complicated
to treat due to antibiotic resistance and the ability of the bac-
teria to produce biofilm [179]. These bacteria colonize the sur-
face of medical devices such as urinary catheters, endoscopes,
and ventilators; they can cause respiratory tract infections. Low
outer membrane permeability due to multidrug-resistant efflux
systems and the two chromosomally encoded B-lactamases
present are a challenge for antimicrobial treatment. Moreover,
there is a wide spread of antibiotic resistance genes among S.
maltophilia that contribute to enhanced resistance to multiple
antibiotics, such as penicillin, quinolones, and carbapenems.

Nevertheless, tetracycline derivatives, fluoroquinolones, tri-
methoprim-sulfamethoxazole (TMP-SMX) and cefiderocol are
considered promising antibiotics. Due to the adaptive nature of
the intrinsically resistant mechanism and its ability to acquire
new resistance via mutation and horizontal gene transfer, it re-
mains a challenge for clinicians [179,180]. The combination of
ceftazidime-avibactam plus aztreonam could be a good option
when there is resistance to TMP-SMX and fluoroquinolones
[181]. Table 11 displays the differences between the recom-
mendations for treatment of S. maltophilia treatment provided
by IDSA and ESCMID [163,178,182].

Current debates in respiratory sepsis

Steroids. Role of corticosteroids in severe pneumonia
is controversial, as available evidence suggests [183-185].
In severe viral respiratory infections, causing pathogen is an
important issue. As previously it has been mentioned, severe
influenza pneumonia does not benefit from corticosteroid
treatment [186], whereas dexamethasone is a corner stone for
treatment of severe COVID-19 pneumonia [30]. However, some
unanswered questions persist about the effectiveness of corti-
costeroids for this last entity. There is contradictory evidence
about reduction of mortality in ventilated patients. A retro-
spective study of prospectively collected data conducted in 70
ICUs (mainly Spanish), included mechanically ventilated COV-
ID-19-associated acute respiratory distress syndrome (ARDS)
patients admitted in 2020. Patients exposed to corticosteroids
at admission were matched with patients without, through
propensity score matching. Primary outcome was all-cause ICU
mortality. Secondary outcomes were to compare in-hospital
mortality, ventilator-free days at 28 days, respiratory superin-
fection, and length of stay between them. ICU mortality did not
differ between patients treated with and without corticoster-
oids and untreated patients. In survival analysis, corticosteroid
treatment at ICU admission was associated with short-term
survival benefit (HR 0.53; 95% Cl 0.39-0.72), although beyond
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the 17th day of admission, this effect switched and there was
an increased ICU mortality (long-term HR 1.68; 95% CI 1.16-
2.45). The sensitivity analysis reinforced the results. Subgroups
of age less of 60 years, severe ARDS and corticosteroids plus
tocilizumab could have greatest benefit from corticosteroids.
Short-term courses of corticosteroids decreased ICU mortali-
ty without long-term negative effects. Longer length of stay
was observed with corticosteroids among non-survivors both
in the ICU and in hospital. There were no significant differences
for the remaining secondary outcomes [187]. So, it seems that
long term treatment of corticosteroid in ICU does not give any
benefit.

CAP requiring intensive care unit admission, as it was
previously mentioned, is associated with significant acute and
long-term morbidity and mortality. Some papers support it use
[27,184], whereas others show lack of benefit [31,185,188,189].
Recently, hydrocortisone has shown utility in a randomized
clinical trial, but it only showed benefit in patients with spon-
taneous ventilation, unknown microorganism, younger than 65
years, women, milder pneumonia, and patients with strong in-
flammatory reaction -C reactive protein more than 15 mg/dL-
[27]. So, patient's phenotype plays an important role to reach
benefit from corticosteroid therapy in severe CAP [31,190].

Some meta-analyses have been performed to try to solve
this question, but they lack enough validity due to risk of bias
or because they included too old studies [191-195]. It seems
that corticosteroid can aid to avoid death in patients in ICU
with septic shock [196].

The controversy over the impact of corticosteroids on CAP
still persists. The limitations of the studies and meta-analy-
ses do not allow us to give a definitive answer. New machine
learning techniques might resolve this controversy, which may
allow evaluating the impact of corticosteroids according to dif-
ferent clinical phenotypes based on large real-life databases
[197-199].

Use of vasoactive amines. Sepsis is an organic dysfunc-
tion caused by a dysregulated patient's answer to infection and
it can cause death. Sepsis and septic shock are important and
prevalent health issues worldwide and they kill between one
and three of each six affected patients. Sepsis caused death
of 11 million people in 2017, which is 20% of total worldwide
mortality. Early identification and proper management in first
hours are key to improve outcomes. The main priority is to cor-
rect hypoperfusion [200,201].

Current guidelines recommend offering 30 mL/kg of in-
travenous crystalloid within the first three hours, with a low
quality of evidence. They also recommend considering addi-
tional fluids which must be guided by frequent reassessment
of hemodynamic status [201]. However, there is a risk of un-
der or over-resuscitation in some patients, so alternative ap-
proaches have been proposed. To offer 10 mlL/kg of intravenous
crystalloid within first hour seems a safer method. After this,
a revaluation of the patient must be done to assess signs of
hypovolemia or congestion and to tailor therapy to those signs
[202].

Objectives of hemodynamic reanimation are to assure an
adequate perfusion pression and to correct hypoperfusion data
[203], as can be seen in Figure 3. Mean arterial pressure (MAP)
objective is 65 mmHg. Higher objectives, such as 85 mmHg,
increase risk of atrial fibrillation, but in patients with previous
chronic hypertension this objective can reduce rate of use of
renal replacement therapies [204]. Early use of vasopressors is
advised to achieve this personalized objective. Norepinephrine
is the first choice because it potentiates the efficacy of volume
expansion, and it is associated with lower mortality, shorter
time to achieve target MAP and less volume of intravenous flu-
ids [205,206]. Dose of norepinephrine must be tailored to pa-
tient's response until doses between 0.25-0.5 ug/Kg/min. Nor-
epinephrine perfusion can be delivered by a peripheric venous
access, such as a vein in antecubital fossa with a wide catheter
(number 18 or wider). This approach allows to begin with vas-
opressor administration earlier until a central venous access is
secured [201,207]. Although norepinephrine is the preferred
option to achieve MAP objective in septic shock, there are oth-
er drugs with different profiles of effects over adrenergic and
other vascular wall and heart receptors [208]. There is strong
evidence against use of dopamine in septic shock because it is
associated with higher mortality and risk of arrhythmias [209].

If objective MAP is not achieved despite an adequate fluid
resuscitation and optimized norepinephrine perfusion, guide-
lines recommend adding vasopressin (0.01 - 0.03 U/min, fixed
dose) instead of increasing norepinephrine doses. In case this
combination is not enough, epinephrine must be considered.
Also, corticosteroids can be employed if hypotension persists.
Terlipressin must be avoided because it increases risk of periph-
eral and mesenteric ischemia. End of vasoactive drug perfusion
may be considered if patient is stable and without hypoper-
fusion signs for at least six hours, and catecholamines are the
first drugs to be progressively withdrawn [201].

Patients with myocardial disfunction will also need in-
otropes. There are two choices: to use a combination of
dobutamine and norepinephrine or epinephrine alone. Neither
has demonstrate superiority over the other option, but the em-
ployment of dobutamine and norepinephrine allows to adjust
each drug independently from the other and prevents potential
lactic acidosis produced by epinephrine [201]. Levosimendan
is associated with higher frequency of supraventricular tach-
yarrhythmias and lower rates of successful weaning from me-
chanical ventilation, so it must be avoided [210].

These facts are summarized in an algorithm (Figure 3). As
can be seen, therapy must be tailored to patient's characteris-
tics and response to therapies. A personalized approach is key
to get best results.

Ventilatory support. Severe pneumonia is a leading cause
of acute respiratory distress syndrome -ARDS-. Classic defini-
tion of ARDS attends only to relationship between oxygen arte-
rial partial pression and oxygen inspired fraction -PAFI- [211].
Emerging evidence in recent years, as well as the experience
with the COVID-19 pandemic, have made evident the need
for other parameters in addition to PAFI to adapt ventilatory
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Figure 3 Algorithm of hemodynamic management.

MAP: mean arterial pressure, cvSO,: central venous oxygen saturation, P(v-a)C0,: partial pression veno-arterial of CO,, Tv: tidal volume, PPV: pulse pression variation,
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support to patients with ARDS [212]. In fact, a great variabil-
ity in mortality between different ICU services was observed
during COVID-19 pandemic. These variations were attributed
to heterogeneous organization and level of training, early use
of respiratory support and prevention of secondary infections
[213]. It also showed importance of longitudinal assessment
of patients. Several phenotypes were recognized in patients
with COVID-19, and an increase of dead space and mechanical
power were associated with poorer prognosis [214]. Precision
medicine, along with tailored therapies to single characteristics
of each patient, has been recognized as an important require-
ment to improve outcomes in intensive care. To realise this,
it is necessary an exhaustive monitoring and data-driven de-
cision-making [215]. Current guidelines recognize importance
of different phenotypes based on systemic inflammatory re-
sponse, lung radiographic morphology, clinical features, and
longitudinal changes in respiratory parameters; but they are
not very flexible, and they lack enough detailed recommenda-
tions to tackle these longitudinal evolutionary changes [216].
The identification of these phenotypes may allow better out-
comes. It is also important to recognize ARDS in illness that
do not affect lungs primarily, because in these cases a delayed
diagnosis is frequent [216,217]. Moreover, in non-invasive ap-
proaches, election of interface is very important. For example,
in COVID-19 pandemic, continuous positive airway pressure
-CPAP- was better than high flow nasal oxygen -HFNO- [218].

A protective strategy to perform invasive mechanical ven-
tilation is key to prevent harm derived of medical procedures
and to improve clinical results. Periodical evaluations are need-
ed to tailor ventilatory parameters to patient's evolution. Com-
mon mistakes to avoid are [219]: Breath-stacking or expiratory
dysynchrony, excessive or insufficient ventilator assistance,
excessive or insufficient sedation and excessive or insufficient
PEEP (positive end-expiratory pressure).

Finally, considering these concepts, a unified approach is
proposed to treat patients with ARDS (Figure 4).

Extracorporeal membrane oxygenation (ECMO). ECMO
provides circulatory (venous and/or arterial) and/or respiratory
support for a short period of time (days or weeks) in patients
with cardiac or respiratory failure refractory to conventional
treatments [220]. Clinicians can indicate ECMO in these set-
tings when all other available treatments fail [220]: Pneumonia
of any aetiology, aspiration syndromes, alveolar proteinosis,
obstetric pathology, inhalation syndromes, airway obstruction,
pulmonary contusion, bronchopleural fistula, bridge therapy,
intraoperative respiratory support, asthmatic status, pulmo-
nary haemorrhage or massive haemoptysis, hypercapnia (pH <
7.20) and/or PaCO, > 80 mmHg, inability to maintain plateau
pressure < 30 cmH,0, pulmonary vasculitis.

ECMO contraindications in ARDS are [220]: lung disease
without predictable recovery of lung function if lung trans-
plant is not indicated, contraindications for anticoagulation
treatment, age > 65 years (more limited evidence). It is a
relative contraindication, multiorgan failure with SOFA > 15

points, mechanical ventilation more than 7 days (special con-
sideration with plateau pressure >30 c¢cmH,0, impossibility of
pressure>10 mmH,0, Fi0, > 0.9). It is a relative contraindica-
tion, severe pharmacological immunosuppression (neutrophils
< 400/mm?3), coma after cardiac arrest, comorbidities (active
malignant disease, obesity, chronic heart disease, non-trans-
plantable lung disease, cirrhosis with ascites, irreversible neu-
rological disease), haemorrhagic or potentially haemorrhagic
central nervous system lesions, impossible cannulation.

Patients with severe bacterial pneumonia can benefit from
this technique [221,222] and it also has demonstrated utility in
severe COVID-19 [223-225].

Although it is a live saving procedure for severe ill pa-
tients, it is associated with potential lethal complications such
as catheter-related bacteraemia (14-44 %o catheter days), VAP
(20-60%o days of ventilation), catheter-related urinary tract
infection (1-14%o days of catheterization) and it also affects
the pharmacokinetics and pharmacodynamics of some drugs
(for example lipophilic drugs) [220,226-231]. In Spain, nosoco-
mial infections were more frequent in patients with COVID-19
pneumonia [226]. Moreover, diagnosis of infectious complica-
tions is difficult due to frequent absence of fever, blood dyscra-
sias caused by technique and hypotension. Biomarkers, such
as procalcitonin and lactate, are useful to recognize infectious
complications [232].

Nowadays, ECMO could be consider as an essential tech-
nique that contributes to improving the patient's condition
with refractory SDRA for clinical recovery.

Approach to fungal pneumonia

Pneumonia by Pneumocystis jirovecii in patients
without human immunodeficiency virus (HIV). P. jirovecii
pneumonia (PJP) in patients without HIV infection is an im-
portant problem to clinicians nowadays. Its prevalence is ris-
ing because there is a growing number of vulnerable patients
each year, diagnosis is usually delayed because of low grade of
suspicion and, therefore, mortality is higher than in patients
with HIV infection [233]. Risk factors for developing PJP are
[119,234-237]:

e Acute lymphoblastic leukaemia.
® Allogenic stem cell transplant.

e Solid organ transplant. In those patients, PJP usually de-
velops in the first two months from transplant. Additional
risk factors for those patients are age more than 65 years,
CMV infection in the year preceding the transplant, im-
munosuppressive therapy containing tacrolimus and lym-
phopenia in the 50 days prior to transplant (<750 mm?3).

® Autologous stem cell transplant for underlying hemato-
logic malignancy.

e Chimeric antigen receptor-modified T-cell therapy.

e Primary immunodeficiency: severe combined immunode-
ficiency, idiopathic CD4 T-lymphopenia, hyper IgM syn-
drome.
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Figure 4 Unified approach to treat ARDS.

ECCO2R: extracorporeal carbon dioxide removal. ECMO: extracorporeal membrane oxygenation. PEEP: positive end-expiratory pressure.
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e Patients receiving high-dose corticosteroid treatment
(equivalent to 20 mg or more of prednisone daily for more
than one month) who have additional cause of immuno-
deficiency, such as malignancy or additional immunosup-
pressive medications.

e Patients with COVID-19 and low count of lymphocytes,
prior immunosuppression, more days of illness, high doses
of corticosteroids or long courses of them.

e QOther immunosuppressive therapies, such as anti-CD20
monoclonal antibody, cytotoxic chemotherapy, mTOR in-
hibition, calcineurin inhibition, phosphatidylinositol 3-ki-
nase inhibition, etc.

e Previous episode of PJP.

Although there is not a complete consensus for all these
groups of patients, they should take PJP chemoprophylaxis,
usually with low dose of trimethoprim-sulfamethoxazole (e.g.
800/160 mg by mouth thrice a week) [119,234].

Patients with PJP usually suffer from sudden shortness
of breath with respiratory failure, non-productive cough, and
fever. They also have serum lactate-dehydrogenase (LDH) lev-
els higher than patients with PCP and HIV. Chest X-ray can be
initially normal or with interstitial infiltrates. Traditional mi-
crobiological methods for diagnosis are special staining of res-
piratory samples (toluidine blue, Giemsa, silver-methenamine)
and immunofluorescence. This last one, made in BAL sample,
is considered gold-standard test. Recently, molecular tech-
niques such as PCR of respiratory specimens and detection of
B-D-glucan in serum are available [233]. However, it is neces-
sary to facilitate the diagnosis, so innovative approaches have
been developed in last years:

e Detection of P. jirovecii by molecular techniques (PCR) in
oral wash samples in immunocompromised patients or na-
sopharyngeal swabs. Both methods have a high negative
predictive value (NPV) near to 100%, but a lower positive
predictive value -70-80%- [238,239].

e PCRin respiratory samples is an extremely sensitive tech-
nique, so it is vulnerable to false positives. Cycle threshold
(Ct) is useful to distinguish false from true positives. Lower
Ct -less than 30- is associated with illness, whereas higher
Ct -more than 35- is associated with colonization [240].

Detection of high serum concentration of B-D-glucan
(>200 pg/mL with Fungitell®) is correlated with likelihood of
illness in oncologic patients, and it has a high negative predic-
tive value in patients with negative PCR [241].

There are several commercial kits to detect B-D-glucan in
serum, with different thresholds. Serum levels associated with
PCP are higher than the ones registered with candidemia [242].

This emerging knowledge can be summarized as
[241,243-246]: Immunofluorescence performed in BAL re-
mains gold-standard test. Immunofluorescence stains made in
induced sputum is also accepted as diagnostic proof of PJP. In
patients unable to endure a bronchoscopy, serum 3-D-glucan
has a high NPV that allows rule-out PJP in patients with low
to moderate grade of suspicion. In fact, Bigot et al propose to

do this test prior to bronchoscopy and to avoid it if test result
is negative [245]. Patients with high grade of suspicion may
need molecular techniques in respiratory samples. In patients
with both negative tests, PCP is very unlikely. If both tests are
positive, PCP is probable. Finally, in patients with serum positive
B-D-glucan and negative PCR in respiratory sample, it must
be reconsidered to perform a bronchoscopy and other fungal
infections should be discarded.

These concepts are aligned with the European Organiza-
tion for Research and Treatment of Cancer and the Mycoses
Study Group Education and Research Consortium (EORTC/
MSEGERC) consensus to define invasive fungal disease [247].
Host factors -immunosuppression-, clinical criteria -symptoms,
signs, and radiological findings -, and microbiologic criteria
must be fulfilled to achieve a diagnosis. According to the de-
gree of certainty, two categories can be distinguished:

e Proven PCP. Patient with clinical and radiological criteria,
who also has a positive immunofluorescence staining in
tissue or respiratory sample.

Probable PCP. Patient with predisposing host factors, clin-
ical and radiological criteria who also has a positive molecu-
lar technique in respiratory specimens or positive detection of
B-D-glucan. In this last scenario, clinicians should have a high
grade of suspicion for another invasive fungal infection, be-
cause it could be a false positive.

As it has been shown, there is still some uncertainty to
make a sure diagnosis of PCP. Novel approaches such as de-
tecting circulating DNA of P. jirovecii in serum and machine
learning tools have been demonstrated itself promising and
their routine employment may be near [248,249].

Despite new diagnostic tools developed in last years, treat-
ment of PCP has remained without changes and high dose of
trimethoprim-sulfamethoxazole (15 mg/kg/d iv) continues
being treatment of choice for most patients [119]. However,
this high dose is often associated with negative adverse events
which can be treatment limiting, so a clinical trial is nowadays
active to compare standard dose with low dose (10 mg/kg/d)
[250]. In patients not infected with HIV, the use of corticoster-
oids in moderate-severe pneumonia with hypoxemia remains
controversial.

Invasive aspergillosis. The clinical presentation of asper-
gillosis lung disease is determined by the interaction between
fungus (Aspergillus spp., with their virulence factors and/or re-
sistance to antifungals) and their host (generally dependent on
its immune status and previous structural bronchopulmonary
local involvement). Invasive pulmonary aspergillosis (IPA) de-
velops in severely immunocompromised patients, such as on-
co-haematology patients -especially those with neutropenia-,
and its incidence is rising in the non-neutropenic, including
lung transplant recipients, the critically ill patients and patients
on corticosteroid treatment [251].

A high index of suspicion is required in patients with-
out the typical risk factors (severe and prolonged neutrope-
nia, HIV infection, high dose steroids, cirrhosis, alteration of
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T lymphocyte function, acute myeloid leukaemia, and alloge-
neic hematopoietic cell transplantation) as early presentation
is usually silent and non-specific and pyrexia is uncommon.
This high index of suspicion is very important because timely
treatment is crucial for survival. Recently, acute viral infec-
tions have been associated with IPA leading to the concepts
of influenza-associated IPA (IAPA) and COVID-19-associated
IPA (CAPA) [251,252]. These viral infections may affect pa-
tients without underlying disease. Invasive aspergillosis has
also been diagnosed in normal hosts after massive exposure
to fungal spores (mainly A. fumigatus). Chronic pulmonary as-
pergillosis affects patients without obvious immune compro-
mise, but with an underlying lung condition such as chronic
obstructive pulmonary disease (COPD) or sarcoidosis, prior or
concurrent tuberculous or non-tuberculous mycobacterial
disease [252-254]. An invasive form of aspergillosis is seen in
lung and heart transplant recipients that involves the trachea
and bronchi, and in particular, the bronchial anasthosmosis..
Asymptomatic colonisation of the respiratory tract needs
close monitoring as it can lead to clinical disease especially
with future immunosuppression [253,254]. The halo sign is
the radiological representation of lung infarction that follows
angioinvasion by hyphae. The nodule represents the coagula-
tion necrosis, and the halo is the oedema and haemorrhage
that surround the zone of infarction. Although not specific,
its presence in persistently febrile neutropenic patients must
be interpreted as suggestive of an invasive disease. An im-
portant contribution to the management of IPA was made
by studies showing the importance of the halo sign as the
earliest detectable mark of disease [252].

Several tests are available for the diagnosis of IPA main-
ly in two types of clinical sample: BAL and serum. In both
of them, specific PCR, lateral flow device, determination of
B-1-3 D-glucan and galactomannan can be performed. In
BAL samples the culture could be recommended to study sus-
ceptibility. [254].

Currently, there is not scientific evidence to support the
superiority of one antifungal over another for the treatment of
CAPA/IAPA. Therefore, it is recommended to follow the treat-
ment indications in current national and international guide-
lines, considering the peculiarities of critical patients and, in
particular, of patients with severe viral pneumonia due to in-
fluenza or COVID-19 [253,254]. It is recommended to include
voriconazole, isavuconazole or liposomal amphotericin B as
first-line drugs for the treatment of CAPA/IAPA patients. Sur-
gery must be considered in case of great vessel affectation or
massive haemoptysis. The antifungal treatment of CAPA/IAPA
patients is recommended until diagnosis is confirmed [254].
New antifungal could be in the future therapeutic arsenal to
treat Aspergillus spp. resistant isolates such as fosmanogepix,
olorofim, opelconazol, ibrexafungerp and rezafungin [255,256].

CONCLUSIONS

Targeted treatment has always been a great challenge
in planning clinical work algorithms, especially in sepsis

with respiratory origin or HAP/VAP. Molecular biology tech-
niques in microbiology could contribute to obtain quicker
results to achieve therapeutic success. New documents that
give answers to important questions about CAP, HAP, and
VAP are available. Interdisciplinary teams generate knowl-
edge that might improve clinical results. Beta-lactam al-
lergy in patients with pneumonia is associated with worse
outcomes due to therapeutical limitations. False label of
beta-lactam allergy must be removed as soon as possible,
and profile of hypersensitivity must be defined to allow use
of beta-lactam antibiotics which lack of cross-reactions in
a particular patient. Multidisciplinary projects such as Ze-
ro Pneumonia are useful to prevent VAP. Severe CAP is a
main cause of mortality despite efforts done in last dec-
ades. A timely approach is essential to change this, and a
tailored use of antibiotics may help to achieve better end-
ings. Sequential therapy is strongly recommended to treat
pneumonia, because it is a safe alternative and is associ-
ated with lower cost and length of stay than exclusive in-
travenous therapy. Several options are available. Alterna-
tives currently available in MBL-producing P. aeruginosa
isolates are: cefiderocol, aztreonam-avibactam, high doses
of amikacin and synergistic combinations tailored to an-
tibiotic in vitro test results, including fosfomycin, colistin
or others, systemically and/or nebulized. New beta-lactam
antibiotics are available to treat HAP and VAP, with better
outcomes than older alternatives. A personalized approach
must be employed to choose the best empiric treatment
available, and clinicians must bear in mind specific patient
profile, local epidemiology, and results of stains and mo-
lecular methods such as PCR. Nebulized antibiotics are not
recommended for treatment, whereas they may be useful
for prophylaxis of VAP. Ceftazidime-avibactam, meropen-
em-vaborbactam and cefiderocol are current alternatives in
the treatment of HAP-VAP caused by non-MBL CRE, espe-
cially carbapenemases OXA-48 like and KPC types. A. bau-
mannii complex and S. maltophilia are two opportunistic
bacterial species that cause nosocomial infection (mainly
HAP-VAP and bacteraemia). The IDSA and ESCMID recom-
mendations could be of help to elaborate an individualized
treatment in multi-resistant isolates. The controversy over
the impact of corticosteroids on CAP still persists. It can be
resolved by applying new machine learning techniques that
could identify phenotypes that benefit from this treatment.
Sepsis and septic shock are illness with a high associated
prevalence and mortality. Early correction of hypoperfusion
with intravenous fluids and promptly vasoactive therapy
can enhance patient's results. An adapted therapy to pa-
tients with severe pneumonia and respiratory failure might
improve clinical results. A holistic approach and intensive
monitorization allow get ahead of potential problems. EC-
MO provides circulatory and/or respiratory support for pa-
tients with refractory SDRA. It allows patients to heal when
other methods are ineffective. In fungal world, IPA caused
by Aspergillus spp remains a great challenge in the ICU for
both its diagnosis and treatment, in part due to the diffi-
culty of differentiating between colonization and infection.
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PCP in patients without HIV infection is an illness that af-
fects immunosuppressed patients. Its diagnosis is difficult
and requires a high grade of suspicion. Consequently, late
diagnosis is often performed, and prognosis is poorer than
in patients with HIV. New diagnostic approaches, such as
PCR in respiratory samples and detection of $-D-glucan in
serum, may allow an earlier diagnosis. High doses of tri-
methoprim -sulfamethoxazole remain best treatment avail-
able. Prevention is key, so selected patients with predispos-
ing conditions, some belonging to new risk groups, should
receive chemoprophylaxis.
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ABSTRACT

The increased knowledge on virology and the increased
potential of their diagnostic has risen several relevant
question about the role of an early viral diagnosis and
potential early treatment on the management of respiratory
tract infections (RTI). In order to further understand the role
of viral diagnostic tests in the management of RTI, a panel of
experts was convened to discuss about their potential role,
beyond what had been agreed in Influenza. The objective of
this panel was to define the plausible role of aetiologic viral
diagnostic into clinical management; make recommendations
on the potential expanded use of such tests in the future
and define some gaps in the management of RTl. Molecular
Infection Viral Diagnostic (mIVD) tests should be used in all
adult patients admitted to Hospital with RTI, and in paediatric
patients requiring admission or who would be referred to
another hospital for more specialised care. The increased
use of mIVD will not only reduce the inappropriate use of
antibiotics so reducing the antibiotic microbe resistance, but
also will improve the outcome of the patient if an aetiologic
viral therapy can be warranted, saving resource requirements
and improving patient flows. Implementing IVD testing in RTI
has various organizational benefits as well, but expanding
its use into clinical settings would need a cost-effectiveness
strategy and budget impact assessment.
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RESUMEN

El aumento del conocimiento viroldgico y el mayor po-
tencial de su diagndstico ha planteado una serie de preguntas
relevantes sobre el papel de un diagndstico viral precoz vy asi
la posibilidad de un tratamiento precoz dirigido para el mane-
jo de las infecciones del tracto respiratorio (ITR). Con el fin de
comprender mejor el papel de las pruebas diagnosticas virales
en el manejo de la ITR, se convoco a un panel de expertos para
discutir sobre el posible uso de dicho diagnostico virico, mas
alld de lo establecido en documentos previos acordados para
la gripe. El objetivo del panel fue comprender la plausibilidad
del diagnostico viral etiologico precoz en el manejo clinico;
formular algunas recomendaciones sobre la posible ampliacion
del uso de dichas pruebas en el futuro y definir algunas lagu-
nas en la gestion sanitaria de la ITR.

Las pruebas de diagndstico viral de infeccion molecu-
lar (mIVD) deben utilizarse en todos los pacientes adultos in-
gresados en el hospital con ITR, y en determinados pacientes
pedidtricos que requieran ingreso o que sean derivados a otro
hospital para recibir atencion mas especializada. El aumento
del uso de mIVD no solo reducira el uso inadecuado de an-
tibioticos, reduciendo asi la resistencia microbiana a los anti-
bidticos, sino que también mejorara el resultado del paciente
si se inicia una terapia viral etioldgica, reduciendo consumo de
recursos y mejorando los flujos de pacientes. Asimismo, existen
beneficios organizativos en la implementacion de pruebas de
diagnostico in vitro en la ITR que requerirdn una estimacion
del impacto presupuestario y un enfoque de rentabilidad para
una mayor penetracion en su uso clinico.

Palabras clave: infecciones del tracto respiratorio, pruebas de diagnostico
viral, pruebas de diagnostico molecular
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INTRODUCTION

In February 2023 a consensus on the management of
Influenza was published [1]. After the COVID pandemic this
helped to raise the awareness on the potential benefits of an
accurate management of viral infections [2]. This followed
NICE's guideline for the treatment and prevention of neona-
tal infections, guidelines on the usage of diagnostic tests in
emergency care [3] or an evaluation by NIHR on the benefits of
early testing and rapid isolation [4]. The increased knowledge
on virology and the increased potential of virus diagnostic has
risen a series of relevant question on the role of an early diag-
nostic and potential early treatment on the management of
respiratory tract infections (RTI). As with other diseases, the
advent of a diagnostic technology paired with targeted ther-
apies has raised questions regarding the pathogenic role of
these infections as well as the need to better understand the
impact of their use on the management of healthcare burden.

To further understand the role of viral diagnostic tests
in the management of RTI, a panel of experts were convened
to discuss about their potential role, beyond what had been
agreed in Influenza. The objective of this panel was to advise
on the plausible role of aetiologic viral diagnostic into clini-
cal management, making some recommendations on the po-
tential expanded use of such tests in the future and to define
some gaps in the management of RTI.

METHODS

Six leading Spanish physicians (1 Paediatrician, 1 Infec-
tologist, and 4 Microbiologists from 5 leading Spanish Hospi-
tals) were convened in July 2023 at a round discussion on the
definition of the needs and benefits of an aetiologic infection
viral diagnostic (IVD) approach and the profiling of the target
population of that IVD approach.

The meeting was an unblinded open discussion following
a pre-defined semi-structured questionnaire (Supplementary
material - Annex 1), facilitated by a third party. Each section
of the text corresponds to the discussion around each of the 3
main discussed topics. Despite the meeting was commissioned
by a manufacturing company, they did not participate in the
meeting, nor directly nor as external listeners.

In terms of evidence grading, the purpose of the meeting
was not to construct a Clinical Practice Guideline, but rather a
more modest aim of pointing out new avenues to pursue next.

RESULTS

Why do we need aetiologic RTI IVD?. In the current
context of upper and lower RTI it is well know that there is
a significant number of respiratory syndromes where a coin-
fection (bacterial and viral) exists. The absence of an accurate
viral diagnostic leads to an aetiologic diagnostic for bacterial
only, leaving the viral fraction unexplored and unexplained.
However, there is increasing evidence on the relevance of vi-

ral coinfection in the prognosis of the episodes of RTI [5,6],
linking viruses to potential increasing severity of bacterial
infections. This includes the detection of SARS-CoV-2 [7] as
a relevant prognostic factor [8,9]. Viral infection also consti-
tutes a risk for other clinical events such as acute myocardial
infarction, stroke, etc. Several hypotheses have been gen-
erated, among them, the downstream dysregulation of the
inflammatory cascade could be a prominent factor [10,11].
Therefore, the lack of an accurate diagnostic procedure,
where viruses can be precisely diagnosed is not only under-
performing care, but could also result in a harm to patients
that may be put at risk of unsuspected more severe diseases
and/or further complications.

The concept of "Driver" versus "Passenger” virus needs to
be further defined, and the importance and role of each bac-
terial or viral pathogen on RTI must be clearly elucidated. Un-
derstanding whether clinician is facing a bacterial or viral in-
fection is key for future treatment options, and therefore there
is a need to clearly identify the viral pathogens in the sample
and then to apply clinical judgement to decide whether is it
a driver or a passenger virus. In this way, the interaction be-
tween the clinician and the microbiologist may shed light into
the role of each pathogen in the RTI clinical presentation. The
absence of acceptable biomarkers in this field will require the
participation of both specialist in the management of the pa-
tient and the selection of the appropriate treatment(s). Ruling
out the involvement of the 'Big Five' (namely, Influenza A&B,
RSV, SARS-CoV-2, Rhinovirus, and Adenovirus) will certainly
be a first step towards an accurate and targeted therapeutic
strategy.

An important factor limiting the access and implementa-
tion of IVD in RTl is the limited understanding of the potential
benefits of that technology. One of the obvious reasons why
viral testing is required is the need to incorporate the viral in-
formation in the therapeutic decision process, and therefore
on the decision for an antibiotic treatment. This has implica-
tions for antimicrobial resistance (AMR) policies and important
societal consequences of those policies. Within the framework
of the PROA project [12], one justification for the existence of
specific viral diagnostic tools is the appropriate use of antibi-
otics.

Beyond this, is important to know if the patient will bene-
fit from an antibiotic or is it just a risk or a potential source of
adverse side effects? An appropriately diagnosed patient could
benefit, when available, from targeted antiviral therapy, mean-
ing the patient's potential outcome would improve. Limiting
the arsenal of treatments to "what we know" is limiting the
progress and efficiency of our healthcare systems. Especially
now that an increasing number of the "Big Five" have specific
viral therapies that could relieve pressure on health services
and improve patient outcomes. It might be appropriate to al-
so include parainfluenza virus, metapneumovirus or bocavirus.
Furthermore, given that the incidence of SARS-CoV-2 is de-
creasing as other viruses regain their space, the preponderance
of the remaining therapies is worth highlighting.
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Taking into account the need to apply targeted viral ther-
apies, there is a need to make an adequate and timely etiolog-
ical diagnosis. Along with the known benefits of an early start
of treatment, taking the necessary measures as soon as pos-
sible, combining them with known therapeutic agents is the
most appropriate way for an efficient result. This includes the
implementation of isolation policies, contact tracing and sur-
veillance when necessary, reducing the need for complemen-
tary tests, preventing complications and, no less important,
designing bed management policies with the aim of optimiz-
ing resources at the hospital level.

However, an adequate analysis of the economic impact of
all these benefits has not been carried out yet. Administration,
policymakers, and access managers would benefit from such
information, as well as a sound economic evaluation.

There are several epidemic aspects that need to be known,
as they may affect the management of paediatric and adult/
elderly population with a different seasonal post-pandemic
pattern than we used to know. After COVID19 pandemic the
seasonal pattern of some respiratory pathogens have been lost,
or at least have been severely disrupted and not recovered yet.
This might have consequences at the level of suspected path-
ogenic agents when patients presenting with RTI at a certain
sesonal time of the year. The knowledge of this changing epi-
demiology could have an impact on the planning requirements
at the level of hospital admissions, emergency care wards and
general practitioners (GP).

There is also a need to inform non-specialized medical
providers about the relevance of viral etiological diagnosis, in
terms of its potential benefits, when and who should perform
it, since some of the health providers may not be fully aware
of these issues. It is also not adequately known how viral load
is not a binary biomarker (present or absent, positive or nega-
tive), but rather an important additional viral information that
must be co-interpreted with the clinician at different times in
the management of the patient, especially if the patient pre-
sents an unfavourable evolution

An important question is whether the aetiologic viral
diagnostic should be available in both for GP and the Hos-
pital setting, as both can benefit although in different ways.
The IVD at the hospital should be available 24hours/7days,
and if possible, it should be extended to the home setting.
The home setting would be mostly appropriate when the 'de-
ferred treatment onset' is considered, since visits to the clin-
ic facilities could be reduced so decreasing the potential for
further spread of infection. This broader access to IVD should
be combined with a broader information from the sentinel
networks, that should be made more readily available so that
prescribing physicians can interpret the results more accu-
rately. The epidemic information provided by surveillance
networks and sentinels observatories should be maintained
and reinforced after pandemic.

Widespread access to such information raises concerns
about the readiness of information systems (and the ability of
users to obtain such information), thus being able to timely in-

corporate and disseminate rapidly changing knowledge. This is
necessary throughout the healthcare system, especially in cer-
tain clinical facilities, where the result may be available quickly
but not accessible to doctors due to administrative constraints.
A more "democratic" approach will be necessary for this infor-
mation network, possibly integrating tools that are not availa-
ble yet (mobile apps, portable devices, etc).

To achieve that goal and all their benefits be accessible,
the tests must be affordable, possibly with a lower price for
IVD tests used at the point of care. For many healthcare facili-
ties, the budget impact of widespread use of IVD technologies
will be of great concern, especially if the benefits of such early
diagnosis are not well explained. Furthermore, an acceptable
and methodologically sound economic evaluation of IVD test-
ing in RTl is required for different healthcare settings.

What Tests? Although the group convened around
the need of making the tests accessible and almost universal
(home, GP and Hospital settings), they acknowledged there is a
lack of consensus about which is the appropriate test in every
setting.

Hospitals may use molecular IVD (mIVD) testing (based on
PCR testing) as it has been shown to be effective and afforda-
ble. In adults its use is not discussed. In paediatric patients, al-
though more evidence may be needed and there are budgetary
implications, having an IVD test with the same sensitivity and
specificity as in adults could lead to its universal use.

In outpatient settings, mDIV would ideally be used as it
has been shown to be more reliable (better negative predic-
tive performance). However, given the cost and high number
of tests in those primary healthcare facilities, they may not be
appropriate in the outpatient setting for all RTl patients, and
the expert proposal should be to use non-molecular IVD (nml-
VD) testing (ie. antigen-based testing) in outpatient settings.
If reduced trial pricing policies could be implemented, then a
different access strategy could be pursued. This does not mean
that mIVDs should not be available in the outpatient setting,
but rather that their use may be limited to some particular
cases due to budgetary pressure. Alternatively, nmIVD could
be used in epidemic periods, while there is high virus circu-
lation within the community, accepting that its more limited
accuracy is balanced by the lower severity of cases. Otherwise,
the case would be sent to the hospital where mIVD would be

Table 1 Suggested tests in healthcare diagnostic
settings
Hospital Setting Ambulatory Care
Adults Paediatric Adults Paediatric
nmlVD - - ++ ++
miVD +H+ ++t + +

nmIVD: non-molecular infection viral diagnostic
mIVD: molecular infection viral diagnostic
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performed (Table 1).

Whatever the test, the result of an mIVD should be availa-
ble in less than or equal to 30 minutes; Any delay beyond that
could potentially lead to dysfunctions in clinical management.
In an outpatient setting, especially in paediatrics, test turna-
round time (excluding management time) should be less than
10 minutes as there is a risk of overwhelming outpatient set-
tings. Tests based on nmIVD have a lower negative predictive
value, the result is influenced by the epidemic predominant
virus and should not be administered to any person with less
than 48 hours of evolution, although accepting it could have a
negative impact on treatment.

CRISPR technologies [13] (gene editing techniques) should
be looked at also as a potential future alternative, understand-
ing their potential and the appropriate positioning amongst
patients. For any future alternative to be established and ac-
ceptable a minimum performance should be required. The
minimum would be set at >969% sensitivity and > 98% positive
predictive value. This may be challenging, given that regulato-
ry agencies (i.e. ECDC [14]) require only 80% [15]. Stratification
of patients' risk should be needed, to reduce the number need-
ed to test.

Any test should cover >50% potential aetiological patho-
gens to be fully implemented and will only be credible if it has
>2 virus targets. This information needs to be contrasted and
updated along the epidemiologic information.

For whom? The discussion about to what patients the
mlVD should be used can be seen in two different situations:
without knowing and knowing the cost. Regarding the former,
the group agreed that all RTI patients would be candidates for
mlVD, although a stricter criterion would be to use them in
outpatient care when a patient is going to be referred to the
hospital for further diagnosis or treatment. In this context,
clinical judgment must prevail and be the guiding principle;
The intensity of symptoms should trigger medical actions, not
diagnostic tests. In the hospital setting, regardless of price, all
severe RTI patients and those admitted with RTI should have
mlVD testing.

In primary care, priority should be given to antigen tests,
despite their lower performance capacity, considered too low
and unacceptable for many professionals. However, in the hos-
pital setting, at the current cost, all admitted patients should
have mIVD testing, especially those on oxygen therapy either
in or out of the ICU, the immunocompromised, and those with
underlying comorbidities. There was agreement that patients
with RTI to be IVD tested should be the same as those consid-
ered in the Influenza Consensus document [1]. Similarly, crit-
ically ill and immunocompromised patients in the Emergency
Unit should have an mIVD test upon arrival.

In the paediatric ambulatory population, there were less
consensus on which is the most appropriate attitude. Accord-
ing to the cost, the budget impact may not be affordable, but
both at the hospital and the ambulatory setting, an mIVD may
be very effective in those children that may be need trans-

ferred to a different hospital, or where a targeted therapy may
be initiated.

NmIVD and mIVD diagnostic testing should be performed
as a priority in those patients in whom knowledge of the pre-
cise diagnosis provides additional value and/or targeted thera-
py can be initiated immediately. Otherwise, it may be perceived
as a waste of resources. Patients with RTl without risk factors
or serious symptoms should not be tested and non-pharmaco-
logical measures should be recommended (masks, social dis-
tancing, etc.).

CONCLUSIONS

The meeting highlighted and agreed on the potential use of
mIVD in all adult RTI patients admitted to hospital and in some
paediatric patients who require admission or who would be re-
ferred to another hospital for more specialized care. Increased
use of mIVD will not only reduce inappropriate antibiotic use (re-
ducing AMRs), but will also improve patient outcome if targeted
viral therapy is initiated, thus reducing resource needs and im-
proving patient flows. Additionally, there are several operational
benefits to implementing IVD testing in RTI patients. Many of
them will require a budget impact estimate and cost-effective-
ness approach before broader implementation.

Because viral treatments must be started early to be as
effective as possible, rapid diagnosis (ideally by 30 minutes) at
an appropriate cost is needed. NmIVDs are not sufficient for
hospitalized patients given their low negative predictive value,
but they could be an affordable option in primary care for ear-
ly management of positive cases.

Effort should be made to better characterize and quantify
the benefits of this otherwise well-recognized need to “Treat
early to benefit sooner".
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RESUMEN

Objetivo. Analizar la utilidad de un nuevo modelo predic-
tivo de bacteriemia (MPB-INFURG-SEMES) en pacientes con
neoplasia solida atendidos por infeccion en el servicio de ur-
gencias (SU).

Pacientes y métodos. Estudio observacional de cohortes
prospectivo y multicéntrico de los hemocultivos (HC) obtenidos
de pacientes adultos con neoplasia solida atendidos en 63 SU
por infeccion desde el 1 de noviembre de 2019 hasta el 31 de
marzo de 2020. Se analizd la capacidad predictiva del modelo
con el drea bajo la curva (ABC) de la caracteristica operativa
del receptor (COR) y se calculd el rendimiento diagnostico del
punto de corte (PC) del modelo elegido con los calculos de la
sensibilidad, la especificidad, el valor predictivo positivo y el va-
lor predictivo negativo.

Resultados. Se incluyeron 857 episodios de HC extraidos.
De ellos, se consideraron como bacteriemias verdaderas 196
(22,9%) y como HC negativos 661 (77,1%). Entre los negativos,
42 (4,9%) se consideraron contaminados. EI ABC-COR del mo-
delo aplicado fue de 0,923 (IC 95%: 0,896-0,950). El rendimien-
to diagnostico del modelo con un PC = 5 puntos consigue una
sensibilidad de 95,74% (IC 95%: 94,92-96,56), especificidad de
76,06% (IC 95%: 75,24-76,88) un valor predictivo positivo de
53,42% (IC 95%: 52,60-54,24) y un valor predictivo negativo de
98,48% (IC 95%: 97,66-99,30).

Conclusion. El modelo MPB-INFURG-SEMES podria ser
util para predecir bacteriemia en los pacientes adultos con neo-
plasia solida atendidos en el SU por un episodio de infeccion.

Palabras clave: Tumor sélido. Bacteriemia. Modelo predictivo. Hemoculti-
vos. Procalcitonina. Escala pronostica. Servicio de Urgencias.
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Usefulness of the MPB-INFURG-SEMES model
to predict bacteremia in the patient with solid
tumor in the Emergency Department

ABSTRACT

Objective. To analyse a new risk score to predict bacter-
emia (MPB-INFURG-SEMES) in the patients with solid tumor
attender for infection in the emergency departments (ED).

Patients and methods. Prospective, multicenter observa-
tional cohort study of blood cultures (BC) obtained from adult
patients with solid neoplasia treated in 63 EDs for infection
from November 1,2019, to March 31, 2020. The predictive abil-
ity of the model was analyzed with the area under the Receiver
Operating Characteristic curve (AUC-ROC). The prognostic per-
formance for true bacteremia was calculated with the chosen
cut-off for getting the sensitivity, specificity, positive predic-
tive value and negative predictive value.

Results. A total of 857 blood samples wered cultured. True
cases of bacteremia were confirmed in 196 (22.9%). The re-
maining 661 cultures (77.1%) wered negative. And, 42 (4.9%)
were judged to be contaminated. The model's area under the
receiver operating characteristic curve was 0.923 (95% Cl,
0.896-0.950). The prognostic performance with a model's cut-
off value of > 5 points achieved 95.74% (95% Cl, 94,92-96.56)
sensitivity, 76.06% (95% Cl, 75.24-76.88) specificity, 53.42%
(95% Cl, 52.60-54.24) positive predictive value and 98.48%
(95% Cl, 97.66- 99.30) negative predictive value.

Conclusion. The MPB-INFURG-SEMES score is useful for
predicting bacteremia in the adults patients with solid tumor
seen in the ED.

Keywords: Solid tumor. Bacteraemia. Clinical prediction rule. Blood cultu-
res. Procalcitonin. Risk score. Emergency Department.
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INTRODUCCION

En la actualidad, la atencion de pacientes con sospecha de
un proceso infeccioso en los servicios de urgencias hospitala-
rios (SUH) se ha incrementado significativamente en las ultimas
décadas y supone, al menos, el 15% de todas las atenciones
diarias (hasta el 40-50% en los picos de epidemias viricas) [1,2].
Ademas, la gravedad de su presentacion clinica, la existencia de
bacteriemia y la mortalidad intrahospitalaria y a corto plazo (30
dias) también han aumentado, especialmente en aquellos pa-
cientes que cumplen criterios de sepsis, presentan comorbilidad
relevante, ancianos y en los inmunodeprimidos, portadores de
neoplasias solidas con o sin neutropenia [1,3-5].

En este escenario, entre el 1-3% de los pacientes que se
atienden en los SUH lo hacen con el diagnostico de una neo-
plasia solida vy, se conoce, que estas cifras también aumentan
cada afo [3,4]. Los pacientes con cancer tienen hasta cuatro
veces mas probabilidades de presentar sepsis y bacteriemia en
los SUH y la mortalidad a los 30 dias de estos enfermos con
bacteriemia verdadera (BV) confirmada desde el SUH supone
el doble o el triple que el resto de pacientes con cancer pero
sin BV [1,3-6].

Los hemocultivos (HC) permiten el diagndstico etioldgico de
la infeccion, aportan informacion sobre la sensibilidad del mi-
croorganismo y favorecen la optimizacion del tratamiento anti-
microbiano [1,4,5]. Pero, la rentabilidad diagndstica de los HC es
muy variable (2-20%) [5] y su indicacion para extraerlos en los
SUH continua siendo controvertida, sobre todo en los pacientes
mas fragiles y vulnerables [7], donde el concepto de infeccion
grave no se limita a la existencia de criterios de sepsis, también a
la posible existencia de bacteriemia o neutropenia [8].

Por todo ello, la sospecha y confirmacion de BV tiene un
relevante significado diagnostico, pronostico y obliga a cam-
biar algunas de las decisiones a tomar en el SUH (alta o in-
greso, extraer HC y administrar el antimicrobiano adecuado
y precoz). Ademas, en el paciente con neoplasia solida éstas
adquieren una especial relevancia, ya que las manifestaciones
clinicas son a menudo inespecificas y variables, lo que dificul-
ta su sospecha precoz y conlleva al fallo en el diagndstico, en
la solicitud de pruebas complementarias vy, habitualmente, la
administracion de antimicrobianos no necesarios o su retraso
en los casos donde si son necesarios[1,3,8]. Asi, en los Ultimos
afios se ha convertido en el objetivo de muchos autores ela-
borar modelos predictivos de BV identificables en los SUH que
incluyen variables clinicas, epidemioldgicas y analiticas [9,10].
Pero, son muy pocos los evaluados en pacientes con cancer
[9-11]. Precisamente, en estos pacientes con neoplasia, la sos-
pecha de BV debe ser sospechada y confirmada con seguridad
por su relevancia.

Recientemente, se ha publicado un nuevo modelo predic-
tivo de bacteriemia (MPB-INFURG-SEMES) que consigue un
area bajo la curva de la caracteristica operativa del receptor
(ABC-COR) de 0,924 y con 5 0 mas puntos una sensibilidad de
95,9%, especificidad de 76,2% y un valor predictivo negativo
de 98,5% [12].

El objetivo de este estudio fue analizar la utilidad de dicho
modelo en los pacientes con neoplasia solida con sospecha de
un proceso infeccioso en los SUH.

PACIENTES Y METODOS

Estudio observacional de cohortes prospectivo y multi-
céntrico de los hemocultivos obtenidos de pacientes adultos
(> 18 afios) con neoplasia solida atendidos en 63 SUH por un
proceso infeccioso a los que se realizé un seguimiento duran-
te 30 dias y tras este periodo mantuvieron el diagnostico de
infeccion. Los centros participantes pertenecen al grupo IN-
FURG-SEMES(Grupo de Infecciones de la Sociedad Espariola de
Medicina de Urgencias y Emergencias) (Ver adenda).

Desde el 1 de noviembre de 2019 al 31 de marzo de 2020
se incluyeron por oportunidad (cuando los investigadores es-
tuvieron de guardia) los HC obtenidos de pacientes con neo-
plasia solida diagnosticados de un proceso infeccioso en los
que, como condicion, también se registraron los datos de las
siete variables del modelo "MPB-INFURG-SEMES". La indica-
cion de la solicitud de HC se llevd a cabo segun el criterio del
médico responsable.

Para la elaboracion y desarrollo de este estudio se asu-
mieron y adoptaron todas las definiciones, criterios, técnicas,
métodos establecidos para la recogida de muestras, valores
de referencia y variables analizadas del estudio primigenio del
MPB-INFURG-SEMES, y se reprodujeron y replicaron todos los
aspectos metodoldgicos y de analisis estadistico contemplados
en su elaboracion [12]. Todos los pacientes tenian el diagnosti-
co confirmado de alguna neoplasia solida vy, entre ellos se cla-
sificaron en subgrupos si tenian o no metastasis y neutropenia.

En primer lugar, para el andlisis del comportamiento de
la escala original, se construyd un sistema de puntuacion de
riesgo en el que se asignd una puntuacion a cada variable del
modelo MPB-INFURG-SEMES: temperatura >38,3°C (1 punto),
indice de Charlson >3 (1 punto), frecuencia respiratoria >22
respiraciones por minuto (1 punto), un recuento de leucocitos
>12.000/mm?* (1 punto), trombopenia <150.000/mm? (1 pun-
to), escalofrios-tiritona (1 punto), y una concentracion de pro-
calcitonina (PCT) >0,51 ng/ml (4 puntos) [12]. Asi, se categorizo
a los pacientes en once grupos (0-10 puntos) segun el riesgo
de BV para hacer recomendaciones diferentes en cada uno de
ellos. La capacidad de discriminacion del modelo predictivo se
analizo calculando el ABC-COR vy su intervalo de confianza al
95% (IC 95%). Se evaluo la calibracion del modelo mediante la
prueba de bondad de ajuste de Hosmer-Lemeshow. Posterior-
mente, se validd internamente el resultado obtenido mediante
un andlisis de remuestreo (bootstrapping) con 1.000 remues-
treos y se calculd el ABC-COR y su IC 95%. Los errores estandar
de las ABC se calcularon por métodos no paramétricos.

En segundo lugar, con el PC >5 puntos (el elegido en el es-
tudio original) se calculd el rendimiento diagnostico de este PC
con su sensibilidad (S), especificidad (E), valor predictivo positi-
vo (VPP) y el valor predictivo negativo (VPN). En todos los con-
trastes se rechazo la hipotesis nula con error a <0,5. El andlisis
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Pacientes que cumplen criterios de inclusion
n = 1.046

|
\

Pacientes excluidos, n = 189 (18,1%):
- Diagnostico distinto a infeccion o pérdida de seguimiento a los 30 dias (n = 181).
- Hemocultivos sin diagndstico microbioldgico confirmado o no concluyente (n = 8).

Pacientes finalmente incluidos
n = 857 (81,9%)

|
y Y

Hemocultivos sin aislamientos
n = 619 (72,2%)*

Hemocultivos positivos
n = 238 (27,8%)*

‘ Hemocultivos contaminados

l n =42 (49 %)*

Bacteriemias verdaderas
n =196 (22,9%)*

Figura 1 ‘ Diagrama de flujo de la inclusion de casos

* Porcentaje sobre el total de pacientes incluidos en el estudio (n = 857)

Hemocultivos negativos 661 (77,1%): incluyen los 619 sin aislamiento y los 42 definidos como contaminados.

estadistico se realizd con los paquetes IBM-SPSS®Statistics24
para Windows y STATA.12.0.

El estudio siguio los protocolos de nuestros centros ¢ in-
ternacionales (Declaracion de Helsinki) y para la utilizacion de
los datos de los pacientes que se codificaron para asegurar la
confidencialidad de los mismos. El estudio fue aprobado por el
Comité Etico de Investigacion Clinica(CEIC) del Complejo Hos-
pitalario Universitario de Toledo (Ref:398/2109), asi como por
los CEIC/CEIm de referencia de los centros participantes. Todos
los pacientes dieron su consentimiento escrito para participar
en el estudio.

RESULTADOS

Se incluyeron 857 episodios de HC extraidos. La edad me-
dia de los pacientes fue de 69,72 (DE 17,9) aios, 607 eran varo-
nes (70,8%). De ellos, se consideraron como BV 196 y como HC
negativos 661. Entre los negativos, 42 se consideraron conta-
minados (Figura 1). Finalmente, cabe sefialar que 9 (4,6%) de las
BV se confirmaron en pacientes dados de alta tras la valoracion
en el SUH o tras haber permanecido en observacion unas horas.

En la Tabla 1 se muestran algunas de las caracteristicas
sociodemograficas, clinicas, epidemiologicas, comorbilidades,

funcionales, clinicas, de gravedad, analiticas, de evolucion y
destino de los pacientes con los datos del estudio comparativo
de los casos de BV frente a los HC negativos.

Las bacterias mas frecuentemente aisladas fueron: i)
Gramnegativas (103; 52,55%) con/sin resistencias (BLEE, car-
bapenemasas, multirresistente), entre ellas Escherichia coli en
52 HC (26,5%); Klebsiella pneumoniae en 13 (6,6%); y Pseu-
domonas aeruginosa en 11 HC (5,6%). i) Grampositivas (93;
47 44%), entre ellas Streptococcus pneumoniae en 29 (14,8%);
Enterococcus spp. en 17 (8,7%); Staphylococcus aureus meti-
cilin sensible o resistente en 13 (6,6%).

El tipo u origen de tumor primario que presentaban los
pacientes con BV era pulmon (59; 30,1%), mama (37; 18,9%),
colorrectal (33; 16,8%), prostata (10; 5,1%), esofago-gastrico
(10; 5,1%), laringe-faringe (7; 3,6%), pancreatico (7; 3,6%), re-
nal (6; 3,1%), hepatico-biliar (6; 3,1%), ovario (5; 2,5%), sistema
nervioso central (5; 2,5%), sarcomas (4; 2,0%), otros (7; 3,6%).

En la Figura 2 se muestra la imagen y el rendimiento diag-
nostico (ABC-COR) de las muestras de todos los pacientes con
tumor solido, aquellos con metastasis y los que presentaban
neutropenia en su visita al SUH, asi como los datos compara-
tivos con el ABC-COR del modelo original junto con los resul-
tados de S, E, VPP y VPN del PC > 5 puntos del MPB-INFURG-
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Tabla 1 Caracteristicas clinico-epidemioldgicas, de evolucion, analiticas y de destino la muestra
global y estudio univariable en funcion de la existencia o no de bacteriemia verdadera

BACTERIEMIA HEMOCULTIVOS
Total n=857 VERDADERA NEGATIVOS Valor p
n=196 (22,9%) n=661(77,1%)
DATOS DEMOGRAFICOS-EPIDEMIOLOGICOS
Edad (afios), media (DE) 69,72 (13,25) 70,20 (13,30) 69,58 (13,2) 0,421
Edad > 65 afios, n (%) 563 (65,7) 128 (65,3) 435 (65,8) 0,480
Género masculino, n (%) 607 (70,8) 138 (70,4) 469 (71,0) 0,474
Institucionalizado, n (%) 45 (5,3) 11(5,6) 34 (5,1) 0,458
Toma de AB en 72 horas previas, n (%)* 144 (38,3) 26(31,7) 118 (40,1) 0,103
Ingreso en el Gltimo mes previo , n (%) 156 (18,2) 38 (19,4) 118(17,9) 0,347
Portador de catéter central , n (%) 98 (11,4) 22(112) 76 (11,5) 0516
Portador de sondaje vesical, n (%) 98 (11,4) 32 (11,4) 66 (10,0) 0,012
COMORBILIDADES
TS con metéstasis, n (%) 279 (32,6) 66 (33,7) 213 (322) 0,383
TS con neutropenia, n (%) 80(9,3) 22 (11,2) 58 (8,8) 0,184
Quimioterapia-inmunosupresores, n (%) 423 (49,35) 107 (54,59) 316 (47,80) 0,006
Enfermedad cardiaca cronica, n (%) 58 (6,8) 9 (4.6) 49(74) 0,109
Enfermedad renal cronica, n (%) 95 (11,1) 32(16,3) 63 (9,5) 0,007
Enfermedad cerebrovascular, n (%) 71(8,3) 18(9,2) 53 (8,0) 0,348
EPOC, n (%) 146 (17,0) 23 (11,7) 123 (18,6) 0,014
HTA, n (%) 395 (46,1) 90 (45,9) 305 (46,1) 0,51
Diabetes Mellitus, n (%) 177 (20,7) 43(21,9) 134(20,3) 0,239
indice de Charlson® [media (DE)] 531 (2,63) 5,63 (2,58) 521 (2,65) 0,053
indice de Charlson > 3, n (%) 718 (83,8) 181(92,3) 537 (81,2) <0,001
indice de Barthel® [media (DE)] 86,70 (26,16) 85,76 (24,95) 86,99 (26,52) 0,672
indice de Barthel < 60, n (%) 124 (15,0) 26 (13,7) 98 (15,4) 0,327
DATOS CLINICOS Y DE GRAVEDAD
Temperatura en grados centigrados [media (DE)] 37,28 (8,16) 38,08 (1,15) 37,05 (125) 0,005
Temperatura > 38,3°C, n (%) 270 (31,6) 99 (50,5) 171 (26,0) <0,001
FC en Ipm [media (DE)] 101,01 (20,22) 105,87 (23,25) 99,57 (19,02) <0,001
FC > 90 Ipm, n (%) 598 (71,0) 151 (77,04) 447 (67,7) 0,004
FR en rpm [media (DE)] 21,84 (7,24) 25,16 (8,98) 20,39 (6,56) <0,001
FR > 22 rpm, n (%) 310 (39,3) 121 (62,1) 189 (319) <0,001
Alteracion de la consciencia ECG < 14, n (%) 126 (15,0) 42 (218) 84 (13,0) 0,003
PAS en mmHg [media (DE)] 117,97 (27,30) 109,70 (25,84) 120,44 (27,26) <0,001
PAS < 100 mmHg, n (%) 241 (28,5) 78 (40,0) 163 (25,0) <0,001
Criterios de sepsis (SRIS > 2), n(%) 568 (66,3) 163 (83,2) 405 (61,3) <0,001
Criterios shock séptico (Sepsis-2), n (%) 138 (16,5) 59 (31,1) 79 (12,2) <0,001
qSOFA > 2, n(%) 157 (18,3) 66 (33,7) 91(13,8) <0,001
Criterios Shock séptico (Sepsis-3), n (%) 93 (11,1) 48 (25,0) 45 (7,0) <0,001
Escalofrios-tiritona, n (%) 415 (49,0) 131 (67,9) 284 (43,4) <0,001
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Tabla 1 Caracteristicas clinico-epidemioldgicas, de evolucion, analiticas y de destino la muestra

global y estudio univariable en funcion de la existencia o no de bacteriemia verdadera (cont.)

BACTERIEMIA HEMOCULTIVOS
Total n=857 VERDADERA NEGATIVOS Valor p
n=196 (22,9%) n=661(77,1%)

HALLAZGOS DE LABORATORIO
Leucocitos por mm? [media (DE)] 12.047 (10.906) 13.565 (9.757) 11.592 (11.193) 0,007

Leucocitosis > 12.000/mm?, n (%) 524 (61,1) 144 (73,5) 380 (57,5) <0,001
Cayados (bandas) > 10%, n (%) * 45(7.8) 21(15,2) 24 (5,5) <0,001
Plaguetas por mm?® [media (DE)] 211.160 (125.693) 173.960 (105.136) 222.180 (129.194) <0,001

Trombopenia < 150.000/mm?, n (%) 257 (29,9) 81 (41,32) 176 (26,6) <0,001
Procalcitonina en ng/ml [media (DE)] 3,52 (10,57) 10,38 (16,71) 1,49 (6,65) <0,001

Procalcitonina > 0,51 ng/ml, n (%) 310 (36,2) 189 (96,4) 121 (18,3) <0,001
Proteina C reactiva en mg/l [media (DE)] 19,22 (13,35) 23,81 (15,37) 18,43 (12,77) <0,001

Proteina C reactiva > 9 mg/l, n (%) * 494 (63,3) 121 (66,5) 373 (62,3) 0,173
Lactato sérico en mmol/l ([media (DE)] 2,83 (2,98) 3,62 (3,09) 2,58 (2,90) <0,001
Creatinina > 2 mg/dl, n (%) 138 (16,1) 61(31,1) 77 (11,6) <0,001
DATOS DE EVOLUCION Y DESTINO
Dias desde inicio de la clinica [media (DE)] 3,04 (4,64) 2,58 (4,01) 3,17 (4.80) 0,089
Destino inicial de los pacientes <0,001

Alta 137 (159) 9 (4,6) 128 (19,4)

Planta de hospitalizacion 656 (76,5) 153 (78,1) 503 (76,1)

Unidad de Cuidados Intensivos 55 (6,4) 30 (15,3) 25 (3,8)

Fallecimiento en urgencias 9(1,1) 4(2,0) 5(08)
Estancia hospitalaria en dias [media (DE)] 11,83 (9,24) 14,65 (10,31) 10,50 (9,35) <0,001
Mortalidad a los 30 dias 161 (18,8) 51(26,0) 110 (16,6) 0,001

Hemocultivos negativos 661: incluyen los 619 sin aislamiento y los 42 definidos como contaminados.
DE: desviacion estandar; n: nimero; AB: antibidticos; TS: Tumor solido; EPOC: Enfermedad pulmonar obstructiva cronica; HTA: hipertension arterial; C:

centigrados; FC: frecuencia cardiaca; Ipm: latidos por minuto; FR: frecuencia respiratoria; rpm: respiraciones por minuto.

* No se incluyen los valores perdidos. “indice de Charlson (A new method of classifying prognostic comorbidity in longitudinal studies: Development and
validation. J Chron Dis. 1987;40:373-83). bindice de Barthel (Functional evaluation: The Barthel Index. Md State Med J. 1965;14:61-5).

Criterios de sepsis (SRIS > 2) segiin conferencia de Consenso de 2001 (Sepsis-2) [1]

Criterios de sepsis (qSOFA > 2) segun la tercera conferencia de consenso (Sepsis-3) [1]

SEMES. EI ABC-COR del modelo para los pacientes con tumor
solido fue de 0,923(IC 95%:0,896-0,950;p<0,001). El test de
bondad de ajuste de Hosmer-Lemeshow presento un valor de p
de 0,568. La validacion interna, mediante la técnica de remues-
treo (bootstrapping) fue de 0,908 (IC 959%:0,881-0,935).

DISCUSION

Los resultados de este estudio permiten confirmar la uti-
lidad de un novedoso modelo de riesgo para predecir bacte-
riemia en los pacientes con neoplasia solida, con o sin neu-
tropenia, atendidos en los SUH por un proceso infeccioso. La
recientemente publicada escala de puntuacion MPB-INFURG-
SEMES [12] (que tiene una calculadora on-line disponible en:
https://mpbscore.urgenciasclinico.com), incluye variables obte-

nibles en el primer momento de la atencion de los pacientes
con sospecha de infeccion grave: exploratorias (temperatura,
frecuencia respiratoria y escalofrios-tiritona), de comorbilidad
(indice de Charlson) y analiticas (recuento de leucocitos y pla-
quetas y concentracion sérica de PCT).

Por lo tanto, puede representar una util herramienta de
ayuda a la hora de predecir la existencia de BV en los pacientes
con neoplasias sdlidas (con/sin neutropenia), uno de los grupos
mas vulnerables y con una frecuente presentacion clinica ines-
pecifica [3,4,13], para asi optimizar las decisiones mas impor-
tantes e inmediatas que se deben tomar en los SUH: indicacion
de extraccion de HC, administrar una terapia antimicrobiana
adecuada y precoz y el ingreso hospitalario o el alta domicilia-
ria, entre otras [1,13,14].
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Sensibilidad

—Neoplasia solida

*#W ——Neoplasia sélida con metastasis
— Neoplasia solida con neutropenia
0,0-¢ T T T T
0,0 0,2 0,4 0,6 0,8 1,0
Especialidad
MPB-INFURG-SEMES ABC-COR Sensibilidad % Especificidad % VPP % VPN %
Punto de corte > 5 puntos (IC 95%) (IC 95%) (IC 95%) (IC 95%) (IC 95%)
MPB-INFURG-SEMES 0,924 (0,916-0,933) 9594 76,28 53,63 98,50
articulo original p < 0,001 (95,46 - 96,42) (75,8 - 76,76) (53,15 - 54,11) (98,02 - 98,98)
En pacientes con 0,923 (0,896-0,950) 95,74 76,06 53,42 98,48
neoplasia solida p < 0,001 (94,92 - 96,56) (75,24 - 76,88) (52,60 - 54,24) (97,66 - 99,30)
En pacientes con neoplasia 0,914 (0,885-0,942) 96,23 76,24 51,96 99,24
solida con metastasis p < 0,001 (95,61 - 96,85) (75,62 - 76,86) (51,34 - 52,58) (98,62-99,70)
En pacientes con neoplasia 0,904 (0,875-0,932) 98,17 80,38 60,98 99,68
solida con neutropenia p < 0,001 (96,56-99,78) (78,77-81,99) (59,37-62,59) (98,07-99,98)

Figura 2
extraidos en urgencias

Rendimiento para la prediccion de bacteriemia verdadera del MPB-INFURG-SEMES en los hemocultivos

MPB-INFURG-SEMES: modelo de prediccion de bacteriemia INFURG-SEMES (Referencia 12)
IC 95%: intervalo de confianza al 95%; ABC-COR: drea bajo la curva de la caracteristica operativa del receptor;

VPP: valor predictivo positivo; VPN: valor predictivo negativo

El muy buen rendimiento pronostico de BV en los pacien-
tes con neoplasia solida, con un ABC-COR obtenida de 0,923,
asi como en el subgrupo de pacientes con neutropenia (de
0,904; discretamente inferior) similar a la publicada del mo-
delo original de 0,924 [12] y al Unico articulo publicado que
valida y confirma la utilidad del modelo MPB-INFURG-SEMES
en pacientes atendidos en los SUH [15], permite clasificar a to-
dos los pacientes en 11 grupos de riesgo (de 0 a 10 puntos),
donde el PC >5 puntos obtiene una $:95,74%, E:76,06% y un
VVPN:98,48%, lo que puede representar una ayuda evidente
para descartar la existencia de BV en aquellos pacientes con
neoplasias sélidas y neutropenia en el SUH. Por ello, en los pa-
cientes con neoplasia solida en los que se confirmen 5 0 mas
puntos aplicando la escala de puntuacion MPB-INFURG-SEMES

[12], siempre deberiamos sospechar la existencia de BV vy, tras
extraer HC, actuar como si existiera hasta confirmar o descartar
el crecimiento de patogenos en los HC. Y, en el caso del sub-
grupo de pacientes con neoplasia sélida y neutropenia en el
SUH, al menos hasta que existan otros estudios de validacion, la
extraccion de HC y necesidad de descartar BV, deberia ser mas
flexible e individualizada.

Aunque la técnica de extraccion de los HC estd bien proto-
colizada [16], todavia existen controversias en relacion a cuan-
do debemos obtenerlos en el SUH [1,8,13]. A pesar de ello, es
una practica creciente en la valoracion inicial de los pacientes
con cancer y sospecha de infeccion en el SUH [1-3,5]. En estos,
la sospecha de bacteriemia tiene un importante significado
diagnostico y pronostico. Pero, ademas, los HC también se ob-
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tienen en el SUH como garantia de continuidad asistencial, ya
que del conocimiento de sus resultados dependera el manejo y
evolucion posterior del paciente en su destino final [1,8,13,14].

En este escenario, en los ultimos afos, se ha acentuado
el estudio de los factores predictores de bacteriemia (precisa-
mente la existencia de neoplasia se ha confirmado como uno
de ellos [6]) y se han propuesto distintos modelos predictivos
para los SUH de distinta complejidad que podemos encontrar
en recientes revisiones [9,10], una de ellas sistematica [11],
aungque muy escasos en relacion especifica con los pacientes
oncolagicos [9-11]. Entre estos factores predictores, ha adqui-
rido una gran relevancia el papel que pueden jugar los bio-
marcadores, y en especial la PCT [9-11,17,18], como factores
predictores independientes de bacteriemia. Se ha demostrado
que su capacidad diagndstica puede igualar, e incluso superar,
la de distintos modelos, incluyendo el mas utilizado, conoci-
do y validado en la ultima década (modelo de Shapiro et al.
[19]). En este sentido, estas recientes revisiones han mostrado
la mayor capacidad de los nuevos modelos que incluyen la PCT
(5MPB-Toledo vy el propio MPB-INFURG-SEMES) sobre el res-
to, recomendandose su uso para los pacientes atendidos en los
SUH [9-11]. Aunque, también en ellas se seialaba la necesidad
de disponer de estudios de validacion en subgrupos de pacien-
tes como los ancianos o los pacientes con inmunodepresion
para el MPB-INFURG-SEMES, como lo pueden ser los de nues-
tra muestra, tal y como si se ha hecho anteriormente con el
5MPB-Toledo [20]. Aunque, afortunadamente en Espafa ya la
gran mayoria de los SUH tienen disponibilidad de solicitar PCT
[21,22], es cierto que el Latinoamérica, hoy en dia mas del 50%
no tienen disponibilidad de utilizar la PCT. Esta realidad supone
una limitacion de su posible puesta en practica.

Nuestro estudio presenta algunas limitaciones: la indica-
cion de solicitar HC se realiza segun las decisiones del médico
responsable, los casos fueron incluidos por oportunidad(cuando
los investigadores estuvieron de guardia) o la tasa de HC con-
taminados (4,9%), aunque menor que en estudios realizados
en nuestro medio, si es superior a la recomendada (< 3%)
[5,6,15,16]. No obstante, creemos que los resultados represen-
tan un fiel reflejo de la realidad de nuestros SUH donde la inci-
dencia de pacientes con neoplasia solida y neutropenia es muy
importante cuantitativa y cualitativamente [1-3].

En conclusion, el modelo MPB-INFURG-SEMES podria ser
de utilidad para la estratificacion de riesgo de bacteriemia en
los pacientes con tumor solido(con/sin neutropenia) atendidos
en el SUH. Ya que es capaz de predecirla adecuadamente con
variables facilmente disponibles y, junto al juicio clinico y otras
variables independientes del proceso y del paciente, facilita la
toma de decision de indicacion de obtencién de HC en los SUH
y la estrategia diagndstico-terapéutica.

ADENDA

Otros miembros del grupo INFURG-SEMES (Grupo de
Infecciones de la Sociedad Espanola de Medicina de Ur-
gencias y Emergencias) participantes en el estudio: Itziar

Huarte Sanz, Esperanza Ansa Arlegui, Igor Gallastegi Ruiz de
Egino, Ricardo Palenzuela Arozena, Nerea Sarriegi Gorrotxate-
gi, Xabier Errazkin Telletxea, Laura Munguia Nieva, Diego Vicen-
te Anza , Maitane Arrastia Erviti (Hospital Universitario de Do-
nosti); Carmen Navarro Bustos, Isabel Maria Morales Barroso,
Maria Carmen Manzano Alba, Fernando Oltra Hostalet, José
Gallardo Bautista, Maria Angustias Sevilla Espejo (Hospital Vir-
gen de la Macarena de Sevillo); Isabel Nieto Rojas, Elena
Sanchez Maganto, Raul Canabal Berlanga, Pedro Beneyto
Martin (Complejo Hospitalario Universitario de Toledo); Pablo
Jerez-Fernandez, Miguel Suarez- Robles, Clara Ramos-Rey, Ines
Armenteros Yeguas, Maria Fernandez-Revalderia, Eva Orviz
Garcia, Francisco Javier Martin Sanchez (Hospital Universitario
Clinico San Carlos de Madrid); Josep Maria Guardiola Tey,
Leopoldo Higa Sansone, Marta Blazquez Andion, Miriam Mateo
Roca, Sergio A. Herrera Mateo (Hospital de Sant Pau de Barce-
Jona): Marta Alvarez Alonso, Maria Jesus Dominguez Garcia,
Ma Eugenia Barrero Ramos, Cristina Latorre Marco , Gema Del-
gado Cardenas, Alberto Sanchez Bernal, Angela Flores Palacio,
Laura Martinez Vega, Laura Pérez Calero, Teresa Rincon Sanchez
(Hospital Universitario de Fuenlabrada); Begona Mora Ordofez,
M. Lourdes Nieto de Haro, Jeronimo Amores Fernandez (Hospi-
tal Virgen de la Victoria de Mdlaga); Oscar Alvarez Lopez Silvia
Alvarez Kailis, Beatriz Paderne Diaz, Gema Maria Gomez Garcia,
Alicia Rodriguez Urgel (Hospital Universitario de Mostoles),
Ferrdn Llopis-Ro- ca, Sebastia Quetglas Rosello, Manel Tuells
Morales, Marta Maristany Bosch, Ana Badia Tejero (Hospital
Universitario de Bellvitge); Mar Ortega Romero, Omar Saave-
dra, Nuria Segui, Leticia Fresco, Gina Osorio, Julia Calvo, Joan
Ribot, Irene Carbonell (Hospital Clinic de Barcelona), Esperanza
Puga Montalvo, Ziad Issa-Masad Khozouz (Hospital Campus de
la Salud de Granada), Ramon Perales Pardo, Katia Chavez Ta-
fur, Yolanda Prieto Corredor, Consuelo Parra Carretero, Merce-
des Elena Pina (Complejo Hospitalario Universitario de Albace-
te); Mikel Martinez-Ortiz de Zarate, Idoia Madariaga Ordefana,
Ainhoa Burzako Sanchez, (Hospital Universitario de Basurto);
Maria José Marchena Gonzalez, Esther Maldonado Pérez, Rocio
Garrido Rasco, Miguel Albarran Nudnez (Hospital Juan Ramon
Jiménez de Huelva); Maria del Mar Sousa Reviriego, Alicia Be-
teta Lopez, Laura Janeth Duran Ducon, Sandra Veronica Tarabo
Mieles, Ricardo Juarez Gonzalez (Hospital Nuestra Sefiora del
Prado de Talavera); José Maria Ferreras Amez (Hospital Clinico
Universitario Lozano Blesa de Zaragoza); Henrique Villena
Garcia del Real (Complejo Hospitalario Universitario de Santia-
go de Compostela); Belén Arribas Entrala (Hospital Universita-
rio Miguel Servet de Zaragoza), Marta Honrado Fernandez de
Valderrama (Hospital Santiago Apéstol de Miranda de Ebro),
Eva Quero Motto, Eva Mdnico Castillo, Antonia Cantero Sando-
val, Roxana Rojas Luan, Maria Jesus Huertas Sanchez (Hospital
Virgen de la Arrixaca de Murcia); Agustin Arévalo Velasco, M.
Jesus Bringas Garcia, Angel Garcia Garcia, Carmen Rivas Herre-
ro, Sonia Del Amo Diego (Complejo Asistencial Universitario de
Salamanca); Manel R. Chanovas-Borras, Manuel Martinez
Maimo, Noelia Cases Arifio, Carmen Melinda Prica, Montserrat
Pech Sola (Hospital Verge de la Cinta de Tortosa); Maria Boveda
Garcia, Jessica Mansilla Collado, Leticia Serrano Lazaro, Javier
Millan Soria (Hospital La Fe de Valencia); Pascual Pifera
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Salmeron, Sergio Pastor Marin, Elena del Carmen Martinez
Canovas, Gaelia Bornas Cayuela, Alba Hernandez Sanchez, José
Andrés Sanchez Nicolas (Hospital Universitario Reina Sofia de
Murcia): Angel Estella Garcia, Mariola Aguilera Vidal, Ménica
Carlota Aguilera Casasola, Maria del Mar Luque de lgunza,
Maria Cristina Martin Rodriguez (Hospital Universitario de Je-
rez); Octavio José Salmeron Béliz, Ana Mecina Gutiérrez, Marta
Beneyto Arana, Olivia Devora Ruano, M2. Mar Bermejo Olano
(Hospital Universitario Fundacion de Alcorcon), Guillermo Buri-
llo Putze, Aarati Vaswani-Bouchald, Carmen Mercedes Garcia-
Pérez, Carmen de la Fuente-Garcia, Jazael Santana Rodriguez
(Hospital Universitario de Canarias); Ester Monclus Cols, Maria
Jové Léazaro, David Pelleja Monné, Maria Mercedes Brea Alvarez
(Hospital Sant Jaume de Calella de Barcelona); Marta Balaguer
Catalan, Teresa Lopez Fernandez, Noelia Orts Sauri, Alberto
Cercos Perez, Maria Luisa Lopez Grima (Hospital Universitario
Doctor Peset de Valencia); Manuel Gil Mosquera, Luis Pérez
Ordofio, Natalia Sanchez Prida, Laura Santos Franco, Maria Eu-
genia Garcia Gil (Hospital Universitario 12 de octubre de Ma-
drid); Félix Gonzalez Martinez, Diana Moya Olmeda, Maria José
Rodriguez Escudero (Hospital Virgen de la Luz de Cuenca); Ain-
hoa Urraca Gamaury, Marta Abeijon Vila, Carlos Aldasoro Frias
(Complejo Asistencial de Zamora); Jesus Alvarez-Manzanares,
Raul Lopez Izquierdo, Nieves Sobradillo Castrodeza (Hospital
Universitario Rio Hortega de Valladolid); Luis Quero Reboul
(Hospital Virgen de la Merced de Osuna); Agurtzane Auzmendi
Aguirre (Hospital de Mendaro de Gipuzkoa); Federico Melgosa
Latorre, Fernando Abadia Cebrian, Ainhoa Albizuri Bernaola
(Hospital de Alto Deba de Arrasate); Francisco José Ezponda
Inchauspe, Ana Maria lturzaeta Gorrotxategi (Hospital de
Zumdrraga); Pilar Jiménez (Hospital de Antequera); Josefina
Monedero La Orden, Fernando Constantino Briones Monteagu-
do, Luis Miguel Cruz Ramirez (Hospital de Almansa); Ariel Ru-
ben Lindo Noriega, Miguel Angel Callejas Montoya, Gonzalo
Fuentes Rodriguez (Hospital de Villarrobledo); Marta Iglesias
Vela, Susana Garcia Escudero, Nuria Alvarez Diez (Complejo
Asistencial Universitario de Ledn); Inmaculada Adan Valero, Pi-
lar Yaglie Gomez, Jorge Eduardo Toledo Toledo (Hospital de
Valdepenas); Julio Javier Gamazo-Del Rio (Hospital Universita-
rio de Galdakao-Usansolo); Belén Rodriguez (Hospital Univer-
sitario Rey Juan Carlos); Francisco J. Aramburu, Oscar Pérez
Carral, Natalia Catherine Franco Zarate (Complejo Hospitalario
Universitario de Ourense); Barbara Diaz Garcia, Maria José del
Rio Paz, Sonia Beatriz Rodriguez Martinez (Hospital de Barban-
za); Virginia Alvarez Rodriguez, Eduardo Manzone, Rodolfo Ro-
mero Pareja (Hospital Universitario de Getafe); Angel José
Macias Lopez, Anton Trigo Gonzalez, Angel Francisco Viola Can-
dela (Complejo Asistencial de A\//'/a); Maria Deban Fernandez,
Pablo Herrero Puente (Hospital Central de Asturias); Fernando
Rodriguez Pérez-Reverte, Ascension Martinez Mas, Sofia
Martinez Saldumbide (Hospital Universitario Santa Lucia de
Cartagena en Murcia); Neus Robert, Adria Mendoza, Arantzazu
Blanco (Hospital de Can Ruti); Silvia Flores Quesada, Osvaldo
Troiano Ungerer (Hospital San Pau i Santa Tecla de Tarragona);
Rosa Garcia Garcia, Fatima Gonzalez Jiménez, Sara Moreno
Suarez (Hospital Virgen de las Nieves de Granada); Raquel
Rodriguez Calveiro, Inés Lopez Fernandez (Hospital Alvaro Cun-

queiro de Vigo); Manuel Garcia Novio, Teresa Pajares Vazquez
(Hospital Universitario Lucus Augusti de Lugo); Laura Gonzélez
Gonzalez (Hospital del Salnes de Vilagarcia de Arousa); Elena
Carrasco Fernandez (Hospital Virgen De Altagracia de Manza-
nares); Maria Pilar Lozano Garcia, Daniela Mihaela Comaneci
(Hospital Universitario de Guadalajara); Rigoberto Del Rio Na-
varro, Guillermo Moreno Montes (Hospital de Torrevieja); Eliza-
beth Ortiz Garcia (Hospital Santa Bdrbara de Soria); Leopoldo
Sénchez Santos (Hospital Universitario de Burgos); Rosario Pei-
nado (Hospital Infanta Cristina de Badajoz); Beatriz Valle Bo-
rrego (Hospital Severo Ochoa de Leganés); Pablo Javier Mar-
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ABSTRACT

Introduction. Mycobacterium avium complex (MAC) and
Mycobacterium abscessus are a group of nontuberculous my-
cobacteria (NTM) that have been described as human pathogens.
Their ability to develop biofilms in tissues and medical devices
is one of the most important pathogenicity factors, with im-
portant implications in diagnosis and treatment. Macrolides are
usually considered one of the bases of this treatment.

Methods. Here we have studied the biofilm prevention
concentration (BPC) of 16 strains (n=16) with clarithromycin
to avoid the biofilm development by these NTM.

Results. In this study, all M. abscessus strains have sim-
ilar BPC, while MAC strains showed different values. For MAC
the concentrations ranged between 1-16 mg/L, while for M.
abscessus the concentration was 32 mg/L for all strains except
one that was 64 mg/L.

Conclusions. These results open the possibility of using
macrolides for the prevention of biofilm development in pa-
tients with a risk of developing NTM disease.

Keywords: nontuberculous mycobacteria, BPC, MIC, biofilm prevention,
Mycobacterium abscessus, Mycobacterium avium, clarithromycin.

Eficacia de la claritromicina contra el biofilm de

especies clinicamente relevantes de micobacterias
no tuberculosas

RESUMEN

Introduccion. Mycobacterium avium complex (MAC) y
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Mycobacterium abscessus son un grupo de micobacterias no
tuberculosas (NTM) que han sido descritas como patogenos
humanos. Entre los factores de patogenicidad mas importan-
tes se encuentra su capacidad para desarrollar biopeliculas en
tejidos y dispositivos médicos, con importantes implicaciones
en el diagnostico y tratamiento. Los macrolidos suelen consi-
derarse una de las bases de este tratamiento.

Métodos. En este estudio hemos estudiado la concen-
tracion para la prevencion de biopeliculas (BPC) de 16 cepas
(n=16) con claritromicina para varias de estas NTM.

Resultados. Todas las cepas de M. abscessus tienen BPC
similares, mientras que las cepas de MAC mostraron valores di-
ferentes. Para MAC las concentraciones presentaron un rango
entre 1-16 mg/L, mientras que para M. abscessus la concen-
tracion fue de 32 mg/L para todas las cepas excepto una, que
fue de 64 mg/L.

Conclusiones. Estos resultados abren la posibilidad de
utilizar macrolidos para la prevencion del desarrollo de biope-
liculas en pacientes con riesgo de desarrollar enfermedad por
NTM.

Palabras clave: micobacterias no tuberculosas, BPC, CMI, prevencion de bio-
peliculas, Mycobacterium abscessus, Mycobacterium avium, claritromicina.

INTRODUCTION

Nontuberculous mycobacteria (NTM) include the majority
of the species of the genus Mycobacterium, including human
pathogens such as Mycobacterium abscessus and M. avium
complex. The Mycobacterium avium complex (MAC) includes
three species that are a cause of human infections (Mycobac-
terium avium, Mycobacterium intracellulare, and Mycobacte-
rium chimaera), and are considered the commonest NTM iso-
lated in humans throughout the world [1]. Infections caused
by MAC are usually respiratory infections among patients with
different comorbidities, while they can cause many different
syndromes, including disseminated disease [2].
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On the other hand, Mycobacterium abscessus is included
among rapidly growing mycobacteria and is found with in-
creasing frequency as an opportunistic human pathogen [3].
Although its taxonomy remains under debate, a widespread
taxonomic classification divided this species into three sub-
species: M. abscessus subsp. abscessus, M. abscessus subsp.
bolletii, and M. abscessus subsp. massiliense [4]. Infections
caused by these species are usually chronic and associated
with immunological deficiencies, such as cystic fibrosis (CF), in
which morbidity and mortality are associated with both infec-
tions and unusual immune responses [5].

NTM infections are currently considered biofilm-related in-
fections, and this fact is of clinical importance because of the
higher resistance against antibiotics of sessile bacteria compared
with that of planktonic ones [6]. Therefore, avoiding biofilm for-
mation could be extremely important for the management of
the patients because it potentially can avoid the development of
the disease or, at least, facilitate their treatment.

This study aimed to know the biofilm prevention concen-
tration (BPC) of clarithromycin (an antibiotic that is considered
a keystone in the treatment of NTM diseases) and compare it
with the minimal inhibitory concentration of planktonic cells
and antimicrobial susceptibility testing using M. avium com-
plex and M. abscessus collection and clinical strains (n=16)
isolated from patients with and without respiratory disease.

MATERIAL AND METHODS

Bacterial strains. A total of 16 strains (n=16) were used
in this study. MAC strains used in this study were a total of
nine including three type strains and two clinical strains of
each species. M. abscessus strains used in this study were a to-
tal of seven including two type strains and five clinical strains
(Table 1). The strains 330 and 624 showed a rough phenotype,
while the strains 368, 611, and 531 have a smooth phenotype.
The clinical significance of the clinical strains was determined
according to the ATS-ERS-IDSA-ESCMID criteria [2], being
clinically significant the strains M. avium 647, M. intracellu-
lare 657, M. chimaera 655, and all the clinical strains of M.
abscessus.

All strains were maintained at -80°C and defrosted be-
fore performing the experiments, inoculated onto Middlebrook
7H10 agar (DifcoTM) plates supplemented with 10% Middle-
brook OADC enrichment and 0.4% glycerol and incubated at
37°C for 10-15 days. After 24h plates were checked for purity.

Antimicrobial susceptibility of planktonic bacteria.
The studied clinical strains were tested for antimicrobial sus-
ceptibility using the CLSI recommendations for broth microdi-
lution [7] and were interpreted following CLSI and [7] Europe-
an Committee on Antimicrobial Susceptibility Testing (EUCAST)
criteria [8]. Minimal Inhibitory Concentration (MIC) of plank-
tonic bacteria was obtained for each strain against clarithro-
mycin (CHL) (Sigma-Aldrich, MA, USA) with a range of 1-256
mg/L. MAC strains were incubated for 10 days and M. absces-
sus strains were incubated for 5 days, all of them at 37°C with

500 CO,. After incubation, MIC values were read with the naked
eye according to the CLSI/EUCAST recommendations. A pos-
itive control with bacteria without antibiotic and a negative
control without microorganisms were included for each strain.
This test was performed in triplicate for all strains.

Biofilm susceptibility assay. Susceptibility in biofilm
was determined as proposed by Ferndndez-Olmos et al. with
minor modifications [9]. Biofilm formation for all strains was
reached by suspending the strains to 0.5+2 McFarland in liquid
Middlebrook medium and 75 pL of each strain was placed onto
a 96-well plate (ThermoFisher Scientific, MA, USA). Then, clar-
ithromycin was added to the wells using concentrations be-
tween 0.25 and 256 mg/L and 75 pL of CHL serial dilutions to
the 96-well plate to study a wide range of concentrations. The
plates were incubated for 5 days for the M. abscessus strains
and 10-15 days incubation for the MAC strains. After incuba-
tion, Biofilm Preventive Concentration (BPC) was determined
by lack of biofilm formation by visual inspection using an in-
verted microscopy (Leica, LEITZ DM IL) and by measuring the
plates in a spectrophotometer (TECAN, Switzerland) at 0D,
nm. Positive controls with all ATCC strains were used in all the
experiments. All strains were tested in triplicate. EUCAST crite-
ria for MICs were adopted for BPCs.

RESULTS AND DISCUSSION

MICs and BPCs obtained for the M. abscessus strains and
the MAC clinical strains are shown in Table 1. Interestingly, all
but one M. abscessus strains showed identical BPC, while MAC
isolates showed more variable concentrations, having all M.
avium strains at the same concentration.

Biofilms are selective environments, placing demands on
planktonic microbial cells. A pre-existing microbial biofilm may
stimulate, inhibit, or have no effect on the adherence of a par-
ticular microbial species or type [10]. For instance, early studies
of adherence relied upon having a surface covered with pro-
tein (e.g., bovine serum albumin). Without a conditioned sur-
face a particular microorganism would not be able to adhere
and form a biofilm [11]. In contrast, M. avium is capable of
forming new biofilm thanks to its hydrophobic surface that
can adhere to all types of surfaces [12].

Biofilm formation and surface adherence is an essential
pathogenic factor for the M. avium complex because without
adherence or biofilm formation cells would be washed away
by any flowing force [13]. M. avium usually colonizes the
respiratory tract of patients with chronic pulmonary disease
which can evolve to an infection that is difficult to eradicate.
Therefore, it is credible that biofilm formation might have a
substantial effect on the maintenance of the infection. On the
other hand, M. abscessus disease is considered a biofilm-re-
lated one, and this mycobacterium has been found forming
biofilms in the lung tissue of patients with M. abscessus dis-
ease [14]. Moreover, many in vitro studies have shown that the
biofilms formed by this species have an increased resistance
against many antibiotics, including macrolides [15].
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Table 1 Minimum inhibitory and biofilm prevention concentration of
Mycobacteria clinical strains.

Strain MIC (mg/L) ~ BPC(mg/L)  Number of dilutions between MIC and BPC
M. avium ATCC 25291 4 16 2

M. intracellulare ATCC 13950 8 8 0

M. chimaera DSM 44623 <1 1 21

M. avium 717 <1 16 >4

M. avium 647 <1 16 >4

M. intracellulare 505 <1 8 >3

M. intracellulare 657 <1 4 >2

M. chimaera 575 <1 1 > 1

M. chimaera 655 8 16 1

M. abscessus DSM 44196 rough 2 32 4

M. abscessus DSM 44196 smooth 2 32 4

M. abscessus subsp. abscessus 330 1 32 5

M. abscessus subsp. abscessus 368 4 32 3

M. abscessus subsp. massiliense 624 1 32 5

M. abscessus subsp. massiliense 611 0.25 64 8

M. abscessus subsp. bolletii 531 >16 32 0

MIC, minimum inhibitory concentration; BPC, biofilm prevention concentration.

Active antibiotics against either planktonic cells or early
attached cells might serve as a prevention method against bi-
ofilm formation and development. This can be confirmed with
this study where the strains of all the species showed low BPCs
for clarithromycin, and by the study of Carter et al, where sub-
inhibitory concentrations of macrolides can inhibit partially
the biofilm formation of several M. avium strains [16]. Howev-
er, in our study, we looked for the concentration that inhibits
completely the development of a biofilm, and this is a possible
explanation of our results. Interestingly, MAC isolates showed
different values, probably related to the differences detected
in biofilm development among all these strains [17], differenc-
es that are not detected among M. abscessus strains, which
are more uniform in biofilm development, as previously de-
scribed [18]. The latter one is, in fact, very different from MAC,
so we expected differences in the detection of BPC between
both groups that were confirmed in the study. Former studies
that showed the preventive value of macrolides against MAC
infection in the first years of the AIDS pandemic [19] can be
now explained (at least partially) for this property, because by
avoiding biofilm formation we can potentially avoid the dis-
ease, and so improving the quality of life of the patients.

The main limitation of our study is the low number of
tested strains. Future studies with a large sample size are
needed as are studies that test other antibiotics that can be
used in the treatment of nontuberculous mycobacteria. An-
other limitation is the lack of bovine serum in our culture me-
dium, which can be a conditioning factor for biofilm develop-
ment for mycobacteria. However, we have previously used this
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medium in previous studies with these species of mycobacteria
with good results [17,18].

These results suggest the importance of developing an early
aggressive treatment to prevent biofilm formation in this type
of bacteria and open a possibility of preventive measures for
these patients that potentially can change their management
and outcome. However, how implementing this possibility is a
matter for further research, because many issues (dosages, time,
type of patients) need to be determined before introducing this
type of prophylaxis in common clinical practice.
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ABSTRACT

Introduction. Mycoplasma genitalium (MG) is a micro-
organism related to sexually transmitted infections. Antibiot-
ic resistance of MG leads to an increase in treatment failure
rates and the persistence of the infection. The aim of this study
was to describe the most frequent mutations associated with
azithromycin and moxifloxacin resistance in our geographical
area.

Material and methods. A prospective study from May
2019 to May 2023 was performed. MG-positive samples were
collected. Real-time PCRs (AllplexTM MG & AziR Assay and All-
plexTM MG & MoxiR Assay, Seegene) were performed in MG
positive samples to detect mutations in 23S rRNA V domain
and parC gene.

Results. A 37.1% of samples presented resistance de-
terminants to azithromycin and the most common mutation
detected was A2059G (57.9%). Resistance to moxifloxacin
was studied in 72 azithromycin-resistant samples and 36.1%
showed mutations, being G248T the most prevalent (73.1%).

Conclusions. The resistance to different lines of treat-
ment suggests the need for a targeted therapy and the per-
forming of a test of cure afterwards.

Keywords: azithromycin; moxifloxacin; mutation; Mycoplasma genitalium;
resistance
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RESUMEN

Introduccion. Mycoplasma genitalium (MG) es un mi-
croorganismo relacionado con las infecciones de transmision
sexual. La resistencia antibiotica del MG conduce a un aumen-
to de las tasas de fracaso terapéutico y a la persistencia de la
infeccion. El objetivo de este estudio fue describir las mutacio-
nes mas frecuentes asociadas a la resistencia a azitromicina y
moxifloxacino en nuestra area geografica.

Material y métodos. Estudio prospectivo desde mayo
2019 a mayo 2023 en el que se incluyeron todas las muestras
positivas para MG (una por paciente). Se estudio la presencia
de mutaciones en el dominio V del ARNr 23Sy en el gen parC
mediante PCR en tiempo real (AllplexTM MG & AziR Assay y
AllplexTM MG & MoxiR Assay, Seegene).

Resultados. Un 37,1% de las muestras presentaron de-
terminantes de resistencia a azitromicina y la mutacion mas
comun detectada fue A2059G (57,9%). La resistencia a moxi-
floxacino se estudio en 72 muestras resistentes a azitromicina
y el 36,1% presentaron mutaciones, siendo G248T la mas pre-
valente (73,1%).

Conclusiones. La resistencia a diferentes lineas de trata-
miento sugiere la necesidad de una terapia dirigida y la reali-
zacion de una prueba de curacion posterior.

Palabras clave: azitromicina; moxifloxacino; mutacion; Mycoplasma geni-
talium; resistencia

INTRODUCTION

Mycoplasma genitalium (MG) is a microorganism relat-
ed to sexually transmitted infections (STI). The main route of
transmission is direct genital-genital mucosal contact [1,2].
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MG diagnosis has been improved in recent years. The incor-
poration of molecular techniques in clinical laboratories has
replaced the common culture because of its low sensitivity
[3,4]. However, MG is still a clinical challenge. MG is intrinsi-
cally resistant to B-lactams due to the lack of cell wall, and
therefore the choice of an appropriate treatment is limited to
macrolides, tetracyclines, and quinolones [5]. According to the
Clinical Guidelines, azithromycin is the first line of treatment
and its cure rate is approximately 85% in macrolide susceptible
infections, while doxycycline has a cure rate between 30-400%.
The increasing resistance rates of MG to these antibiotics has
led to the use of quinolones, such as moxifloxacin, as an al-
ternative in macrolide-resistant or complicated infections [6].

Knowledge of the main mechanisms involved in MG
antibiotic resistance is essential. Azithromycin inhibits protein
synthesis and its resistance is associated with mutations in the
region V of the 23S rRNA gene, being the point mutations at
positions 2058 and 2059 the most frequent ones [7]. Azithro-
mycin-resistant MG (Azi-R-MG) has been reported worldwide
in the last years [2,58-11]. On the other hand, mutations
in the parC andfor gyrA are responsible for moxifloxacin-
resistant MG (Moxi-R-MG) [12]. Novel technologies to detect
these mutations which include real-time PCR are excellent
options to characterize these mechanisms when sequencing
is not available [11]. The evaluation of acquired moxifloxacin
resistance has been conducted in several studies, but the
sample size evaluated is still not sufficient [1-3,7].

The aim of this study was to describe the prevalence of
MG mutations associated with azithromycin and moxifloxacin
resistance in the sanitary region of Lleida, Spain.

METHODS

A prospective study from May 2019 to May 2023 was
performed at Hospital Universitari Arnau de Vilanova (Lleida,
Spain), a referral tertiary hospital in northeast Spain covering
an area of approximately 340,000 inhabitants.

MG-positive samples from patients with clinical suspicion
of a STI, sexual partner diagnosed with a STl or as a screen-
ing test for pregnant women with less than 25 years old were
collected. The specimens included urethral swabs, first-void
urines, endocervical swabs and rectal swabs. Only one positive
sample per patient was evaluated.

DNA was extracted using EZ1 or QIASymphony equipment
(QIAGEN), and real-time PCR screening was performed on
the CFX96 gPCR instrument (Bio-Rad) using the Allplex™ ST
Essential Assay (Seegene) for the detection of MG and other
pathogens causing STI (Chlamydia trachomatis (CT), Neisseria
gonorrhoeae (NG), Trichomonas vaginalis (TV), Mycoplasma
hominis, Ureaplasma urealyticum, Ureaplasma parvum).

A multiplex qPCR assay (Allplex™ MG & AziR Assay, See-
gene) that detects MG and the most frequent mutations asso-
ciated with azithromycin resistance (A2058G, A2058T, A2058C,
A2059G, A2059T, A2059C) was performed in MG-positive sam-
ples.

Samples from patients already studied (less than six
weeks), asymptomatic and/or with different kind of specimens
the same day were excluded from resistance study.

Azi-R-MG samples were also tested for moxifloxacin re-
sistance determinants since December 2019. Thereby, a multi-
plex gPCR (Allplex™ MG & MoxiR Assay, Seegene), that detects
MG and six frequent mutations in parC gene (A247C, G248A,
(G248T, G259A, G259C, G259T) was performed.

The medical records of Azi-R-MG patients were reviewed
by collecting demographic data, antibiotic treatment pre-
scribed, the ongoing coinfections with other pathogens caus-
ing STI (CT, NG, TV) and the performance and result of test of
cure (TOC), described as a second PCR performed for the de-
tection of MG at least 4 weeks after the end of the treatment.

RESULTS

A total of 256 MG-positive samples were analyzed during
the period of the study. MG was detected in 178 samples from
men (69.5%) and 78 from women (30.5%). The median age of
MG-positive patients was 27 years (range 17-69). Demographic
and clinical characteristics of patients are summarized in Table 1.

The qPCR assay that detects the most frequent mutations
associated with Azi-R-MG was performed on the 256 samples.
Determinants of azithromycin resistance were detected in 95
samples (37.1%, 95/256) and 75.8% of them (72/95) were men.
The most frequently detected mutation was A2059G (55/95),
followed by A2058G (22/95), A2058T (10/95), A2059C (6/95)
and A2058C (2/95).

Regarding moxifloxacin, the qPCR assay that detects
quinolones resistance determinants was performed on 72 Azi-
R-MG samples since December 2019. Mutations in parC were
found in 26 samples (26/72, 36.1%). The most frequently de-
tected mutation was G248T (19/26), followed by G248A (4/26),
G259A (2/26) and G259T (1/26). No A247C or G259C muta-
tions were detected.

Seventy two of the 95 Azi-R-MG samples were detected
in men and 38 (52.8%) of them were men who had sex with
men (MSM). A mutation related to Moxi-R-MG was detected
in seven of these 38 MSM (18.4%).

Data about previous antibiotic treatment was available
in 89 patients, 45 of whom (45/89, 50.6%) were treated with
azithromycin before this episode.

The 7.4% (7/95) of Azi-R-MG cases presented co-infec-
tions with other pathogens causing STI: CT (n=6) and TV (n=1).
The 22.1% (21/95) of patients with Azi-R-MG were HIV-posi-
tive (20 men and 1 woman). HIV-positive men were all MSM.

Data on TOC performance was available in 70 of the 95
Azi-R-MG patients. The 87.1% (61/70) showed a negative
TOC (no detection of MG). In the case of the specimens with
a Moxi-R-MG, data was available in 21 cases and 15 patients
had a negative TOC (15/21, 71.4%). G248T mutation in parC
gene was the most common mutation (n=4) in individuals
with a positive TOC.
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Tabla 1 Demographic and clinical characteristics of patients with Mycoplasma
genitalium detection (Lleida, 2019-2023).
Total MG positive samples (n=256) Men Women
178 69.5% 78 30.5%
AZI-R-MG 95/256 37.1% 72178 40.4% 23[78 29.5%
MSM 38/72 52.8%
HIV+ 21/95 22.1% 20 1
First void urine 50/95 52.6% 46 4
Urethral swab 10/95 10.5% 10 0
Rectal swab 16/95 16.8% 16 0
Endocervical swab 19/95 20.0% 0 19
parC mutations test performed (n=72) 51 70.8% 21 29.2%
MOXI-R-MG 26(72 36.1% 13/51 25.5% 1321 61.9%

AZI-R-MG (Azithromycin-resistant-MG), MOXI-R-MG (Moxifloxacin-resistant-MG).

DISCUSSION

In this study we described the mutations in MG that con-
fer resistance to azithromycin or moxifloxacin. It is a contin-
uation of a previous one performed between 2019-2021 in
which Muhoz-Santa et al evaluated the prevalence of MG
and mutations related to azithromycin resistance in our area
[5]. The main mutation detected in Azi-R-MG in the present
study has been A2059G (55/95, 57.9%), which was the most
frequent in the fore-mentioned report (55.6%). Our results are
similar to those performed in other Spanish areas: a study per-
formed in Tenerife (Canary Islands, Spain) found that 17 out
of 28 samples have the A2059G mutation [11], and in a report
from the south of Spain, the same mutation was described in
the 50% of Azi-R-MG samples [9].

The increasing azithromycin resistance in different geo-
graphical areas points us towards the study of moxifloxacin
resistance, the second line of treatment according to Clinical
Guidelines [6]. In our study, moxifloxacin resistance was assessed
in samples that were already resistant to azithromycin. The main
parC mutation detected was G248T (19/26), which agrees with
previously reports [3,7,10]. In our study, we only evaluated the
parC gene, although some studies reported that resistance to
moxifloxacin is also due to mutations in gyrA gene [11,14,15].

We reported 9/70 (12.9%) MG cases treated with azith-
romycin with treatment failure. A2059G was the mutation
detected in 7 of these patients. It is unclear if there is a con-
nection, or it is just because it is the most frequent muta-
tion detected in different studies [3,5,7]. That is not the case
with the parC G248T mutation, which is the main mutation
described in association with moxifloxacin treatment failure
[10,14]. This mutation was found in 4 (66.7%) of our 6 Moxi-
R-MG samples with a positive TOC. However, more studies are
needed to conclude that the mutations detected are responsi-
ble for treatment failure.

The presence of co-infections with others pathogens
causing STI means the treatment prescribed was not restricted
to MG. Five patients with co-infections (5/7, 71.4%) were neg-
ative for the TOC performed. The resolution of the infection
could be explained by the involvement of different antibiotic
treatments, but it would be necessary to consider that we have
a limited number of samples with these characteristics in order
to reach conclusions.

A previous azithromycin treatment for an STl or respirato-
ry infection could explain the high resistance associated with
azithromycin treatment [7,9,15]. Upon collecting data from
the clinical story of patients with an Azi-R-MG infection, we
observed that approximately half of the patients (45/89) had
previously received treatment with this antibiotic.

Several studies demonstrate a high prevalence of resistant
MG infection in MSM [5,7,9]. As it was previously described,
we found that 52.8% of men with an Azi-R-MG were MSM.
The high bacterial STl burden and frequent exposure to mac-
rolide treatment may account for the high prevalence of mac-
rolide-resistant MG among MSM [2].

It is important to keep on evaluating patients with a MG
infection and its resistance mechanisms. The main conclu-
sion reported in our study is that the concerning resistance to
azithromycin and the increasing resistance to the second line
treatment (moxifloxacin), correlated with treatment failure
and the persistence of MG infection. As we previously men-
tioned, we did not evaluate the gyrA gene by sequencing for
moxifloxacin resistance, unlike other studies [11, 14]. More
studies with a larger number of samples to relate combina-
tions of mutations responsible for azithromycin and/or moxi-
floxacin treatment failure are needed.
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Estimado Editor:

Presentamos un caso de endocarditis infecciosa aguda
producida por Listeria monocytogenes y resuelta con trata-
miento médico exclusivamente.

Caso: varon de 71 afos que ingresa por sensacion distér-
mica y malestar general de dias de evolucion, presentando un
cuadro parecido sin etiologia establecida 3 meses antes. An-
tecedentes personales: hipertension arterial, diabetes mellitus
tipo 2, vértigo posicional benigno, episodio de fibrilacion auri-
cular revertido en tratamiento anticoagulante, y una estenosis
aortica severa y dilatacion de aorta ascendente. Intervenido
hace 2 afios con colocacion de tubo valvulado adrtico por in-
suficiencia adrtica severa y dilatacion de raiz. La exploracion
fisica no muestra hallazgos significativos. No presenta altera-
ciones analiticas de interés en el momento del ingreso. En los
hemocultivos realizados presenta un crecimiento de L. mono-
cytogenes en 4[4. Se realiza un ecocardiograma transtoracico
que resulto no concluyente por mala ventana. En el ecocardio-
grama transesofdgico se aprecian varias imagenes moviles en
los velos del ventriculo izquierdo y a nivel superior de los senos
de Valsalva compatibles con vegetaciones. Se observa también
un engrosamiento heterogéneo a nivel perianular compatible
con un absceso periprotésico. Se realiza un TAC-TA, que mues-
tra una coleccion hipodensa en torno a la aorta ascendente, y
lo mismo a nivel de la valvula aortica, ademas de imagen com-
patible con infarto esplénico. Se inicia tratamiento con ampi-
cilina 3g/6h y gentamicina 80mg/8h el mismo dia del ingreso.
El estudio es completado con una RMN craneal, en la que se
observa una lesion compatible con cerebritis con afectacion
leptomeningea vs embolia. EI PET-TAC afiade la presencia de
unos ganglios hilio-mediastinicos bilaterales hipermetabdlicos
de cardcter reactivo al hipermetabolismo de la valvula adrtica
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y aorta ascendente. Dada la morbilidad del paciente se realiza
un tratamiento no quirurgico, modificando la gentamicina por
cotrimoxazol 1600/320mg/8h debido a un descenso del filtra-
do glomerular, manteniendo la ampicilina durante 8 semanas
desde el diagnostico. El paciente presenta una mejoria clinica,
con hemocultivos de control realizados a los 7 dias post-anti-
biotico negativos. El paciente realiza sequimiento en consulta
durante 18 meses tras finalizar el tratamiento encontrandose
asintomatico y con hemocultivos de control repetidamente
negativos.

A pesar de los avances médicos, la endocarditis infeccio-
sa (EI) conserva una elevada morbimortalidad (0,87 muertes
por cada 100.000 personas de la poblacion) [1]. Ademas, si-
gue siendo un reto diagnodstico debido al amplio abanico de
manifestaciones clinicas con las que puede presentarse, ello
dependiendo de; edad del paciente [2], microorganismo cau-
sante, y presencia de antecedentes previos como hepatopatia,
insuficiencia renal, valvulopatias, et al. Todo ello hace que se
requiera de colaboracion multidisciplinaria para su manejo [3].

A esto se le afiade que el microorganismo causante es una
L. monocytogenes, bacilo grampositivo aerobico, causante de
sepsis, meningoencefalitis, y una amplia variedad de infeccio-
nes (artritis, osteomielitis, peritonitis, hepatitis, colecistitis y
endocarditis) todas ellas con una gran morbimortalidad [1,4,5].
Es de destacar que el causante del cuadro representa el 0,3%
de todas las EI [1]. Los pacientes afectados por El por dicho
microorganismo resultan ser habitualmente de edad avanza-
da, dandose la mayoria en varones, y mas aun en aquellos con
valvulas protésicas, a pesar de que la L. monocytogenes afecte
mas frecuentemente a mujeres. Se ha descrito una mayor ten-
dencia a la afectacion de pacientes diabéticos y con valvula
protésica, probablemente por la tendencia de esta bacteria a
afectar a pacientes inmunodeprimidos y con factores predis-
ponentes [6].

El prondstico empeora mas aun si al cuadro de El se le

asocian complicaciones neurologicas[1,5]. Por ello, cabe desta-
car la exploracion neuroldgica normal que presento el paciente
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en todo momento (salvo los vértigos), a pesar del hallazgo de
posible cerebritis en la RMN craneal.

Finalmente, el tratamiento incluye antibioticos y ciru-
gia, que, segun las ultimas guias de practica clinica, deberia
haberse realizado en nuestro caso por las imagenes sugesti-
vas de abscesos cardiovasculares [1,4], que segun las Gltimas
guias aumentan el riesgo de embolismos sépticos extracardia-
cos, empeorando el pronostico. Se ha visto que el tratamiento
médico conservador en estos casos implica un peor prondstico
global [4], a pesar de que nuestro caso evolucionase correcta-
mente.

Segun los casos revisados, mas de un tercio de los pacien-
tes con El sobre valvulas protésicas tratadas médicamente tie-
nen una mala evolucion [6,7]. Dicho dato, comparandolo con el
9,1% de mortalidad que tienen los El sobre vélvulas protésicas
tratadas médico-quirurgicamente [7], resulta contradictorio
con la evolucion observada en el caso expuesto.

En resumen, el cuadro de El por L. monocytogenes resulta
poco comun y de gran morbi-mortalidad, mayor en los pacien-
tes que solo reciben tratamiento médico [7]. A pesar de ello, el
caso presentado tuvo buena evolucion.
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Sir,

Corynebacterium striatum s a facultative anaerobic
gram-positive bacillus. Usually, it has been considered an op-
portunistic pathogen that colonizes skin and mucous mem-
branes. Recent years have seen the emergence of C. striatum
as a novel pathogen, particularly in those with compromised
immune systems or those experiencing nosocomial outbreaks.
Biofilms are a common occurrence in patients undergoing sur-
gery or those who have received a prosthetic device, as evi-
denced by the presence of biofilms [1]. Its adherence to pros-
thetic surfaces (both hydrophobic and hydrophilic) has been
attributed to the binding of fibrinogen. Recent reports of sys-
temic infections, such as endocarditis, meningitis, osteomyeli-
tis, and respiratory infections, as well as notable pathogens in
bone and joint infections (septic arthritis), have been published
[2-3]

Many laboratories do not routinely identify Corynebacte-
rium species because they are frequently isolated as contam-
inants. Then their identification in culture is challenging for
clinicians. New diagnostic identification technologies in clinical
microbiology laboratories, such as MALDI-TOF MS, have been
reported to be more accurate compared to conventional bio-
chemical methods [2].

C. striatum exhibits limited susceptibility compared to
other Corynebacterium species. Resistance to penicillins, ceph-
alosporins, carbapenems, clindamycin, and fluoroquinolo-
nes is common. Susceptibility to vancomycin and linezolid is
frequently found in clinical samples [3]. Then, these are the
most appropriate antibiotics for C. striatum infections. How-
ever, both vancomycin and linezolid have significant toxicity
in elderly patients. Also, vancomycin requires drug monitoring
levels Therefore, the new unauthorized use of alternative med-
ications is necessary.
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Although C. striatum is frequently susceptible to dapto-
mycin, some could show daptomycin resistance or clinical fail-
ure. Chauvelot et al. [4] described three patients treated with
daptomycin who experienced treatment failure.

Dalbavancin is a novel semisynthetic lipoglycopep-
tide with significant potency against a wide spectrum of
Gram-positive pathogens. Its long half-life enables at least
weekly administration. Rolston et al. [5] compared dalbavancin
in vitro activity with that of vancomycin, daptomycin, linezol-
id, trimethoprim/sulfamethoxazole and levofloxacin against
Gram-positive organisms isolated from cancer patients. Dalba-
vancin exhibited a more potent activity than vancomycin and
daptomycin against most staphylococcal isolates, Bacillus spp.,
Micrococcus spp. and various streptococci. All 23 Corynebac-
terium spp. isolates were inhibited by <0.03 mg/L of dalba-
vancin (range 0.008-0.03 mg/L). The MICs for vancomycin,
daptomycin, trimethoprim/sulfamethoxazole and linezolid of
these isolated were several times higher than dalbavancin.

We here present an elderly woman with an early pros-
thetic hip C. striatum infection successfully treated with de-
bridement, antibiotics, and implant retention (DAIR), followed
by long-term dalbavancin therapy.

A 91-year-old still-active female with a history of high
blood pressure, moderate aortic stenosis, hypothyroidism,
and severe pulmonary hypertension underwent a partially ce-
mented left-sided total hip arthroplasty due to a sub-capital
hip fracture in March 2023. Four weeks later, she consulted
due to wound leakage to her general practitioner. She was im-
mediately transferred to the orthopaedic surgery emergency
department. On presentation, she was febrile at 38.5°C. The
patient's left lower extremity was edematous, and examina-
tion of the left hip revealed minimal erythema, tenderness to
palpation, and a decreased range of motion secondary to pain.
She underwent a regimen of debridement, antibiotics, irriga-
tion, and retention of the prosthesis (DAIR) in the operating
room 24 hours after admission. Extensive necrotic tissue and
pus were noted during the surgery. Thorough excision of the

Rev Esp Quimioter 2024;37(3): 276-278 276


https://orcid.org/0000-0002-1939-4295
https://orcid.org/0009-0001-5408-281X
https://orcid.org/0000-0001-6526-1728
https://orcid.org/0000-0002-0238-9350

M. Camara-Rodriguez, et al.

Dalbavancin as long-term treatment in Corynebacterium striatum Infections: a literature review

Table 1 C. striatum infections treated with dalbavancin
Auth N T f i Dal i A
uthor umber : ype.o Coryneba.cterlum Previous therapies  Dalbavancin indication ¢ bava.ncm dose dverse Qutcome
[reference], year  of cases infection species regimen effects
Molina-Collada Septic native , Linezolid .
6] 2017 n=1 knee arthrits C. striatum Teicopanin Failure (n=1) 1500 mg (one dose)  None (n=1) Cure (n=1)
Cotrimoxazole,
tedizolid Failure (n=3)
: 1500 d None (n=5)
Navarro-Jiménez Diabetic foot ) ciprofloxacin, Side effects (n=3) mg (one dosc) Cure (n=6)
n=7 . C. striatum . . . to 1500 mg weekly  Nausea
[7], 2022 osteomyelitis linezolid, amoxicillin-  Failure and Side effects Failure (n=1)
for 5 weeks (n=1)
clavulanate, (n=1)
clindamycin
Cure (n=3)
" il - V;;:czmy:m, _ Convenience (1=5) 1500 . Heart transplantation
NS n=6 LVAD C. striatum crizond, dap o.mycm, Mg every tho None (n=6) (n=1)
2023 levofloxacin, Side effects (n=1) weeks _
omadacycline Failure (n=1)
LVAD thrombosis (n=1)
Soderqiist ) Vancomyecin, . 1500 mg every
=1 PII C. striat Side effects (n=1 N =1 C =1
[9],2023 ! striatum linezolid, daptomycin de effects (n=1) week for 12 weeks (n=1) ure (n=1)
Camara [present 520y (o
P n=1 PJI C. striatum vancomycin Convenience (n=1) dose) and 500 mg  None (n=1) Cure (n=1)
case], 2023
weekly for 6 weeks.

LVAD: Left Ventricular Assist Device; PJI: Periprosthetic joint infection.

necrotic tissue, rinsing and lavage, and exchange of the fem-
oral head were performed, and six tissue biopsies were taken
for culture. Empirical treatment with intravenous meropenem
and vancomycin was instituted. In the biopsies, the growth of
C. striatum was denoted. The antibiogram revealed resistance
to penicillin, clindamycin, daptomycin and quinolones while
being sensitive to vancomycin, linezolid, and rifampicin. Mer-
openem was discontinued, but a seven-day course of vanco-
mycin was continued. Thereafter, a loading dose (1,000 mg) of
dalbavancin was administered, followed by 500 mg weekly for
5 more weeks. The patient was monitored, and normal serum
creatinine and GFR (83 mL/min/1.73 m2) were noted. The local
status of the soft tissue improved very slowly, with the reso-
lution of inflammation of the hip and thigh after dalbavancin
was stopped. At the follow-up in October 2023, the patient's
CRP value was 0.40 mg/dL, and her extremity's inflammation
had significantly declined. Her functional status was good, and
she used only one walking aid outdoors.

We reviewed the scarce English literature published re-
garding the use of this novel antibiotic in C striatum infec-
tions through a PubMed database search using the descriptors
“"dalbavancin”, "Corynebacterium”, and "infection”. The main
characteristics of the sixteen patients with C. striatum infec-
tions treated with dalbavancin are summarized in Table 1. We
found four case series describing sixteen cases treated with
dalbavancin (including the present case). Except for the first
case reported in 2017, the remaining cases (15/16) have been
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recently reported between the years 2022 and 2023. Cases can
be grouped into three indications: prosthetic or native oste-
oarticular infection (n=3), diabetic foot infections (n=7) and
left ventricular assist device (LVAD: n=6). All cases received
dalbavancin as at least second-line or rescue treatment (mean
of 2 prior treatments). Vancomycin or linezolid were initially
prescribed as treatments.

Dalbavancin indications were previous treatment failure
(n=5), antibiotic side effects (n=6) and convenience (n=6). This
latter indication may arouse the greatest interest in its use,
as it represents an early use based on a weekly dose of the
drug, as it was in our case. Dalbavancin simplifies intravenous
treatment, allowing earlier patient discharge and avoiding dai-
ly venous access use, as well as vancomycin renal toxicity. In
addition, linezolid poses a risk of hematological and nervous
system toxicity in such an elderly patient. In contrast, dalba-
vancin's tolerability in the sixteen reviewed cases was excel-
lent. No discontinuation due to adverse effects of the drug
was reported.

It is noteworthy that many patients treated for diabetic
foot infections (6/7) and osteoarticular infections (3/3) were
cured. On the contrary, efficacy in endovascular infections was
lower (3/6). These are chronic infections in which the existence
of biofilm makes eradication of the microorganism difficult.

Dalbavancin has been approved for the treatment of bac-
terial skin and soft tissue infections as a two-dose regimen
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(1,000 mg as a loading dose and one additional dose of 500
mg after 1 week) or as a single dose of 1,500 mg intravenously.
However, it has also been considered for the treatment of con-
ditions requiring prolonged antibiotic courses, such as joint and
bone infections and cardiovascular infections, with or without
devices. The optimal dosing and dosing interval of dalbavancin
in these clinical scenarios remain to be defined. Dunne et al.
[10] found that the steady state was reached without accumu-
lation for 8 weeks in an extended-dosing study with 500 mg
weekly administrations of dalbavancin following loading dos-
es. However, after four weeks of use, therapeutic drug mon-
itoring is highly recommended. Recently, some international
dosing recommendations have been published based on expert
panel proposals that accommodate different healthcare set-
tings and resource availability and centre around the length of
treatment duration, including up to or exceeding 6 weeks [11].
To achieve adequate dalbavancin concentrations for up to 6
weeks, 3,000 mg of dalbavancin should be given over 4 weeks
for the agreed-upon complex infections requiring > 2 weeks of
treatment. Therapeutic drug monitoring (TDM) is advised for
longer treatment durations and in cases of renal failure.

To conclude, long-term (up to 12 weeks) dalbavancin
therapy could be a successful and safe alternative for C. stri-
atum infections, especially in cases of soft tissue infections
such as diabetic foot and osteoarticular infections. Its role in
endovascular C. striatum infections remains to be defined with
prospective studies. Although the optimal dosing and inter-
val of dalbavancin for extended treatment of bone and joint
infections remain to be defined, therapeutic drug monitoring
could help guide it.
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Estimado Editor:

Los paneles sindrémicos de PCR multiplex han permitido
la identificacion rapida y precisa de diversos patogenos, apo-
yando el diagnostico de infecciones respiratorias, gastrointes-
tinales, del sistema nervioso central, articulares y en bacterie-
mias.

El BioFire® Joint Infection Panel (BJIP) (BioMérieux), es un
ensayo multiplex para la deteccion de 15 bacterias grampositi-
vas, 14 bacterias gramnegativas, 1 levadura y 8 genes de resis-
tencia antimicrobiana en muestras de individuos con sospecha
de infeccion articular, al estar estos organismos asociados a
infecciones dseas y articulares [1]. Solo las muestras de liquido
sinovial estan validadas para su uso con este panel y no hay
evidencia respecto a la utilidad diagndstica de su aplicacion
en otras infecciones. Disponer de estos paneles para muestras
estériles como el liquido cefalorraquideo (LCR), permitiria ade-
lantar el diagnostico etioldgico en casos de sospecha de me-
ningitis posquirurgica, al abarcar la deteccion de patégenos no
habituales en meningitis bacteriana adquirida en la comunidad
[2,3].

Se presenta el caso de un varon de 82 afos con antece-
dentes personales de estenosis aortica que acudio al servicio
de urgencias por presentar trastorno en la marcha y dificultad
en el lenguaje de 2-3 dias de evolucion. El paciente habia sido
intervenido 11 dias antes por tumoracion temporal derecha
mediante biopsia ampliada de la lesion cerebral ocupante, y
dado de alta con dexametasona.

A su llegada a urgencias, el paciente estaba consciente y
orientado, con Glasgow de 15, pupilas isocoricas y normorreac-
tivas, sin nistagmus y pares craneales conservados. Presentaba
paresia de 4/5 en miembro inferior derecho, pero flexoexten-
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sion de rodilla y rotacion de cadera, ademas de rotacion de
tobillo de 3/5. Se le solicitd un TAC craneal donde se informo
encefalomalacia temporal derecha con edema adyacente y en-
grosamiento cortical frontal derecho, sugestivo de infiltracion
tumoral, asi como desplazamiento de 6 mm de estructuras
cerebrales respecto a la linea media en relacion con hernia-
cion subfacial, sin aparentes cambios respecto al TAC previo. Se
pauto dexametasona 4mg/8h y se indico observacion.

Ante la elevacion de la proteina C reactiva con leucocito-
sis, se inicio antibioterapia con meropenem 2g/8h. El paciente
mantenia buen nivel de conciencia, pero se encontraba mutis-
ta. Debido a la sospecha de meningitis posquirurgica, se prac-
tico puncion lumbar obteniendo liquido turbio amarillento y se
anadio al tratamiento vancomicina 1g/12h. Los resultados de
la bioquimica del LCR fueron: 195 hematies/mm?; 2679 leu-
cocitos/mm?® (96% segmentados); glucosa 40 mg/dL; proteinas
156,1 mg/dL. En la tincion de gram del LCR se observaron poli-
morfonucleares y bacilos gramnegativos, ante lo cual se realizd
el BJIP detectando Klebsiella aerogenes, pero ninguno de los
genes de resistencia incluidos en el panel. Debido a estos resul-
tados se suspendio la vancomicina.

El LCR se sembrd en agar sangre, chocolate y caldo tiogli-
colato. Tras 72h de incubacion no se observo crecimiento en
los medios de cultivo solidos, pero si en el caldo, por lo que se
sembro en agar sangre. A las 24h de incubacion, se recuperd el
bacilo gramnegativo identificado como K. aerogenes por es-
pectrometria de masas VITEK®MS (BioMérieux).

Se realizo el estudio de susceptibilidad mediante VITEK®2
(BioMérieux) para: ampicilina (CMI>32 mg/L); amoxicilina/acido
clavulanico (CMI>64 mg/L); piperacilina/tazobactam (CMI>128
mg/L); ceftazidima (CMI>64 mg/L); ceftriaxona (CMI=64 mg/L);
cefepima (CMI<0,12 mg/L); ertapenem (CMI=0,25 mg/L); me-
ropenem (CMI<0,25 mg/L), amikacina (CMI<1 mg/L); gentami-
cina (CMI<1 mg/L); ciprofloxacino (CMI<0,06 mg/L); trimeto-
prim/sulfametoxazol (CMI<20 mg/L).

Tras 6 dias de tratamiento con meropenem y mejoria cli-
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nica, se desescald a cefepime 2g/8h hasta completar 14 dias.
El decimoquinto dia tras el ingreso se solicitd un TAC craneal
tras la observacion de movimientos andmalos, pico de presion
arterial sistdlica de 220 mmHg y hemiparesia izquierda.

El paciente sufrio deterioro de nivel de conciencia, se ini-
ciaron medidas de confort, certificando su posterior falleci-
miento.

Las meningitis postquirurgicas conllevan alta morbilidad y
mortalidad viéndose una mayor gravedad clinica en casos aso-
ciados a bacterias gramnegativas [4,5]. En un estudio de me-
ningitis postquirurgica por enterobacterias, la mortalidad fue
del 23,2% siendo el ingreso en la UCI, la ventilacién mecanica,
la produccion de B-lactamasas, la sepsis, un Glasgow<8 vy las
comorbilidades factores de riesgo significativos para la morta-
lidad [6]. Los microorganismos més frecuentemente implicados
son las enterobacterias, Staphylococcus aureus, estafilococos
coagulasa negativos, Pseudomonas aeruginosa y Acinetobac-
ter baumannii [4,7]. En este contexto, el uso de sistemas de
PCR multiplex permite adelantar el diagndstico microbiologico
respecto al cultivo. Aunque el BJIP estd disefiado para infec-
ciones articulares, gracias a la amplia variedad de microor-
ganismos que incluye, supone una gran herramienta para el
diagnostico de meningitis posquirurgicas en muestras de LCR.
Aun asi, es necesario determinar el patron de sensibilidad del
microorganismo dado el limitado numero de genes de resis-
tencia que detecta el panel.

En conclusion, este caso muestra la posible nueva utili-
dad del panel aportando un resultado precoz y mejorando el
manejo del paciente. Es por esto que en los laboratorios de mi-
crobiologia los paneles sindrémicos de PCR estan adquiriendo
relevancia en el diagnostico precoz de las infecciones graves.

FINANCIACION

Los autores declaran que no han recibido financiacion pa-
ra la realizacion de este trabajo

CONFLICTO DE INTERESES

Los autores declaran que no presentan conflictos de inte-
reses en relacion con el presente articulo.

BIBLIOGRAFIA

1. Benito N, Mur |, Ribera A, Soriano A, Rodriguez Pardo D, Sorli L, et
al. The Different Microbial Etiology of Prosthetic Joint Infections
according to Route of Acquisition and Time after Prosthesis Im-
plantation, Including the Role of Multidrug-Resistant Organisms. J
Clin Med. 2019; 8(5):673. https://doi:10.3390/jcm8050673

2. Codina MG, De Cueto M, Echevarria JE, Vicente D. Diagndstico mi-
crobioldgico de las infecciones del sistema nervioso central. Prats
G, coordinador. Procedimientos en Microbiologia Clinica. Cerce-
nado E, Canton R, editores. Sociedad Espafiola de Enfermedades
Infecciosas y Microbiologia Clinica, 2010.

Van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, Kloek
AT, et al. ESCMID guideline: diagnosis and treatment of acute
bacterial meningitis. Clinical Microbiology and Infection. 2016; 22
Suppl 3: S37-S62. https://doi:10.1016/j.cmi.2016.01.007

Zeinalizadeh M, Yazdani R, Feizabadi MM, Shadkam M, Seifi A, De-
hghan Manshadi SA, et al. Post-neurosurgical meningitis; gram
negative bacilli vs. gram positive cocci. Caspian J Intern Med. 2022;
13(3):469-474. https://doi: 10.22088/cjim.13.3.469.

Adapa AR, Linzey JR, Moriguchi F, Daou BJ, Khalsa SSS, Pon-
naluri-Wears S, et al. Risk factors and morbidity associated
with surgical site infection subtypes following adult neuro-
surgical procedures. Br J Neurosurg. 2021; 29:1-7. https://doi:
10.1080/02688697.2021.1905773

Shi YJ, Zheng GH, Qian LY, Qsman RA, Li GG, Zhang GJ. Longitudi-
nal Analysis of Risk Factors for Clinical Outcomes of Enterobacte-
riaceae Meningitis/Encephalitis in Post-Neurosurgical Patients: A
Comparative Cohort Study During 2014-2019. Infect Drug Resist.
2020; 13:2161-2170. https://doi: 10.2147/IDR.S25233 1

Panic, H., Gjurasin, B., Santini, M., Kutlesa, M., & Papic, N. Etiology
and Outcomes of Healthcare-Associated Meningitis and Ventri-

culitis—A Single Center Cohort Study. Infectious Disease Reports.
2022;14(3): 420-427. https://doi.org/10.3390/idr 14030045

Rev Esp Quimioter 2024;37(3): 279-280 280



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
of Chemothera| .
P Carta al Director

Revista Espaiiola de Quimioterapia
doi:10.37201/req/019.2024

Carmen Pifia Delgado'

Maria Nieves Carmona Tello'
Margarita Bolafios Rivero'

Maria del Carmen Lavilla Salgado’
Isabel de Miguel Martinez'

Artritis septica por Pasteurella multocida

Article history

'Servicio de Microbiologia, Hospital Universitario Insular-Materno Infantil de Gran Canaria, Espafia
2Unidad de Enfermedades Infecciosas y Medicina Tropical, Hospital Universitario Insular-Materno
Infantil de Gran Canaria, Espafia

Received: 15 February 2024; Revision Requested: 12 March 2024; Revision Received: 2 April 2024;
Accepted: 5 April 2024; Published: 17 April 2024

Estimado Editor:

Pasteurella multocida es un cocobacilo gramnegativo
anaerobio facultativo y exigente, que forma parte de la micro-
biota orofaringea de muchos animales y con frecuencia, pro-
duce infecciones de piel y tejidos blandos en humanos por ino-
culacion mediante mordeduras o arafazos, especialmente de
gatos y perros [1]. El género esta formado por 20 especies, des-
tacando P. multocida, aunque con menor frecuencia interviene
Pasteurella canis, Pasteurella stomatis y Pasteurella dagmatis
[2]. Causan un amplio espectro de enfermedades, desde infec-
ciones locales hasta shock séptico. Infecciones graves, como
osteomielitis, infecciones articulares e intraabdominales, bac-
teriemia, endocarditis y meningitis, pueden observarse en per-
sonas inmunocomprometidas [3].

Presentamos el caso clinico de un varon de 48 afios que
manifiesta infeccion osteoarticular complicada con shock sép-
tico y necrosis de partes acras que conllevaron diversas ampu-
taciones.

Como antecedentes personales destacan obesidad, asma,
dislipemia y no presenta diabetes. Es trabajador de la construc-
cion, convive con su esposa, un hijo de 23 afos, tres gatos y
un perro.

Acude al centro de salud con una ulcera cutanea de tobillo
tras sufrir un accidente de moto donde se establece una pauta
de curas sin la realizacion de prueba de imagen. Tras 9 dias, sin
ningun tipo de control de curas, acude al Servicio de Urgencias
por dolor e inflamacion del miembro inferior derecho y mala
evolucion de la ulcera, observandose fractura del maleolo pos-
terior con artritis séptica del tobillo y celulitis perilesional con
salida de abundante material purulento.

A las 20 horas de su llegada, presenta un deterioro clinico
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con fiebre, taquicardia e hipotension que no mejora a pesar de
fluidoterapia y requiere oxigeno que no necesitaba a su ingre-
so en Urgencias.

Ante la disfuncion organica que los resultados analiticos
corroboran: procalcitonina (19.15 ng/ml), proteina C reactiva
(43.07 mg/dl), 144.000 plaquetas [uL, bilirrubina (1,99 mg/dl),
creatinina (2,71 mg/dl), INR:1,95, 1Q: 43%, LDH (5,46mmol/l),
tension arterial: 77/41TmmHg y cumpliendo los criterios de
sepsis con una puntuacion en la escala de SOFA de 5, se ex-
traen hemocultivos y se inicia antibioterapia empirica con pi-
peracilina/tazobactam y daptomicina.

Ante los datos de shock séptico se consensua con trau-
matologia control urgente del foco infeccioso, realizandose
artrotomia en tobillo derecho extrayendo muestras de liqui-
do articular y absceso con abundante cantidad de contenido
purulento denso, que son enviadas al laboratorio de Micro-
biologia y procesadas segun los criterios recomendados por la
SEIMC.

Tras la intervencion, presenta deterioro progresivo, ingre-
sando en la Unidad de Medicina Intensiva por fallo multiple
orgdnico precisando el uso de drogas vasoactivas a altas dosis.

Los 4 frascos de hemocultivos positivizan a las 8 horas de
incubacion. En la tincion de Gram de hemocultivos, liquido ar-
ticular y absceso se observan cocobacilos gramnegativos. A las
24 horas de incubacion se observa crecimiento de unas colo-
nias grises brillantes y mucosas, catalasa y oxidasa positivas,
en las placas de agar sangre y chocolate. Mediante espectro-
metria de masas (BD Bruker® MALDI Byotyper) se identificaron
con alto valor de fiabilidad tanto a nivel de género como de
especie [4] (score: 2.30) como Pasteurella multocida. El estu-
dio de sensibilidad antibiotica se realizd mediante difusion en
agar por E-test (Biomerieux®) en Mueller-Hinton sangre sien-
do susceptible a penicilina, cefotaxima, meropenem, linezolid,
ciprofloxacino, levofloxacino, tetraciclina y trimetoprim/sulfa-
metoxazol [EUCAST (European Comittee on Antimicrobial Sus-
ceptibility)] [5], con dichos resultados, se pauta antibioterapia
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dirigida con meropenem vy linezolid, desescalando a amoxicili-
na/clavuldnico cuando los criterios infecciosos lo permitieron.

Al mes del ingreso, se realiza amputacion de los dedos de
la mano izquierda, parcial de los dedos del pie derecho e in-
fracondilea del miembro inferior izquierdo por necrosis. Tras
buena evolucion y suspension del tratamiento antimicrobiano
es dado de alta a los dos meses y medio.

La bacteriemia por P. multocida se asocia a una alta ta-
sa de mortalidad (14-319%) [6]. Escande y Lion [7] encontraron
bacteriemia en el 11% de 958 casos de infecciones por P. mul-
tocida, otros estudios apuntan que el 50 % de rasgufios, mor-
deduras y lamidas de perro y el 75 % de gato, presentan este
microorganismo, por ello, debemos considerarlo ante personas
con infecciones de tejidos blandos, expuestos a mascotas y co-
morbilidades subyacentes como diabetes, cirrosis, hipertension,
enfermedades malignas o estados de inmunosupresion [8].

En conclusion, es importante estar atentos ante la sospe-
cha de una posible bacteriemia por P. multocida en personas
con infeccion de tejidos blandos y contacto con animales de
compania durante las primeras etapas de su curso clinico, soli-
citando la extraccion de hemocultivos, debido a la agresividad
que el cuadro infeccioso puede producir [9].
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Estimado Editor:

En la era actual del tratamiento de la infeccion por el
virus de la hepatitis C (VHC) con antivirales de accion directa
(AAD), la terapia es sequra, eficaz, de duracion relativamente
corta y curativa en la mayoria de los pacientes con tasas de
éxito sobre el 95%. Pese a ello, una minoria de pacientes no
responden a la triple terapia. La seleccion de virus multirre-
sistentes asociada al fracaso terapéutico puede dificultar la
eficacia de las terapias de rescate [1]. Por ello presentamos
el caso de un paciente varon de 50 afos derivado a nuestro
centro para estudio pretrasplante hepdtico por hepatocarci-
noma vy cirrosis hepatica por VHC genotipo 3a con estadio
funcional de CHILD-PUGH A5 y MELD 7. Fue tratado con
sofosbuvir/velpatasvir (SOF/VEL) 12 semanas en 2020 y con
sofosbuvir/velpatavir/voxilaprevir (SOF/VEL/VOX) 12 semanas
en febrero de 2021 en su centro de origen, sin respuesta a
ambos tratamientos.

En la primera consulta se determina la carga viral en
sangre (550.000 Ul/mL log 5,74) y se lleva a cabo estudio de
resistencias donde se detecta mutacion M28V y L31M que
confiere resistencia a todos los inhibidores de NS5A y Q80K
en el estudio de NS3 por lo que es resistente a voxilapre-
vir (VOX). En cuanto al estudio de NS5B, no se detectaron
variantes asociadas. Atendiendo al perfil de resistencias, las
opciones posibles son un inhibidor de NS5B, sofosbuvir (SOF),
un inhibidor de NS3/4A distinto a VOX, como grazoprevir
(GZR) o glecaprevir (GLE), anadiendo o no ribavirina (RBV) a
la terapia. Se descartd GZR por no estar indicado en genotipo
3. Se realizd una busqueda bibliografica donde se encontra-
ron series de casos pacientes con fallo a SOF/VEL/VOX que
precisaron tratamiento de rescate (Tabla 1). Los antivirales
empleados fueron glecaprevir/pibrentasvir (GLE/PIB) junto
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con RBV, GLE/PIB + SOF + RBV, SOF/VEL/VOX + RBV y SOF/
VEL + RBV [2-6]. Tras comprobar que no habia interacciones
significativas entre el tratamiento antiviral y su medicacion
habitual (omeprazol, risperidona, diazepam y desvenlafaxina),
finalmente se prescribio GLE/PIB y RBV 600 mg cada 12 ho-
ras durante 16 semanas, duracion recomendada en pacientes
con genotipo 3 pretratados. El paciente obtuvo respuesta vi-
rologica sostenida (RVS) a las 12 semanas con resultado de
ARN VHC en sangre indetectable.

En la actualidad no existen directrices clinicas que res-
palden la toma de decisiones a la hora de retratar a los pa-
cientes en los que fracasa el tratamiento con SOF/VEL/VOX. El
fallo a esta terapia antiviral se observa mayoritariamente en
pacientes cirroticos infectados por genotipo 3 y 1a, no aso-
ciandose dicho fallo a ningun patron especifico de sustitu-
ciones asociadas a resistencia en NS3, NS5a y NS5b [5]. Con
la evidencia disponible, aunque limitada, el retratamiento de
estos pacientes, con esquemas basados en multiples dianas
como GLE/PIB + SOF + RBV o incluso el retratamiento con
SOF/VEL/VOX + RBV durante 24 semanas, permite la RVS en
un importante numero de ellos. Ademas, también se ha de-
mostrado una RVS del 100% en la estrategia de afadir RBV
y/o SOF al tratamiento con GLE/PIB en pacientes que presen-
tan un fallo terapéutico al mismo [3,7].

Actualmente no se puede demostrar que GLE/PIB + SOF
+ RBV sea superior a SOF/VEL/VOX + RBV para el tratamiento
de rescate de multiples fracasos de AAD [5]. Por lo tanto, se
deben realizar mas estudios sobre el tratamiento de los fra-
casos terapéuticos para aclarar esto. Por otro lado, aunque el
estudio de resistencias antes de iniciar el rescate tras el fallo
a SOF/VEL/VOX no se puede considerar obligatorio, conocer
el genotipo de VHC y las resistencias, ademds de realizar una
detallada evaluacion del estadio clinico del paciente, contri-
buiran sin duda a conseguir curar a este subgrupo de pacien-
tes con enfermedad avanzada.
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Tabla 1 Resultados busqueda bibliografica de pacientes con fallo a sofosbuvir/velpatavir/voxilaprevir
Autor [Referencia] Ne pacientes Tratamiento rescate RVS12  Neopacientes Genotipo 3 Tratamiento rescate RVS 12
Bhattacharya et al. [2] 1 GLE/PIB + SOF + RBV 100% 1 GLE/PIB + SOF + RBV 100%
Wyles et al. [3] 23 GLE/PIB + SOF + RBV 96% 14 GLE/PIB + SOF + RBV 100%
Dietz et al. [4] 22 GLE/PIB (n=2) 81% 12 VEL/SOF + RBV (n=1) 8800

GLE/PIB + SOF+ RBV (n=15)
VOX/VEL/SOF + RBV (n=4)
VEL/SOF + RBV (n=1)
Martin et al. [5] 6 GLE/PIB + SOF + RBV 100%
Meszaros et al. [6] b GLE/PIB + SOF + RBV 100%

VOX/VEL/SOF + RBV (n=2)
GLE/PIB + SOF+ RBV (n=9)

2 GLE/PIB + SOF + RBV 100%
3 GLE/PIB + SOF + RBV 100%

GLE: glecaprevir; PIB:pibrentasvir; RBV: ribavirina; RVS 12: respuesta viral sostenida a las 12 semanas; SOF: sofosbuvir; VEL: velpatavir; VOX: voxilaprevir
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