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ABSTRACT

Herpes zoster infection (HZ) is an important public health
problem due to its high incidence and frequent complications,
especially post-herpetic neuropathy . The incidence of HZ in-
creases with age and is more frequent in immunocompromised
patients. It is estimated that at least 60,000 people develop HZ
each year in Spain.

The usual forms of HZ are so clinically characteristic that
they do not usually require microbiological confirmation,
which is reserved for cases without cutaneous manifestations
or with atypical presentation.

There are currently two vaccines approved by the regula-
tory agencies and marketed in Spain to prevent the onset of
HZ and its complications. The first (Zostavax®) was marketed
by the company MSD and licensed in Europe in 2006 and is a
live attenuated virus vaccine that is administered in a single
dose, while the second (Shingrix®) is a recombinant vaccine,
marketed in 2017 and requires two doses. While the former
cannot be administered to immunocompromised persons, the
latter can be prescribed to any group of adults.

The criteria for the indication and financing of these vac-
cines have not been uniform in the various autonomous com-
munities of Spain.

Correspondence:

Emilio Bouza Servicio de Microbiologia Clinica y Enfermedades Infecciosas del Hospital
General Universitario Gregorio Marandn, Universidad Complutense. CIBERES. Ciber de
Enfermedades Respiratorias. Madrid

E-mail: emilio.bouza@gmail.com
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These and other aspects of HZ have been discussed by a
group of experts from the lllustrious Official College of Phy-
sicians of Madrid (ICOMEM) whose criteria and opinions are
included in this paper.

Keywords: Zoster, Herpes zoster, Varicella-Zoster Virus, Postherpetic neu-
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Situacion del herpes zoster y de las vacunas
contra el mismo en 2023: Un documento de
opinion

RESUMEN

La infeccion por herpes zoster (HZ) es un importante pro-
blema de salud publica, por su elevada incidencia y frecuentes
complicaciones; en especial la neuropatia post herpética. La
incidencia de HZ aumenta con la edad y es mas frecuente en
inmunodeprimidos. Se calcula que, al menos, 60.000 personas
desarrollan HZ cada afio en Espafia.

Las formas habituales de HZ son tan caracteristicas clini-
camente que no suelen requerir confirmacion microbioldgica
que se reserva para casos sin manifestaciones cutaneas o con
manifestaciones atipicas

En la actualidad, existen en Espafa dos vacunas aprobadas
por las agencias reguladoras y comercializadas para prevenir la
aparicion de HZ y sus complicaciones. La primera (Zostavax®)
fue comercializada por la compafnia MSD y autorizada en Eu-
ropa en 2006 y es una vacuna de virus vivos atenuados que
se administra en dosis Unica, mientras que la segunda (Shin-
grix®) es una vacuna recombinante, comercializada en 2017 y
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requiere dos dosis. Mientras la primera no puede ser adminis-
trada a inmunodeprimidos, la seqgunda puede administrarse a
cualquier grupo de personas.

Los criterios de indicacion y de financiacion de estas vacu-
nas no han sido uniformes en las diversas comunidades auto-
nomas de Espafa.

Estos y otros aspectos sobre HZ han sido discutidos por
un grupo de expertos del llustre Colegio Oficial de Médicos de
Madrid (ICOMEM) cuyo criterio y opinidn recogemos en este
trabajo.

Palabras clave: Zoster, Herpes zoster, Virus Varicela-Zoster, Neuralgia
Postherpética, vacunas, Zostavax, Shingrix, Inmunodeprimidos, ancianos

INTRODUCTION

Herpes Zoster (HZ) is a common disease caused by reacti-
vation of the varicella-zoster virus (VZV), kept in a latent state
since the primoinfection causing varicella (chickenpox). Its in-
cidence is very high, particularly after the age of 50 years, to
the point that more than around 20% of the global population
will suffer one or more episodes of HZ if they live long enough
to do so. The infection usually manifests as a cutaneous rash,
characterized by the presence of vesicles evolving into crusts
on the skin innervated by a central or peripheral nerve root.
The disease usually progresses to spontaneous resolution but
a proportion of patients will develop postherpetic neuralgia
(PHN). The tendency to develop PHN or extracutaneous forms
of the disease is all the greater in patients with various forms
of immunosuppression.

The pharmaceutical industry has incorporated in the last 2
decades two effective vaccines against HZ of different nature
and indications that are slow to be introduced in daily clini-
cal practice and recommended by health authorities to large
groups of the population.

The Scientific Committee on COVID-19 and Emerging
Pathogens of the lllustrious College of Physicians of Madrid
(ICOMEM) has asked itself a series of questions on the risks of
HZ in different population groups, on the indications of vac-
cines against HZ, their contraindications, the potential for
co-administration with other vaccines and on the variable re-
sponse of the health authorities of the different autonomous
communities of Spain in these circumstances.

We offer below the deliberation of the Committee on a
series of issues that we consider of interest in the case of HZ,
not only for the medical profession, but also for other health
professionals and for the general population.

WHAT IS THE INCIDENCE OF ZOSTER IN THE
WORLD AND IN SPAIN?

HZ infection is an important public health problem due
to its high incidence and frequent complications, especially
PHN. These translate into loss of quality of life and disability,
largely due to the accompanying pain; in addition, HZ and

PHN require a high use of health services and cause produc-
tivity losses.

Interestingly, the epidemiological characteristics of this
disease vary little in the western world, as the incidence is
quite similar between countries [1], and always increases with
age and is more frequent in women, and in people with chron-
ic diseases and reduced immunity (especially cellular). Proba-
bly, due to the increased survival of older people with such dis-
orders, in the period 2009-2019, there has been an increase in
the incidence of HZ in Spain from 75 years of age onwards [2].

Epidemiological surveillance of HZ is still under develop-
ment, as data are not available for all the autonomous com-
munities in Spain [3]. However, from the available information
(the most recent is from 2018), at least 60,000 people develop
HZ, and approximately 3,000 of them are hospitalized each
year for this cause. About 50-60% of all those ill and hospital-
ized are over 60 years of age. In practical terms, the incidence
of HZ in the adult population is very high, with more than one
in five men and one in four women suffering from the disease
between the ages of 50 and 85. The good news is that there
is preliminary evidence that the incidence of HZ and its com-
plications has declined somewhat in cohorts of children who
have received the varicella vaccine [2] .

In a systematic review of the international literature, the
risk of developing PHN ranged from 5% to more than 309%, de-
pending on the type of study design, age distribution of the pop-
ulations evaluated, and definition. More than 30% of patients
with PHN experienced persistent pain for more than 1 year. The
risk of recurrence of HZ ranged from 1% to 6%, with long-term
follow-up studies showing an increased risk (5-6%) [4].

WHAT IS THE CLINICAL EXPRESSION OF VZV
INFECTION?

VZV or Human Herpes Virus-3 (HHV-3), shares with the
other close members of the Alphaherpesviridae subfamily the
high transmissibility, the persistence in the host in latent form
after infection and its capacity of reactivation with sympto-
matic clinical expression.

Primoinfection determines varicella as a clinical entity, a
highly contagious process that affects practically the entire
susceptible infant population and is characterized by a fe-
brile condition followed by a rapidly evolving skin rash. Before
the vaccine was introduced, only 10% of the population had
chickenpox after the age of 13.

Once the disease has passed, generally without serious
complications, VZV remains latent in the neuronal cells of the
posterior ganglia of the spinal cord and brain, with minimal
genomic expression. Its replication is contained by the immune
system, which generates a long-lasting control [5].

The decrease of the immune response, due to any cause,
allows the reactivation of the viral genetic material, with the
consequent replication, invasiveness (cell to cell by continuity)
and pathogenicity, giving rise to a second clinical form of the
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disease that we call HZ or Herpes Zona (one virus, two clinical
presentations) [5,6].

HZ, unlike varicella, predominates in the adult population
(its overall incidence is 30%) and, as one gets older, the occur-
rence increases. Seventy percent of HZ appear after the age of
40 and one in two nonagenarians will have HZ at some point.

The latency state and possible reactivations of the virus
that do not reach clinical expression are fundamental in main-
taining the validity of immunity. It also appears that re-expo-
sure to the virus by new infection has a role in maintaining
immunity. However, after the drastic reduction of varicella
with the generalized introduction of the varicella vaccine in
the mid-1990s, it seems that the re-exposure to the virus by
new infection plays a role in maintaining immunity [7]. The
incidence of HZ does not seem to differ between countries
where vaccination is the norm and where there is very little
chickenpox [8] and, therefore, re-exposure by wild virus, and
those where vaccination cannot or is not strictly enforced and
chickenpox remains endemic [9]. This reinforces the idea that
viral latency plays a key role in immune support [10].

HZ can be seen in healthy children, if the primary infec-
tion occurred very early. There is HZ in the first two years of
age in children who were infected in their fetal period.

The attenuated viral variant Oka, used in the vaccine
against varicella (chickenpox) [4], and later and with more viral
load in the vaccine for HZ, has a behavior that determines a
latency similar to the wild-type virus. Although it has less ten-
dency to reactivation, it plays a similar role in the maintenance
of immunity and, if this fails, it can mimic the primary disease
(chickenpox) or HZ.

Immunosenescence and consequent loss of specific pro-
tection against the virus is the most common cause of HZ. De-
spite the boosting of immunity achieved by reactivation with
clinical translation, a second episode of HZ can occur in up to
4% of patients and a third in 2%%.

The most frequent complication is PHN, which appears in
5-20% of HZ (it increases in frequency and intensity with age).
It is an inflammatory and cytopathic process in the neurons
of the dorsal medullary ganglia and their corresponding axons
that causes pain, sometimes very intense and of long duration.
It is not known why some patients develop PHN and others
do not. The intensity of the damage during the inflammatory
phase, the production of neurotoxic substances, the existence
of viral strains that alter conduction in the sodium channels of
the nerve cell, the persistence of viral replication, and genetic
and racial response factors have been postulated.

Neurotoxicity can, much less frequently, affect the anteri-
or motor ganglion of the metameres, causing flaccid paralysis
of the involved motor area. There are facial paralysis and pa-
ralysis of any other motor territory, including atonic bladders
due to lesion of the sacral roots. Recovery is estimated at 50%.
VZV can also produce myelitis, Guillain-Barré syndrome and
meningoencephalitis.

VZV has three preferential cell tropisms in its invasiveness:

T lymphocytes; skin epithelial cells and neurons. In its lympho-
cytic localization it is transported throughout the organism
and can cause visceral complications (vasculitis, retinitis, en-
teritis...).

Vascular involvement, especially in the central nervous
system, is a new field of study in the pathogenesis of VZV. The
increase in stroke after an episode of HZ seems clear [11] and
especially after the one that occurs with ocular lesion [11].

The identification of VZV in the wall of the temporal arter-
ies has raised another question in the pathogenesis of temporal
arteritis and has raised the issue of whether antivirals should be
used in addition to corticosteroids for its treatment [11].

Ocular involvement (severe keratitis) and retinitis, some-
times necrotizing, are more frequent after HZ, and especially the
latter is usually a complication clearly related to severe cellular
immunosuppression states; HIV infection is a clear example [12].

Complications of infection or reactivation (varicella or
zoster) may occur without the characteristic skin lesions,
which should be taken into account as etiology before their
appearance (meningoencephalitis, facial paralysis, stroke in
children...).

WHAT IS THE BODY'S IMMUNE RESPONSE TO VZV
AND HOW DOES IT EVOLVE THROUGHOUT LIFE?

The specificity of the virus for humans has made it dif-
ficult to understand the pathogenesis of the disease and the
immune response. Only in recent years, and thanks to exper-
imental models, has it been possible to deepen the molecular
mechanisms of pathogenicity and cellular response to the vi-
rus [10].

VZV enters the body via the respiratory route and, through
the nasopharyngeal epithelium, infects the lymphoid tissue of
the pharynx [13] from where it is disseminated and transport-
ed in T-lymphocytes [14]. It finally invades the epidermal epi-
thelium (symptomatic target of primoinfection) and by its own
viraemia and probably by retrograde progression from the skin,
through the sensory axons, it reaches the neurons of the pos-
terior ganglia, where it remains resident under the control of
the immune system. It has a long prodromal period (10 to 21
days), during which it is able to evade the defensive response,
partially inhibiting functions of the innate immune response
[15]. Once this is overcome, it induces cellular damage and the
inflammatory response occurs, where it is the specific cellular
immunity (mediated by T lymphocytes) and most probably the
local innate immunity, which manage to modulate and finally
reach the latency of the virus, which remains resident in the
country [16].

The T cellular immune response is essential in defense and
is of long duration. Its loss or decrease is the key to reactiva-
tion. If there is viral reactivation, a new potentiation of cellular
immunity is generated (on whose effect and control capacity
depends the intensity and the presence of complications).

There is also a response of specific antibodies that occurs
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late and in clear relation of magnitude with the virulence of the
process. In this case, the maximum level of specific antibodies
is dated in the third week of evolution of HZ and has more sig-
nificance as a marker of the intensity of the process (the more
antibodies the more severe and prolonged the HZ, the more se-
vere the neuralgia and the older the patient) translating more
antigenic stimulus. The initial levels of specific antibodies at the
onset of HZ do not correlate with the clinical course [17].

Senescence is the most common cause of loss of cellular
immune protection, in addition to all pathological states of im-
munosuppression. Humoral immunocompetence is less impor-
tant in VZV disease. Specific antibodies (hyperimmune serum)
can block primoinfection, but modulation and resolution of the
disease (varicella or zoster) depends on specific T-cell immunity.

Vaccines (attenuated virus) and recombinant glycoprotein
E induce and potentiate immunity in the same way as virus
activity, although in very elderly patients endogenous reacti-
vation seems more potent than the vaccine [18].

In any case, if the measures of cellular immunity that we
know in the laboratory are equivalent to viral reactivation and
vaccines, especially the recombinant gE vaccine, and since HZ
can recur, it is likely that vaccines also require booster doses,
including the recombinant gE vaccine. In this case, the anti-
genic stimulus is punctual and does not remain latent. Its effi-
cacy is measured and contrasted at 10 years and it seems that
at that point both cell-mediated immunity (CMI) and antibody
titer begin to decrease [19].

The search for vaccines against VZV has not been complet-
ed. As with other immunogens, we are looking for platforms
that guarantee greater persistence of the antigenic stimulus
(gE encoded in Calmette-Guérin bacilli), mRNA encodings that
seem as effective as the recombinant one already in force and
antigenic encodings in other vector viruses [20].

HOW IS HERPES ZOSTER DIAGNOSED? WHEN IS
MICROBIOLOGICAL CONFIRMATION NECESSARY?

The clinical manifestations of HZ with skin lesions are
usually so clear that in immunocompetent patients, microbi-
ological confirmation is not required. The presence of a rash

with vesicles distributed on a metamere, usually with dyses-
thesias or frank pain, are very characteristic.

Microbiological confirmation is necessary when the skin
lesions are atypical as in the case of hemorrhagic lesions and
without frank vesicles. Microbiological confirmation is also
needed when there are no characteristic clinical lesions such
as in patients presenting with acute neuritis (before the rash
appears), atypical ocular manifestations, aseptic meningitis,
myelitis, retinal necrosis, etc. Ramsay Hunt syndrome includes
the triad of ipsilateral facial paralysis, otalgia and vesicles in
the ear canal or pinna. It may be associated with dysgeusia,
hypo- or hyperacusis, lacrimation and tongue lesions.

Laboratory confirmation is usually made on material aspi-
rated from vesicles in the case of skin lesions or in other usu-
ally sterile fluids such as CSF. The most commonly used test
today is PCR, followed by fluorescent antibody staining (direct
fluorescence) and less frequently by viral isolation in cell cul-
ture.

PCR is more sensitive than the culture itself. In a study
evaluating 1,479 clinical samples from 1,220 patients with
suspected HZ, real-time PCR was more sensitive than culture
isolation (92% vs. 53%) [21,22]. Culture, however, is necessary
when sensitivity studies against antivirals are required.

WHAT HZ VACCINES ARE CURRENTLY AVAILABLE
AND HOW MUCH PROTECTION DO THEY CONFER?

Currently, there are two vaccines approved by regulato-
ry agencies and marketed to prevent the onset of HZ and its
complications, essentially PHN (Table 1). They are indicated
in persons over 50 years of age [20]. The first of these (Zos-
tavax®), marketed by MSD and licensed in Europe in May 2006,
is a live attenuated virus vaccine and is administered in a sin-
gle dose [23-27]. It is contraindicated in states of primary or
acquired immunodeficiency due to the risk of virus replication.

The second (Shingrix®) is more recent [28-33]. It was au-
thorized in March 2018, is marketed by the company GSK and
is the one that is included in the vaccination strategies by the
different autonomous communities of Spain at the present
time [2]. It is a recombinant vaccine containing the glycopro-

Table 1 Immunization vaccines against Herpes zoster marketed in Spain.
Vaccine Characteristics Doses Indications
Zostavax Live attenuated viruses 1 dose 0.65 ml Prevention of herpes zoster and post-herpetic neuralgia in adults.
MSD Post-herpetic neuralgia in adults > 50 years
Shingrix Recombinant 2 doses of 0.5 ml each, separated  Prevention of herpes zoster and postherpetic neuralgia in:
GSK two months apart - adults >50 years

- adults >18 years of age at increased risk for herpes zoster
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tein E of the VZV virus and the adjuvant ASO1B. The latter is
a compound extracted from the bark of Quillaja saponaria, a
tree native from Chile, which has also been used in some of
the SARS-CoV-2 vaccines (NVX-CoV2373 vaccine, Novavax,
USA), and 3-0-desacyl-4'-monophosphoryl lipid A (MPL)
[33,34]. In the indication of the Shingrix vaccine, the age of
the target population is reduced by adding the prevention of
HZ and PHN in adults 18 years of age and older with immu-
nodeficiency conditions. In all cases included in the indication
for vaccination with Shingrix, administration consists of two
doses of 0.5 ml each, with a minimum interval of two months
between doses.

Both vaccines have a good safety profile. However, the
recombinant Shingrix vaccine has greater reactogenicity, both
locally and systemically. No significant differences in serious
adverse effects have been demonstrated between the two
vaccines. The Shingrix vaccine is more efficient and its effec-
tiveness against HZ and subsequent neuralgia, especially in
immunocompromised patients, does not decrease with age,
a situation that is common with the attenuated virus vaccine
(Zostavax) [35]. In addition, since it is a recombinant vaccine,
virus replication is not possible, making it safe in immunocom-
promised patients.

Like the efficacy (derived from clinical trials), the effec-
tiveness (assessed in real life) of vaccination with Zostavax
decreases with time after vaccination. In vaccinated persons
followed for at least 4 years after vaccination, the incidence
of HZ ranged from 14% to 49% of that expected. When PHN
was analyzed, it ranged from 45% to 62% of expected [36].
With the Shingrix vaccine, the efficacy in adults over 70 years
of age was 91% for HZ and 89% for PHN, with an effective-
ness of over 70% in those who had received the complete
regimen. The recombinant vaccine has also been shown to be
highly effective against other complications of HZ infection
such as vasculitis, disseminated disease, ophthalmic disease,
neurological disease, stroke and visceral disease. The efficacy
of the recombinant Shingrix vaccine is not affected by under-
lying diseases such as chronic obstructive pulmonary disease
(COPD), diabetes mellitus, depression or chronic kidney disease
and shows high efficacy in immunosuppressed individuals.

In clinical trials, Shingrix has shown superiority over the
attenuated vaccine, demonstrating an elevated humoral and
cellular immune response that is maintained up to 10 years
after receiving the vaccine [20]. Mathematical models predict
that the immune response generated after the initial vacci-
nation with the usual two doses can be maintained for 20 or
more years, so there is no consensus on the need for revac-
cination [19]. However, persons who have previously received
the attenuated virus vaccine (Zostavax) can be vaccinated
with the recombinant Shingrix vaccine [37]. The first dose with
Shingrix can be administered two months after the adminis-
tration of the Zostavax vaccine, although taking into account
the duration of efficacy of this vaccine, it is recommended to
administer the Shingrix vaccine 5 years after the previous one,
and both doses should also be administered.

WHAT ARE THE INDICATIONS FOR VACCINATION
AGAINST ZOSTER BY AGE CRITERIA?

ARE THERE INDICATIONS TO VACCINATE
IMMUNOCOMPETENT POPULATIONS OF LOW OR
MIDDLE AGE?

Epidemiology alone justifies that the age criterion is one
of the criteria for the indication of vaccination in the preven-
tion of HZ and its complications [2,37]: its incidence indicates
that from the age of 50 years one in five men and one in four
women will suffer from HZ with a risk of suffering from it at
the age of 85 years of 50%. Furthermore, by the age of 80, it
is estimated that 33% of those who have suffered from HZ
will develop the dreaded and disabling PHN. Hospitalization,
although low, is progressively required with age: 63.1% of
hospitalizations for HZ and 83.2% for PHN are in patients aged
60 years and older, with a maximum in those over 85 years. Fi-
nally, 97.2% of deaths from HZ, also exceptional, occur in per-
sons over 65 years of age. Based on all these data, there is no
doubt that the priority indication for vaccination in the immu-
nocompetent population against HZ is all those over 65 years
of age and especially all those over 80 years of age [2,37] .

The community of Madrid [37] according to the doses
available has indicated to vaccinate two cohorts in 2022, on
the one hand those over 80 years old and on the other hand
those who will be 65 years old in 2022, being available pri-
vately with a medical prescription for the rest of the popu-
lation ("the imperfect ethics of vaccines") [38]. The choice of
the 65-year-old cohort is due to the fact that most of them
will have had chickenpox without previous vaccination, thus
placing them in an age of increasing risk, being a cohort older
than the rest of the age groups.

In younger, immunocompetent adults, the recommenda-
tion for vaccination is not clear. However, some studies indi-
cate some population groups with a higher risk of suffering
from HZ regardless of age. These may include adults with
COPD on inhaled or oral corticosteroids [39]. Similarly, they
could also be recommended for adults suffering from COPD
[40] associated with type 1 or type 2 diabetes mellitus [41,42].
Finally, hemodialysis patients should also be included. [43].
Other conditions such as dementia [44] o depression [45], al-
though these factors alone increase the risk of HZ, there is no
clear indication for vaccination at this time in age groups be-
low 65 years.

WHICH IMMUNOSUPPRESSED PATIENTS SHOULD
RECEIVE VACCINES AGAINST ZOSTER?

There are several arguments supporting the administra-
tion of the HZ vaccine in the immunocompromised popu-
lation. Firstly, the incidence of HZ is higher in immunocom-
promised patients than in the general population. In a study
carried out in the Valencian Community, the mean incidence
rate in the immunocompromised population was 9.15 cases
per 1,000 people in the population with different immunosup-
pressive diseases, compared to 4.64 cases in the general popu-
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lation, reaching figures of 56 cases per 1,000 patients in those
undergoing hematopoietic stem cell transplantation [46].

In addition, immunocompromised patients are at high-
er risk of HZ complications and more severe disease (viremia,
pneumonitis, hepatitis, meningoencephalitis) than immuno-
competent patients [47,48]. PHN is the most frequent com-
plication in immunocompromised patients, with the highest
rate, again, in patients undergoing hematopoietic stem cell
transplantation [46]. Finally, immunocompromised patients
are more likely to suffer from recurrent HZ than immunocom-
petent patients [49].

Immunocompromised patients were excluded from piv-
otal studies with HZ vaccines. Later, studies have been con-
ducted to assess the efficacy, immunogenicity and safety of
the vaccine in certain groups of immunocompromised pa-
tients (autologous hematopoietic stem cell transplantation
(TaPH), hematological malignancies during immunosuppres-
sive chemotherapy, renal transplantation, solid tumor during
immunosuppressive chemotherapy and HIV infection. In TaPH
recipient patients, a 68% and 89% reduction in the incidence
of HZ and PHN was demonstrated, respectively, with an ad-
verse effect rate similar to that of placebo [50]. In patients
with hematologic malignancies, the vaccine achieved an 87%
reduction in the incidence of HZ vs. placebo [51]. In the case
of patients with solid tumors undergoing chemotherapy, with
renal transplantation or HIV infection, it was shown that hu-
moral and protective cellular immunity were achieved in very
high percentages of patients, similar to those found in similar
population groups without immunocompromising conditions
[52-54], although no efficacy data were obtained. In all cases,
the vaccine showed an acceptable safety profile.

Based on all these data, vaccination with the HZ vaccine
is recommended in most countries for adult patients with var-
ious diseases that cause immunosuppression and, therefore, a
much higher risk of developing the disease than the general
population. Among the most frequent indications, based on
the data presented, the vaccine is recommended for people
with solid organ transplants, patients with HSCT, patients with
solid tumors receiving chemotherapy and in patients with HIV
infection, in addition to other comorbidities that may result
from the disease itself or its treatment in immunodeficiency.

WHAT ARE THE MOST APPROPRIATE
VACCINATION RECOMMENDATIONS? AND WHAT
ARE THE CONTRAINDICATIONS OF ZOSTER
VACCINES?

The recommended guidelines for vaccination against HZ
are included in a document issued by the Spanish Ministry of
Health [2]:

e /ostavax vaccine is administered in a single dose. It is con-
traindicated in immunosuppressed patients as it is a live
virus vaccine. It is not indicated in patients under 50 years
of age [2,55] and can be applied in people who have pre-
viously suffered from HZ, after recovery from acute HZ.

e The Shingrix vaccine is administered in a two-dose sched-
ule, with a minimum interval of two months between
doses [33]. The second dose can be administered 2 to 6
months after the first one. This vaccine is recombinant, so
it is not contraindicated in immunocompromised patients,
and it can also be used in adults from 18 years of age, with
a high risk of suffering HZ.

®  People with special risk conditions for HZ can be vaccinat-
ed with Shingrix from 18 years of age onwards, respecting
the following vaccination guidelines according to the pa-
tient's underlying pathology:

- Hematopoietic stem cell transplantation (HSCT).
Vaccination from 18 years of age. Two doses will
be administered, with an interval of two months.
In persons who are vaccinated in the immediate
post-transplant period, the first dose should be ad-
ministered 2 months after transplantation.

- Solid organ transplantation (SOT). Vaccination from
18 years of age. Two doses will be administered two
months apart. If vaccinated after transplantation,
the first dose of vaccine will be administered 4-8
months after transplantation.

- Treatment with anti-JKA drugs. Vaccination from
18 years of age. Two doses will be administered two
months apart, if possible vaccination should be giv-
en before starting treatment.

- HIV-infected persons. Vaccination will be carried
out in stable persons who have been on antiretrovi-
ral treatment for at least one year. Two doses will be
administered with an interval of two months.

- Hematological malignancies. Two doses will be
administered, with an interval of two months.
In persons who are going to start chemotherapy
treatment, the first dose of vaccine should be ad-
ministered at least 10 days before starting the first
cycle of treatment.

- Solid tumors undergoing chemotherapy. Two dos-
es will be administered, with an interval of two
months. The first dose can be administered after
completion of chemotherapy, or in window periods
without active antitumor treatment.

e QOther situations to consider are those individuals previ-
ously vaccinated with Zostavax, and those who have a his-
tory of HZ, or repeated HZ, prior to vaccination:

- Individuals who have previously received Zostavax
vaccine may be revaccinated with recombinant
vaccine, respecting an interval of at least 5 years
between this vaccine and the first dose of Shingrix.

- Regarding patients who have suffered HZ prior to
vaccination, there are data from a clinical trial show-
ing that the Zostavax vaccine is immunogenic and
well tolerated in patients who have previously un-
dergone HZ [56]. The safety of the HZ/su vaccine in
people who have suffered a previous episode of HZ,
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before being vaccinated, is not questioned, although
there are no specific studies on the subject [57].

Specific contraindications for these vaccines affect only
Zostavax, which is contraindicated in immunocompromised
patients and in those under 50 years of age. There are no con-
traindications for the Shingrix vaccine.

Both vaccines are safe. Although HZ/su is associated with
greater local and systemic reactogenicity compared to the ZVL
vaccine, no significant differences have been demonstrated
between the two vaccines in the detection of serious adverse
effects, nor when compared to the placebo group [58].

CAN THE ZOSTER VACCINE BE COMBINED WITH
OTHER VACCINES?

Among the interactions described in the Shingrix technical
data sheet, it is specified that it can be administered concom-
itantly with the inactivated non-adjuvanted vaccine against
seasonal influenza, with the 23-valent polysaccharide (PPV23)
and 13-valent pneumococcal vaccines or with the reduced
antigenic content (dTpa) diphtheria, tetanus and anti-Tetanus
and Pertussis vaccine (acellular component). Caution should be
taken to administer them at different injection sites. In three
phase Ill clinical trials randomized adults = 50 years of age re-
ceived 2 doses of Shingrix 2 months apart, administering the
first dose concomitantly or not concomitantly with an inac-
tivated seasonal influenza vaccine, with a PPV23 vaccine, or
with a dTpa vaccine, immune responses to the co-administered

vaccines were not affected [59-62]. Adverse reactions, fever
and chills were more frequent when Shingrix was co-admin-
istered with PPV23.

In the absence of precise data, concomitant use of the HZ
vaccine with the COVID vaccine is not recommended but could
be scheduled one month apart.

After the COVID-19 pandemic, it seems necessary to cre-
ate a global system that can support both routine immuniza-
tion and epidemic immunization in adults [59,60].

New strategies are being advanced to address the context
of immunosenescence, which can reduce the efficacy of vac-
cines and affect susceptibility to new infections in older adults
[61]. High-dose, adjuvanted and recombinant specific influen-
za vaccines, pneumococcal conjugate vaccines and a recom-
binant adjuvanted HZ vaccine have demonstrated increased
efficacy and effectiveness in older adults [62,63]. Many studies
have shown that vaccines against influenza, pneumococcus
and HZ [64,65-68] are cost-effective when administered to
older adults in a variety of settings.

WHAT IS THE BEST TREATMENT FOR ACUTE
ZOSTER?

The main goals of HZ treatment are to reduce the extent
and duration of skin lesions, the intensity and duration of
acute pain and the incidence of PHN. In immunocompromised
and other vulnerable patients, treatment aims to reduce the

Table 2

Indications for antivirals in acute herpes zoster infection

a) Situations in which treatment with oral antiviral drugs is recommended
® HZ with any location in persons = 50 years™.

® HZ of non-truncular involvement, in areas of the head and/or neck that seat on any cranial nerve (ophthalmic, otic or other cranial nerves), in the extremities or perineum.

o HZ at any location with:
— Moderate to severe HZ pain
— Hemorrhagic or necrotic lesions
— Affection of more than one dermatome
— Atypical/satellite vesicles
— Mucous membrane involvement
® HZ in immunocompromised patients.
* HZ in patients with predisposing skin diseases (e.g., atopic dermatitis).

 HZ in children and adolescents with prolonged treatment with salicylic acid or corticosteroids.

b) Situations in which treatment with intravenous acyclovir is recommended
® HZ in head and]or neck areas, especially in very elderly patients.

® HZ with hemorrhagic/necrotic lesions, with involvement of more than one dermatome, with atypical/satellite vesicles, with mucosal involvement or generalized HZ.

 HZ in immunocompromised patients

® HZ with signs of visceral or CNS involvement (stepwise dose increase up to 15 mg/kg b.w., three times daily, for up to 21 days)
e Acute retinal necrosis (complication of ocular herpes): induction with IV acyclovir for 7-10 days, followed by oral acyclovir (3-4 months), and topical and systemic

treatment with corticosteroids.

Modified from references 1, 2

*Initiate within 72 hours after rash onset, but may be considered for patients presenting more than 72 hours after rash onset when there are skin, motor, neurological or

ocular complications or in patients with advanced age or severe pain
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Table 3 Recommended drugs for antiviral treatment of herpes
zoster.

Drug Dosage, frequency of administration and duration®

Valaciclovir (P0) 1000 mg, tid x 7 days

Aciclovir (P0)* 800 mg. 5 times/day x 7 days

Aciclovir (IV) 8-10 mg/kg, tid x 7-10 days

Famciclovir (VO) 250 mg, tid x 7 days

Brivudine (VO) 125 mg, qd x 7 days

Topical antiviral therapy is not recommended.

Modified from reference 2

* Patients with recurrent shingles should receive antiviral treatment at a dose and duration similar to the

treatment of their initial episode.

** Acyclovir and its analogues depend on renal function for their elimination and dose adjustment is
necessary in case of moderate to severe renal insufficiency.

frequency and severity of complications [69]. In the absence of
risk factors for the development of complications, HZ is usually
a self-limited disease that does not require specific antiviral
treatment. The different clinical practice guidelines agree on
the indications for antiviral treatment in immunocompetent
persons = 50 years of age [69,70]. In addition, it would be indi-
cated regardless of age, in cases of non-truncular involvement
(such as HZ affecting the neck, extremities or perineum), in im-
munosuppressed patients, in cases of moderate or severe pain,
in the presence of a non-mild skin rash or in patients with skin
disease predisposing to complications (Table 2) [69].

Currently, there are four orally effective nucleoside ana-
logues against HZ (Table 3) [70]. Antiviral drugs accelerate the
resolution of acute HZ-related pain and may reduce the dura-
tion of the rash, but have not been shown to decrease the inci-
dence of PHN [71]. Nor have statistically significant differences
in pain cessation and resolution of skin symptoms been ob-
served in different studies among the different antivirals [72].

Acute pain associated with HZ occurs in more than 95%
of patients over 50 years of age [71]. Initially, this pain is no-
ciceptive, but later a neuropathic component may appear. The
treatment of acute pain depends on its severity and impact.
Mild to moderate pain is treated with systemic analgesics. The
application of cold, wet compresses over the blisters may help
relieve pain. Severe cases may require opioids [70]. In the ab-
sence of acute pain control, and when a neuropathic compo-
nent is suspected, analgesics can be combined with anticon-
vulsants (gabapentin or pregabalin), tricyclic antidepressants,
venlafaxine or duloxetine as a second-line treatment [69]. It
is unusual to have to resort to interventional treatments for
acute pain. In relation to ocular herpes, it is recommended to
complement systemic treatment with the application of topi-
cal acyclovir preparations to the affected eye [69,70]. Otic HZ
has no specific topical treatment. For antiviral treatment of
Bell's palsy associated with HZ, famciclovir has the best rate of
recovery of facial function [73].

There is insufficient evidence and expert agreement to
make recommendations for specific topical treatment of acute
HZ [69]. It is advisable to keep the lesions clean and dry, avoid-
ing as much as possible any topical treatment [69].

WHAT IS THE MANAGEMENT OF MEDIUM AND
LONG-TERM COMPLICATIONS: POSTHERPETIC
NEURALGIA?

PHN is the most common complication of HZ infection. It
is defined as neuropathic pain that persists 30 to 90 days after
the cutaneous flare. It is characterized by continuous or par-
oxysmal, evoked or spontaneous, burning, and lacerating pain.
It is associated with dysesthesias, paresthesias, hyperalgesia,
hyperesthesia and allodynia. Pain usually alters the patient's
quality of life and can lead to functional limitation, social iso-
lation and psychological disorders. The most frequent clinical
form is intercostal, affecting one or two pairs of intercostal
roots and ganglia on one side. The most frequent lesion of the
cranial nerves is in the trigeminal nerve, giving rise to ophthal-
mic HZ, which is accompanied by pain in 93% of patients.

Between 5-200% of patients with HZ will present PHN [73].
Its appearance is related to age, being more frequent after 50
years of age, the extension of the skin lesion and the intensity
of the prodromal pain [74]. Other related factors are ophthal-
mic involvement, immunosuppression, the presence of other
diseases such as diabetes or delayed initiation of herpes treat-
ment.

Its pathogenesis has not been completely clarified. Histo-
logically, alterations have been found in both the central and
peripheral nervous system, with inflammation and necrosis
from the peripheral nerve to the neurons of posterior medul-
lary cords. There also appears to be demyelination with loss of
inhibitory stimulus for nociceptive afferents in the spinal cord.
There is sensitization of peripheral nociceptors with reduction
of the excitation threshold; appearance of spontaneous ectop-
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ic discharges in peripheral and central axons, medullary hyper-
excitability and loss of inhibitory control of pain. An alteration
of sodium channels has also been considered in this disease
and the expression of neuronal genes after infection.

The management of PHN is based on prevention through
vaccination in the population at risk, early administration of
antivirals upon HZ infection and symptomatic control by indi-
vidualized multimodal medication regimens and invasive pro-
cedures.

The only preventive measure at present is vaccination. Dif-
ferent studies have shown that vaccination with attenuated and
recombinant virus reduces the occurrence of HZ zoster in the
following 3 years [9,75], it reduces also the incidence of PHN,
as well as the hospital admissions related to the disease [32,76].

As mentioned in the previous section, the use of antivi-
rals (acyclovir, brivudine, valacyclovir and famciclovir) is rec-
ommended in patients over 50 years of age early in the acute
phase, although there is no convincing evidence that antiviral
treatment reduces PHN [71]. Nor have corticosteroids shown
clear evidence of benefit [13,77].

The most commonly used treatments for the control of
PHN are tricyclic antidepressants, gabapentin, pregabalin and,
locally, lidocaine and capsaicin patches. Other drugs such as
antiepileptics (valproic acid, carbamazepine, lamotrigine) and
serotonin reuptake inhibitors have been used in refractory
cases. Opioid analgesics have shown efficacy in PHN. Inva-
sive therapies include botulinum toxin injections, sympathetic
blockade with local anesthetics, epiduralfintrathecal steroid
injections and spinal cord stimulation [78] but the tolerability
and safety of these procedures must be considered [79]. Final-
ly, cognitive and behavioral therapies can improve the quality
of life of these patients.

WHAT IS THE POSITION OF THE DIFFERENT
HEALTH ADMINISTRATIONS IN SPAIN REGARDING
VACCINES AGAINST ZOSTER?

In March 2021, a document of recommendations, drawn
up by consensus at the Interterritorial Council of the Minis-
try of Health in Spain, is published [2]. In this document, the
following vaccination recommendations are established, which
would be mandatory in all Autonomous Communities:

e Population over 18 years of age with the following risk
factors: hematopoietic progenitor transplantation, solid
organ transplantation, treatment with anti-JKA drugs, HIV
infection, hematological malignancies and solid tumors
undergoing chemotherapy.

e (General population over 65 years of age.

Based on this document, several limitations can be point-
ed out: the age of recommendation, the demographic choice
of the cohorts and, finally, something inherent to the system,
the lack of homogeneity in the application of the recommen-
dations by the communities.

Firstly, it is not sufficiently explained why the indication

Table 4 Status of Herpes Zoster vaccination in
the Autonomous Communities

Territory PLAN GR Status State Population >65
Andalusia 2021 Group | i?
Aragon 2021 All Expected 2023
Asturias 2021 Al Yes
Balearic Islands 2021 Al Planned 2023
Canary Islands 2021 All i?
Cantabria 2021 Al Planned 2023
Castilla Mancha 2021 All Planned 2023
Castilla Leon 2021 All Planned 2023
Catalonia 2021 All Yes
Extremadura 2021 All i?
Galicia 2021 All &

La Rioja 2021 All &
Madrid 2021 All Yes
Murcia 2021 All Planned 2023
Navarra 2021 All i?
Basque Country 2021 All i?
Valencia 2021 All Planned 2023
Ceuta 2021 All Planned 2023
Melilla 2021 All Planned 2023

in the general population is established at 65 years of age and
not at 50 years of age, which is when the dramatic inflection
in the HZ growth curve occurs. In fact, the CDC recommends
vaccination against HZ for all immunocompetent adults over
50 years of age, whether or not they have had a previous ep-
isode of HZ and whether or not they have received previous
vaccination against varicella (chickenpox) [80].

On the other hand, the aforementioned document states
that an attempt will be made to vaccinate one or two age co-
horts each year, starting with those who turn 65 and/or 80
years of age in the year in which the procedure is performed.
Since the document states that vaccination in immunocompe-
tents will be implemented based on availability, it seems clear
that both the age threshold and the surprisingly odd selection
of cohorts is determined by economic and logistical reasons
of human resources and infrastructure. It is possible, assum-
ing that vaccination will be carried out with two doses, but on
a single basis, that this choice would allow vaccination to be
completed in 6-8 years.

As for the application by the communities, it could be as-
sumed that all would apply the recommendations uniformly,
but the reality is that at least the times are different and even
with regard to vaccination in immunocompromised patients,
Andalusia only carries it out in those undergoing hematopoi-
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etic progenitor transplantation. It is not easy to know the ex-
act situation in which they find themselves, nor even to know
the availability of doses. Madrid purchased 250,000 doses of
vaccine starting to vaccinate immunocompromised patients
last January and the general population over 65 years of age
in May 2022. With the information that can be obtained at
the end of November 2022, only three communities, Madrid,
Catalonia and Asturias applied the vaccination to both immu-
nocompromised and immunocompetent patients, the latter
following the recommendation of 65 and 80 years of age, al-
though 6 more communities and the cities of Ceuta and Melil-
la have announced that they will do so during 2023 (Table 4).

In this situation, some doubts arise that it would be ad-
visable for the administration to clear up. The first concerns
the selection of cohorts. Assuming that it is over 65 years of
age, there is no justification for choosing 2 extreme cohorts
that will leave out, for years, population groups aged 70-75
years in which the incidence is very high. On the other hand,
and partly as a consequence of this situation, since it is a vac-
cine that can be purchased on prescription at the pharmacy,
although it is not financed by the SNS and is expensive, since
the necessary doses exceed 400€, it is clear that the applica-
tion of this rule could result in a loss of equity, since the pop-
ulation with greater purchasing power, not only over 65 but
even over 50 years of age, could have access to the vaccine,
something difficult for the most disadvantaged groups. Final-
ly, up to now the dissemination to the population and health
personnel is scarce, so that it is possible that vaccination is not
being carried out as planned, even in the general population
groups chosen. Vaccinating in nursing homes or systematically
taking advantage of consultations with the elderly population
would increase the number of vaccinated subjects and would
make it possible to take stock of the management of doses and
increase the population cohorts to be vaccinated (Table 4).
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ABSTRACT

The administration of antifungals for therapeutic and,
especially, prophylactic purposes is virtually a constant in pa-
tients requiring hematology-oncology treatment. Any attempt
to prevent or treat Aspergillus or Mucor infections requires
the administration of some drugs in the azole group, which
include voriconazole, posaconazole and isavuconazole, noted
for their activity against these pathogens. One very relevant
aspect is the potential risk of interaction when associated with
one of the antineoplastic drugs used to treat hematologic tu-
mors, with serious complications. In this regard, acalabrutinib,
bortezomib, bosutinib, carfilzomib, cyclophosphamide, cyclo-
sporine A, dasatinib, duvelisib, gilteritinib, glasdegib, ibrutinib,
imatinib, nilotinib, ponatinib, prednisone, ruxolitinib, tacroli-
mus, all-transretinoic acid, arsenic trioxide, venetoclax, or any
of the vinca alkaloids, are very clear examples of risk, in some
cases because their clearance is reduced and in others because
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of increased risk of QTc prolongation, which is particularly evi-
dent when the drug of choice is voriconazole or posaconazole.

Keywords: Azoles, hematology patients, drug-drug interactions

Recomendaciones sobre el uso de antifugicos
azolicos en el paciente oncohematologico

RESUMEN

La administracion de antifungicos con fines terapéuticos y
especialmente, profildcticos es casi un constante en el paciente
que precisa tratamiento oncohematologico. El intento de evi-
tar o de tratar infecciones por Aspergillus o por Mucor exige la
administracion de algunos farmacos pertenecientes al grupo de
los azoles, entre los que destacan por su actividad frente a estos
patdgenos, voriconazol, posaconazol e isavuconazol. Un aspec-
to de gran importancia es el riesgo potencial de interacciones
cuando se asocian a alguno de los farmacos antineoplasico uti-
lizados en el tratamiento de los tumores hematoldgicos, dando
lugar a graves complicaciones. En este sentido, acalabrutinib,
bortezomid, bosutinib, carfizolid, ciclofosfamida, ciscloporina
A, dasatinib, duvelisib, gilteritinib, glasdegib, ibrutinib, imatinib,
nilotinib, ponatinib, prednisona, ruxolitinib, tacrolimus, trans-
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retinoico, trioxido de Arsenio, venetoclax, o cualquiera de los
alcaloides de la vinca, representan ejemplos muy evidentes de
riesgos en unos casos porque su aclaramiento resulta reduci-
do, en otros porque que se potencia el riesgo de prolongacion
del QTc, especialmente evidentes cuando el farmaco elegido es
voriconazol o posaconazol.

Palabras clave: Azoles, pacientes hematoldgicos, interacciones medicamen-
tosas

PREAMBLE

The reduction in patient immunity resulting from the use
of increasingly effective drugs in the treatment of serious dis-
eases has led, inter alia, to an increase in the frequency and
severity of invasive fungal infections. This circumstance is
common in oncology patients, among whom hematology-on-
cology patients are a very special population as they common-
ly present with long-lasting neutropenia [1-5] Some genera of
fungi are especially frequent in the genesis of invasive fun-
gal infection. Candida, Aspergillus, Scedosporium, Fusarium
and Mucorales are notable examples of pathogens with high
mortality, both in general and in this type of patients: Can-
dida exceeds 109% while the remaining pathogens, including
Aspergillus, can exceed 50%. Given this characteristic, the use
of antifungals with activity against this type of pathogens is
essential for both the prophylaxis and treatment of this type of
infectious disease.

Since their spectrum encompasses most of the above
pathogens, and Aspergillus in particular, the azoles (itracona-
zole, voriconazole, posaconazole and isavuconazole) are the
most notable antifungals used in this indication. The manage-
ment of these drugs, whose most typical characteristics are
detailed below, is complex in several areas, including the risk
of interactions with other drugs due to the altered enzymatic
activity of some CYP450 components, and also because of their
capacity to prolong the QT interval. These two situations often
pose a serious problem when the patient is treated with any
of the more relevant hematology-oncology drugs. The authors
therefore considered it appropriate to make the specific recom-
mendations set out in this article.

CYP450 SYSTEM AND TRANSPORT PROTEINS

The origins of the pharmacokinetic interactions involving

azoles lie in the capacity exhibited by these drugs to inhibit
the activity of some of the CYP450 isoenzymes that also par-
ticipate in their metabolism. In addition, some of the drugs
are substrates of transport proteins, especially P-glycoprotein
(P-gp) and breast cancer resistance protein (BCRP) which they
are also capable of inhibiting. This suggests risks of interac-
tions with other drugs that are substrates of these transport
proteins. Table 1 describes the effects of the various azoles on
the different CYP450 isoenzymes and transport proteins.

The CYP450 system is a group of enzymes involved in the
metabolism of a large number of substrates [6], including nu-
merous drugs, whose most constant characteristic is their low
water solubility and high polarity, raising difficulties for their
elimination through a water-rich medium, such as urine [7].

The diverse CYP450 isoenzymes catalyze different types
of reactions in the form of oxidation, reduction or hydroly-
sis oxidation. These reactions require oxygen (0,) and NADPH
to oxidize the substrates through monooxidation reactions.
The enzymes that catalyze this type of oxidation are called
monooxygenases or mixed-function oxidases. The oxidations
catalyzed by this enzyme system include: aromatic and ali-
phatic hydroxylations, N- and S-oxidations, epoxidations, O-,
N-, and S-dealkylations, deaminations, desulfurizations, dehal-
ogenations, and dehydrogenations.

The CYP450 system is configured into different isoen-
zymes that are named using a predefined system. The P450s
are identified by the acronym CYP (for cytochrome P) followed
by a number designating the family, a letter identifying the
subfamily and another Arabic numeral corresponding to the
gene (e.g. CYP1A1, CYP2C9).

These enzymes are found in the smooth endoplasmic re-
ticulum of hepatocytes and jejunal intestinal epithelial cells,
and are also found in the lung, brain and kidney. There are al-
most fifty isoenzymes in the human body, although the most
numerous and, therefore, the most important, given that they
are responsible for drug metabolism, are: CYP3A4, CYP2Ds,
CYP1A2, CYP2C9, CYP2C19, and CYP2E1 [8]. Of these, CYP3A4
is involved in the metabolism and interactions of almost 50%
of drugs [9]. In addition, this isoenzyme is present in the in-
testinal mucosa and is therefore responsible for the first-pass
metabolism of many drugs, which can, in some cases, signifi-
cantly reduce their bioavailability [7,10].

One important characteristic of CYP450 isoenzymes is

Table 1 Effects of azoles on CYP450 isoenzymes and transport proteins.
(Source: prescribing information. Spanish Agency of Medicines and Medical Devices)
Itraconazole Potent CYP3A4 inhibitor, P-gp inhibitor and breast cancer resistance protein (BCRP) inhibitor.

Vloriconazole Inhibits CYP2C19, CYP2C9 and CYP3A4 enzymes.

Posaconazole Potent CYP3A4 inhibitor.

Isavuconazole

Moderate CYP3A4/5 inhibitor, mild CYP2B6 inducer, mild P-gp inhibitor, mild inhibitor of organic cation transporter 2 (0CT2) and UGT.

P-gp: P-glycoprotein. UGT: UDP-glucuronosyltransferase.
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their broad interindividual variability in relation to various fac-
tors, including the use of xenobiotics capable of increasing or
reducing their enzymatic activity that can independently af-
fect both liver and intestinal enzymes [11]. This suggests that
there may be differences in the consequences of CYP3A4-inhi-
bition interactions depending on the oral bioavailability of the
substrates. For example, the impact of the consequences will
be far greater on drugs with an elevated first-pass metabolism,
since the effects of increased intestinal absorption will com-
bine with those of reduced hepatic clearance. For substrates
with high oral bioavailability, the interaction will only affect
metabolism, resulting in a lesser impact on the bioavailability
of the drug [10]. Similarly, a drug that is administered intra-
venously may have an inhibitory effect on hepatic CYP3A4,
while when administered orally it will produce dual inhibition
of both hepatic CYP3A4 and intestinal CYP3A4.

Inductors and inhibitors of isoenzymes produce their ef-
fects in a dose/concentration dependent manner but the tim-
ing is different because, while inhibition occurs immediately,
induction requires protein synthesis and therefore can take up
to 2 weeks to fully manifest [7-9].

The maximum impact of the inhibition of the activi-
ty of isoenzymes on pharmacokinetics lies in the drugs that
are transformed and eliminated exclusively by the isoenzyme,
since it cannot be eliminated until the inhibition disappears. In
other cases, the effect may be much lower because there are
other drug metabolism pathways that can somehow compen-
sate for the deficient activity of the inhibited mechanism.

Transport proteins. The proteins that transport drugs
through the body also play a relevant albeit lesser-known role
in the origin of certain interactions [12]. Within this group of
proteins, probably the best known and most studied is P-gly-
coprotein (P-gp). The physiological function of these proteins
is to facilitate the active transport of various substrates and
xenobiotics through the body, and they participate in facilitat-
ing or impeding intestinal absorption, biliary excretion, renal
excretion, blood-brain barrier access, etc [13-16].

P-gp is a membrane glycoprotein predominantly found in
cells of the liver, intestinal, renal, pancreas, and adrenal glands,
among others. Its basic function is to excrete drugs into the
bile, intestinal lumen, and urine, preventing access to the cen-
tral nervous system at the blood-brain barrier [8]. Essentially,
then, it prevents access by the drug to plasma while facilitating
its elimination and preventing its access to brain tissue [17].

P-gp and CYP3A4 are expressed at the same time in the
small intestine and liver and therefore, they may work in as-
sociation to prevent drug absorption, the former by expelling
them into the intestinal lumen and the latter by transforming
them into metabolites [11]. The effect of P-gp may be satu-
rated, in which case the molecules can reach venous territory
as they are not expelled into the intestinal lumen. Highly li-
pid-soluble molecules can diffuse rapidly in this instance.

The synergistic effect on inhibition of P-gp and CYP3A4
leads to some important differences in practice. Fluconazole

mildly/moderately increases immunosuppressant bioavailabil-
ity, while ketoconazole produces a very intense effect, to the
extent of being partially contraindicated. The explanation lies
in the latter's ability to saturate P-gp compared to the absence
of effects on P-gp of fluconazole. This difference is also pres-
ent in relation to the route of administration: intravenous flu-
conazole mildly increases tacrolimus bioavailability while, with
ketoconazole administered orally, the increase is very substan-
tial [18-21].

The factors involved in the genesis and intensity of the
consequences of this type of interaction are, nonetheless,
highly diverse [22,23]. Some of the most relevant include sex,
age, polymorphisms, and disease [10]. Logically, the variability
in the pharmacokinetic processing of the substrate or drug al-
tering the activity of isoenzymes and transport proteins is also
clearly relevant [24].

QT interval prolongation. The QT interval is the electro-
cardiographic representation of the action potential duration
of ventricular myocytes. Prolongation of this interval may be
associated with torsades de pointes (TdP) ventricular tachycar-
dia, syncope, and sudden cardiac death (SCD). The greater the
prolongation of the QT interval, the more likely TdP and SCD
are, especially if it is greater than 500 ms [25].

The mechanism most frequently linked to drug-induced QT
prolongation is IKr channel blockade, likely facilitated by ge-
netic predisposition. The enzyme system responsible for drug
metabolism also plays a role, as this phenomenon is often con-
centration dependent. The presence of high concentrations
facilitates channel blockade. Hence, inhibition of CYP450 ac-
tivity, especially of isoenzymes CYP3A4 and CYP2D6, is usual-
ly a determining factor. As stated earlier, a number of factors
commonly converge in its genesis, such as the combination of
drugs that block ion channels, the combined use of any of these
drugs with inhibitors of their metabolism, the presence of long
QT syndrome (LQTS), bradycardia, female sex, advanced age,
hypokalemia, hypomagnesemia, hypocalcemia, left ventricular
dysfunction and heart failure, and previous history [25,26].

As we will explain, the problem may lie with some azole
antifungals and amphotericin B itself, through hypokalemia in
this case [27], a property shared by many of the drugs used in
oncology-hematology. This circumstance explains why many
of these drugs have contraindications or precautions in their
prescribing information that include the consideration of care-
fully evaluating their association with other drugs that cause
QT prolongation or any of the predisposing factors. We refer
readers interested in reviewing this LQTS topic in greater detail
to the more specific literature [28-31].

AZOLE ANTIFUNGALS

Itraconazole. A broad-spectrum antifungal drug [32] for
oral or intravenous use, usually administered twice a day at
daily doses ranging from 200 to 800 mg. It has an elimination
half-life of 20-30 h in relation to auto-inhibition of its metab-
olism [33,34], which occurs via CYP3A4.
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This azole acts as a potent inhibitor of the isoenzyme that
metabolizes it, since the inhibitory constant (ICs,) for CYP3A4
is 0.0326 uM [35]. The most important metabolite is hydroxy-
itraconazole, which is also metabolized through CYP3A4 [36].
Itraconazole exhibits some inhibitory activity against CYP2C9
and 2C19, although its inhibitory potency is lower: ICy, of 10
uM [35]. It likewise inhibits P-gp and BCRP [37].

Given this inhibitory potential, the drug's prescribing in-
formation [37] expressly recommends using it with caution
with idelalisib, bosutinib, dasatinib, ibrutinib, nilotinib and vin-
ca alkaloids. In general, they are not recommended and should
be avoided even up to 2 weeks after itraconazole withdrawal.
In the event that the combination is unavoidable, careful clin-
ical monitoring is necessary and the dose should be reduced
where not essential [37].

After completion of treatment, plasma concentrations of
itraconazole decrease to a nearly undetectable concentration
within 7 to 14 days, depending on the dose and duration of
treatment. In patients with liver cirrhosis or in patients receiv-
ing CYP3A4 inhibitors, the decrease in plasma concentrations
may be even more gradual. This is especially important when
starting treatment with drugs whose metabolism is affected by
itraconazole [37].

Itraconazole has been associated with QT interval prolon-
gation and during interactions due to inhibition of the me-
tabolism of other drugs, and with torsades de pointes [38-41].
Concomitant administration with CYP3A4 substrates that also
prolong QT is contraindicated as it may result in elevated plas-
ma concentrations, which may lead to increased or prolonged
pharmacological effects, including adverse reactions, to such
an extent that a potentially serious situation may arise.

Voriconazole. Voriconazole is one of the broad-spectrum
azoles exhibiting in vitro activity against Aspergillus, Candida,
Scedosporium, and some Fusarium species [42]. It has good
oral bioavailability and sequential IV/PO therapy is possible. It is
used in initial loading doses: 400 mg/12 h orally (PO) and 6 mg/
kg every 12 h intravenously (IV). The maintenance dose is 200
mg/12 h and 4 mg/kg/12 h, PO/IV, respectively [43]. It produc-
es auto-inhibition of its metabolism so the pharmacokinetics
are not linear, since it undergoes a disproportionate increase
in the area under the curve (AUC) and maximum plasma con-
centration (C,,,,) over time [44,45]. Voriconazole is metabolized
through CYP2C19, with CYP3A4 and CYP2C9 also participating
to a lesser extent [44]. In vitro, it behaves neither as a substrate
nor as an inhibitor of P-gp [46,47]. Given its very broad phar-
macokinetic variability, systematic monitoring of voriconazole
plasma concentrations is recommended [48,49].

The available data indicate that the affinity of voriconazole
for CYP3A4 is 50 times lower than for CYP2C9. [44] CYP2C19
activity is polymorphic [50-52].

Voriconazole is an inhibitor of the isoenzymes involved

in its metabolism with ICy, values between approximately 8.5
(CYP2C) and 10.5 uM (CYP3A4) [53,35].

The prescribing information of this drug [43] points to the

contraindication of voriconazole use with sirolimus or veneto-
clax given that voriconazole is likely to increase the plasma
concentrations of both drugs and increase the risk of toxicity
and, with the latter drug, tumor lysis syndrome [43].

Caution is advised when used in combination with glas-
degib, since plasma concentrations of the latter drug may be
elevated and there is a risk of QTc interval prolongation. If con-
comitant use cannot be avoided, frequent electrocardiogram
monitoring is recommended.

Concomitant administration of voriconazole with tyrosine
kinase inhibitors metabolized by CYP3A4 (such as bosutinib,
dasatinib, nilotinib, ibrutinib, and ponatinib) is expected to in-
crease plasma concentrations of the tyrosine kinase inhibitor
and, with it, the risk of adverse reactions. If concomitant use
cannot be avoided, dose reduction of the tyrosine kinase inhib-
itor and close clinical monitoring are recommended [43].

There is also a risk of interactions with some commonly
used immunosuppressants, such as cyclosporine (a dose re-
duction to half the dose of cyclosporine is recommended) and
tacrolimus (a reduction to one third of the original dose is rec-
ommended) [43].

Voriconazole has been associated with QT interval prolon-
gation and torsades de pointes ventricular tachycardia. [54-58]
Concomitant administration of voriconazole with other drugs
that can prolong QT and whose metabolism can be reduced
by the antifungal drug is contraindicated due to the risk of QT
prolongation and associated torsades de pointes [43]. It should
also be used with caution in combination with any other drug
that may prolong QT.

Posaconazole. Triazole with broad antifungal spectrum
used particularly in the treatment of infections caused by As-
pergillus, Fusarium, and Mucor. It can be administered intra-
venously and orally, as a solution or tablets, the latter having
better bioavailability. It has an elimination half-life of 30 hours,
high plasma-protein-binding (>95%) and a high volume of dis-
tribution [59-61].

The usual dose in the treatment of invasive fungal infec-
tion is to administer a loading dose of 300 mg (three 100 mg
tablets or 300 mg of concentrate for solution for infusion)
twice a day on the first day and then 300 mg (three 100 mg
tablets or 300 mg of concentrate for solution for infusion) once
a day [62]. Given the wide variability of pharmacokinetic pa-
rameters, especially when the solution formulation is used, it is
necessary to recommend the systematic monitoring of plasma
levels [63, 64].

Posaconazole is a potent inhibitor of CYP3A4, with IC,
values of 1.3 pM. In tablet formulation, it has more intense
interactions related to increased bioavailability [65]. It is also
a substrate of P-gp and exhibits inhibitory capacity for the
transport protein, with an IC, of 3 uM [47]; interactions with
digoxin through this mechanism have been described [66]. Its
metabolism is through glucuronide conjugation, with little in-
volvement of the oxidative system [62,67].

Its prescribing information establishes the contraindi-
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cation to its combination with sirolimus and the risks relat-
ed to toxicity due to vincristine or vinblastine, venetoclax,
cyclosporine tacrolimus, and all-transretinoic acid, all due to
an increase in their plasma levels versus a reduction in their
clearance [62].

As with the other azoles, posaconazole has been implicated
in cases of QT prolongation and polymorphic ventricular tach-
ycardia [68-71]. In relation to this, concomitant administration
is contraindicated with CYP3A4 substrates that can also cause
QT prolongation which may be related to the plasma concen-
trations reached. In addition, it should be used with caution in
combination with any other drug that may prolong QT [62].

Isavuconazole. The newest azole antifungal, authorized
for use in the treatment of invasive aspergillosis and mucor in-
fection [72]. It may be administered orally or intravenously, the
latter in the form of isavuconazonium sulfate, which under-
goes hydrolysis by plasma esterases to form isavuconazole ex-
tremely quickly. It has excellent PO bioavailability, a large vol-
ume of distribution and high plasma-protein-binding [73,74].
Unlike other antifungals in its group, there is less variability in
its pharmacokinetic parameters, so the systematic monitoring
of its plasma levels is not recommended [75-78]. It is adminis-
tered with a loading dose of 200 mg every 8 h for the first 48
h, which is followed by a maintenance dose of 200 mg every 24
h. Isavuconazole is both a substrate and inhibitor of isoenzyme
CYP3A4 [79,80].

In vivo studies indicate that this antifungal is a moderate
inhibitor of CYP3A4 and may weakly induce CYP2B6, mildly af-
fecting other isoenzymes [81]. Probably in relation to this char-
acteristic, it has been repeatedly described that the intensity of
the interaction of isavuconazole with CYP3A4 substrates, such
as immunosuppressants, is clearly lower than that produced
by the other azoles [82]. Co-administration of isavuconazole
with tacrolimus, sirolimus, or cyclosporine produced an in-
crease in the AUC of the immunosuppressants of 125%, 849%,
and 29%, respectively, and, in the case of mycophenolic acid
and prednisolone, of 35 and 8%, respectively. The C,,,, values of
tacrolimus, sirolimus, and cyclosporine increased by 42%, 65%,
and 6%, respectively, while the C,,, of mycophenolic acid and
prednisolone were 11% and 4% lower, respectively [82].

Isavuconazole is described in its prescribing information
as a moderate inhibitor of CYP3A4/5. Therefore, systemic ex-
posure to drugs metabolized by CYP3A4 may increase if ad-
ministered together with isavuconazole. As noted, concomitant
use of isavuconazole with CYP3A4 substrates such as the im-
munosuppressants tacrolimus, sirolimus, or cyclosporine may
increase systemic exposure to these drugs. Finally, careful mon-
itoring of any incidence of toxicity is recommended, along with
a reduction, if necessary, in the dose of vincristine, vinblastine,
imatinib or mitoxantrone [72].

The administration of isavuconazole together with various
substrates of transporter proteins was associated with insignif-
icant changes in the pharmacokinetic parameters of atorvas-
tatin, digoxin, metformin, and methotrexate [83]. The IC, of
isavuconazole on P-gp was 3 uM [47].

The effect of isavuconazole versus moxifloxacin or placebo
on cardiac repolarization has been evaluated in a randomized
double-blind study in healthy volunteers treated with the an-
tifungal drug, including loading doses at conventional regimen
and with supratherapeutic doses, for 11 days. No effect on QT
interval prolongation has been demonstrated. In this study, a
QT shortening effect related to the plasma concentrations of
the drug was evidenced [84-86]. Isavuconazole is therefore
contraindicated in patients with familial short QT syndrome;
caution is advised when administering isavuconazole to pa-
tients who are taking other drugs known to decrease the QT
interval, such as the antiepileptic drug rufinamide [72].

DRUGS USED IN HEMATOLOGY-ONCOLOGY

Table 2 describes the drugs commonly used in the treat-
ment of hematological tumors and rejection prophylaxis in
hematopoietic cell transplantation. This information has been
used to select the drugs described in greater detail below be-
cause they may be targets for interaction with azoles due to
alterations in their metabolism or at the level of the QT inter-
val.

Acalabrutinib. Acalabrutinib and its active metabolite,
ACP-5862, form a covalent bond with a cysteine residue of the
active site of Bruton's tyrosine kinase. As a result, it is indicated
for the treatment of chronic lymphocytic leukemia. It is elimi-
nated from the body through the participation of the CYP3A4
isoenzyme, and is a substrate of the P-gp and BCRP transport-
er proteins. It has an elimination half-life of 1-2 h [87].

It has been reported that administration with itracona-
zole can increase the bioavailability of acalabrutinib by 4.8- to
5.2-fold [88]. Hence, it is recommended that concomitant use
with CYP3A/gp-P inhibitors be avoided. If CYP3A/gp-P inhibi-
tors (e.g. itraconazole, posaconazole, or voriconazole) are to be
used for a short period, treatment should be discontinued [87].

The effect of moderate CYP3A inhibitors has been evalu-
ated in healthy subjects by administering 400 mg of flucona-
zole in a single dose or 200 mg of isavuconazole in repeated
doses for 5 days. The mean C,,,, and AUC values of acalabruti-
nib increased 1.37 (1.14-1.64) and 1.60 (1.45-1.77) times with
isavuconazole and 1.48 (1.10-1.98) and 2.16 (1.94-2.40) times
with fluconazole. For the active metabolite ACP-5862, these
values were 0.72 (0.63-0.82) and 0.91 (0.86-0.97) times with
isavuconazole and 0.65 (0.49-0.87) and 0.5 (0.91-0.99) times
when co-administered with fluconazole [89]. No dose adjust-
ment of acalabrutinib is required in combination with moder-
ate CYP3A inhibitors [87].

QT prolongation has not been described in patients treat-
ed with this drug [87].

Bortezomib. This proteasome inhibitor is indicated for
the treatment of mantle cell lymphoma and multiple myelo-
ma. Bortezomib is metabolized mainly by oxidation through
CYP3A4, CYP2C19, and CYP1A2, although the main metabol-
ic pathway is deboronation, through which two deboronated
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Enzymes Transport proteins QT prolongation

Bendamustine 1A2

Bortezomib 1A2, 3A4, 2C9 YES

Carfilzomib Peptidases YES

Cyclosporine 3A4 P-gp, OATP

Cytarabine Cytidine deaminase

Chlorambucil Various

—<
m
w

Dasatinib 3A4

Duvelisib 3A4

Fludarabine Phosphorylation

—=<
m
w

Gilteritinib 3A4 P-gp, BCRP

Hydroxyurea Various

Idelalisib 1A2, 3A4, UGT, AO

'IU
=3
=

Lenalidomide -

'IU
(=)
=

—=<

m

w

6-mercaptopurine Xanthine oxidase, various

Mycophenolate UGT1A9

Mitoxantrone Various BCRP

—~<
m
w

Oxaliplatin -

Pomalidomide 1A2, 3A4

Prednisone 3A4

Selinexor 3A4, UGT

tacrolimus 3A4 YES

All-transretinoic acid 3A4 YES

Venetoclax 3A4

Vincristine 3A4 P-gp
AO: aldehyde oxidase. P-gp: P-glycoprotein, BCRP: breast cancer resistance protein. OATP: organic anion transporting polypeptide.

Rev Esp Quimioter 2023;36(3): 236-258 241



J.R. Azanza, et al.

Recommendations on the use of azole antifungals in hematology-oncology patients

metabolites are formed that subsequently undergo hydroxyl-
ation. It has an elimination half-life of 40-193 h in relation to
self-inhibition of its metabolism [90].

In a drug-drug interaction study conducted in 12 patients
to evaluate the effect of ketoconazole on the pharmacokinet-
ics of bortezomib, a mean bortezomib AUC increase of 35%
was observed. (Cl 90% [1.032 to 1.772]) [91]. Although the
percentage is of little clinical significance, cases of paralytic
ileus have been described in patients treated with bortezomib,
voriconazole or itraconazole [92]. Close monitoring is recom-
mended when bortezomib is administered in combination with
potent CYP3A4 inhibitors [90].

Isolated cases of QT interval prolongation were described
in clinical trials; although causality has not been established
[93], caution is recommended.

Bosutinib. It is a BCR-ABL tyrosine kinase inhibitor, indi-
cated for the treatment of chronic myelogenous leukemia [94].
It is metabolized by CYP3A4, so inhibition of the activity of this
isoenzyme leads to reduced clearance and increased concen-
trations. It has an elimination half-life of 35.5 h [94].

In a study of 24 healthy subjects who were administered
5 doses of 400 mg/day of ketoconazole together with a single
100 mg fasting dose of bosutinib, the C,,, of bosutinib was
increased by 5.2-fold, and the plasma AUC of bosutinib by
8.6-fold [95].

In a study of 20 healthy subjects administered a sin-
gle 125 mg dose of aprepitant, a moderate CYP3A inhibitor,
together with a single 500 mg dose of bosutinib after food,
aprepitant increased bosutinib C,,, by 1.5-fold and bosutinib
AUC in plasma by 2.0-fold [96].

It is recommended to avoid concomitant use of bosutinib
with potent or moderate CYP3A inhibitors, selecting, whenever
possible, an alternative drug whose CYP3A inhibitory potential
is null or minimal. If a potent or moderate CYP3A inhibitor is
required during bosutinib treatment, it should be considered
whether to discontinue or reduce the dose of bosutinib treat-
ment. Caution should be exercised if weak CYP3A inhibitors are
used with bosutinib [94].

In a randomized, single-dose, double-blind, crossover,
open-label, placebo- and moxifloxacin-controlled study, the
effect of bosutinib 500 mg administration on corrected QTc
was evaluated in healthy subjects. According to the data from
this study, bosutinib does not appear to prolong QTc in healthy
subjects at a dose of 500 mg per day with food, nor under con-
ditions that result in the supratherapeutic elevation of plas-
ma concentrations. Following single-dose oral administration
of bosutinib 500 mg (therapeutic dose) and bosutinib 500 mg
together with 400 mg of ketoconazole (to achieve suprathera-
peutic concentrations of bosutinib) in healthy subjects, the up-
per limit of the one-sided 95% confidence interval (Cl) around
the mean change in QTc interval was less than 10 ms at all
post-dose administration time points, and no adverse events
suggestive of QTc prolongation were observed [97]. In a study
in subjects with impaired liver function, an increasing frequen-

cy of QTc interval prolongation >450 ms was observed as liver
function declined [98].

In the phase 1/2 clinical study conducted in patients with
previously treated Ph+ leukemia, changes in the QTcF inter-
val that differed >60 ms from the baseline interval were ob-
served in 6 (1.1%) out of 562 patients. In the phase 3 clinical
study in newly diagnosed chronic phase CML patients treated
with bosutinib 400 mg, no patients in the bosutinib treatment
group had an increase >60 ms relative to baseline when the QT
interval was corrected with Fridericia's formula (QTcF). In the
phase 3 clinical study in patients with newly diagnosed Ph+
CML in chronic phase treated with bosutinib 500 mg, changes
in the QTcF interval that differed >60 ms from baseline were
observed in 2 out of 248 (0.8%) patients receiving bosutinib
[94]. The proarrhythmic potential of bosutinib cannot be ruled
out [99].

In the light of these data, bosutinib should be used with
caution in patients who have or may have QT interval prolon-
gation, including patients with any overlapping risk factors. It
is advisable to monitor for any effect on QTc, and a baseline
electrocardiogram (ECG) is recommended before starting bo-
sutinib treatment and when clinically indicated. Hypokalemia
or hypomagnesemia should be corrected prior to bosutinib ad-
ministration, and plasma concentrations of these ions should
be monitored periodically during treatment [94].

Carfilzomib. Carfilzomib is a proteasome inhibitor that is
metabolized primarily by the peptidase and epoxide hydrolase
pathway and, consequently, the pharmacokinetic profile of
carfilzomib is unlikely to be affected by concomitant admin-
istration of cytochrome P450 inhibitors and inducers [100]. QT
interval prolongation and ventricular tachycardia have been
reported [101].

Cyclophosphamide. It is a phosphoramide-type antineo-
plastic, of the nitrogen mustard group. It is an electrophilic
agent, which acts specifically during the S phase of the cell
cycle. It reacts with nucleophilic atoms of the nucleic bases,
forming inter- and intra-chain bridges in the double helix
DNA, causing important interferences in the processes of DNA
transcription and replication. It is indicated for the treatment
of Hodgkin's lymphoma, non-Hodgkin's lymphomas, multiple
myeloma, chronic lymphocytic leukemia (CLL) and acute lym-
phocytic leukemia (ALL), chronic myeloid leukemia, and acute
lymphoblastic leukemia [102].

Increased exposure to cyclophosphamide metabolites has
been reported in patients in treatment with itraconazole, flu-
conazole, and ketoconazole [102,103]. It has been suggested
that, at least in the case of voriconazole, this effect could be
caused by CYP2B6 inhibition [104]. In this regard, isavucona-
zole acts as an inducer of this isoenzyme, so it can a priori
reduce cyclophosphamide concentrations with loss of efficacy
[102], although some of the published data do not seem to
confirm this [105].

Following exposure to treatment regimens that included
cyclophosphamide, supraventricular arrhythmias (including
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atrial fibrillation and flutter) and ventricular arrhythmias (in-
cluding severe QT prolongation associated with ventricular
tachyarrhythmias) have been reported in patients with and
without other signs of cardiotoxicity [106].

Cyclosporine. Cyclosporine is a calcineurin inhibitor im-
munosuppressant indicated for the prevention of graft rejec-
tion after allogeneic bone marrow and stem-cell transplanta-
tion and in the prevention or treatment of graft-versus-host
disease (GVHD). It is extensively metabolized, resulting in the
formation of 15 metabolites. Metabolism takes place mainly in
the liver, via CYP3A4 [107].

Caution should be exercised when cyclosporine is co-ad-
ministered with drugs that produce CYP3A4 and/or P-glyco-
protein inhibition. The azole antifungals: fluconazole, itra-
conazole and voriconazole can at least double exposure to
cyclosporine [108-113].

In a retrospective study, information was collected from
bone marrow transplant patients treated with tacrolimus or
cyclosporine and fluconazole, isavuconazole, or posacona-
zole. The dose reduction percentage needed to maintain levels
within the therapeutic range for the three azoles was 27, 12,
and 13%, respectively [113].

In a study conducted in children with bone marrow trans-
plant treated with cyclosporine or tacrolimus or sirolimus in
which a dose of 100/200 mg of isavuconazole was used, no
interactions were described [114].

A study was conducted to evaluate the effect of posa-
conazole 200 mg daily for 10 days on cyclosporine. Coadmin-
istration of posaconazole increased the bioavailability of cy-
closporine and the dose should be reduced by 14-29% [115].

Dasatinib. Dasatinib is an inhibitor of several tyrosine
kinases; BCR-ABL, SRC, c-KIT and PDGFR, which is indicated
for the treatment of newly diagnosed chronic myelogenous
leukemia (CML) in the chronic, accelerated or blastic phase,
Philadelphia chromosome-positive (Ph+) acute lymphoblastic
leukemia (ALL) and lymphoid blast crisis from CML. It is a sub-
strate of the CYP3A4 isoenzyme, so potent inhibitors of this
enzyme may increase its bioavailability. As a result, coadmin-
istration of potent CYP3A4 inhibitors in patients receiving da-
satinib is not recommended. It has an elimination half-life of
3-5h[118].

In a study in which dasatinib was administered with ke-
toconazole for 8 days, the C,,, increased from 14 ng/mL on
day 2 to 51 ng/mL on day 8. The AUC was 71 ng*h/mL and 345
ng*hour/mlL, respectively. The C,,, and AUC ratios, from day
8 to day 2, were 3.56 (90% Cl, 2.86-4.44) and 4.84 (90% ClI,
3.83-6.13), respectively. In addition, the elimination half-life
increased from 3.3 hours to 8.7 hours [117]. Therefore, coad-
ministration of potent CYP3A4 inhibitors is not recommended
[116].

In vitro and in vivo data suggest that dasatinib has the
ability to prolong ventricular cardiac repolarization (QT inter-
val) [118,119]. In 258 patients treated with dasatinib and 258

patients treated with imatinib, after a minimum follow-up
of 60 months in the phase 3 trial in patients with CML, QTc
prolongation was reported as an adverse reaction in 1 patient
(<1%) in each group. The median change in QTcF from baseline
was 3.0 ms in dasatinib-treated patients compared with 8.2 ms
in imatinib-treated patients. One patient (<1%) in each group
experienced a QTcF >500 ms. In 865 patients with leukemia
treated with dasatinib in phase 2 clinical studies, the mean
change in QTc interval from baseline values using the Fridericia
(QTcF) method was 4-6 ms, with an upper limit at the 95%
confidence interval < 7 ms. Of the 2,182 patients with resist-
ance or intolerance to prior imatinib therapy who received da-
satinib in clinical trials, 15 (1%) patients had QTc prolongation
as an adverse reaction and 21 patients (1%) had a QTcF >500
ms [116].

Dasatinib should be administered with caution in patients
who have or may develop QTc prolongation. This includes pa-
tients with hypokalemia or hypomagnesemia, patients with
congenital long QT syndrome, patients taking antiarrhythmic
drugs or other drugs that cause QT prolongation, and patients
in treatment with high cumulative doses of anthracyclines.
Hypokalemia or hypomagnesemia should be corrected prior to
dasatinib administration [116].

Doxorubicin. Doxorubicin is an anthracycline antibiotic,
substrate of CYP3A4, CYP2D6 and P-glycoprotein. Clinically
significant interactions with CYP3A4, CYP2D6 and/or P-gly-
coprotein inhibitors have been reported, resulting in increased
concentrations and clinical effect of doxorubicin [120]. How-
ever, doxorubicin and ketoconazole have been evaluated in
combination in the treatment of prostate cancer without re-
porting effects related to a possible interaction [121]. Doxo-
rubicin has not been implicated in alterations of cardiac repo-
larization.

Duvelisib. Duvelisib is an inhibitor of phosphatidylinositol
3-kinase p1108 (PI3K-8) and PI3K-y indicated for the treat-
ment of chronic lymphocytic leukemia (CLL) and follicular lym-
phoma (FL). It is eliminated from the body after metabolism by
CYP3A4 [122].

Concomitant administration of a strong CYP3A inhibitor,
ketoconazole (200 mg twice daily for 5 days), with a single oral
dose of 10 mg duvelisib in healthy adults (n = 16) increased
1.7-fold the C,,, of duvelisib and 4-fold the AUC. It is recom-
mended to reduce the dose to 15 mg twice daily when ad-
ministered concomitantly with potent CYP3A4 inhibitors. No
dose adjustment is necessary when administered with moder-
ate CYP3A4 inhibitors, although potential adverse reactions to
duvelisib should be closely monitored [122].

The effect of different doses of duvelisib 25 and 75 mg
twice daily on the corrected QT interval (QTc) was evaluated in
patients with previously treated hematologic malignancies. No
increases >20 ms were observed in the QTc interval [122].

Etoposide. This is a cytostatic whose main effect appears
to focus on double-strand DNA breaks through interaction
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with topoisomerase Il or through the formation of free radi-
cals. It is indicated for the treatment of Hodgkin's lymphoma,
non-Hodgkin's lymphoma, and acute myeloid leukemia [123].

Itis a substrate of CYP3A4 and P-gp and undergoes glucu-
ronide conjugation. Ketoconazole increases the AUC of etopo-
side by 20% so no dose adjustment is required; however, toxic-
ity should be monitored [124].

Gilteritinib. Inhibitor of FMS-like tyrosine kinase-3 (FLT3)
or fetal liver kinase 2, and AXL that is indicated for the treat-
ment of acute myeloid leukemia with FLT3 mutation [125].
According to in vitro data, gilteritinib is metabolized primar-
ily through CYP3A4. In addition, it is a substrate of P-gp and
BCRP. Gilteritinib could inhibit BCRP, P-gp and OCT1 at clini-
cally relevant concentrations [125].

In healthy subjects, a single 10 mg dose of gilteritinib ad-
ministered with itraconazole (200 mg once daily for 28 days),
resulted in an approximate 20% increase in mean C,,, and a
2.2-fold increase in mean AUC compared to subjects given
a single dose of gilteritinib [125]. Exposure to gilteritinib in-
creased approximately 1.5-fold in patients with relapsed or
refractory AML when it was co-administered with a potent in-
hibitor of CYP3A, P-gp and/or BCRP [126].

Potent inhibitors of CYP3A, P-gp and/or BCRP (voricona-
zole, itraconazole, posaconazole) may increase plasma concen-
trations of gilteritinib. Alternative drugs that do not strongly
inhibit CYP3A, P-gp and/or BCRP activity should be considered.
In situations where there are no suitable therapeutic alterna-
tives, toxicity should be carefully monitored during the admin-
istration of gilteritinib [125].

Gilteritinib may prolong cardiac ventricular repolariza-
tion. QT interval prolongation can be observed in the first three
months of treatment with this drug [127]. It is recommended
to discontinue administration of the drug if the QTcF interval
is greater than 500 ms and to resume treatment reducing the
dose to 80 mg or 120 mg when the QTcF interval returns to
within 30 ms of the baseline level or <480 ms. If an increase
in the QTcF interval >30 ms occurs on ECG on day 8 of cycle
1, it should be confirmed by ECG on day 9, after which a dose
reduction to 80 mg should be considered [125].

Glasdegib. It is an inhibitor of the Hedgehog signal trans-
duction pathway that is indicated for the treatment of de novo
or newly diagnosed secondary acute myeloid leukemia (AML)
in adult patients who are not candidates for standard induc-
tion chemotherapy, in combination with low-dose cytarabine.
CYP3A4 is responsible for most of the metabolism of glasdegib
while CYP2C8 and UGT1A9 play a minor role [128].

Ketoconazole, at a dose of 400 mg once daily for 7 days,
increased the mean area under the curve of glasdegib approx-
imately 2.4-fold and the maximum plasma concentration by
40%, after administration of a single oral dose of 200 mg, in
healthy subjects [129].

Caution should be exercised when it is administered con-
comitantly with the potent CYP3A4 inhibitors itraconazole,

ketoconazole, posaconazole and voriconazole, since an in-
crease in the plasma concentration of glasdegib may occur. If
possible, an alternative concomitant drug with no or minimal
CYP3A4 inhibitory potential is recommended [128].

In a randomized study in patients with high-risk acute
myeloid leukemia and myelodysplastic syndrome treated with
glasdegib and low-dose cytarabine versus low-dose cytara-
bine monotherapy, Grade 3/4 QT prolongations on ECGs were
reported in 3.5% of patients treated with glasdegib and low-
dose cytarabine compared to 2.4% of patients treated with
low-dose cytarabine monotherapy [130].

Alternatives should be considered for drugs with known
effects on QT prolongation and/or those that are potential po-
tent CYP3A4 inhibitors [128].

Ibrutinib. This is a Bruton's tyrosine kinase (BTK) inhib-
itor used in the treatment of relapsed or refractory mantle
cell lymphoma (MCL), chronic lymphocytic leukemia (CLL), and
Waldenstrém macroglobulinemia [131]. lorutinib is metabo-
lized primarily by CYP3A4, generating a dihydrodiol metabolite
with approximately 15-fold lower BTK inhibitory activity than
ibrutinib. The involvement of CYP2D6 in the metabolism of
ibrutinib appears to be minimal. It has an elimination half-life
of 4-13 h [131].

Combination with CYP3A4 inhibitors alters the clearance
of ibrutinib. Co-administration with itraconazole produces a
10-fold increase in the AUC of ibrutinib and an 8.8-fold in-
crease in the C,, [132]. Concomitant administration of keto-
conazole to 18 healthy, fasting volunteers increased the C,,,
and AUC of ibrutinib 29-fold and 24-fold, respectively. In pa-
tients with B-cell malignancies treated with ibrutinib, concom-
itant administration of voriconazole increased C,,, 6.7-fold
and AUC 5.7-fold [133,134].

Potent CYP3A4 inhibitors (itraconazole, voriconazole, and
posaconazole) should be avoided. If the benefit outweighs the
risk and a potent CYP3A4 inhibitor must be used, the dose of
ibrutinib should be reduced to 140 mg during treatment with
the inhibitor or ibrutinib should be temporarily discontinued,
for 7 days or less. The patient should be closely monitored for
toxicity, and dosage modification guidelines should be fol-
lowed as needed [131].

max

Moderate CYP3A4 inhibitors produce a lower intensity ef-
fect, as has been shown with erythromycin, in patients with
B-cell neoplasms in which the C,,, and AUC of ibrutinib in-
creased 3.4-fold and 3.0-fold, respectively. It is recommended
to reduce the dose to 280 mg for as long as the inhibitor is
used. The patient should be closely monitored for toxicity, and
dosage modification guidelines should be followed as needed.
Fluconazole - and probably isavuconazole - are part of this
recommendation. As can be deduced from the results of a
retrospective study in which information was collected from
eight patients treated with the combination of isavuconazole
(200 mg/day) and ibrutinib for fungal infection, the effect of
this azole is minor. Five patients remained on the initial dose
of ibrutinib (140-420 mg/day), while, in the remaining three,
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the dose was reduced from 420/mg/day to 140-280 mg/day.
In seven of the patients, the evolution of the fungal infection
was adequate, with no adverse effects. In one patient, ibrutinib
had to be discontinued due to thrombopenia after 128 days of
combined treatment with isavuconazole [135].

No dose adjustment of ibrutinib appears necessary when
combined with mild CYP 3A4 inhibitors, since it is estimat-
ed that the AUC may increase less than 2-fold. However, the
patient should be closely monitored for toxicity, and dosage
modification guidelines should be followed as needed [131].

The effect of ibrutinib on the QTc interval was evaluated
in 20 healthy men and women in a randomized, double-blind,
placebo-controlled, positive-controlled study. At the suprath-
erapeutic dose of 1,680 mg, ibrutinib did not prolong the QTc
interval in a clinically significant manner. The largest upper
limit of the bilateral 90% CI for differences in the baseline-ad-
justed mean between ibrutinib and placebo was less than 10
ms. In the same study, a concentration-dependent reduction
in the QTc interval (-5.3 ms [90% Cl: -9.4, -1.1] was observed
ata C,,, of 719 ng/mL followed by a supratherapeutic dose of
1,680 mg [136].

Idelalisib. Idelalisib is an inhibitor of phosphatidylinosi-
tol 3-kinase p110 (PI3K-p110) and Bruton's tyrosine kinase
(BTK) protein, indicated for the treatment of chronic lympho-
cytic leukemia and follicular lymphoma. Idelalisib is metabo-
lized mainly by an aldehyde oxidase and, to a lesser extent, by
CYP3A and glucuronidation (UGT1A4). Its primary metabolite
is GS-563117, which is not pharmacologically active. Idelalisib
and GS-563117 are substrates of P-gp and BCRP. The elimina-
tion half-life is 8.2 hours (range: 1.9-37.2) [137].

In a clinical trial, concomitant administration of a single
400 mg dose of idelalisib with 400 mg once daily of ketocona-
zole was found to generate a 26% increase in the C,,, and
79% increase in the AUC of idelalisib. [138] No initial dose ad-
justment of idelalisib is considered necessary when adminis-
tered with CYP3A/P-gp inhibitors, but intensified monitoring
for adverse reactions is recommended [137].

The effect of idelalisib (150 mg and 400 mg) on the QT/QTc
interval was evaluated in a placebo- and positive-controlled
crossover trial (moxifloxacin 400 mg) in 40 healthy subjects. At
a dose 2.7 times the maximum recommended dose, idelalisib
did not prolong the QT/QTc interval (<10 ms) [137].

Imatinib. Imatinib is a BCR-ABL tyrosine kinase inhibitor
that can be used in the treatment of Philadelphia chromosome
positive (Ph+) chronic myeloid leukemia (BCR-ABL), Philadel-
phia chromosome positive acute lymphoblastic leukemia (Ph+
ALL), myelodysplastic/myeloproliferative syndromes, advanced
hypereosinophilic syndrome andfor chronic eosinophilic leu-
kemia. It has an elimination half-life of 18 h [139].

In vitro results show that CYP3A4 is the major human
P450 enzyme catalyzing the biotransformation of imatinib.
Inhibitors of CYP3A4 activity; azole antifungals including keto-
conazole, itraconazole, posaconazole and voriconazole, could

reduce metabolism and increase imatinib concentrations.
There was a significant increase in exposure to imatinib. The
mean C,,, and AUC of imatinib increased by 26% and 40%,
respectively, in healthy subjects when co-administered with a
single dose of ketoconazole [139].

Experimental models have shown a clear effect of
voriconazole on the clearance of imatinib, which is signifi-
cantly reduced, with an increase in C,,, of 36.8% [140]. Se-
rious adverse effects in the form of a pustular rash, probably
concentration dependent, have been described in a patient
treated with voriconazole and imatinib [141]. Caution should
be exercised when imatinib is administered with inhibitors of
the CYP3A4 family.

Imatinib can cause QT prolongation in some patients,
probably with a lower incidence than the other drugs used for
the treatment of chronic myeloid leukemia [118,142].

Lenalidomide. Lenalidomide binds directly to cereblon, a
component of a cullin ring E3 ubiquitin ligase enzyme com-
plex that includes deoxyribonucleic acid (DNA) damage-bind-
ing protein 1 (DDB1), cullin 4 (CUL4) and regulator of cullins
1 proteins (Roc1). In hematopoietic cells, lenalidomide bound
to cereblon recruits the substrate proteins Aiolos and lkaros,
lymphoid transcriptional factors, leading to their ubiquitina-
tion and subsequent degradation, which produces direct cy-
totoxic and immunomodulatory effects. It is indicated for the
treatment of multiple myeloma, myelodysplastic syndromes,
mantle cell lymphoma and follicular lymphoma [143].

In vitro, lenalidomide is a substrate of P-gp, but does not
exhibit inhibitory capacity. P-gp inhibitors do not appear to
have any relevant effects on lenalidomide pharmacokinetics
[144].

Occasionally, arrhythmia, QT interval prolongation, atri-
al flutter and ventricular extrasystoles have been described
among the infrequent adverse effects of the drug [143,145].
Lenalidomide did not produce QT alterations in a study per-
formed with therapeutic and supratherapeutic doses [146].

Midostaurin. Midostaurin is an inhibitor of FLT3, KIT,
PDGFR (platelet growth factor receptor) and VEGFR2 (vascu-
lar endothelial growth factor receptor 2), and serine/threo-
nine kinase of the protein kinase C (PKC) family. It is indicated
in the treatment of acute myeloid leukemia (AML) with FLT3
mutation in combination with standard induction (daunoru-
bicin and cytarabine) and consolidation (high-dose cytara-
bine) chemotherapy, aggressive systemic mastocytosis (ASM),
systemic mastocytosis with associated hematologic neoplasm
(SM-AHN), or mast cell leukemia (MCL). Its elimination half-life
is 20.9 h [147].

Midostaurin undergoes extensive hepatic metabolism,
mainly through CYP3A4, and transformed into the active me-
tabolites CGP62221 and CGP52421. In a clinical trial of 36
healthy subjects, steady-state administration of ketoconazole
with a single 50 mg dose of midostaurin resulted in a signif-
icant increase in midostaurin concentrations, C,,, and AUC

Rev Esp Quimioter 2023;36(3): 236-258 245



J.R. Azanza, et al.

Recommendations on the use of azole antifungals in hematology-oncology patients

were 1.8-fold and 10-fold higher, respectively. In addition,
there was a 3.5-fold increase in the AUC of CGP62221 [148].

In a group of patients treated with itraconazole, a potent
CYP3A4 inhibitor, at steady state, and with midostaurin at
steady state (50 mg twice daily for 21 days), the steady state
concentration of midostaurin, (C,,,) increased 2.09-fold. The
C,n of CGP52421 increased by a factor of 1.3, while no signifi-
cant effect on CGP62221 exposure was observed [147].

Recently, an 8-fold increase in midostaurin concentra-
tion has been described when administered in association with
posaconazole [149]. The use of isavuconazole and midostaurin
is anecdotal, but the presence of interactions has not been de-
scribed [150, 151].

Caution is recommended when potent CYP3A4 inhibitors
are administered concomitantly with midostaurin because
they may increase plasma concentrations of midostaurin. Al-
ternative drugs that do not strongly inhibit CYP3A4 activity
should be considered. In situations where satisfactory ther-
apeutic alternatives do not exist, patients should be closely
monitored for midostaurin-related toxicity [147].

A specific study on the QT interval in 192 healthy subjects
who received the 75 mg dose twice daily did not show that mi-
dostaurin or CGP62221 prolonged the QT interval in a clinical-
ly significant manner. However, this study was of insufficient
duration to estimate the effects of the long-acting metabolite
CGP52421 on QTc interval prolongation [152]. Consequently,
a phase 2 clinical trial on 116 patients with ASM, SM-AHN, or
MCL studied the change to QT corrected with Fridericia's for-
mula (QTcF) with respect to baseline with the concentration of
midostaurin and each metabolite, and the result showed that
neither midostaurin, nor CGP62221 or CGP52421 appeared to
be able to cause a clinically significant prolongation of QTcF. In
the ASM, SM-AHN and MCL population, 25.4% of patients had
at least one QTcF measurement greater than 450 ms and 4.7%
greater than 480 ms on ECG [147].

Therefore, caution should be exercised in patients at risk
of QTc prolongation (e.g. due to concomitant medications and/
or electrolyte disturbances). If midostaurin is taken with oth-
er drugs that prolong the QT interval, consideration should be
given to assessing the QT interval by ECG. If QT prolongation is
detected, the dose should be adjusted [147].

e  (Tcinterval >470 ms and =500 ms

Decrease the dose to 50 mg once daily for the remaining
cycle. Restart at the initial dose in the next cycle if the QTc in-
terval improves to =470 ms at the start of the cycle. Otherwise,
continue with midostaurin 50 mg once daily.

e QTcinterval >500 ms

Stop or discontinue in the remaining cycle. If, just before
the next cycle, the QTc interval improves to =470 ms, restart at
the initial dose. If the QTc interval does not improve at the be-
ginning of the next cycle, do not administer during that cycle.
Midostaurin can be stopped for as many cycles as necessary
until the QTc interval improves.

Nilotinib. Nilotinib is a potent inhibitor of the ABL tyros-
ine kinase activity of the BCR-ABL oncoprotein. It also inhibits
PDGF, KIT and Ephin receptor kinases. It is indicated for the
treatment of Philadelphia chromosome positive chronic mye-
loid leukemia. Nilotinib is metabolized primarily in the liver by
CYP3A4, the expected major oxidative metabolizer, and nilo-
tinib is also a substrate of P-gp [153]. Its elimination half-life
is17 h.

Exposure to nilotinib in healthy subjects increased 3-fold
when co-administered with ketoconazole [154]. Therefore,
concomitant treatment with potent CYP3A4 inhibitors, in-
cluding ketoconazole, itraconazole, voriconazole, should be
avoided. Increased exposure to nilotinib may also be expect-
ed with moderate CYP3A4 inhibitors. Alternative concomitant
medications with no or minimal inhibition of CYP3A4 should
be considered [153].

In the phase Il trial in newly diagnosed chronic phase CML
patients receiving 300 mg of nilotinib twice daily, the change
in mean QTcF interval time from baseline at steady state was 6
ms. No patient presented a QTcF >480 ms. No episodes of tor-
sades de pointes were observed. In a trial with healthy volun-
teers with exposures comparable to those observed in patients,
no clinically relevant arrhythmias were observed [153]. How-
ever, nilotinib has been shown to prolong ventricular cardiac
repolarization in a concentration-dependent manner in both
adult patients and children [155,156].

Nilotinib may produce significant QT interval prolongation
when administered with potent CYP3A4 inhibitors, with drugs
with a known ability to prolong the QT interval and/or with
food. The presence of hypokalemia and hypomagnesemia may
increase this effect. Nilotinib should be used with caution in
patients who have or are at significant risk of developing QTc
interval prolongation [153].

Oxaliplatin. Oxaliplatin interacts with DNA forming in-
ter- and intra-strand cross-links causing disruption of DNA
synthesis resulting in cytotoxic and anti-tumor effects [157].

QT prolongation and torsades de pointes have been de-
scribed in patients treated with oxaliplatin [158,159]. The QT
interval should be closely and regularly monitored before and
after oxaliplatin administration. Caution should be exercised
in patients with a history of or a predisposition for QT pro-
longation, those taking medications known to prolong the QT
interval, and those with electrolyte imbalances such as hypo-
kalemia, hypocalcemia, or hypomagnesemia. In case of QT pro-
longation, treatment with oxaliplatin should be discontinued
[157].

Pomalidomide. Indicated for the treatment of multiple
myeloma, it is partly metabolized by CYP1A2 and CYP3A4/5.
It is also a substrate for P-gp [160]. Concomitant administra-
tion of pomalidomide with ketoconazole, a potent inhibitor of
CYP3A4/5 and P-gp, demonstrated no clinically relevant effect
on pomalidomide exposure [160,161]. In a study in healthy
volunteers that compared the effect on QT of pomalidomide
4 mg, 20 mg, and moxifloxacin 400 mg, pomalidomide did not
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generate ECG alterations, versus the evident QT prolongation
produced by fluoroquinolone [162].

Ponatinib. Ponatinib inhibits the activity of BCR-ABL and
RET, FLT3 and KIT and members of the FGFR, PDGFR and VEG-
FR kinase families. It is indicated for the treatment of chronic
phase chronic myeloid leukemia and Philadelphia chromosome
positive acute lymphoblastic leukemia (Ph+ ALL). It has an
elimination half-life of 22 hours [163]. Ponatinib is metabo-
lized by the action of CYP3A4. Concomitant administration of
a single 15 mg oral dose of ponatinib and ketoconazole 400
mg daily moderately increased systemic exposure to ponati-
nib; the AUC and C,,,, values of ponatinib were 78% and 47%
higher, respectively, than those observed when ponatinib was
administered as monotherapy [164]. Caution is required and a
reduction of the initial dose of ponatinib to 30 mg should be
considered when it is used concomitantly with strong CYP3A
inhibitors.

The potential of ponatinib to prolong the QT interval was
evaluated in 39 leukemia patients; no clinically significant pro-
longation of the QT interval was observed [165]. However, a
thorough study of the QT interval has not been performed, so a
clinically important effect on QT cannot be ruled out, and it is
considered a risk drug.

Prednisone. Most corticosteroids undergo metabolism
through CYP3A4. Concomitant treatment with CYP3A inhibi-
tors such as ketoconazole and itraconazole has been shown to
reduce corticosteroid clearance, increasing the risk of systemic
adverse reactions [167]. This combination should be avoided
unless the benefit outweighs the risk, in which case patients
should be monitored for systemic reactions to corticosteroids
[167].

No association has been described between the use of
corticosteroids and the presence of QT prolongation or with
torsades de pointes.

Ruxolitinib. Ruxolitinib is a selective inhibitor of the
Janus-associated kinases (JAKs): JAK1 and JAK2. It is indicat-
ed for the treatment of myelofibrosis and polycythemia vera.
It has an elimination half-life of 3 hours. Ruxolitinib is elimi-
nated through metabolism by CYP3A4 and CYP2C9. Therefore,
drugs that inhibit these enzymes may cause increased expo-
sure to ruxolitinib [168].

In healthy subjects the co-administration of ruxolitinib, 10
mg single dose, with a potent CYP3A4 inhibitor, ketoconazole,
increased the C,,, and AUC of ruxolitinib by 33% and 91%, re-
spectively. With concomitant administration of ketoconazole,
the half-life was prolonged from 3.7 to 6.0 hours [169].

When administering ruxolitinib together with potent
CYP3A4 inhibitors, including itraconazole, voriconazole and
posaconazole, the dose of ruxolitinib should be reduced by
approximately 50%, to be administered twice daily. Patients
should be closely monitored (e.g. twice weekly) for cytope-
nias and dosage should be titrated based on safety and effi-
cacy [168]. If ruxolitinib is administered together with po-

tent CYP3A4 inhibitors or dual inhibitors of the CYP3A4 and
CYP2C9 enzymes (e.g. fluconazole), the dose of Jakavi should
be reduced by approximately 50%, and administered twice
daily [168].

In healthy subjects, co-administration of ruxolitinib, 10
mg single dose, with erythromycin, a moderate CYP3A4 inhibi-
tor, 500 mg twice daily for four days resulted in ruxolitinib C,,,
and AUC values that were higher by 8% and 27%, respectively
[169]. No dose adjustment is required when ruxolitinib is ad-
ministered with mild or moderate CYP3A4 inhibitors. However,
patients should be closely monitored.

In healthy subjects, concomitant administration of ruxol-
itinib, 10 mg as a single dose, and a dual CYP2C9 and CYP3A4
inhibitor, fluconazole, elevated the C,,, and AUC of ruxolitinib
by 47% and 2349, respectively [170]. When using drugs that
are dual inhibitors of CYP2C9 and CYP3A4 enzymes (e.g. flu-
conazole), a 50% dose reduction should be considered. The
concomitant use of ruxolitinib with daily doses of fluconazole
greater than 200 mg should be avoided. It has been report-
ed that the co-administration of 400 mg daily of voriconazole
with ruxolitinib was effective and well tolerated, despite being
a dual inhibitor of CYP3A4 and CYP2C9 [171].

In a detailed study of the QT interval in healthy subjects,
no indication of a QT/QTc prolonging effect was observed
when ruxolitinib was administered at single doses up to a su-
pratherapeutic dose of 200 mg, indicating that ruxolitinib has
no effect on cardiac repolarization [172].

Selinexor. Selinexor is a covalent and reversible selec-
tive inhibitor of nuclear export (SINE) that specifically blocks
exportin 1 (XPO1). XPO1 is the primary mediator of nuclear
export of a large number of cargo proteins, including tumor
suppressor proteins (TSPs), growth regulators and growth-pro-
moting (oncogenic) protein mRNAs. It is indicated for the
treatment of multiple myeloma. Selinexor is metabolized by
CYP3A4, various UDP-glucuronosyltransferases (UGTs) and
glutathione-S-transferases (GSTs) [173].

No specific clinical studies on drug-drug interactions have
been performed. A 30-40% increase in the AUC of selinexor
when the drug was administered with azole antifungals has
been described in a study in rats [174]. Dosage adjustments
may not be necessary when the drug is used in combination
with potent CYP3A4 inhibitors, although caution should be ex-
ercised.

The effect of various doses of selinexor up to 175 mg twice
weekly on the QTc interval was evaluated in patients with he-
matologic malignancies in whom several treatments had been
administered previously. Selinexor did not have a large effect
(i.e. no greater than 20 ms) on the QTc interval when adminis-
tered at the therapeutic dose level [173].

Sirolimus. Sirolimus binds to the specific cytosolic protein
FKPB-12 forming an FKPB 12-sirolimus complex that inhibits
the activation of the mammalian target of rapamycin mole-
cule (mTOR), a critical kinase for cell cycle progression [175].
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Sirolimus is extensively metabolized in the intestinal wall
and liver by the CYP3A4 isoenzyme. Sirolimus is also a sub-
strate for P-gp located in the small intestine. Administration of
repeated doses of ketoconazole significantly altered sirolimus
exposure when administered as an oral solution, with increases
in sirolimus C,,,, t..xand AUC values by 4.4-fold, 1.4-fold and
10.9-fold, respectively. [176] Co-administration of sirolimus
and ketoconazole is not recommended [175].

Co-administration of sirolimus, a single dose of 2 mg,
with multiple doses of oral voriconazole, 400 mg every 12
hours on day 1, then 100 mg every 12 hours for 8 days, in
healthy subjects has been reported to increase the C,,, and
AUC of sirolimus by 7- and 11-fold, respectively. Co-admin-
istration of sirolimus and voriconazole is not recommended,
although it has been suggested that, if used together, the dose
of the immunosuppressant should be reduced by 50% [177]
and 90% [178].

With posaconazole, the dose should be reduced by 60-
80% [179,180], although some agencies have considered it
necessary to contraindicate the combined use of sirolimus and
posaconazole, describing that the administration of 200 mg of
the antifungal drug in tablet form can increase the C,, and
AUC of the immunosuppressant by 527% and 788%, respec-
tively [62].

Isavuconazole also increases the AUC of sirolimus, but by
much less: about 1.5 times, so the need for initial dose adjust-
ment is less important [181].

Tacrolimus. Tacrolimus binds to a cytosolic protein form-
ing a complex, FKBP12-Tacrolimus, which specifically and
competitively binds to and inhibits calcineurin. This results in
a calcium-dependent inhibition of T-cell signal transduction
pathways, which prevents transcription of a discrete set of
lymphokine genes. Tacrolimus is metabolized by CYP3A4 and
undergoes the intestinal first-pass effect through the inter-
vention of this isoenzyme [182].

Voriconazole significantly increases the tacrolimus con-
centration/dose ratio from 172.8 to 537.5 [183]. The increased
bioavailability of tacrolimus is higher when voriconazole is
switched from the intravenous to the oral route, as a result of
the alteration of intestinal CYP3A4 that occurs with the oral
route and is absent with intravenous administration [184]. It
has been suggested that the dose of tacrolimus be reduced
by at least 509% when initiating treatment with voriconazole
[185].

With posaconazole, the AUC of tacrolimus increases
3-fold in lung transplant patients treated with antifungal tab-
lets [186]; a 50% [187] or 60-70% reduction in the dose of
the immunosuppressant is recommended [188]. The admin-
istration of posaconazole at a dose of 400 mg together with
tacrolimus increased the C,,, and AUC of tacrolimus by 121%
and 358%, respectively [115].

With isavuconazole, it does not appear necessary to adjust
the tacrolimus dose at the start of treatment [189], although
it has been recommended that an initial tacrolimus dose of

0.017 mg/kg be administered instead of the usual 0.02 mg/kg
[190]. In the case of liver transplantation, a 30% dose reduc-
tion was recommended [191]. The combination of isavucona-
zole and tacrolimus increased the concentration/dose ratio of
the immunosuppressant 1.42-fold in the first week of treat-
ment [181].

In a retrospective study with information collected from
bone marrow transplant patients treated with tacrolimus and
fluconazole, isavuconazole, or posaconazole, the percentage
dose reduction needed to maintain levels within the therapeu-
tic range for the three azoles was 25, 21 and 539%, respectively
[192].

Occasional cases of QT prolongation associated with tac-
rolimus have been reported [193], so close monitoring of blood
levels and assessment of the QT interval, renal function, and
other adverse effects of tacrolimus is recommended when
drugs with the potential to alter CYP3A4 metabolism are used
concomitantly, and the tacrolimus dose should be discontin-
ued or adjusted appropriately to maintain similar tacrolimus
exposure [193,194].

All-transretinoic acid. It is indicated for the treatment
of acute promyelocytic leukemia [195]. Tretinoin is metabo-
lized by CYP26A1 in addition to CYP3A4. Compounds that in-
hibit CYP26A1, such as ketoconazole, could result in increased
exposure to tretinoin. There is still no clinical evidence on the
relative involvement of this enzyme in the general metabolism
of tretinoin [195].

Increased tretinoin toxicity has been reported (e.g. pseu-
dotumor cerebri, hypercalcemia) when azole antifungals were
administered (e.g. fluconazole, voriconazole, posaconazole).
This appears to be the result of a pharmacokinetic interaction
involving mainly CYP3A4 [196,197]. The possibility of reducing
the tretinoin dose should be considered [195].

QTc prolongations were observed with tretinoin and arse-
nic trioxide combination therapy. This could lead to torsades
de pointes arrhythmias. For the treatment of QTc prolongation,
ECG monitoring prior to and during treatment is recommend-
ed, especially for patients with risk factors [198].

Arsenic trioxide. The metabolism of arsenic trioxide in-
volves the oxidation of arsenious acid, the active species of ar-
senic trioxide, to arsenic acid, as well as oxidative methylation
to monomethylarsonic and dimethylarsinic acid mediated by
methyltransferases, which takes place mainly in the liver. It is
indicated for the treatment of acute promyelocytic leukemia
[199].

Arsenic trioxide can cause QT interval prolongation and
complete atrioventricular block. Prolongation of the QT inter-
val can produce ventricular arrhythmia in torsades de pointes,
which can lead to death. Prior treatment with anthracyclines
may increase the risk of QT interval prolongation. The risk of
ventricular tachycardia in torsades de pointes is higher in pa-
tients who are receiving or have received drugs that cause
hypokalemia or hypomagnesemia, such as diuretics or am-
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Table 3 ‘ Azoles in hematology-oncology. Recommendations
Itraconazole Posaconazole Voriconazole Isavuconazole

Acalabrutinib Avoid or reduce the dose of acalabrutinib to 100 mg/day No dose titration. Monitor adverse
effects

Bortezomib Caution (1) Probably without risk

Bosutinib Avoid. Risk of QT prolongation due to elevated bosutinib concentrations Caution. (2) Reduce the dose by 50%

Carfilzomib Caution. Risk of QT prolongation Without risk

Cyclophosphamide Caution: May increase cyclophosphamide levels with potential risk of QT prolongation Risk of potential ineffectiveness (3)

Cyclosporine Caution. Elevated cyclosporine levels Reduce cyclosporine dose by 75% Reduce cyclosporine dose by 50 % Caution (4)

Dasatinib Avoid. Risk of QT prolongation due to elevated dasatinib concentrations No dose titration. Monitor adverse
effects

Doxorubicin No dose titration. Monitor adverse effects

Duvelisib Reduce duvelisib dose to 15 mg twice daily No dose titration. Monitor adverse
effects

Etoposide No dose titration. Monitor adverse effects

Gilteritinib Avoid or closely monitor No dose titration. Monitor adverse
effects

Glasdegib Avoid. Risk of QT prolongation due to elevated glasdegib concentrations Without risk

Ibrutinib Avoid Caution (5) Caution (6)

Idelalisib Without risk

Imatinib Caution (7)

Lenalidomide No dose titration. Monitor adverse effects (8) No dose titration

Midostaurin Caution. Alternative drugs that do not strongly inhibit CYP3A4 activity should be considered. In situations where Monitor adverse effects

satisfactory therapeutic alternatives do not exist, patients should be closely monitored for midostaurin-related toxicity.

Nilotinib The administration of nilotinib with drugs that are strong CYP3A4 inhibitors should be avoided (9) No dose titration. Monitor adverse
effects

Oxaliplatin No dose titration. Monitor adverse effects (8) No dose titration

Pomalidomide No dose titration. Monitor adverse effects

Ponatinib Caution, consider reducing the starting dose of ponatinib to 30 mg No dose titration. Monitor adverse
effects

Prednisone Caution (10) Caution (11)

Ruxolitinib Caution Reduce ruxolitinib dose by 50% No dose titration. Monitor adverse
effects

Selinexor No dose titration. Monitor adverse effects

Sirolimus Avoid Caution (4)

tacrolimus Caution (12) Reduce tacrolimus dose by one third Caution (4)

All-transretinoic acid Caution (13) No dose titration. Monitor adverse
effects

Arsenic trioxide Caution (8) Without risk

Venetoclax Avoid (14) Reduce the daily dose by 50%

Vinblastine Avoid Caution (15) Caution (16) Caution (16)

Vineristine Avoid Caution (15) Caution (16) Caution (16)

(1): Paralytic ileus cases have been described in patients treated with bortezomib, voriconazole or itraconazole.

(2) It can likely be used with caution since the contraindication is due to the risk of QT prolongation relating to increased concentrations due to CYP3AS5 inhibition, which are lower with this drug.

(3): Isavuconazole is a mild inducer of CYP2B6.

(4) If necessary, monitor plasma levels to adjust the dose of the immunosuppressant.

(5): Reduce the dose to 140 mg/day in B~cell tumors and to 280 mg/day in the case of graft-versus-host disease.

(6) Reduce the dose to 280 mg/day in B-cell tumors and to 420 mg/day in graft-versus-host disease.

(7) Careful monitoring of any incidence relating to drug toxicity. Reduce the dose if necessary.

(8) Potential risk; both drugs can prolong QT.

(9) Significant QT interval prolongation can occur when nilotinib is administered inappropriately with potent CYP3A4 inhibitors.
(10) Risk of increased corticosteroid concentrations. Monitor adverse effects.

(11) Co-administration should be avoided unless the potential benefit outweighs the risk of increased concentrations.
(12) Use only if there are no other alternatives.

(13): Increased tretinoin concentrations with risk of toxicity. Monitor plasma calcium levels and assess dose reduction.

(14) Avoid at initiation and during the dose-titration phase; risk of tumor lysis syndrome. Reduce the daily dose of venetoclax by 75% when administered as a fixed daily dose.

(15) Only use when there are no alternative antifungal treatment options.
(16) Risk of neurotoxicity due to high concentrations of alkaloids. It may be necessary to reduce the dose.
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photericin B. Caution is advised when arsenic trioxide is ad-
ministered concomitantly with other drugs that prolong the
QT/QTc interval, or drugs that cause hypokalemia or hypomag-
nesemia [200-202].

Venetoclax. Venetoclax is a potent and selective inhibi-
tor of the anti-apoptotic protein BCL-2 (B-cell lymphoma). It
is used in the treatment of chronic lymphocytic leukemia and
acute myeloid leukemia. It has an elimination half-life of 26
hours. Venetoclax is metabolized mainly by CYP3A [203].

In a study in 11 patients, concomitant administration of
ketoconazole 400 mg once daily for 7 days increased veneto-
clax C,,, 2.3-fold and AUC 6.4-fold [204]. Compared with mon-
otherapy administration of 400 mg venetoclax, concomitant
administration of posaconazole 300 mg, venetoclax 50 mg and
100 mg for 7 days in 12 patients increased the C,,, and AUC
of venetoclax 1.6- and 1.9-fold, and 1.9-, and 2.4-fold, respec-
tively [205].

Concomitant administration of venetoclax with other po-
tent CYP3A4 inhibitors is expected to increase the AUC by an
average of 5.8- to 7.8-fold [203].

In an uncontrolled study, the administration of conven-
tional doses of isavuconazole as antifungal prophylaxis in 65
patients with acute myeloid leukemia or myelodysplastic syn-
drome, 49% of whom were treated with venetoclax, was ef-
fective and well tolerated, with no significant adverse effects
reported [206].

Concomitant use of venetoclax with moderate or strong
CYP3A inhibitors increases the C,,, and AUC of venetoclax and
may increase the risk of tumor lysis syndrome (TLS) and other
toxic effects, at initiation and during the dose-titration phase.
In patients with CLL, concomitant use of venetoclax with
strong CYP3A inhibitors at initiation and during the dose-ti-
tration phase is contraindicated. If the use of a CYP3A inhibitor
is essential, the below recommendations should be followed:

Strong inhibitor
Initiation and dose-titration phase

e [LC: contraindicated
e AML: Day 1: 10 mg, Day 2: 20 mg. Day 3: 50 mg. Day 4:
100 mg or less
Fixed daily dose (after the dose titration phase: reduce the
dose of venetoclax to 100 mg or less (or by at least 75% if al-
ready modified for other reasons).

Moderate CYP3A4 inhibitor

Reduce the dose of venetoclax by at least 50%. In CLL
patients, avoid concomitant use of venetoclax with moderate
CYP3A inhibitors at initiation and during the dose-titration
phase. Consider alternative medications or dose reduction as
described [203].

Co-administration of venetoclax and posaconazole is con-
traindicated [62].

Patients should be monitored more closely for signs of
toxic effects and further dose adjustment may be required. The

dose of venetoclax used prior to initiating administration of a
CYP3A inhibitor should be resumed 2 to 3 days after discontin-
uation of the inhibitor.

Venetoclax produced no effects on the QTc interval and
there was no relationship between drug exposure and change
in interval, even when administered at doses of 1200 mg [207].

Vinblastine. Vinblastine binds to tubulin and alters mi-
crotubule function, preventing polymerization and inducing
depolymerization of the microtubules. It is metabolized by
CYP3A4 and is a substrate of P-gp [208,209].

Vinblastine should be administered with caution in pa-
tients who are concomitantly taking drugs known to inhib-
it the metabolism of the drug through hepatic cytochrome
CYP3A isoenzymes, or to patients with hepatic dysfunction.
Concomitant administration of vinblastine and an inhibitor
of this metabolic pathway may cause a more rapid onset and/
or increased severity of side effects [209,210]. Concurrent use
with itraconazole is contraindicated.

Vincristine. Vincristine sulfate affects cell mitosis by
binding or crystallizing critical microtubular proteins of the
mitotic spindle, such as tubulin, leading to arrest of cell divi-
sion during metaphase and cell death. It is eliminated through
CYP3A4 metabolism and is a P-gp substrate. It is indicated in
the treatment of acute leukemia and malignant lymphomas,
including Hodgkin's disease, non-Hodgkin's lymphomas (lym-
phocytic, mixed cell, histiocytic, undifferentiated, nodular and
diffuse) [211].

Concomitant administration of vincristine sulfate with
itraconazole or fluconazole (CYP3A4 inhibitors) has been asso-
ciated with early onset and/or increased severity of neuromus-
cular adverse effects. Although there are no in vivo or in vitro
studies, itraconazole, voriconazole, and posaconazole may in-
crease plasma concentrations of vinca alkaloids, including vin-
cristine sulfate, and may cause toxicity. Special caution should
be exercised in patients under treatment with drugs that inhib-
it/induce hepatic metabolism by acting on cytochrome P450
isoenzymes, specifically in the CYP3A subfamily, or in patients
with hepatic impairment [212-215]. It is recommended that
dose titration of vincristine sulfate be considered. At present,
no cases of toxicity related to the combination of vincristine
with isavuconazole have been published.

CONCLUSIONS AND RECOMMENDATIONS

A review of the recommendations in Table 3 leads us to
confirm the differences in potential for interactions among
the various antifungals in relation to their inhibitory potency,
especially of CYP3A4, and their ability to alter cardiac repo-
larization with the corresponding risk of prolonging electro-
cardiographic QT. Three drugs - itraconazole, voriconazole, and
posaconazole - are relatively similar in promoting interactions
with hematology-oncology drugs, relating to their ability to
potently inhibit CYP3A4 and the added risk of prolonging QT.
The remaining drug in this family, isavuconazole, has less in-
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hibitory potency and no risk of QT prolongation. The latter is
also a safer drug with fewer contraindications; it requires less
vigilance and does not require monitoring of plasma levels for
dose adjustment, as is recommended for the others. In addi-
tion, it can be used safely in patients with predisposing factors
for QT prolongation [216-217].
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RESUMEN

Mycoplasma pneumoniae es una bacteria que carece de
pared celular. Produce infecciones en todo el mundo, en brotes
epidémicos cada 4-7 afios, o en forma endémica. Sus mani-
festaciones clinicas se producen mayoritariamente en el tracto
respiratorio y es una causa comun de neumonia atipica. El tra-
tamiento se realiza con macrolidos, tetraciclinas o fluoroqui-
nolonas. Desde el afio 2000 se ha detectado un aumento de
resistencias a macrolidos a nivel mundial, siendo mas frecuen-
tes en Asia. En Europa la frecuencia de resistencias oscila entre
el 1% y 259% en diferentes paises. La combinacion de técnicas
moleculares y serologicas aporta una alta sensibilidad en la
confirmacion diagnostica, siendo de gran utilidad para la de-
teccion y control de brotes de M. pneumoniae. La deteccion de
resistencia a macrolidos requiere una técnica de secuenciacion.

Palabras clave: Mycoplasma pneumoniae. Resistencias macrolidos. PCR

Macrolide-resistant Mycoplasma pneumoniae:
Do we know the situation in Europe?

ABSTRACT

Mycoplasma pneumoniae is a bacterium that lacks a cell
wall. It produces infections all It produces infections world-
wide, in epidemic outbreaks every 4-7 years, or endemica-
ly. Its clinical manifestations occur mostly in the respiratory
tract and it is @ common cause of atypical pneumonia. The
treatment is with macrolides, tetracyclines or fluoroquinolo-
nes. Since 2000, an increase in resistance to macrolides has
been detected worldwide, being more frequent in Asia. In Eu-
rope the frequency of resistance ranges between 19% and 25%,
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depending on the country. Molecular techniques and serology
techniques provides very high sensitivity in diagnostic con-
firmation, being very useful for detecting and controlling M.
pneumoniae outbreaks. The detection of resistance to macroli-
des requires a sequencing technique.

Keywords: Mycoplasma pneumoniae, resistance, macrolides, PCR

INTRODUCCION

Mycoplasma pneumoniae es una bacteria intracelular que
fue descubierta en 1944 por Eaton, cuando cultivo una expec-
toracion de un paciente con neumonia primaria de caracteris-
ticas atipicas. En 1963 se propuso su denominacion taxono-
mica [1].

M. pneumoniae es una bacteria muy evolucionada, con
propiedades y caracteristicas especiales, siendo las principales:
la carencia de pared, su pequefio genoma y especiales exigen-
cias nutricionales. La falta de pared celular hace que no se tifa
con Gram, que tenga resistencia a antibioticos betalactdmicos
y elevada sensibilidad a variaciones de ph, temperatura, ten-
sion osmotica y detergentes. Sus exigencias nutricionales ha-
cen que sea una bacteria dificil de cultivar en el laboratorio.

Es uno de los agentes etiologicos de las llamadas “neu-
monias atipicas". Este término surgié a comienzos de 1940,
tras el inicio de la era antibiotica, y define a aquella neumonia
que se asocian con clinica extra-pulmonar, presenta patron
radiologico parcheado o intersticial en la radiografia de torax,
no se identifica el agente causal en tincion de Gram o cultivo
de esputo convencional y no responden a antibioticos beta-
lactamicos [2]. La incidencia de M. pneumoniae resistente a
los macrolidos varia a nivel mundial, y el este de Asia tiene un
mayor grado de resistencia. Sin embargo, también se requiere
atencion en otras dreas, y se deben considerar alternativas a
los antibidticos para el tratamiento en paises con alta preva-
lencia [3].
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PATOGENIA

Al microscopio electronico, tiene forma de botella y des-
taca un extremo afilado especial o "tip" por el que se adhiere a
las células epiteliales. Esta estructura de anclaje esta formada
por un sistema complejo de proteinas, siendo la principal la
adhesina P,, que regula la interaccion con las células del apa-
rato respiratorio, y puede lesionar las células de dicho epitelio
y su actividad ciliar. Esta proteina también es la diana de los
principales anticuerpos que produce la respuesta inmunitaria
del huésped [4]. La falta de pared celular de M. pneumoniae
y el estrecho contacto con la membrana de la célula huésped
facilita el intercambio de compuestos que son importantes
para su crecimiento y proliferacion. La bacteria también tie-
ne citotoxinas, siendo la mas importante la toxina CARDS (por
su acronimo inglés community-acquired respiratory distress
syndrome) que puede promover células pro- inflamatorias que
dan lugar a células y citocinas inflamatorias que son capaces
de lesionar al huésped, entre ellas destaca la interleucina 8, po-
tente quimiocina para neutrofilos [4].

M. pneumomiae actua principalmente en la superficie de
células epiteliales respiratorias, pero puede invadir otros teji-
dos y replicarse intracelularmente. Las manifestaciones clinicas
debidas a la infeccion aguda y las manifestaciones extrapul-
monares son ademds el resultado de los efectos inmunopa-
tologicos e inflamatorios producidos por el huésped. Diversas
lipoproteinas de superficie de la célula huésped estimulan la
interleucina 6, factor de necrosis tumoral alfa, asi como infil-
tracion de neutrdfilos. Se estimulan los macrdéfagos, migran al
sitio de infeccion después de opsonizacion de M. pneumoniae
por parte de anticuerpos o complemento y posteriormente se
produce la infiltracion de neutrofilos, linfocitos B y T (CD4+).
Se ha descrito que la endocitosis de esta bacteria por parte de
la célula huésped, podria ayudar a que se establezca un estado
de enfermedad latente o crdnica, y esto puede facilitar que M.
pneumoniae evada la respuesta inmune e interfiera la eficacia
de algunos antibioticos [5].

Los macrdlidos, antibidticos mas utilizados frente a este
microorganismo, actuan inhibiendo la sintesis de proteinas so-
bre la subunidad ribosomica 50S y se unen a los nucledtidos
especificos del M. pneumoniae en el dominio V del rRNA 23S;
lo que hace que el peptidil tRNA se disocie del ribosoma e im-
pida la sintesis de proteinas. Cuando se produce una mutacion
puntual en el bucle de la peptidil transferasa del rRNA 23S del
M. pneumoniae se produce la resistencia a macrolidos.

Es importante el estado inmunitario del huésped, porque
va a repercutir en la respuesta inmune contra el M. pneumo-
niae y por tanto en la gravedad de la infeccion aguda o en las
manifestaciones extra-respiratorias.

EPIDEMIOLOGIA

Muchos de los casos de enfermedad por M. pneumoniae
presentan sintomas similares a los de otras infecciones res-
piratorias agudas y es frecuente que queden sin diagnostico

etioldgico. Las infecciones producidas por M. pneumoniae no
se recogen en el sistema nacional de vigilancia, por ello, aun-
que son infecciones comunes, no se dispone de informacion
epidemiologica para toda Espafia. Se estima que anualmente
ocurren unos 2 millones de casos de neumonia por M. pneu-
moniae en Estados Unidos, lo que resulta unas 100.000 hos-
pitalizaciones al afio, aunque la cifra puede ser mayor ya que
muchas de ellas no se informan [6].

Las infecciones son tanto endémicas como epidémicas
en todo el mundo. Generalmente las ondas epidemias ocurren
cada 4-7 afos [7]. Se supone que estas fluctuaciones estan re-
lacionadas con cambios antigénicos en las cepas de Mycoplas-
ma, disminucion de la inmunidad colectiva en las poblaciones
o la combinacion de ambos [8,9]. Durante los brotes epidémi-
cos, M. pneumoniae puede ser responsable de hasta el 25%
de los casos de neumonia asociada a la comunidad [10], esta
proporcion cae al 1-8% en periodos interepidémicos [11].

Las epidemias ocurren mas frecuentemente en entornos
cerrados o semicerrados de la comunidad, como colegios,
guarderias, hospitales, cuarteles militares, comunidades reli-
giosas o dentro del nucleo familiar [12,13].

Las infecciones por M. pneumoniae pueden afectar tanto
a nifos como a adultos. La mayor parte de las infecciones son
autolimitadas, sobre todo en adultos. Son excepcionales en ni-
fios menores de un afo y son mas frecuentes entre 5y 15 afios
de edad [14]. Pueden ocurrir en cualquier época del afio sin
variaciones estacionales importantes.

Se transmite de persona a persona por gotitas respirato-
rias infectadas en el contacto cercano. El periodo de incuba-
cion es de 2 a 3 semanas.

Una mutacion en el asa de peptidil transferasa de 23S rRNA
genero resistencia a los macrolidos, y el mecanismo clave pa-
ra cambiar la susceptibilidad a los macrolidos es una mutacion
puntual. Antes del afio 2000, solo unos pocos casos de M. pneu-
moniae resistentes a macrolidos se habian informado en varios
paises. Sin embargo, la prevalencia reciente de resistencia a los
macrolidos en China y Japon se estimo en 79,7% vy 53,7%, res-
pectivamente [3]. La resistencia de M. pneumoniae a los macro-
lidos ha aumentado la preocupacion con respecto al fracaso del
tratamiento, cambio de antibidtico y duracién de la enfermedad.
A pesar de los avances en la deteccion molecular tales pruebas
rara vez se llevan a cabo en atencion primaria [3]. Esto es debi-
do a que M pneumoniae tiene requerimientos especiales para
el crecimiento, no crece en una palca de cultivo convencional
como las utilizadas para el resto de bacterias y la deteccion de
resistencias requiere una técnica de secuenciacion.

CLiNICA

Muy frecuentemente, la infeccion por M. pneumoniae
es asintomatica, sobre todo en adultos. Cuando la infeccion
se hace clinicamente manifiesta, es habitual la afectacion del
tracto respiratorio superior, y es dificil distinguirla de otras
infecciones respiratorias causadas por virus u otras bacterias
atipicas [2,14].
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Tabla 1 Complicaciones extra-respiratorias mas importantes de la infeccion por M. pneumoniae.
[15, 17, 51].
Dermatoldgicas Sindrome de Stevens- Johnson (agente infeccioso més frecuente asociado a este sindrome), exantema, eritema multiforme, urticaria.

Neurologicas

Hematoldgicas
Cardiacas Miocarditis, pericarditis, endocarditis
Musculoesqueléticas Mialgias, artritis, rabdomiolisis.
Digestivas Gastritis, pancreatitis, hepatitis.

Otras Glomerulonefritis, Enfermedad de Kawasaki

Meningoencefalitis, encefalitis, meningitis, sindrome de Guillain Barré, neuritis optica

Anemia hemolitica, anemia autoinmune, trombocitopenia, purpura de Schonlein-Henoch,

El sindrome mas tipico, especialmente en nifios, es la tra-
queobronquitis acompafiada de una amplia variedad de ma-
nifestaciones respiratorias superiores, como faringitis o rinitis.
También puede ocasionar manifestaciones en dreas préximas a
las vias respiratorias como conjuntivitis o miringitis [15].

La manifestacion mas frecuente del tracto respiratorio in-
ferior es la neumonia, incluida dentro de las llamadas "neumo-
nias atipicas”, que se desarrolla lentamente y puede durar se-
manas o meses. Los sintomas mas frecuentes son escalofrios,
fiebre, tos, cefaleas, mialgias, artralgias y malestar general.
Destaca una tos persistente que a veces produce dolor toraci-
co. En la auscultacion puede detectarse crepitantes dispersos y
sibilancias. El derrame pleural es escaso, ocurre en 15-20% de
los pacientes con neumonia y el empiema es raro [2].

La mayoria de los casos de neumonia, son leves y limita-
dos, aunque excepcionalmente se han producido casos fulmi-
nantes [16].

M. pneumoniae puede producir ademas manifestacio-
nes extra-respiratorias, que pueden aparecer antes, durante
o después de las manifestaciones pulmonares, pero también
en ausencia de estas. Estas manifestaciones pueden aparecer
hasta en el 25% de los infectados [17], y se producen funda-
mentalmente por tres mecanismos patogénicos: por accién de
la propia bacteria junto a las citoquinas inflamatorias, por un
mecanismo de inmunidad e inmunocomplejos o por vasculitis
[18,19]. Las patologias extra-respiratorias mas frecuentes que-
dan reflejadas en la tabla 1.

Una de las manifestaciones mas importantes, aunque no
frecuentes, son las neuroldgicas incluyendo las encefalitis que
se producen sobre todo en nifos [20]. De las manifestaciones
dermatologicas el sindrome de Stevens-Johnson es la mas
grave, y las urticarias, y el eritema multiforme que son mas
frecuentes, probablemente mediadas por inmunocomplejos
[21]. Las complicaciones cardiacas son poco frecuentes, tienen
pronosticos variables y a menudo se presentan sin evidencia
respiratoria [17].

La coinfeccion de M. pneumoniae con otros virus o bacte-
rias es posible y segun diferentes estudios puede llegar hasta
en un 20%-50% de los casos [20,21].

Se ha escrito mucho de la relacion de infeccion de M.

pneumoniae con el asma, vinculandose con nueva aparicion,
exacerbaciones del asma, empeoramiento cronico y la dismi-
nucion a largo plazo de la funcion pulmonar [13,22]. Algunos
estudios han encontrado que el 46% de los nifios con asma
aguda tienen infeccion por M. pneumoniae con una estrecha
relacion entre la exacerbacion aguda grave del asma vy la in-
feccion [23,24]. Un meta-analisis realizado por Liu X et al en
el 2021, concluyd que habia una asociacion estadisticamente
significativa entre la infeccion por M. pneumoniae y un ma-
yor riesgo de cualquier tipo de asma infantil. Ademas, los ni-
fos que presentaban un episodio agudo de asma, tenian una
seropositividad de anticuerpos IgM frente a M. pneumoniae
significativamente mayor que los nifios que en ese momento
presentaban asma estable [25].

El riesgo de hospitalizacion por infeccion por M. pneu-
moniae se relaciona con inmunodepresion, comorbilidades y
tratamiento no efectivo [26]. En un estudio de los casos confir-
mados con infeccion por M. pneumoniae, realizado entre 2014
y 2018 en el Servicio Navarro de Salud, se llego a la conclusion
que la neumonia bilateral, las crisis asmaticas y los sintomas
extra-respiratorios se asociaron a mayor riesgo de hospitali-
zacion [27].

DIAGNOSTICO

Para realizar el diagnostico de la infeccion por M. pneu-
moniae los Servicios de Microbiologia Clinica, disponen funda-
mentalmente de 3 tipos de pruebas: el cultivo, la serologia y los
métodos de amplificacion de acidos nucleicos. EI microscopio
optico no puede detectarlo y tampoco produce turbidez visi-
ble en medios de cultivo liquido convencionales. Para obtener
una confirmacion visual del crecimiento, los cultivos requieren
medios especializados de enriquecimiento como son el medio
Hayflick modificado o el SP4.

M. pneumoniae es cultivable en medios acelulares, pero
presenta exigencias nutricionales complejas lo que hace que
sea bastante delicado de realizar. Las muestras aptas para el
cultivo incluyen: exudado faringeo, esputo, aspirado nasal o
traqueal, lavado bronquioalveolar o liquido pleural [27]. Las
exigencias nutricionales y el tiempo necesario para su cultivo, 2
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a 3 semanas, hacen que sea poco Util para un diagnostico rapi-
do. En la actualidad se utiliza para confirmacion de aislamiento,
caracterizacion biologica y fundamentalmente para estudio de
sensibilidad antibidtica con una especificidad del 100% si el
resultado es positivo y deteccion de posibles resistencias [12].

En ausencia de cultivo, la serologia pareada en fase aguda
y en fase de convalecencia, de anticuerpos IgM e IgG contra
M. pneumoniae ha sido el método mas utilizado. El problema
de esta técnica es que requiere que pasen 4 - 8 semanas para
tomar la muestra seroldgica en la fase de convalecencia, lo que
restringe su utilidad en un diagndstico rapido y en la toma de
decisiones. Debido a esta limitacion, se ha optado por medir los
titulos de IgM en la fase aguda, que aparecen a los 7-10 dias
de la infeccion. Sin embargo, los resultados de esta prueba no
se consideran fiables debido a que los titulos de lg M pueden
permanecer altos durante meses y posiblemente afios, a que
es posible que no aparezcan en niflos muy pequenos, o duran-
te la reinfeccion, y a que el valor predictivo positivo de esta
prueba puede ser tan solo del 15 % [14]. Los titulos de lg G son
detectables aproximadamente a la quinta semana y puede per-
sistir afios después de la infeccion aguda [28]. Como métodos
seroldgicos se puede utilizar la fijacion de complemento, in-
munofluorescencia indirecta (IFl), enzimoinmunoanalisis (EIA),
microaglutinacion de particulas (MAP) y el més utilizado es el
inmunoensayo enzimatico (ELISA).

Las técnicas de amplificacion de dcidos nucleicos, se han
convertido gradualmente en un método importante para el
diagnostico temprano vy rapido de la infeccion por M. pneumo-
niae, por su ayuda a instaurar una terapia antibiotica temprana
y adecuada. La técnica mas utilizada en la actualidad para el
diagnostico es la reaccion en cadena de la polimerasa (PCR)
en tiempo real. Debido a las ventajas de tiempos de respues-
ta cortos, alta sensibilidad y especificidad, y no afectarse por
la respuesta inmunoldgica, la PCR se ha convertido en opcion
preferida para el diagnostico temprano de M. pneumoniae en
el medio asistencial [28,29]. Sin embargo, tiene algunas limita-
ciones, la necesidad de muestras de alta calidad, y la posibilidad
de que los inhibidores de la PCR conduzcan a resultado falsos
negativos [30].

La deteccion de M. pneumoniae con PCR a tiempo real en
muestras respiratorias ha mostrado una sensibilidad del 60% y
una especificidad del 96,7% en comparacion con la serologia
[13]. La sensibilidad de las técnicas de amplificacion de acidos
nucleicos y la rapidez de respuesta, hacen que se considere "el
nuevo estandar de oro" en el diagnostico de este microorganis-
mo. Muchos autores consideran que la combinacion de la PCR
y la serologia aportan el diagnostico mas correcto v fiable de la
infeccion por M. pneumoniae [2,12,17].

TRATAMIENTO

La resolucion de infecciones por M. pneumoniae sin tra-
tamiento en 7-10 dias no es infrecuente [15,17]. Sin embargo,
la mayoria de las veces es necesario el tratamiento antibiotico
para mejorar los sintomas clinicos, reducir la duracion de la en-

fermedad y para curar las manifestaciones extra-respiratorias
[29]. M. pneumoniae al carecer de pared celular es resistente a
los antibidticos que actuan en ella, como los betalactdmicos o
glicopéptidos, pero en general es sensible a macrolidos, cetoli-
dos, tetraciclinas y fluoroguinolonas [31,32].

Los antibidticos mas utilizados para el tratamiento en las
neumonias por este microorganismo, sobre todo en nifos, son
los macrdlidos que tienen accion antiinflamatoria ademds de
antibiotica, lo que contribuye a la mejoria del paciente [30].
Dentro de los macrolidos, la azitromicina, roxitromicina o clari-
tromicina se prefieren a la eritromicina por su mejor tolerancia,
su mejor administracion y menor duracion de tratamiento. Se-
gun la Guia Terapéutica Antimicrobiana del Sistema Nacional
de Salud (PRAN), en la infancia el tratamiento mas utilizado
para la neumonia atipica de eleccion es la azitromicina oral
a dosis de 10 mg/kg/dia, una dosis al dia el primer dia (dosis
maxima 500 mg) sequida de 5 mg/kg/dia (dosis maxima 250
mg/dia) los dias 2° a 5°. Como alternativa se utiliza la claritro-
micina oral: 15 mg/kg/ dia en dos dosis (maximo 1 gramo /dia)
durante 7 dias.

Rodrigo Gonzalo de Liria et al, defienden que tetraciclinas
y fluoroquinolonas se pueden administrar a partir de los 8 afios,
aunque también pueden ser utilizadas en niflos menores con
infecciones neuroldgicas, en las que se recomienda antibioticos
que penetren el sistema nervioso central (doxiciclina junto a
corticoides a dosis altas). A veces los macrdlidos son Utiles en
estas patologias neuroldgicas que pueden ser debidas a la res-
puesta inmunitarias del huésped mas que a un efecto directo
del M. pneumoniae [16].

Ante la sospecha de neumonia adquirida en la comunidad
el tratamiento antibiotico ha demostrado disminuir la morbi-
mortalidad del paciente [31,32]. En atencion primaria, el diag-
nostico de la mayoria de las neumonias en adultos se basa en
criterios clinicos y radioldgicos, y con frecuencia no se realizan
estudios microbioldgicos. En estos casos el tratamiento es ge-
neralmente empirico y se establece en funcion de la gravedad
del proceso vy el perfil de paciente, asumiendo la incertidum-
bre diagnostica. Solo se llega a un diagndstico etioldgico en
el 20-30% de los casos (Guia Terapéutica Antimicrobiana del
Sistema Nacional de Salud: https://resistenciaantibioticos.es).
En las neumonias por M. pneumoniae como en el resto de las
neumonias atipicas, el tratamiento de eleccion se realiza con
azitromicina oral 500 mg cada 24 horas durante 3 dias o levo-
floxacino oral 500 mg cada 24 horas durante 5 dias.

RESISTENCIA A MACROLIDOS

Como consecuencia del uso generalizado de macrolidos
las resistencias del M. pneumoniae a estos antibioticos estan
aumentando en todo el mundo de forma preocupante. Las ta-
sas de resistencias han aumentado en China del 40% en 2008
a mas del 79% en la siguiente década [31]. En Europa las tasas
de resistencias varian segun los paises, desde un 0,2% en Sue-
cia [34] a un 26% en Italia [32]. Las primeras cepas de M. pneu-
moniae resistentes a los macrélidos se detectaron en Asia en
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Tabla 2 Frecuencia de resistencias a macrolidos
en infecciones por M. pneumoniae en
varios paises europeos y en diferentes
estudios.

Pais y autor O de resistencias
Alemania
1.2%
Dumke (2013) [42] ’
3%-3,6%
Dumke (2019) [43]
Escocia o
Chalker (2012) [44] o
0
Ferguson (2013) [45]
Espaiia
Rivaya (2020) [46] 800
Dinamarca
10/0-301
Uldum (2010) [47] -3
Finlandia
9,5%
Kurkela (2019) [48] !
Francia

Pereyre (2013) [50]
Pereyre (2016) [32]

3.45%-8%

Inglaterra
0
Brown (2015) [51] 5:3%
Italia
Chironna (2011) [52] 26%
Loconsole (2019) [37]
Suiza
2%
Meyer (2014) [34] !
Suecia 0.2%

Gullsby (2019) [53]

2001 y se relacionaron con el amplio uso de estos antibioticos
[35] y desde entonces han aumentado rapidamente. Los feno-
tipos de resistencia a macrdlidos, que se definen por polimor-
fismos de un solo nucledtido en el dominio V del gen 23rRNA,
son mas comunes en los nifos que en adultos [36,37,38]. Las
manifestaciones clinicas de la infeccion por cepas resistentes,
son por lo general similares a las que son sensibles a macroli-
dos, pero provocan una mayor duracion de la fiebre, tos, es-
tancia hospitalaria y administracion de antibidticos [39]. La
aparicion de cepas de M. pneumoniae resistentes a macrolidos
es un problema de Salud Publica mundial. Hay estudios que
encuentran una tasa de resistencia entre el 80%y el 90% en
China y Japon [31,40]. En comparacion con Asia, la proporcion
de cepas de resistencias a macrolidos en Europa es bastante
baja, pero los estudios de resistencia son escasos. La mayoria
de estudios publicados en Europa se deben a diferentes brotes
epidémicos de M. pneumoniae, ya que la mayoria de los paises
europeos no tienen un sistema de vigilancia de infecciones y
de resistencias a macrolidos de este microorganismo, lo que
subestima la verdadera prevalencia. En un reciente estudio
realizado por Wang et al sobre la prevalencia mundial de re-

sistencia a macrolidos en M. pneumoniae detect6 que la resis-
tencia media en Europa es en torno al 3%, obteniendo datos de
prevalencia diferentes a lo largo del tiempo. En Europa antes
del aflo 2008 habia una prevalencia media de 0.89%, y en el
ano 2018-2020 la prevalencia media es del 10% [41]. Segun la
revision publicada en 2021 por Loncosole et al, la prevalencia
mas alta en Europa se registra en Italia y Escocia sobre todo
a consecuencia de las epidemias que tuvieron en el periodo
2010-2011 [37]. En la tabla 2 se compara las resistencias a ma-
crolidos del M. pneumoniae en paises europeos a lo largo de
los diferentes afios de estudio. En Alemania en el afio 2003-
2008 se encontro una resistencia a macrolidos de 1.2%, au-
mentando en posteriores estudios a 3,6% [42,43]. En Gales el
afio 2010 presentaba un 0% de resistencias aumentando en el
afo 2013 a un 19% [44,45]. En Espafia hay muy pocos estudios
que informen de la prevalencia de resistencia a macrdlidos. El
primer caso publicado se detecté en 2014 en una estudiante
de China, que volvié durante 13 dias a su pais de origen y tu-
VO una neumonia [46]. Un estudio realizado en el servicio de
urgencias del Hospital Universitario Germans Trias i Pujol de
Badalona con muestras recogidas entre el 2013 y 2017, en-
contré un 8% de resistencias [47]. En paises como Finlandia
el porcentaje de resistencias oscila en un 9,5% [48]. La pre-
valencia notificada de resistencias a macrolidos en M. pneu-
moniae en Francia en el periodo endémico 2007-2010 fue del
3,4% Sin embargo en el alo 2011 hubo un brote en la zona de
Burdeos con un 8,3% de resistencias [36,51]. En Italia, la pri-
mera identificacion de infeccion por M. pneumoniae resistente
a macrolidos fue en el afio 2010 durante un brote epidémico,
estimandose que la prevalencia era del 26% [37,52]. En otros
paises europeos como Suiza, se encontré una prevalencia de
2% en el periodo 2011 al 2013 y en Suecia segun un estudio
realizado durante los afios 1996-2017 se encontrd cepas de
resistencia a macrolidos en un 0,2% [34,53]. En Eslovenia en
un estudio retrospectivo durante los afios 2006-2014 se de-
tecto en las infecciones por M. pneumoniae una resistencia de
tan solo un 1% [54]. En otros paises no europeos también se
han estudiado las tasas de resistencia a macrolidos como las
encontradas en Estados Unidos con una tasa de 3,5%- 13% y
en Israel en torno al 30% [55,56]. Respecto al tratamiento en
nifos con infecciones por M. pneumoniae resistente a macré-
lidos, el uso de tetraciclina y fluoroquinolonas es generalmente
tolerable, pero dado que pueden producir efectos secundarios
en la infancia, se necesita vigilar y considerar los beneficios y
riesgos individualmente para decidir su uso [57,58]. En paises
con alta proporcion de cepas resistentes como Japdn, se ha
probado el tratamiento con tosufloxacino o minociclina como
medicamentos de segunda linea para nifios con neumonia por
M. pneumoniae que responden mal a macrdélidos obteniéndose
buenos resultados [59,60].

CONCLUSIONES

Las infecciones por M. pneumoniae son frecuentes, aun-
que se desconoce su verdadera incidencia. Generalmente son
infecciones benignas, pero pueden producir patologias respira-
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torias y extra-respiratorias graves.

Debido a su crecimiento lento en cultivo y a la falta de
disponibilidad de pruebas de susceptibilidad fenotipica, en ni-
fos el tratamiento antimicrobiano se inicia con macrdlidos de
forma empirica, obviando la posibilidad de resistencia. La PCR
en muestras respiratorias puede ser de gran utilidad para me-
jorar el diagndstico etiologico de los casos e instaurar el tra-
tamiento dirigido. Las cepas resistentes se estan extendiendo
en todo el mundo convirtiéndose en un problema potencial de
salud publica. Es necesario realizar mds estudios para conocer
la incidencia de las infecciones por M. pneumoniae y conocer
la incidencia de las resistencias a macrolidos en nuestro medio
y en los diferentes paises.
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ABSTRACT

Background. The aim of the present study was to eval-
uate the diagnostic performance of monocyte distribution
width (MDW) as a biomarker for sepsis diagnosis in severe
patients attended in the Emergency Department for different
conditions and not only infections.

Methods. We performed an observational study in a
consecutive prospective cohort including severe patients at-
tending the Emergency Department with different conditions.
MDW and other biomarkers were determined from samples
obtained during the first care of patients. The diagnostic per-
formance of the different biomarkers was determined based
on the final diagnosis at patient discharge.

Results. One hundred two patients, with a mean age of
76.7 (SD 16.5) years were included, 53 being (51.9%) male.
Among the patients included, 65 (63.7%) had an infectious
disease while the remaining had other different conditions. A
MDW cut-off of 20.115 provided the best accuracy to identi-
fy infected patients, with a sensitivity of 89.2 (95% ClI 79.4-
94.7), a specificity of 89.2 (95% Cl 75.3-95.7), a positive pre-
dictive value of 93.5 (95% Cl 84.6-97.5), a negative predictive
value of 82.50% (95% Cl 68.0-91.3), a positive likelihood ratio
of 8.25 (3.26-20.91), and a negative likelihood ratio of 0.12
(0.06-0.24). The area under the receiver operating character-
istic curve for infection according to MDW was 0.943 (95% Cl
0.897-0.989; p<0.001).

Conclusions. A MDW > 20.115 may be associated with infec-
tion and could help to distinguish between infected and non-in-
fected patients in severe patients. These results must be confirmed
in new studies due to the limited patient sample included.

Keywords: MDW, Sepsis, NEWS, SOFA, Disease Progression, Emergency De-
partment, Intensive Care Unit
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Ancho de distribucion de los monocitos como
indicador de infeccion en pacientes graves
atendidos en Urgencias: estudio piloto

RESUMEN

Introduccion. El objetivo del presente estudio fue eva-
luar el desempefo diagnostico del ancho de distribucion de
monocitos (MDW) como biomarcador para el diagnostico de
sepsis entre pacientes graves atendidos en el servicio de ur-
gencias por diferentes afecciones y no solo por infecciones.

Métodos. Realizamos un estudio observacional en una
cohorte prospectiva consecutiva que incluyo pacientes gra-
ves desde el punto de vista clinico que acudian a urgencias
con diferentes patologias. El MDW y otros biomarcadores
se determinaron a partir de muestras obtenidas durante la
primera atencion de los pacientes. Se estudio la precision
de los diferentes biomarcadores para apoyar el diagnodstico
de infeccion, basandonos en el diagnostico final al alta del
paciente.

Resultados. Se incluyeron 102 pacientes, con una edad
media de 76,7 (DE 16,5) afios, siendo 53 (51,9%) del sexo
masculino. Entre los pacientes incluidos, 65 (63,7%) pa-
cientes tenian una enfermedad infecciosa y el resto otras
condiciones diferentes. Un punto de corte MDW de 20,115
proporciond la mejor precision para identificar pacientes
infectados, con un sensibilidad de 89,2 (IC 95 % 79,4-94,7),
una especificidad de 89,2 (IC 95 % 75,3-95,7), un valor
predictivo positivo de 93,5 (IC 95 % 84,6-97,5), un valor
predictivo negativo de 82,5% (IC 95% 68,0-91,3), un coe-
ficiente de probabilidad positivo de 8,25 (3,26-20,91), y un
coeficiente de probabilidad negativo de 0,12 (0,06-0,24). El
area bajo la curva caracteristica operativa del receptor pa-
ra la infeccion del MDW fue de 0,943 (IC del 95 %: 0,897-
0,989; p<0,001).

Conclusiones. Un MDW > 20.115 se asocia a padecer una
enfermedad infecciosa en un paciente grave y podria ayudar
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a distinguir entre pacientes infectados y no infectados. Estos
resultados deben ser confirmados en nuevos estudios debido a
la muestra limitada de pacientes incluidos.

Palabras clave: ancho de distribucion de monocitos, Sepsis, NEWS, SOFA,

progresion de la enfermedad servicio de urgencias, unidad de cuidados
intensivos

BACKGROUND

Sepsis is defined as life-threatening organ dysfunction
caused by systemic and dysregulated host response to infec-
tion [1]. It is one of the leading causes of hospital mortality
and has a great impact on the healthcare system. Early diag-
nosis of sepsis is essential for the initiation of adequate treat-
ment to improve patient outcomes [2-4].

Nevertheless, there is no gold standard diagnostic test for
sepsis and identification is based on clinical scores. Moreover,
the definition of sepsis has changed over time. Multiple studies
and guidelines have been published to correctly identify the
presentation of sepsis and septic shock using different scores
or biomarkers in infected patients [5-7]. The 3rd International
Consensus Conference on the Definitions of Sepsis [8] recom-
mends the use of Quick Sequential Organ Failure Assessment
(qSOFA) to identify patients with sepsis in the Emergency De-
partment (ED). The recently published Surviving Sepsis Cam-
paign guidelines recommend against the use of qSOFA alone
as a screening tool for sepsis or septic shock compared to the
systemic inflammatory response syndrome (SIRS), National
Early Warning Score (NEWS) or Modified Early Warning Score
(MEWS) [9].

There is increasing evidence that monocytes undergo mor-
phological changes, including an increase in volume, during
inflammatory/infectious processes and sepsis [10-13]. Mono-
cyte activation and the morphological changes that occur in
early inflammatory response can be detected by measuring the
monocyte distribution width (MDW) [1], which is a measure of
the dispersion related to the mean monocyte population vol-
ume in whole blood. The incorporation of the MDW improves
the detection of sepsis compared with the white blood count
(WBC) alone at the time of ED admission and complements the
use of the SIRS and qSOFA parameters that are currently used
for this purpose [14,15]. A MDW value greater than 22.0 U is
effective for the detection of sepsis based on either Sepsis-2
or Sepsis-3 criteria during the initial ED visit [16]. Therefore,
as suggested by some authors, MDW may represent an early
indicator of infection and sepsis [17-21].

Nonetheless, infection must first be suspected and several
conditions, including anaphylaxis, gastrointestinal emergen-
¢y, pulmonary disease, metabolic alterations, toxin ingestion/
withdrawal, vasculitis, or spinal injury, can mimic sepsis due
to the common pathophysiologic responses that these diseas-
es present [22]. All these conditions can be deadly if not cor-
rectly diagnosed and managed appropriately. Indeed, the most
common errors with therapeutic repercussion in relation to
clinical diagnosis and necropsy studies are bacterial infections
and cardiovascular diseases [23,24]. Data suggest that as many

as 40,500 adult patients in Intensive Care Units (ICU) in the
United States may die annually due to misdiagnosis [25]. This
problem is becoming more common in the evaluation of the
elderly and immunosuppressed population in the ED since they
may present with atypical clinical manifestations. Differenti-
ating between sepsis and other types of infection or disease
can be difficult in the emergency setting and clinical scores or
laboratory abnormalities do not provide a definitive diagnosis.
However, a combination of history, physical examination, and
adjunctive studies may assist healthcare providers.

The aim of the present study was to evaluate the diagnos-
tic performance of MDW as a biomarker for sepsis diagnosis in
severe patients attended in the ED setting for different condi-
tions and not only infections.

METHODS

Study Design and Ethical Approval. This was an obser-
vational cohort study including consecutive severe patients at-
tended in the ED from November 2020 to February 2021. The
study was performed according to the principles of the Decla-
ration of Helsinki and ethical approval was granted by the lo-
cal Ethics Committee (xxx number). The study coordinator was
responsible for collecting and recording all the clinical data us-
ing a standardized case report form for each patient through-
out the investigation. Informed consent was not required be-
cause residual material was used and no interventions were
performed beyond routine good standard clinical practices.

Study setting. The ED and Laboratory participating in the
study belong to a university hospital with 800 beds and all the
medical specialties available. A mean of 350 patients are at-
tended in the ED every day.

Patient and sample selection. Adult patients =18 years
of age evaluated in the ED with severe clinical manifestations
were consecutively included in the study. Disease severity was
defined as a NEWS score >5, an increase of 2 points in the
Sequential Organ Failure Assessment (SOFA) score or a lactate
value > 4 mmol/L. Obstetric/Gynaecology patients were ex-
cluded. This was a pilot study and it was decided to finalize the
study after 4 months, independently of the sample collected.

Definition and collection of variables. Demographic
variables (age. sex) as well as comorbidities were collected. Fi-
nal diagnosis at hospital discharge and the source of infection
in infected patients was recorded. In addition, haemodynamic
data (blood pressure, heart rate, respiratory rate, alteration in
consciousness according to the Glasgow score, oxygen satu-
ration) and analytical data available during the ED evaluation
were registered. The information was collected anonymously
in an electronic data collection registry.

MDW determination. Upon request by the attending ED
clinician, a whole-blood sample was collected in a K2-EDTA
tube and analysed in a UniCel DxH-900 Hematology Analyzer
(Beckman Coulter. Inc. Brea. California) within two hours of ex-
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Figure 1

Flow diagram of the patients included in the study.

COVID-19 (Coronavirus disease 2019); COPD: Chronic obstructive pulmonary disease

traction. This equipment uses VCS 360 technology that meas-
ures and quantifies the morphological characteristics of each
cell using volume, conductivity and multiple light scattering
angles, and provides a complete blood count with differential
(CBC-Diff). It also measures specific cell volume parameters
and the distribution of cell volumes, including MDW, and pro-
vides quantitative measurement of the amplitude of monocyte
distribution calculated as the standard deviation (SD) of a set
of monocyte cell volume values. The investigators were blinded
to the MDW values during the collection of patient data and
classification and the laboratory investigators were blinded to
the patients” diagnoses. No results of MDW were reported to
the attending ED physicians and thus, decision making was not
influenced by these results.

Statistical analysis. Categorical variables are expressed
as numbers and percentages and the quantitative variables as
means and SD [as medians and interquartile ranges (IQR) if the
distribution was not normal. Normality was tested using the
Kolmogorov-Smirnov test. Categorical variables were com-
pared with the Pearson chi-square or Fisher test and quantita-
tive variables using the Student's-t test (or the Mann-Whitney
U test if the distribution was not normal). All patients were
classified into 2 groups: infected and non-infected patients.

The values of sensitivity (Se), specificity (Sp), positive predictive
value (PPV) and negative predictive value (NPV), positive like-
lihood ratio (LHR+) and negative likelihood ratio (LHR-) were
calculated for the identification of infected patients. A receiv-
er-operator characteristic (ROC) curve was constructed to de-
termine the capacity of MDW to identify infected patients. A
p-value of <0.05 was considered statistically significant. The
statistical analyses were performed using SPSS for Windows
18.0 (SPSS Inc.. Chicago. IL). The STARD statement for reporting
studies of diagnostic accuracy was used in this study [26].

RESULTS

One hundred two patients were included. The mean age
was 76.7 (SD 16.5) years and 53 (51.9%) were male. Among the
patients included, 65 (63.7%) had an infectious disease based
on the final diagnosis at hospital discharge, and the remaining
patients had other conditions (Figure 1). In 37 (56.9%) of the
65 infected patients a microorganism was isolated from sam-
ples obtained in the ED. Regarding outcomes, 9 (8.8%) patients
were admitted to the ICU from the ED and 18 (17.6%) died
during hospitalization.

Table 1 shows the characteristics of the sample and the
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Infected patients Non-infected
(n=65) (n=37)

Comorbidity
Cardiovascular [n(%)] 26 (47.3) 17 (60.7) 0247
Respiratory [n(%)] 18 (32.7) 7 (25) 0.468
Immunodeficiency [n(%6)] 3(5.5) 0(0) 0.208
Diabetes [n(%)] 20 (36.4) 10 (35.7) 0.954
Chronic renal failure [n(%)] 13 (23.6) 11(39.3) 0.137
Chronic Liver disease [n(%)] 6(10.9) 1(3.6) 0.255
Cancer 6(10.9) 4(143) 0.655
Central nervous system 23 (41.8) 10 (35.7) 0.591

Laboratory data
White blood cell count (ml/mm3) [mean (SD)] 11.2 (6-16.8) 9.5(6.6-12.7) 0.296
Creatinine (mg/dL) [median (IQR)] 1.19(0.9-1.73) 1.13 (0.85-2.24) 0.806
Bilirubin (mg/dL) [median (IQR)] 0.9 (0.5-1.5) 0.8 (0.6-1.3) 0.952
Biomarkers

Severity
NEWS score [median (IQR)] 4(3-5) 3(2-4) 0.032
SOFA score [median (IQR)] 3(2-3.5) 3(2-4) 0.158

IQR: interquartile range; U: units; NEWS: National Early Warning Score; SOFA: Sequential Organ Failure Assessment;
ICU: intensive care unit
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infection between severe patients

Table 2 ‘ Performance of MDW to identify
evaluated in the Emergency Department

Value 95% Cl
Sensitivity 89.2 79.4-94.7
Specificity 89.2 75.3-95.7
Positive predictive value 935 84.6-97.5
Negative predictive value 82.5 68.0-91.3
LR (+) 8.25 3.26-20.91
[R(-) 0.12 0.06-0.24

LR (+): positive likelihood ratio; LR (-): negative likelihood ratio.

univariate analysis based on the diagnosis or not of infec-
tion. Statistically significant differences were observed in the
temperature (higher in infected patients) and blood pressure
(lower in infected patients). There were no differences in sex,
age, or comorbidity between the two groups. Regarding se-
verity, infected patients had a higher NEWS score, but there
were no differences in the SOFA score. Table 1 also shows the
biomarker results and the univariate analysis based on the di-
agnosis or not of infection. Infected patients had higher values
of procalcitonin (PCT), C-reactive protein (CRP), and MDW, and
lower troponin values. Regarding severity, the NEWS score was
higher in infected patients while the SOFA score was similar in
both groups.

An MDW cut-off of 20.115 provided the best accuracy to
identify infected patients, with a Se of 89.2 (95% Cl 79.4-94.7),
a Sp of 89.2 (95% Cl 75.3-95.7), a PPV of 93.5 (95% CI 84.6-
97.5), a NPV of 82.5% (95% Cl 68.0-91.3), an LHR+ of 8.25
(3.26-20.91), and an LHR- of 0.12 (0.06-0.24) (Table 2).

On comparing infected with non-infected patients, we
observed a tendency of MDW (odds ratio [OR] 1.82 95%ClI
0.93-3.58; p=0.08) to be significantly associated with infection
(Figure 2). None of the other parameters evaluated (tempera-
ture, systolic or diastolic blood pressure, PCT, CRP, or troponin)
achieved significance to identify this infected population.

The area under the ROC curve (AUROC) for infection using
the MDW was 0.943 (95% Cl 0.897-0.989: p<0.001], and 0.847
(95% Cl 0.720-0.973; p=0.001) for PCT (Figure 3).

DISCUSSION

The MDW is a measure of monocyte anisocytosis and in
this observational study it has shown good accuracy for the
identification of infected patients in a cohort of severe pa-
tients attended in the ED. The best cut-off was 20.115 with a
LHR+ of 8.25, a LHR- of 0.12, and an AUROC for infection of
0.943.

Diagnosis of Infection can be challenging. Multiple stud-
ies have described misdiagnosis during the initial approach
in severe patients, leading to the initiation of unnecessary or

erroneous treatments. Klein Klouwenberg et al. [27] reported
that among patients admitted to the ICU for sepsis, 13% did
not present an infectious disease and in the 30% it was only
possible. The study concluded that the diagnosis of sepsis at
admission corresponds poorly with the final diagnosis.

In clinical practice decision-making must not only be
made based on biomarkers. Nonetheless, biomarkers are help-
ful tools for clinicians, since the use of only clinical evaluation
may not be sufficiently accurate to establish the final diag-
nosis of the patient, especially in a setting such as the ED in
which overcrowding is frequent. Our data show that MDW
could be useful in a high-risk population, in which misdiagno-
sis could lead to erroneous treatment, and therefore, to poor
patient outcomes.

The most important feature of a biomarker is its poten-
tial to change clinical decision-making. Likelihood ratios may
be relevant for evaluating biomarkers and their usefulness for
clinicians. An LHR+ between 5 and 10, and a LHR- between 0.1
and 0.2, indicates that the MDW has good performance to in-
duce changes from pre-test probabilities to the final diagnosis,
and thus, be clinically relevant [28]. MDW could provide infor-
mation about the probability that a patient with a positive or
negative test actually has or does not have infection.

Several previous studies have described the use of MDW
as a screening tool for the early identification of patients at
risk of sepsis in the ED [1,29,30], reporting improved detec-
tion of sepsis compared with the WBC count, CRP or SIRS, and
concluding that MDW had the best discriminatory power for
sepsis, based on either Sepsis-2 or Sepsis-3 criteria [14,16,17].
Piva et al. [31] showed that MDW values in ICU patients were
significantly higher in patients with sepsis or septic shock
compared to those within the non-sepsis group. In addition,
increase in MDW values was not affected by the aetiology of
sepsis, even in patients with COVID-19. A systematic review
and meta-analysis including 10 studies including 9,475 indi-
viduals, 1,370 of whom had sepsis (742 according to Sepsis-2
and 628 according to Sepsis-3), described a pooled Se and Sp
of 0.789 and 0.777 for Sepsis-2 criteria, and 0.838 and 0.704
for Sepsis-3 criteria, being data similar to that obtained in our
study. The conclusion of this study was that MDW represents a
reliable biomarker for the screening of sepsis [32].

The cut-offs used in these previous studies differed, rang-
ing from 20-27, but this discrepancy can be explained by the
different clinical settings in which the studies were performed
or the type of study population included. The inclusion of
MDW in guidelines defining its exact use and cut-off values
as an early indicator of infection and sepsis is necessary since
discrepancies have been observed in different studies. Anoth-
er systematic review concluded that diagnostic thresholds for
sepsis should be chosen taking into account the reference
standard and tube type used [33]. The implementation of this
biomarker in routine practice would require consensus.

PCT is the classical biomarker for the diagnosis of infec-
tion in current clinical practice, with several studies reporting
the accuracy of PCT in the identification of bacterial infections
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and patients with bacteraemia. In our study, the AUROC to
identify infected patients was higher for MDW than for PCT,
albeit without statistical significance. Moreover, PCT levels
provide clinicians with information about the patient’s prog-
nosis or clinical response to antibiotic treatment and can even
lead to a reduction in mortality and increase the use of short
courses of antibiotics [5,6,34]. Therefore, PCT determination
has several advantages compared with MDW, giving physicians
additional information apart from the diagnosis. On the other
hand, one of the main advantages when comparing MDW with

Rev Esp Quimiote

other classical inflammatory markers is that it can be reported
automatically. The CBC-Diff is routinely ordered in the ED, and
thus, MDW can be determined using routine methods making
it an economical, easy-to-use biomarker that can be readily
available to clinicians. MDW determination does not require
the collection of a different blood sample or any other special
request and nor does it involve an extra cost or work. Conse-
quently, the main advantages of MDW are the immediacy of
results, accessibility in most centres, and low cost, resulting in
high viability for inclusion in clinical practice. Moreover, MDW
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values are elevated not only in bacterial infections, but also in
virus, even in COVID-19, and fungal infections leading to the
identification of infected patients and not only patients with
bacterial infection [30]. Previous studies have shown that the
MDW index could be a useful tool for early identification of
patients at higher risk of unfavourable COVID-19 and for mon-
itoring the progression of viral infection, clinical outcomes,
and therapeutic efficacy throughout hospitalization [35].

Our study has some limitations. First, only 102 patients
were included, which could influence some results. The OR of
MDW for infection was 1.83 (0.93-3.58), which means there is
no association between exposure and outcome. Nevertheless,
a statistical trend to significance was observed (p=0.008) and
the low OR may be a consequence of the limited sample size of
our study. Second, this was a unicentric study which precludes
the generalization of the results. However, it was performed
in a university hospital, the characteristics of which have been
previously described and are similar to the majority of Euro-
pean university hospitals. Third, its retrospective nature may
limit the applications of some conclusions. Clinical trials are
mandatory to change medical approaches, but this was only a
pilot study that may be useful to design new studies along the
same line and sample calculation.

The results of this pilot study, including severe patients
attended in the ED, show that a MDW > 20.115 may be asso-
ciated with the presence of infectious disease and could help
to distinguish between infected and non-infected patients. A
discrepancy between MDW levels and clinical approach could
lead to clinicians to consider alternative diagnoses and avoid
making erroneous initial diagnoses and treatments, which
could lead to worse patient outcomes. The strength of this
study is that it was performed in severe patients, in whom
treatment decisions have a major impact on patient outcomes,
including mortality. These results must be confirmed in new
studies due to the limited sample of patients included.
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RESUMEN

Objetivo. La prostatitis cronica bacteriana (PCB) es una
entidad de dificil diagnostico clinico y tratamiento, siendo el
estudio microbiologico del semen la principal prueba diagnos-
tica. Este estudio tuvo como objetivo determinar la etiologia
y la resistencia antibidtica en pacientes con bacteriospermia
sintomatica (BPS) en nuestro medio.

Material y métodos. Se ha realizado un estudio descrip-
tivo, transversal y retrospectivo, en un Hospital Regional del
sudeste espafiol. Los participantes fueron pacientes asistidos
en las consultas del Hospital con clinica compatible con PCB
entre 2016 y 2021. Se recogieron y analizaron los resultados
del estudio microbioldgico de la muestra de semen. Se evaluo
la etiologia y la tasa de resistencia antibiotica de los episodios
de BPS.

Resultados. El principal microorganismo detectado es
Enterococcus faecalis (34,89%), sequido por Ureaplasma spp.
(13,74%) y Escherichia coli (10,98%). La tasa de resistencia
antibiotica de E. faecalis a las quinolonas (11%) es inferior a
estudios previos, mientras que, para E. coli ha sido superior
(359%). Destaca la baja tasa de resistencia que muestran E. fae-
calisy E. coli a fosfomicina y nitrofurantoina.

Conclusiones. En las BPS las bacterias grampositivas y las
atipicas se establecen como los principales agentes causales de
esta entidad. Esto obliga a replantear la estrategia terapéutica
utilizada, lo cual evitara el aumento en las resistencias antibio-
ticas, las recidivas y la cronicidad de esta patologia.

Palabras clave: bacteriospermia sintomatica; bacterias grampositivas; bac-
terias atipicas; resistencia antibiotica; tratamiento.
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ABSTRACT

Background. Chronic bacterial prostatitis (CBP) is an
entity of difficult clinical diagnhosis and treatment, being the
microbiological study of semen the main diagnostic test. This
study aimed to determine the etiology and antibiotic resist-
ance in patients with symptomatic bacteriospermia (SBP) in
our environment.

Material and methods. A cross-sectional and retrospec-
tive descriptive study has been carried out from a Regional
Hospital of the Spanish Southeast. The participants were pa-
tients assisted in the consultations of the Hospital with clinic
compatible with CBP, between 2016 and 2021. The interven-
tions were collection and analysis of the results derived from
the microbiological study of the semen sample. The main de-
terminations were the etiology and rate of antibiotic resist-
ance of BPS episodes are analyzed.

Results. The main isolated microorganism is Enterococcus
faecalis (34.89%), followed by Ureaplasma spp. (13.74%) and
Escherichia coli (10.98%). The rate of antibiotic resistance of
E. faecalis to quinolones (11%) is lower than previous stud-
ies, while for E. coli it has been higher (35%). The low rate of
resistance shown by E. faecalis and E. coli to fosfomycin and
nitrofurantoin stands out.

Conclusions. In the SBP, gram-positive and atypical
bacteria are established as the main causative agents of this
entity. This forces us to rethink the therapeutic strategy used,
which will avoid the increase in antibiotic resistance, recur-
rences, and chronicity of this pathology.

Keywords: symptomatic bacteriospermia; gram-positive bacteria; atypical
bacteria; antibiotic resistance; treatment.
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INTRODUCCION

La prostatitis es el diagnostico urolégico mas comun en
varones menores de 50 aflos y el tercero en mayores de 50
afos. Se estima que alrededor del 25% de los varones van a
recibir un diagnostico de prostatitis a lo largo de su vida, aun-
que solo un 10% van a tener una etiologia infecciosa probada
[1]. Los National Institutes of Health (NIH) de los EE. UU. han
clasificado la prostatitis en cuatro categorias; entre estas, la
categoria Il incluye la prostatitis cronica bacteriana (PCB) [2],
que se caracteriza por sintomas de prostatitis cronica asocia-
dos con una infeccion bacteriana activa. Para el diagndstico
de PCB es necesario, ademas, un estudio microbioldgico que
confirme la etiologia infecciosa [3]. La PCB es cominmente
causada por Escherichia coli y otras enterobacterias [1]. Sin
embargo, actualmente, se reconoce el papel de las bacterias
grampositivas y de las bacterias atipicas (Ureaplasma spp.,
Chlamydia trachomatis, Mycoplasma genitalium, etc.) como
agentes directamente implicados en la etiologia de esta en-
tidad [4].

Clasicamente, el tratamiento antibidtico de eleccion es
ciprofloxacino | levofloxacino durante 4-6 semanas. Otros
tratamientos de sequnda linea son: fosfomicina, eritromicina,
trimetoprim-sulfametoxazol y tetraciclina [1]. Al hilo de es-
tas terapias tan prolongadas, que ocurren por las recurrencias
frecuentes, se ha demostrado la pérdida de eficacia del trata-
miento, asi como la aparicion de uropatégenos multirresisten-
tes [5,6]. Paralelamente a este hecho, esta ocurriendo también
una reclasificacion de los pacientes, pues gran cantidad de los
clasificados inicialmente en la categoria Ill (s6lo con sintomas
prostaticos cronicos) realmente tienen una etiologia infeccio-
sa, previamente oculta, que es evidenciada con las nuevas es-
trategias diagnosticas de cultivo y biologia molecular [1].

Todo ello hace necesario encontrar una pauta terapéutica
que asuma el viraje etioldgico actual, conservando los princi-
pios de coste-beneficio y adherencia terapéutica, ademas de
limitar el desarrollo de resistencia antibiotica. Nuestro estudio
pretende contribuir en el entendimiento y tratamiento de es-
ta entidad al analizar la etiologia y evolucion de la resistencia
antibiotica en pacientes con bacteriospermia sintomatica (BPS)
en nuestro medio.

MATERIAL Y METODOS

Se realizd un estudio transversal, descriptivo de caracter
retrospectivo, en el que se incluyeron todas las muestras de se-
men, con BPS, recibidas en el Laboratorio de Microbiologia del
Hospital Universitario Virgen de las Nieves (HUVN) de Granada,
entre el 1 de enero de 2016 y 24 de mayo de 2021, sin crite-
rios de exclusion. Se evaluaron los resultados obtenidos tras el
procesamiento microbioldgico de la muestra del paciente con
el diagndstico clinico de sospecha de PCB, mediante cultivo y
PCR, de agentes productores de lesiones no ulcerativas.

Todas las muestras fueron procesadas siguiendo el proto-
colo de trabajo normalizado del laboratorio de Microbiologia

Clinica [7]. A dichas muestras se les realizo cultivo habitual de
muestra genitales para bacterias y hongos, y PCR multiplex
en la plataforma BD-MAX (Becton Dickinson, Sparks, EE. UU.)
para la deteccion de diferentes agentes etiologicos: BD-MAX
CT/GC[TV para la deteccion de Trichomonas vaginalis, C. tra-
chomatisy Neisseria gonorrhoeae, y BIO-GX para deteccion de
Mycoplasma hominis, M. genitalium, Ureaplasma urealyticum
y Ureaplasma parvum. Estos ultimos desde enero de 2017, ya
que durante 2016 se empleo el cultivo Mycoplasma IST 2 (bio-
Mérieux, Marcy I'Etoile, Francia) detectandose M. hominis y
Ureaplama spp., y realizando antibiograma, en caso de recuen-
tos superiores a 10* UFC por muestra. Para la identificacion de
los microorganismos crecidos en el cultivo habitual se utiliza-
ron los sistemas MALDI-TOF Biotyper (Bruker Daltonics, Billeri-
ca, EE. UU.) o MicroScan (Beckman Coulter, Barcelona, Espafa),
empleandose este ultimo, también para los estudios de sensi-
bilidad a los antibioticos. Se recupero el valor de la CMI para
cada antibiotico ensayado. Los aislados se clasificaron en sen-
sibles, intermedios o resistentes a cada antibiotico de acuerdo
con las recomendaciones del CLSI hasta 2019, y desde 2020 de
acuerdo con las recomendaciones de EUCAST de ese afo.

Se recogieron las variables procedencia de la muestra,
microorganismo y edad del paciente facilitadas por el Servicio
de Microbiologia por medio del SIL MODULAB @ (Laboratorios
Werfen, Barcelona, Espafia) (sistema utilizado en el Sistema
Sanitario Publico de Andalucia como soporte de la historia cli-
nica electronica) para su posterior evaluacion. Posteriormente,
se eliminaron a todos aquellos episodios que tenian cultivo de
orina positivo. Los episodios con cultivo de semen positivo y de
orina negativa se incluyeron en el estudio.

Analisis estadistico. Se realizd un andlisis estadistico
descriptivo, calculando frecuencias absolutas y relativas para
las variables cualitativas, medidas de tendencia central y dis-
persion para las cuantitativas. La normalidad de los datos se
contrasto con la prueba de Kolmogorov-Smirnov. Para com-
parar el porcentaje de resistencia a los diferentes antibioticos
segun el afo, se aplico la prueba chi-cuadrado de Pearson.
En los casos en los que no se cumplieron las condiciones de
aplicabilidad de la prueba (no més del 20% de las frecuencias
esperadas inferiores a 5), se utilizo la prueba exacta de Fisher.
Se considerd significativo un valor p < 0,05. Los datos se anali-
zaron con el software R 4.4.1.

Consideraciones éticas. El protocolo del estudio se lle-
VO a cabo con arreglo a la Declaracion de Helsinki y las con-
sideraciones éticas de la investigacion epidemiologica. Este
fue un estudio no intervencionista, con ninguna investigacion
adicional a los procedimientos rutinarios. El material bioldgi-
co se utilizo solo para el diagnostico estandar de infecciones
del tracto genital, siguiendo las prescripciones de los médicos.
No se realizd muestreo adicional ni modificacion del protocolo
diagnostico de rutina. Se realizaron los andlisis de datos utili-
zando una base de datos completamente andnima, donde los
sujetos fueron sustituidos por episodios infecciosos diferentes,
ocurridos al menos con 6 semanas de diferencia del anterior,
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si es que lo hubo. La entidad que concedio el permiso para ac-
ceder vy utilizar los datos fue la Unidad de Gestion Clinica de
Microbiologia Clinica del Hospital Virgen de las Nieves de Gra-
nada, Espafa.

RESULTADOS

Los episodios de BPS positiva procedieron, principalmente,
de pacientes hospitalizados (234 [ 64,28%), fundamentalmen-
te del Servicio de Urologia (163 [ 44,78%) vy, en segundo lugar,
del Servicio de Medicina Interna (32 [ 8,79%). Los episodios co-
munitarios (130 / 35,71%) incluyeron procedieron Centros de
Salud, consultas externas hospitalarias y Servicio de Urgencias,
destacando las consultas externas de Urologia (100 /27,47%).
La edad media de los pacientes fue de 46,56 afios. En la Tabla
1 se reflejan los microorganismos detectados en los episodios,
destacando Enterococcus faecalis (127 | 34,89%), sequido de
Ureaplasma spp. (50 [ 13,74%): U. urealyticum (19 [ 38%) y
U. parvum (20 | 40%); en el resto (11/ 22%) no se especifi-
ca la especie. El tercer patdgeno en frecuencia fue E. coli (43
| 11,81%), siendo 3 (6,97%) episodios por E. coli productoras
de B-lactamasas de espectro extendido (BLEE). En el resto
(39,6%), se observa una extensa variedad de microorganismos
que quedan reflejados en la Tabla 1. Corynebacterium spp. fue
el cuarto grupo de microorganismo mas frecuentemente ais-
lada (21 / 5,77%), destacando la especie C. glucoronolyticum
(19 / 90,78%), con un aumento progresivo con el paso de los
afos. Por otra parte, se aislaron 15 (4,12%) Streptococcus aga-
lactie y 17 (4,67%) Klebsiella spp. En relacion con este ultimo
microorganismo, las especies predominantes fueron Klebsiella
pneumoniae (70,22%) y Klebsiella oxytoca (29,78%).

La distribucion etioldgica es similar tanto en las muestras
hospitalarias como comunitarias. En ambas, el patdgeno mas
frecuente es E. faecalis: 75 (32,33%) y 48 (36,92%), respecti-
vamente. En sequndo lugar, se encuentra Ureaplasma spp.: 30
(12,93%) y 19 (14,62%) y, en tercer lugar, E. coli: 28 (12,07%) y
15 (11,54%), respectivamente. Los tres aislados de E. coli BLEE
procedieron de episodios hospitalarios de Urologia.

El estudio de la evolucion de las resistencias antibioticas
de E. faecalisy E. coli se reflejan en la Tabla 2. Cuando se anali-
za si la evolucion de la tasa de resistencia de E. faecalisy E. coli
a lo largo de los afios posee significacion, no se encontro signi-
ficacion estadistica en ningun caso. En el caso de Ureaplasma
spp., solo los episodios del afo 2016 fueron estudiados y mos-
traron sensibilidad a azitromicina, claritromicina, eritromicina,
tetraciclina y doxiciclina.

DISCUSION

La PCB es una entidad clinico-patologica mal definida, di-
ficil de diagnosticar y de tratar [8]. Diversos autores han indi-
cado que los uropatogenos implicados principalmente en esta
patologia son las bacterias gramnegativas, destacando a las
enterobacterias, siendo el papel de las grampositivas, atipicas
y anaerobias aun discutible [5,9]. Sin embargo, se ha informa-

do un aumento reciente en la prevalencia de microorganis-
mos grampositivos [10]. Este ultimo hecho concuerda con lo
obtenido en nuestro estudio, donde E. faecalis fue el agente
mas frecuentemente aislado (34,89%). Ademds, si tenemos en
cuenta el resto de las bacterias grampositivas, éstas constitui-
rian el 41,21% de los aislados en nuestra muestra, frente al
23,62% que suponen las enterobacterias. Por ello, es funda-
mental conocer la etiologia de la PCB y, a partir de ella, plan-
tear un tratamiento optimo. Por otro lado, una de las aporta-
ciones fundamentales de este trabajo es la consideracion de
las bacterias atipicas como agentes potencialmente implicados
en la PCB. En nuestro estudio, Ureaplasma spp., es el segun-
do grupo que con mayor frecuencia se detecta (13,74%) en
BPS, por encima de E. coliy otras bacterias gramnegativas. No
obstante, esto no es un hallazgo aislado del HUVN, sino que
concuerda con lo hallado en diversos estudios. Concretamente,
Brunner et al [11] encontraron que en 82 (13,7%) pacientes
con sintomas prostaticos cronicos, Ureaplasma spp. podria ser
la causa; mas recientemente, en el estudio de Choi et al [12],
Ureaplasma spp. fue el patdgeno que con mas frecuencia se
detecto en pacientes con PCB en el contexto de las consultas
de atencion primaria, y el sequndo si nos referimos al ambito
hospitalario. Otra bacteria atipica cuya implicacion en la etio-
logia de la PCB ha sido reconocida es Chlamydia trachomatis
[13,14]. Sin embargo, en nuestro estudio solo se han detectado
en 8 (2,20%) episodios. La principal razon de este bajo nimero
es que en la poblacion estudiada la promiscuidad sexual sea
menor.

El segundo analisis que se realizd esta en relacion con la
evolucion de las resistencias antibidticas en los ultimos afnos,
en el cual destacan dos aspectos. En primer lugar, se obser-
va una aparente disminucion de la resistencia de E. faecalis
a levofloxacino y ciprofloxacino, que no fue estadisticamente
significativa y, por otra parte, un aparente aumento en el por-
centaje de resistencia antibidtica de £. coli a ciprofloxacino y
levofloxacino, que tampoco es estadisticamente significativo
(Tabla 2). En segundo lugar, muy pocos estudios han investiga-
do la evolucion de la resistencia antibiotica de los dos princi-
pales microorganismos clasicos causantes de la PCB: E. faecalis
y E coli. Solo el estudio de Cai et al [10] realiza un andlisis
similar entre los afos 1997-2008, donde no se observaron di-
ferencias significativas en la evolucion del porcentaje de resis-
tencia antibiotica de E. faecalisy E. colia ciprofloxacino y levo-
floxacino. Otro aspecto, que merece la pena remarcar, es que el
patron de resistencias de E. faecalis en nuestro estudio es simi-
lar en ambas quinolonas. Esto no concuerda con lo observado
en diversas publicaciones [15,16], donde E. faecalis mostro un
porcentaje de resistencia superior frente a ciprofloxacino. En el
caso de E. coli, el porcentaje medio de resistencia (34,97%) que
hemos observado en nuestro estudio es superior al obtenido en
el estudio de Cai et al [10]. Esta importante tasa de resistencia
antibidtica es comun a lo hallado en otros estudios [9,16,17]
y puede explicarse porque, al emplear este grupo antibiotico
como tratamiento, empirico o no, de primera eleccion en esta
entidad, se ha favorecido la proliferacion de aislados de E. coli
resistentes, facilitando esto la falta de respuesta al tratamien-
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Tabla 1 Agentes etioldgicos y frecuencia de deteccion en pacientes con bacteriospermia sintomatica
procedentes del Hospital Universitario Virgen de las Nieves, Granada.

Microorganismo N (%) 2016 2017 2018 2019 2020 2021 TOTAL
Enterococcus faecalis 23 (37,10%) 25 (37,31%) 29 (31,18%) 26 (38,24%) 18 (31,58%) 6 (35,29%) 127 (34,89%)
Otros enterococos 0 (09%) 0 (0%) 0 (0%) 0 (0%) 2 (3,51%) 0 (09%) 2 (0,55%)
Staphylococeus aureus 0 (0%) 1(1,49%) 1(1,08%) 1(1,47%) 0 (0%) 0 (0%) 3(0,82%)
Staphylococcus saprophyticus 1(1,61%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(0,27%)
Streptococcus agalactie 3 (4,84%) 1 (1,49%) 3 (3,23%) 2 (2,94%) 4 (7,02%) 1(5,88%) 15 (4,129%)
Streptococcus grupo bovis 2 (3,23%) 1(1,49%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3(0,82%)
Streptococcus mitis 1(1,61%) 0 (0%) 0 (0%) 0 (0%) 0 (09%) 0 (0%) 1(0,27%)
Lactobacillus spp. 1(1,61%) 0 (0%) 0 (0%) 0 (0%) 1(1,75%) 0 (0%) 2 (0,55%)
Escherichia coli 12 (19,35%) 8 (11,949%) 7 (7,53%) 6 (8,82%) 5 (8,77%) 2 (11,76%) 40 (10,98%)
Escherichia coli productora de BLEEs 0 (0%) 1 (1,49%) 1 (1,08%) 0 (0%) 1 (1,75%) 0 (0%) 3(0,829%)
Klebsiella spp. 2 (3,23%) 1(1,49%) 7 (7,53%) 6 (8,82%0) 1(1,75%) 0 (0%) 17 (4,67%)
Morganella morganii 1(1,61 %) 6 (8,96%) 4 (4,30%) 0 (09%) 0 (0%) 0 (0%) 11(3,02%)
Proteus spp. 0 (0%) 2 (2,99%) 2 (2,15%) 0 (09%) 2 (3,51%) 0 (0%) 6 (1,65%)
Citrobacter spp. 0 (0 %) 1(1,49%) 1(1,08%) 2 (2,94%) 1(1,75%) 0 (09%) 5 (1,37%)
Serratia spp. 0 (09%) 2 (2,99%) 0 (0%) 0 (0%) 0 (0%) 0 (09%) 2 (0,55%)
Enterobacter spp. 0 (0%) 0 (0%) 1(1,08%) 0 (0%) 1(1,75%) 0 (0%) 2 (0,55%)
Pseudomona aeruginosa 0 (0%) 0 (0%) 1(1,08%) 0 (0%) 0 (0%) 0 (0%) 1(0,27%)
Gardnerella vaginalis 1 (1,61%) 0 (0%) 5 (5,380%) 3 (4,41%) 1 (1,75%) 1 (5,88%) 11 (3,02%)
Mycoplasma hominis 1(1,61 %) 2 (2,99%) 2 (2,15%) 2 (2,94%) 1(1,75%) 1(5,88%) 9 (2,47%)
Chlamydia trachomatis 2 (3,23 %) 1 (1,49%) 2 (2,15%) 1(1,47%) 2 (3,51%) 0 (0%) 8 (2,20%)
Global 12 (19,35%) 12 (17,91%) 13 (13,98%) 8 (11,76%) 4 (7,02%) 1(5,88%) 50 (13,74%)
U. parvum 0 (0%) 6 (8,96%) 4 (4,309%) 4 (5,88%) 4 (7,02%) 1(5,88%) 19 (5,22%)
Ureaplasma spp. (), urealyticum 4 (6,45%) 3 (4,48%) 9 (9,68%) 4 (5,880%) 0 (0%) 0 (0%) 20 (5,77%)
gsr;:g::;:]“ PR.6N g 12900 3 (4,48%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 11 (2,75%)
Aeracoccus spp. 0 (0%) 0 (09%) 1(1,08%) 1(1,47%) 2 (3,51%) 0 (0%) 4(1,10%)
Capnacytophaga spp. 0 (0%) 1(1,49 (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(0,27%)
Candida spp. 0 (0%) 2 (2,99%) 2 (2,15%) 1(1,47%) 0 (0%) 0 (0%) 5 (1,37%)
Facklamia spp. 0 (09%) 0 (0%) 1 (1,08%) 1(1,47%) 1(1,75%) 0 (09%) 4 (1,10%)
Actinobaculum spp. 0 (0%) 0 (0%) 1(1,08%) 1(1,47%) 1(1,75%) 0 (0%) 3(0,82%)
Bifidobacterium spp. 0 (09%) 0 (0%) 0 (0%) 1(1,47%) 0 (0%) 0 (09%) 1(0,27%)
Actinomyces spp. 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(1,75%) 1(5,88%) 2 (0,55%)
Corynebacterium spp. 0 (0%) 0 (0%) 7 (7,53%) 6 (8,82%) 6 (10,53%) 2 (11,76%) 21 (5,77%)
Trichomonas vaginalis 0 (09%) 0 (0%) 0 (0%) 0 (0%) 1 (1,75%) 1 (5,88%) 2 (0,55%)
TOTAL 62 (100%) 67 (100%) 93 (100%) 68 (100%) 57 (100%) 17 (100%) 364 (100%)

to y la cronicidad sintomatica que ya previamente era muy
comun por diversos motivos: dificultad de penetracion pros-
tatica de algunos antibioticos, teoria del biofilm microbiano,
etc. Pero quizas, lo mas importante, es que estos aislados son
similares a los procedentes de las infecciones urinarias, ya que

a estas se le atribuye el origen de la PCB, en la mayoria de los
casos [16]. Por otra parte, también es resefable el alto por-
centaje de resistencia que E. faecalis muestra a eritromicina
(500%) v tetraciclina. En el caso de tetraciclina, este hallazgo
concuerda con la observado en otras publicaciones [1,15]. Sin

Rev Esp Quimioter 2023;36(3): 275-281 278



R. Mendoza-Rodriguez, et al.
salud del sudeste espafol

Cambios en la resistencia antibiotica en episodios de bacteriospermia sintomatica: Evolucion en un érea de

Tabla 2

Evolucion anual del porcentaje de resistencia de diversos antibidticos en aislados de E. faecalis y E. coli.

2016 2017 2018 2019 2020 2021 Porcentaje de resistencia medio
E. faecalis (n=127)
Ciprofloxacino 26,32% 8,33% 13,79% 13,04% 6,25% 0% 11,29%
Levofloxacino 23,81% 8,33% 13,79% 13,04% 6,250% 0% 10,87%
Eritromicina 55% 50% 55,17% 54,17% 43,75% 66,67% 54,13%
Fosfomicina 4,76% 8,33% 0% 0% 12,50% 0% 4,265%
Nitrofurantoina 0% 0% 0% 0% 0% 0% 0%
Tetraciclina 84,21% 100% 89,66% 92, 28% 81, 25% 66, 67% 85,68%
Rifampicina 0% - - - - - 0%
Linezolid 0% 0% 6,90% 0% 0% 0% 1,68%
E. coli (n=43)
Trimetoprim-sulfametoxazol 28,57% 57,14% 37,50% 40% 16,67% 50% 37,14%
Ciprofloxacino 22,22% 14,29% 50% 40% 33,33% 50% 32,43%
Levofloxacino - - - - 33,33% 50% 35%
Fosfomicina 0% 0% 0% 0% 0% 0% 0%
Nitrofurantoina 0% 0% 0% 0% 0% 0% 0%

embargo, destaca que eritromicina y el resto de los macrolidos
son farmacos potencialmente utiles para el tratamiento de in-
fecciones causadas por Ureaplasma spp., C. trachomatis o M.
hominis [18]. Otro dato relevante es la ausencia de resistencias
antibioticas a fosfomicina y nitrofurantoina, tanto en el caso
de E. faecalis como E. coli. Diversos autores [8, 10] encontraron
porcentajes de resistencia superiores, fundamentalmente en el
caso de E. coli (11% para fosfomicina y en torno al 13-15%
para nitrofurantoina). Para E. faecalis, las tasas de resistencia a
nitrofurantoina y fosfomicina de Cai et al [10] concuerdan con
lo hallado en nuestro trabajo. Si bien con fosfomicina no existe
una amplia experiencia clinica y nitrofurantoina se ha emplea-
do como terapia de continuacion, para erradicar la bacteriuria
que frecuentemente se asocia a la BPS [19].

Los resultados anteriores deberian sustentar las terapias
empiricas actuales. Clasicamente las fluoroquinolonas, funda-
mentalmente ciprofloxacino 1000 mg [24h y levofloxacino 500
mg [24h, durante al menos 28 dias, han sido el tratamiento
de eleccion de esta entidad [20-22], encontrandose tasas de
respuesta clinica y microbiologica del 70-90% al final de la
terapia [22]. En el segundo escalon de tratamiento se encuen-
tran: trimetoprim-sulfametoxazol, tetraciclinas, fosfomicina,
macrolidos y nitrofurantoina [23]. Magri et al [24] obtuvieron
con la combinacion de azitromicina y ciprofloxacino unas tasas
de erradicacion microbioldgica empirica del 75,5% para bacte-
rias tipicas y del 82,3% para bacterias atipicas, siendo la res-
puesta clinica algo superior; ademas, se demostrd que la ad-
ministracion de un segundo ciclo de esta terapia proporciono
unas tasas de erradicacion del 92,8%. Estos datos contrastan
con las menores tasas de erradicacion (60-86%) que consiguen

las fluoroquinolonas en monoterapia [21]. Ademas, Magri et al
[24] demostraron que la terapia combinada reduce significati-
vamente los sintomas tanto durante el tratamiento como en el
periodo de seguimiento.

Por ultimo, se debe seleccionar una pauta antibiotica que
tenga actividad frente a bacterias grampositivas cuando se
detecta en los cultivos. Una alternativa muy valida podria ser
moxifloxacino, aunque es frecuente que no se ensaye en los
laboratorios, tal y como ocurrio en nuestra serie. Hurtado et al
[25] demostraron que moxifloxacino alcanza concentraciones
prostaticas superiores a levofloxacino, teniendo una alta ratio
AUC/CMI a este nivel. Otro antibidtico plausible seria linezolid,
una con actividad exclusiva frente a grampositivos. En nuestro
trabajo, la tasa de resistencia de E. faecalis muy baja (1,68%),
pudiendo ser considerado como una alternativa valida en las
PCB causadas por dicho microorganismo. Sin embargo, no
seria un antibiotico valido para una terapia empirica puesto
que no actuaria sobre las bacterias gramnegativas. Por tanto,
el tratamiento que potencialmente reune todas las condicio-
nes que hemos indicado es la combinacion de moxifloxacino
y azitromicina, reservando a fosfomicina como tratamiento de
eleccion de las PCB causadas por bacterias multirresistentes,
como las enterobacterias productoras de BLEEs. Es necesario
realizar ensayos clinicos que demuestren la utilidad real de es-
ta combinacion, analizando el coste-beneficio, efectos adver-
sos y adherencia terapéutica.

Finalmente, cabe mencionar varios puntos débiles de este
trabajo. En primer lugar, el principal inconveniente ha sido el
pequefio tamafio muestral (n= 364); debido a ello, solo hemos
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podido sacar conclusiones relevantes y significativas en rela-
cion con los principales microorganismos aislados: E. faecalis,
Ureaplasma spp. y E. coli. Por otra parte, debido a la dificultad,
al cambio de paradigma en cuanto a la etiologia y a la falta
de estandarizacion de los criterios de inclusion en los distin-
tos trabajos, es posible que las conclusiones obtenidas, sobre
todo en relacion con la etiologia infecciosa no sean absolutas,
siendo imperante la revision de la clasificacion de los pacientes
con sintomas prostaticos cronicos, entendiendo que una gran
cantidad de pacientes historicamente incluidos en la categoria
[l son realmente pacientes NIH-II, puesto que ya conocemos el
papel de las bacterias atipicas como agentes directamente im-
plicados en la etiologia de esta entidad. Otra limitacion seria la
posible etiologia falsa por microorganismos que forman parte
de la microbiota habitual de la piel y por lo tanto pueden estar
presentes en el semen. Sin embargo, nuestro laboratorio dispo-
ne de manuales propios para la correcta recogida de muestras,
en unos pacientes con urocultivos simultdneos negativos.

En conclusion, en nuestra poblacion, E. faecalis se erige
como el principal microorganismo en BPS, siendo Ureaplasma
spp. el sequndo. Las resistencias antibioticas de E. faecalis a
ciprofloxacino y levofloxacino que hemos encontrado son lige-
ramente inferiores a las halladas en la literatura, destacando la
elevada sensibilidad a linezolid. Ademas, tanto E. coli como E.
faecalis, mostraron una baja tasa de resistencia a fosfomicina.
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RESUMEN

Introduccion. En la etiologia bacteriana de la diarrea in-
fecciosa aguda grave, exceptuando la causada por Clostridioi-
des difficile, la mayor parte presentan un caracter invasor vy el
tratamiento antibiotico serd preciso en situaciones concretas.
Shigella es un patégeno clasico, en el que es crucial conocer la
sensibilidad a distintos antimicrobianos clasicos vy alternativos.
El objetivo de este trabajo fue analizar la presencia de shigelo-
sis y la tasa de resistencia a los antibidticos.

Métodos. Se realizo un estudio descriptivo-retrospectivo
de los informes de shigelosis de los coprocultivos emitidos en-
tre enero de 2016 vy abril de 2022.

Resultados. Se observo un total de 34 episodios (16
-47,1%- por Shigella sonnei), a partir del 2018. Solo hubo 2
casos pediatricos. La tasa de resistencia global a azitromicina,
trimetoprim-sulfametoxazol y ciprofloxacino fue de 52,9%,
64,7% vy 44,1%, respectivamente. El 26,50% fueron resistentes
a los 3 grupos de antibioticos. Hubo mayor tasa de resistencia
por S. sonnei. Destaca la aparicion de resistencia a cefalospo-
rinas en los ultimos afos. Los episodios de shigelosis multirre-
sistente se detectaron entre 2020 (1 por S. flexneri) y 2022 (4
por S. sonnei).

Conclusiones. Los episodios de shigelosis importada es-
tan emergiendo en nuestro medio con una mayor tasa de mul-
tirresistencia. En este contexto, los tratamientos empiricos ac-
tuales para las enteritis agudas enteroinvasivas corren el riesgo
de fracasar, en caso de ser necesarios.

Palabras clave: enteritis, epidemiologia, antibidticos, shigelosis.

Correspondencia:

José Gutiérrez-Fernandez.

Servicio de Microbiologia. Hospital Universitario Virgen de las Nieves.
Avenida de las Fuerzas Armadas, 2. E-18012 Granada, Espafa.
E-mail: josegf@go.ugr.es

Shigellosis attended in the emergency
department of a regional hospital in
southeastern Spain: from their presence to
multiresistance

ABSTRACT

Introduction. In the bacterial etiology of severe acute
infectious diarrhea, except that caused by Clostridioides dif-
ficile, most of them have an invasive character and antibiotic
treatment will be necessary in specific situations. Shigella is a
classic pathogen, in which it is crucial to know the sensitivity
to different classic and alternative antimicrobials. The objec-
tive of this work was to analyze the presence of shigellosis and
the rate of antibiotic resistance.

Methods. A descriptive-retrospective study of the reports
of shigellosis of stool cultures issued between January 2016
and April 2022 was conducted.

Results. A total of 34 episodes (16 -47.1%- by Shigella
sonnei) were observed, as of 2018. There were only 2 pediat-
ric cases. The overall resistance rate to azithromycin, trimeth-
oprim-sulfamethoxazole and ciprofloxacin was 52.9%, 64.7%
and 44.1%, respectively. 26.5% were resistant to the 3 groups
of antibiotics. There was a higher rate of resistance for S. son-
nei. The emergence of resistance to cephalosporins in recent
years stands out. Episodes of multidrug-resistant shigellosis
were detected between 2020 (1 by S. flexneri) and 2022 (4 by
S. sonnel).

Conclusions. The episodes of shigellosis are emerging in
our environment with a higher rate of multi-resistance. In this
context, current empirical treatments for acute enteroinvasive
enteritis are at risk of failure, if necessary.

Keywords: enteritis, epidemiology, antibiotics, shigellosis.
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INTRODUCCION

La diarrea infecciosa constituye un grave problema de
salud publica a nivel mundial, especialmente en la poblacion
infantil. Los casos de diarrea grave son mayoritariamente
causados por bacterias [1]. En el caso de Clostridioides diffi-
cile, aproximadamente el 5% de adultos y hasta el 70% de los
lactantes estan colonizados por éste, pero unicamente el 25-
30% desarrollan enfermedad vy, ademas, las pruebas de diag-
nostico no diferencian entre portador e infeccion [2]. Todo lo
contrario, ocurre con el resto de patogenos bacterianos, donde
la mayor parte de ellos presenta un caracter invasor intesti-
nal, considerandose primordial conocer su presencia para la
orientacion diagnostica y el tratamiento. En especial, para los
cuadros de enteritis causados por bacterias multirresistentes,
que lamentablemente son cada vez mas frecuentes en nuestro
medio [3,4].

La shigelosis es una patologia infecciosa intestinal agu-
da, producida por el género Shigella. Se trata de una bacilo
Gram negativo que comprende cuatro especies: S. dysenteriae,
S. boydii, S. sonnei'y S. flexneri, siendo estas dos ultimas las
mas frecuentes [5]. EI género Shigella es altamente contagioso
[6] y se transmite principalmente por via feco-oral a través de
contacto directo persona-persona o por alimentos o agua con-
taminada [7]. La presencia de un pladsmido de gran virulencia
(pINV) que codifica un sistema de secrecion de tipo Il respalda
la invasion de Shigella a las células epiteliales del colon, la ge-
neracion de inflamacion y necrosis localizadas, que combina-
das con la expresion de ciertos genes genera sintomas caracte-
risticos como calambres abdominales y diarrea mucoide [8,9].

Respecto al tratamiento de la diarrea, tanto dirigido co-
mo empirico, solo sera preciso en casos concretos con el fin de
acortar la duracion de la enfermedad, disminuir la transmision
y evitar, en la medida de lo posible, las complicaciones. Por lo
tanto, es crucial estudiar el comportamiento frente a distintos
antimicrobianos para un mejor tratamiento de los cuadros in-
fecciosos que producen [10-12].

El aumento de la resistencia a farmacos previos de primera
linea [13,14] han convertido al ciprofloxacino, la azitromicina y
la ceftriaxona en los farmacos de eleccion para el tratamiento
empirico, pero ahora estan surgiendo resistencias a estos nue-
vos farmacos. Un solo clado de S. sonnei extendido en el sur
de Asia parece estar impulsando la diseminacion internacio-
nal de organismos resistentes a ciprofloxacino [15], causando
importaciones y estableciendo la transmision en lugares con
baja endemicidad, incluidos Australia, Europa y EE. UU. [16]. La
resistencia a la azitromicina aparecio hace mas de una década
[17] y se esta propagando globalmente, particularmente entre
hombres que tienen sexo con hombres (HSH) y poblaciones VIH
seropositivas [18]. El aumento de la resistencia a las cefalospo-
rinas de tercera generacion en Asia podria dejar pocas opcio-
nes para una terapia eficaz [19], por lo que se ha declarado que
la Shigella resistente a los antibioticos es una amenaza grave
que requiere nuevas intervenciones.

El objetivo de este trabajo fue realizar una revision anuali-

zada de los episodios de shigelosis en los ultimos 4 afios, anali-
zando su perfil de resistencia a los antibioticos.

MATERIAL Y METODOS

Se llevd a cabo un estudio descriptivo-retrospectivo de los
resultados registrados en nuestro SIL de los coprocultivos de
episodios de shigelosis entre el 1 de enero de 2016 y el 30 abril
del 2022. El 4mbito geografico fue la provincia de Granada vy el
ambito poblacional fue el area de referencia del Hospital Uni-
versitario Virgen de las Nieves, con una poblacion de referencia
basica de 330.486 habitantes, pero que tiene una actividad asis-
tencial de tercer nivel. En nuestro trabajo se definio como caso
todo paciente procedente exclusivamente del servicio de urgen-
cias con clinica de diarrea aguda y coprocultivo positivo para
Shigella, excluyéndose el resto de los casos con enterobacterias
productoras de enteritis invasiva. Para la obtencion del diagnos-
tico etiologico de Shigella, las muestras fueron procesadas ini-
cialmente siguiendo un protocolo estricto de trabajo establecido
por el laboratorio para las heces. Para el transporte se empled
la refrigeracion en frio si fue necesario. No se empled ningun
método de cribado previo a la siembra, por lo que todas las he-
ces no solidas fueron cultivadas. No se calculd tamafio muestral,
pues se seleccionaron todos los registros de los cuatro afios que
cumplian los criterios de inclusion y exclusion.

Para el coprocultivo se siguieron procedimientos previa-
mente descritos [20]. Brevemente, los medios de cultivo fueron
agar Campy-BAP, Hektoen, XLD, CIN y MacConkey sorbitol (BD,
Madrid, Espafia) con deteccion de la toxina siga (SHIGA TOXIN
QUIK CHEK ™, Techlab, Blacksburg, VA, EEUU). Todos los me-
dios se incubaron a 37°C en aerobiosis, a excepcion del medio
Campy-BAP en microaerofilia, a 42°C y el agar CIN a 30°C. El
crecimiento de las bacterias se evaluo a las 18 horas y a las 48
horas. Una vez realizada la identificacion presuntiva mediante
los medios de cultivo, se procedio a realizar una identificacion
definitiva mediante MALDI-TOF Biotyper (Becton Dickinson,
Madrid, Espaia), para la mayoria de las enterobacterias ente-
roinvasivas, apoyandose ademas en el sistema MicroScan (Bec-
kman Coulter, Barcelona, Espafa). Este ultimo se utilizo para el
diagndstico definitivo de Shigella, cuando la identificacion por
MALDI-TOF fue E. coli, debido a las similitudes genéticas con
Shigella [21], donde mediante pruebas bioquimicas, se identifi-
cd S. sonnei'y Shigella spp. para el resto de las especies. Para el
andlisis de las tasas de resistencia se analizaron los antibioticos
recomendados para el tratamiento de la shigelosis, segun la
Guia para el tratamiento de la Shigelosis de la Organizacion
Mundial de la Salud (OMS) [22], ciprofloxacino, azitromicina,
cefotaxima, trimetoprim-sulfametoxazol, ampicilina y genta-
micina. Todos ellos fueron testados mediante el sistema de mi-
crodilucion en caldo MicroScan (Beckman Coulter, Barcelona,
Espafa); con excepcion de azitromicina, donde la concentra-
cion minima inhibitoria fue determinada mediante gradiente
de difusion (MIC Test Strip, Liofilchem®, Italia) segun instruc-
ciones del fabricante. Los resultados se interpretaron siguiendo
las guias del Comité Europeo de Pruebas de Sensibilidad a los
Antimicrobianos (EUCAST, 2022) [23].
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Aquellos aislados que presentaron resistencia a cefalospo-
rinas de 32 generacion fueron incluidos para el estudio geno-
tipico, que consistio en la secuenciacion de alto rendimiento
del genoma completo mediante la preparacion de librerias
pair-end, usando el kit comercial NexteraTM DNA Flex Library
Preparation Kit (/llumina Inc, San Diego, CA, EE. UU.) y secuen-
ciacion en el equipo NextSeq (/llumina). El ADN se extrajo con
el sistema automatizado Maxwell RSC (Promega, Madison,
Wisconsin, EE. UU.). El ensamblado de las secuencias obteni-
das se realizd utilizando SPAdes 3.15.4 y PROKKA v1.12. Para
el analisis de las relaciones filogenéticas se empleo el software
Ridom SeqSphere+ vs. 6.0.2 usando el esquema definido para
Escherichia coli (2.528 alelos) y estableciendo un punto de cor-
te de 10 alelos para la deteccion de agrupamientos.

Se realizo un analisis descriptivo de los datos, en el que se
calcularon las frecuencias absolutas y relativas para las varia-
bles categoricas, y las medidas de tendencia central y disper-
sion para las numéricas. Los datos se analizaron con el progra-
ma IBM® SPSS® Statistics. El protocolo del estudio se realizd
con arreglo a la Declaracion de Helsinki y la Comision de Ftica
e Investigacion Sanitaria de los Centros Sanitarios Hospitala-
rios y Distritos de Atencion Sanitaria. Se trato de un estudio no
intervencionista. Se realizaron los analisis de datos utilizando
una base de datos anonima. La Unidad de Gestion Clinica de
Microbiologia Clinica del Hospital Universitario Virgen de las
Nieves (Granada, Espafia) fue la entidad que concedio permiso
para acceder y utilizar los datos.

RESULTADOS

Shigelosis en nuestro medio durante los afios 2016-
2022: tasas de resistencia global, combinada y anualiza-
da. El nimero de episodios de shigelosis atendidos en el ser-
vicio de urgencias de nuestro hospital, entre enero del 2016 y
abril del 2022, alcanzaron un total de 34 casos. Entre el afo
2016 y 2017 no se registraron episodios de shigelosis, siendo
todos ellos a partir del 2018. De todos los sujetos incluidos, 28
(829%0) fueron varones y 6 (18%) mujeres. Solo hubo 2 casos
pediatricos, siendo el resto adultos, con una media de edad de
36,2 afios. En cuanto a la especie productora de la shigelosis,
16 (47,1%) se debieron a la especie S. sonnei, mientras que los
18 casos restantes (52,9%) correspondieron a otras especies de
Shigella.

En la Tabla 1 se presenta la tasa de resistencia global a los
grupos de antibioticos mas representativos para el tratamiento
de la shigelosis. La tasa de resistencia global para azitromici-
na, trimetoprim-sulfametoxazol y ciprofloxacino fue de 52,9%,
64,7% y 44,1% respectivamente. Mientras que el 26,5% fueron
resistentes a los tres antibioticos. La CMI de azitromicina en
los cuatro aislados de S. sonnei del brote fue superior a 256
mg/L. En cuanto a la diferenciacion de especies, cabe destacar
la mayor tasa de resistencia en todos los grupos antibioticos
presentada por S. sonnei respecto al resto de especies de Shi-
gella spp. Mientras que la menor tasa de resistencia fue para
gentamicina en ambos grupos.

Clinica de los episodios de shigelosis multirresistente.
Los episodios de shigelosis multirresistente no importada re-
gistrados en nuestro hospital, se detectaron entre el afio 2020
y 2022. El primer caso se debio a un caso de S. flexneri, en
el afo 2020. Mientras que durante los afios 2021 y 2022 se
dieron cuatro casos mds de shigelosis multirresistente, cau-
sados por S. sonnei. A continuacion, se detallan por separado
los cinco casos clinicos descritos. En la Tabla 2 se resumen las
caracteristicas clinicas de los cuadros de shigelosis multirre-
sistente presentados. Los resultados del andlisis de genomas
completos se reflejan en la Figura 1. Unicamente se incluye-
ron las secuencias de S. sonnei al disponer de un Unico aislado
de S. flexneri. Como se observa en la figura, los cuatro aisla-
dos se agrupaban en un unico cluster definido con un punto
de corte de siete alelos. Tomando como referencia el aislado
20212666 (varon 25 afos) el aislado mas distante genética-
mente (siete alelos) seria el 20220157 (varon 21 afios) sequido
del 20212667 (varon 36 afios) con cuatro alelos de diferencia 'y
del 20220582 (varon 26 afos) con un alelo de diferencia. En la
figura se muestran los determinantes genéticos de resistencia
observando una correlacion del 100% entre el perfil fenotipico
y el perfil genotipico.

i) Shigelosis por S. flexneri multirresistente

Caso 1

Se tratd de un varon de 29 afos, procedente de Honduras,
con ultima visita a su pais hacia 12 meses y sin viajes al extran-
jero desde entonces. Acudio a Urgencias porque, estando pre-
viamente sano y tras la ingesta de pollo, en mal estado segun
reconocid, comenzo con un cuadro de menos de 24 horas de
evolucion de deposiciones liquidas, sanguinolentas, de hasta
mas de siete al dia, dolor abdominal mesogéastrico continuo,
que no cedia a analgésicos convencionales, y sensacion distér-
mica, con escalofrios y malestar general, con regular estado
general. La temperatura corporal fue 37,3 °C. El abdomen era
doloroso a la palpacion en mesogastrio, hipocondrio derecho
y fosa iliaca izquierda, con aumento de ruidos intestinales. En
la analitica de Urgencias destacd una proteina C reactiva de
133 mg/l, con hiponatremia (131 mEqg/l) e hipopotasemia (3,1
meq/l) leves. Ante la situacion de estabilidad clinica y buena
tolerancia por via oral, fue dado de alta con tratamiento anti-
bidtico empirico (metronidazol 500 mg/8 h durante siete dias y
azitromicina 500 mg/24 h durante seis dias). La sintomatologia
se resolvio en pocos dias y en la revision a las tres semanas
se constatd mejoria clinica y normalizacion de iones y PCR. El
estudio microbioldgico puso de manifiesto que era producto-
ra de CTX-M-15 vy resistente in vitro a cefalosporinas de hasta
cuarta generacion, ciprofloxacino y cotrimoxazol.

ii)  Shigelosis por S. sonnei multirresistente

Caso 2

Varon de 25 afnos, con antecedentes personales de hepati-
tis A pasada y condilomas acuminados por VPH tanto en pene
como en la region perianal, por conductas sexuales de riesgo.
Acudio a urgencias por aparicion de dolor abdominal tipo coli-
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Tabla 1 Resistencia general a los diferentes antibioticos recomendados para el tratamiento de la shigelosis
n AMP CTX CIp AZ| SXT GEN
S. sonnei 16 10/16 (62,5%) 11/16 (68,7%) 4/16 (25%) 11/16 (68,7%) 7/10 (70%) 13/16 (81,2%) 1/16 (6,2%)
Otras Shigella spp. 18 518 (27,8%) 2[18 (11,1%) 1/18 (5,5%) 5/18 (27,8%) 2[7 (28,6%) 9/18 (50%) 0/18 (0%)

AMP: ampicilina; CTX: cefotaxima; CEP: cefepime; CIP: ciprofloxacino; SXT: trimetoprim-sulfametoxazol; GEN: gentamicina.

co en los 4 dias previos con sensacion distérmica, acompafiado
de numerosas deposiciones diarreicas de consistencia liquida sin
productos patologicos, asi como sensacion de nduseas y vomitos
de aspecto bilioso vomitos, y fiebre de 39°C. En la exploracion se
aprecio un importante empeoramiento del estado general, con
sequedad de mucosas, hipotension, dolor abdominal persisten-
te a la palpacion generalizada. En el control analitico destaco
el aumento de reactantes de fase aguda (PCR y procalcitonina)
con hemograma normal. Se le realizo una ecografia abdominal
de urgencia cuya conclusion fue de "marcada hepatoespleno-
megalia, con hallazgos de colitis de etiologia inespecifica, sin
presentar signos de colecistitis aguda”. Debido a la no mejoria
del paciente tras 24 horas en el drea de observacion, a pesar de
tratamiento de soporte, se decidio ingresar en planta de Diges-
tivo. Tras 3 dias de ingreso, el paciente mejoro siendo dado de
alta con recomendaciones dietéticas, tratamiento sintomatico, y
antibioticoterapia con ciprofloxacino 500mg/12 horas durante 4
dias y metronidazol 500mg/8 horas. Desde el punto de vista mi-
crobioldgico, las heces dieron negativo a la toxina de Clostridioi-
des difficile, hemocultivos negativos y en el coprocultivo se aisld
S. sonnei. El paciente mejord del cuadro clinico no volviendo a
consultar por dicho motivo.

Caso 3

Varon de 36 afios, sin antecedentes personales de interés.
Acudid a urgencias por referir aparicion de dolor abdominal
tipo colico, desde hace 2 dias, acompafado de nduseas, vomi-
tos de tipo alimenticio y deposiciones diarreicas de consisten-
cia acuosa el mismo dia de la consulta, asi como aparicion de
fiebre de 38,5°C. Su pareja sexual (varon) tuvo sintomas simi-
lares 2 semanas antes de este evento, A la exploracion fisica el
paciente se encontré hemodinamicamente estable con dolor
abdominal a la palpacion en mesogastrio e hipocondrio dere-
cho. En la analitica el paciente present6 una hiperbilirrubine-
mia discreta a expensas de bilirrubina indirecta, mientras que
el hemograma mostrd una leucocitosis con neutrofilia. Dado
el buen estado general, el paciente fue dado de alta con re-
comendaciones dietéticas, ciprofloxacino 500 mg /12 horas 5
dias, tratamiento sintomatico y control por su médico de aten-
cion primaria para conocer los resultados del coprocultivo. Una
semana después, su médico informo al paciente del crecimien-
to de S. sonnei en el coprocultivo, sin ofrecer cambio de pauta
antibiotica, dada la resolucion del cuadro clinico.

Caso 4
Varon de 21 afos, sin antecedentes personales ni epide-

miologicos de interés, salvo conductas sexuales de riesgo con
hombres. Acudié a urgencias por un cuadro de diarrea de 5
dias de evolucion de unas 5-6 deposiciones diarias, algunas de
ellas con trazas de restos hematicos, acompafadas de dolor
abdominal difuso vy fiebre de 38,2°C, con empeoramiento del
estado general en los ultimos dias. A la exploracion fisica pre-
sentd dolor abdominal a la palpacion en hipogastrio, sin mds
hallazgos de interés. La analitica presento una discreta hiper-
bilirrubinemia a expensas de bilirrubina indirecta, con resto de
analitica y hemograma normal. Tras unas horas de observacion
con tratamiento de soporte se decidio el alta domiciliaria, con
ciprofloxacino 500 mg/12 horas durante cinco dias, tratamien-
to sintomatico y control por su médico de atencién primaria
para conocer resultados del coprocultivo. Tras cinco dias de
tratamiento, el paciente acudid a su médico de atencion pri-
maria, por no mejoria de la clinica, que, sin poder acceder a los
resultados del coprocultivo, cambid a amoxicilina/clavulanico 1
comprimido /8 horas durante cinco dias. A la semana siguien-
te, el paciente acudio de nuevo a las urgencias por presentar
persistencia de la diarrea de aspecto verdoso y maloliente, asi
como fiebre de 38,5°C con dolor abdominal asociado. En la ex-
ploracion presentd dolor abdominal a la palpacion en fosa ilia-
ca y flanco derecho, presentando una analitica con bioquimica
y hemograma normal. Finalmente, fue dado de alta y derivado
a consultas externas de la unidad de Enfermedades Infecciosas
donde se le cambio el tratamiento a azitromicina 500 mg [24
horas durante 3 dias. A la semana, en cita de revision, el pa-
ciente refirio encontrarse mucho mejor y sin diarrea.

Caso 5

Varon 26 afios, sin antecedentes personales ni epidemio-
l6gicos de interés, que acudid a urgencias por un cuadro de
dolor abdominal difuso desde hace 4 dias, con fiebre asociada
de 38°C y diarrea de unas 4-5 deposiciones al dia, de consis-
tencia liquida sin sangre ni otros productos patologicos, sin
nauseas ni vomitos. A la exploracion fisica el paciente se en-
contro con buen estado general, exploracion fisica normal, sal-
vo dolor abdominal a la palpacion profunda de manera difusa.
Analiticamente el paciente no presento alteraciones llamativas,
con hemograma normal. El paciente no preciso de analgesia ni
tratamiento sintomatico, por lo que se dio de alta domicilia-
ria con recomendaciones dietéticas y tratamiento sintomatico
si lo precisara. Ademas, se le remitio a su meédico de atencion
primaria para consultar los resultados del coprocultivo. Los re-
sultados fueron positivos para S. sonnei, pero el paciente no
preciso de antibioticoterapia para resolver el cuadro clinico.

Rev Esp Quimioter 2023;36(3): 282-290 285



E. Rodriguez-Guerrero, et al.
presencia a la multirresistencia

Shigelosis atendidas en el servicio de urgencias de un hospital regional del sudeste de Espafia: Desde su

Tabla 2 Caracteristicas clinicas de shigelosis multirresistente en nuestra serie de casos.

Caso 1 Caso 2 Caso 3 Caso 4 Caso 5
Especie S. flexneri S. sonnei S. sonnei S. sonnei S. sonnei
Afio 2020 2021 2021 2022 2022
Sexo Varon Varon Varon Varon Varon
Edad 29 afios 25 afios 36 afios 21 afios 26 arios
Factores de riesgo No conocidos HSH HSH HSH No conocidos
Fiebre/febricula Si Si Si Si Si
Diarrea sanguinolenta Si No No Si No
Dolor abdominal Si Si Si Si Si
Inestabilidad hemodinamica No Si No No No
PCR elevada Si Si Si Si Si
Leucocitosis No No Si No No
Hiperbilirrubinemia No No Si Si No
Hospitalizacion No Si No No No

Tratamiento/Curacion Autorresolutiva

Autorresolutiva

Autorresolutiva Autorresolutiva Autorresolutiva

HSH: Hombres que tienen sexo con hombres; PCR: proteina C reactiva

DISCUSION

Segun la OMS [24], la diarrea es la sequnda causa de
muerte en ninos menores de 5 afios y representa un proble-
ma de mayor entidad en paises en vias de desarrollo. En los
paises en vias de desarrollo se han aislado con mas frecuencia
distintas cepas de E. coli [25]. Mientras que otro patdgeno re-
levante en estos paises es Shigella spp., fundamentalmente S.
flexneri, tanto en diarrea con sangre, como en diarrea acuosa
y, especialmente, en casos de disenteria. Los casos diagnostica-
dos a lo largo de los afios permanecen estables, como se puede
observar al comparar los datos de distintos estudios [26,27].
Ademas, Shigella spp. se ha notificado como causa mas fre-
cuente de diarrea con sangre en estudios de paises industria-
lizados [28]. A diferencia de los paises en vias de desarrollo,
en los paises desarrollados se ha aislado fundamentalmente
S. sonnei, segun la revision de Humphries et al [10]. En dicho
trabajo, Unicamente aparecieron 5 articulos en la revision que
hacen referencia a nuestra area geografica, uno de ellos (afio
1998) hace alusion a la diarrea del viajero [29], con lo cual dis-
ponemos unicamente de 4 trabajos para sacar conclusiones.

S. sonnei representa hasta el 80% de todas las infeccio-
nes por Shigella en el mundo desarrollado, particularmente
en América del Norte y Europa [30]. También ha contribuido
significativamente a brotes de origen alimentario, en diver-
sos paises como Estados Unidos [31,32], Canada [33], Espana
[34], Japdn [35], Dinamarca [36], entre otros paises. Sin em-
bargo, la tendencia mundial de las infecciones por S. sonnei
ha cambiado debido a elementos multifactoriales basados en
la geografia, el clima, las relaciones huésped-patogeno y las
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estrategias de control correspondientes. En Espafia hay publi-
cado un caso autoctono, en 2011, correspondiente a S. sonnei
[37]; otros casos por S. sonneiy S. flexneri entre el ano 2015y
2019, y mas recientemente un caso de S. flexneri, en nuestro
medio, en el afno 2020 [38]. Cabe destacar que en 2016y 2017
no se detectaron casos de shigelosis en nuestro medio, aunque
nuestro laboratorio no ha cambiado los procedimientos de de-
teccion de este microorganismo a lo largo del tiempo. Solo hay
que destacar que el Area de Salud de Granada estudiada en
nuestro laboratorio ha cambiado desde 2016 hasta hoy, en el
sentido de un aumento de los episodios mds graves estudiados
en el Servicio de Urgencias de nuestro hospital.

En cuanto a la resistencia a antibioticos, recientemente se
han identificado tres linajes principales de S. sonnei (I, Il, I11). S.
sonnei evoluciond rapidamente desde Europa y se propagd co-
mo linaje unico resistente a multiples farmacos (MDR) a otros
continentes predominantemente [39]. El nimero de episodios
de enteritis por patdgenos multirresistentes estan aumentado
en nuestro medio [38]. Los aislamientos de Shigella en muchos
paises han adquirido rasgos de resistencia que conducen a la
ineficacia de las cefalosporinas para el tratamiento de algunos
pacientes [40-42]. Dentro de este fendmeno de multirresisten-
cia, destaca el grupo de HSH, donde ya se han descrito otras
series de shigelosis multirresistente en Australia [43], Francia
[44], Reino Unido [45] y Espana [46]. Ademas, el grupo HSH
tienen mds posibilidades de ser hospitalizado vy recibir anti-
bioticos, lo que indica que sus infecciones son potencialmente
mas graves [45], tal y como sucedid en nuestro Caso 2, donde
el paciente requiri¢ de ingreso hospitalario por la inestabilidad
hemodinamica sufrida. Asi mismo, después de la fase aguda de
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Figura 1

la infeccion, el estado de portador puede persistir durante me-
sesy la infeccion puede reaparecer en meses, incluso con cepas
que pertenecen a la misma especie y al mismo serotipo. Por
lo que es probable que una combinacion de multiples parejas
sexuales, el estado de portador persistente después de la fase
aguda de la infeccion y la evidencia de reinfeccion recurrente
contribuyan a la transmision sostenida en esta poblacion [47].

El tratamiento de primera linea actualmente recomen-
dado para la shigelosis son las fluoroquinolonas, como el ci-
profloxacino; pero debido a su uso comun, la resistencia al
ciprofloxacino estd muy extendida entre las especies de Shi-
gella recuperadas en todo el mundo desde principios del siglo
XXI, siendo Asia un reservorio probable para el aumento vy la
propagacion de organismos resistentes [48]. Tal resistencia se
debe a la acumulacion gradual de mutaciones en la girasa y la
topoisomerasa, codificadas por los genes cromosomicos gyrA'y
parC, respectivamente. Ademas, los elementos maviles podrian
ayudar a dar forma y establecer clones resistentes emergentes
[49]. En los ultimos afos se ha observado un marcado aumento
de S. flexneri a resistente a azitromicina en las comunidades de
HSH de todo el mundo, causado por la propagacién de un uni-
co sublinaje de esta especie desde 1998 [18]. La resistencia a la
azitromicina es inducida por el plasmido movil pKSR100, que

Analisis de genomas completos de los 4 aislados clinicos de Shigella sonnei.

recientemente se demostro que se adquiere en S. sonnei [50].
Esto facilito en gran medida la aparicién de nuevas cadenas
de transmisién, creando diversos brotes epidémicos de Shige-
lla multirresistente circulando en la comunidad HSH. De he-
cho, de los 5 casos de Shigella multirresistente encontrados en
nuestro trabajo, 3 sujetos declararon pertenecer al grupo HSH.

Las tasas de resistencia globales descritas en nuestro tra-
bajo, coinciden con las ya publicadas en otra serie espafola.
En Moreno-Mingorance et al. [51] se estudiaron casos de shi-
gelosis por S. flexneriy S. sonnei (n=70) en hombres del grupo
HSH, y se obtuvieron unas tasas de resistencia a trimetoprim-
sulfametoxazol (65,7%) y ciprofloxacino (32,8%) similares a las
de nuestro entorno. Sin embargo, la resistencia a azitromicina
fue mayor (80%) con respecto a la obtenida en nuestra serie
(52,9%). Lo que podria explicarse por la falta de datos de azi-
tromicina en nuestro estudio para todos los aislados. No obs-
tante, el vinculo de una mayor resistencia a azitromicina en las
shigelosis de pacientes HSH ya era previamente conocido [18].
Con respecto a gentamicina, sin bien present6 buena actividad
in vitro en nuestra serie, los antibidticos no absorbibles como
gentamicina y rifaximina oral, han mostrado resultados varia-
bles en la practica clinica, por lo que su recomendacion seria
controvertida [52,53].
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En cuanto a la evolucion de la enfermedad, la shigelosis
es una enfermedad autolimitada, y los pacientes suelen re-
cuperarse por completo en 7 a 10 dias. Sin embargo, se sabe
que la infeccion causa posibles complicaciones, siendo la mas
grave la encefalopatia [54]. Por lo tanto, se recomienda el tra-
tamiento antimicrobiano para prevenir complicaciones adicio-
nales, reducir la produccion de diarrea y limitar la excrecion
fecal post-sintomatica [55]. En los casos descritos de shigelosis
multirresistente en este trabajo, todos ellos tuvieron una bue-
na evolucion clinica, siendo finalmente cuadros autorresolu-
tivos. Esto coincide con un estudio recientemente publicado
sobre diarrea en poblacion pedidtrica, donde se encontré que
la duracion de la hospitalizacion de los pacientes infectados
por Shigella fue similar, independientemente del perfil de mul-
tirresistencia [56].

La multirresistencia probablemente suponga una amenaza
mas significativa para ciertos grupos de alto riesgo, incluidos
los pacientes desnutridos, ancianos e inmunodeprimidos. Este
ultimo grupo, supone una preocupacion cada vez mayor para
la shigelosis multirresistente, ya que estan aumentando los ca-
sos de HSH en pacientes VIH positivos, donde los cuadros clini-
cos son de mayor gravedad [57]. Finalmente, hay que destacar
que nuestros aislados multirresistentes son del mismo clon que
la alerta sanitaria notificada por el sistema de vigilancia epi-
demioldgica del Hospital Universitario Virgen del Rocio (Sevi-
lla, Espaa) [46]. Esta alerta a su vez estaba relacionada con la
alerta emitida por el Centro Europeo de Prevencion y Control
de las Enfermedades (ECDC) en enero de 2022 en la que se
informaba de un aumento de los casos de shigelosis causada
por S. sonnei multirresistente principalmente en HSH. La com-
paracion de los cinco genomas de este estudio con los geno-
mas de referencia puestos a disposicion por el ECDC (datos no
mostrados) pone de manifiesto la inclusion de estos casos en
el mismo cluster genético con una diferencia de un maximo de
cuatro alelos, asi como la presencia del mismo plasmido IncFll
portados del gen bla, lo que pone de manifiesto la disper-
sion de este clon.

CTX-M-27

Entre las limitaciones mas importantes de nuestro trabajo
tenemos el hecho de no haber dispuesto de la CMI para azitro-
micina en un gran numero de aislados. En cuanto a la identi-
ficacion de especie, tan solo se tuvo identificada la especie S.
sonnei, para la mayoria de los casos, englobando al resto de
aislados en el grupo de otras especies de Shigella.

CONCLUSIONES

Nuestros datos actuales ponen de manifiesto que los ca-
sos se shigelosis estdn emergiendo en nuestro medio, con una
mayor tasa de multirresistencia, en especial en el grupo HSH.
En este contexto, los tratamientos empiricos actuales para las
enteritis agudas enteroinvasivas corren el riesgo de fracasar,
entre los que se incluyen ciprofloxacino, azitromicina y las ce-
falosporinas de tercera generacion, destacando en pacientes
inmunocomprometidos, especialmente porque las opciones
de tratamiento estaran limitadas por el plasmido IncFll mul-
tirresistente. Esto supone una continua amenaza para la salud

publica tanto en Espafia como en el resto del mundo. Por lo
que se requieren medidas multidisciplinarias urgentes de sa-
lud publica centradas en la deteccion precoz de la infeccion y
prevencion de la transmision, con objeto de paliar la crisis de
resistencia a los antimicrobianos. Esto plantea preocupaciones
sobre la capacidad de controlar la propagacion de la infeccion
por Shigella resistente y destaca la necesidad de intensificar la
vigilancia de la shigelosis, para minimizar el riesgo de infeccion
a través de la exposicion oral fecal durante las actividades se-
xuales, entre otras.
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ABSTRACT

Objective. To describe and quantify resource use and di-
rect health costs associated with skin and skin structure in-
fections (SSSIs) caused by Gram-positive bacteria in adults
receiving outpatient parenteral antimicrobial therapy (OPAT),
administered by Hospital at Home units (HaH) in Spain.

Material and methods. Observational, multicenter, ret-
rospective study. We included patients of both sexes includ-
ed in the HaH-based OPAT Registry during 2011 to 2017 who
were hospitalized due to SSSIs caused by Gram-positive bacte-
ria. Resource use included home visits (nurses and physician),
emergency room visits, conventional hospitalization stay, HaH
stay and antibiotic treatment. Costs were quantified by multi-
plying the natural units of the resources by the corresponding
unit cost. All costs were updated to 2019 euros.

Results. We included 194 episodes in 189 patients from
24 Spanish hospitals. The most frequent main diagnoses were
cellulitis (26.8%) and surgical wound infection (24.2%), and
949% of episodes resulted in clinical improvement or cure af-
ter treatment. The median HaH stay was 13 days (interquartile
range [IR]:8-22.7), and the conventional hospitalization stay
was 5 days (IR: 1-10.7). The mean total cost attributable to the
complete infectious process was €7,326 (95% confidence in-
terval: €6,316-€8,416).

Conclusions. Our results suggest that OPAT administered
by HaH is a safe and efficient alternative for the management
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of these infections and could lead to lower costs compared
with hospital admission.

Keywords: Hospital at home, outpatient parenteral antimicrobial therapy
(OPAT), cost analysis, skin and skin structure infections (SSSls)

Carga econdmica de la infeccion de piel y partes
blandas por microorganismos grampositivos

en pacientes en unidades de hospitalizacion

a domicilio con tratamiento antimicrobiano
domiciliario endovenoso (TADE)

Objetivo. Describir y cuantificar el uso de recursos vy
costes directos sanitarios asociados con las infecciones de piel
y tejidos blandos (IPPB) causadas por microorganismos gram-
positivos en adultos que recibieron tratamiento antimicrobi-
ano domiciliario endovenoso (TADE), administrado en unidades
de hospitalizacion a domicilio (HaD) en Espana.

Material y métodos. Estudio observacional, multicén-
trico, retrospectivo. Se incluyeron pacientes adultos de ambos
sexos, incluidos en el Registro TADE en el periodo 2011 a 2017
y cuyo motivo de ingreso fue una IPPB causada por un micro-
organismo Grampositivo. El uso de recursos incluyo las visitas
a domicilio (enfermeria y médico), visitas a urgencias, estancia
en hospitalizacion convencional, estancia en HaD vy tratami-
ento antibiotico. Los costes se cuantificaron multiplicando las
unidades naturales de los recursos por el coste unitario cor-
respondiente. Todos los costes fueron actualizados a euros de
2019.

Resultados. Se incluyeron 194 episodios (189 pacientes)
procedentes de 24 centros espafioles. Los diagndsticos princi-
pales mas frecuentes fueron celulitis (26,8%) e infeccion por
herida quirdrgica (24,2%). EI 94% de los episodios resultaron
en una mejoria o curacion clinica al finalizar el tratamiento. La
mediana de la estancia en HaD fue de 13 dias (rango intercuar-
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tilico [RI]:8-22,7), con una estancia previa en hospitalizacion
convencional de 5 dias (RI: 1-10,7). El coste total promedio
atribuible al proceso infecciosos completo fue de 7.326€ (in-
tervalo de confianza del 95%: 6.316€-8.416€).

Conclusiones. Este estudio sugiere que el TADE admin-
istrado en HaD es una alternativa sequra y eficiente para el
manejo de estas infecciones y podria conducir a menores
costes en comparacion con el ingreso hospitalario.

Palabras clave: TADE, analisis de costes, infecciones de piel y tejidos blandos

INTRODUCTION

Bacterial skin and skin structure infections (BSSSI) encom-
pass infections that affect the skin, skin appendages, subcuta-
neous cell tissue, fascia, and skeletal muscle [1]. Patients with
complicated BSSSI may present with cellulitis/erysipelas (char-
acterized by redness, edema, and/or induration that spreads),
wound infections (including surgical site infections), and major
skin abscesses [2].

In Spain, skin and skin structure infections (SSSls) are the
fourth most frequent nosocomial infections, according to the
EPINE report (Sociedad Espafiola de Medicina Preventiva Salud
Publica e Higiene, 2019) and are a frequent reason for consul-
tation in outpatient and hospital settings [3]. The prevalence of
SSSls was found to be 1.6% in Spain, representing 11% (1250
cases) of all emergency service consultations for infection [4].

Although the etiology of SSSIs may include viruses, par-
asites, bacteria, and fungi some of them as part of the sap-
rophytic flora of the skin and mucous membranes, infections
by bacteria are the most frequent, especially those due to
Gram-positive bacteria. The most prevalent microorganism is
Staphylococcus aureus, and its treatment has been complicat-
ed by the increase in methicillin-resistant strains [5].

A European study found that antimicrobial treatment did
not achieve a clinical cure in 46.6% of complicated SSSls ep-
isodes [6], which may lead to increased mortality in cases of
severe sepsis and septic shock in addition [7] to a greater eco-
nomic cost [8]. Antimicrobial treatment of SSSls is conditioned
by the microorganisms that colonize the skin of the affected
area, the acquisition site of the infection, the clinical presenta-
tion, risk factors, prior administration of antibiotics, and the
local epidemiology of microbial resistance [9].

Hospital at Home (HaH) is an alternative to hospitalization
for some patients, which provides levels of care similar to those
provided by hospitals [10]. HaH may include outpatient par-
enteral antimicrobial treatment (OPAT), which consists of the
treatment of infectious disease at home, including parenteral
administration of the antimicrobial and clinical and analytical
controls that indicate the disease evolution [11]. OPAT programs
have proven to be an effective and safe alternative to hospitali-
sation in the treatment of complex infections [12]. HaH has been
increasingly used in Spain in recent years [13-15].

The objective of this study was to describe and quanti-
fy resource use and direct health costs associated with SSSIs

caused by Gram-positive microorganisms in adults receiving
OPAT administered in HaH units in Spain.

METHODS

Study design and population. An observational, mul-
ticenter, retrospective pharmacoeconomic evaluation was
conducted. The study data come from the HaH-based OPAT
Registry, a database with hospital records of patients receiv-
ing parenteral treatment at home from the HaH unit of the
participating centers [16]. The study was classified by the
Spanish Agency for Medicines and Health Products (AEMPS)
as a Post-Authorisation - Other Designs (EPA-OD) and was
approved by the Research Ethics Committee of the Alcorcén
Foundation University Hospital.

The study was carried out by analyzing hospitalizations
attended by HaH units of the participating centers of the HaH-
based OPAT Registry between 2011 and 2017. The economic
evaluation was carried out from the perspective of the Spanish
National Health System (NHS).

The study focused on resource use and costs associated
with episodes of SSSIs caused by Gram-positive bacteria. The
records of patients treated with OPAT in each center were used
to describe resource use per episode, understanding an episode
as the complete infectious process (from conventional hospi-
talization - if it occurred - to HaH).

The study population included patients aged = 18 years
of both sexes included in the HaH-based OPAT Registry and
hospitalized due to SSSIs caused by a Gram-positive bacteria.
Therefore, the study population was composed of patients
who met the general criteria for inclusion in a HaH Unit and
the specific criteria for OPAT (Supplementary Table A1).

Data collection. The HaH-based OPAT Registry includes
sociodemographic variables (age and sex), clinical variables
(Charlson index, main diagnosis, microorganism) and specific
OPAT variables (active ingredient, dosage, treatment duration,
clinical response, destination at discharge and readmission
within 30 days). Diagnoses were recorded using the coding of
the Spanish version of the Clinical Modification of the Inter-
national Classification of Diseases, ninth revision (ICD-9-MC).

Resource use related to SSSls included home visits (med-
ical and nursing), emergency room visits, conventional hospi-
talization stay, HaH stay and antimicrobial treatment.

The analysis was based on complete infectious episodes,
lasting from the initiation of conventional hospitalization, if
any, to HaH discharge, including possible rehospitalization re-
lated to the infectious process (Figure 1).

Costs. To estimate the economic impact of SSSIs from the
NHS perspective in Spain, direct health costs were included.
The unit costs of resource use were obtained from the ESALUD
database [17] and pharmacological treatments on the website
of the General Council of the Official Colleges of Pharmacists
(Bot PLUS) (General Council of Official Colleges of Pharmacists,
2013). The unit cost of the conventional hospital stay was ob-
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Figure 1 Depiction of the complete infectious episodes, covering the time from

inpatient hospitalisation, if any, until HaH discharge, including possible

returns to the hospital related to the infectious process.

tained from the CMBD (Ministry of Health, 2019) and the HaH
stay was obtained from the literature [13]. All costs were up-
dated to 2019 euros (Supplementary Table A2).

Direct health costs included resource use during hos-
pitalization (conventional and home) due to SSSls due to
Gram-positive bacteria (conventional hospitalization stay, if
any, HaH stay, home visits [physician and nurse] and emer-
gency room visits). In episodes in which the patient's discharge
destination was related return to the hospital of origin due to
SSSls, the cost per mean stay of conventional hospitalization
was added according to the mean hospital stay in Spain.

The costs of visits were calculated by multiplying the num-
ber of visits by the unit cost of each visit. The cost of the hos-
pital stay (conventional and home) was obtained by multiplying
the days of stay by the corresponding unit cost. The total dose
was calculated for each active substance during hospitalization
(conventional and home). For this, the dose scheduled for the
time on treatment was multiplied. The cost of each pharmaco-
logical treatment was obtained by multiplying the total dose
that each patient received during hospitalization by the unit
cost of each treatment. The wholesale price was applied without
VAT, according to the presentation of the medicine.

If HaH discharge was followed by readmission within 30
days, the readmission cost was added to the original cost of
the episode. The readmission may have been in the home OPAT
service or in conventional hospitalization. If readmission was
in the OPAT service, all data necessary to calculate the cost of
re-entry using the previous methodology was available in the
HaH-based OPAT Registry. If readmission within 30 days was
in conventional hospitalization, the HaH-based OPAT Registry
does not have the information corresponding to the associat-
ed resource use and the cost was estimated according to the
cost per mean hospital stay in Spain.
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Stratification. Stratification analyses were made to
estimate the hospital stay and the cost of SSSIs according
to the main diagnosis (cellulitis, surgical wound infection,
diabetic foot infection, skin abscess, vascular ulcer infec-
tion, pressure ulcer infection, traumatic wound infection
and other SSSIs).

Statistical analysis. All analyses were performed using
complete infectious episodes as the unit of analysis. A descrip-
tive analysis of the variables included in the study was made.
Quantitative variables were described using means, standard
deviation (SD), medians and interquartile range (IQR). Quali-
tative variables were analyzed using absolute and relative
frequencies. For cost variables, the mean and 95% confidence
intervals (Cl) were used. The Cls were obtained using the boot-
strapping technique, given the non-normality of the results.
The R (version 3.6.1) statistical package was used for the sta-
tistical analysis.

RESULTS

The initial cohort included 1,055 patients (1,160 episodes)
with SSSIs from the 24 participating centers: 189 patients (194
episodes) met the criteria for analysis (Figure 2).

Most patients were male (54.6%) with a median age of 63
years (IQR: 53.7-77.5). In approximately 40% of episodes, pa-
tients had high comorbidity with a Charlson index =3 points.
The most frequent main diagnoses were cellulitis (26.8%) and
surgical wound infection (24.2%), while the most frequent
causal microorganism was Staphylococcus aureus (57.7%) (Ta-
ble 1).

The clinical results are shown in table 1. In > 90% of epi-
sodes, there was an improvement or cure of the infection after
OPAT. The discharge destination from HaH was the home/nurs-
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SSSIs episodes
N =1160

Episodes excluded

- 952 episodes due to Gram-negative bacteria or polymicrobial
- 12 episodes due to inconsistencies in the registry
- 2 episodes, the patients were under 18 years old

SSSIs Gram-positive
bacteria episodes analyzed
N= 194

Figure 2

SSSls, skin and skin structure infections.

ing home/social health center of origin in 91.2% of episodes
while, in 14 episodes related return to the hospital of origin
was required (10 episodes of SSSls due to Gram-positive bac-
teria and 4 episodes due to other causes). There were 6.2% of
readmissions for any cause during the 30 days following dis-
charge. In 92.0% of these, the entire stay due to readmission
was in conventional hospitalization and the rest were treated
in HaH (Table 1).

Resource use. The mean duration (SD) of admission for
the complete infectious process was 26.1 days (20.9), of which
8.0 (10.6) days corresponded to the mean conventional hospi-
talization stay and 18.1 (16.7) days to the HaH stay. The me-
dian HaH stay was 13 days [IQR: 8.0-22.7] (Table 2). The most
frequently used antibiotics were daptomycin (28.3%), ertapen-
em (19.1%) and ceftriaxone (15.5%) (Table 2).

The mean rate (SD) of home visits by the HaH unit team
was 1.2 (0.32) visits per day of home stay. A nurse attended
almost daily during admission to the HaH unit (0.86 visits per
day of stay) while medical visits occurred approximately every
three days (0.37 visits per day of stay). Visits to the emergency
room were uncommon, with a mean rate of 1 (3.3) visits per
100 days of HaH (Table 2).

Costs. Table 3 shows the costs of the complete infectious
process, including conventional hospitalization if any, HaH
unit admission, return to the hospital related to the infectious
process and rehospitalization for any cause during the 30 days
after discharge. During the study period, the mean cost per
episode of the complete infectious process was €7,326 (95%
Cl: 6,316-8,416), of which the cost of admission to HaH was

Flowchart of the episodes included in the analysis

€1,528 (95% Cl: 1,353-1,734), representing 21% of the cost.

Days of stay and costs according to the main diagno-
sis. Figure 3 shows the length of stay (Figure 3a) and the total
costs (Figure 3b) of the complete infectious process according
to the main diagnosis that motivated hospital admission. The
main diagnosis due to surgical wound infection had a longer
median stay (28 days [IQR: 17.0-40.5]) and a higher mean cost
(€12,438 [95% Cl: 9,686-15,525]), compared with the other
main diagnoses. These results should be interpreted with cau-
tion due to the small sample size in the subgroups.

DISCUSSION

In this study, the cost of the conventional hospital stay
before home hospital admission was included, so the cost of
the complete infectious process (conventional and home) of
SSSIs due to Gram-positive bacteria requiring hospital admis-
sion was estimated. A notable difference was observed in the
total cost of conventional hospitalization and that of HaH.
In times of financial constraints, OPAT has advantages in the
treatment of SSSIs requiring intravenous treatment and clin-
ical follow-up.

SSSls are a significant economic burden for the Span-
ish NHS due to hospital treatments, surgical procedures and
pharmacological treatment. In general, patients with SSSls are
difficult to treat, and those with comorbidities have longer
hospital stays, a higher rate of modification of the initial an-
timicrobial treatment, greater reinfection or recurrence, and
higher mortality rates, compared with patients with SSSIs
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able aseline characteristics and efficacy results o in patients wi s due to Gram-positive
Table 1 Basel h terist d efficacy Its of OPAT in patients with SSSIs due to G posit
bacteria
VARIABLE VARIABLE
Baseline characteristics Baseline characteristics
Age [years]® Referring service*
Median [IQR] 63.2 [53.7,77.5] Medical 73 (37.6%)
SGXM nl (%) 3R] Surgical 68 (35.1%)
ale 6% 7
Charlson index - n (%)° (E)Thzrrgsgcvvm 3156((188.200/:]11
<3 points 102 (60.4%) Not available seni 21 60/)
i 67 (39.6%) ot available service 0%
=P : OPAT efficacy results
Median [IQR] . 20[10:3.0] Clinical response - n (%)¢
Main d'aghos‘s -n (%) Improvement 103 (56.0%)
Cellulitis 52 (26.8%) Healing 70 (38.0%)
Surgical wound infection 47 (24.2%) Bl 6 (3.3%)
Diabetic foot infection 23 (11.9%) Relapse 2(1.1%)
Skin abscess 21 (10.8%) Other 3(1.6%)
Other skin and skin structure Infections 21(10.8%) Discharge destination - n (%)
Vascular ulcer infection 14 (7.2%) M 171(88.1%)
Pressure ulcer infection 13 (6.7%) SSSIs-related return 10 (5.19%]
R q q 0
Traumatic wound infection 3 (1.5%) Residence/social health center i gm;
Microorganisi - n (%) Return unrelated to SSSIs .
Staphylococcus aureus 112 (57.7%) Death 2(1.0%)
Streptococcus agalactiae 14 (7.2%) T 1(0.5%)
Staphylococeus epidermidis 13 (6.7%) Readmission within 30 days - n (%) 12 (6.2%)
Enterococcus faecalis 11 (5.7%)

Staphylococcus (coagulase negative) other spp 9 (4.6%)
Streptococcus pyogenes 9 (4.6%)
Streptococcus group viridians 8 (4.19)
Staphylococcus lugdunensis 6 (3.1%)
Streptococcus other spp 6(3.1%)
Other 15 (7.7%)

Valid N = 194 episodes with SSSIs due to Gram-positive bacteria. SSSIs, skin and skin structure infections; OPAT, oral parenteral antibiotic therapy; IQR, interquartile
range. *Age at admission to hospital at home. ®Information available in 169 episodes. “Other microorganisms: Clostridium other spp, Corynebacterium spp,
Enterococcus faecium, Enterococcus other spp, Finegoldia magna, Peptostreptococcus anaerobius, Propionibacterium spp, Staphylococcus haemolyticus,
Staphylococcus homonis, Streptococcus pneumoniae. “Surgical service: Angiology and vascular surgery, cardiovascular surgery, general and digestive system surgery,
plastic and reconstructive surgery, gynecology and obstetrics, traumatology and orthopedics and urology. Medical service: Cardiology, infectious diseases,

internal medicine, nephrology, pulmonology, medical oncology, rheumatology. “Information available in 184 episodes.

without comorbidities [20,21]. In this analysis, we found that
40% of HaH patients had a Charlson comorbidity index score
of =3 points. Several studies have analyzed the economic im-
pact in Spain of patients with SSSIs. The mean cost per patient
treated varies between €2,857 and €7,917 [22-25], meaning
an annual expenditure of between €13.5 and €23.5 million
[26,27].

Our results show that the mean cost per complete in-
fectious episode was € 7,326, of which 71.6% (€ 5,246) was
due to conventional hospitalization and 20.8% (€ 1,528) to
HaH. The mean cost obtained is higher than that found in
other studies. A possible explanation is that our analysis in-
cludes the resources used throughout the infectious process
(including readmissions from HaH due to poor evolution and
readmissions 30 days after HaH discharge) in real clinical
practice. Various studies have found HaH units are a good

option for the management and control of serious and com-
plex infections [13,14,28]. The costs of OPAT have been cal-
culated in several studies [29-38]. All concluded that OPAT
is equally as safe and effective as conventional hospitaliza-
tion at a lower cost. This suggests that OPAT for serious and
complex infections may be an alternative in which HaH units
are more efficient, reducing the stay and avoiding hospital
admission [39].

We found the overall mean stay (conventional hospi-
talization and OPAT) was 26.1 days, slightly higher than the
18.5 days observed in an observational study in 10 Euro-
pean countries in patients hospitalized due to complicated
SSSls (Ostermann et al., 2014). One reason for the increased
stay may be that, in our series, 24% of patients had surgical
wound infection, compared with 12% of those in the RECH
study [21], which implies a longer hospital stay due to the
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VARIABLE

Mean (SD)
Median [IQR]

Hospital stay

Number of visits Mean (SD)

Antibiotic treatments n (%)

Valid N = 194 episodes of gram-positive SSSIs. SSSIs, skin and skin structure infections;
CH conventional hospitalization; HaH, hospital at home; OPAT, oral parenteral antibiotic
therapy; SD, standard deviation; IQR, interquartile range.

Visitation rate per 100 days of HaH stay.

bSelf-administered intravenous antibiotics.

Others: amikacin, ampicillin, cefazolin, ceftazidime, ciprofloxacin and tigecycline.

study of post-surgical fever, the need for drainage, reoper-  of 24 days of OPAT was observed in a cohort of 72 patients,
ations, etc. Some studies have found that episodes of pa-  which lasted up to 42 days when the duration of previous
tients undergoing OPAT have a longer stay compared with hospital treatment was added, a far cry from the 19 days of
conventional hospitalization. For example, a mean duration  treatment in comparison groups of hospitalized patients [32].
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Table 3 Cost (euros) per episode associated with
SSSIs due to Gram-positive bacteria
VARIABLE Mean (95% Cl)

5,246 (4,332 - 6,295)
5,137 (4,230 - 6,168)

Cost of previous conventional hospitalization - Total

Cost of conventional hospitalization

Cost of antimicrobial treatment 109 (78.4 - 148)
HaH Cost - Total 1,528 (1,353 - 1,734)
Cost of HaH stay 1,085 (956 - 1,239)
Cost of antimicrobial treatment 443 (365 - 532)
Cost of discharge destination 274 (124 - 423)
Cost of 30-day readmission 278 (133 - 452)

Total cost 7326 (6,316 - 8,416)

Valid N = 194 episodes of gram-positive SSSIs.
SSSls, skin and skin structure infections; HaH, hospital at home; Cl, confidence
intervals.

This may indicate that patients may be selected for OPAT
because they have infections requiring longer antimicrobial
treatments. These patients also often have infections due to
multidrug-resistant pathogens with no alternative oral an-
tibiotic use, which means all treatment must be with par-
enteral antibiotics. Almost half of the patients in our study
had secondary infections (surgical wound infection, diabet-
ic foot infections, pressure ulcer infection, vascular ulcers),
which may have contributed to the longer length of stay. In
these cases, it is more difficult to reach the antibiotic con-
centration in the focus, which is essential for eradicating mi-
croorganisms. In addition, the characteristics inherent in the
HaH model, such as the time spent travelling, which limits
the number of times the patient is seen, may contribute to a
longer total stay. However, this does not translate into higher
costs or worse care.

We found a rate of cure or improvement of > 90%, sim-
ilar to the findings of other studies (87%-92%) [31,40,41].
Theocharis et al. [35] found a significantly lower cure rate
(72.5%), although the patients treated were older (mean of
85 years vs 64 years in our cohort) and the associated mor-
tality rate was 27.5%, much higher than the 1% found in our
study. The quality of care of the OPAT program in HaH units
is reflected in the rate of readmissions in 30 days (6.2%), sim-
ilar to that found in other studies, as shown by the review by
Chapman et al. [42] .

Studies have found that the inadequate use of an-
timicrobials, including inappropriate choices or admin-
istration, is associated with the expansion of multid-
rug-resistant strains [43,44]. The complex management of
infectious diseases and the increase in resistance has led
to the introduction of antimicrobial use optimization pro-
grams (PROA) in hospitals [45,46], which have been shown
to improve the prognosis by optimizing the prescription

of antibiotics. Therefore, the use of effective, safe, easy-
to-use antibiotics for the treatment of Gram-positive bac-
terial infections is of special clinical relevance, as it has
been observed that, for example, vancomycin, teicoplanin,
daptomycin and linezolid have limitations due to toxicity,
tolerance and drug resistance [47-53]. Inappropriate an-
tibiotic use is also associated with increased costs due to
prolongation of the hospital stay, so the cost of the drug
should not be used as the only criterion for the selection
of treatment.

Novel antibiotics effective against multidrug-resistant
Gram-positive bacteria have been approved in recent years,
such as tedizolid (oxazolidinone oral or intravenous admin-
istration) [54], delafloxacin (4th generation quinolone oral or
intravenous administration) [55], dalbavancin [56] and orita-
vancin [57] which can facilitate the outpatient treatment of
BSSSI. Due to their long half-lives, dalbavancin (two-dose) and
oritavancin (single-dose) have promising potential to reduce
the number of hospital stays and for use within the OPAT pro-
gram in HaH units, particularly in vulnerable patients and/or
those with low adherence [58,59]. The possibility of reducing
the number of visits can offset the higher cost of these anti-
biotics.

LIMITATIONS

The study has some limitations which may have influ-
enced the results. Firstly, the retrospective nature: howev-
er, it was not possible to compare costs using a prospec-
tive study in which patients were randomly assigned to
one of two treatment groups, hospital or home. However,
our study shows the strength of an analysis in real clinical
practice. Second, the unit cost considered for the day of
HaH stay. Due to the study design, we could not estimate
the costs based on the accounts of the hospitals, so this
was extracted from the literature. In any case, the unit cost
assumed comes from an estimate made in the HaH-based
OPAT Registry [13] from the analytical accounting of the
participating hospitals, so we consider that the estimate
is adjusted to reality. Although the total costs were rep-
resentative of episodes of SSSIs caused by Gram-positive
bacteria in each center, they may not be representative of
the episodes in centers not participating in the HaH-based
OPAT Registry or of global episodes of SSSIs in Spain.

CONCLUSIONS

SSSls caused by Gram-positive bacteria result in a signifi-
cant consumption of resources and costs by the Spanish NHS,
and the conventional hospitalization stay is the main contrib-
utor. Our results suggest that OPAT administered by HaH is a
safe, efficient alternative for the management of these infec-
tions and could lead to lower costs compared with hospital
admission.
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Figure 3 Hospital stay and total cost associated with episodes of SSSIs due to
Gram-positive bacteria according to main diagnosis

SSSIs, skin and skin structure infections; IR, interquartile range; Cl, confidence interval.
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ABSTRACT

Objectives. To determine susceptibility to the novel
B-lactam/B-lactamase inhibitor combination imipenem/rele-
bactam in clinical isolates recovered from intra-abdominal (IAl),
urinary (UTI), respiratory (RTI) and bloodstream (BSI) infections
in the SMART (Study for Monitoring Antimicrobial Resistance
Trends) study in SPAIN during 2016 - 2020.

Methods. Broth microdilution MICs for imipenem/rele-
bactam and comparators were determined by a central labo-
ratory against isolates of Enterobacterales and Pseudomonas
aeruginosa. MICs were interpreted using EUCAST-2021 break-
points.

Results. In total, 5210 Enterobacterales and 1,418 P.
aeruginosa clinical isolates were analyzed. Imipenem/rele-
bactam inhibited 98.8% of Enterobacterales. Distinguishing
by source of infection susceptibility was 99.1% in BSI, 99.2%
in 1Al, 97.9% in RTI, and 99.2% in UTI. Of intensive care unit
isolates (ICU) 97.4% were susceptible and of non-ICU isolates
99.2% were susceptible. In Enterobacterales, activity against
Class A, Class B and Class D carbapenemases was 96.2%, 15.4%
and 73.2%, respectively. In P. aeruginosa, imipenem/relebac-
tam was active in 92.2% of isolates. By source of infection it
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was 94.8% in BSI, 92.9% in IAl, 91.7% in RTI, and 93.1% in
UTI. An 88.7% of ICU isolates and 93.6% of non-ICU isolates
were susceptible to imipenem/relebactam. Imipenem/relebac-
tam remained active against P. aeruginosa ceftazidime-resist-
ant (76.3%), cefepime-resistant (73.6%), imipenem-resistant
(71.5%) and piperacillin-resistant (78.7%) isolates. Of all mul-
tidrug-resistant or difficult-to-treat resistance P. aeruginosa
isolates, 75.1% and 46.2%, respectively, were susceptible to
imipenem/relebactam.

Conclusions. Imipenem/relebactam showed high rates
of susceptibility in Enterobacterales and P. aeruginosa isolates
from different sources of infection as well as depending on pa-
tients' location (ICU or non-ICU scenarios).

Keywords: Imipenem/relebactam, Spain, Multidrug-resistant, Intensive Ca-
re Unit, B-lactam/B-lactamase inhibitor combination

Actividad de imipenem/relebactam frente a
Enterobacterales y Pseudomonas aeruginosa en
Espania. SMART 2016-2020

Objetivos. Determinar la sensibilidad a la nueva combi-
nacion de B-lactdmico e inhibidor de B-lactamasas imipenem/
relebactam en aislados clinicos procedentes de infecciones in-
traabdominales (I1A), urinarias (ITU), respiratorias (ITR) y bacte-
riemias del estudio SMART (Study for Monitoring Antimicrobial
Resistance Trends) en ESPANA durante 2016 - 2020.

Métodos. Se determind la CMI mediante microdilucion
en caldo de imipenem/relebactam y antibioticos comparadores
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frente a aislados de Enterobacterales y Pseudomonas aerug-
inosa. Las CMI se analizaron empleando los puntos de corte
EUCAST-2021.

Resultados. En total, se incluyeron 5.210 aislados de En-
terobacterales y 1.418 aislados de P. aeruginosa. Imipenem/
relebactam fue activo frente al 98,8% de los Enterobacterales.
Distinguiendo por foco de infeccion, la sensibilidad fue del
99,1% en bacteriemia, del 99,2% en lIA, del 97,9% en ITR vy del
99,2% en ITU. EI 97,4% de los aislados procedentes de unidades
de cuidados intensivos (UCI) fueron sensibles, y el 99,2% de los
aislados no procedentes de UCI. En Enterobacterales, la sensib-
ilidad frente a carbapenemasas de clase A, clase B y clase D fue
del 96,2%, 15,4% y 73,2%, respectivamente. En P. aeruginosa,
imipenem/relebactam fue activo en el 92,2% de los aislados.
Distinguiendo por foco de infeccion, la sensibilidad frente a P.
aeruginosa fue del 94,8% en bacteriemia, 92,9% en IIA, 91,7%
en ITR y 93,1% en ITU. El 88,7% de los aislados de la UCl vy el
93,6% de los aislados no procedentes de UCI fueron sensibles a
imipenem/relebactam. Imipenem/relebactam fue activo frente
a aislados de P. aeruginosa resistentes a ceftazidima (76,3%),
cefepima (73,6%), imipenem (71,5%) y piperacilina/tazobac-
tam (78,7%). Frente a los aislados de P. aeruginosa clasificados
como MDR o DTR, el 75,1% y el 46,2%, respectivamente, fueron
sensibles a imipenem/relebactam.

Conclusiones. Imipenem/relebactam mostro elevada sen-
sibilidad frente a los aislados de Enterobacterales y P. aerugi-
nosa procedentes de diferentes focos de infeccion, asi como en
funcion de la localizacion de los pacientes (UCI o no UCI).

Palabras clave: Imipenem/relebactam, Espaia, multirresistencia, Unidad de
Cuidados Intensivos, combinacion de B-lactamico/inhibidor de B-lactamasa

INTRODUCTION

The growing global rising trend of antimicrobial resist-
ance (AMR) represents a major healthcare problem, increasing
mortality and healthcare costs [1]. A report from the Global
Burden of Disease Study in 2019 estimates 4.95 and 1.27 mil-
lion deaths associated and attributable to AMR, respectively [2].
These numbers will continue to increase, reaching 10 million
attributable deaths by 2050 according to estimates from the
UK government [3]. Extended-Spectrum B-lactamase (ESBL)
and carbapenemase producing Enterobacterales (CPE) or car-
bapenem resistant Pseudomonas aeruginosa (CPPA), and mul-
tidrug-resistant (MDR) or difficult-to-treat resistance (DTR)
are some of the resistance phenotypes with worrying public
health implications, which severely limit treatment options [4-
6). In the past years, very few novel antimicrobials with novel
mechanisms of action have been developed [7]. Consequently,
combinations of already known antibiotics with specific en-
zyme-inhibitors are very valuable options. Imipenem/relebac-
tam is a new B-lactam/B-lactamase inhibitor combination with
broad spectrum activity against Ambler class A B-lactamases
(including ESBL and KPC) and class C B-lactamases (AmpC) [8].

Susceptibility rates of imipenem/relebactam and compar-
ators agents, including other B-lactam/B-lactamase inhibitor

combinations, such as ceftazidime/avibactam and ceftolozane/
tazobactam, were analysed against a collection of Enterobac-
terales and P. aeruginosa isolates recovered from intra-abdom-
inal (IAl), urinary (UTI), respiratory (RTI) and bloodstream (BSI)
infections in the SMART (Study for Monitoring Antimicrobial
Resistance Trends) study in SPAIN during 2016 - 2020.

METHODS

Bacterial isolates. From 2016 to 2020, 11 Spanish hos-
pitals collected up to 250 consecutive, clinically significant
Gram-negative isolates per year. Sources of infection were
blood, intra-abdominal, lower respiratory tract, and urinary
tract. Only one isolate per Gram-negative species per patient
per year was accepted. All isolates were shipped to a central
laboratory (IHMA, Schaumburg, IL, USA) where identification of
bacterial species was confirmed by MALDI-TOF (matrix-assisted
laser desorption ionization-time of flight) before antimicrobial
susceptibility testing was performed.

Antimicrobial susceptibility testing. Antimicrobial sus-
ceptibility was evaluated by broth microdilution at the central
laboratory following the standard ISO recommendations. The
antimicrobials tested were: amikacin, aztreonam, cefepime,
ceftazidime, ceftazidime/avibactam, ceftolozane/tazobactam,
ciprofloxacin, colistin, ertapenem, imipenem, imipenem/rele-
bactam, levofloxacin, meropenem, and piperacillin/tazobactam.
Antimicrobial susceptibility results were interpreted using EU-
CAST MIC breakpoints (version 11.0, 2021) [9]. When isolates
were categorized as “I" (formerly "intermediate” and now indi-
cating "susceptible, increased exposure”), the percentage of “I"
isolates were collated with "S" isolates ("susceptible, standard
dose") and presented as susceptible. Multidrug-resistant (MDR)
P. aeruginosa and Enterobacterales were defined phenotypi-
cally as those isolates resistant to any three or more of the
following eight sentinel antimicrobial agents: amikacin, aztre-
onam, cefepime, ceftazidime, ciprofloxacin, colistin, imipenem
and piperacillin/tazobactam. DTR was defined as Enterobacte-
rales or P. aeruginosa isolates resistant to all of the following
antimicrobials: piperacillin/tazobactam, ceftazidime, cefepime,
aztreonam, meropenem, imipenem, ciprofloxacin and levoflox-
acin.

Molecular characterization. Molecular testing criteria
included all Enterobacterales isolates, excluding Serratia spp.,
with an imipenem or imipenem/relebactam MIC =2 mg/mL or a
ceftolozane/tazobactam MIC =4 mg/mL. In P. aeruginosa, iso-
lates with an imipenem or imipenem/relebactam MIC =4 mg/
mL or a ceftolozane/tazobactam MIC =8 mg/mL. Molecular
testing consisted on screening for B-lactamase genes encoding
the metallo-B-lactamases (IMP, VIM, NDM, GIM, and SPM), ser-
ine carbapenemases [KPC, GES, and OXA-48-like (Enterobacte-
rales) or OXA-24-like (P. aeruginosa)], ESBLs (SHV, TEM, CTX-M,
VEB, PER, and GES), acquired AmpC B-lactamases (ACC, ACT,
CMY, DHA, FOX, MIR, MOX), and the AmpC sequence variations
[Pseudomonas-derived cephalosporinase (PDC) variants] using
published multiplex PCR assays, followed by full-gene DNA se-
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quencing [10]. For Serratia spp., only isolates with imipenem
MIC >4 mg/mL (resistant) or imipenem/relebactam MIC >2 mg/
mL were screened for 3-lactamase genes.

RESULTS

In total, 5,210 Enterobacterales and 1,418 P. aeruginosa
clinical isolates were included. Distribution of species included
by source of infection is detailed in Figure 1a. Globally, 37.8%
of isolates were from RTI, 27.7% from IAl, 23.2% from UTI and
11.2% from BSI. MDR isolates in Enterobacterales ranged from
3.4% in Serratia marcescens to 28.9% in Klebsiella aerogenes.
In P. aeruginosa, MDR accounted for 29.2%. Frequency of DTR
isolates in Enterobacterales was low (<1.0%) in every species,
whereas 2.8% of P. aeruginosa isolates were DTR (Figure 1b).
Differentiating the isolates from patients admitted in the In-
tensive Care Units (ICU), with respect to those who were not
(non-ICU), MDR and DTR frequencies were higher in ICU for
both Enterobacterales and P. aeruginosa (Figure 1c). Frequen-
cy of carbapenemase-production was as follows: E. cloacae
(7.2%), E. coli (0.4%), K. aerogenes (1.0%), K. pneumoniae
(12.1%), S. marcescens (1.7%) and P. aeruginosa (2.8%).

Imipenem/relebactam overall activity against Enterobac-
terales was 98.8%, and, distinguishing by source of infection it
was 99.1% in BSI, 99.2% in IAl, 97.9% in RTIl, and 99.2% in UTI.
Ceftazidime/avibactam and meropenem displayed the highest
susceptibility rates (=99.0%). Table 1 shows the antimicrobial
susceptibility data by species. Imipenem/relebactam was active
in more than 96.4% in every single Enterobacterales species.
Against CPE, imipenem/relebactam was active against 96.2%
of Class A, 15.4% of Class B and 73.2% of Class D carbapene-
mases. With regard to the activity of other B-lactam/B-lacta-
mase inhibitor combinations against CPE, in this study, cef-
tazidime/avibactam showed 100% susceptibility against Class
A and Class D. Table 2 shows the susceptibility to imipenem/
relebactam in ICU and non-ICU isolates as well as against MDR
and DTR phenotypes. Among Enterobacterales, 97.4% of ICU
isolates and 99.2% of non-ICU isolates were susceptible to im-
ipenem/relebactam. In CPE, imipenem/relebactam was active
in 59.7% and 73.2% of ICU or non-ICU isolates, respectively.
However, considering only Class A CPE isolates, activity was
100% and 95.2% in ICU and non-ICU respectively. Against MDR
Enterobacterales, imipenem/relebactam was active in 85.7% of
ICU and 94.3% of non-ICU isolates. Activity of at least 88.9%
was retained in MDR isolates resistant to 3 to 5 (out of 8) sen-
tinel antimicrobial agents in both ICU and non-ICU scenarios.
Against DTR Enterobacterales, imipenem/relebactam was only
susceptible in 16.7% of non-ICU isolates.

Regarding P. aeruginosa the most potent agents tested
were colistin (99.4%) and amikacin (94.5%). The activity of
imipenem/relebactam was 92.2%, similar to ceftolozane/tazo-
bactam (92.8%) and ceftazidime/avibactam (92.3%). Activity of
imipenem/relebactam by source of infection was 94.8% in bac-
teraemia, 92.99% in IAl, 91.7% in RTI, and 93.1% in UTI. Imipe-
nem/relebactam remained active against P. aeruginosa isolates
resistant to different B-lactams, such as ceftazidime-resist-

ant (76.3%), cefepime-resistant (73.6%), imipenem-resistant
(71.5%) and piperacillin-resistant (78.7%). Of all MDR isolates,
75.1% were susceptible to imipenem/relebactam, similar to
ceftolozane/tazobactam (76.3%), and higher than ceftazidime/
avibactam (73.6%). Against DTR isolates, imipenem/relebactam
showed 46.2% susceptibility, which was better than all other
B-lactam/B-lactamase inhibitor combinations. Imipenem/rele-
bactam was not active against carbapenemase-producers (Ta-
ble 1). Among P. aeruginosa, 88.7% of ICU isolates and 93.6%
of non-ICU isolates were susceptible to imipenem/relebactam.
With respect to MDR P. aeruginosa, imipenem/relebactam was
active in 70.6% of ICU and 77.8% of non-ICU isolates. Activity
of at least 81.4% was retained in MDR isolates resistant to 3
to 4 (out of 8) sentinel antimicrobial agents in both ICU and
non-ICU scenarios. Against DTR P. aeruginosa, imipenem/rele-
bactam was susceptible in 38.5% and 50.0% of ICU or non-ICU
isolates, respectively (Table 2).

Overall, 173 (2.6%) [62 (1.29%) Enterobacterales and 111
(7.8%) P. aeruginosa)] isolates were resistant to imipenem/rele-
bactam. Resistant isolates were as follows: E. coli (n=1; VIM-1),
K. pneumoniae [n=43, 0XA-48 (32), VIM-1 (6), NDM-1 (4), KPC-
3 (1), E cloacae [n=11, VIM-1 (8), OXA-48 (3)], K. aerogenes
(n=2, NDM-1, one isolate not characterized), S. marcescens
[n=5, OXA-48 (2), VIM-1 (2), one isolate not characterized] and
P. aeruginosa [n=111, VIM-1 (11), VIM-2 (10), VIM-20 (7), GES-
5(7), IMP-13 (2), IMP-like (2), PER-1 (1), Pseudomonas-derived
cephalosporinases only, PDCs (62), nine isolates not character-
ized]. Details of molecular characterization of resistant isolates
are shown in Supplementary table 1.

DISCUSSION

Global burden of AMR is increasing worldwide causing
1.27 million attributable deaths in 2019 [2]. In addition, an-
tibiotic consumption is continuously growing, as shown by a
recent report illustrating an increase of 46% between 2000 and
2018 [11]. Nevertheless, the development of new antibiotics is
not enough to mitigate the situation. Efforts should focus on
innovating and developing new antimicrobials or alternative
therapies, along with surveillance studies to monitor the AMR
trends.

Here we present the results of the SMART surveillance
study in Spain, focused on the activity of imipenem/relebactam.
In this report, we have considered only the resistant isolates for
MDR and DTR classifications, using the new EUCAST definitions
in which susceptible isolates combine "S" category with "I" (sus-
ceptible, increased exposure) category. In other publications,
the non-susceptible isolates (intermediate + resistant) are in-
cluded together [12,13]. Such a difference causes variations in
the total number of isolates belonging to MDR/DTR categories
and in the rates of susceptibility. As an example, in this dataset,
DTR isolates only represent 0.3% in Enterobacterales and 2.8%
in P. aeruginosa. If we had considered non-susceptible isolates
together (intermediate + resistant), DTR would represent 1.3%
in Enterobacterales and 26.3% in P. aeruginosa.
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Figure 1 Distribution of species and MDR/DTR frequencies included in the study: a)
Distribution of species included by source of infection. b) Frequencies of
MDR and DTR isolates by species. ¢) Frequencies of MDR and DTR in ICU or
non-ICU scenarios.

MDR, multidrug-resistant; DR, difficult-to-treat resistance; ICU, intensive care unit

In this study, imipenem/relebactam showed high activity results are in agreement with previous SMART reports in Europe,
against Enterobacterales, with susceptibility rates of 97.49% in that showed 98.4% and 98.5% activity in isolates from IAl and
ICU and 99.2% in non-ICU scenarios. Furthermore, it inhibited UTI [14]. Imipenem/relebactam also retains activity against Class
=97.9% of Enterobacterales regardless of infection type. These A (96.29%) carbapenemases, which is slightly lower than a pre-
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Table 1

Antimicrobial susceptibility of imipenem/relebactam and comparator agents against

Enterobacterales and P. aeruginosa collected in Spain from 2016 - 2020.

Microorganism (n) TZP CAZ FEP ATM Vi) CZA [PM IPR MEM ETP cip LVX AMK CST
Enterobacterales (5,210) 827 847 881 843 939 995 987 981 992 95 705 730 981 926
E coli(3,159) 892 906 921 893 990 100 100 999 999 993 677 687 984 995
K. pneumoniae (1,207) 682 720 730 726 854 994 964 964 973 85 650 714 971 950
E cloacae (347) 738 738 893 761 807 961 968 968 977 847 863 862 991 905
K. aerogenes (204) 652 681 980 711 819 100 976 990 990 941 913 951 985 990

S. marcescens (293) 942 976 983 983 973 100 973 983 993 983 918 945 976 -
CPE (190)? 16 147 14.2 184 12,1 827 695 684 784 42 10.2 147 863 78.4
Class A (26) 77 39 77 00 39 100 192 962 57.7 77 0.0 0.0 73.1 84.6
Class B (26) 00 00 00 43 0.0 125 308 154 500 15 6.7 23.1 654 808
Class D (138) 0.7 19.6 18.1 174 159 100 862 732 877 22 114 159 928 768
P. aeruginosa (1,418) 689 726 743 802 928 923 736 922 878 - 636 574 945 994
CAZ-resistant (388) 9.3 0.0 799 454 750 723 369 763 65.7 - 372 271 858 990
FEP-resistant (364) 99 1438 00 409 731 686 363 736 615 - 316 220 85 989
IMP-resistant (375) 283 347 381 555 781 79.2 00 75 565 - 247 17.1 859 989
PTZ-resistant (441) 00 202 256 431 79.1 767 390 787 70.0 - 368 245 880 991
MDR (414) 6.5 155 172 382 763 736 307 751 61.6 - 292 19.1 850 990
DTR (39) 00 00 00 0.0 410 375 0.0 462 00 - 00 00 82.1 100
CPPA (39)° 103 00 51 744 26 350 00 00 26 - 20 0.0 410 100

TZP, piperacillin-tazobactam; CAZ, ceftazidime; FEP, cefepime; ATM, aztreonam; C/T, ceftolozane/tazobactam; CZA, ceftazidime-avibactam; IPM, imipenem; IPR, imipenem/
relebactam; MEM, meropenem; ETP, ertapenem; CIP, ciprofloxacine; LVX, levofloxacine; AMK, amikacine; CST, colistine; CPE, Carbapenemase-producing Enterobacterales;
MDR, multidrug-resistant; DR, difficult-to-treat resistance; CPPA, Carbapenemase-producing P. aeruginosa.

2Carbapenemase-producing Enterobacterales (CPE) included the following species and types: E. coli n=12 [0XA-48 (8); KPC-3 (2); KPC-type, (1); VIM-1, (1)];

K. pneumoniae n=146 [0XA-48 (111); 0XA-244 (1); KPC-3 (21); KPC-2 (1); NDM-1 (5); VIM-1, (7)]; E. cloacae n=25 [0XA-48 (15); GES-6 (1); VIM-1 (9)];

K. aerogenes n=2 [NDM-1 (1); OXA-48 (1)]; S. marcescens n=5 [0XA-48 (2); VIM-1 (3)]

o Class A: KPC-3 (23), KPC-2 (1), KPC-type (1), GES-6 (1)
o Class B: VIM-1 (20), NDM-5 (6)
o Class D: OXA-48 (137), 0XA-244 (1)

®Carbapenemase-producing P. aeruginosa (CPPA) included the following types: VIM-1 (11), VIM-2 (10), VIM-20 (7), IMP-13 (2), IMP-like (2), GES-5 (7)

vious Spanish surveillance report, where 100% activity was ob-
served [15]. Regarding MDR phenotypes, imipenem/relebactam
inhibited 85.7% and 94.3% of Enterobacterales of ICU and non-
ICU, respectively, similar to previous reports where MDR Entero-
bacterales showed an activity between 93.9% - 98.1% [14,16].

Against P. aeruginosa, imipenem/relebactam inhibited
92.2% of isolates, a slightly lower rate than a previous Spanish
multicentre study in 2017, in which 97.3% of clinical isolates
where susceptible [17]. Analysing by infection type, imipenem/
relebactam showed that =91.7% of P. aeruginosa isolates were
susceptible. Similar results were reported in isolates from IAl
(94.4%) or UTI (93.0%) in Europe [14]. Relebactam restored
imipenem susceptibility in 71.5% and 75.1% of P. aeruginosa
imipenem-resistant and MDR isolates, respectively; similar to
a previous SMART study in the United States [16]. Regarding
activity in ICU, imipenem/relebactam inhibited 88.7% of P.
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aeruginosa, less than non-ICU isolates (93.6%), which is partly
justified by a higher rate of MDR in the ICU scenario. Imipen-
em/relebactam did not show activity against CPPA. Those iso-
lates carried GES-5 or different metallo-f-lactamases, against
which it does not exhibit activity [14].

While in imipenem/relebactam-resistant Enterobacterales
isolates, all were CPE, in P. aeruginosa; only 35.1% of imipe-
nem/relebactam-resistant isolates were CPPA. Nevertheless,
without using a whole genome sequencing analysis, it is not
possible to correctly characterize other implicated resistance
mechanisms, especially in P. aeruginosa, such as mutations in
the porin OprD [18,19].

Among limitations of this study included that carbapene-
mase production was only evaluated among isolates non-sus-
ceptible to imipenem or imipenem/relebactam or ceftolozane/
tazobactam.
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ICU non-ICU
Microorganism (n, ICU/n non-ICU) IPM IPR IPM IPR

P. aeruginosa (415/1,003) 63.1 88.7 779 93.6
CAZ-resistant (139/249) 295 719 410 787
FEP-resistant (133/231) 31.6 69.9 39.0 75.8
IMP-resistant (153/222) - 71.2 - 716
PTZ-resistant (163/278) 337 724 421 824
MDR total (153/261)? 26.1 70.6 333 718

MDR 3 (23/55) 435 82.6 49.1 94.5
MDR 4 (46/70) 50.0 89.1 57.1 81.4
MDR 5 (59/80) 1.9 64.4 213 75.0
MDR 6 (23/47) 0.0 39.1 43 63.8
MDR 7 (2/7) 0.0 50.0 143 28.6
MDR 8 (0/2) 0.0 - 0.0 -
DTR (13/26) 0.0 385 0.0 50.0
CPPA (15/24) 0.0 0.0 0.0 00

ICU, intensive care unit; IPM, imipenem; IPR, imipenem/relebactam; CPE, Carbapenemase-producing
Enterobacterales; MDR, multidrug-resistant; DTR, difficult-to-treat resistance; CPPA,
Carbapenemase-producing P. aeruginosa.

2MDR ne, resistant to 3/4/5/6/7 or 8 of the eight sentinel antimicrobial agents

In conclusion, imipenem/relebactam showed high rates  imipenem/relebactam as an attractive therapeutic option to
of susceptibility in Enterobacterales and P. aeruginosa isolates  alternate with already marketed B-lactam/B-lactamase inhibi-
from different sources of infection as well as depending on pa-  tor combinations and ensure that antimicrobial stewardship is
tients' location (ICU or non-ICU scenarios). These results place preserved.
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ABSTRACT

Objectives. Mycoplasma genitalium causes persistent
sexually transmitted infections. The aims of this study were to
estimate the prevalence of resistances to macrolides and fluo-
roquinolones in M. genitalium and the sexually transmitted
coinfections in patients at Hospital Universitario La Paz (Ma-
drid, Spain).

Material and methods. Patients attended between Jan-
uary and October 2021 were studied. Screening for sexually
transmitted pathogens and detection of 23S rRNA and parC
genes mutations were performed by real-time PCR (Allplex,
Seegene™).

Results. A total of 1,518 females and 1,136 males were
studied. The prevalence of M. genitalium was 2.1%. The mac-
rolides resistance rate was 51.8%. The mutations found were
A2059G, A2058T and A2058G. The rate of resistance to fluo-
roquinolones was 17.8% being the G248T mutation (S83l) the
most frequent. Seven males had some sexual transmitted coin-
fection.

Conclusions. Although the percentage of M. genitalium
infections is low, the high rate of resistance to macrolides
makes it necessary to revise the protocols for diagnosis and
empirical treatment of sexually transmitted infections. The use
of fluoroquinolones is appropriate after screening of macrolide
resistance profile.

Keywords: Mycoplasma genitalium, macrolides, coinfection, azithromycin,
fluoroquinolones, moxifloxacin, resistance, mutation, STI
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Epidemiologia y prevalencia de mutaciones
asociadas a la resistencia a macrolidos y
fluoroquinolonas en Mycoplasma genitalium
en un hospital terciario de Madrid, Espana

RESUMEN

Objetivos. Mycoplasma genitalium causa infecciones de
transmision sexual persistentes. Los objetivos de este trabajo
fueron estimar la prevalencia de resistencias a macrolidos v
fluoroquinolonas en M. genitalium asi como las coinfecciones
de transmision sexual en pacientes del Hospital Universitario
La Paz (Madrid, Espana).

Material y métodos. Se estudiaron pacientes atendidos
entre enero y octubre de 2021. El cribado de patdgenos de
transmision sexual y la deteccion de mutaciones de los genes
ARNr 23Sy parC se realizaron por PCR en tiempo real (Allplex,
Seegene™),

Resultados. Se estudiaron 1.518 mujeres y 1.136 hom-
bres. La prevalencia de M. genitalium fue del 2,1%. La tasa de
resistencia a macrolidos fue del 51.8%. Las mutaciones en-
contradas fueron A2059G, A2058T y A2058G. La tasa de resis-
tencias a fluoroquinolonas fue del 17.8% siendo la mutacion
(248T (S83l) la mas frecuente. Siete hombres presentaron al-
guna coinfeccion de transmision sexual.

Conclusiones. Aunque el porcentaje de infecciones por
M. genitalium es bajo, la elevada tasa de resistencias frente a
macrolidos hace necesario modificar los protocolos de diag-
nostico y tratamiento empirico de las infecciones de transmi-
sion sexual. El uso de fluoroquinolonas es adecuado tras testar
previamente el perfil de resistencia a macrolidos.

Palabras clave: Mycoplasma genitalium, macrélidos, coinfeccion, azitro-
micina, fluoroquinolonas, moxifloxacino, resistencia, mutacion, ITS
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INTRODUCTION

Mycoplasma genitalium (MG) is a sexually transmit-
ted pathogen that mainly affects males causing persistent
non-gonococcal urethritis [1]. Some studies have reported cas-
es of proctitis or epididymitis in males with a high bacterial
load [2]. The prevalence of MG infections in females is low-
er than males. Several reports have associated the detection
of MG with pelvic inflammatory disease, cervicitis, premature
rupture of membranes or miscarriage but there is no conclu-
sive data [3]. M. genitalium has been detected in a high per-
centage of asymptomatic patients. However, according to the
therapeutic guidelines for the management of sexually trans-
mitted diseases, these patients should not be screened for MG
detection [4].

In recent years, there has been an increase in MG resist-
ances reported in different countries worldwide [5]. The prev-
alence of mutations associated with resistance to macrolides
(MARM) or fluoroquinolones (MARF) contrasts between series
depending of the local epidemiology [6-9]. A meta-analysis es-
timated the overall prevalence of MARM and MARF at 19%
and 3.5% respectively, and dual resistance at 2% in Spain [5].
Resistance data in MG have been reported in different com-
munities of Spain but there are no data from the Community
of Madrid since 2015 [10].

The resistance of MG is due to mutations in the region V
of the 23S rRNA gen level conferring resistance to macrolides
or some mutations of the topoisomerase IV parC/gyrA genes
level producing resistance to fluoroquinolones. Although the
detection of MARM implies resistance to treatment, the de-
tection of MARF does not always imply a therapeutic failure
[6]. The treatment of choice for MG infections is azithromycin
as first line followed by moxifloxacin as second line of treat-
ment. However, different MG guidelines show the need to de-
tect the presence of mutations to macrolides for anticipate the
treatment failure and clinical complications in symptomatic
patients [4].

The aim of the study was to estimate the prevalence of
MG in patients at Hospital Universitario La Paz (HULP) between
January and October 2021. For positive MG patients, the prev-
alence of MARM and MARF, percentage of previous treatment
with macrolides or fluoroquinolones and the prevalence of
sexually transmitted coinfections (STCs) were calculated.

MATERIAL AND METHODS

In a retrospective observational cohort study design, we
collected the demographic, analytical and previous treatments
data of patients with MG detection from the HULP database
and laboratory informatics systems.

The reference method for MG resistance detection has
been Sanger sequencing of genes. However, automated com-
mercial kits are now available and allow a rapid detection of
MG resistances by real time polymerase chain reaction (RT-
PCR).

Genitourinary samples (first-void urines, rectal or vaginal
swabs) were screened for sexual transmitted infections using
RT-PCR (Allplex™ 7 STI Essential Assay, Seegene®, Seoul, Re-
public of Korea) including Neisseria gonorrhoeae, Chlamydia
trachomatis, and Mycoplasma genitallium, among others. Pos-
itive samples for MG were screened for detection of MARM and
MAREF. The resistances to macrolides were detected with the
Allplex™ MG & AziR Assay including six mutations: A2058C,
A2058G, A2058T, A2059C, A2059G and A2059T. Mutations as-
sociated with fluoroquinolones resistances were detected with
Allplex™ MG & MoxiR Assay (Seegene®) including another six
mutations against parC gene: A247C (S83R), G248A (S83N),
(G248T (S831), G259A (D87N), G259C (D87H) and G259T (D87Y).
The RT-PCRs were performed in combination with automated
DNA extraction and PCR setup using a Microlab STARIet Liquid
Handling robot (Hamilton®), according to the manufacturers'
instructions and CFX96 Touch Real-Time PCR Detection Sys-
tem thermal cycler (BioRad® Hercules, California).

No ethical review or approval was required for the study
on human participants in accordance with institutional re-
quirements of the retrospective studies. The data collected
were obtained from clinical samples that were necessary for
the clinical diagnosis of the patients.

RESULTS

During the study period 2,654 patients were screened for
MG (1,518 were females and 1,136 were males) of which 56
patients (~2.19%) were positive, including 41 first-void urines
(73.2%), 14 rectal swabs (25%) and one vaginal swab (1.8%).

The mean age of our patients was 31 years IQR (25-34),
44/56 patients were males (78.6%) and 12/56 patients were
females (21.4%). Seven males (12.5%) of our study had some
STCs with N. gonorrhoeae (n=4/56) or C. trachomatis (n=3/56)
during the differential diagnosis.

The table 1 describes the mutations associated with resist-
ance to macrolides and fluoroquinolones detected in relation
with the samples analyzed, the previous treatment of patients
with azithromycin or moxifloxacin, and the STCs.

Out of 56 isolates analyzed, twenty-three strains (41.1%)
were classified as wild type strains. Twenty-nine strains out of
56 (51.8%) had mutations that conferring resistance to mac-
rolides. The most detected MARM was A2059G in 11 out of 29
strains (36.6%) following by A2958T mutation (n=10/29, 34.5%).
One out of 29 strains resistance to macrolides showed two mu-
tations in A2058G and A2059G. Seventeen (58.6%) out of the
29 patients with macrolides resistance had not been previously
treated with azithromycin, ten (34.5%) of the 29 patients had
received prior treatment and in two cases no record was found.

Ten out of 56 strains (17.8%) had some mutations that
conferring resistance to fluoroquinolones. The most detected
MARF was G248T (S83I) in 6 (60%) out of 10 strains. Five (50%)
out of the 10 patients with some fluoroquinolones resistance
had not been previously treated with moxifloxacin, four (40%)
had received prior treatment and in one case had no record.
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Table 1

Resistance to macrolides and fluoroquinolones in Mycoplasma genitalium (n=56)

PCR-resistance Previous treatment Patients (%) Samples positive (n) Patients with STCs (n)
Wild-type MG strains N/A 3 (19 l::i]"\j;g:];“ta" (1)NG, (2) CT
Macrolide resistance MG strains 10 29 29 N/A
A20596G 3 10 (34.5%) (6) Urine, (4) Rectal (1)NG
A2058T 4 10 (34.5%) (6) Urine, (4) Rectal (2)NG, (1) CT
A2058G 2 8 (27.6%) (7) Urine, (1) Rectal N/A
A2058G + A2059G 1 1(3.4%) (1) Urine NJA
Fluoroguinolones resistance MG strains® 4 10 10 N/A
(2597 (D87Y) 1 2 (20%) (2) Urine N/A
(248T (S831) 2 6 (60%) (4) Urine, (2) Rectal N/A
A247C (S83R) N/A 1(10%) (1) Rectal N/A
(G259A (D87N) 1 1(10%) (1) Urine N/A

STCs: sexual transmitted coinfections; NG: Neisseria gonorrhoeae; CT: Chlamydia trachomatis; NJA: not applied
*Amino acid position changes are reported according to the amino acid positions within the MG G37 genome

Dual mutations conferring resistance to macrolides and
fluoroquinolones were detected also in ten strains (17.8%):
three A2059G/G248T (30%), three A2058G/G259T (30%), two
A2058G/G259T (20%), one A2059G/A247C (10%) and one
A2058T/G259A (10%).

DISCUSSION

According to other studies, the highest prevalence of MG
in HULP was detected in males of sexually active age. In our
study, we found a higher prevalence of resistances to mac-
rolides and fluoroguinolones than in other areas of Spain [6-9].
However, we have not found any predominant resistance mu-
tations in patients with any STCs.

Studies reported in other areas of Spain showed a prev-
alence of macrolides resistance in MG of around 25-30% [6-
9]. These data may be biased between studies by the overall
number of patients screened for MG, the number of MG strains
tested, the clinical patient condition or the use of macrolides in
each health area. Our high MARM detected could be explained
by the use of empirical treatment with azithromycin (1g single
dose) in our area until 2022 for urethritis.

In our studio, a higher percentage of mutation A2058T
macrolide resistance-associated was detected than in other
series which the A2058G or A2059G mutations are the most
frequent detected [6-8]. A higher prevalence of the A2058T
mutation was also reported by Asenjo et al. in Spain or Braam
et al. in Netherlands [9,10]. In future studies, it would be nec-
essary to investigate the phylogenetic relationship between
A2058T isolates.

In relation to fluoroquinolones resistance, there are few

data available due to the short time of commercial kits have
been on the market. In some studies from Spain, the preva-
lence of MARF is reported around 10% [6,7,8]. Our data shows
a higher prevalence, however the number of strains tested
was low (n=10) to infer globally in our population. However,
mutations in the gyrA gene were not detected with this com-
mercial kit, so there may be underdiagnosis in the detection
of MARF. Furthermore, the detection of mutations relationship
with fluoroquinolones resistance is not always associated with
therapeutic failure [6].

Analysis of dual resistance to macrolides and fluoro-
quinolones did not give any group of mutations more prevalent
than the others as suggested by other studies [6].

Most of the patients in our study with any macrolides or
fluoroquinolones resistance had not received prior treatments.
However, it should be noted that non-electronic prescriptions,
treatments in clinics specialist in sexually transmitted diseas-
es or single-dose treatments with azithromycin in emergency
departments were not recorded in our informatic laboratory
system. Therefore, there is probably an underestimation of pa-
tients previously treated with macrolides or fluoroquinolones
in our area.

This study has some limitations, such as the lack of clin-
ical data or information on patients' sexual practices, and
analysis of post-treatment control. However, the reported
data support that empirical use of azithromycin is not ade-
quate for the treatment of MG infections in our population.
As determined by the STI guidelines, prior to the detection of
macrolides resistance, the empirical treatment should be with
doxycycline (100mg/12h) to reduce the MG load and then,
after the macrolide's resistance profile is known, switched the
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treatment to azithromycin or moxifloxacin [11].

Future studies are needed to evaluate the impact of these

measures in the prevalence of resistances to macrolides and
fluoroquinolones.
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Estimado Editor:

Varon de 56 afios homosexual (HSH) procedente de Espa-
fia que acude a urgencias por presencia de lesion cutdnea abs-
cesificada en el antebrazo izquierdo de dos dias de evolucion
dolorosa al tacto, eritematosa, caliente y con aumento progre-
sivo del volumen sin presencia de fiebre (36,2°C) ni signos sis-
témicos de infeccion. La lesion cutanea se produjo en el punto
de venopuncion de drogas inyectables dias anteriores.

Como antecedentes previos de interés cabe destacar que
se trataba de un paciente en riesgo de exclusion social y con-
ductas sexuales de riesgo con diagnostico previo de sifilis (RPR
negativo), hepatitis A (VHA) con resolucion espontanea, hepa-
titis B 'y C (VHB, VHC) resueltas con tratamiento farmacolo-
gico, citologia anal positiva para virus del papiloma humano
genotipos 35y 59, junto con uretritis y proctitis por Chlamydia
trachomatis en resolucion. Diagnosticado de VIH afos previos
con buen control (carga viral <20 copias/mL, CD4: 328/ul) en
tratamiento con Dovato (dolutegravir/lamivudina) 300/50mg.
Presentaba historia previa de seguimiento en Centro de Aten-
cion a las Adicciones (CAD).

Durante la entrevista en el servicio de urgencias el pacien-
te asegurd haber practicado dias antes sesion de “chemsex”[1]
donde consumio éxtasis liquido (GHB) y mefedrona ademas de
realizar “slam” [2] consumiendo ketamina por via intravenosa
(UDVP) sin utilizacion de métodos de barrera. En los ultimos
afios se ha producido un incremento entre la poblacion HSH de
las reuniones grupales sexuales ("chills") [1-3] para mantener
relaciones sexuales bajo los efectos de drogas por via oral, in-
halada o esnifada (chemsex) o por via parenteral (slam) [2]. El
consumo de drogas en poblacion HSH para mantener relacio-
nes sexuales esta directamente relacionado con la disminucion
del uso del preservativo y con el incremento de enfermedades
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de transmision sexual destacando la primoinfeccion por VIH
(3].

En urgencias se llevo a cabo el drenaje, bajo anestesia lo-
cal, del absceso tras incision con salida de material purulento,
asi como una serologia de control frente VHC, VHB, VIH, y sifi-
lis. El paciente fue dado de alta con tratamiento empirico con
clindamicina oral 300mg cada 6 horas durante 10 dias ademads

Figura 1A

Agar sangre-alcohol feniletilico con
cultivo puro de Clostridium perfringens.
Se observa la doble hemolisis: las
flechas amarrillas indican la hemdlisis
completa interna (B) y la hemalisis
externa incompleta (o) alrededor de las
colonias caracteristicas de esta especie.
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Figura 1C | E-test a clindamicina de C. perfringens
en agar Brucella con CMI 2 mg/L (flecha
amarilla) (punto de corte CMI 0,25

mg/L) que muestra la cepa resistente.

de curas locales y tratamiento analgésico a demanda. La pauta
de clindamicina oral se debio a la frecuente infeccion de piel y
partes blandas por Staphylococcus aureus y la cobertura por
una posible cepa de S. aureus resistente a meticilina (SARM).

Tincion de gram directa de la muestra donde se observa la presencia de
bacilos gram positivos en forma de “ladrillo” o “furgon” sugestivos de
Clostridium spp.

El absceso se sembro en medios generales aerobios agar
sangre y agar chocolate, asi como en medio selectivo agar
MacConkey (Becton Dickinson®, BD) y medio de enriqueci-
miento tioglicolato. Ademads, se sembrd en medios anaerobios
como agar Brucella, agar KV (kanamicina-vancomicina agar
sangre) y agar PEA (alcohol feniletilico agar sangre) (BD).

Se llevo a cabo tincion de gram directa de la muestra ob-
servandose bacilos gram positivos grandes (~4 um) con forma
de "ladrillo” (Figura 1A). Tras 72h de incubacion en estufa a
37°C con 5% de CO, en el caso de los medios aerobios, to-
das las placas fueron estériles. Sin embargo, en el caso de los
medios anaerobios tras incubacion a 37°C con atmdsfera en
ausencia de oxigeno con recipientes GasPak EZ (BD) durante
48h se dio lugar a la presencia en agar PEA de un cultivo puro
colonias grandes, opacas, sin velo y con doble hemdlisis: he-
molisis interna completa (B) y hemolisis externa no completa
(o) (Figura 1B). La identificacion con el sistema Matrix Assisted
Laser Desorption/lonization-Mass Spectrometry (MALDI-TOF
MS, Brukerr®) dio lugar a la identificacion de Clostridium per-
fringens con un score de 2,15.

Se llevd a cabo el estudio de sensibilidad antibidtica de la
cepa mediante técnica épsilon test (E-test) en agar Brucella con
sensibilidad a penicilina (0,06 mg/L), amoxicilina (0,012 mg/L),
amoxicilina/clavulanico (0,012 mg/L), piperacilina/tazobactam
(0,06 mg/L), imipenem (0,12 mg/L), vancomicina (0,5 mg/L) y
metronidazol (1 mg/L). El aislado fue resistente a clindamicina
con una CMI de 2 mg/L (punto de corte en 0,25 mg/L siguien-
do los puntos de corte EUCAST 2022 version 12.0) (Figura 1C).
Aunque varia entre estudios reportados, Unicamente entre un
2-10% de las cepas de C. perfringes muestran resistencia in
vitro a clindamicina [4,5]. El resultado de las serologias realiza-
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das en urgencias fueron negativas excepto para VHC que fue
positiva (genotipo 1a) con carga viral de 72.400 Ul/mL

El aislamiento de algunas especies de Clostridium spp.
puede representar contaminacion de heridas [6]. Sin embargo,
la infeccion por C. perfringes se produce como consecuencia
de la inoculacion directa de los microorganismos ambien-
tales por técnicas no asépticas entre UDVP, situacion que se
ve favorecida durante las reuniones de slam junto con otras
infecciones de transmision sanguinea como la hepatitis C [7].
El paciente fue tratado con Maviret (glecaprevir/pibrentasvir)
100/40 mg durante 8 semanas.

La infeccion por C. perfringes puede complicarse en algu-
nas ocasiones produciendo celulitis crepitante, gangrena ga-
seosa e incluso mionecrosis [8].

Tras 21 dias el paciente acudid de nuevo a urgencias por
complicacion de la lesion inicial en la zona de venopuncién. El
paciente presentaba dolor a la palpacion en el miembro su-
perior izquierdo, signos flogoticos, nddulo indurado-gomoso
menor de 2 cm eritematoso, asi como supuracion espontanea
de la lesion sin presentar sintomas sistémicos. Tras ecografia
cutanea se determino una lesion compatible con trombofle-
bitis superficial sobreinfectada que afectaba a la dermis con
trayectos fistulosos. Se envid nueva muestra para microbio-
logia que resulto estéril y se pautd amoxicilina/clavulanico
875mg/125mg durante 10 dias junto con utilizacion de hepa-
rina de bajo peso molecular 10.000 Ul/24h con resolucion del
cuadro clinico y seguimiento por hepatitis C en tratamiento
hasta negativizacion de la carga viral.

En resumen, el paciente presentd una tromboflebitis abs-
cesificada en el brazo izquierdo por utilizacion de drogas por
via parenteral (slamming) con complicacion local por una cepa
de C. perfringes resistente a clindamicina junto con una rein-
feccion por VHC genotipo 1a durante la relacion de riesgo.
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Estimado Editor:

La infeccion por Clostridioides difficile es la principal causa
de diarrea infecciosa hospitalaria y esta asociada con una ele-
vada tasa de morbilidad y mortalidad [1]. La produccion de es-
poras altamente resistentes es la principal via de transmision de
este patdgeno en el entorno hospitalario, ya que se encuentran
tanto en superficies, como en las manos del personal sanitario
que no se las lava adecuadamente [1,2].

En un estudio realizado en 2012-2013, la cepa hiperviru-
lenta de C. difficile toxigénico ribotipo 027 (CDTR027) fue la
mas prevalente en Europa (19%). Sin embargo en el caso de
Espafa, dicha cepa fue poco frecuente [3].

El Hospital Universitario Insular de Gran Canaria es un
hospital de tercer nivel que comprende 538 camas y atiende a
la poblacion surfeste de la isla de Gran Canaria. En el verano de
2018 se detecto el primer brote de CDTR027 que afecto a un
total de 6 pacientes. Dichos pacientes coincidieron en la planta
del Servicio de Digestivo entre el 31 de julio y 7 de agosto.

El primer caso fue una mujer de 65 afios natural de Alema-
nia, que ingreso en nuestro hospital por un cuadro de cirrosis
hepatica descompensada. La paciente habia estado ingresada
cuatro meses antes en un hospital aleman, debido a una hemo-
rragia digestiva aguda. Ante una sospecha de infeccion urina-
ria, se trato con ceftriaxona y desarrollo diarreas.

El segundo episodio fue una mujer de 66 afos, trasplanta-
da renal, ingresada por pancreatitis aguda grave. Esta compar-
tia habitacion con el primer caso y desarrolld diarreas dos dias
después de este, tras ser tratada con piperacilina-tazobactam.

El tercer paciente fue un varon de 77 afios que estaba in-
gresado en la habitacion contigua a las dos anteriores por una
pancolitis inespecifica. Tras recibir ciprofloxacino y metronida-
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zol por una monoartritis de rodilla, desarrollo diarreas 6 dias
después del primer caso. Dicho paciente requiri¢ ingreso en la
Unidad de Medicina Intensiva (UMI) y una colectomia total,
tras sufrir un megacolon toxico.

El cuarto fue una mujer de 73 afos ingresada por un me-
lanoma metastasico, que tras recibir tratamiento con ceftriaxo-
na, hizo diarreas y rectorragia 8 dias después del primer caso.

El quinto paciente fue un varon de 77 afios ingresado por
colecistitis aguda litiasica, en tratamiento con ciprofloxacino
y ertapenem. Inicialmente el paciente evoluciono favorable-
mente, pero finalmente desarrolld shock séptico y megacolon
toxico, por lo que ingresd en la UMI 9 dias después de que se
originara el primer caso.

Por ultimo, el sexto fue una mujer de 41 afios que coinci-
did ingresada con los anteriores y que 27 dias después del pri-
mer caso reingreso para una cirugia programada por cancer de
mama. Tras ser tratada en este ultimo ingreso con ceftriaxona
debuto con diarreas.

De todos los pacientes se recogieron muestras de heces
que se enviaron al servicio de Microbiologia. El algoritmo de
diagnostico en dicho laboratorio constaba de dos pasos. En
primer lugar se detectaba la enzima glutamato deshidrogen-
sa por inmunocromatografia (C.DIFF QUICK-CHECK, Techlab), y
en segundo lugar, a los resultados positivos se les realizaba la
deteccion de toxina B, toxina binaria y deteccion presuntiva
del ribotipo 027 mediante PCR (GeneXpert, Cepheid). Todas las
cepas de CDTR027 fueron confirmadas por el Hospital Univer-
sitario Gregorio Marafidn.

En cuanto al tratamiento, este se realizd con vancomicina
oral mayoritariamente y en los casos mas graves con fidaxo-
micina. Dos de los pacientes, primer y quinto caso, fallecieron.

Viendo el transcurso de los acontecimientos, podemos
afirmar con bastante certeza que el primer caso de CDTR027
fue importado desde Alemania, uno de los paises europeos con
mayor prevalencia de esta cepa [3].
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A pesar de que existen multiples combinaciones en cuanto
al algoritmo a seguir en el diagndstico de C. difficile toxigénico
y controversia entre los diferentes expertos [1,4,5], el algorit-
mo empleado en nuestro caso permitié detectar las cepas de
CDTR027 de forma rapida. Esto, junto a las medidas adecuadas
de aislamiento y vigilancia, evito una gran diseminacion hospi-
talaria del brote, quedando, a diferencia de otros hospitales [6],
Unicamente restringido a 6 casos. Ademas, como el sexto caso
se produjo casi un mes después del primero, nos planteamos
una vigilancia estrecha de aquellos pacientes que durante ese
tiempo habian estado expuestos a las esporas y que podian ac-
tuar como portadores sanos.

A dia de hoy seguimos empleando el mismo algoritmo
diagnostico y, aunque hemos tenido 4 nuevos episodios de
CDTR027 en este tiempo, no se ha originado ninguin nuevo
brote. Pensamos que gracias a la rapida actuacion de los pro-
fesionales sanitarios implicados, y sobre todo, a nuestro pro-
tocolo, que se caracteriza por un algoritmo en dos pasos y el
diagnostico molecular de C. difficile toxigénico que incluye la
deteccion del ribotipo 027.
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Sir,

A 55-year-old man with a history of distal esophageal ad-
enocarcinoma, treated with a minimally invasive esophagecto-
my, and a recently implanted DDD pacemaker due to persistent
vasovagal syncopes presented to the emergency department
with 72 hour-long febrile syndrome associated with mild ody-
nophagia and dry cough. These symptoms were relatively con-
trolled with the administration of paracetamol. In the comple-
mentary tests no alarming data or signs were observed, except
a C-reactive protein of 29 mg/L, as well as a mild leukocytosis
of 12,000 pl-1 with an 85% of neutrophils in the blood tests.
Blood culture was obtained (2 extractions) and the patient was
discharged home with antipyretic treatment.

The two anaerobic flasks of the blood culture were posi-
tive at 66 h and 67 h of incubation, with Gram stain showing
curved Gram-negative rods. Given the morphology of the ba-
cilli in the Gram stain, the sample was inoculated on BDTM
Campy BAP, Brucella and MacConkey agars. Direct identifica-
tion of the blood culture was conducted by MALDI-TOF mass
spectrometer (Bruker, Massachusetts, USA) following the pro-
cedure proposed by Urrutikoetxea-Gutiérrez M et al. and An-
aerobiospirillum spp. was obtained as identification with a val-
ue between 1.7 and 2.0 [1]. After the notification of this result
the patient was admitted for completing the study and treated
with intravenous imipenem (500 mg/6 h).

During the previous days he reported having presented
inflammation, erythema and pain in the 4th finger of the left
hand compatible with cellulitis. In addition, the patient stated
that since the beginning of the year he has adopted a pet dog
that has scratched him on one occasion and has had some ep-
isodes of diarrhea in the previous weeks.

After 48 h of incubation of the plates on anaerobic condi-
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tions, growth was observed only on Brucella agar as flat trans-
lucent colonies with negative catalase and oxidase reactions,
confirming the identification of A. succiniproducens by MAL-
DI-TOF MS with a value of 2,10. Identification was confirmed
by 165 rRNA sequencing with A. succiniproducens as result
with an homology percentage of 88,3%. Antibiotic susceptibil-
ity was performed by E-test on Brucella agar in anaerobiosis at
37°C during 48h of incubation. Following the EUCAST (version
8.1, 2018) anaerobic Gram-negative rods and PK-PD cut-off
points, the strain was susceptible to amoxicillin/clavulanate,
cefuroxime, cefotaxime, imipenem, ertapenem, moxifloxacin
and levofloxacin but resistant to penicillin, amoxicillin, clinda-
mycin and metronidazole (Table 1).

A thoracoabdominal CT scan was performed, which ruled
out infectious focus at those levels, as well as a transthoracic
echocardiogram, which did not show data suggestive of endo-
carditis. After 72 h of admission, the patient evolved favorably
and was discharged with 875 mg/125 mg of oral amoxicillin/
clavulanate. However, due to an allergic reaction the antibiotic
treatment had to be replaced to 400 mg/24 h of moxifloxacin,
fulfilling 10 days of oral antibiotic treatment with good evo-
lution.

The genus Anaerobiospirillum consists of only two species,
A. succiniproducens and Anaerobiospirillum thomasii, which
were both first isolated in 1967 from throat and animal stool
samples [2]. Anaerobiospirillum spp. can be differentiated from
other similar microorganisms such as Campylobacter spp. us-
ing classical microbiological techniques, being negative to the
catalase and oxidase reactions and having a obligate anaerobic
growth. Moreover, there are other structural differences such
as lophotriche flagellation, an electron-dense ring located be-
low the flagellated pole, or the existence of fibrillar structures
that are oriented along the longitudinal axis that appear to be
unique characteristics of this microorganism [4].

They are Gram-negative curved rods, which are part of
the gastrointestinal commensal flora of cats and dogs and
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Table 1 Susceptibility of the A. succiniproducens
isolate

Antibiotic MIC (mg/L) Interpretation
Penicillin >32 Resistant
Amoxicillin 16 Resistant
Amoxicillin/clavulanate 0.5 Susceptible
Cefuroxime 0.5 Susceptible
Cefotaxime 0.064 Susceptible
Imipenem 0.12 Susceptiblle
Ertapenem 0.012 Susceptible
Clindamycin >32 Resistant
Metronidazole >256 Resistant
Moxifloxacin 0.25 Susceptible
Levofloxacin 05 Susceptible

therefore having contact with animal faeces is probably one of
the routes of transmission of infection in humans [3]. Another
possible route of transmission could be the bite of colonized
animals, as an Anaerobiospirillum bacteriemia after a cat bite
has been previously described [5].

Around 50-60 human infections caused by A. succini-
producens have been described, being bacteremia or gastro-
intestinal infections the most frequent cases [6,7]. It has al-
so been described as a cause of knee prosthesis infection [8].
Most infections occur in patients with comorbidities, ethylism
or immunosuppression, however, as in the presented case it
can also cause infection in immunocompetent patients [6-10].
Although the incidence of these infections is low, mortality is
around 25-30% of cases, therefore, rapid action is essential
[6,8].

For all these reasons, identification by MALDI-TOF mass
spectrometry is a very important diagnostic tool, since it is a
fast and accurate method that has been previously tested for
the identification of A. succiniciproducens [6,7]. In addition, di-
rect identification of the blood culture by MALDI-TOF makes
the process even faster, being useful in the identification of
potentially fatal and growth-demanding organisms such as
Capnocytophaga canimorsus [11] While 16S ribosomal RNA
gene sequencing is a more accurate method of identification,
it is also more complicated, laborious and takes longer to ar-
rive at identification. In fact, since Fox B et al. conducted their
study in 2018 the Bruker MALDI-TOF database has been updat-
ed and includes now the main spectra of A. succiniciproducens
[7].

The most appropriate antibiotic treatment of infections
caused by A. succiniproducens remains to be determined due
to limited experience. In the previous cases reported, this mi-
croorganism was sensitive to beta-lactams associated with
beta-lactamase inhibitors, cephalosporins or chloramphenicol,

showing variable sensitivity to penicillin and ampicillin [8]. It
is usually resistant to anaerobicidal antibiotics such as metro-
nidazole and clindamycin, as in our case. There are no specific
fluoroquinolone cut-off points for anaerobic microorganisms,
however, A. succiniproducens showed in vitro sensitivity to
gemifloxacin and trovafloxacin in the article by Goldstein EJ
et al. and, furthermore, in the manuscript by Kelesidis T, the
patient was treated with satisfactory result with levofloxacin
[12,13]. In our case, following EUCAST PK/PD cut-off points,
both levofloxacin and moxifloxacin showed in vitro sensitivity.
In fact, the patient received 10 days of oral treatment with
moxifloxacin as sequential therapy after 72 h of intravenous
treatment with imipenem without the appearance of compli-
cations, which adds further evidence to the possible in vivo ac-
tivity of this microorganism.
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Sir,

We read the interesting paper by Fernandez-Miaja et al.
where they report four cases of Campylobacter jejuniinfection
in patients with an initial diagnostic suspicion of multiinflam-
matory syndrome in children (MIS-C) and highlight the impor-
tance of ruling out other potential diagnosis in order to avoid
unnecessary diagnostic tests and treatment [1]. Interestingly,
two of their cases showed marked lymphopenia (<1000/mm?),
one of them with associated elevated C-reactive protein values.
American College of Rheumatology guidelines recommend a
complete diagnostic evaluation to rule out MIS-C in children
with unremitting fever, suggestive clinical features, elevated
acute phase reactants and at least one among several labora-
tory features, including an absolute lymphocyte count below
1000/mm? in the absence of other causes that could explain
the clinical picture [2]. One study in search of red flags that
might help discriminate between MIS-C and other common fe-
brile conditions in children, found that absolute lymphopenia
and an elevated C-reactive protein serum concentration were
associated with a higher risk of MIS-C [3].

Does Campylobacter infection alone explain the associa-
tion of fever, elevated C-reactive protein values and absolute
lymphopenia? Can a child with these findings be safely sent
home if a Campylobacter PCR test is positive or might a short
period of observation in the hospital still be advisable?

We reviewed the clinical files of 110 children younger than
14 years of age with a diagnosis of Campylobacter infection
seen in our hospital from January 12017 to June 12022 and
compared the frequency of cases showing both elevated C-re-
active protein and lymphopenia before (up to January 2020)
and after the start of SARS-CoV-2 pandemia (from January
2020 onwards).

Patricia Rodriguez Lorenzo.

Servicio de Pediatria. Hospital Universitario de Cabuees (Gijon).
C/ Los Prados 395, 33394 Gijon (Asturias).

E-mail: patrirlorenzo@hotmail.com

Results are shown in Table 1. As expected, more cases of
Campylobacter infection were diagnosed in the first period
while more laboratory studies were performed in the second
period (47.2% vs 14.9%), probably as a reflection of the fear of
missing a possible diagnosis of MIS-C in the pandemic era. No
cases showing both elevated C-reactive protein and profound
lymphopenia were observed among the 74 children seen in the
prepandemic period, while four (11.1% of the total cases and
30.6% of those in whom laboratory tests were performed) were
found in the pandemic era. Evidence of SARS-CoV-2 exposure
in the previous weeks was confirmed in three of these cases
and infection was documented in one child, who was initial-
ly diagnosed as possible MIS-C and treated with intravenous
gammaglobulin and corticosteroids for one day; treatment was
suspended when the diagnosis of Campylobacter infection was
confirmed. Clinical characteristics and laboratory findings of
these four patients are shown in table 2.

Our results raise the question of whether Campylobacter
infection alone can be accountable for these laboratory find-
ings and if a positive stool test can safely rule out a diagnosis
of MIS-C or a short observation period in the hospital would
be prudent, as children with MIS-C may develop additional or-
gan system involvement over the course of admission [4]. Lym-
phopenia has been previously described in up to 11% of pa-
tients with Campylobacter infection returning from the tropics,

Table 1 Comparison between the two periods.
Time interval ~ Campylobacter Positive Negative No studies
infection cases study” study performed
2017-2019 74 0 n 63
2020-2022 36 4 13 19

*Positive study: C-reactive protein >30 mg/L AND absolute lymphocye count
<1000/mm?
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Table 2 Patient characteristics and laboratory findings of the four patients with fever, lymphopenia
and elevated acute phase reactants associated with Campylobacter infection.
Characteristic Patient 1 Patient 2 Patient 3 Patient 4
Demographic
Sex Female Female Male Female
Patient age (years) 8 9 12 11
SARS-CoV-2
Exposure No Yes (1 month earlier) Yes (3 weeks earlier) Yes (3 months earlier)
Infection No No Yes (2 weeks earlier) No
Presenting symptoms
Days of fever at presentation 2 1 1 3
Abdominal pain Yes Yes Yes Yes
Vomiting Yes Yes No No
Diarrhea Yes No Yes Yes
Generalized myalgia No No Yes Yes
Laboratory values
WBC/ml 6360 7780 11800 8960
Neutrophils/ml 5400 5930 9959 7350
Lymphocytes/ml 680 920 800 970
Hemoglobin (g/dI) 13,5 13,4 13,2 12,6
Platelets/m| 281000 108000 191000 228000
C-Reactive Protein (mg/L) 97 208 116 36
Procalcitonin (ng/ml) ND 127 1,24 ND
SARS-CoV-2 RT PCR Negative Negative Negative Negative
Stool culture Campylobacter jejuni Campbylobacter jejuni Campylobacter jejuni and Campylobacter jejuni
Yersinia enterocolitica
Disposal and Treatment
Disposal Admission (Surgery) Admission Pediatric Admission Pediatric Ward Discharged Home
Intensive Care Unit
Treatment Appendicectomy Azithromycin Corticosteroids and None
Azithromycin intravenous gammaglobulin

RT-PCR: Reverse transcription polymerase chain reaction. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. WBC: White blood cells.

but higher cut-off points to define lymphopenia were used in

prospective studies may shed light upon this subject.

that study [5]. In a previous series of five cases of bacterial en-

teritis (4 Salmonella species, one Campylobacter species) mim-
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Sir,

Haemophilus parainfluenzae is a pathogen that has been
implicated in a broad spectrum of infectious diseases. It is a
small, pleomorphic, Gram-negative coccobacillus with fastid-
ious growth requirements mostly found as a commensal bac-
terium in human upper respiratory tract and oral cavity [1].
It can also be isolated from other mucosal surfaces such as
the gut, urethra and vagina [2]. It often causes respiratory and
musculoskeletal infections in immunocompromised patients
but is not commonly found in osteoarticular infections [2-5].

Moreover, periprosthetic joint infection (PJI) is a disas-
trous complication that occurs in 1% to 2% of primary and
in 4% of revision arthroplasties. In addition, PJI can compli-
cate up to 20% of revision arthroplasties. Most of these infec-
tions are caused by Gram-positive microorganisms, where the
Staphylococcus genus tops the list, and with Staphylococcus
aureus and S. epidermidis being the leaders [6].

In this clinical case we present an infection of a left to-
tal knee prosthesis by this extremely unusual bacterium in an
immunocompetent patient caused by this microorganism. This
study was approved by the ERC of the institution (reference
E0053-21_FID).

The patient was a 67-year-old man with a personal his-
tory of hypertension and diabetes mellitus type 2. He was at-
tended in 2009 because pain and blockages of the left knee
joint, which seems to have been resolved after 6 months by
treatment with chondrosulphuric acid infiltration. In 2015 he
again reported pain in his left knee, and again underwent in-
filtration without success, so in May 2016 it was decided to
perform a cemented total knee arthroplasty.

A vyear later, in May 2017, he came back again because
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of progressive pain, and a possible loosening of the prosthesis
was observed on radiographs. C-reactive protein (CRP) was 3
mg/dL and erythrocyte sedimentation rate (ESR) of 42 mm/h
in addition to abundant joint effusion. An arthrocentesis for
culture and study of the joint fluid was performed. Cell count
was 6,280 cells/mm3 (85% polymorphonuclears), with glucose
177.0 mg/dl and CRP 6.84 mg/dl. This sample was inoculated
in the following culture media: Tryptic soy sheep blood agar
(TSS), chocolate agar (CHA), Shaedler-5% sheep blood agar
(SCS), MacConkey agar (McC), and part of the fluid was also
inoculated in a blood culture bottle (BactAlert), all from Bi-
omérieux Marcy I'Etoile, France). TSS, CHA and McC were in-
cubated at 37°C in a 5% CO, atmosphere. SCS was incubated
in an anaerobic atmosphere at 37°C. All media were incubated
for 15 days.

Following these results, a revision surgery was performed
in October 2017. During the surgery, the 9 samples were ob-
tained: 1 from histopathology, and 8 for culture: 4 peripros-
thetic tissue biopsies, 3 components of the prosthesis and 1
synovial fluid.

Histopathology of the biopsy showed no polymorpho-
nuclear cells; only hyperplasia of synoviocytes was observed
together with hyalinized tissue. A one-stage revision, using a
rotational hinge was performed (Figure 1).

One month later, the patient came to the emergency room
with progressive pain and swelling in the right knee and a fe-
ver of 38.8 °C. The X-ray of the right knee showed no loosening
and a white blood cell count of 12,000 cells/mL with 83% PMN
cells, and a CRP of 1.3 mg/liter. At the same time, it was de-
cided to perform a second arthrocentesis to extract the joint
fluid and proceed to its analysis and microbiological culture.
This analysis showed a blood fluid count of 35,850 leukocytes/
mL (92% polymorphonuclear) and 38,0000 red blood cells/mL.
In addition, this liquid was inoculated in a blood culture bottle
and incubated at 37 °C, being positive after 19.7 hours incuba-
tion. A subculture was performed in the usual media for bac-
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Figure 1A

Figure 1B

Figure 1

teria and, after 24 h of incubation, growth of small translucent
colonies was observed in the chocolate agar. They were iden-
tified as Haemophilus parainfluenzae colonies by MALDI-TOF
technique (VitekMS, BioMérieux, Marcy I'Etoile, France). Its
susceptibility was tested by disc diffusion technique accord-
ing to EUCAST criteria (Haemophilus test medium: 35°C + 2°C
in 5% CO, for 16-18 hours), so our microorganism showed
susceptibility to ciprofloxacin, chloramphenicol, tetracycline,
cefuroxime, amoxicillin-clavulanic acid, ceftriaxone, cotri-
moxazole and meropenem, being resistant to ampicillin and
clarithromycin. Subsequently, a debridement, antibiotics and
implant retention (DAIR) procedure was performed including
polyethylene replacement. Several samples were collected for
microbiological culture: joint fluid, polyethylene and 5 tissue
samples.

All tissue samples were inoculated in TSS, CHA, SCS, McC
and Sabouraud chloramphenicol agar slants (SC). The joint
fluid was inoculated in TSS, CHA, McC and SCS. Polyethylene
sample was sonicated according to the previously described
protocol [7]. All media were incubated for 15 days.

After 2 days of incubation, small colonies were detected
in 2 of 5 tissue samples and the joint fluid. Finally, H. parain-
fluenzae was identified again with the same antibiotic suscep-
tibility. The patient was treated with ceftriaxone 2 g/24 h and
ciprofloxacin 400 mg/12 h intravenously for 7 days and then
was switched to ciprofloxacin 500 mg/12 h and cotrimoxaz-

Knee X-rays: frontal view of the left and right knees (Figure 1A), lateral view of the left knee (Figure 1B).

ole 800/160 mg/8 h orally for a total of 6 months. The patient
gradually improved, with a decrease in CRP in blood tests (1.55
mg/dl 1 month after surgery) and the other inflammatory
markers, in addition to and improvement in his mobility. Final-
ly, the patient was considered cured after 3 years of follow-up.

This microorganism is part of the normal microbiota of
the mouth and upper respiratory tract, and it can be respon-
sible for a broad spectrum of serious infections such as endo-
carditis, bacteremia, and pneumonia [8]. However, PJI due to
H. parainfluenzae is an extremely rare entity, with only 4 case
patients reported in the medical literature, 3 of them occurred
after procedures in the oral cavity (Table 1) [2-5].

In most cases, H. parainfluenzae infection is usually
preceded by an invasive procedure, including those in the oral
cavity [1,3-5,8]. In our case, the age of our patient (67 years) is
very close to the average age of the cases already published in
the literature (76 years) [9]. He also has a history of diagnosed
diabetes mellitus type Il hypertension, a septoplasty performed
in 2006 and a radical prostatectomy performed in 2012. A few
months before the first left total knee replacement, he also
underwent a successful shoulder operation.

The source of our patient's infection is unclear, but we can
contemplate the possibility that it was this shoulder surgery
the patient underwent due to the proximity between this ex-
tremity and the respiratory tract. In addition, like other cases
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Table 1 Cases of prosthetic H. parainfluenzae infection reported in the literature
Agefsex  Prosthetic joint Comorbidities Positive samples  Surgical intervention Therapy Length of therapy ~ Outcome
Present case 67 /M TKP Type 2 DM Joint fluid DAIR. Ceftriaxone 2 gf24 h 6 months Cure
Hypertension Two Replacement of ~ and ciprofloxacin 400
Shoulder operation periprosthetic polyethylene. mg/12 h. V(@ days.]
e - oral ciprofloxacin
Left knee arthroplasty 500 mg/12 h and oral
cotrimoxazole 800/160
mg/8 h
Jellicoe et 78[F THP Arthroplasty Joint fluid Two-stage After washout: 10 months Cure
al. [3] complication replacement Gentamicin beads and
Dental extraction cement spacer
Flucloxacillin/
ampicillin (500/500
mg)
Manian et 72[M TKP Root-canal procedure  Joint drainage Surgery refused Oral cephalexin > 2 years Chronic
al. [4] (6 months) > IV infection
ceftriaxone (2 months)
- oral ciprofloxacin
Pravdaetal.[5] 78 /F TKP Arthroplasty Joint fluid Arthroscopic IV ampicillin (1 month) 3 months Cure
complication irrigation and > oral amoxicillin (2
Root-canal procedure debridement months)
Baileyetal.[2]  75/M TKP Chronic lymphoid Joint fluid two-stage Only flucloxacillin No reported Cure
leukemia One peripros- replacement and rifampicin (6
Arthroplasty thetic tissue weeks) without success
complication (before surgery) >

cement spacer with 1g
of gentamicin and 2g
of vancomycin (after
first stage) = 3 dosis
of oral cefuroxime
(750 mg)

DAIR: Debridement, antibiotics, and implant retention; DM: Diabetes mellitus; F: female, IV: intravenous, M: male; THP: total hip prosthesis; TKP: total knee prosthesis.

published in the literature with an extended asymptomatic pe-
riod between surgery and the onset of symptoms, it establishes
the hematogenous route as the most likely cause of infection.
[3,4,10-12].

Antibiotic resistance in this organism is more diverse and
widespread than is commonly appreciated. It may show resist-
ance to penicillins such as ampicillin and amoxicillin, including
amoxicillin-clavulanic acid and some cephalosporins due to
the presence of beta-lactamases. They remain in most cases
susceptible to carbapenems and quinolones, while the rate of
resistance to clarithromycin in Spain exceeds 22.5% [9,13,14].
In our case, H. parainfluenzae was resistant to clarithromycin
and ampicillin, remaining susceptible to the other antibiotics
tested. Our patient was successfully cured after intravenous
treatment with a cephalosporin followed by de-escalation to
oral cotrimoxazole and ciprofloxacin for 6 months. In most of

the cases described this is the time and treatment indicated,
but it can be as long as 2 years [4,14,15].

In summary, despite the high prevalence of H. parainflu-
enzae in the normal oral microbiota, its low pathogenic power
makes it a very rare microorganism in this pathology. To our
knowledge, only 4 cases of PJI with this bacterium have been
reported. In addition, most PJI are due to Gram-positive mi-
croorganisms such as coagulase-negative staphylococci and S.
aureus, as well as some Gram-negative bacilli, such as Escheri-
chia coli, while H. parainfluenzae is a very rare microorganism.
Therefore, correct and early microbiological diagnosis is essen-
tial for a good outcome of these infections.
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Sir,

Eikenella corrodens is a HACEK group microorganism be-
longing to the Neisseriaceae family. This slow-growing bacte-
ria is a facultative anaerobic, non-motile Gram-negative rod,
that is part of of human oropharyngeal and genitourinary mi-
crobiomes. However, the pathogenicity of the species has not
to be overlooked as E. corrodens is one of the mayor actors
driving the periodontal disease and other severe infections. The
species was named after the ability to corrode the agar that up
to 50% present [1]. Colonies have a characteristic bleach-like
odor and might occasionally present a light alpha-hemolysis.
In this manuscript, we present a bacteremia caused by E. cor-
rodens in a patient with pelvic inflammatory disease.

A 49-year-old woman attended the emergency depart-
ment with a 72-hour febrile syndrome associated with abdom-
inal pain and hyperemesis. The physical examination located
the pain on the left flank and the Blumberg's sign was positive.
The Blood tests presented an elevated C-reactive protein (24
mg/dL) and a discrete leukocytosis (18,600 leukocytes ul™" with
919% neutrophils). The patient had an intrauterine device (IUD)
and the transvaginal ultrasound was showed a trabeculated
elongated image of 76 x 35 mm with diffuse echoes inside,
compatible with a pyosalpinx in the left adnexal area, as well
as a heterogeneous image of 81 x 60 mm compatible with a
tuboovarian abscess in the right adnexal area. Computed to-
mography (CT) (Figure 1) confirmed the ultrasound findings, so
the patient was admitted to the gynecological ward. Vaginal
and endocervical samples were obtained, and IV therapy with
4 g/500 mg of piperacillin-tazobactam every 8h was initiated.

After 48 hours and due to the persistence of fever and
the torpid evolution blood cultures were obtained and a sub-
total hysterectomy and double laparotomic adnexectomy was
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performed. During the surgery, adhesions of intestinal loops
to the uterine fundus and bladder plica were found, as well
as bilateral tuboovarian abscesses of approximately 7 cm each
(the right one adhered to the posterior uterine face and the
left one adhered to the Douglas pouch fundus. Intraoperatory
samples were taken from one of the abscesses and sent to the
microbiology laboratory for microbiological identification.

The intraoperatory sample was inoculated on chocolate,
TSA with 5% sheep blood, CNA, McConkey and Brucella agars,
as well as on Thioglycollate enrichment broth. However, after
7 days of incubation, no growth was observed. The blood cul-
ture was positive after 5 days of incubation and Gram stain-
ing showed Gram-negative bacilli andit was subcultured on
chocolate, TSA with 5% of sheep blood and McConkey agars
in aerobiosis with 5% of CO,. After 48-72h a subtle growth
of pale yellow colonies on TSA and chocolate agars (Figure
2) was observed. These colonies were embedded in the agar,
had a distinct hypochlorite odor and were oxidase positive
and catalase negative. The BD Phoenix® system was not able
to identify the bacterial species and therefore 16S rRNA gene
sequencing was performed directly from the blood culture, ob-
taining a sequence that aligned with E. corrodens with a ho-
mology percentage of 99.37%. The sequence was registered in
GenBank with accession number OP679804. The susceptibility
of the strain was studied using gradient strips on fastidious
Muller-Hinton agar, resulting susceptible to fluoroquinolones
and all beta-lactams but ampicillin, as well as resistant to clin-
damycin.

After one week of IV antibiotic therapy and given the
good clinical evolution, the treatment was sequenced to oral
therapy with 875 mg/125 mg/8 hours of amoxicillin-clavulanic
acid, fulfilling 2 weeks of antibiotic treatment in total.

Periodontitis and opportunistic infections are frequent-
ly caused by E. corrodens, with a tendency to cause abscess-
es in very variate locations , but most frequently on the head
and neck [1-3]. Although normally most infections are benign
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Figure 1 ‘

A) Axial slice of a pelvic CT after IV contrast that shows fluid (asterisk),
peritoneal enhancement (arrowhead) and a tuboovarian abscess on the left

(arrow). B) Lower slice shows IUD (arrow).

Figure 2 ‘

Slow growth of pale yellow colonies on TSA and chocolate agars was observed
after 48 h[72h of incubation. Identification was confirmed by 16S rRNA

sequencing as Eikenella corrodens with an homology percentage of 99.37%.

and indolent, invasive and recurrent infections, such perirenal
abscesses, vertebral osteomyelitis or endocarditis have been
reported; [4-6]. Gynaecological infections such as chorioam-
nionitis or tubo-ovarian abscesses caused by E. corrodens are
rare, but these have been described mostly in women using
IUD [7-9].

This fastidious, slow-growing bacteria frequently causes
polymicrobial infections and may be underdiagnosed as it is
frequently outgrown by coinfecting microorganisms in stand-
ard culture media [2,9]. On the other hand, E. corrondens can
grow exponentially when Streptotoccus spp. of various strains
are present [10]. Before the appearance of MALDI-TOF mass
spectrometer, the identification of E. corrodens was performed
according to the type of growth on agars and through bio-
chemical tests or 16S rARN sequencing, extending the iden-
tification time. MALDI-TOF MS represents an accurate, rapid
and inexpensive tool for the detection of slow-growing and
fastidious pathogen. Its utility in the identification of micro-

organisms from the HACEK group has been proved previously
with good results [11].

It is vital to emphasize the importance of taking microbi-
ological samples before starting antibiotic treatment to not to
delay diagnosis. Even more so when the infection is caused by
a microorganism with a demanding growth such as E. corro-
dens, whose identification was a laborious process before the
appearance of the MALDI-TOF mass spectrometer. In the pres-
ent case, the clinical situation did not allow to delay the anti-
microbial therapy until the drainage of the collections, howev-
er, blood cultures should have been extracted upon arrival at
the emergency department.

E. corrodens is usually susceptible to beta-lactams, fluo-
roquinolones and tetracyclines. Some strains can produce
[B-lactamases, whereas all strains are intrinsically resistant to
clindamycin and metronidazole [12,13]. In addition, E. corro-
dens present low rates of in vitro susceptibility to to eryth-
romycin and aminoglycosides. However, despite appropriate
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antimicrobial therapy, infections caused by this microorgan-
ism are prone to relapse, especially when the duration of the
antimicrobial therapy is insufficient or the collections are not
drained [14]. Early control of the focus in these infections is
essential to avoid serious complications such as bacteremia or
septic shock. However, in the presented however a conserv-
ative approach was decided and the surgery was postponed
24/48 h, hoping that the intravenous therapy could stabilize
the patient.

E. corrodensis a commensal of the human body, but when
translocated to other anatomical sites it cause severe infec-
tions. Therefore, it is very important to correctly isolate this
microorganism and know its role in gynaecological infections
to achieve a proper treatment.
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Estimado Editor:

En los ultimos afos se ha observado un incremento de
casos de tuberculosis (TBC) a nivel mundial debido a factores
de riesgo; siendo los principales: portador del Virus de Inmu-
nodeficiencia Humana, inmigrantes, hacinamiento, abuso de
sustancias y pacientes en tratamiento con terapia bioldgica. El
2500 de las TBC son de presentacion extrapulmonar [1] y esta-
blecer su diagndstico es un reto y requiere un elevado indice
de sospecha.

A continuacion, presentamos un caso de otomastoiditis
tuberculosa (OT) en un paciente inmunocompetente: varon de
49 afios, fumador e hipertenso, consumidor de cocaina por via
nasal y anfetaminas. Acudié a su médico de atencion primaria
por sensacion de taponamiento y sordera de un mes de evolu-
cion. En la otoscopia se observo una pequeda perforacion cen-
tral anterior y posterior timpdnica. Se recogio cultivo aislando-
se Enterobacter cloacae sensible a ciprofloxacino con el que fue
tratado (2g ¢/12h) durante 10 dias. Tres meses después acudio
por empeoramiento de los sintomas. Se realizé un TAC craneal
donde se observd cambios cronicos compatibles con una otitis
media cronica (OMC) no colesteatomatosa con ocupacion de
ambas mastoides con moco, pus y con hipertrofia mucosa de
la caja en region atical. Se aplico polvo boricado y se alternd
ciprofloxacino y ciclopirox.

Tras 7 meses, el oido derecho presentaba otorrea lechosa
y el oido izquierdo se encontraba seco, pero el mango del mar-
tillo descubierto. Se realizd una audiometria tonal liminal pre-
sentando una hipoacusia de trasmision bilateral, con un gap de
70 dB en el oido izquierdo y >40 dB en odio derecho, con gran
afectacion de la inteligibilidad. La impresion diagnostica fue de
una OMC no colesteatomatosa con afectacion de la audicion,
en la que se planteod tratamiento quirurgico.
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Cuatro semanas después presentd malestar general, aste-
nia y pérdida de peso. Tras la exploracion fisica se realizo un
TAC tordcico observandose hallazgos compatibles con afec-
tacion pulmonar por tuberculosis, y un TAC craneal en el que
se observaron signos de otomastoiditis aguda sin erosiones en
oido medio e interno y celdillas mastoideas con secreciones
(Figura 1). La tincion de Ziehl Neelsen en esputo fue positiva,
y la PCR para la deteccion de M. tuberculosis mediante Xpert
MTB/RIF® en muestras respiratorias y oticas fueron positivas. La
PCR de estas mismas muestras mediante Xpert XDR® eviden-
cio la ausencia de resistencia a los tuberculostaticos testados
(isoniazida, fluoroquinolonas, amikacina, kanamicina, capreo-
micina y etionamida). En el cultivo de micobacterias se aislo
M. tuberculosis en ambas muestras. Se estudio la sensibilidad
antibidtica mediante el Sistema BD BACTEC™ MGIT™ siendo
sensible a estreptomicina, isoniacida, rifampicina, etambutol y
pirazinamida.

Lla determinacion del interferon gamma mediante
QuantiFERON®-TB Gold fue positiva, las serologias de Lues,
VHB, VHC, y VIH fueron negativas. Fue diagnosticado de tuber-
culosis pulmonar bacilifera y OT. Se inicio tratamiento dirigido.

La OT es una causa poco frecuente de OMC supurativa y se
observa con mayor frecuencia en adultos inmunodeprimidos.
Los hallazgos en la OT son inespecificos y la fiebre es infrecuen-
te, la triada clinica caracteristica es: otorrea purulenta indolora,
perforacion timpanica multiple (mas frecuente pero no patog-
nomanica), y paralisis facial [2]. Nuestro paciente presentd oto-
rrea y perforacion timpanica. Ya que la coexistencia de todos
los sintomas es rara, la OT es dificil de diagnosticar, y deberia
ser considerada en el diagnostico diferencial de la OMC ante
una otorrea cronica que no mejora con tratamiento meédico
habitual. La patogénesis de la OT implica, fundamentalmente,
tres mecanismos posibles: a) aspiracion de moco a través de
la trompa de Eustaquio desde la nasofaringe, b) diseminacion
hematogena o linfatica desde un foco primario de tuberculo-
sis (la mas frecuente), o ¢) la implantacion directa a través del
conducto auditivo externo [2,3]. Dado los antecedentes y ca-
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Figura 1 ‘ A. TAC craneal con ocupacion bilateral de oido medio y celdillas mastoideas, B. TAC de tdorax, LSI donde
se aprecian algunas imagenes cavitadas y C. Radiografia de torax con cavernas tuberculosas en LSI.

racteristicas de nuestro paciente, la diseminacion hematogena
desde el foco pulmonar podria ser la causa de la otomastoiditis;
sin embargo, la afectacion bilateral de las otomastoides y el
cultivo positivo de esputo nos hace sospechar que la aspiracion
a través de la trompa de Eustaquio seria una causa probable,
facilitada por la inhalacion de sustancias, aunque este hecho es
mas frecuente en nifos por su anatomia [4].

La prueba de la tuberculina e interferon gamma pueden
ayudar, pero el diagnostico se confirma por el cultivo y median-
te el estudio de técnicas de amplificacion de dcidos nucleicos.
También es de gran utilidad el estudio histopatologico, que en
nuestro caso no fue posible.

El diagndstico de otomastoiditis media tuberculosa es
tardio por tratarse de un proceso infeccioso raro y no muy
frecuente. Sus manifestaciones clinicas son variables y faltan
métodos diagnosticos sensibles y especificos. El retraso diag-
nostico aumenta la morbilidad y las complicaciones pueden
llegar a ser irreversibles; por lo que para evitar complicaciones
graves es necesario iniciar tratamiento antibiotico rapidamente
cuando exista alta sospecha clinica.
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