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ABSTRACT

Several health organizations, mainly in Western countries,
have recently authorized the use of a booster dose of the COV-
ID-19 vaccine for patients previously vaccinated with mRNA
vaccines, with criteria that do not always coincide.

The COVID Scientific Committee of the Illustrious College
of Physicians of Madrid (ICOMEM) has received and asked sev-
eral questions about this situation, to which the group has
tried to give answers, after deliberation and consensus.

The efficacy of the vaccines administered so far is beyond
doubt and they have managed to reduce, fundamentally, the
severe forms of the disease. The duration of this protection is
not well known, is different in different individuals and for dif-
ferent variants of the virus and is not easily predictable with
laboratory tests.

Data on the real impact of a supplementary or "booster”
dose in the scientific literature are scarce for the moment and
its application in large populations such as those in the state
of Israel may be associated with a decrease in the risk of new
and severe episodes in the short observation period available.

We also lack sufficient data on the safety and potential
adverse effects of these supplementary doses and we do not
know the ideal time to administer them in different situations.

Correspondence:

Emilio Bouza Servicio de Microbiologia Clinica y Enfermedades Infecciosas del Hospital Gene-
ral Universitario Gregorio Marafion, Universidad Complutense. CIBERES. Ciber de Enfermeda-
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In this state of affairs, it seems prudent to administer sup-
plemental doses to those exposed to a higher risk, such as im-
munocompromised individuals and the elderly. On the other
hand, we consider that this is not the time to accelerate, on
the spur of the moment, a massive administration of a third
dose to other population groups that are less exposed and at
lower risk, without waiting for adequate scientific information,
which will undoubtedly arrive gradually.

We do not believe that this position is incompatible with
the practical and ethical warnings made by the World Health
Organization in this respect.

Keywords: COVID-19, SARS-CoV2, vaccines, additional doses, third dose,
booster

Dosis vacunales de recuerdo o adicionales en
pacientes vacunados frente a COVID-19

RESUMEN

Varias organizaciones sanitarias, fundamentalmente de
paises occidentales, han autorizado recientemente el uso de
una dosis de refuerzo de la vacuna frente al COVID-19 para
pacientes previamente vacunados con vacunas mRNA, con cri-
terios no siempre coincidentes.

El Comité Cientifico de COVID, del llustre Colegio de Méd-
icos de Madrid (ICOMEM) ha recibido y se ha formulado diver-
sas preguntas sobre esta situacion, a la que el grupo ha tratado
de dar respuestas, tras deliberacion y consenso.

La eficacia de las vacunas administradas hasta el momen-
to estd fuera de toda duda y han logrado disminuir, funda-

Rev Esp Quimioter 2022;35(2): 105-114 105
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mentalmente, las formas graves de enfermedad. La duracion
de esa proteccion no se conoce bien, es diferente en distintos
individuos y para distintas variantes del virus y no es facil-
mente predecible con pruebas de laboratorio.

Los datos sobre el impacto real de una dosis complemen-
taria 0 "booster” en la literatura cientifica son escasos por el
momento y su aplicacion en grandes poblaciones como las del
estado de Israel pueden asociarse a una disminucion del riesgo
de nuevos episodios y episodios graves en el corto periodo de
observacion disponible.

Carecemos también de datos suficientes sobre la seguri-
dad y potenciales efectos adversos de estas dosis complemen-
tarias e ignoramos el momento idoneo de administrarlas en
distintas situaciones.

En este estado de cosas, parece prudente administrar do-
sis complementarias a aquellos expuestos a un mayor riesgo,
como pueden ser los individuos inmunodeprimidos y las per-
sonas mayores. Por el contrario, consideramos que no es este
el momento de acelerar improvisadamente una administracion
masiva de una tercera dosis a otros grupos de poblacion menos
expuesta y de menor riesgo, sin esperar la adecuada infor-
macion cientifica, que sin duda ird llegando paulatinamente.

No creemos que esta posicion, sea incompatible con las
advertencias practicas y éticas que realiza la Organizacion
Mundial de la Salud a este respecto.

Palabras clave: COVID-19, SARS-CoV2, vacunas, dosis adicionales, tercera
dosis, booster

INTRODUCTION

Several health organizations, mainly in Western countries,
have recently authorized the use of a booster dose of COV-
ID-19 vaccine for previously vaccinated patients, with criteria
that do not always coincide. In this regard, the European Cen-
tre for Disease Prevention and Control (ECDC) on September
Ist, 2021 [1], stresses the importance of distinguishing be-
tween booster doses and additional doses. The former (booster
doses) are those administered to persons with normal immune
systems, who have responded adequately to vaccination, to
reestablish protection after it has decreased, and the latter
(additional doses) refer to those administered to persons with
weakened immune systems, who did not respond adequately
to vaccination. For the sake of simplicity we will refer to both
as complementary doses.

Spain, like other countries in its environment and situa-
tion, has authorized the use of complementary doses for cer-
tain segments of the population.

In contrast to this situation is the proposal of the World
Health Organization (WHO), which advocates vaccinating mil-
lions of people around the world who have not yet had the
option of receiving any dose, before proceeding to the massive
use of complementary doses in economically more affluent
countries.

The COVID Scientific Committee of the Illustrious College

of Physicians of Madrid (ICOMEM) has received and asked sev-
eral questions about this situation, to which the group has
tried to give answers, after deliberation and consensus.

The following pages contain not only the scientific evi-
dence that we have managed to collect on the questions re-
ceived immediately, but also the opinion of the group where
evidence is scarce or non-existent at this time. It should be
noted that the vast majority of the information available at
this time is that of the Pfizer mRNA vaccine.

1.- IS THERE, AT THIS TIME, A LOSS IN THE
DURATION OF PROTECTION MORE THAN SIX
MONTHS AFTER VACCINATION?

The efficacy of the different vaccines has been demon-
strated both in clinical trials and in post-vaccination obser-
vational studies. However, from the beginning there has been
uncertainty about the duration of protection, particularly in
those subjects in whom an adequate antibody response to the
vaccines was not detected. In relation to this, the need for a
supplementary dose has been raised, making a speculative bal-
ance between risks and benefits, in some population groups.
Months after the start of vaccination in some countries, da-
ta are becoming available that attempt to answer these open
questions.

In the 5-month blinded follow-up phase of trials conduct-
ed with both the mRNA-1273 (Moderna) and BNT162bm (Pfiz-
er) vaccines, data have been reported showing an overall clin-
ical effectiveness of over 95% for severe disease and around
65% for asymptomatic disease. Efficacy is lower for the 65-75
age group [2]. These data extend those reported in the clinical
trial with the mRNA Pfizer's vaccine in which follow-up was
limited to two months [3].

Already in real life, studies in large populations confirm
the efficacy data found in clinical trials [4,5]. However, as ob-
servation time progresses, there are some differences related
to age groups and in some cases to disease progression.

In the Glatman-Freedman study [4], carried out in Israel,
efficacy data were obtained at 14, 21 and 28 days post-vac-
cination follow-up. The infection rates found were very low,
with an estimated efficacy of over 95% for overall infection,
symptomatic infection, hospitalization and death. Butt et al., in
the United States, report an incidence of COVID at 3 months,
in vaccinated population, of 0.1% compared to 6% in the un-
vaccinated population [5]. In Qatar, a study was conducted to
determine the severity of disease in vaccinated versus unvac-
cinated patients, including 456 cases in each group, finding
a marked reduction in severe disease in vaccinated patients,
10.1% vs. 46% [5]. Age is the main risk factor for severity
which spikes in both groups above the age of 60 years.

The concern arises when the incidence is broken down by
months post-vaccination. In a study published in July 2021 [6]
3 cohorts were analyzed corresponding to those vaccinated
with mRNA-1273, with BNT162b2,3 and those not vaccinat-
ed, with a follow-up of 6 months. With both cohorts there
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was a drop in disease prevention, which was 86% with mR-
NA-1273 and 76% with BNT162b2. In the analysis performed
by months, the figures for disease prevention drop to 76% and
520 respectively, but the effectiveness in reducing hospital-
ization and severity is maintained. Although speculative, the
authors point out that both the loss of effectiveness and the
difference between vaccines could be related to the different
variants, predominantly alpha at the beginning and delta in
July. These results are similar to those published in October
2021 in Lancet in which the effectiveness of the BNT162b2
vaccine above the 5th month is 53% for delta variant infection
and 67% for other variants, but remaining at around 90% for
hospitalizations [7].

The loss of effectiveness, especially in the elderly, could be
due to the different immune response. In a cohort study com-
paring the elderly and health care workers, both with a com-
plete vaccination schedule, antibodies measured six months
after immunization were significantly lower in the elderly than
in the health care workers [8]. The possible impact of previous
infection on the occurrence of disease in vaccinated patients
has also been analyzed. A large retrospective study carried
out in Israel comparing 3 cohorts (vaccinated with complete
regimen, unvaccinated infected and infected and vaccinated)
concludes that natural immunity confers greater duration
and protection against reinfection by the delta variant so that
those vaccinated and not previously infected have a 5.96-fold
increased risk (95% Cl, 4.85 to 7.33) of reinfection, compared
with the two cohorts previously infected and even greater in
the group over 60 years of age [9].

Finally, the results obtained with the application of a
complementary dose of vaccine have recently been published,
which would increase the effectiveness to 90%, although the
results are only at 3 weeks [10].

In summary, with up to 6 months of follow-up after vac-
cination, although good protection against infection and com-
plicated disease continues to be observed, data have emerged
that point to loss of vaccine efficacy over time, with some dis-
cordance in relation to severity. Although with reservations,
due to the scarce evidence available, and the need to repli-
cate results, the need for a vaccine booster is being debated, at
least in the most vulnerable population.

2.- ARE THERE RELIABLE LABORATORY MARKERS
TO DETERMINE THE RISK OF INFECTION OR
REINFECTION?

At present, there is no agreement on which laboratory
markers can ensure or predict the risk that a person who has
been vaccinated against SARS-CoV-2 without having previous-
ly had COVID-19 will develop a SARS-CoV-2 infection. Nor is it
possible to evaluate the risk of reinfection by SARS-CoV-2 in
vaccinated individuals who have had COVID-19 prior to vacci-
nation. In the latter, the immune response is higher since vac-
cination would reactivate the memory B cells, stimulating the
humoral response and could generate greater protection [11].

lgG antibodies to N antigen (nucleocapsid) or S antigen
(spicule) can now be routinely measured. Both can be posi-
tive in persons who have been naturally infected, whereas in
those who have been vaccinated and have not been infect-
ed, only lgG antibodies to the S antigen will be positive [12].
The measurement of neutralizing antibodies or the cellular re-
sponse to SARS-CoV-2 is not currently standard practice and
is performed in research work or specific series of individuals.
However, tests are being introduced that detect IgG against
the RBD (Receptor Binding Domain) of the spike and whose
result, due to its good correlation, could be used as a surrogate
value for neutralizing antibodies determined with cell culture
reference techniques [13].

In the analysis of gap infections in individuals vaccinat-
ed with both doses of Pfizer's vaccine and who had lgG-an-
ti S antibody data, gap infections occurred more severely in
those with lower antibody rates with no significant difference
[14]. In addition, antibody levels were measured with two dif-
ferent techniques depending on the patient, and no common
pattern could be observed when comparing the values of both
techniques. In many of the patients, the values exceeded the
cut-off values for positivity established by the manufacturer,
resembling those that may be present in vaccinated individu-
als without subsequent infection. Cases of infection have also
been reported in vaccinated individuals with adequate neu-
tralizing antibody titers [15]. In cases of reinfection, what has
been demonstrated is a rapid reduction in neutralizing anti-
body titers prior to reinfection. [16].

Although at present, at least in Spain, a specific type of
variant (Delta variant) dominates, in the future it will be im-
portant to clarify not only which are the antibody titers that
determine the specific level of protection of the individual but
also whether these breakthrough infections are more related
to the type of variant than to the quality of the previous im-
mune response. What is easier to affirm, and on which there is
unanimous agreement, is that the populations of immunosup-
pressed individuals, patients with immunosuppressive treat-
ments, older and with worse immune response are those with
the highest risk of reinfection or gap infection and in whom it
will be necessary to establish priority plans for the administra-
tion of additional doses of vaccine or with vaccines directed at
new variants.

3.- WHAT IS THE POSITION OF THE U.S. FDA AND
CDC ON THE ADMINISTRATION OF ADDITIONAL
AND BOOSTER DOSES OF VACCINE?

Following an initial FDA proposal, on September 24, 2021,
the Director of the CDC approved and adopted the recom-
mendations of the ACIP (Advisory Committee on Immuniza-
tion Practices) for the administration of booster doses of the
Pfizer-BioNTech Covid-19 vaccine in persons selected by age,
underlying disease or population considered at high risk of ex-
posure and infection by COVID-19 due to their professional or
institutional activity [17].
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It will be administered to persons who meet the defined
recommendations and who have previously received the com-
plete vaccination with Pfizer-BioNTech Covid-19 vaccine. The
additional booster dose will be with the same vaccine and at
least 6 months after completion of the primary vaccination.

Recommendations to administer supplemental doses in
the U.S. are as follows:

- Persons 65 years of age or older, and/or residents of
long-stay facilities.

- Persons aged 50-64 years with underlying medical con-
ditions.

- Persons aged 18-49 years with underlying medical pa-
thology, in whom the risk-benefit of receiving the booster
dose will be assessed on an individual basis.

- Persons aged 18-64 years with high risk of exposure and
transmission of COVID-19, due to work or institutional circum-
stances may receive the "booster”, individually assessing their
risk-benefit of being vaccinated.

The CDC justifies the booster dose in the chosen groups
because they were the first to be vaccinated at the beginning
of the vaccination campaigns and can now benefit from ad-
ditional protection. Given that the Delta strain is still circu-
lating in the United States, the booster would help the most
vulnerable population by protecting them against severe COV-
ID-19 and its complications, which are more frequent in these
groups. The CDC is committed to continuing to monitor the
safety and effectiveness of the COVID-19 vaccines so that new
booster recommendations can be added in the coming weeks
for other population groups and for those who have previously
received the other vaccines.

CDC Director Dr. Walensky acknowledges the great
challenge of making high-impact decisions when analyz-
ing very complex situations with insufficient and sometimes
poor-quality data to make very specific recommendations. In
a pandemic, the greatest benefit is obtained if action is tak-
en in anticipation of its evolution despite the uncertainty with
which we have to work.

These are the first steps in the indications of the "booster”,
which will be completed in the near future. It is important not
to forget and to insist on the need to achieve greater vaccina-
tion coverage with complete primary vaccination in the popu-
lation not yet vaccinated, both in the United States and in the
rest of the world.

4.- WHAT IS THE EUROPEAN POSITION,
PARTICULARLY THAT OF THE ECDC?

The ECDC, bearing in mind that the primary objective of
the vaccination strategy is to prevent severe cases of COVID19,
was in favor of considering the administration of a supple-
mental vaccine dose, as an extension of the vaccination series,
to persons who may experience a limited response to the pri-
mary COVID-19 vaccination series, such as some categories of
immunocompromised individuals (e.g., solid organ transplant

recipients) [18]. In addition, they advised considering, as a pre-
cautionary measure, the possibility of providing a booster dose
for the elderly and frail, particularly those living in closed en-
vironments (socio-health centers) [18]. Regarding the need for
the administration of booster doses of vaccines to fully vacci-
nated individuals in the general population, they considered
that this was not an urgent decision, as the evidence available
at this time regarding “real world" vaccine effectiveness and
duration of protection shows that all licensed vaccines in the
EU are highly protective against COVID-19-related hospitaliza-
tion, severe illness and death. In this situation, they noted that
the priority should be to vaccinate all those who have not yet
completed their recommended vaccination course [18].

In a statement dated September 2, 2021 [1], the EMA
aligned itself with the positioning of the ECDC technical re-
port. On October 4, 2021, the EMA's Committee for Medici-
nal Products for Human Use (CHMP), following an accelerated
evaluation of the results of studies on the efficacy of adminis-
tering additional doses of mRNA vaccines [19,20], both in im-
munocompromised adults and in vaccinated individuals with
healthy immune systems, reached the following conclusions:

Administer an additional dose of the COVID-19 vaccines
Comirnaty (BioNTech [ Pfizer) and Spikevax (Moderna) to peo-
ple with severely weakened immune systems at least 28 days
after the second dose. The recommendation comes after stud-
ies showed that an additional dose of these vaccines increased
the ability to produce antibodies against the virus that causes
COVID-19 in organ transplant patients with weakened im-
mune systems.

a) Consider a booster dose of COVID-19 Comirnaty vaccine
(BioNTech / Pfizer) at least 6 months after the second dose for
persons 18 years of age or older with normal immune systems.
The data evaluated show an increase in antibody levels when a
booster dose is administered approximately 6 months after the
second dose in persons aged 18 to 55 years.

b) At the national level, public health agencies in EU states
may issue official recommendations on the use of booster
doses, taking into account emerging efficacy data and limited
safety data.

Currently, the Committee for Medicinal Products for
Human Use is evaluating data to support a booster dose of
Spikevax (Moderna) [20].

5.- WHAT DOES THE WHO RECOMMEND AT THIS
TIME REGARDING THE ADMINISTRATION OF
BOOSTER DOSES TO PEOPLE WHO HAVE ALREADY
BEEN VACCINATED?

In a press release dated August 10, 2021 [21], WHO stat-
ed that “In the context of current global vaccine supply con-
straints, the administration of booster doses will exacerbate
inequities by increasing demand and consuming a scarce sup-
ply, while priority populations in some countries, or subnation-
al settings, have not yet received a primary vaccination series.
For the time being, the goal remains to increase global vacci-
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nation coverage with the primary series (one or two doses for
current vaccines)."

Furthermore, WHO adds that "the introduction of supple-
mentary doses should be strongly evidence-based and target-
ed to the population groups most in need. The rationale for
booster doses should be guided by evidence of decreased vac-
cine efficacy, in particular decreased protection against severe
disease in the general population or in high-risk populations,
or due to a coronavirus variant of concern. To date, evidence
remains limited and inconclusive on the widespread need for
booster doses following a primary vaccination series. WHO is
carefully monitoring the situation and will continue to work
closely with countries to obtain the necessary data for policy
recommendations.

On September 11, 2021, Katherine 0'Brien, director of
WHQ's Department of Immunization, Vaccines and Biological
Medicines, ratifies this same position in a statement on the Or-
ganization's own website [22].

Finally, Mike Ryan, Executive Director of WHO's Health
Emergencies Programme, during a live question and answer
session broadcast on September 22, 2021 on the Organization's
social media channels [23] said what WHO is advocating is that
booster doses in the general population, who have had broad
access to vaccines and have already been vaccinated, are not the
best option at this time. However, Ryan indicated that WHO is
not against giving a third dose to people who may have signif-
icant benefit, such as the elderly, the medically vulnerable, and
anyone who needs an immune system booster after a full reg-
imen of COVID-19 vaccines. Dr. Ryan understands that this is
compatible with giving the primary vaccine series to everyone in
the world who needs it because there is enough vaccine.

6.- WHAT IS THE RECOMMENDATION AND
EXPECTED EFFICACY OF COMPLEMENTARY
VACCINE DOSES IN IMMUNOSUPPRESSED
PATIENTS?

It seems to be demonstrated that, in general, COVID-19
is more severe, more prolonged, with a greater possibility of
maintaining a high viral load for a longer period of time and,
therefore, with a greater capacity for transmission in the im-
munocompromised population. [24-28].

Likewise, the humoral response to vaccines and in particular
to those available against COVID-19, is lower in immunocom-
promised patients, both in primary deficiencies and in those as-
sociated with infectious and autoimmune diseases. [14, 29-31],
as well as in oncology patients and notably more evident in cer-
tain tumor and treatment subgroups. [14, 29, 32, 33].

The "booster” effect of the antibody level response with
the second dose of the vaccine and with vaccination after the
infection has passed is also certain.

Due to this foreseeable immunogenic potentiation of ad-
ditional doses to the standard vaccination, the CDC and then
other global health agencies were ahead of the evidence and

recommended in the summer of 2021 the third dose for the
population that had had a worse response to the vaccine (im-
munosuppressed) and have recently ratified and have pro-
posed the extension to other risk groups and even to the gen-
eral population from the 6th month after vaccination.

There were not enough studies of extra doses when the
first recommendations were made and we still have little ev-
idence of increased efficacy in the real world, given the very
short time elapsed since the beginning of the administration
of "third doses" and the obtaining of evolutionary data that
can be analyzed beyond the titration of antibodies.

It occurs in both the general population [10], as in the
aforementioned immunosuppressed groups.

Solid organ transplant recipients. The first information
demonstrating the potentiating effect of the third dose comes
from series of patients with solid organ transplants [34-36]
and whose review concludes that:

- The 3rd dose of mRNA vaccine against COVID-19 in solid
organ transplant recipients (with a high percentage of renal
transplants), improves immunogenicity, reaching neutralizing
antibody titers in half of the patients who did not have them
after the second dose.

- In some studies the levels achieved would correspond to
neutralizing capacity against the virus in in vitro studies.

- The results obtained on the activation of cellular immu-
nity do not allow a correlation with the clinical efficacy of this
response.

- The existing series do not report cases of COVID-19 after
the 3rd dose, but the follow-up is too short to be able to verify
clinical efficacy.

- In solid organ transplant recipients who receive a 3rd
dose of vaccine, there are no serious adverse side effects.

- Objective signs of organ rejection after the 3rd dose
have only been reported in one heart transplant recipient, with
no organ failure in the follow-up up to the date of publication.

- The presence of neutralizing antibodies, even at low
doses, after the 2nd dose, predicts an enhanced response after
the 3rd dose.

- The more immunosuppressive drugs, the less response
from the 3rd dose.

- Corticosteroids, tacrolimus, mycophenolate and belata-
cept, decrease the response to the 3rd dose and more in com-
bination.

- Slightly more than half of solid organ transplanted pa-
tients do not seroconvert after the 3rd dose of vaccine.

Renal transplant and dialysis patients. France au-
thorized in April 2021, the additional doses for renal patients
(transplanted or on dialysis), their series were brought forward
to add knowledge of the response in this group [37-39] and
their conclusions are:

- The third dose in renal transplant patients and in dia-
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lyzed patients, increases the immunogenic response, although
more than 50% of complete vaccine non-responders remain
non-seroconverted.

- The higher the immunosuppressive treatment load, the
lower the humoral response. In dialyzed patients it is significant in
those receiving immunosuppressants for myeloma or amyloidosis.

- There are no serious adverse side effects.

Other cohorts of patients with immunosuppression
and booster doses. There are no analyzable series, for the mo-
ment, of 3rd dose or additional dose to the standard vaccine in
patients under immunosuppressive treatment of patients with
autoimmune diseases or other types of oncologic patients (sol-
id organ or hematologic) different to those already mentioned.
Neither in patients under immunotherapy, a group in which
the safety of the vaccine was especially valued due to initial
suspicions of the possibility of potentiation of adverse effects.

Only the sum of particular actions in this group are availa-
ble without alarm bells ringing in the updated literature [40, 41].

7.- WHAT IS KNOWN ABOUT THE INDICATION
AND EFFICACY OF BOOSTER DOSES OF
NON-mRNA VACCINES?

Existing information on the efficacy of additional doses
of vaccines other than mRNA vaccines is still very scarce. The
available data refer mainly to the Johnson & Johnson vaccine.
Two studies, not yet published, have been carried out with
this vaccine. The first phase 3 study (ENSEMBLE-2) is a dou-
ble-blind, placebo-controlled study evaluating the safety and
efficacy of a two-dose regimen of the vaccine administered
at an interval of 56 days to adults over 18 years of age at high
risk of severe COVID-19 [42, 43]. After a median follow-up of
36 days, a second dose was shown to achieve 100% (Cl, 33%-
100%) protection against severe/critical COVID-19 at least
14 days after the final vaccination, 76% (55%-88%) against
symptomatic COVID-19 globally, and 94% (58%-1000%)
against symptomatic COVID-19 in the United States. The sec-
ond dose of vaccine was generally well tolerated [44]. In the
second study, the second dose was administered 6 months af-
ter the first dose. In this case, a 9-fold increase in antibody
levels was observed at 1 week after administration and in-
creased up to 12-fold at 4 weeks. By comparison, when the
second dose was administered two months after the first dose,
antibody levels had risen 4 to 6-fold [45]. The data are not yet
published and approval for the administration of the booster
dose of this vaccine has not yet been received.

8.- IS THERE REALLY A CONFLICT IN THE USE
OF BOOSTER DOSES OF VACCINES IN HIGHLY
DEVELOPED NATIONS VERSUS LESS FAVORED
ONES?

In view of the dilemma that could arise regarding the
administration of a supplementary dose to fully vaccinated

patients in certain countries versus achieving a complete vac-
cination schedule in the unvaccinated population worldwide,
a certain debate has been established [46]. Most institutional
positions recommend the administration of the booster dose
in certain vulnerable populations (immunocompromised, el-
derly, nursing homes) but not to the entire population in a
comprehensive manner, for which there would not be as much
evidence or urgency to do so. Regardless of the relevance of a
booster campaign, this situation may generate an ethical de-
bate, balancing the national and international responsibilities
of the states [47]. The WHO already states that this situation
may increase the inequality of access to vaccines in the differ-
ent countries of the world, where there are still countries such
as the African continent where the complete vaccination rate
is around 39%. Thus, although there are cosmopolitan positions
that consider a global strategy to defeat the pandemic (re-
duction of transmission and possibility of new variants) to be
pragmatic, the reality is that countries have adopted national
policy strategies in the absence of a consensus. This national-
ism as a strategy would be based on the investment of local
resources and public funds in vaccine research and the con-
cept of protecting their population as much as possible. The
question is whether the booster dose in certain countries is
really an opportunity cost for the poorest countries or wheth-
er there are other barriers beyond vaccine shortages that pre-
vent vaccines from reaching the unvaccinated population [46].
Thus, increasing global access to vaccination should be a prior-
ity for all states, while seeking to improve the evidence of the
effectiveness of a booster dose in certain populations.

Perhaps it is not a matter of choosing between one op-
tion or another, but rather of seeking alternatives that favor
global vaccination aimed at solving certain issues such as the
loss of the cold chain, the possibility of heterologous vacci-
nation or local production together with compliance with the
established distribution agreements through programs such
as COVAX, which have not met their expectations at present
[48]. The objective would be to reduce inequity in the poorest
countries, while maintaining the national commitment of the
richest countries in the development of vaccines and promot-
ing their distribution in an international framework.

9.- WHAT IS THE FUTURE OF VACCINATION AS
A COVID-19 PREVENTION TOOL? WILL PERIODIC
VACCINATION WITH THE COVID VACCINE BE
NECESSARY?

The need for repeat supplemental doses of the COVID vac-
cine depends on whether the pandemic evolves into an endemic
form of infection, such as influenza. This is the future scenar-
io that is considered most likely, both because of the evolution
of previous pandemics and because of the existence of many
conditions that make it easier for the virus not to be eradicat-
ed. Even with the best progress in vaccination, it seems likely
that reservoirs of SARS-CoV-2 may remain in both unvaccinated
populations and animals, as is the case with other coronaviruses.
The ability of SARS-CoV-2 to mutate makes it possible for more
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transmissible and vaccine-resistant variants to emerge, making
it possible that a multivalent vaccine covering several SARS-
CoV-2 strains may be required in the future. The possibility of
an endemic infection will also depend on a possible waning of
acquired immunity against the virus and its variants, something
we will only know in the long term. If this is the case, the time
when epidemic peaks are expected to occur will coincide with
the influenza season, as the cold conditions less time outdoors
and more personal contact. This makes it possible for both vacci-
nation campaigns to coincide [49-51].

10.- WHAT IS THE POSITION OF THE COVID
SCIENTIFIC COMMITTEE OF ICOMEM ON

THE ISSUE OF THE ADMINISTRATION OF
SUPPLEMENTARY DOSES OF VACCINES TO THE
SPANISH POPULATION?

The efficacy of the vaccines administered to date is be-
yond doubt and they have managed to reduce, fundamental-
ly, severe forms of disease, those requiring hospital admis-
sion, ICU admissions and deaths due to COVID-19. However,
the vaccines administered to date do not totally prevent the
acquisition of viral infection and transmission to third par-
ties. The duration of this protection is not well known and
it happens to be different in different individuals and for
different variants of the virus. In any case, at present, pro-
tection cannot be firmly deduced from tests such as the de-
termination of antibody titers or other immunological deter-
minations.

There are breakthrough infections in vaccinees and rein-
fections in patients who have already had a primary episode of
COVID, some of them severe and fatal.

Data on the real impact of a complementary or "booster”
dose are scarce in the scientific literature. An additional dose
may induce the appearance of antibodies for example in up to
50% of solid organ transplant patients who had not responded
adequately to previous vaccination and booster doses in large
populations such as those in the state of Israel may be associ-
ated with a decreased risk of new and severe episodes in the
short observation period available.

On the other hand, data on the safety and potential ad-
verse effects in vaccinated individuals when exposed to a new
dose are limited and even less on the ideal timing of adminis-
tration in different situations.

In this state of affairs, it seems prudent to administer sup-
plementary doses to those exposed to a higher risk, such as
immunocompromised individuals and the elderly, particularly
among those most at risk because they live in health care fa-
cilities.

On the contrary, we consider that this is not the time to
improvise a massive administration of a third dose to oth-
er population groups less exposed and at lower risk, without
waiting for adequate scientific information, which will un-
doubtedly arrive gradually.

We do not believe that this position is incompatible with
the practical and ethical warnings issued by the World Health
Organization. The arrival of vaccines in the world with a low
prevalence of vaccinated people should be compatible with
the additional doses needed in countries of the economical-
ly richer world. It should not be forgotten that the arrival of
vaccines to millions of disadvantaged human beings who have
not received them so far depends not only on the will or gen-
erosity of the nations that possess them. We are aware that
there are political, economic, logistical and technical factors
that can make the best will to help and solidarity of some hu-
man beings with others fail.

CONCLUSIONS

1.- More than six months after the application of the first
vaccines against COVID, a high level of protection is main-
tained, particularly against severe forms of the disease.

2.- Vaccine failures are detected, however, particularly in
patients with severe immunosuppression such as solid organ
transplant recipients.

3.- Current routine laboratory markers do not allow de-
finitive detection of the most exposed vaccinated population.

4.- Both North American and European health authori-
ties admit, in the absence of very solid data on their efficacy,
the administration of complementary doses for the most vul-
nerable population, the definition of these populations being
somewhat diffuse and rapidly changing.

5.- Third doses are currently approved or in the process of
being approved for at-risk populations, including those select-
ed on the simple criterion of being over a certain age.

6.- The WHO, while not frankly opposing this trend,
points to the need to vaccinate first those populations of the
world that have not yet had access to the vaccine on a mas-
sive scale.

7.- There are very few studies that evaluate the potential
adverse effects of receiving a complementary dose of vaccine
in large segments of the population, but some health author-
ities point to the need to "go ahead" of the pandemic and in-
crease, accepting the uncertainty, the degree of immunization
of the population.

9.- This Scientific Committee of COVID, of ICOMEM, sup-
ports the attitude of administering a third dose (complemen-
tary dose) to particularly vulnerable population groups but
wishes to express the necessary caution when extending this
recommendation indiscriminately to large population groups
until more studies on both the efficacy and safety of this med-
ical practice are available.

10.- We consider that getting the necessary vaccines to
the world that needs them is not only a decision of solidarity,
but that it runs up against logistical and political problems
that cannot always be solved from a purely technical point
of view.
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ABSTRACT

The precocity and efficacy of the vaccines developed so
far against COVID-19 has been the most significant and saving
advance against the pandemic. The development of vaccines
has not prevented, during the whole period of the pandemic,
the constant search for therapeutic medicines, both among ex-
isting drugs with different indications and in the development
of new drugs. The Scientific Committee of the COVID-19 of the
lllustrious College of Physicians of Madrid wanted to offer an
early, simplified and critical approach to these new drugs, to
new developments in immunotherapy and to what has been
learned from the immune response modulators already known
and which have proven effective against the virus, in order to
help understand the current situation.
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Tratamiento farmacologico del COVID-19: un
documento de opinion

RESUMEN

La precocidad y la eficacia de las vacunas desarrolladas
hasta ahora frente al COVID-19, ha sido el avance mas signi-
ficativo y salvador frente a la pandemia. El desarrollo vacunal
no ha impedido, durante todo el periodo de la pandemia, la
busqueda constante de remedios terapéuticos, tanto entre los
medicamentos ya existentes y con indicaciones diversas, co-
mo en el desarrollo de nuevos farmacos. Sobre estos nuevos
farmacos, sobre las novedades en la inmunoterapia y sobre
lo aprendido de los moduladores de la respuesta inmune ya
conocidos y que se han mostrado eficaces frente al virus, el
Comité Cientifico del COVID-19 del llustre Colegio de Médicos
de Madrid ha querido ofrecer una aproximacion precoz, sim-
plificada y critica que pueda ayudar a comprender la situacion
actual.

Palabras clave: COVID-19, SARS-CoV2, tratamiento, Remdesivir, Favi-
piravir, Molnupiravir, PF-07321332, Paxlovid, plasma de convalecien-
tes, Sotrovimab, Banlanivimab, Etesevimab, Casirivimab, Imdevinab ,
AZD7442, Ciganilmab , Tixagevimab, Evusheld, BRII-196, BRII-198,
Dexametasona, Corticosteroides, Tocilizumab, Sarilumab, Anakinra,
Canakinumab, Baricitinib, Tofacitinib, Ruxolitinib, Adalimumab, Cer-
tolizumab, Infliximab, Etanercept, Golimumab, Itolizumab, Ravulizu-
mab, Lemilumab, Ivermectina, Colchicina, Vitamina D, metformina,
Fluvoxamina, Azitromicina, Hidroxicloroquina, Lopinavir/Ritonavir.
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INTRODUCTION

With the achievement of useful vaccines against COV-
ID-19, whose efficacy is extraordinarily high but not absolute,
and in view of the possibility that new variants of the virus
may limit its efficacy, it is pertinent to turn our attention from
the preventive to the therapeutic sphere. In addition, there is
still a large number of unvaccinated persons. In the case of
children aged 5 to 11 years, the European Medicines Agency
(EMA) has approved the Comirnaty vaccine on 25 November
2021 [1].

The treatments against the disease are beginning to bear
objective and significant fruit both in the field of direct antivi-
ral therapy and in that of anti-inflammatory and immunother-
apeutic treatment. A good example of this is the repositioning
of monoclonal antibodies or the presentation of new effective
antiviral agents that can be administered orally.

The Scientific Committee of COVID-19, of the lllustrious
College of Physicians of Madrid (ICOMEM) has received and has
been asked several questions about the present reality of the
pharmacological treatment of COVID-19, to which the group
has tried to give answers, after deliberation and consensus.

This document is not intended to be an exhaustive review
of the state of the art of pharmacological treatment of the
disease caused by SARS-CoV-2, but rather to offer a current,
summarized and easily understandable perspective that in-
cludes the situation in Spain.

In the following pages we have compiled the scientific ev-
idence that we have been able to collect, also providing the
opinion of the ICOMEM working group.

1. SOME CLINICALLY EFFECTIVE ANTIVIRALS
AGAINST COVID-19

In a disease of viral etiology, with some very aggressive
and rapidly evolving forms, it is logical that drug treatments
with antiviral activity began to be used early and, to a certain
extent, indiscriminately, from the onset of the pandemic. We
will confine ourselves here to listing those that have shown
some efficacy in clinical trials or that seem very promising in
this respect.

Remdesivir is a prodrug in monophosphate form that is
metabolized to active adenosine triphosphate. It inhibits the
replication of several families of RNA viruses, including coro-
naviruses. This drug had been studied against Ebola and Mar-
burg viruses and clinical trials in SARS-CoV-2 infection started
early [2-9]. Preclinical data showed that early treatment could
decrease viral load, reduce lung damage and improve survival.

To date, although the drug has been approved for severe
patients by the FDA and EMA, the results cannot be consid-
ered uniformly conclusive as some clinical trials have shown
discordant results [5-11]. The first randomized, placebo-con-
trolled, phase Ill clinical trial with remdesivir was published
in 2020. It included 237 patients, with severe disease and O,

desaturation, who received treatment for 10 days. In this first
trial, no clinical benefits were obtained, but a trend towards
improvement was observed when treatment was started ear-
ly. [12]. Negative results were also found within the Solidarity
study in which 405 hospitals in 30 countries participated. A
total of 11,330 patients were included in different groups, of
whom 2,750 were assigned to remdesivir. No improvement in
clinical outcome or mortality was observed in this study [13].
In the multi-center DisCoVeRy study, which included more
than 800 patients [14] no clear benefit was demonstrated
either. However, in the ACTT-1 study, with more than 1,200
randomized patients, a more rapid clinical improvement was
demonstrated in patients receiving remdesivir versus placebo
and even a reduction in all-cause mortality. This trial led to
FDA approval of the drug [15].

In a meta-analysis that included 5 randomized, place-
bo-controlled clinical trials with a total of 13,594 patients,
those treated with remdesivir showed a more rapid clinical
improvement and a reduction in the number of days of hospi-
talization. The differences in mortality were not significant, al-
though there was a trend in that direction in the 5-day treat-
ment studies [5].

In an observational study carried out in Spain at the Hos-
pital Clinico de Barcelona, the use of remdesivir improved sur-
vival, with greater efficacy in patients who received treatment
earlier, with a total reduction in the risk of death of 62% [16].
Other studies showed similar results, such that treated patients
had less need for mechanical ventilation and lower mortality
[17,18].

Remdesivir is therefore included as an effective drug in
guidelines such as that of the Spanish Society of Infectious
Diseases (SEIMC), indicated for patients in severe but not crit-
ical condition, with less than ten days of evolution. Similarly,
the IDSA recommends remdesivir in hospitalized patients but
not in critically ill patients [19,20].

Recent studies have shown a decrease in the combined
endpoint of COVID-related hospitalization and all-cause death
of 87% in outpatients at high risk of progression treated for 3
days with remdesivir [21].

Favipiravir is a nucleoside, prodrug, antiviral, broad-spec-
trum, RNA-dependent, RNA polymerase-dependent antiviral
drug that has already been used in the treatment of influenza
and studied against SARS-CoV-2, preferably in Japan and oth-
er Asian countries [22].

It has been compared, in small studies, with drugs whose
ineffectiveness has been proven a posteriori, without showing
significant differences. Such is the case with hydroxychloro-
quine [23], lopinovir/ritonavir [24] , inhaled B interferon [25]
and with baloxavir [26] .

Finally, in a randomized, open-label, phase 3 study in
cases of mild or moderate COVID, again with few cases (150
patients), a comparison was made with standard treatment,
without the study allowing, in our opinion, any clear conclu-
sion to be drawn [27].
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For all these reasons, in our opinion, this drug does not yet
have a study that establishes a clear efficacy and must still be
considered among the experimental drugs [28, 29].

Molnupiravir, an orally administered drug, has recently
been approved at least in the United Kingdom and the United
States for use in patients with mild to moderate COVID-19. It is
a prodrug with activity against RNA viruses. Preclinical animal
studies have shown efficacy, with a broader spectrum than
even remdesivir, and Phase | human clinical trials have shown
good levels of safety [30]. A phase Il clinical trial has proven
its efficacy in terms of viral clearance at 7 days [31], including
pharyngeal clearance of viruses.

Preliminary data from Phase Il studies have revealed a
significant reduction in the rate of disease progression, hos-
pitalizations, need for ICU and death in the group of patients
starting with mild or moderate disease. In contrast, no signifi-
cant results are obtained in patients with advanced and severe
disease [32].

Readers interested in more information on this new drug
can find it in the following references [33-39].

PF-07321332 (Paxlovid®, Pfizer), is a ritonavir-boosted
protease inhibitor that would reduce the risk of hospitalization
or death in 90% of subjects with mild to moderate disease.

PF -07321332 targets the major protease (Mpro) of SARS-
COV-2 that processes the two polyproteins through at least
11 cleavage sites. The amino acid sequence and three-dimen-
sional structure of Mpro are highly conserved across the Coro-
navirinae subfamily, providing a strong basis for the design
of therapeutics to target potentially immune-evasive SARS-
CoV-2 variants [40,41].

Pfizer has just announced at a press conference that its
product Paxlovid” (PF-07321332 + ritonavir) reduces the risk of
hospitalization or death by 89%, compared to placebo, in adults
not hospitalized but at high risk of poor outcome at the con-
clusion of its EPIC study (Phase 2/3). The data will be submitted
to the U.S. FDA for emergency use authorization (EUA) as soon
as possible [42]. In patients treated within 3 days of symptom
onset (primary endpoint); 0.8% of patients receiving Paxlovid®
required hospitalization in the first 28 days (3/389 hospitalized,
no deaths), compared to 7.0% of patients receiving placebo
(27/385 hospitalized with 7 subsequent deaths). The primary
analysis of the interim dataset evaluated 1,219 adults enrolled
through September 29, 2021. At the time the decision was made
to discontinue patient recruitment, enrollment was at 70% of
the planned 3,000 patients. Treatment-emergent adverse events
were comparable between Paxlovid® (19%) and placebo (219%),
most of which were mild in intensity.

2. CONVALESCENT PLASMA AND IV
IMMUNOGLOBULINS

Immunoglobulins and convalescent plasma (CP) is ob-
tained from persons who have recovered from COVID-19.

Since the primary host immune response appears 10 to 14
days after infection, plasma should be collected from donors
no earlier than the second or third week after SARS-CoV-2 in-
fection [43].

Plasma would provide passive immunity based on anti-
bodies and therefore could reduce both the severity and du-
ration of the disease, so it could be indicated in hospitalized
patients and with special interest in immunosuppressed pa-
tients with deficient antibody production. As a human blood
product it can cause the same reactions as transfusions (aller-
gic and anaphylactic reactions, hemolysis, fluid overload, etc.),
but studies consistently show that plasma transfusion is safe
with effects similar to those of ordinary transfusions [44-51].

However, despite the justification for its use, the experi-
ence in other viral epidemics and its safety, there are still no
clear results in terms of efficacy. It began to be used in mod-
erate-severe COVID-19 with publication of observational stud-
ies and clinical trials [46-48], with systematic review and me-
ta-analysis [45,46], which have provided inconclusive results.
Furthermore, these trials were heterogeneous with respect to
the characteristics of the convalescent plasma used (e.g. in
terms of antibody content and stratification of recipient pa-
tients according to their serological status).

Given these findings, the FDA argued that a "totality of
evidence" suggested that the benefits of convalescent plasma
would outweigh its risks and, given the lack of effective treat-
ments, granted an Emergency Use Authorization (EUA) and
provided guidance on the manufacture and use of convales-
cent plasma in hospitalized patients with signs of progressive
infection [44].

Outside the US., a randomized, open-label, controlled
clinical trial in 27 hospitals in Spain is worth mentioning [49]
in which no differences were obtained in terms of overall mor-
tality (11.7% in the treated group vs. 16.4% in the control
group, p = 0.205), nor in terms of progression at 14 days. The
PLACID study, carried out in India [50], also failed to demon-
strate a decrease in disease progression and mortality. In sum-
mary, at the present time, convalescent plasma is not a treat-
ment approved by the European Medicines Agency and even
uncontrolled compassionate use of this procedure should be
discouraged.

3. MONOCLONAL ANTIBODIES USABLE IN
MONOTHERAPY

The world of monoclonal antibodies and the data on their
activity have had a very important boost recently and we con-
sider them to be an area of great interest. In this section we
will discuss sotrovimab, which is indicated for monotherapy.

Sotrovimab. It is a recombinant engineered humanized
monoclonal antibody (IgG) that binds with high affinity to a
highly conserved epitope in the receptor binding domain (RBD)
of the S protein (spike) of SARSCoV-2. Its exact mechanism of
action is not well understood, but it appears to prevent fusion
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after the virus binds to the human angiotensin 2-converting
enzyme receptor (ACEZ).

Interim results from the COMET-IC (Early Treatment of
COVID-19 in Qutpatients) Phase Il clinical trial were published
in October 2021 [52]. This multicenter, double-blind trial eval-
uated the clinical course after administration of a single intra-
venous infusion of sotrovimab in 291 adult patients diagnosed
with mild to moderate COVID-19 (Sat 02 =94% on room air),
not hospitalized, within the first 5 days of symptom progres-
sion versus a placebo group of 292 infected. Patients included
in the trial were 18 years of age or older and were at high risk
for progression of COVID-19 because of their age (=55 years)
or because they had at least one risk factor for progression to
severe disease [52]. The primary efficacy outcome was hospital-
ization (for > 24 hours) for any cause or death within 29 days
after randomization. The use of sotrovimab was associated with
an 85% reduction in the relative risk of progression to severe or
critical illness and up to a 79% reduction in the risk of all-cause
hospitalization or death through day 29. In addition, no safety
issues were identified that compromised treatment [52].

In May 2021, the FDA authorized the emergency use of
sotrovimab in the US [53]. In Europe, it is part of the Euro-
pean Commission's portfolio of promising treatments against
COVID-19 [54]. In May 2021, the Committee for Medicinal
Products for Human Use (CHMP) issued its positive opinion on
the drug, following review of data from the interim analysis
of data from the Phase Ill Comet-ICE study [55] and will be
studied by the European Medicines Agency (EMA) for possible
authorization.

The COMET study demonstrated that intramuscular ad-
ministration of sotrovimab is not inferior and offers similar
efficacy to the intravenous formulation in a population at high
risk of poor outcome. IM administration may facilitate its ad-
ministration in primary care.

4. MONOCLONAL ANTIBODIES USED IN
COMBINATION

Bamlanivimab + etesevimab. In November 2020, the
lgG1 neutralizing monoclonal antibody bamlanivimab (LY-
CoV555; Lilly) received emergency use authorization (EUA)
from the FDA for the treatment of newly diagnosed mild to
moderate COVID-19 in patients 12 years of age and older, body
weight equal or superior to 40 kg, in good baseline condition
but at high risk for progression to severe disease or requiring
hospitalization [56].

Subsequently, in April 2021 the FDA revoked the US clear-
ance of the monotherapy, due to the progressive increase of
COVID-19 cases in the US caused by SARS-CoV-2 variants re-
sistant to such monotherapy [57].

This revocation did not affect the combined use of bam-
lanivimab and etesevimab, which maintained its indication for
emergency use. In a phase 3 clinical trial comparing single in-
travenous administration of the combination of bamlanivimab
and etesevimab versus placebo within 3 days of laboratory

confirmation of SARS-CoV-2 infection, the combination led
to a lower incidence of COVID-19-related hospitalization and
death from any cause on day 29 and accelerated the decline in
SARS-CoV-2 viral load [58].

In the trial (BLAZE-1), the mean decrease in SARS-CoV-2
viral load at day 11, the primary endpoint, was significantly
greater with bamlanivimab plus etesevimab than with place-
bo. Hospitalization for COVID-19 or death from any cause at
day 29 occurred significantly less frequently with the antibody
combination than with placebo (2.1% vs. 6.6%; HR 0.32; NNT
22.5). No deaths occurred in the antibody group, compared
with 10 in the placebo group [59].

In a second trial (BLAZE-4), the FDA selected 700 mg/1400
mg as the licensed dose for use of bamlanivimab and etese-
vimab together, prompting the manufacturer to study this
dose in a new cohort (BLAZE-1.5). The rate of hospitalization
for COVID-19 or death from any cause at day 29 was signif-
icantly lower with the antibodies than with placebo (0.8% vs.
5.4%; HR 0.13; NNT 21.5).

Bamlanivimab and etesevimab should be administered as
soon as possible after a positive SARS-CoV-2 test result and
within 10 days of the onset of COVID-19 symptoms. Patients
should be treated in a facility staffed and equipped for the
management of anaphylaxis and should be monitored for hy-
persensitivity reactions during drug administration and for at
least 1 hour after completion of the infusion.

In March 2021, the Committee for Human Medicinal Prod-
ucts (CHMP) of the European Medicines Agency (EMA), began
the ongoing review procedure of the results of studies with
bamlanivimab and etesevimab, for the treatment of confirmed
COVID-19. The review ended without issuing the conclusions,
once the company Eli Lilly Netherlands BV, the marketer of the
two molecules, informed the Agency on October 29, 2021 that
it was withdrawing from the process [60]. In its letter notifying
the Agency of the withdrawal, the company stated that it was
withdrawing because EMA required prospective concurrent
validation data that could only be generated through the pro-
duction of new batches of active substance and that it was not
in a position to generate such additional data.

This product has been withdrawn from the evaluation
process in Europe.

Casirivimab + imdevimab. Regeneron's monoclo-
nal antibodies casirivimab (REGN10933) and imdevimab
(REGN10987) are cleared for use together.

The FDA has cleared this combination of monoclonal an-
tibodies to SARS-COV-2 on an emergency basis (REGEN-COV)
for co-administration by intravenous or subcutaneous injec-
tion for the treatment of mild to moderate COVID-19 in in-
dividuals over 12 years of age and weighing no less than 40
kg who are at high risk for progression to severe COVID-19
[61,62]. Traditional risk groups would also include overweight
patients or pregnant women, as well as those suffering from
cardiovascular disease, hypertension or chronic respiratory dis-
ease (Table 1) [61,63,64].
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In contrast, this combination could worsen the results if
administered to patients hospitalized for COVID-19 or requir-
ing high-flow oxygen or mechanical ventilation.

The mechanism of action is based on the fact that ca-
sirivimab and imdevimab bind to different sites of the recep-
tor-binding domain of the SARS-CoV-2 spike protein, blocking
its binding to the human ACE2 receptor.

FDA clearance was based on interim Phase 1/2 results
from a double-blind trial (COV-2067) in which 799 outpatients
with mild to moderate COVID-19 were randomized in a blind-
ed fashion to receive a single intravenous infusion of mono-
clonals or placebo. Outcomes were assessed 28 days after in-
fusion [64] and viral load at day 7 was significantly lower with
the monoclonal combination than with placebo. There was al-
so less need for hospitalization, emergency department visit or
teleconsultation within 28 days after infusion (2.8% vs. 6.5%).
Among patients at higher risk of disease progression, rates of
poor outcome were 3% with casirivimab and imdevimab and
9% with placebo. The combination is protective against vari-
ants of concern known to date [65].

Subsequent data in Phase 3 studies (COV-2067), in which
3,867 patients with mild or moderate COVID and at least one
risk factor for progression to severe disease were randomized
prompted the FDA to change the licensed dose of casirivimab
and imdevimab from 1200 mg to 600 mg of each antibody
[64,66].

We are not aware of studies comparing this combination
with other monoclonal antibody combinations. Anaphylaxis
reactions have occasionally been detected with this combina-
tion, although they are very rare [64].

If intravenous infusion is not feasible and would result in
a delay in treatment, casirivimab and imdevimab can be ad-
ministered subcutaneously. The licensed dose is 600 mg of
casirivimab and 600 mg of imdevimab administered in four
consecutive 2.5-ml injections (2 injections of each antibody
packaged separately, or 4 injections of the co-formulated for-
mulation) at different sites on the thigh, back of the arm, or
abdomen (except 5 cm around the umbilicus). If a prepared
syringe cannot be used immediately after dilution, it can be
refrigerated or left at room temperature for up to 4 hours. If
refrigerated, the syringe should remain at room temperature
for 20 minutes before administration.

Casirivimab and imdevimab should be administered in a
facility staffed and equipped to manage anaphylaxis. Patients
should be monitored for hypersensitivity reactions for at least
1 hour after antibody administration.

The combination of casirivimab and imdevimab has been
administered with good tolerance to pregnant women [67].

In May 2021, the FDA has extended clearance for the use
of the combination of casirivimab and imdevimab to post-ex-
posure prophylaxis in high-risk individuals if they are not fully
vaccinated or if they have a poor immune response to the vac-
cine [68, 69].

This indication expansion is based on the results of a rand-

omized, double-blind, placebo-controlled trial in 1,505 healthy,
unvaccinated patients aged =12 years with no evidence of
prior immunity who were household contacts of persons with
SARS-CoV-2 infection (positive test within the previous 96
hours). Patients received a single subcutaneous dose of casiriv-
imab and imdevimab (600 mg each) or placebo. Symptomatic
SARS-CoV-2 infection within 4 weeks of randomization was
significantly lower in patients who received the antibodies than
in those who received placebo (1.5% vs. 7.8%). Among patients
who developed symptomatic infection, the duration of symp-
toms was significantly shorter in the antibody group (mean 1.2
vs. 3.2 weeks with placebo). There were no hospitalizations or
emergency department visits due to COVID-19 in the antibody
group compared to 4 in the placebo group [70].

AZD7442: Cilgavimab (AZD1061) + Tixagevimab
(AZD8895) (Evusheld). AZD7442 is a combination of two
monoclonal antibodies from Astra Zeneca, AZD8895 (tixa-
gevimab), a long-acting agent, and AZD1061 (cilgavimab),
which simultaneously bind to distinct non-overlapping
epitopes in the protein S receptor binding domain to neutral-
ize SARS-CoV-2. Both form a complex with the receptor bind-
ing domain (RBD) and have strong neutralizing activity against
SARS-CoV-2 and variants with antigenic substitutions at the
RBD [71].

They are currently being evaluated for single-dose ad-
ministration (intramuscular or intravenous) to treat or prevent
COVID-19. Preliminary results in treatment suggest a decrease
in severity in patients. Applied to both pre-exposure and
post-exposure prevention, the results of the studies are sched-
uled for completion in June 2022 [72].

Preliminary results of the preventive treatment have been
reported by Astra Zeneca, announcing that AZD-7442 failed
to improve outcomes in SARS-CoV-2 post-exposure prophy-
laxis. On the contrary, in pre-exposure prophylaxis, the study
suggests its efficacy in reducing the risk of developing symp-
tomatic COVID-19 by 779%. Protection could be maintained for
up to 12 months.

Combination of neutralizing monoclonal antibodies
BRII-196 and BRII-198. BRII-196 and BRII-198 are noncom-
petitive anti-SARS-CoV-2 monoclonal antibodies. They reduce
virus binding to the receptor and their structure allows for a
long half-life of activity, according to data from a study (AC-
TIV-2), sponsored by NIAID and led by the ACTG.

A study evaluates the safety/efficacy of investigation-
al agents for the treatment of non-hospitalized adults with
mild-moderate COVID-19 under a randomized, blinded, con-
trolled, adaptive platform. BRII-196/BRII-198 (1,000 mg each)
is administered as single doses in sequential infusions to pa-
tients at high risk for clinical progression (i.e., age = 60 years or
presence of other medical conditions) within 10 days of symp-
tom onset and after positive test for SARS-CoV-2. The primary
endpoint was hospitalization and/or death through day 28.

Between January and July 2021, 837 participants (418
active, 419 placebo) in various nations were randomized and
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received study product at the time when emerging variants
were circulating. In the interim analysis, the BRII-196/BRII-198
combination had fewer hospitalizations (12 vs. 45) and deaths
(1 vs. 9 AZD7442) compared to placebo. Grade 3 or higher ad-
verse events (AEs) were observed less frequently among partic-
ipants on BRII-196/BRII-198 than on placebo (3.8% vs. 13.4%),
with no serious infusion or other reactions.

Thus, the BRII-196/BRII-198 combination appears safe,
well tolerated, and demonstrated a significant reduction com-
pared to placebo in the risk of hospitalization and/or death
among adults with mild-moderate COVID-19 at high risk of
progression to severe disease [73].

5. THE ROLE OF CORTICOSTEROIDS IN THE
TREATMENT OF SEVERE COVID-19

The use of dexamethasone is recommended in critical-
ly ill patients with COVID 19 who require oxygen therapy or
ventilatory support. The recommended dose is 6 mg daily for
10 days or until hospital discharge. Comparison of dexameth-
asone 12 mg daily versus 6 mg has shown no difference in the
results regarding efficacy (survival without life support at 28
days) and safety in the most critically ill patients [74]. If dexa-
methasone is not available, other glucocorticoids at equivalent
doses (total daily doses of hydrocortisone 160 mg, methyl-
prednisolone 32 mg or prednisone 40 mg) may be considered,
although the data supporting the use of these alternatives are
more limited than those for dexamethasone [75-77]. In con-
trast, the use of dexamethasone (or other glucocorticoids) is
not recommended for the prevention or treatment of mild to
moderate COVID-19 (patients not receiving oxygen).

The World Health Organization (WHO) [77] has established
two recommendations regarding the use of corticosteroids in
COVID-19 patients:

1. Administration of systemic corticosteroids in prefer-
ence to no administration for the treatment of severe and crit-
ically ill patients (strong recommendation, based on moderate
certainty evidence).

2. Refraining from the use of corticosteroids in the
treatment of non-critically ill COVID-19 patients (conditional
recommendation, based on low certainty evidence).

This guideline is based on a reduction in 28-day mortality
of 8.7% and 6.7% in critically or severely ill COVID-19 patients.
In addition, systemic corticosteroids probably reduce the need
for invasive mechanical ventilation [77]. The oxygen saturation
threshold of 90% for the definition of severe COVID 19 is con-
sidered arbitrary and is recommended to be adjusted to the
patient's baseline situation.

The main study supporting these recommendations is Re-
covery [78] which shows a reduction in 28-day mortality in
patients with COVID 19 with mechanical ventilation (29.3% vs.
41.4%) or oxygen therapy (23.3% vs. 26.29%) but not in pa-
tients without respiratory support (17.8% vs. 14.0%). The main
adverse events related to the use of corticosteroids have been

related to hyperglycemia and hypernatremia [79] , as well as
with new episodes of septic shock, invasive fungal infections,
Strongyloides stercoralis hyperinfection in endemic areas, and
gastrointestinal bleeding. As of April 2021, 42 clinical trials of
corticosteroids in severe COVID-19 patients were ongoing and
16 had been completed but not published, possibly increasing
the evidence available in the immediate future [79].

The use of corticosteroids in persistent COVID-19 intersti-
tial lung disease has shown benefits in some observational se-
ries but clinical trials are needed to confirm these results [80].

6. OTHER IMMUNOMODULATORY DRUGS

Cytokine production in response to viral replication plays
an important role in lung damage, in the need for mechan-
ical ventilation and, globally, in the survival of patients with
COVID-19. This has prompted research into the efficacy of im-
munomodulatory drugs that limit cytokine-associated effects.
The demonstration of the beneficial effects of corticosteroids
in patients with severe pneumonia reinforces anti-inflamma-
tory[immunomodulatory therapy as a way to address severe
disease.

The immunomodulatory drugs investigated are grouped
into several families according to their mechanism of action
(Table1). Of these, only a few have sufficient data to be able to
make a judgment on their use in COVID-19.

Table 1 Immunomodulatory drugs investigated
in the treatment of COVID-19.

Class (Mechanisms of action) Drugs

IL-6 inhibitors Tocilizumab
Sarilumab

[L-1 antagonists Anakinra

Canakinumab*

Bruton's Tirosin Kinase (BTK) inhibitors Acalabrutinib*

Janus Kinase (JAK) inhibitors Baricitinib
Tofacitinib
Ruxolitinib*

TNF inhibitors Adalimumab*

Certolizumab®

Infliximab*

Etanercept*

Golimumab*
Anti CDy monoclonal antibodies Itolizumab*
C5 complement inhibitors Ravulizumab*
GM-CSF inhibitors

* There is not enough data to consider its use.

Lemilumab*
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The drugs whose clinical trials and observational studies
have shown results that make their use worth considering are
grouped into three families: IL.-6 inhibitors, IL-1 antagonists
and JAK inhibitors.

The most widely evaluated IL-6 inhibitor is tocilizumab.
Initial results from observational studies were very encourag-
ing, but were not always followed by similar results in clinical
trials. The registry clinical trials (COVACTA, EMPACTA) failed to
show benefit in patients with severe pneumonia, including pa-
tients requiring ICU admission or mechanical ventilation [81-
85]. Some subsequent clinical trials showed that tocilizumab
administration in patients with severe pneumonia is associated
with a significant decrease in mortality and organ support-free
time. [86-88]. Significantly, the RECOVERY study showed that
tocilizumab was effective in reducing mortality in patients with
inflammation data (CRP >75 mg/L in this study) [89], similar
to some observational studies [90,91]. Of particular importance
was that the benefits of tocilizumab were felt even when the
patient was receiving steroids. The positive results of these clin-
ical trials have led most COVID-19 treatment guidelines to in-
clude it as an option in patients with severe pneumonia, espe-
cially if they have elevated markers of inflammation. Sarilumab
is another IL-6 inhibitor that has been evaluated in clinical tri-
als. The number of patients treated does not allow conclusions
to be drawn and, at this time, it is recommended for use only in
patients who for whatever reason cannot receive tocilizumab.

Among the JAK inhibitors, baricitinib and tofacitinib have
obtained positive results in clinical trials. Both drugs have
shown a decrease in progression to mechanical ventilation and
mortality, independent of concomitant steroid use [92-95].

Finally, an IL-1 inhibitor, anakinra, has also shown bene-
ficial effects on clinical progression and mortality in patients
with severe pneumonia [96-98]. In a double-blind clinical trial,
the drug demonstrated benefit especially in patients who had
elevated suPAR levels (>6 ng/mL), a marker of severity in pa-
tients with COVID-19 [99].

There is no doubt that the group of drugs we are discuss-
ing have a role in the treatment of patients with severe COV-
ID-19 pneumonia. It should be noted that, in a recent review,
baricitinib and tofacitinib were included, along with dexameth-
asone and tocilizumab, as the drugs that had demonstrated a
decrease in COVID-19-associated mortality in randomized clin-
ical trials [95].

It is possible that anakinra could be added to this list. The
timing of administration also seems to be well established.
It should not be administered during the early stages of the
disease, when antiviral drugs are preferentially indicated, and
should be reserved for patients requiring oxygen therapy. Both
dexamethasone and tocilizumab could also be administered in
patients requiring mechanical ventilation or ECMO. Both JAK
inhibitors and IL-6 inhibitors can and should be administered
in conjunction with dexamethasone in patients in whom they
are indicated.

Some doubts remain to be resolved. No comparative stud-
ies have been carried out between the different options and

the profile of patients who can benefit optimally from each of
them remains to be determined. The elevation of some plasma
markers may help to make the decision. Elevated IL.-6 and CRP
have been shown to be suitable markers to identify patients
who benefit from tocilizumab, suPAR has been shown to iden-
tify patients who benefit from anakinra. It is also not known
whether the association of more than one of these immuno-
modulatory drugs adds any advantage to the isolated admin-
istration of each of them. The target on which they act is dif-
ferent, which could determine synergism with potentiation of
the benefits.

7. KNOWN DRUGS WITH OTHER INDICATIONS
UNDER EVALUATION FOR COVID-19

Ivermectin. Ivermectin is a broad-spectrum antiparasit-
ic agent that has been shown to be effective against SARS-
CoV-2 in vitro [100]. Ivermectin is approved in some countries
for the treatment of parasitic infections, but not for COVID-19.
In particular, the World Health Organization does not recom-
mend the use of this drug except in the context of a clinical
trial [101] and other studies advise against its use [102-104].

Colchicine. Colchicine is a potent agent that inhibits
multiple proinflammatory pathways, so it was thought that it
could be useful in the control of the inflammatory complica-
tions of COVID-19. Colchicine is approved in some countries,
such as Spain, for the treatment of gout and familial Medi-
terranean fever, but not for COVID-19, as it is considered
that there is insufficient evidence of its usefulness, and it al-
so has significant adverse effects, especially gastrointestinal.
[105,106]. Therefore, it can only be used for the treatment of
COVID-19 within a clinical trial.

Vitamin D. Vitamin D supplementation has been associat-
ed with lower risk of acute respiratory infections, such as influ-
enza [100]. However, there are insufficient data to recommend
or reject the use of vitamin D for the prevention or treatment
of COVID-19 [107]. A Cochrane review found a large heteroge-
neity of studies on this vitamin in the treatment of COVID-19,
due to the different supplementation strategies, formulations,
vitamin D level of the participants and the results found [108].
It is noteworthy that one of the first clues to the potential
usefulness of vitamin D in COVID-19 was a pilot randomized
controlled trial conducted in Spain, which observed that high-
dose calcifediol reduces the need for intensive care unit treat-
ment in patients hospitalized for COVID-19 [109].

Metformin. Metformin is a first-line treatment for type
2 diabetes, but it has also shown some efficacy in infectious
diseases, such as influenza and hepatitis C. In a July 2021 re-
view, 4 observational studies were identified that showed a
reduction in mortality among people using metformin on an
outpatient basis [110]. However, the evidence is insufficient to
recommend the use of this drug to reduce COVID-19-associat-
ed mortality [111].
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Fluvoxamine. Fluvoxamine is an antidepressant drug (se-
lective serotonin reuptake inhibitor and -1 receptor agonist)
that also has certain anti-inflammatory and possibly antiviral
effects. On October 27, 2021, the results of the TOGETHER trial,
which is the largest randomized trial to date (741 patients on
fluvoxamine and 756 on placebo) to evaluate the effectiveness
of this drug in symptomatic patients with COVID-19 at high
risk of developing severe COVID-19 in Brazil, were published
on October 27, 2021 [112]. Compared to those treated with
placebo, patients with fluvoxamine (100 mg twice a day for
10 days) reduced by 38% the frequency of hospitalization, de-
fined as a stay of more than 6 hours in a COVID-19 emergency
device or transfer to a tertiary hospital due to COVID-19. These
results are very encouraging because of the high efficacy of
the treatment, and because it is oral and very low cost, but
they need to be replicated in new studies.

8. DRUGS DISCARDED AFTER PROVING
INEFFECTIVENESS

Among the drugs that have been massively used and have
now been shown to be ineffective, we would like to highlight
hydroxychloroquine/chloroquine, azithromycin, and lopinavir/
ritonavir. We will now detail what motivated their use and
why they are no longer in use.

Hydroxychloroquine and chloroquine are drugs ap-
proved for the treatment of lupus erythematosus, rheu-
matoid arthritis and malaria. They were among the first
treatments used at the beginning of the pandemic. Hydrox-
ychloroquine was thought to be more effective due to the
results of in vitro experiments and pharmacokinetic models.
However, published studies do not indicate that they have
antiviral efficacy, nor do they improve clinical course or mor-
tality. Neither the Solidarity clinical trial (CT) [113], nor Re-
covery [114], have shown benefit. The pooled relative risk of
mortality from these trials was 1.11, 95% Cl 0.99-1.24, with
no apparent benefit in both ventilated and nonventilated
patients. This Cl excludes any benefit of hydroxychloroquine
in hospitalized patients. These trials also do not demonstrate
excess mortality in relation to the use of hydroxychloroquine
in hospitalized patients [113,114].

Azithromycin has, in addition to its bacteriostatic activity,
an immunomodulatory, anti-inflammatory, and antiviral effect
[115,1186]. It can also improve patients with respiratory distress
syndrome [117, 118]. Based on these facts, it has been used
empirically in patients with COVID, especially in moderate-se-
vere cases. Its use has also been justified with the intention
of reducing bacterial superinfection in critically ill patients.
A systematic review and meta-analysis of all types of clinical
studies (including 17 papers) found no clinical improvement in
patients with COVID-19 [119]. No statistically significant dif-
ferences were found in the rate of mortality, mechanical ven-
tilation or hospital admission between the control group and
the group treated with azithromycin. In terms of safety, the
use of this macrolide has a relatively safe profile. The risk of QT

prolongation was also not statistically significant compared to
previous studies [119].

Lopinavir/ritonavir is used for the treatment of human
immunodeficiency virus (HIV-1). It was thought to be a po-
tential treatment for SARS-COV-2, and was shown in vitro
to achieve inhibition of several respiratory viruses, including
SARS-CoV-1, and Middle East Respiratory Syndrome (MERS)
[120, 121]. However, the scientific evidence does not support
its clinical use in COVID-19. A systematic review and me-
ta-analysis evaluating the effects of lopinavir/ritonavir alone
or in combination with other therapies do not report positive
clinical effects [120]. Nor have larger clinical trials (RECOVERY
and SOLIDARITY) demonstrated a reduction in mortality, initi-
ation of invasive mechanical ventilation, or duration of hos-
pitalization with this therapy. Adverse events were reported
more frequently for lopinavir/ritonavir (n = 84) compared to
both other antivirals and placebo [120].

In conclusion, hydroxychloroquine/chloroquine, azithro-
mycin, and lopinavir/ritonavir although they have been widely
used, are currently discarded for the treatment of COVID, since
after large studies with large populations they have not shown
benefit.

9. PECULIARITIES OF THE USE OF ANTI-COVID
DRUGS IN PREGNANT WOMEN AND CHILDREN

In the current COVID-19 pandemic scenario, both wom-
en of childbearing age and pregnant women are a very large
population at risk for SARS-COV-2 infection [122]. The situa-
tion of physiological immunotolerance of pregnancy seems to
increase the risk of infection and serious complications [123],
and there are more obstetric complications and higher rates of
prematurity [124, 125].

The multiple safety barriers to include pregnant women
in clinical trials, and the physiological changes of pregnancy,
make it difficult to study new drugs in this population group
[126-128].

We could summarize the drugs used for COVID in preg-
nant women in 3 groups [127] :

1.- Drugs that have not demonstrated efficacy against
COVID-19, as listed in another section of this document, in-
cluding hydroxychloroquine, chloroquine, lopinavir/ritonavir,
Colchicine and Azithromycin.

2.- Drugs prohibited in pregnancy due to toxicity and ter-
atogenic effect already known: thalidomide, and hypotensive
drugs that act at the level of the renin angiotensin system and
affect fetal renal development.

3.- New drugs, immunomodulators, with little knowledge
in pregnant women. Among them are: tocilizumab. There is lit-
tle experience with the use of tocilizumab in pregnant women
with rheumatic disease and experts only recommend it if the
benefit outweighs the potential risks [126].

Beta Interferon, a cytokine of the interferon family with
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antiviral antiproliferative and immunomodulatory activi-
ty, used in the treatment of maternal multiple sclerosis, has
been proposed for the treatment of severe cases of COVID-19
but there are no recommendations for use in COVID-19 in-
fected pregnant women. Remdesivir has insufficient experi-
ence in pregnant women. Finally, other drugs not specifically
anti-COVID-19 used in the management of pregnant women
such as fluorinated glucocorticoids (betamethasone or dexa-
methasone), used for fetal lung maturation if indicated, and
methyl prednisolone and dexamethasone have been evaluat-
ed in prospective studies and have demonstrated efficacy in
the treatment of severe maternal SARS-COV2 infection [125].

It is essential to remember the need to include pregnant
women in clinical trials in order to have data that allow the
use of already available and future drugs with safety and cer-
tainty of effectiveness, without having to do it in compassion-
ate use or by extrapolation of data obtained in other popula-
tion groups, or used with other indications [126].

SARS-CQV-2 infection in children accounts for 10% of re-
ported cases of COVID-19. [129, 130]. Although the majority
of infected children do not require specific treatment for the
virus, it should be remembered that between 4 and 8% may
require admission to the ICU [131-138].

Regarding treatment of COVID-19 in children, there are
no data from large randomized, placebo-controlled clinical
trials, and there are few observational studies to provide suf-
ficient information to dictate treatment recommendations for
COVID-19 in the pediatric population. The NIH Clinical Guide-
lines for treatment of COVID-19 contain specific recommenda-
tions and considerations for pediatric populations as dictated
by an Expert Panel on the subject [139].

In summary:

Remdesivir is FDA cleared for the treatment of COVID-19
in children over 12 years of age, weighing more than 40kg.
Also available on an emergency basis FDA (USA) for treatment
of COVID-19 in hospitalized young children weighing between
3.5 kg and 40 kg, or under 12 years of age weighing more than
3.5 kg. [140].

Dexamethasone is recommended by an Expert Panel in
hospitalized children with COVID-19 who require high-flow
oxygen therapy, noninvasive ventilation, mechanical ventila-
tion, or extracorporeal oxygenation (ECMO) (BIIl). In contrast,
it is not recommended in children who require little supple-
mental oxygen (nasal goggles).

3.- With monoclonal antibodies there is insufficient evi-
dence for the recommendation or rejection of the use of this
medication in children [141].

4.- COVID-19 convalescent plasma: Not recommend-
ed in hospitalized children on COVID-19, who do not require
mechanical ventilation, unless administered in the course of
a clinical trial (Alll). It is also not recommended for use in hos-
pitalized children hospitalized with COVID-19 on mechanical
ventilation (Alll). There are insufficient data on efficacy and
safety. It could only be considered on an individual basis, in

cases consulted with pediatric infectious disease specialists,
using gamma globulin with high doses of immunoglobulin and
patients who meet the criteria for its use.

5.- The evidence is insufficient to recommend or reject the
use of tocilizumab in children.

6.- An expert panel speaks out against the use of sarilum-
ab in hospitalized children with CONVID-19 or PIMS outside
the context of a clinical trial.

7.- Post-COVID pediatric hyperinflammatory syndrome
(PIMS) is a rare but serious complication in older children and
adolescents. It should be treated by a multidisciplinary team,
which assesses the need or not for immunomodulatory treat-
ment [142].

10. CURRENT REGULATORY SITUATION OF DRUGS
FOR PATIENTS WITH COVID-19 IN SPAIN

Remdesivir is currently the only specific drug against COV-
ID-19 approved by the AEMPS. It is indicated for treatment in
adults and adolescents with pneumonia requiring supplemen-
tal oxygen [143].

Secondly, dexamethasone is another drug widely used in
the treatment of COVID-19 and fully available in Spain [144].

The use of immunomodulators has become widespread,
especially in patients at higher risk of poor outcome and in
the inflammatory phase of the disease. The drugs used are
approved for marketing in Spain, but in entities other than
COVID-19. The most widely used are tocilizumab, authorized
for the treatment of rheumatoid arthritis and cytokine re-
lease syndrome associated with treatment with CART (im-
munocellular therapy); Anakinra, authorized in rheumatoid
arthritis, cryopyrin-associated syndromes, familial Mediterra-
nean fever and Still's disease; and baricitinib, authorized in
rheumatoid arthritis, moderate to severe, and atopic derma-
titis. Regarding monoclonal antibodies, sotrovimab and the
combination of casirivimab and imdevimab can be prescribed
in our country for off-label indications. The European Med-
icines Agency (EMA) concluded that these monoclonal an-
tibodies can be used to treat confirmed COVID-19 in adults
and adolescents (aged 12 years or older and weighing at least
40 kg) who do not require supplemental oxygen therapy and
who are at risk of progressing to severe COVID-19 [145,146].

The European Commission has granted marketing au-
thorization for Ronapreve® (casirivimab and imdevimab) for
the treatment of COVID-19 in adults and adolescents (aged 12
years and older and weighing at least 40 kg) who do not require
supplemental oxygen and who are at increased risk of worsen-
ing their disease, as well as for the prevention of COVID-19 in
people aged 12 years and older and weighing at least 40 kg
(pre- or post-exposure prophylaxis). This decision comes one
day after the positive opinion of the Committee for Medicinal
Products for Human Use (CHMP) of the European Medicines
Agency (EMA), demonstrating the priority of the EMA and the
European Commission to reduce review times for safe, effective
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and high quality therapies in the context of the public health
emergency that is COVID-19 [145, 146].

Finally, the EMA's Committee for Human Medicinal Prod-
ucts (CHMP) has recently begun a review of the oral antiviral
drug molnupiravir (also known as MK 4482 or Lagevrio). By re-
viewing data as they become available, the CHMP may issue an
opinion on the drug's premarketing authorization.

CONCLUSIONS

1.- Remdesivir, molnupiravir and PF-07321332 (Paxlovid)
are three antivirals with different mechanisms of action that
have demonstrated efficacy in clinical trials in different mark-
ers of disease progression.

2.- At present, and after many published data, convales-
cent plasma cannot be considered a therapy of established ef-
ficacy in patients with COVID in any of their clinical situations.

3.- There are monoclonal antibodies, both marketed and
in the process of being marketed, which, when administered
early in the natural course of the disease, decrease progression
to severe forms.

4.- Some monoclonal antibodies under investigation
could, if their efficacy is demonstrated, be administered pre-
ventively and with long-term action.

5.- The role of dexamethasone in severe patients with
COVID-19 is well established. The alternative position of oth-
er corticosteroids in equivalent doses is less clear. There is no
indication for administration of dexamethasone in less severe
situations.

6.- There are other immunomodulatory drugs with differ-
ent targets of action that already have indications in patients
with severe pneumonia and respiratory failure.

7.- Of the drugs already known with other indications,
fluvoxamine seems especially promising in the treatment of
COVID-19.

8.- Hydroxychloroquine, azithromycin, and the anti-HIV
combination of lopinavir and ritonavir have been shown to be
ineffective in different studies and have no place in the cur-
rent treatment of COVID-19.

9.- Studies on efficacy, safety and tolerance in pregnant
women and children of any of the above drugs are limited.

10.- At the time of writing, only remdesivir is approved in
Spain by the AEMPS, in the antiviral group. Some monoclonal
antibodies are available on a compassionate use basis and im-
mune response modifiers are available off-label.
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ABSTRACT

sionals, to also address social and ethical aspects. For this reason,
the Health Sciences Foundation convened a group of experts in

HIV infection is now almost 40 years old. In this time, along
with the catastrophe and tragedy that it has entailed, it has also
represented the capacity of modern society to take on a chal-
lenge of this magnitude and to transform an almost uniformly
lethal disease into a chronic illness, compatible with a practi-
cally normal personal and relationship life. This anniversary
seemed an ideal moment to pause and reflect on the future of
HIV infection, the challenges that remain to be addressed and
the prospects for the immediate future. This reflection has to
go beyond merely technical approaches, by specialized profes-

Correspondence:

Emilio Bouza MD, PhD.

Gregorio Marafion Health Research Institute.
C/ Dr. Esquerdo, 46

28007 Madrid, Spain

E-mail: emilio.bouza@gmail.com

different aspects of this disease to discuss a series of questions
that seemed pertinent to all those present. Each question was
presented by one of the participants and discussed by the group.
The document we offer is the result of this reflection.

Keywords: HIV infection, AIDS, chronic disease, history, prevention, epide-
miology, eradication, vaccine, two-drug treatment, immunotherapy.

Pasado y futuro de la infeccion por VIH. Un
documento basado en la opinion de expertos

RESUMEN

La infeccion por VIH cumple ahora casi 40 afos de exist-
encia. En este tiempo, junto a la catastrofe y la tragedia que ha
supuesto, ha representado también la capacidad de la sociedad
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moderna de asumir un reto de esta magnitud y de transformar,
gracias al tratamiento antirretroviral, una enfermedad mayor-
itariamente letal en una enfermedad cronica, compatible con
una vida personal y de relacion practicamente normales. Este
aniversario parecia un momento idoneo para pararse a reflex-
ionar sobre el futuro de la infeccion VIH, los retos que todavia
quedan por abordar y las perspectivas para el inmediato futuro.
Esa reflexion tiene que ir mas alld de planteamientos meramente
técnicos, de profesionales especializados, para abordar aspectos
sociales y €ticos. Por este motivo, la Fundacion de Ciencias de
la Salud convoco a un grupo de expertos en distintos aspectos
de esta infeccion para discutir una serie de preguntas que pare-
cieron pertinentes a todos los convocados. Cada pregunta era
expuesta por uno de los participantes y discutida por el grupo. El
documento que ofrecemos es el resultado de esa reflexion.

Palabras clave: Infeccion VIH, SIDA, enfermedad cronica, historia, preven-
cion, epidemiologia, erradicacion, vacuna, tratamiento con dos farmacos,
inmunoterapia

INTRODUCTION

The AIDS epidemic is now 40 years old. While it is one of
humanity's greatest tragedies, it is at the same time one of its
greatest successes in scientific development and research. What
was achieved was unimaginable 4 decades ago: to turn a pro-
foundly immunosuppressive disease into a chronic infection
where a latent virus allows, under very tolerable medication,
a state almost close to normality. The research effort has been
enormous, but the results are extraordinary.

On the other hand, the failure to eradicate the disease, the
failure to produce a vaccine and the problems of social injustice
that still persist around HIV infection still leave room for im-
provement.

It therefore seems appropriate to undertake a process of re-
flection on where we are after almost four decades and where
we want to be in the not-too-distant future. This reflection can
only be complete if it is carried out from a multidisciplinary per-
spective that includes the points of view of the different actors
involved in the problem.

For this reason, the Health Sciences Foundation convened a
large group of people from different backgrounds to try to pro-
vide answers to a series of questions that society is asking about
the past and future of HIV infection. The questions posed were
accepted by the group as relevant and assigned to a speaker
who presented his or her point of view and data for discussion
with the group.

We now turn to the questions, the rationale underpinning
the answer and the conclusions on each point.

AS WE APPROACH THE 40TH ANNIVERSARY OF
THE BEGINNING OF THE HIV EPIDEMIC, WHAT
MAJOR HISTORICAL MILESTONES WOULD YOU
HIGHLIGHT?

Daniel Podzamczer

There are probably many milestones in the history of HIV
infection since its discovery, but | would highlight the follow-
ing 12:

1. On June 5th, 1981, the CDC alerted of the occurrence of 5
cases of Pneumocystis carinii (now P. jirovecij) pneumo-
nia in previously healthy homosexual men, associated with
CMV disease or infection and suggesting that it was due
to an immunodeficiency whose cause was not yet known
[1-4].

2. In 1984, French researchers on the one hand and US re-
searchers on the other - with controversy over the claim to
first discovery - isolated a virus they called HTLVIII (US) or
LAV (France), later unified as HIV, as the cause of the so-
called acquired immunodeficiency syndrome (AIDS). This
landmark finding made it possible,months later, to detect
the presence of antibodies to the virus through serological
tests that were immediately widely used to diagnose HIV
infection in people who had contracted the virus [5-13].

3. In the 1980s, the knowledge that famous personalities

from the world of art and sport (Rock Hudson, Freddy Mer-
cury, Magic Johnson, etc.) had been infected with HIV was
important in drawing attention to a growing pandemic
and demonstrating that it did not only affect marginalised
groups in society [14].

4. In 1987, the first antiretroviral drug, AZT (azidothymidine

or zidovudine), was marketed in Spain, with the capacity
to partially and temporarily inhibit HIV replication, demon-
strating in a randomised, double-blind clinical trial that
patients receiving this treatment had a significantly longer
survival (although the difference was only months). AZT
also had considerable toxicity, but it was the first thera-
peutic step in the fight against HIV [14, 15].

5. In 1994, study 076 was the first to demonstrate that ef-
fective antiretroviral treatment (ART) was able to prevent
vertical transmission of HIV in pregnant women. This
randomised, double-blind clinical trial showed a 76% re-
duction of infection in newborns of women taking AZT dur-
ing pregnancy versus placebo[16].

6. In 1996, coinciding with the International AIDS Confer-
ence in Vancouver, it was shown that a three-drug reg-
imen of ART - two nucleoside analogues and a protease
inhibitor - was able to persistently inhibit HIV replication
and at least partially restore immunity as assessed by CD4
count and CD4/CD8 ratio [17].

7. Thatsame year, we were able to start assessing the response
to ART in our hospital laboratories by measuring plasma
viral load, which allowed us to know within a few weeks
whether or not the treatment was being effective[18]. In
2005, the first scientific evidence of the preventive effi-
cacy of suppressive ART on sexual transmission of HIV
in serodiscordant heterosexual couples was presented [19].

8. In 2007, the first triple-ART regimen (TDF/FTC/EFV) was
marketed in Spain in a single tablet to be administered
once a day [20]. It was the beginning of a phase that was
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followed in the next decade by the marketing of several
one-pill-a-day formulations of effective, well-tolerated
and easy-to-take drugs, some of them based on a high ge-
netic barrier integrase inhibitor; drugs now considered
preferred drugs for ART initiation [21]. This has contributed
significantly to transforming HIV infection into a chronic
disease with a survival similar to the general population
in patients who start ART early in the course of infection
- and with an excellent quality of life. The first long-term
ART with an INI - Cabotegravir - and an NNRTI - Rilpi-
virine - will soon be marketed, allowing patients who are
considered good candidates to receive intramuscular in-
jections every 2 months instead of taking daily pills, which
may have benefits on adherence, quality of life and stigma
for HIV-infected people [22].

9. In 2009, the first data were released on the so-called “Ber-
lin patient”, the first HIV-infected adult to be assumed
to have been cleared of the virus - and therefore cured
- following a bone marrow transplant for treatment of leu-
kaemia refractory to chemotherapy and radiotherapy. This
transplant was from a donor with the delta 32 mutation
of the CCR5 co-receptor of CD4 cells, which has long
been known to confer immunity of CD4 cells to HIV, which
is unable to infect them [23].

10. In 2011, the HPTNO52 study showed that early ART initia-
tion in serodiscordant couples reduced HIV transmission by
96%. These data were key to the widespread recommenda-
tion for early initiation of ART regardless of CD4 count [24].

11. In 2012, the FDA approved pre-exposure prophylaxis
(PrEP), the administration of a daily TDF/FTC regimen to
patients at high risk of HIV infection due to sexual practic-
es. This approval was based on several international clinical
trials of thousands of participants - men who have sex with
men, women and heterosexual men - which showed that
such treatment was able to reduce the proportion of people
acquiring sexually transmitted infections by 40-86%, de-
pending on the study, provided adherence was acceptable.
The preventive benefits of PrEP, which has been shown to
be cost-effective, were seen in the following years in the
significant decrease in the incidence of new HIV infections
in cities or countries where its use was authorised [25]. In
November 2019, PrEP was approved and included in the
National Health System's service portfolio.

12. Data from the PARTNER 1 and 2 studies demonstrating the
absence of sexual transmission of HIV from ART-infected
individuals with undetectable plasma viral loads were pub-
lished in 2016 and 2019. Undoubtedly these important
data (summarised in the I=I expression (undetectable=un-
transmissible; undetectable=untransmittable”, or "U=U")
can contribute to reducing the stigma and psychological
problems associated with HIV infection [25-27].

Conclusion:
After 40 years, HIV infection has changed from being

a fatal disease, in the vast majority of cases, to a chronic
infection, with an excellent quality of life for people on

antiretroviral treatment (ART). New prevention measures,
the efficacy of current ART and the absence of trans-
mission in virologically suppressed individuals will help

to reduce the incidence of infection, as well as its social
stigma, pending a cure.

WHAT IS THE CURRENT SITUATION OF THE
EPIDEMIC IN FIGURES?

Belén Alejos

According to the latest UNAIDS report, 37.9 million peo-
ple were living with HIV infection globally in 2018. Of them,
79% of people living with HIV knew their HIV status (i.e. about
8.1 million people did not know they were living with HIV). In
terms of access to antiretroviral treatment, 23.3 million peo-
ple had access to antiretroviral therapy, up from 7.7 million in
2010. Consequently, there has been a steady decline from the
number of new infections to 1.7 million new HIV infections in
2018 [28].

In the WHO European Region, which includes Europe and
Central Asia, 159,420 new diagnoses were recorded in 2017,
corresponding to a rate of 20.0 new diagnoses per 100,000
people. As has been observed over the last decade, most of
these cases were recorded in the eastern region (82%), fol-
lowed by the western region (14%) and the central region
(49%). The current HIV epidemic varies greatly by geographical
area. Epidemics in the central and eastern regions account for
the majority of cases, and the most frequent mode of trans-
mission is heterosexual practices followed by injection drug
use. In contrast, in the western part of Europe, sex between
men was the most common mode of transmission [27]. Overall,
the rate of new HIV diagnoses increased by 37% from 2008
to 2017 across the WHO European Region, but there are also
different patterns by geographical area. While a 27% decrease
in the rate of new diagnoses is observed in the western region,
rates continue to increase in the eastern and central regions
(68% and 121% respectively). In addition, diagnostic delay re-
mains very high in all regions and more than half of new diag-
noses were late presenters (CD4 < 350 cells/uL).

In Spain, it is estimated that there are currently between
140,000 and 170,000 people living with HIV, which represents
a prevalence of 0.4%. According to data from the epidemio-
logical surveillance report on HIV/AIDS in Spain, 3,381 new HIV
diagnoses were recorded in 2017, giving a rate of 8.82 cases
per 100,000 inhabitants after correcting for delayed reporting
[29]. This rate is similar to other countries in the WHO Euro-
pean region, but higher than the average for EU and Western
European countries. In comparison with the countries of the
European Union/European Economic Area (EU/EEA), we ob-
serve in Spain a higher percentage of diagnoses in men (84.6%
versus 75.1%) and a lower percentage in people over 50 years
of age (14.8% versus 19.3%). The most frequent mode of
transmission is men who have sex with men (54.3%), followed
by heterosexual (28.2%) and injection drug users (3.1%) [30].

The time trend in the rate of new diagnoses in Spain in
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the period 2009-2017 is downward, however different pat-
terns are observed depending on the mode of transmission. In
the groups of injection drug users and heterosexual practices,
a steady decline is observed throughout the period for both
males and females. Whilst in the group of men who have sex
with men a downward trend is observed only from 2015 on-
wards, although disaggregated by origin this decrease is only
observed in Spanish MSM. Although late diagnosis has de-
creased slightly since 2009, it is still very high; in 2017 47.8%
of HIV diagnoses were made late (CD4 < 350 cells/uL).

The 90-90-90 targets set by UNAIDS are that by 2020
at least 90% of people living with HIV should be diagnosed;
at least 90% of diagnosed people should be on antiretroviral
treatment; and at least 90% of people on antiretroviral treat-
ment should have an undetectable viral load. Overall, this
would mean that at least 73% of people living with HIV have
an undetectable viral load. Modelling suggests that achieving
these targets by 2020 would mean ending the epidemic by
2030.

The Spanish figures on the 90-90-90 strategy have been
provided by the HIV and Risk Behaviour Surveillance Unit [31].
Of the 146,500 people living with HIV in Spain, 86.2% knew
their HIV diagnosis, 93.49% were receiving antiretroviral treat-
ment, and of those on treatment, 90.4% had reached an un-
detectable viral load. Although we are above the EU/ EEA aver-
age and very close to achieving the targets set by UNAIDS for
2020, there are still approximately 13.7% of people living with
HIV in Spain who do not know they have the infection.

Conclusion:

HIV remains a priority for European Public Health.
However, we have effective tools such as universal pre-

vention, screening and treatment to address the fight
against the HIV epidemic. It is therefore essential that
these tools be implemented more widely and adapted to
the time and characteristics of the epidemic.

IS HIV ERADICATION POSSIBLE? FOR WHAT YEAR?

Victoria Hernando

In 2014, the United Nations Programme on HIV and AIDS
(UNAIDS) set the 90-90-90 target for the year 2020, so that
90% of people living with HIV would know their diagno-
sis, 90% of them would receive antiretroviral treatment and
90% of people on treatment would have a suppressed viral
load, aiming for the end of the AIDS epidemic by 2030 [32].
These targets are monitored through the "treatment cascade”
or “"continuum of care” that allows the HIV epidemic situation
in a particular country or geographic area to be assessed. In
Spain, in 2016, the percentages of each of these targets would
be: 86.2%, 93.4% and 90.4%, so we would be very close to
reaching the targets set by UNAIDS [32].

Various mathematical models have estimated that if the
90-90-90 targets proposed by UNAIDS were achieved glob-
ally, increasing levels of diagnosis and antiretroviral treat-

ment coverage could achieve an approximate 40% reduction
in annual HIV incidence globally [33]. However, it should be
borne in mind that in countries such as Spain, where access to
treatment is universal and the fraction undiagnosed is low, the
improvement that would be achieved in reaching the UNAIDS
targets on incidence reduction would not be as great as in
other countries where the prevalence of HIV infection is higher
[34].

To the question posed here, “Is it possible to eradicate
HIV?", the answer from a public health point of view is clearly,
no. When we talk about HIV eradication, we can find a clin-
ical concept, which would be the cure of the individual, i.e.
the complete eradication of the virus from a patient's body.
On the other hand, eradication, as an epidemiological or pub-
lic health concept, at the population level, is defined as the
complete elimination of the disease-causing agent from the
natural environment (not from controlled laboratories). In any
case, HIV eradication is not a goal that we can set as achiev-
able in a short period of time. In the case of complete cure
of the individual, we know that even with the highly effective
antiretroviral therapy available to us, and even if the subject
has an undetectable viral load, there remains a low level of
viral replication and cellular reservoirs that contribute to HIV
persistence and make HIV infection a chronic disease [33]. To
achieve eradication at the population level, curative treatment
and preventive vaccines should be available and affordable for
the entire world population.

We can, however, speak of elimination and control in
some areas with regard to HIV infection. Disease elimination
refers to the complete cessation of the incidence of cases in a
given geographical area or population subgroup. For HIV infec-
tion this has been achieved for blood transfusion-associated
transmission and mother-to-child transmission[35]. But unlike
eradication, in the case of elimination, as the causative agent
is still present in the natural environment, we must maintain
the preventive and intervention measures that led to the elim-
ination of the disease.

The primary prevention measures that allowed us to reach
this level have been HIV testing of all blood donors and mon-
itoring of pregnant women - HIV testing during pregnancy,
antiretroviral treatment of pregnant HIV-infected women and
newborns, and formula feeding of newborns. While there may
still be cases of vertical transmission of HIV, these cases must
be examined to identify where prevention systems and policies
have failed to ensure universal access to prevention methods.

There are other primary prevention measures (aimed
at preventing the onset of infection) that can be taken de-
pending on the environment in which we find ourselves [33],
harm reduction programmes for injecting drug users (syringe
exchange, supervised consumption rooms, methadone treat-
ment) [36], PrEP [36-38] and male circumcision in certain con-
texts[39]. All these measures that we can apply to reduce sex-
ual transmission of the virus and the acquisition of infection
through injection drug use are aimed at infection control, i.e.
reducing the incidence, prevalence or mortality of cases in a
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Figure 1 Sandoval Centre 2018. HIV seroprevalence at first visit, by exposure category.

N= 4,529 people (1st consultation).

MSM: Men who have sex with men; TSX: Transgender people; MSW: Male sex workers, TSW: Transgender sex workers; HTX: Heterosexual; FSW:

Female sex workers

given geographical area. The elimination of sexual transmis-
sion of HIV, i.e. zero incidence, cannot be considered a realistic
goal, as the number of cases through this mode of transmis-
sion remains very high.

In addition, we can highlight other key aspects of mon-
itoring the HIV epidemic that help control infection and im-
prove the situation of people living with HIV infection. These
would be secondary prevention measures such as early diag-
nosis and rapid access to antiretroviral treatment. Increase the
frequency of HIV testing, especially for people at high risk of
acquiring HIV infection, such as men who have sex with men
(MSM) and people who inject drugs [40]. In recent years, HIV
testing sites have diversified to include not only health care
settings, but also community settings, and there is a need to
promote rapid, safe and confidential access, as there is still a
high burden of discrimination and stigmatisation of people
with HIV infection. According to Public Health England (PHE)
officials, this has been one of the key points in the decline in
the numbers of new HIV diagnoses in recent years in England
[41,42].

Similarly, early initiation of antiretroviral therapy not only
slows disease progression in the HIV-infected person, but also
helps control the onset of other co-morbidities associated with
both HIV infection and the longer life expectancy of HIV-in-
fected people. It also interrupts transmission of the virus, as a
person who achieves and maintains an undetectable viral load
does not transmit HIV to sexual partners [43]. High adherence
to prescribed antiretroviral treatment is vital to maintain the
effectiveness of this preventive measure.

Conclusion:

We cannot currently consider the eradication of HIV
as an achievable goal in the near future, but we can re-

duce to zero the incidence of cases in certain modes of
transmission and improve control in others, such as sex-
ual transmission.

WHAT IS A PERSON AT RISK? HOW IS IT
DEFINED?

Jorge del Romero
The epidemiology of HIV in the world is highly variable in
each geographic region.

In Europe, HIV prevalence is 0.49%, while in Africa it is
around 4% (WHO, 2018) [44]. According to WHO, the follow-
ing are generally considered "specific populations” for STIs/HIV:

e Sex workers and their clients

e Men who have sex with men (MSM)
e Transgender people (TSX)

® Prison inmates

® Youths and adolescents

® Drug users

A study conducted at an STl clinic in Madrid in 2016 [45]
concluded that those most at risk of HIV infection were: MSM
between 20 and 39 years old, with several previous negative
serologies, a history of STls and multiple sexual partners with
whom they had sex without condoms, under the effect of rec-
reational drugs (chemsex) [46].

The highest prevalences of HIV infection observed among the
4,529 people seen for first consultations at the Sandoval Centre
in 2018 were among transgender men and women in sex work
(MSW, FSW) and men who have sex with men (MSM) (Figure 1)

Conclusion:

Particularly at risk of HIV infection are: sex workers
and their clients, men who have sex with men, transgen-
der people, prison inmates, young people and adolescents,

and people who use drugs for sexual relations (chemsex).

The greatest risk is not knowing that you are
HIV-positive or, if you do know, not being able to access
antiretroviral treatment.
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WHAT IS LIFE LIKE FOR AN HIV-POSITIVE PATIENT
IN PHYSICAL TERMS?

Maria José Fuster

Overall, it can be stated that the clinical situation of peo-
ple living with HIV (PLHIV) has evolved positively with the ex-
pansion of antiretroviral treatment and there is a continuing
trend towards improvement in key clinical immunological and
virological parameters [47]. However, there are different pro-
files of PLHIV and different levels of complexity in their health
care needs. The challenges faced by older PLHIV with co-mor-
bidities are not the same as those faced by controlled and
stable patients, those who are newly diagnosed, those with
problematic substance use, or those who are socially excluded,
to give an example of different profiles. Therefore, the life of
PLHIV in all its facets is not homogeneous but there is a lot of
variability.

Recent research by the Spanish Interdisciplinary AIDS So-
ciety (SEISIDA) measuring quality of life in a large sample of
PLHIV in Spain (n=1,441) showed that the overall health per-
ception and quality of life score was close to 70 on a scale
of 100 (68.5 + 22.61). Health perception was lower in certain
well-established PLHIV profiles, such as people over 50, wom-
en, or those with a lower socio-educational level[48]. The over-
all perception of health is influenced by many factors, one
of them being the symptoms experienced on a daily basis. A
study of a cohort of HIV-positive veterans in the United States
showed that several of the symptoms they experienced pre-
dicted decreased quality of life, survival, and increased hospi-
talisations [49]. The most prevalent symptoms found in other
countries with large cohorts of PLHIV are sleep problems, mus-
cle pain, fatigue, sadness, anxiety, sexual problems, and ab-
dominal pain/distension [50]. SEISIDA studies [51,52] show da-
ta in line with these findings, as the most prevalent symptoms
in PLHIV in Spain are the same, and the most bothersome are
sleep and sexual problems. The general health and symptoms
experienced by PLHIV relate to many aspects of the process
of living with HIV; the experiences, thoughts and emotions in-
volved. A qualitative study that SEISIDA and the Institute for
Global Health (ISGlobal) are conducting to improve the quality
of life of PLHIV shows, among other findings, that sleep prob-
lems and fatigue are related to social problems prevalent in
HIV, such as economic deprivation and stigma. These symp-
toms are also associated with the emotional distress caused by
the worries and fears that PLHIV have to cope with on a daily
basis, such as uncertainty about the future or fear of rejection.
These or other symptoms are also related to health habits or
effects of medication. Symptoms are interconnected and often
lead to a "vicious cycle" as they have different possible causes,
the causes may determine various symptoms and depending
on them, the intervention and self-management of the symp-
tom will be different. So where should we start? It is essen-
tial to detect these problems in order to be able to intervene
and respond to them. Studies show a very high discrepancy
between the symptoms reported by patients and what their
doctors thought they were suffering from. The SEISIDA and IS-
Global qualitative study explored the reasons for the lack of

detection and management of important symptoms and con-
cerns of PLHIV in routine clinical practice [51] . The difficulty
for the patient to define what is wrong or what he/she feels
(i.e. to identify it), the lack of knowledge or solutions to the
problem and the deficits in the relationship between the health
professional and the patient, among other aspects, mean that
no response is given to these health-related problems that can
damage quality of life [53].
Conclusion:

The life of an HIV-positive patient brings with it a
daily need to take responsibility and self-manage their
health process, and this involves making physical, but al-
so psychological and social adjustments that are closely

related. Self-management tasks involve managing medi-
cal issues, such as taking medication, managing adverse
effects or symptoms; managing behaviours, such as life-
style and habits; and coping with emotional issues asso-
ciated with HIV.

WHAT ROLE SHOULD THE MEDIA PLAY?
Alipio Gutiérrez

The first thing is to observe the maximum scientific rigor.
In the same way that medicine is moving towards precision,
personalised medicine, we should seek precision journalism.
With rigor, with data and scientific evidence. All the more
so because now the media, like citizens, also communicate
through social networks and there, scientific evidence does not
gain value, it is not a plus in any way. Sometimes, on the con-
trary, the scientific truth about any health issue, and in this
case, about HIV infection, has no relevance because anyone
can assert their opinion on whatever they want and even if
they do not have the truth, if they have a loyal following on
social media, they can make that opinion prevail over the sci-
entific reality of the moment. This is why | believe that it is
necessary to effectively design specific profiles for the media,
scientific societies, patient associations and health administra-
tions in order to know how to "compete” in this new commu-
nication scenario.

Secondly, we must fight the social stigma of those affect-
ed by HIV. For this, "MASS MEDIA" is the best and most effec-
tive tool, together with the school. It has taken decades to put
a face to this disease and it is still "hidden" today. What is hid-
den does not exist and also prevents normalisation. We must
commit to the elimination of the social stigma against people
affected by HIV that affects their lives.

Thirdly, the media should bring back the visibility that this
epidemic had when it was deadly. At the time, it was frequent-
ly featured in the media. Now that the disease "does not kill",
and has become chronic, it is no longer news. But this makes
it all the more paradoxical. | believe that this is a commitment
of ours that is highly topical because we are in the "time of
chronicity" and it is important that everything related to HIV,
from research to the social normalisation of those affected, is
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once again reflected in the different media as a reflection of
what is happening in society.

Finally, | am going to say something which, being a jour-
nalist myself, may come as a shock: we have to stop being ob-
jective about health issues in general. We must be belligerent
with scientific evidence, with scientific rigor and eliminate
this perverse practice of journalism that, in my opinion, is not
sustainable in terms of health. Some media treat health issues
like any other issue, wielding an objectivity based on EQUIDIS-
TANCE, offering the same time, the same space in a newspa-
per, TV or radio programme to those who hold one opinion
and those who oppose it. This is NOT VALID in health. It is as if,
by virtue of this objectivity/equidistance, we were to propose,
for example, offering the same time and space in the media to
those who defend the Universal Declaration of Human Rights
and those who violate them.

With health issues, and HIV being a clear example, we
have to be belligerent and always take the side of scientific
evidence.

Conclusion:
In its relation to HIV disease, the media must remain

topical, adhere to scientific objectivity, help to overcome
the social stigma of those affected and contribute to the
physical and psychological well-being of those affected.

HAVE WE ENDED VERTICAL TRANSMISSION?
Jose Tomas Ramos

Vertical transmission (VT) is the predominant mode of
HIV-1 transmission in children and is the route of infection for
the vast majority of new infections worldwide. In natural his-
tory, VT ranges from 15-25% in the absence of breastfeeding,
rising to 40% in populations where breastfeeding is necessary,
such as in low-income countries where the vast majority of
infections occur globally [54]. Since the 1994 ACTG 076 trial,
in which zidovudine was administered in pregnancy, delivery
and to the neonate, documenting 67% efficacy of antiretrovi-
ral therapy (ART) in preventing VT, there have been enormous
advances in the prevention of VT [16]. Viral load in pregnancy
is the most important independent factor associated with VT.
In developed countries, the use of combination ART and effec-
tive virological suppression to undetectable levels in pregnan-
cy, maintained during delivery, leads to transmission rates of
less than 1% [55]. Prospective follow-up of pregnant women
with HIV and their children has been carried out since 2000 in
9 public hospitals in the Community of Madrid, with data from
1,475 mother-child pairs up to December 2018. Overall VT was
1.2% (95% Cl: 0.7-1.8%), currently less than 0.5%. Moreover,
in the few VT cases that have occurred, there were missed op-
portunities to avoid it [56]. When effective ART is initiated be-
fore conception and undetectable viral load is maintained until
delivery, vertical transmission may be eliminated, as demon-
strated by a study in France in which of 2,651 mothers who
initiated ART before conception and remained with viral load <

50 copies/ml close to delivery; there was not a single transmis-
sion to the newborn (95% Cl): 0.1%) [57].

In low-income countries, where breastfeeding is the main
source of nutrients, VT can also be drastically reduced to rates
below 2% with early detection of infection in pregnancy and
continuous ART during breastfeeding to be maintained for
life (WHO option B+), which would prevent infection in new
pregnancies. Although progress is quite remarkable, with the
number of pregnant women treated with antiretrovirals hav-
ing doubled in the last decade to 92%, and the number of new
infections in children having fallen by more than 70%, there
were still 160,000 new infections in children by VT in 2018 [28].

The goal of VT elimination requires much more than the
availability, efficacy and safety of antiretrovirals for universal
lifelong treatment in women. A comprehensive approach is
needed, including reducing new infections in women of child-
bearing age and a sequence of maternal and newborn inter-
ventions, the removal of which at any point can lead to re-
duced effectiveness in preventing VT. This chain of prevention
includes adequate gestational control with sufficient antenatal
care, HIV testing and repeat testing during pregnancy and in
low-income countries also during breastfeeding, ART as ear-
ly as possible for new diagnoses in pregnancy, post-exposure
prophylaxis for newborns, and retention in the health system.
It is precisely the most vulnerable populations that have the
greatest difficulty in complying with all the Available at:s in
the epidemiological chain, and in whom prevention failures
are most common. These higher-risk groups include migrant
populations who are diagnosed or who present late during
pregnancy or childbirth, drug users or the growing popula-
tion of mothers who are themselves infected by VT, in whom
adherence is a challenge and selection of resistant virus more
prevalent.

On the other hand, although current ART is very effective
and integrase inhibitors allow for a more rapid decline in viral
load during pregnancy, they are not without toxicity. Current
WHQO quidelines recommend dolutegravir-based regimens,
which may be associated with an increased risk of neural tube
defects in sub-Saharan populations.  Although the benefits
far outweigh the potential adverse effects, comprehensive
epidemiological surveillance of all antiretrovirals is required
to establish safety in the newborn and thus define the most
appropriate treatment regimen in each risk situation.

Even with today's great advances, there are still high-risk
cases of vertical transmission where, although it is too late to
take preventive measures during pregnancy, it is still possible
to intervene at birth and in the newborn with immediate com-
bined prophylaxis. Even when there has been intrauterine in-
fection detected by diagnosis in the first 48h, immediate ART
to the newborn could allow us to prevent the spread of the vi-
rus, reduce the viral reservoir as much as possible, and perhaps
a potential eradication.

Conclusion:

Elimination of vertical transmission of HIV in low-in-
come countries is feasible. To achieve this, prevention of
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HIV infection in women of childbearing age and early di-
agnosis to enable early and safe antiretroviral treatment

for all infected women is essential.

WHAT HAPPENED TO CHILDREN BORN WITH HIV?
Marisa Navarro

HIV infection in paediatrics has undergone a huge change
in recent years thanks to the combination of antiretrovi-
ral therapy (cART). CART is preventing perinatal transmission
while controlling viral replication in infected children.

In Spain, since 2008 there has been a follow-up cohort of
HIV-positive children and adolescents from the AIDS Research
Network (CoRISpe), which includes patients treated in Paediat-
ric Units (PU) since 1995. CoRISpe is in turn linked to the HIV
Biobank of the AIDS Research Network, and is allowing us to
learn about the evolution of paediatric infection in our coun-
try.

In CoRISpe, 1,344 patients are registered. Most of them
were born before universal HIV screening in pregnant women,
with 10% of patients in the cohort dying, mostly prior to cART.

CoRISpe is a cohort of mainly adolescent and young adult
patients who survived the early years of the epidemic before
cART became available, with 51% having transferred to Adult
Units (AU). New CoRISpe patients are mainly immigrant chil-
dren born in sub-Saharan Africa and Central and South Amer-
ica, with new HIV infections in children born in Spain being
anecdotal.

At the end of 2017, 403 young adults with vertical trans-
mission are being treated in the AUs. These patients have a
median age of 25 (ICER 23.6-25.8) and have been followed up
in UA after transition for 7.5 years (ICER 5.1-10.5). Of them,
95% were born in Spain and 56.7% are women. Clinical stage
is 29.6% A, 40.4% B, 309% C. Some 95% are receiving cART,
with 76% receiving once-daily (OD) regimens and 81% with
HIV viral load <50 copies/ml [58]. Immune status is good, with
CD4 of 723/mm3 (RIC 500-965) although 33% have a CD4/
CD8 ratio below 1 [59].

Analysing the accumulated resistance mutations in a
group of 133 patients transferred and compared to patients
still in PU, a higher percentage of acquired resistance mu-
tations was observed (75% vs 28% p=0.006), mainly to nu-
cleoside analogues (67% vs 28% p<0.0001), and to protease
inhibitors (32% vs 16% p=0.0384). In this substudy, despite
having good immune status, 74% have >500 TCD4 cells/mm?.
Only 65% are found with suppressed viral load, reflecting the
difficulties in treating these patients with extensive experience
with families of drugs, at complex ages (late adolescents) and
tired of taking ART [60].

It should also be noted that after transition, some patients
have poor adherence to the health care system with failure to
take ART, which in some circumstances leads to disease pro-
gression and in some cases (2% of the transition cohort) death
[58].

In terms of associated comorbidities, we now know the
importance of early treatment, which has been shown to pre-
vent multi-organ damage from the first months of infection,
as well as irreparable damage to the nervous system in chil-
dren. HIV-infected children who are now young adults received
cART after the first few years of life and thus neurocognitive
impairment has been observed, but with good performance in
daily life. Some neuroimaging studies have shown alterations
in patients with good neurological function [61].

Cardiovascular comorbidity studied in a study of 150
perinatally transmitted HIV-positive 15-year-old adoles-
cents found an increase in carotid intima media compared to
matched healthy controls, an indirect marker of cardiovascular
risk [62].

Bone comorbidity studied in a series of 98 adolescents
aged 16 years showed 15% with decreased bone mineral den-
sity (BMD), although when adjusted for height, the percentage
dropped to 4%. The prevalence of BMD decline correlated with
CD4 nadir and CD4/CD8 ratio [63].

HCV co-infection, present in 12% of patients, has been
treated with direct-acting drugs, with a cure rate of close to
100%, although 30% of patients have liver involvement (F3
and F4 fibrosis) [64].

In terms of sexual and reproductive health, women in the
transition cohort have had a significant number of pregnan-
cies, more than 60. In a study of 28 pregnant women, nine of
them (320%) were at high risk of perinatal transmission because
of a detectable viral load close to delivery. In this series, there
was no transmission of HIV infection in the second generation
thanks to the implementation of retention in care strategies
and optimisation of ART [65].

Finally, a poorer quality of life as measured by validated
SF12 questionnaires is observed compared to non-HIV young
people. Thus in 39 young HIV+ verticals (mean age: 23.36
years, SD = 3.83) and 39 HIV- (mean age: 22.97 years, SD =
3.80), HIV+ patients were found to have lower scores on the
physical health subscale than non-HIV (P = 0.001) and the
general Spanish youth population (P = 0.006). HIV+ patients
had lower scores on the mental health subscale (MCS) than
the general Spanish youth population (P<0.001). Quality of life
was better in HIV+ patients undergoing studies and worse for
cocaine and cannabis use (P = 0.002) [66].

Conclusion:

Children born with HIV who are now adolescents
and young adults are mostly in a controlled HIV status

and need to be kept engaged with the health system and
cART. The accumulated experience can help the new gen-
erations.

WHAT IS THE ECONOMIC COST OF HIV IN SPAIN
AT THE MOMENT?

José Manuel Martinez Sesmero
The beneficial effect of antiretroviral therapy (ART) on HIV
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infection and the impact on improving patients' quality of life
is undoubted. However, its high cost in a resource-constrained
environment makes it necessary to manage expenditure well.

A low CD4 cell count at diagnosis is associated with in-
creased morbidity and mortality and higher costs. Patients
with CD4 cell counts below 50 cells/microlitre generate a high-
er non-CART cost, which decreases substantially when CD4s
increase above 100 cells/microlitre[31,48,51,66-72].

There are 146,000 people living with HIV in our country
[21,72,73] who will require lifelong treatment. The total cost of
ART has risen steadily since the inception of highly active ART,
with the annual cost of ART being[30] 734,367,344 euros, and
it has been estimated that ART accounts for 73% of the total
lifetime health care costs of HIV patients in the US[74] and
87% in the first year in Spain [75].

The cost classification orders costs according to which
agent bears them. Thus, costs would be grouped into costs
for the health sector (basically those previously identified as
health costs), costs for the patient and his/her family (most of
the non-health costs: transport, time, etc.), and costs for other
sectors (non-health costs borne by other public entities or by
society as a whole, such as productivity costs), indirect costs
[76].

Conclusion:

The cost of ART per patient per year varies signifi-
cantly depending on the drugs chosen in the treatment

regimen. The average annual cost per HIV patient has
fallen considerably in recent years as a result of drug
patent expiry and ART optimisation.

ECONOMIC BARRIERS TO HIV MANAGEMENT.
GENERIC PHARMACEUTICALS

Inés Suarez Garcia

Antiretroviral therapy (ART) has substantially increased
the life expectancy of patients living with HIV [77,78], moving
to considering HIV infection as a chronic disease in patients
receiving ART with virological suppression. Adherence to ART is
one of the key determinants of its effectiveness [79] and is of
crucial importance given that treatment must be maintained
throughout the patient's life.

In the wake of the last economic crisis, several regional
health administrations and hospitals have imposed measures
to reduce the cost of ART, such as setting an annual cost limit
per patient or restricting access to some antiretrovirals. These
measures have been applied differently in different autono-
mous communities in Spain and in some hospitals, producing
inequities in access to different ART and being significantly as-
sociated with the use of ART regimens not recommended in
clinical practice guidelines [69].

Generic drugs are drugs that have demonstrated bioe-
quivalence to branded drugs, but cost less because the pat-
ent on the original branded drugs has expired[80]. These drugs
have proven to be effective and have reduced morbidity and

mortality where they have been used [81]. In recent years,
some generic antiretroviral (ARV) drugs have begun to be mar-
keted in Spain, with nevirapine, efavirenz (EFV), lamivudine
(3TC), tenofovir disoproxil fumarate (TDF), darunavir, ritonavir,
and the combinations abacavir/3TC, emtricitabine (FTC)/TDF,
and FTC/TDF/EFV currently available. In a context of limited
resources for health care, the use of generics would enable a
reduction in the cost of ART.

In the European Union, it is acceptable for a drug to be
replaced by its generic equivalent if the generic equivalent has
the same composition and pharmaceutical form as the original
drug and has demonstrated bioequivalence with the original
drug through bioavailability studies [80]. However, it is con-
troversial to substitute a fixed-dose co-formulation (FDC) or
a complete single-tablet regimen (STR) for its separate com-
ponents (de-simplification or breaking of combos). The break-
down of complete single-tablet regimens is the main argument
against the use of generic ARVs in clinical practice. Currently,
the only full fixed-dose combination regimen of generic drugs
available in our country is TDF/FTC/EFV; the other STRs used in
ART are not currently available in generic formulation unless
their components are administered separately [21,82-84].

De-simplification of STRs could lead to considerable fi-
nancial savings, making it possible to allocate these resources
to other health problems. A cost-benefit study using mathe-
matical simulation estimated savings of $42,500 per patient
and total savings of $920,000,000 for the US healthcare sys-
tem if treatment with Atripla® (STRs including efavirenz, teno-
fovir and emtricitabine) were replaced by treatment with three
separate daily tablets of generic efavirenz, generic lamivudine
and tenofovir [85]. In France, another recent study has also
shown that replacing ART regimens with generic drugs leads
to considerable savings in health expenditure [86].

On the other hand, criticisms of these changes are based
on the fact that switching to a higher number of tablets could
decrease adherence and therefore the effectiveness of ART,
and could favour the emergence of resistance [80]. Arguments
in favour of using STRs include the simplification of treatment
that would lead to a better quality of life for patients, and the
reduced potential for resistance development by reducing the
risk of confounding and the non-adherence to single drugs
(selective non-adherence) [87]. The use of STRs has been as-
sociated with increased adherence[88-90] and a lower risk of
hospitalisation [88, 89]. In this regard, a recent meta-analysis
concluded that STRs were associated with better adherence,
better virological response and lower cost than multi-drug
therapy, but there was no difference in terms of immune re-
sponse, mortality, adverse events or tolerability [90, 91].

However, most of the studies cited to support the greater
effectiveness of STRs versus multiple daily tablets have been
conducted in the context of simplification strategies, com-
paring STRs with other antiretroviral treatments that do not
have the same composition or are even from different families
(e.g. comparing an integrase inhibitor-based STR with a pro-
tease inhibitor-based or non-nucleoside-based pre-treatment).
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There are very few studies that have compared the efficacy
of STR treatment with the administration of its components
(including generic equivalents) separately. Only 7 observation-
al studies on STR de-simplification breakage strategies have
been published. Six of them compared the administration of
the brand-name drugs Atripla® [92-94], Atripla® and other
fixed-dose combinations [95,96] and Triumeq® [97] with their
separate components, and all found similar effectiveness. In
addition, another study evaluated Triumeq® de-simplification
in a single cohort of patients and found no virological failures
at 48 weeks [98].

Although there is no conclusive evidence to show that
de-simplification of STRs is associated with reduced treatment
effectiveness, Spanish ART guidelines recommend the use of
STRs [83, 99], and most physicians are not in favour of switch-
ing from STRs to their generic components separately: in a
study in Spain, only 4.1% of physicians said they would never
prescribe generic ARVs, but 53.3% would not do so if it meant
increasing the number of daily pills. As for STR de-simplifica-
tion, 63.9% of doctors think it would be associated with worse
adherence and 42% with lower effectiveness [70]. However, in
their latest update, European guidelines recommend the use of
generic ARVs even if this means not using STRs [100].

Conclusion:

Generic ARVs have proven to be effective in the
treatment of HIV infection and their use could lead to
significant cost savings for the National Health System.
Their use would imply switching from STRs to the ad-
ministration of their components separately (de-simpli-
fication or breaking of combos), a strategy that is still

controversial, which has led to a lack of widespread use
of generic ARVs in our country. However, a small number
of observational studies have shown similar effectiveness
of the use of STRs with respect to their separate compo-
nents. It would be desirable to create consensus criteria
for the use of generic ARVs that include physicians, pa-
tients, and health administration.

WHAT IS THE REALITY OF "SLOW PROGRESSOR"
PATIENTS?

Ezequiel Ruiz-Mateos

Long-term non-progressors are patients who are at one
end of the spectrum of HIV infection progression. When we
talk about progression, we mean no clinical progression and
no immunovirological progression. Thus, they have high CD4+
lymphocyte counts comparable to the non-HIV-infected pop-
ulation and low or undetectable viral loads (VL) in the absence
of antiretroviral therapy (cART). This has led to these subjects
being considered as a model for the development of immuno-
therapeutic and vaccine strategies.

Traditionally, these individuals have been classified: A)
from an immunological point of view: Long-term non-pro-
gressors (LTNP) with CD4+ cells >500 cells/mm?® for more than

10 years in the absence of cART and usually with VL<5000
HIV-1 RNA copies/mL (~5%). B) from a virological point of
view: subjects with low VL (<2000 HIV-1 RNA copies/mL, so-
called viraemic controllers (VC)) or undetectable levels (<40
HIV-1 RNA copies/mL), elite controllers (EC) (<19%), for at least
one year in the absence of cART.

Current cART aims for undetectability of VC, so in most
cases VCs and LTNPs with detectable VC have ended up on
cART. In relation to ECs, it was observed that it is a heteroge-
neous phenotype, with approximately 25% losing VC control
and 40% having decreased CD4+ levels [101]. These findings,
together with others in which ECs have been found to have
a higher rate of hospitalisation, preferably for cardiovascular
disease, than other non-controller subjects [102], have led to
reconsideration of controllers as a model of persistent viro-
logical remission in the absence of cART or "functional cure".
However, these findings are controversial, as in another cohort,
the same authors did not observe such differences [103]. Nor
have other large cohorts of controllers found a higher prev-
alence of cardiovascular disease and other non-AIDS events
compared to non-controllers [104].

The key to this controversy is the heterogeneity of the
controlling phenotype. ECs can be classified into transient
controllers (TC), which are those that eventually lose control
of the VC, and persistent controllers (PC), which are those that
maintain control of the VC indefinitely [105,106]. Finding bi-
omarkers that facilitate the discrimination of these two phe-
notypes is important for two reasons: 1) it allows us to design
treatment strategies for TCs as they eventually progress, 2) it
allows us to recognise PC as the true model of functional cure.
In fact, different studies have shown that PCs have higher lev-
els of HIV-specific T-response [105], associated with lower viral
variability and diversity, along with lower levels of viral reser-
voir [105,107], and in turn, have lower levels of inflammation
[105]. Additionally, it has been shown that these two pheno-
types also differ in a peculiar proteomic profile associated with
less inflammation in PCs compared to TCs, as well as a differ-
ent metabolomic and lipidomic profile [71]. These results seg-
regate PCs as the true model of persistent virological remission
and, on the other hand, differentiate them from subjects who
will lose spontaneous control and should therefore be identi-
fied as patients who should be offered treatment.

These findings shed light on the current controversy over
whether HIV controllers should be treated with cART. Recent
studies have shown that cART in controllers has been associ-
ated with a decrease in inflammation and immune activation
in these subjects [108]. However, most of the subjects included
in these studies were VC with detectable viral load. According
to the results discussed above, in the case of a subject who has
been infected for more than 30 years, with persistently un-
detectable CV and CD4+ cell counts above 500 cells/mm?, the
benefit of cART in this scenario would be more than doubtful,
contrary to what would occur in the TC subject, where cART
and/or complementary immunotherapeutic strategies would
allow lowering the levels of inflammation.
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Therefore, these data support PC as the correct model of
functional cure to look to when trying to develop immuno-
therapeutic strategies. It is worth noting that in recent studies,
50% of the PCs failed to amplify the virus, and in those that
did, the variability and diversity of the virus was very low [105].
Dating studies suggest that the evolution of the virus was
stalled at a point very close to infection [105]. These findings
suggest that perhaps some individuals managed to control
the virus from the beginning and to some extent persistently
stopped its replication, so that these subjects could be con-
sidered “functionally cured” or even some of them may have
achieved a "sterilising cure”, i.e. they managed to eradicate the
virus. Regardless of whether this is the case, this small group
of subjects with a persistent LTNP-EC profile constitute a true
model of functional cure. Comprehensive analysis of virolog-
ical, genetic and immunological factors in these subjects will
provide important clues on how to achieve viral reservoir re-
duction and/or elimination and persistent virological remission
in the absence of antiretroviral therapy in the general HIV-in-
fected patient population.

Conclusion

Slow progressors or non-progressors are a peculiar
group among HIV-infected people. Subjects with tran-
sient immunovirological control would be candidates

for antiretroviral therapy and other complementary im-
munotherapeutic strategies, whilst those with persistent
immunovirological control can be considered a model of
functional cure or sustained virological remission.

WHAT IS AN HIV CURE AND HOW IS IT
DOCUMENTED?

Javier Martinez Picado

Combination antiretroviral therapy is the current stand-
ard of care for HIV infection. When used daily, antiretroviral
therapy effectively controls HIV replication, prevents the de-
velopment of AIDS, increases life expectancy and reduces the
risk of transmission. In 2019, approximately 26 million people
had access to antiretroviral therapy, representing 68% of all
infected people (UNAIDS 2020 report) [109].

However, current antiretroviral treatment is not curative,
due to viral persistence in cellular and anatomical reservoirs
that escape antiviral drugs or the immune system. Conse-
quently, interruption of therapy results in rapid viral rebound
in most infected people, necessitating lifelong treatment. De-
spite the undoubted benefits of antiretroviral treatment, it al-
so has important limitations: (a) Drug toxicities, complex drug
interactions (polypharmacy) and persistent immune dysfunc-
tion have significant health consequences; (b) Lifelong adher-
ence to treatment is a challenge for many; (c) Resistance to
antiretroviral drugs remains a problem, particularly for those
who are not fully adherent to treatment; (d) Stigma is still as-
sociated with taking antiviral drugs; (e) Operational and logis-
tical challenges related to involved drug distribution in many
parts of the world are formidable, and the economic cost of

providing antiretroviral treatment to all people living with HIV
may be unsustainable in the long term. As the mortality rate
among people living with HIV, due to the widespread use of
treatment, declines faster than the number of new HIV in-
fections, the prevalence of people living with HIV has grown
significantly worldwide. In addition, the increasing number of
people suffering at an older age (>60 years) is associated with
a number of new challenges, both clinical and immunological.
In the absence of an effective prophylactic HIV vaccine, as well
as the challenge of treating more than 38 million people with
sustained antiretroviral therapy, it is clear that new therapeu-
tic strategies will be required for effective viral control, pre-
vention or a potential cure. Therefore, there remains a critical
medical need for research into new strategies to combat HIV,
including the urgency of identifying an effective therapeutic
intervention to control the virus in the absence of antiretrovi-
ral treatment and ultimately cure HIV [110].

In this context, multiple medical strategies are being ex-
plored to eradicate the replication-competent HIV reservoir
("cure") or to control viral rebound in the absence of antiretro-
viral treatment without HIV eradication (“sustained virological
remission"”).

In recent years, we have learned that the viral reservoir
is established soon after viral infection. However, early ART
limits the size of viral reservoirs, reduces inflammation and
immune activation, and reduces viral diversity in both adults
and children, without necessarily delaying viral rebound if
ART is stopped. Several compounds, called latency reversal
agents, are being tested to assess their ability to reactivate
latent viruses that comprise the main viral reservoir in sub-
jects on antiretroviral treatment ("Shock & Kill" strategy).
However, it is still difficult to find a balance between their
specific efficacy in viral reactivation and their systemic tox-
icity. Immune therapies capable of facilitating cytotoxic T
cell-mediated killing of infected cells, or antibody-mediated
antiviral effect, sometimes in combination with latency re-
activation agents, are also being explored. And finally, cell
and gene therapies are also being investigated [111]. In this
context, allogeneic haematopoietic stem cell transplantation
for haematological malignancies contributed in 2007 to the
first, and until recently only, case of complete eradication of
HIV-1, the “Berlin patient”, whose donor had a homozygous
mutation in the CCR5 co-receptor for HIV that prevents HIV
infection of the grafted cells[23]. In early 2019, a second case
of HIV remission was announced in a person who has been
off antiviral treatment since September 2017, as part of the
IciStem project [112] (www.icistem.org), a multi-centre study
to guide and investigate the potential for HIV cure in infect-
ed people requiring allogeneic stem cell transplantation due
to severe haematological pathologies. However, due to its
inherent risk, this strategy is neither scalable nor applicable
outside the context of severe haematological malignancies
and is therefore limited to a small group of HIV-infected
individuals. The challenge is to adapt or find viral remission
strategies in the absence of antiretroviral treatment that can
reach as many people with HIV infection as possible.
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Conclusion:

There is an urgent need to design and implement in-
novative strategies based on new molecular mechanisms

to cure HIV infection by ending viral persistence. The aim
is to improve the quality of life of HIV-infected people by
reducing dependence on antiviral drugs, treatment bur-
den and stigma.

WHY AREN'T VACCINES ARRIVING?
Beatriz Mothe

Despite multiple HIV prevention methods, including the
use of antiretrovirals as PrEP, and the efficacy of current ART
and its excellent tolerability profile, an estimated 1.7 million
people acquired HIV in 2018 and still one third of the 38 mil-
lion people living with HIV had not accessed ART according to
UNAIDS. This is why the development of preventive and thera-
peutic vaccines for HIV remains one of the most urgent scien-
tific challenges of our time [113].

One of the main difficulties for vaccine development lies
in the great diversity of HIV globally. Subtype C infections ac-
counted for 50% of infections in 2004. Subtypes A, B, D and
G accounted for 12%, 10%, 3% and 6%, respectively; and re-
combinant subtypes 18%. The fact that different HIV subtypes
can differ from each other by more than 30% in their viral
genome makes the development of a universal vaccine very
complex [114].

Still, in recent years, major advances have been made in
the isolation and characterisation of monoclonal antibod-
ies derived from B cells of people with chronic HIV infection
against relatively conserved regions of the broadly neutral-
ising HIV envelope glycoprotein antibodies (bNAbs). Some of
these bNAbs target CD4 binding site epitopes, the V3 glycan,
the V1V2 apex, the interface region of gp120 or the membrane
proximal region of gp41, among others. The use of new sin-
gle B cell culture methods, high-throughput neutralisation
screenings and B cell sorting by flow cytometry with envelope
antigens have been key to the isolation and generation of new
bNAbs [115].

While progress is being made in understanding how
bNAbs can be safely induced by a vaccine, several studies
of passive infusion of bNAbs alone or in combination in the
non-human primate model of infection using chimeric SIVs
(SHIV) suggest promising results in terms of safety and protec-
tion, which is associated with the levels of neutralisation of the
different antibodies [116]. Several Phase 2b clinical trials are
already underway led from the HVIN/HPTN vaccine and pre-
vention trials network (Antibody Mediated Protection (AMP)
trials HVTN 704/HPTN 085 NCT02716675 and HVTN 703/HPTN
081 NCT02568215) and their results have just been published
in 2021, demonstrating that passive infusion of antibodies can
prevent the acquisition of infection of those strains sensitive
to CRVO1.

Of note is the first Phase 20/3 clinical trial of a new pre-

ventive vaccine candidate that builds on the results of the Thai
RV144 trial [117], which demonstrated modest (30%) - and
short-lived - efficacy of protection in a Thai population at low
risk of HIV acquisition. The new vaccines are based on the in-
clusion of mosaic immunogens, which, through bioinformatics
optimisation, design HIV proteins with a number of sequence
variants with the idea of inducing an immune response to a
larger number of circulating viral variants. Studies in the NHP
model have shown a vaccine efficacy of 60% associated with
induction of large cytotoxic T-lymphocyte-mediated responses
and high levels of monoclonal antibodies [118]. The results of
the Phase 2b/3 studies are also being developed through the
HVTN and results are expected over the next 3 years.

Finally, the complexity of designing new clinical trials of
preventive vaccines following the progressive implementation
of PrEP as a prevention measure in populations at high risk of
acquiring HIV, both in terms of sample size, implementation
and ethical issues, should be emphasised.

The development of a therapeutic vaccine aims to achieve
control or complete eradication of HIV from the body without
the need for ART. This objective must be achieved through a
strategy that is equal to (or better than) the ART, both in terms
of cost and accessibility, but above all in terms of security,
which sets the bar for non-inferiority very high.

One of the main obstacles to the development of a thera-
peutic vaccine is also the viral diversity, in addition to the viral
subtypes, some of the variability is due to immunological ad-
aptation. HIV mutates and escapes relatively easily from the
pressure exerted by cytotoxic T lymphocytes (CTLs) mediated
by individual HLA molecules. Therapeutic vaccines must there-
fore be effective in different locations with different circulat-
ing viruses and in populations with widely differing genetic
backgrounds [119]. To combat such immense diversity, new
immunogen designs are based on attempting to re-educate
the HIV-specific immune response against those regions of HIV
that are highly conserved among the different viral subtypes
responsible for generating highly functional HLA-independ-
ent cytotoxic responses [120,121] and are currently in clinical
phases of development.

Another major obstacle in the field of HIV cure lies in the
relative degree of immunodeficiency of people with HIV in-
fection. High levels of chronic inflammation lead to persistent
immune depletion that significantly limits the functionality of
CTLs and the longevity of vaccine-induced responses. This is
why we often see early clinical trials of new vaccine candidates
in groups of patients treated in the earliest stages of HIV in-
fection, whose levels of viral escape and immune depletion are
lower than after years of chronic infection. With new devel-
opments in the field of immunotherapies in oncology and au-
toimmune diseases, the combination of therapeutic vaccines
with immunomodulatory agents of the immune response is
expected to be explored.

Finally, the viral reservoir - made up of latently HIV-in-
fected cells that are relatively invisible to the immune sys-
tem - is a major source of viral rebound once ART is stopped.
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Most likely, neither eradication nor a functional cure of HIV
can be achieved without eliminating or achieving very low
levels of viral reservoir while inducing a highly functional and
long-lasting immune response [122].

Conclusion:

The enormous viral diversity and the somatic hy-
permutation required to induce antibodies with broad
neutralising capacity make the development of effective

preventive vaccines against the different HIV viral strains
extremely difficult. Alternatively, promising results in
primate models suggest that passive administration of
monoclonal antibodies may have high protective efficacy.

HOW FAR SHOULD WE GO WITH RISK BEHAVIOUR
PROPHYLAXIS?

Pep Coll

We now have proven prevention tools that we must use if
we are serious about ending the HIV epidemic. A very impor-
tant and relatively new tool that is changing the prevention
paradigm is PrEP.

Until just over 7 years ago, the main preventive tool avail-
able was the condom, which has prevented countless HIV in-
fections, but has not stopped the flow of new infections.

We now know that the combination of two antiretrovirals
(tenofovir, disoproxil, fumarate and emtricitabine) can prevent
infection in people exposed to HIV, with close to 100% effec-
tiveness, provided there is correct adherence to the medica-
tion. This is the so-called oral PrEP, which has been approved
in the National Health System and which was the great unre-
solved issue in our system. Such is the evidence available on
the efficacy of PrEP that its recommendation [123] is included
in most clinical guidelines: the first was published by the US
Centers for Disease Control and Prevention in 2014. In 2015,
the World Health Organisation stated that PrEP should be of-
fered to all populations at higher risk of HIV infection. It points
out that PrEP should be a prevention option in addition to
condom use, promotion of HIV testing and counselling, treat-
ment as prevention, male circumcision and harm reduction
strategies for people who inject drugs.

Other guidelines, such as those of the European AIDS Clin-
ical Society' and GeSIDA [124], also recommend PrEP for those
who may be at higher risk of infection [125].

The Spanish Bioethics Committee has come out in favour
of the introduction of PrEP[126], stating that it is ethical to
fund it. The Committee sees this as a case similar to others,
such as tobacco, noting that "at no point in the tobacco con-
trol debate was there the option of limiting or excluding ac-
cess to health care for those who had irresponsibly put their
health at risk by smoking". This means that we cannot deny a
person access to a powerful preventive tool because he or she
engages in risky behaviours, or rather what we label as such,
with all the stigmatising burden that this can entail.

It is important to note that people who seek PrEP do so

because they want to protect themselves, and that in general
they want a healthier sex life, without the ongoing threat of
HIV. Recall that, according to the World Health Organisation,
sexual health is not only the absence of disease but also a state
of physical, emotional, mental and social well-being in relation
to sexuality. And PrEP shows that users can have a more pleas-
urable sex life.

But there are still voices arguing that PrEP should be used
with caution because it will “open the door to promiscuity” and
condom use will be abandoned, with all its consequences. It is
true that there is concern about a possible increase in the in-
cidence of other STIs due to so-called "risk compensation”, i.e.
the adoption of higher risk behaviours (non-use of condoms,
increased number of sexual partners, etc.). In this regard, it
should be noted that while most clinical trials of PrEP have not
observed such "risk compensation”, there are implementation
studies in which an increase in STIs is observed. In any case,
we must bear in mind that this increase has been registered in
Spain and other countries for years before the implementation
of PrEP, so this increase in STls cannot be attributed to PrEP,
or at least not in its entirety. There are other factors that may
influence this increase.

What needs to be done is to implement strategies to
counteract this potential increase. One such strategy is requ-
lar screening for STlIs, which allows early detection and treat-
ment of STls, many of which are asymptomatic, thus helping
to break the chain of transmission. In this regard, some studies
show through modelling that regular screening can reduce the
incidence of STls. We also know that the presence of STIs in-
creases the risk of HIV infection, which further supports the
recommendation for such screening.

It should be emphasised that PrEP is not only about ad-
ministering the drug, but also includes follow-up of users,
which is an excellent opportunity to maintain contact with
health services, allowing for STI screening, counselling and
sexual health education, detection of other health problems,
e.g. drug use.

PrEP is therefore not synonymous with abandoning con-
dom use, which must continue to play an important role, but
is a powerful preventive tool as part of a broader, holistic pre-
vention strategy. At this early stage of the implementation of
PrEP in our National Health System, it is essential to promote
and facilitate access to PrEP for all those at risk of HIV infec-
tion. This requires providing adequate information to the pop-
ulation, especially potential beneficiaries, but also awareness
raising and training of health professionals on PrEP.

The challenge is to implement and reinforce all proven
effective preventive strategies. If we can, we can dramatical-
ly reduce HIV infections, as is already being seen where such
strategies are being implemented.

Conclusion:

Pre-exposure prophylaxis (PrEP) with antiretroviral

drugs is proving highly effective in HIV prevention. Possi-
ble “side effects”, such as an increase in Sexually Trans-
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mitted Infections, are not a reason not to recommend it,
but to look for strategies to counteract this potential ef-

fect.

COULD YOU SUMMARIZE THE CONTRIBUTIONS OF
THE MAJOR GROUPS OF ANTIVIRAL AGENTS?

Esteban Martinez

There are four major groups of antiviral agents that have
been used in the treatment of HIV infection: nucleoside an-
alogues (NAs), protease inhibitors (Pls), non-nucleoside ana-
logues (NANs) and integrase inhibitors. All of them have played
a very important role throughout history [83].

ANs were the beginning of treatment for HIV infection.
They were first used as monotherapy, then in dual therapy and
even triple therapy. However, suppression of viral replication
was suboptimal and clinical benefit was limited. Toxicity had
a common mechanism of mitochondrial dysfunction with var-
ied clinical manifestations. The vast majority of antiretroviral
regimens have included AN. ANs are components of standard
antiretroviral treatment.

Pls changed the natural history of HIV infection. Its phar-
macokinetics were improved by boosting with low-dose ri-
tonavir and later with cobicistat. Potentiation allowed Pls to
have a high genetic barrier so that resistance mutations were
not generated, but also gave them a higher risk of interactions.
The toxicity of Pls has generally been digestive and metabol-
ic. Because of their potency and genetic barrier, Pls were the
forerunners of the less-than-three-drug regimen.

NANs have had better tolerability and less risk of inter-
actions than Pls. In addition, they have a long half-life, which
makes them easy to dose. Unlike other groups, the drugs in the
NAN group have generally been able to be taken once a day. In
addition, their prolonged half-life has meant that suppression
of viral replication can be better maintained than with Pls in
cases of occasional suboptimal adherence. Therefore, Pls have
been used preferentially in first lines of treatment for many
years. However, their low genetic barrier is responsible for the
emergence of resistance mutations when viral replication is
not suppressed. Familial toxicity is hypersensitivity and, in the
case of efavirenz, neuropsychological disturbances that may
appear late [100].

Integrase inhibitors combine favourable characteristics of
both Pls (genetic barrier, potency) and NANs (simplicity, tol-
erability), but also have a faster virological suppressive effect,
better long-term tolerability, and little risk of interactions.
These are currently the preferred antiretroviral treatment
components. Toxicity includes neuropsychological disturbanc-
es, usually mild and transient, and weight gain.

Conclusion:
Nucleoside analogues are common components of

antiretroviral therapy. Protease inhibitors have a high po-
tency and high genetic barrier. Non-nucleoside analogue
drugs have a long half-life and simple dosing. Finally, in-

tegrase inhibitors have favourable characteristics of both
Pls and NANs, but also have a faster virological suppres-

sive effect, better long-term tolerability, and little risk of
interactions.

PARENTERAL ANTIRETROVIRAL THERAPY: HOW
OFTEN? COULD IT BE ANNUAL?
Miguel Gorgolas

Parenteral antiretroviral therapy is now, fortunately, a re-
ality. Long-acting parenteral treatment is available with great
success for some chronic diseases, such as schizophrenia, or
as a method of contraception. There are many reasons that
support its suitability for the treatment of chronic infection
in people living with HIV. On the basis that the patient should
not be injection-phobic, parenteral treatment has, "a priori", a
large number of advantages over oral treatment. Firstly, it can
be expected to facilitate good adherence or compliance, as it
is, in a way, a form of directly observed treatment adminis-
tered by health personnel. Secondly, the fact of not having to
take daily medication allows the patient to “forget" about the
infection and live a completely normal life. Thirdly, it is more
than likely to lead to a reduction of the stigma that, unfor-
tunately, still exists for many patients who can sometimes be
challenged by the simple fact of having to take daily medica-
tion.

Currently, the most advanced development consists of
a parenteral treatment based on the administration of two
drugs, cabotegravir and rilpivirine, which share the appropri-
ate pharmacokinetic characteristics to be co-administered to
achieve high antiviral potency, slow release and low metabol-
ic clearance, allowing for administration every 2 months. This
type of treatment is called CARLA, an acronym for Cabotegra-
vir + Rilpivirine + Long + Acting.

The first study of this combination, the LATTE-2 trial ex-
plored the safety and efficacy of the combination as a main-
tenance treatment, as well as finding the optimal dosage for
subsequent phase Il trials. Patients without prior antiretroviral
treatment received a 20-week induction treatment with oral
CAB+ABC/3T. Those who achieved an HIV-1 viral load <50
cop/mL were randomised to one arm of parenteral treatment
every 4 weeks, another arm every 8 weeks and another arm
continued with oral treatment. The conclusion was that CAR-
LA demonstrated its ability to maintain undetectable viral load
when administered every 4 or 8 weeks [22]. Subsequently, a
phase IIl trial (Flair trial) was conducted in ART-naive patients
who received an effective induction course of DTG/ABA/3TC
for 20 weeks followed by cabotegravir and oral rilpivirine for
4 weeks, before switching to parenteral treatment. Those pa-
tients who agreed to participate in the study were randomised
to receive either CARLA every 4 weeks or continue with oral
DTG/ABA/3TC. The efficacy of CARLA was similar to conven-
tional oral treatment and local tolerance of the injections
was good, being better tolerated in successive administra-
tions throughout the study [127]. Notably, 97% of patients

Rev Esp Quimioter 2022;35(2): 131-156 144



E. Bouza, et al.

Past and future of HIV infection. A document based on expert opinion

who agreed to participate in the study and received CARLA
preferred the intramuscular regimen to the oral regimen they
had taken during induction. Only three patients in the CARLA
arm had confirmed virological failure with development of re-
sistance mutations against NNRTI and INSTI. All three patients
had the same subtype (A1), a baseline mutation in INSTI (L741)
and concentrations of both drugs below the averages of the
treated population. The impact of these findings is being in-
vestigated, but does not seem likely to change the good results
obtained.

Two similar studies, but with previously treated patients
with undetectable viral load (Atlas Trial -every 4 weeks- and
Atlas 2M Trial -every 8 weeks-), i.e. “switch” studies, have also
demonstrated non-inferiority of CARLA to different oral treat-
ment regimens based on Pls, NNRTIs or integrase inhibitors.
Similarly, the satisfaction of patients treated with CARLA is
very high. The frequency of discomfort at the drug injection
site was high in the first few injections, but as in previous tri-
als, tolerance improved over the course of the study. Again, the
number of confirmed virological failures in the CARLA group
was very low (1%), so that only three patients had RPV-resist-
ant mutations, some of which were achieved from the start of
treatment [128,129].

The Atlas and Flair studies on CARLA have been able to
demonstrate that patient adherence has been very high, with
up to 98% of injections being administered within the sched-
uled 7-day window. In addition, none of the patients who re-
ceived treatment beyond 7 days had virological failure. Finally,
the possibility of a transitional oral treatment was also ex-
plored, in case the patient could not receive the intramuscular
dosage, and the result has been satisfactory [130]. In addition,
the stigma experienced by people living with HIV may be al-
leviated by the possibility of switching from oral to injectable
treatment, particularly when administered as a long-acting
treatment such as CARLA [131].

But progress does not stop there, that is only the begin-
ning. ldeally, a treatment should be available that can be ad-
ministered, or better, self-administered parenterally, e.g. sub-
cutaneously, or via a slow-release reservoir, every three, six
or even twelve months. There are three molecules at different
stages of development that could be used in this way. A po-
tent capsid inhibitor (GS-6207) with a half-life of more than
24 weeks and activity against virus resistant to other antiret-
roviral families, which could be administered subcutaneously.
This new drug in development has many advantages. Firstly, it
has a novel mechanism of action acting on several targets in
capsid function; secondly, it could be used in patients previ-
ously treated with several families of antiretrovirals and with
virus resistant to them; and finally, due to its long half-life it
would allow administration possibly every 6 months. Results
to date suggest that a single dose (50-450mg) of GS-6207 ad-
ministered subcutaneously has potent antiviral activity, with a
1.8-2.2 log10 copy/mL reduction in viral load over 10 days. In
addition, the drug was safe, with few mild side effects at the
injection site, making it a good candidate for further clinical
development [132, 133].

A new highly potent antiretroviral reverse transcriptase
translocation inhibitor (MK-8591) with a half-life of more
than 180 days, which could be administered once a year via
an implant, is under study. This molecule maintains its activity
against viruses with resistance to other reverse transcriptase
inhibitors, with mutations such as K65R, M184V or M184l. A
single 10 mg dose achieves an average reduction in HIV-1 viral
load of 1.6 log in 7 to 10 days [134].

The main challenge for these drugs is to properly assess
with which other drugs they should be combined in order to
obtain a truly effective ART that can be administered once or
twice a year. In this sense, the pharmaceutical industries have
a double challenge: on the one hand, to develop the molecule
and, on the other hand, to reach agreements with other com-
panies to build an effective combination.

Finally, administration of neutralising antibodies adminis-
tered subcutaneously or intravenously on a regular basis could
be another parenteral treatment option, preliminary studies of
which have already begun [135].

Conclusion:

Parenteral treatment of HIV infection is a reality that
will soon materialise. Its efficacy is similar to conven-

tional oral treatment and allows patients to receive the
medication every 8 weeks. The combination of cabotegra-
vir and rilpivirine is the most developed so far, but other
promising molecules are in development.

REDUCED DRUG SCHEDULES?
Federico Pulido

Since 1996, antiretroviral treatment has consisted of a
combination of three drugs. The reason for this number was
due to the need to achieve sufficient efficacy to suppress vi-
ral replication, without giving the option to select for possible
viral variants carrying resistance mutations that would lead
to treatment failure, thus maintaining suppression indefinite-
ly. As a result, immune impairment was reversed, leading to
a dramatic decline in the morbidity and mortality associated
with HIV infection. With the drugs available at the time, this
could only be achieved by combining three drugs, although it
is true that not all three-drug combinations are equally effec-
tive.

The emergence in later years of more potent antiretroviral
drugs with a higher barrier to resistance led to the possibility
of using combinations with fewer drugs. This strategy of re-
ducing the number of drugs as long as it does not lead to a
loss of efficacy was motivated by the possibility of reducing
toxicities (those derived from the drug that is no longer used)
and reducing the cost of treatment [136].

Attempts to use a single potent drug with a high barrier
to resistance (boosted protease inhibitor) failed to match the
antiviral efficacy achieved with the same drugs in triple com-
binations for maintenance of virological suppression. However,
suppression was maintained in a high number of patients and
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the small number of patients whose viral load rebounded did
not select for resistance [137].

Two-drug strategies have produced heterogeneous re-
sults, depending mainly on the drugs used in the combi-
nation and the patient's therapeutic history[138]. We now
have evidence from large randomised clinical trials that some
two-drug combinations have the same efficacy in controlling
viraemia in previously untreated (naive) patients and/or main-
taining virological control in viraemia-suppressed patients as
the best available triple-drug regimens [67,139].

These successful two-drug combinations have in com-
mon the presence of a drug with a high barrier to resistance
(a boosted protease inhibitor) and/or a second-generation in-
tegrase inhibitor, with the addition of a reverse transcriptase
inhibitor (nucleoside analogue or non-nucleoside analogue) as
a second drug [140].

Today, therefore, highly (and equally) effective antiretro-
viral regimens composed of two or three drugs are available,
with the efficacy of the regimen depending not on the number
of drugs used, but on which drugs are used in the combina-
tion. The discussion on the required number of drugs [137,138]
should therefore be ended, in order to focus on the efficacy
and tolerability demonstrated by each specific regimen.

Conclusion:

It is no longer the number, but the type of drugs that
determines the effectiveness of antiretroviral treatment.

We currently have guidelines with two drugs whose effi-
cacy and tolerance allow them to be used in clinical prac-
tice.

WHAT IS THE FUTURE OF IMMUNOTHERAPY?
Maye Coiras

The progression of HIV infection is highly dependent on
the timing of cART initiation as it conditions the preservation
of a functional immune response. In fact, the lymphocytopenia
and immune dysregulation associated with HIV infection are re-
sponsible for the development of opportunistic infections and
various types of HIV-associated tumours. In particular, during
antineoplastic treatment of HIV+ patients with different im-
munotherapies, it has been observed that some may be useful
against viral persistence by affecting HIV latency mechanisms
and activating a specific antiviral immune response [141].

To address the different immunotherapy strategies that
might be useful for the control of HIV infection, we need to
consider the central target of infection: CD4+ T cells. Blocking
the binding of the virus to the cell by neutralising antibodies
is a potential immunological tool to prevent infection. Approx-
imately 20% of patients untreated for at least 2 years devel-
op broad spectrum neutralising antibodies (0NAbs) that allow
cross-neutralisation of different virus types [142]. This is due
to the continuous maturation of affinity against conserved
and accessible Env epitopes that evolve as a result of immune
pressure. 19 of patients who develop bNAbs are elite control-

lers. Among the main functions of bNAbs are virus neutralisa-
tion and Fc-dependent antiviral activity, such as antibody-de-
pendent cellular cytotoxicity (ADCC) [143]. Meanwhile, bNAbs
such as VRCO1, 3BNC117 and 10-1074 have been shown to be
safe and well tolerated after intravenous infusion [144-146].
They induce a significant reduction in viraemia and require less
continuous administration than cART. However, the protec-
tion they induce is not long-lasting and regular infusions are
necessary. In addition, combinations of several bNAbs should
be administered to improve efficacy and avoid the emergence
of resistant variants, and it is necessary to assess in advance
whether the patient's viral variants are sensitive to the combi-
nation of bNAbs [147,148]. On the other hand, bNAbs can be
used for the reverse generation of vaccines and the develop-
ment of alternative gene therapy strategies to vaccination is
being considered [148,149].

On the other hand, the mechanisms of infection devel-
oped by HIV lead to a state of immunosuppression that hinders
an effective immune response. In this sense, the expression of
molecules related to immune control such as CTLA-4 or PD-1/
PD-L1 have been described as possibly responsible for this im-
mune dysfunction during infection. In fact, the expression of
these molecules increases during chronic infection and PD-1+
cells contain more viral DNA and RNA [150,151]. Therefore, im-
mune checkpoint inhibitors (ICPIs) could be useful for boosting
an antiviral and antitumour response and have already been
used to treat some HIV-related malignancies [152]. Anti-PD-L1
drugs appear to transiently increase CD4 viral transcription,
followed by a reduction in plasma viral RNA [141]. Combining
pembrolizumab with latency-reversing agents (LRAs) such as
bryostatin would increase HIV replication from reservoir cells
without activation and proliferation [151].

To improve the visibility of reservoir cells, specific markers
need to be identified. CD30 is a marker of latently infected but
transcriptionally active cells and could therefore be a thera-
peutic target for HIV-1 eradication [152]. In fact, treatment
with the anti-CD30 antineoplastic drug brentuximab vedotin
has been associated with a reduction in plasma viraemia [153].
On the other hand, homeostatic proliferation of the reservoir
by cytokines such as IL-7 is one of the main obstacles to HIV-
1 eradication. IL-7 levels increase during HIV-associated lym-
phocytopenia and decrease with immune reconstitution, so
administration of IL-7 to aviremic patients increases viral load
and CD8 activity [141]. IL-15, another proliferative cytokine
produced during acute infection, can also induce NK cell stim-
ulation and proliferation of CD8+ T cells for the destruction of
latently infected CD, T cells [154].

Finally, tyrosine kinase inhibitors (TKIs) used for the treat-
ment of chronic myeloid leukaemia have been shown to have
a potent antiviral effect against HIV by acting on different
cell types: they prevent ex vivo CD4 infection by preserving
the antiviral innate immune factor SAMHD1; interfere with
IL-2- and IL-7-induced CD4 homeostatic proliferation, which
may prevent reservoir turnover; and induce enhanced cyto-
toxic activity by increasing CD56+ and TCR+ cell populations
[68,155,156].
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Conclusions

Immunotherapy should be considered a very impor-
tant tool for the control of HIV infection. New advanc-
es in neutralising antibody therapy and its application
to vaccine development are encouraging, although some
issues related to stability and efficacy still need to be ad-

dressed. On the other hand, immune-enhancing drugs
such as immune checkpoint inhibitors could make reser-
voir cells visible to the immune system and enhance the
antiviral effect of cytotoxic cells, as could tyrosine kinase
inhibitors. Improving the immune response is therefore
essential for a functional cure of HIV by exerting better
control of the reservoir.

WHAT IS THE FUTURE OF HIV SPECIALISTS?
José Ignacio Bernardino

With the full implementation of pre-exposure prophylaxis,
early diagnosis, prompt treatment initiation and combination
prevention strategies, new HIV infections will gradually de-
cline. As has already been demonstrated in other cities such
as London, Paris and San Francisco, HIV specialists in HIV units
must take the lead in these initiatives together with other
health stakeholders and public health officials. An inescapa-
ble and achievable goal is to reach zero new HIV infections in
Spain.

With the decline in new HIV infections, the need for spe-
cialised HIV units may be questioned. The stigma associated
with the infection, unfortunately still very present in our so-
ciety, together with the general lack of knowledge about HIV
infection, even among health professionals, will require the
continuity of specialised units. We cannot forget that a sig-
nificant proportion of new infections come from vulnerable
populations such as transgender women, injection drug users
and illegal immigrants, adolescents at risk of social exclusion
who are often excluded from the health system and who re-
ceive social and health care in community centres, sexually
transmitted disease clinics, drug user centres and specialised
HIV units. The maintenance of these centres is essential for the
social and health care of these groups.

At present, the life expectancy of HIV-infected people is
similar to that of the general population, so the number of
people with HIV infection being followed up in the units will
be increasing and this translates into a change in care needs.
Growing older with HIV infection, the comorbidities associated
with this process, and in short, the chronicity of the different
pathologies that can converge in a person with HIV infection,
requires a multidisciplinary approach that must be coordinated
by the HIV infection specialist. This new landscape is a unique
opportunity to lead the transformation of the healthcare sys-
tem from an outdated and hugely expensive acute care model
to a more modern day chronic care model. In these models it is
essential to place the patient at the centre of care. A model in
which the agents involved coordinate and focus their care on
the patient, sharing the same information systems with multi-

directional and reciprocal communication channels between
patient, professionals and administration is a pending issue
in many parts of our country. The elimination of the existing
fragmentation between levels of care and different health pro-
fessionals and the growing use of new technologies and the
e-health revolution will help to make the system more effi-
cient and encourage self-care with greater co-responsibility
and more active patient participation in the management of
their health [157,158].

The enormous efforts of scientists in HIV vaccine develop-
ment and eradication of HIV infection make close collaboration
between HIV clinicians and basic science researchers essential.

Specialists in HIV infection together with other health
professionals and community agents continue to work tire-
lessly to achieve zero new HIV infections in Spain, to eliminate
the stigma associated with HIV infection and to achieve the
not impossible, but still distant, eradication of HIV infection.

Conclusion:

Specialised HIV units will continue to be indispensa-
ble in the coming years. However, there will be a shift
from the current, exhausted, acute patient-centred model

to a more efficient model focused on chronic patient care.
Experts should continue to contribute to maintaining the
high standards in HIV research.

WHAT REMAINS TO BE DONE IN HIGH-INCOME
COUNTRIES?

Santiago Moreno

The treatment currently prescribed for people with HIV
infection is close to optimal, both in absolute terms and rela-
tive to the treatment of other chronic diseases. HIV infection is
among the diseases for which treatment is available with the
highest rate of therapeutic efficacy and the least toxic effects
and the greatest impact on the health status of the recipient.
Antiretroviral treatment has not only enabled people with
HIV infection to have a life expectancy similar to that of the
non-HIV-infected population, but to do so with a good quality
of life without limitations that might result from the disease
itself or from the medication.

In the current situation, it is difficult to improve the treat-
ment of the disease. The prospect of long-acting drugs that
will soon allow dosing at extended intervals of several weeks
or months will certainly be an improvement, but not a dra-
matic change. Improving antiretroviral treatment is not really
the most important issue at hand, nor is it the most pressing.
The most immediate ambition is to achieve a cure for those
infected and, even more ambitiously, the availability of a vac-
cine whose administration to those at risk would prevent them
from becoming infected. These are clearly two outstanding
issues in the fight against HIV in industrialised countries and
globally. Their achievement is not on the near horizon and we
are therefore faced with more immediate problems still to be
solved.
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The reality we live in our society, and that of people living
with HIV infection in particular, requires solutions to identi-
fied, well-known, unresolved issues. These are issues that have
to do with controlling the epidemic in our environment and
improving the quality of life of people living with the infec-
tion. In industrialised countries, there remains a high risk of
HIV transmission among people who engage in risky practices,
primarily unprotected sex, but also among injecting drug users
who share injecting equipment. Whatever the route, transmis-
sion occurs primarily from people who do not know they are
infected and are therefore not receiving antiretroviral treat-
ment. ldentifying infected persons and administering antiret-
roviral treatment to achieve control of viral replication could
stop transmission, reduce the incidence of new infections and,
overall, control the epidemic with all the associated benefits
[159]. It is difficult to understand why, having demonstrated
the benefits of diagnosing and treating infected persons, the
necessary procedures have not been put in place to achieve
this goal. At present, most countries, including Spain, rely for
diagnosis on the identification of antecedents or risk practices,
which has clearly proved to be insufficient.

In order to bring the epidemic under control, it should
be noted that the proposed measure of identifying all infect-
ed persons as early as possible and treating them, although
the most important, is not sufficient. In the meantime, oth-
er measures are needed to limit the transmission of the virus.
An effective method of prevention has also been described for
this. PrEP has shown efficacy in preventing infection in unin-
fected people who engage in risky practices not only in clinical
trials, but also in real life. Recent population-based experience
has shown that PrEP administration is associated with a sig-
nificant decrease in the incidence of HIV infection, regardless
of the percentage of patients with an undetectable viral load
[160]. In Spain, this measure has been approved.

Improving the quality of life of people with HIV infection,
which is another unfinished business, has nothing to do with
the quality of life associated with health status. People on an-
tiretroviral treatment are healthy enough to lead normal so-
cial, family and working lives. The quality of life they lack is
related to the stigma attached to being HIV-positive and the
discrimination they face at many levels, creating real social
inequalities [161]. Again, it is inexplicable that in "first world"
countries, suffering from a chronic illness can become a reason
for discrimination. In this case, the way to combat it is more
complex, but it is undoubtedly where a society such as ours is
most likely to demonstrate the ability to solve problems that
are not easy and that affect a large number of people.

Conclusion:

In neighbouring countries, HIV infection still presents
challenges that have not yet been overcome. Beyond the
limited room for improvement in antiretroviral therapy or

the achievement of desired HIV cures and vaccines, so-
ciety and people living with HIV infection need action to
achieve urgent goals. Control of the epidemic in an en-
vironment such as ours can be achieved if measures of

known efficacy, such as early diagnosis and treatment of
infected persons, are implemented and PrEP is adminis-
tered to all persons with an indication. In addition, com-

bating the stigma and discrimination still faced by people
who are HIV-positive is the second major issue that all
first world countries have yet to address.

WHAT REFLECTIONS FROM AN ETHICAL POINT OF
VIEW ARE RAISED?

Diego Gracia

It is not possible to talk about the ethics of HIV without
recalling the heroic years when a clinical AIDS diagnosis meant
a death sentence, usually within fourteen months. This was
the case for most of the 1980s. In addition to being an acute
and deadly disease, its rapid spread led to it being labelled as
“epidemic”, triggering uncontrolled fear among health profes-
sionals and the general population, in some cases to the point
of panic. In such a critical situation, conflicts have soared, and
so has ethical reflection. It was common to see articles on eth-
ics in large clinical journals, such as the New England Journal
of Medicine, Annals of Internal Medicine, JAMA, Lancet or the
British Medical Journal, in a previously unknown proportion. In
those days it was not uncommon to say that only with the ex-
ample of AIDS was it possible to explain the main chapters of
an entire ethics course. There were many very serious problems
related to a key element of clinical activity: diagnosis. Thus,
whether or not it was obligatory to ask the patient's permis-
sion to carry out the diagnostic test, given that the profes-
sional considered himself to be at risk and therefore believed
he was entitled to know if the patient was HIV-positive, even
against the patient's wishes. Another serious problem was that
of data confidentiality, especially in view of the need to protect
patients’ sexual partners. No less serious were the problems re-
lated to treatment: Were health professionals obliged to assist
them, or could they raise any objection? The WHO itself had to
intervene by reminding professionals that they were obliged to
assist, and that the risk was minimal as long as they took the
recommended protective measures into account. Another seri-
ous problem was the dispersion and distribution of treatments
when they became accessible, given their high cost. No less
serious were the conflicts that arose with the testing of new
antiretroviral drugs in Asian and African countries. And the list
could go on.

Today things are very different. HIV infection has gone
from being an acute to a chronic disease, from epidemic to
endemic, and from being seen as a public health issue to a
private hygiene problem. The latter is something that is rarely
reflected upon, yet is becoming increasingly important. | will
therefore focus my analysis on this point.

Western medicine did not have truly effective therapeutic
resources, both medical and surgical, until the 19th century.
It was then that experimental pharmacology and pharmaco-
logical therapeutics appeared as disciplines, and when surgery
began to succeed in its incursion into the three cavities of
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the human body, the abdominal, thoracic and cranial cavities,
thanks to the three great novelties introduced in the second
half of the century: antisepsis and asepsis, anaesthesia and
haemostasis. For the first time in history, the doctor saw him-
self as being able to cure diseases. Add to this that from the
end of the 18th century, as a consequence of enlightened des-
potism, governments began to turn health into a political ob-
jective, which led to the birth of what was first called Sanitary
Police and later Sanitary Policy or Public Health.

This revolution was so far-reaching that the strategies
developed by physicians from antiquity until the end of the
18th century were no longer of interest. Given their very limit-
ed therapeutic arsenal, classical physicians sought above all to
promote the health of the population by means of very sim-
ple and elementary procedures for promoting private hygiene,
i.e. health education. Based on a Hippocratic treatise entitled
On Airs, Waters and Places, the physicians gradually drew up
a catalogue of six major chapters for the promotion of private
hygiene. This is what was known in the Middle Ages as the
catalogue of unnatural sex res non naturals. The six chapters
were: environment (what the Hippocratic writing On Airs, Wa-
ters and Places referred to), food and drink (cibus et potus),
movement and rest (motus et quies), sleep and wakefulness
(somnus et vigilia), excretions and secretions (excreta et secre-
ta) and psychic disorders (affectus animi). Prudent manage-
ment of these six major chapters was the best way to promote
health and prevent disease. Especially chronic disease, because
chronic disease has a lot to do with unwise lifestyle manage-
ment. If a person frequently overeats, he or she will almost
certainly become overweight, which in turn predisposes him or
her to certain chronic diseases, such as type Il diabetes.

As hardly anyone remembers this history anymore, it is
worth pointing out that this catalogue was fully valid until
the end of the 18th century, and that in the last two hun-
dred years that it has been losing importance in the estimation
of doctors, given the progress of diagnostic and therapeutic
techniques and the no lesser increase in public hygiene, until it
has practically disappeared. However, it is still valid in the case
of chronic illnesses, as these are most often caused precisely by
a disorder of habits, i.e. lifestyle habits.

HIV infection is now a chronic disease, one of the so-
called “sexually transmitted diseases” (STDs). These diseases
also have a long history, from which we can perhaps learn
something. For example, we can learn from the fact that they
were called "moral, secret or shameful diseases”. Moral diseas-
es were not so much because they were against good morals,
but because they were caused by the disorder of what Lat-
in-speakers called mores, customs. They were diseases directly
related to lifestyle habits. This is why they were placed, within
the catalogue of unnatural sex res non naturals mentioned
above, in the chapter entitled excreta et secreta. These were
not exclusively medical problems, but primarily social and
cultural issues. The paradigmatic example of STDs during the
modern centuries was syphilis. It began to be controlled at
the beginning of the 20th century with the appearance of the
first synthetic chemotherapy drug, salvarsan, and was given

the coup de grace in the middle of the same century with
the appearance of penicillin. This was so revolutionary that
the 1960s witnessed a profound change in social and cultural
habits known as the “sexual revolution”. The old controls were
relaxed, and “repression” was replaced by permissiveness or
"sexual freedom”. From one extreme to the other... Until 1981,
when HIV infection appeared on the horizon. It started out as
a very acute and aggressive disease, which medicine had to
control, of course, through new therapies. And this it did. The
pace of new drugs and their increasing efficacy has dramati-
cally changed the landscape of the disease over the course of
a few decades. But medicine is not finished with it. What has
been achieved thus far was its transformation from an acute
to a chronic disease. It would therefore seem that the time
had come to turn to the strategies that are most appropri-
ate and effective in this type of disease: those that have to
do with lifestyle and risk practices. It was time to remember
the old story of sex res unnatural. By then, however, the old
historical references had been lost, and there was a growing
conviction that HIV infection was a purely medical, or rather
a pharmacological, problem. Instead of acting on risky prac-
tices, it was sufficient to protect oneself by using chemical,
physical or pharmacological agents.

It is doubtful that this is the only, let alone the most ap-
propriate strategy to control this infection. Some data are
alarming to say the least. One of them is the change in leisure
practices, shifting from daytime to night-time, in which in or-
der to resist the fatigue of a sleepless night it is necessary to
drink alcohol ("binge drinking") and take stimulant drugs, which
in turn diminish self-control, disinhibit sexuality and lead to
irresponsible practices which, moreover, tend to be practised
in groups, thus producing the "herd" effect, in which individ-
ual responsibility is diluted within the group dynamic. All this
leads to an irresponsible management of the body, consump-
tion, and sexuality. In the latter, from "sexual repression” one
moves to "sexual disinhibition", which uses the other person
as an object, or as Kant would say, as a pure “means” and not
asan "end" in itself. Humans are moral and not merely natural
beings, precisely because we have the status of an “end” and
not merely a "means” to be used at the whim of others. Sexu-
ality, like food and alcohol, must be managed wisely. Prudence
is the capacity for self-control, and it is responsibility in the
management of one's actions and life. And it is also health,
private health, something that needs to be promoted through
education; through education in general, and also through
health education. Health professionals are also educators, and
in matters such as those we are analysing here, essential edu-
cators. The aim of medicine is not only to cure disease, but to
promote health and the prudent and responsible management
of the body. At a time when we are approaching the ideal of
precision medicine or personalised medicine, we cannot forget
that there will be no personalised medicine without educating
people in the responsible and prudent management of their
bodies and sexuality. This is something that the ancient physi-
cians knew very well, and which today's therapeutic potential
is unfortunately making us forget.

Rev Esp Quimioter 2022;35(2): 131-156 149



E. Bouza, et al.

Past and future of HIV infection. A document based on expert opinion

Conclusion:

The enormous effectiveness of therapeutics, both
pharmacological and surgical, and the healthcare impor-
tance of public health programmes and health policy, is
making us forget something that in traditional medicine
was the most important objective of the practitioner's

action: namely, education and promotion of private hy-
giene. This is worth remembering at a time when HIV in-
fection is no longer an acute and potentially life-threat-
ening disease, but a chronic disease, where it is essential
that patients learn to manage their bodies wisely and re-
sponsibly, normalising their behaviour and avoiding risky
practices.
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RESUMEN

Introduccion. Los trabajadores sanitarios y no sanitarios
(TSyNS) de un hospital estan mas expuestos al contagio por
SARS-CoV-2 que la poblacion general. Estudiamos la prevalen-
cia de esta infeccion en los trabajadores del hospital de Sego-
via tras la primera ola.-

Material y métodos. Estudio monocéntrico, observacio-
nal, transversal, realizado entre el 29 de abril y el 14 de mayo
de 2020. Se diagnosticd la infeccion mediante test de inmuno-
cromatografia capilar para anticuerpos IgG y/o IgM, o PCR. Se
estudiaron variables laborales, de salud, y de exposicion.

Resultados. Participaron en el estudio 1.335 TSyNS de un
total 1.667 (80,1%), un 79,3% mujeres, con una edad media de
47,3 anos, y de 47,1 para los hombres. La prevalencia de infec-
tados fue del 21,95%, el 24,7% asintomaticos. La edad presen-
to una OR significativa de 1,02/afo. La exposicion extralaboral
aumento la prevalencia un 16,8%. El uso continuado del Equi-
po de Proteccion Individual (EPI) y la administracion de nebu-
lizaciones presentaron una OR de 0,54 y 0,46 respectivamente.
Los sintomas asociados a mayor prevalencia fueron anosmia
(OR 9,31), ageusia (OR 3,05), y fiebre (OR 1,94). Hasta la fecha,
el 75% de los TSyTNS infectados lo hicieron en la primera ola.

Conclusiones. La prevalencia es mayor entre los TSyNS
que en la poblacion general. La edad se asocia a una mayor
prevalencia de infeccion. Casi un 25% de los infectados fue
asintomatico. EI uso de EPI de forma continuada se asocio a
menor prevalencia. Los sintomas con mayor asociacion fueron
fiebre, anosmia, y ageusia.

Palabras clave: Infeccion por coronavirus, prevalencia, estudio transversal,
personal hospitalario, factores de riesgo.
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ABSTRACT

Introduction. Health and non-health workers (H&NH-W)
in a hospital are more exposed to SARS-CoV-2 infection than
the general population. We studied the prevalence of this in-
fection in these workers of Segovia's Hospital after the first
epidemic wave.

Material and methods. Monocentric, observational,
cross-sectional study, carried out between April 29 and May
14, 2020. The infection was diagnosed by capillary immuno-
chromatography test for IgG and [ or IgM antibodies, or PCR.
Work, health, and exposure variables were studied.

Results. A total of 1,335 H&NH-W participated in the
study out of a total of 1,667 (80.1%), 79.3% women, with a
mean age of 47.3 years, and 47.1 for men. The prevalence of
infected was 21.95%, 24.7% asymptomatic. Age presented a
significant OR of 1.02/year. Exposure outside of work increased
the prevalence by 16.8%. The continued use of Personal Pro-
tective Equipment (PPE) and the administration of nebuliza-
tions presented an OR of 0.54 and 0.46 respectively. The symp-
toms associated with the highest prevalence were anosmia
(OR 9.31), ageusia (OR 3.05), and fever (OR 1.94). Today, about
75% of H&NH-W were infected in the first wave.

Conclusions. The prevalence is higher among healthcare
workers than the population they serve. Age is associated with
a higher prevalence of infection. Almost a quarter of those
infected were asymptomatic. The continuous use of PPE was
associated with a lower prevalence, for that the administration
of nebulisations could be safe. The symptoms with the greatest
association were fever, anosmia, and ageusia.

Keywords: Coronavirus Infections, Prevalence, Cross-Sectional Studies,
Hospital Personnel, Risk Factors
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INTRODUCCION

Hasta el 8 de septiembre de 2020, Espafa era uno de los
paises europeos mas severamente afectados por la COVID-19,
con mas de 525000 casos confirmados, y mas de 29.000
muertes [1]. Hasta el 21 de mayo de 2020 se habian notifica-
do a la Red Nacional de Vigilancia Epidemioldgica (RENAVE)
40.921 casos de COVID-19 en personal sanitario con diagnosti-
co previo al 11 de mayo de 2020, lo que suponia un 24,1% del
total de casos de COVID-19 declarados a la RENAVE hasta esa
fecha [2].

Los datos publicados en RENAVE son los declarados, y no
tienen en cuenta los casos de trabajadores infectados asinto-
maticos que no solicitaron asistencia sanitaria, o que no fue-
ron sometidos a una prueba diagnostica en un momento, el del
inicio de la pandemia, de escasez de las mismas.

Nuestro estudio pretende conocer cual fue la prevalen-
cia real de infeccion por SARS-CoV-2 inmediatamente tras la
primera onda epidémica entre los trabajadores sanitarios y no
sanitarios (TSyNS) del Hospital General de Segovia, en Castilla
y Leon, e investigar su posible relacion con factores laborales,
de salud, y de exposicion, y encontrar los sintomas asociados a
una mayor prevalencia.

Para ello se ofrecio a la totalidad de trabajadores del cen-
tro sanitario una prueba de deteccion de anticuerpos mediante
inmunocromatografia capilar (la tnica prueba de deteccion de
anticuerpos disponible en aquel momento), ademas de consi-
derar el resultado de pruebas diagndsticas previas si las habia
(inmunocromatografia o PCR).

MATERIAL Y METODOS

Sujetos y disefio del estudio. Estudio monocéntrico,
observacional, transversal, disefiado y realizado en el Hospi-
tal General de Segovia (HGS), con 375 camas y 1.667 TSyNS,
que da cobertura a la totalidad de la poblacion de la provincia:
153.478 habitantes (76.445 mujeres y 77.033 hombres) segun
censo del 1 de enero de 2020 [3]. El estudio fue aprobado por
el Comité de Etica e Investigacion (CEIm) de la Gerencia de
Asistencia Sanitaria de Segovia en abril 2020.

Durante el periodo de 29 de abril a 14 de mayo de 2020
el Servicio de Medicina Preventiva ofrecio a la totalidad de los
TSyNS del Hospital General de Segovia la realizacion de una
prueba rapida de deteccion de anticuerpos en suero o sangre
total contra el SARS-CoV-2.

Durante la extraccion se invitd a la participacion volunta-
ria en el estudio, y a aquellos que aceptaron se les entregd un
cuestionario y se les solicitd consentimiento para el acceso a su
historial clinico con el fin de poder recoger el resultado final de
esta prueba y de las que se hubieran realizado con anterioridad.

Cuestionario. Las variables estudiadas fueron género,
edad, categoria profesional, servicio donde desempefiaba sus
funciones, duracion de la jornada laboral, patologia previa
conocida, sintomas que sugirieran infeccién por coronavirus,

grupo sanguineo y grupo Rh, tareas realizadas habitualmente
en su puesto de trabajo, pruebas diagndsticas previas y su re-
sultado, y contacto extralaboral con sujetos infectados.

Dentro de la patologia previa se pregunto por hiperten-
sion arterial (HTA), diabetes, cardiopatia isquémica, hipercoles-
terolemia, enfermedad pulmonar obstructiva cronica (EPOC),
inmunodepresion, y obesidad.

Entre las tareas desempefadas se preguntd si se habia
realizado: anamnesis y exploracion fisica, administracion de
medicacion nebulizada, administracion de oxigeno a alto flujo,
intubacion orotraqueal, manejo del paciente (como puede ser
ayuda en su movilidad o traslado), o alguna otra tarea que im-
plicara contacto con el paciente o sus muestras clinicas.

Los sintomas que se recogieron fueron fiebre, mialgias,
tos, dolor de garganta, dolor de cabeza, pérdida de olfato
(anosmia), pérdida de gusto (ageusia), sensacion de mareo, y
diarrea.

Test de anticuerpos. Las muestras de sangre se obtuvie-
ron mediante venopuncion. La deteccion de anticuerpos (Ac)
IgG o IgM se realiz6 en el suero empleando un kit basado en la
técnica cualitativa de inmunocromatografia capilar (Diagnos-
tic Kit for IgM/lgG Antibody to Coronavirus (SARS-CoV-2) (La-
teral Flow), Livzon). La sensibilidad y especificidad combinada
del test declarada por el fabricante es del 90,6 y 99,2% respec-
tivamente [4], y las halladas mediante validacion independien-
te por la FDA del 86.7% (IC 95% 70.3-94.7%), y 97.5% (IC 95%
91.3-99.3%) [5]: La interpretacion de la prueba se realizo de
forma visual por el personal del laboratorio ajena por completo
a la informacion clinica del sujeto.

Determinacion del trabajador como infectado. Se
considerd trabajador infectado a todo aquel con un resultado
positivo en la prueba de Livzon, o en alguna prueba anterior:
inmunocromatografia para Ac IgG/M, o reaccion en cadena
de la polimerasa (PCR). En la Tabla 1 se muestran los distintos
patrones de resultado entre los sujetos considerados como in-
fectados.

Recogida de datos y analisis estadistico. El registro de
los datos se realizo en LibreOfficeCalc v6.4.2.2 [6], y el analisis
estadistico mediante el programa Epidat v4.2 [7]. Las medias
se muestran junto a sus desviaciones estandard (DE), y las pro-
porciones junto a sus intervalos de confianza al 95% (IC95%).
La asociacion entre la prevalencia y las variables de edad, gé-
nero, variables de salud, y de exposicion laboral y extralaboral,
se establecio mediante un modelo de regresion logistica que
las incluia a todas ellas. El modelo de regresion logistica para
asociacion de prevalencia y sintomas se ajustd segun edad vy
género. El modelo para la asociacion con grupo sanguineo y
Rh se ajustd segun éstos, la edad y el género.

RESULTADOS

Sobre un total de 1.667 TSyNS se presentaron a la prueba
de deteccion de anticuerpos 1.638 (98,2%), y de ellos 1.335 se
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Tabla 1

Resultado de las pruebas practicadas en los casos

considerados infectados

Pruebas previas al estudio Estudio
PCR Ac totales® Ac IgM Ac lgG Nimero % del total
Indeterminado (+) (+) 3 1,02 %
() ) (+) (+) 2 0,68 %
() (+) () () 3 1,02 %
() (+) (+) (+) 5 171%
() () (+) 15 5,12 %
3] (+) ) 2 0,68 %
() ) (+) 31 10,58 %
(+) ) () () 1 0,34 %
(+) ) (+) (+) 2 0,68 %
(+) () () 26 8,87 %
(+) () (+) 37 12,63 %
(+) (+) ) 8 2,73 %
(+) (+) (+) 75 25,60 %
(+) 1 0,34 %
) () (+) 1 0,34 %
(+) () () 1 0,34 %
() (+) 2 7,51 %
@) ) 20 6,83 %
(+) (+) 38 12,97 %
Total 293 100,00 %

lnmunocromatografia capilar IgG-M

prestaron a colaborar en nuestro estudio y firmaron el consen-
timiento informado (80,1% del total de trabajadores). El 79,3%
de los participantes en el estudio fueron mujeres (Tabla 2), y
las edades estuvieron comprendidas entre los 20 y 69 afios. La
edad media fue respectivamente de 47,3 (DE 12) afios para las
mujeres, y 47,1 (DE 12,02) para los hombres.

Entre los 1.335 participantes en 20 (1,5%) no pudo obte-
nerse el resultado de pruebas diagnosticas previas. De los 1315
restantes a 510 (38,78%) se les habia realizado al menos una
prueba diagnostica previa: PCR a 453 (34,45%), inmunocroma-
tografia capilar para IgG-M a 22 (1,67%), y ambas a 35 (2,66%).

Casi el 9% de los participantes con PCR positiva previa
mostraron un resultado negativo en las pruebas rapidas de
anticuerpos. Este descenso concuerda con lo publicado: un 7
y 14% a las 3 y 6 semanas de infeccion respectivamente [8],
incluso cuando la deteccion de anticuerpos se realiza mediante
quimioluminiscencia [9].

Se detecto infeccion por SARS-CoV-2 en 293 trabajado-

res, lo que supone una prevalencia del 21,95% (IC95% 19,75~
24,27), un 24,74% de ellos asintomaticos (IC95% 19,89-30,12)

y que por tanto no fueron casos declarados a RENAVE.

La prevalencia fue del 23.9% entre los trabajadores
que prestaron atencion directa a pacientes con COVID-19
(médico/o, enfermerofa, TCAE, celador/a, y técnico/a de radio-
diagnostico), y del 16,8% en el resto (diferencia del 7,1% IC
95% 2,4-11,8%, p 0.003).

La edad presento asociacion con una mayor prevalencia
de infeccion, con una OR ajustada de 1,02/afio (IC 95% 1,01-
1,04, p 0,006).

Las diferencias observadas en la prevalencia de infeccion
segun el género, la categoria profesional, el servicio, las horas
de trabajo semanales, o los factores de salud individuales no
presentaron significacion estadistica (Tabla 2). Aun asi, las ca-
tegorias profesionales con una mayor prevalencia fueron la de
Técnicos en Cuidados Auxiliares de Enfermeria (TCAE), Médicos
Internos Residentes (MIR), y el Personal de limpieza.

El porcentaje de infectados fue menor entre los que decla-
raron usar el EPI siempre (OR 0,54, IC 95% 0,29-0,99, p 0,047),
y entre los que administraron tratamiento nebulizado (OR
0,46, 1C95% 0,26-0,82, p 0,008).
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Tabla 2 Prevalencia de trabajadores infectados
Infectados (total) 0 de la muestra 0 de infectados (IC 95%) OR? (IC 950%) p

Género
Mujer 237 (1059) 79,33 % 22,38 % (19,9-25,01) 091 (0,60-1,37) 0,642
Hombre 56 (276) 20,67 % 20,29 % (15,71-25,52) ref
TOTAL 293 (1335) 100 % 21,95 % (19,75-24,27)

Edad® 1,02 (1,01-1,04) 0,006

Categoria profesional
Enfermero/a 81 (349) 26,14% (23,80-28,59 23,21 % (18,88-28,00) 1,19 (0,49-2,90) 0,689
TCAE 66 (232) 17,38% (15,38-19,52) 28,45 %0 (22,74-34,72) 1,70 (0,75-3,87) 0,203
Médico/a 35(173) 12,96% (11,20-14,89) 20,23 % (14,52-27,00) 0,76 (0,31-1,89) 0,56
Celador/a 30(132) 9,89% (8,34-11,62) 22,73 % (15,89-30,82) 1,19 (0,49-2,90) 0,71
Personal Técnico 13 (106) 7,94% (6,55-9,52) 12,26 % (6,70-20,06) 0,63 (0,22-1,80) 039
Auxiliar administrativo 17 (96) 7,19% (5,86-8,71) 17,71 % (10,67-26,83) ref
Personal de servicios 11(76) 5,69% (4,51-7,07) 14,47 % (7,45-24,52) 1,97 (0,39-10,03) 0,412
MIR 13 (48) 3,60% (2,66-4,74) 27,08 % (15,28-41,85) 1,70 (0,56-5,18) 0,351
Personal de limpieza 9 (36) 2,70% (1,90-3,71) 25,00 % (12,12-42,20) 1,00 (0,27-3,74) 0999
Otro 17 (83) 6,22% (4,98-7,65) 20,48 % (12,41-30,76) 1,38 (0,54-3,52) 0,507
Desconocido 1(4) 0,30% (0,08-0,77) 25,00 % (0,63-80,59)
TOTAL 293 (1.335) 100 % 21,94 % (19,74-24,26)

Servicio
Medicina Interna 24 (113) 8,46% (7,03-10,09) 21,24% (14,11-29,94) 1,29 (0,57-2,94) 0,539
Urgencias 26 (110) 8,249% (6,82-9,85) 23,64% (16,06-32,68) 1,50 (0,62-3,63) 0,369
Cirugia general 14 (67) 5,02% (3,91-6,33) 20,90% (11,92-32,57) ref
ucl 14 (58) 4,35% (3,32-5,58) 24,14% (13,87-37,17) 1,87 (0,60-5,88) 0,283
Varios 13 (52) 3,90% (2,92-5,08) 25,00% (14,04-38,95) 1,34 (0,49-3,65) 0,567
Radiodiagnostico 12 (51) 3,82% (2,86-4,99) 23,53% (12,79-37,49) 1,53 (0,49-4,74) 0,464
Consultas externas 11 (48) 3,60% (2,66-4,74) 22,92% (12,03-37,31) 0,82 (0,28-2,41) 0,722
Laboratorio 7 (47) 3,52% (2,60-4,65) 14,89% (6,20-28,31) 1,25 (0,32-4,93) 0,748
Ginecologia 11 (46) 3,45% (2,53-4,57) 23,91% (12,59-38,77) 1,26 (0,46-3,51) 0,653
Urologia 9 (40) 3,00% (2,15-4,06) 22,50% (10,84-38,45) 0,96 (0,33-2,80) 0947
Mantenimiento 2 (38) 2,85% (2,02-3,89) 5,26% (0,64-17,75) 0,28 (0,04-2,13) 0,220
Psiquiatria 9(38) 2,85% (2,02-3,89) 23,68% (11,44-40,24) 1,17 (0,38-3,67) 0,783
Traumatologia 6 (36) 2,70% (1,90-3,71) 16,67% (6,37-32,81) 1,01 (0,32-3,14) 0992
Farmacia 12 (34) 2,55% (1,77-3,54) 35,29% (19,75-53,51) 2,59 (0,80-8,38) 0,112
Cocina 5(33) 2,47% (1,71-3,45) 15,15% (5,11-31,90) 0,56 (0,10-3,16) 0,509
Nefrologia 11 (32) 2,40% (1,65-3,37) 34,38% (18,57-53,19) 1,54 (0,51-4,60) 0,443
Hematologia 7 (30) 2,25% (1,52-3,19) 23,330% (9,93-42,28) 1,55 (0,48-4,96) 0,464
Lavanderia 4(30) 2,25% 1,52-3,19) 13,33% (3,76-30,72) 0,50 (0,08-3,28) 0,469
Otros 70 (304) 22,77% (20,55-25,12) 23,03% (18,41-28,17) 1,33 (0,61-2,89) 0479
Desconocido 24.(100) 7,50% (6,14-9,04) 24,00% (16,02-33,57)
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Tabla 2

Prevalencia de trabajadores infectados (cont.)

Infectados (total) 0 de la muestra 0 de infectados (IC 95%) OR? (IC 950%) p
Contacto extralaboral
No 209 (1.099) 82,32% (80,17-84,33) 19,02% (16,74-21,47) ref
Si 77 (215) 16,11% (14,17-18,19) 35,81% (29,41-42,62) 2,35 (1,60-3,47) 0,000
Desconocido 7(21) 1,57% (0,98-2,40) 33,33% (14,59-56,97)

Factor de riesgo de salud

Hipercolesterolemia 33 (141) 10,56% (8,96-12,34) 23,40% (16,69-31,27) 1,02 (0,62-1,67) 0,945
HTA 24 (124) 9,29% (7,86-10,97) 19,36% (12,81-27,42) 0,61 (0,34-1,09) 0,093
DM 9(27) 2,02% (1,34-2,93) 33,33% (16,52-53,96) 1,45 (0,55-3,85) 0,457
EPOC 7(23) 1,72% (1,10-2,57) 30,44% (13,21-52,92) 1,06 (0,33-3,47) 0918
Inmunosupresion 6(19) 1,42% (0,86-2,21) 31,58% (12,58-56,55) 1,14 (0,26-5,11) 0,864
Cardiopatia isquémica 2 (10) 0,75% (0,36-1,37) 20% (2,52-55,61) 0,73 (0,13-4,31) 0,731
Obesidad 4(8) 0,6% (0,26-1,18) 500 (15,70-84,23) 3,43 (0,60-19,55) 0,164
EPI
Nunca 25 (100) 7,49% (6,14-9,04)) 2500 (16,88-34,66) ref
A veces 105 (382) 28,61% (26,20-31,12) 27,49% (23,07-32,26) 0,94 (0,51-1,75) 0,848
Siempre 146 (770) 57,68% (54,98-60,35) 18,96% (16,25-21,91) 0,54 (0,29-0,99) 0,047
Desconocido 17 (83) 6,22% (4,98-7,65) 20,48% (12,41-30,76)
Tareas realizadas
Anamnesis/exploracion 102 (450) 33,70% (31,17-36,32) 22,67% (18,88-26,82) 1,47 (092-2,37) 0,11
Nebulizaciones 32 (187) 14,01% (12,19-15,99) 17.11% (12,01-23,29) 0,46 (0,26-0,82) 0,008
Alto flujo 37(202) 15,13% (13,25-17,17) 18,329 (13,24-24,35) 0,78 (0,44-1,41) 0,415
Intubacion orotraqueal 18 (85) 6,37% (5,12-7,81) 21,18% (13,06-31,39) 1,40 (0,57-3,48) 0,466
Manejo 138 (607) 45,47% (42,77-48,18) 22,74% (19,46-26,28) 0,87 (0,56-1,36) 0,540
Otras 73 (398) 29,81% (27,37-32,35) 18,349% (14,66-22,50) 0,64 (0,37-1,13) 0,122
Horas de trabajo semanales
<20 5(18) 1,35% (0,80-2,12) 27,78% (9,70-53,48) Ref
21-30 5(34) 2,55% (1,77-3,54) 14,71% (4,95-31,06) 0,76 (0,13-4,55) 0,761
30-40 170 (810) 60,67% (58-63,31) 20,99% (18,23-23,96) 1,42 (0,35-5,69) 0,623
>40h 104 (439) 32,88% (30,37-35,48) 23,69 (19,79-27,95) 1,21 (0,30-4,92) 0,787
Desconocido 9(34) 2,550 (1,77-3,54) 26,47% (12,88-44,36)

?0R ajustada mediante regresion logistica por el resto de variables incluidas en la tabla

®0R por incremento de unidad
En negrita los resultados con p<0,05

El contacto extrahospitalario declarado con un paciente
con COVID-19 se asocio a un 16,8% mads de prevalencia de in-
feccion (IC 95% 10-23,6%, p 0,000).

La sintomas que presentaron una mayor fuerza de aso-
ciacion con la infeccion por SARS-CoV-2 fueron anosmia
(OR 9,31, IC 95% 4,44-19,55, p 0,000), ageusia (OR 3,05, IC
95%1,37-6,81, p 0,006), y fiebre (OR 5,55, IC 95% 3,40-9,07, p
0,000) (Tabla 3). La tos y la cefalea no presentaron asociacion

estadistica con una mayor prevalencia de infeccion. El dolor
de garganta, y la sensacion de mareo tuvieron una asociacion
significativa con una menor prevalencia de infeccion.

No apreciamos diferencias estadisticamente significativas
en la prevalencia de infeccion en los diferentes grupos sangui-
neos ABO, ni Rh, aunque el grupo AB presento una tendencia a
asociarse a una mayor prevalencia (OR 1,94, IC 95% 0,92-4,08,
p 0,083) (Tabla 4).
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Tabla 3 Prevalencia de sintomas
Sintoma Ne de infectados (total) % de la muestra (IC 95%) 9% de infectados (IC 95%) OR (IC 95%)? p
Fiebre 137 (209) 21,72% (19,54-24,03) 65,55% (58,68-71,97) 5,55 (3,40-9,07) 0,000
Mialgias 145 (280) 20,97% (18,82-23,26) 51,79% (45,76-5,77) 1,91 (1,19-3,06) 0,007
Tos 119 (279) 20,90% (18,75-23,18) 42,65% (36,78-48,69) 1,12 (0,69-1,80) 0,650
Dolor de garganta 84 (244) 18,28% (16,24-20,46) 34,43% (28,48-40,75) 0,59 (0,35-0,99) 0,045
Cefalea 130 (362) 27,12% (24,75-29,59) 35,91% (30,97-41,09) 0,74 (0,47-1,17) 0,200
Anosmia 135 (165) 12,36% (10,64-14,25) 81,82% (75,07-87,38) 9,31 (4,44-19,55) 0,000
Ageusia 116 (139) 10,41% (8,83-12,18) 83,450 (76,21-89,21) 3,05 (1,37-6,81) 0,006
Mareo 42 (94) 7,04% (5,73-8,55) 44,68% (34,41-55,29) 0,42 (0,20-0,89) 0,023
Diarrea 95 (187) 14,01% (12,19-15,99) 50,800 (43,41-58,17) 1,78 (1,09-2,92) 0,021
Total 293 (1.335)
?0R ajustada mediante regresion logistica segiin edad y género
En negrita los resultados con p<0,05
Tabla 4 Prevalencia de infectados en los distintos grupos ABO y Rh

Grupo/Rh Infectados (total) Y de la muestra Porcentaje de infectados (IC 95%) OR (IC 95%)° p

A 101 (421) 31,54% (29,05-34,10) 23,99% (19,99-28,36) 1,27 (0,90-1,79) 0,173

AB 12 (37) 2,77% (1,96-3,80) 32,43% (18,01-49,78) 194 (0,92-4,08) 0,083

B 16 (73) 547% (4,31-6,83) 21,92% (13,08-33,14) 1,10 (0,60-2,04) 0,754

0 76 (373) 27,94% (25,55-30,43) 20,38% (16,40-24,83) Ref

Desconocido 88 (431) 20,42% (16,71-24,54) 20,42% (16,71-24,54)

Rh () 43 (162) 12,14% (10,43-14,01) 26,54% (19,92-34,03) Ref

Rh (+) 162 (732) 54,83% (52,12-57,53) 22,13% (19,17-25,32) 0,73 (0,49-1,09) 0,120

Desconocido 88 (441) 19,96% (16,23-24%) 19,96% (16,32-24)

®0R ajustada mediante regresion logistica seglin edad, género, grupo sanguineo, y Rh

Solo una trabajadora del centro habia fallecido por CO-
VID-19 en la primera ola (abril de 2020) [10], antes incluso
del inicio de la recogida de datos, lo que situa la mortalidad
al final de la primera onda epidémica en el 0,06% (IC95%
0,002-0,334%). De los infectados en la primera ola, un 4.43%
requirieron ingreso (13) y de éstos, un 38,46% necesitaron de
cuidados intensivos (5).

A fecha de septiembre de 2021, seguin datos proporciona-
dos por el Servicio de Medicina Preventiva de nuestro hospital,
no ha habido mas muertes entre los TS y TNS del Hospital por
COVID-19, siendo el numero total de trabajadores infectados
391 (23,45%), y de éstos ingresaron 19 (4,86% de los trabaja-
dores infectados), requiriendo de cuidados intensivos 8 (2%).

DISCUSION

Hemos encontrado una elevada prevalencia de TSyNS in-
fectados por SARS-CoV-2 al final de la primera ola epidémica
de la pandemia, similar a la registrada entre la totalidad del
personal sanitario en Espafa (RENAVE), y que se situa entre
las mas altas de las publicadas entre trabajadores hospita-
larios: 11,2% en personal sanitario en el Hospital Clinico de
Barcelona [11], 19,99% en personal sanitario en el Hospital
Universitario de Fuenlabrada [9], o el 33,1% en personal sa-
nitario y no sanitario del Hospital Universitario Fundacion
Alcorcon [12]. Casi la totalidad trabajadores del hospital se
contagiaron durante la primera ola de la pandemia (un 2%
durante los 17 meses siguientes). Esta elevada prevalencia
contrasta con la hallada en el estudio de seroprevalencia en
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la poblacion general que el Ministerio de Sanidad y Consu-
mo realizd en aquel momento [8]: 5% en Espafia, 6,9% en
Castilla-Leon, 11,8% en Segovia.

Entre los factores que a juicio de los autores pueden ex-
plicar la gran diferencia observada en la prevalencia entre el
personal de nuestro hospital y la poblacion a la que aten-
dia, incluso entre aquellos que no prestaron una asistencia
directa a pacientes con COVID-19, y la drdstica caida en con-
tagios posterior a la primera onda epidémica, creemos que
puede estar la mayor exposicion a sujetos infectados, sumada
a unas medidas de proteccion insuficientes: carencia inicial
de equipos de proteccion individual en el contexto de una
escasez mundial de los mismos, ausencia de circuitos diferen-
ciados para pacientes sospechosos de infeccion, escasez de
pruebas diagnosticas entre trabajadores en un momento de
muy baja disponibilidad global, alta prevalencia de trabaja-
dores infectados asintomaticos, y que trabajadores sintoma-
ticos siguieran desempefiando sus funciones ante la escasez
de personal.

Se sabe que la edad es un factor de mal pronostico en la
COVID-19, pero hasta donde conocemos ésta es la primera vez
que se observa que también es una variable asociada con una
mayor prevalencia de la enfermedad.

Se sabe que el uso continuado de las mascarillas autofil-
trantes (respiradores), no intermitente, y no solo en situaciones
o tareas identificadas como de riesgo, protegen a los TSyNS del
contagio [13]. En concordancia con este hecho hemos observado
que uso del EPI se asocia con una menor prevalencia de con-
tagio. Y éste fenomeno podria explicar también la menor pre-
valencia entre trabajadores que administraron tratamiento ne-
bulizado, un procedimiento que a priori deberia tener un efecto
contrario por la elevada generacion de aerosoles. Creemos que
cuando administraba tratamiento nebulizado el trabajador tenia
una percepcion de mayor riesgo de contagio, y por ello pudo
tener mayor diligencia en la utilizacion de los EPI y/o redujo el
tiempo que permanecio en la sala donde se administraban.

La elevada proporcion de trabajadores infectados sin sin-
tomas es importante porque contribuyo a la propagacion de la
infeccion. No podemos determinar cuantos de los trabajadores
infectados asintomaticos lo eran realmente o se encontraban
en periodo pre-sintomatico. Sin embargo, los estudios publica-
dos indican que, salvo en personas de edad avanzada, el por-
centaje de infectados asintomaticos que desarrollan sintomas
mas adelante es muy pequefio [14].

La infeccion por SARS-CoV-2 en TSyNS de nuestro centro
hospitalario parece ser un riesgo ocupacional, sin que hayamos
encontrado diferencias entre categorias profesionales, servi-
cios, ni duracion de la jornada. Incluso los trabajadores que no
realizaron atencion directa a pacientes con COVID-19 presen-
tan una elevada prevalencia de infeccion. La edad es una varia-
ble asociada a mayor prevalencia de infeccion. El uso general y
continuado del EPI es una medida eficaz para reducir el riesgo
de contagio. No hemos encontrado relacion entre prevalen-
cia, variables de salud, ni grupo sanguineo. Fiebre, anosmia, y
ageusia, son los sintomas mas asociados a la COVID-19.
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ABSTRACT

Objective. The aim of our study was to analyze sonication
and Maki techniques for diagnosis of catheter tip colonization
and catheter-related bloodstream infection (CRBSI) on patients
admitted to ICU.

Material and methods. Observational and prospective
study in one Intensive Care Unit. Patients with some central
venous catheter (CVC) at least for 7 days and catheter-related
infection (CRI) suspicion (new episode of fever or sepsis) were
included. We performed Maki technique followed by sonica-
tion of catheter tip. We compared area under the curve (AUC)
of Maki, sonication, and techniques combination to diagnosis
catheter tip colonization and CRBSI.

Results. We included 94 CVC from 87 CRI suspicion epi-
sodes. We found 14 cases of catheter tip colonization and 10
cases of CRBSI. Of the 14 catheter tip colonization cases, 7
(50.00%) were detected by Maki and sonication techniques, 6
(42.9%) were detected only by Maki technique, and 1 (7.1%)
was detected only by sonication technique. Of the 10 CRBSI,
6 (60.0%) were detected by Maki and sonication techniques,
4 (40.0%) were detected only by Maki technique, and any
only by sonication technique. We found higher AUC in Maki
technique than in sonication technique to diagnosis of CRBSI
(p=0.02) and to diagnosis of catheter tip colonization (p=0.03).
No significant differences were found in AUC between Maki
technique and combination techniques for diagnosis of cathe-
ter tip colonization (p=0.32) and of CRBSI (p=0.32).

Conclusion.: Sonication did not provide reliability to Maki
technique for diagnosis of catheter tip colonization and CRBSI.

Keywords: Sonication, Maki, colonization, bloodstream infection
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La sonicacion no proporciona rentabilidad
a la técnica de Maki para el diagnostico de
bacteriemia relacionada con catéter

RESUMEN

Objetivo. El objetivo de nuestro estudio fue analizar las
técnicas de sonicacion y Maki para el diagnostico de la coloni-
zacion de la punta del catéter y la bacteriemia relacionada con
el catéter (CRBSI) en pacientes ingresados en UCI.

Material y método. Estudio observacional y prospectivo
en una Unidad de Cuidados Intensivos. Se incluyeron pacientes
con algun catéter venoso central (CVC) insertado al menos du-
rante 7 dias y sospecha de sospecha de infeccion relacionada
con el catéter (IRC) (nuevo episodio de fiebre o sepsis). Se rea-
lizd técnica de Maki y posteriormente sonicacion de la punta
del catéter. Comparamos dreas bajo la curva (AUC) de Maki,
sonicacion y combinacion de técnicas para el diagnostico de
colonizacion de la punta del catéter y de CRBSI.

Resultados. Se incluyeron 94 CVC de 87 episodios de sos-
pecha de IRC. Encontramos 14 casos de colonizacion de la punta
del catéter y 10 casos de CRBSI. De los 14 casos de colonizacion
de la punta del catéter, 7 (50,0%) fueron detectados por Maki y
técnicas de sonicacion, 6 (42,9%) fueron detectados solo por la
técnica de Makiy 1 (7,1%) fue detectado solo por la técnica de
sonicacion. De los 10 CRBSI, 6 (60,0%) fueron detectados por
técnicas de Maki y sonicacion, 4 (40,0%) fueron detectados solo
por la técnica de Maki, y ninguno solo por la técnica de sonica-
cién. Encontramos mayor AUC con Maki que en la sonicacién
para el diagnostico de CRBSI (p=0.02) y para el diagndstico de
colonizacion de la punta del catéter (p=0.03). No encontramos
diferencias significativas en AUC entre Maki technique y combi-
nacion de técnicas para el diagnostico de CRBSI (p=0.32) y para
el diagnostico de colonizacion de la punta del catéter (p=0.32).

Conclusiones. La sonicaciéon no proporciond rentabilidad
a la técnica de Maki para el diagndstico de colonizacion de la
punta del catéter y CRBSI.

Palabras clave: Sonicacion, Maki, colonizacion, bacteriemia.
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INTRODUCTION

The use of a central venous catheter (CVC) may be needed
due to different motives, such as the administration of fluids,
blood products, parenteral nutrition, medications, or the mon-
itorization of hemodynamic status. However, the use of those
devices has different risks such as catheter related blood-
stream infection (CRBSI), which leads to an increase of mor-
bidity, mortality and assistant costs [1-4].

The semiquantitative technique of Maki et al is considered
the reference standard to demonstrate catheter tip colonization
due to its simplicity [5]. However, a potential disadvantage
lies is that as it consists in rolling the catheter tip across the
agar then could detect microorganism of external catheter tip
surface but could not detect microorganism of internal catheter
tip surface. Thus, Maki's technique could give false negative
of catheter tip colonization for patients with colonization
by an endoluminal mechanism. The possible superiority of
quantitative techniques (sonication and vortexing) to catheter
tip colonization diagnosis in respect to Maki technique lies
of their potential ability to detect catheter tip colonization
by exoluminal and also by endoluminal mechanism [6-9].
However, all quantitative methods are time-consuming and
due to this its use has not widespread stablished in clinical
microbiology laboratories.

There are scarce data about the reliability comparison be-
tween Maki's semiquantitative technique and sonication quan-
titative method for detection of CRBSI [10-13]. Some studies
concluded that Maki and sonication methods exhibited similar
reliability [10-12] and in one study was found the potential
benefit of sonication jointly with Maki method [13].

Recent guidelines for the diagnosis of intravascular cath-
eter- related infection (CRI) recommended that semiquantita-
tive catheter culture by Maki technique and quantitative cath-
eter segment culture by sonication have the same strength of
the recommendations and quality of the evidence, which is of
A-11 [14,15].

Previous studies analyzing sonication and Maki techniques
have included CVC from any patient admitted to the hospital
and CVC removed due to any motive [10-13]. However, there
has been not analyzed sonication and Maki techniques includ-
ing only CVC from patients admitted to ICU, and CVC removed
for catheter-related infection (CRI) suspicion after at least 7
days with that CVC. Therefore, the novel objective of our study
was to analyze sonication and Maki techniques including only
CVC from patients admitted to ICU, in whom CVC was removed
for CRI suspicion, and remained at least 7 days with that CVC.

MATERIAL AND METHODS

Design and subjects. A prospective and observational study
was carried out between June 2020 and March 2021 after the
approval by the Institutional Ethic Review Board of the Hospital
Universitario de Canarias (Tenerife, Spain). The requirement of

written informed consent was waived due to the patient visits
prohibition by the public health policy of Spanish Government
in the COVID-19 pandemia context and due to the only change
of our daily clinical practice by the study was the sonication
technique (which is a procedure for CRBSI diagnosis that is in-
ternationally accepted).

We included patients admitted to ICU and removing CVC
for CRI suspicion after at least 7 days with that CVC. CRI sus-
picion was stablished when a patient developed a new episode
of sepsis or fever. We defined sepsis according to Sepsis-3 Con-
sensus criteria of 2016 [16]. We considered fever when temper-
ature was =38°C.

Variables recorded. We recorded the following variables
for each patient: Sex, age, admission diagnostic, diabetes mel-
litus, asthma, chronic liver disease, smoking, chronic obstruc-
tive pulmonary disease (COPD), human immunodeficiency
virus, hematological tumor, solid tumor. Also, we registered
the use of renal replacement therapy, parenteral nutrition,
corticosteroids or, immunosuppressive therapy previously to
admission. In addition, we recorded the use of corticosteroids,
immunosuppressive therapy, parenteral nutrition, propofol or
renal replacement therapy at moment of CRI suspicion. Fi-
nally, we also registered site of CVC, time of CVC, and death
at 30 days.

Sample collections. The following samples were col-
lected from each patient: paired blood samples, catheter-tip
and other clinical samples. Paired blood samples were taken
from peripheral vein, with 10 ml blood sample in each one and
separated by 15 minutes. Catheter-tip sample was taken af-
ter scrubbing the skin surrounding the insertion site with 2%
chlorhexidine and cutting off the tip (distal 5-cm segment)
using sterile scissors. First, we performed catheter-tip cul-
ture using the Maki’s technique and then sonication. Maki's
semi-quantitative technique was performed by rolling each
catheter tip to a blood agar plate [5]. Sonication quantitative
technique was performed by placing small fragments of cath-
eter tip in 1 mL of brain-heart infusion broth, then vortexing,
sonicating for 1 min (at 35 000 Hz and 125 W), and vortex-
ing for 15 seconds. Finally, 0.1 mL of the sonicated broth was
streaked onto sheep blood agar plates [13]. Patients without
blood culture, Maki's technique and sonication technique were
excluded of the analysis.

Definitions. European Centre for Disease Prevention
and Control (ECDC) criteria were used to define infections
[17]. We considered catheter-tip colonization as a sig-
nificant growth of a microorganism on the CVC tip by the
semi-quantitative method of Maki et al (=15 colony-forming
units) [5] or by the quantitative method of sonication (=100
colony-forming units) [13]. CRBSI was defined as a positive
blood culture by recognized pathogen, CVC tip colonization
with the same microorganism and no other apparent infec-
tion source. We defined bloodstream infection of unknown
origin (BSIUO) as bloodstream verified during survey and no
source found. Primary bloodstream infection (PBSI) includ-
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ed CRBSI and BSIUO; therefore, some PBSI had a positive
CVC tip colonization (by a semi-quantitative or quantitative
method) and others not.

Statistical analysis. We reported categorical variables as
frequencies and percentages, and continuous variables as me-
dians and percentiles 25-75. We used chi-square test to com-
pare categorical variables between group, and Mann-Whitney
T test to compare continuous variables. Concordance between
Maki and sonication techniques for the diagnosis of catheter

tip colonization and CRBSI were determined using Cohen’s
Kappa test, and the percentages of agreement and disagree-
ment between both techniques were calculated. We carried out
receiver operating characteristic (ROC) analyses to diagnosis of
catheter tip colonization and of CRBSI by Maki, sonication and
combination of both techniques. Comparison of area under the
curve (AUC) of ROC curves was carried out using the method
of Delong et al. [18]. We considered a difference as statistically
significant when p-values were <0.05. We carried out statistical
analysis with SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

Table 1 Characteristics of CVC developing or not catheter-related bloodstream infection (CRBSI) and
developing or not primary bloodstream infections (PBSI).
i Non CRBSI CRBSI P-value Non PBSI PBSI P-value
(n=84) (n=10) CRBSI vs non (n=71) (n=23) PBSI vs non

Time of CVC (days); median (p 25-75) 9(7-12) 10 (9-13) 0.31 9(7-12) 9(8-12) 0.75
Site of CVC; n (%) 0.71 0.83

Subelavian 18 (21.4) 3(30.0) 15(21.1) 6 (26.1)

Jugular 45 (53.6) 4(40.0) 37 (52.1) 12 (52.2)

Femoral 21(25.0) 3(30.0) 19 (26.8) 5(21.7)
Age; years (p 25-75) 65 (54-72) 64 (52-71) 0.74 64 (54-72) 64 (52-72) 0.80
Sex female; n (%) 23 (27.4) 0 0.1 20 (28.2) 3(13.0) 0.17
Admission diagnostic; n (%) 0.38 0.07

Medical 63 (75.0) 9 (90.0) 51 (71.8) 21(91.3)

Surgical 14(16.7) 0 14(19.7) 0

Traumatology 7(83) 1(10.0) 6(8.5) 2(87)
Diabetes mellitus; n (%) 23 (27.4) 4 (40.0) 0.47 23 (32.4) 4(17.4) 0.20
Renal replacement therapy previously to admission ;n (%) 3(3.6) 1(10.0) 037 2(28) 2(87) 0.25
COPD; n (%) 10 (11.9) 0 0.59 7(9.9) 3(13.0) 0.70
Asthma; n (%) 4(4.8) 1(10.0) 0.44 3(42) 2(8.7) 0.59
Chronic liver disease; n (%) 4(4.8) 0 0.99 4(5.6) 0 0.57
Smoking; n (%) 14(16.7) 1(10.0) 0.99 11 (15.5) 4(17.4) 0.99
Parenteral nutrition previously to admission; n (%) 1(1.2) 0 099 1(1.4) 0 0.99
Corticosteroids previously to admission; n (%) 3(3.6) 0 0.99 3(4.2) 0 0.99
Immunosuppressive therapy previously to admission; n (%) 4(4.8) 1(10.0) 0.44 4(5.6) 1(4.3) 0.99
Hematological tumor; n (%) 0 1(10.0) 0.11 0 1(43) 0.25
Solid tumor; n (%) 1(1.2) 0 0.99 1(1.4) 0 0.99
Human Immunodeficiency Virus; n (%) 1(1.2) 0 0.99 1(1.4) 0 0.99
Corticosteroids at sepsis; n (%) 12 (14.3) 0 0.35 8(11.3) 4(17.4) 0.48
Immunosuppressive therapy at sepsis; n (%) 2(24) 0 099 2(28) 0 0.99
Parenteral nutrition at sepsis; n (%) 14(16.7) 2 (20.0) 0.68 10 (14.1) 6 (26.1) 0.21
Propofol at sepsis; n (%) 34 (40.5) 4(40.0) 0.99 31(43.7) 7(30.4) 0.33
Renal replacement therapy at sepsis; n (%) 7(83) 1(10.0) 0.99 7(99) 1(4.3) 0.67
Deaths at 30 days; no. (%) 23 (27.4) 3(30.0) 0.99 20 (28.2) 6 (26.1) 0.99

CVC = central venous catheter; COPD = Chronic Obstructive Pulmonary Disease
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Table 2 Maki and sonication results to detect
catheter-tip colonization/catheter-
related bloodstream infection.

Maki + Maki - Total
Sonication + 7/6 1/0 8/6
Sonication - 6/4 80/84 86/88
Total 13/10 81/84 94/94
RESULTS

We included 94 CVC from 87 patients with CRI suspicion.
We found 23 PBSI, 10 (43.5%) were CRBSI and 13 (56.5%)
were BSIUO. We no found significant differences between
group of CVC developing CRBSI (n=10) and no developing it
(n=84) in rate of death (p=0.99), time of CVC, site of CVC, and
in other variables (Table 1). Neither we found significant differ-
ences between group of CVC developing PBSI (n=23) and no
developing it (n=71) in rate of death (p=0.99), time of CVC, site
of CVC, and in other variables (Table 1).

We found 14 cases of catheter tip colonization of which
10 were cases of CRBSI. Of the 14 catheter tip colonization
cases, 7 (50.0%) were detected by Maki and sonication tech-
niques, 6 (42.9%) were detected only by Maki technique, and 1
(7.1%) was detected only by sonication technique (Table 2). Of
the 10 CRBSI, 6 (60.0%) were detected by Maki and sonication
techniques, 4 (40.0%) were detected only by Maki technique,
and any only by sonication technique (Table 2).

The AUC to diagnosis of CRBSI was for Maki technique
of 98% (95% CI = 93%-99%; p<0.001), by sonication tech-
nique of 79% (95% Cl = 69%-87%; p<0.001) and by tech-
niques combination of 98% (95% Cl = 92%-99%; p<0.001).
We found higher AUC in techniques combination than in soni-
cation technique (p=0.02) and in Maki technique than in soni-
cation technique (p=0.02) to diagnosis of CRBSI. No significant
differences were found in AUC between Maki technique and
combination techniques (p=0.32).

The AUC to diagnosis of catheter tip colonization was for
Maki technique of 96% (95% Cl = 90%-99%; p<0.001), by
sonication technique of 79% (95% Cl = 69%-86%); p<0.001)
and by techniques combination of 100% (95% Cl = 96%-
100%; p<0.001). We found higher AUC in techniques com-
bination than in sonication technique (p=0.002) and in Maki
technique than in sonication technique (p=0.03) to diagnosis
of catheter tip colonization. No significant differences were
found in AUC between Maki technique and combination tech-
niques (p=0.32).

The agreement between Maki and sonication techniques
for catheter tip colonization was 92.6%, and Maki technique
showed 1/94 (1.19%) false negatives (Cohen’s Kappa: 0.63 (95%
Cl: 0.38-0.88); P< 0.001) The agreement between Maki and
sonication techniques for CRBSI was 95.7%, and Maki tech-
nique showed 0/94 false negatives (Cohen’s Kappa: 0.73 (95%
Cl: 0.48-0.98); P< 0.001).

We found that Staphylococcus epidermidis was the most
frequent microorganism responsible of catheter tip coloniza-
tion (Table 3) and CRBSI (Table 3).

DISCUSSION

Previous studies analyzing Maki and sonication method
for the diagnosis of catheter tip colonization have includ-
ed CVC from any patients admitted to the hospital and CVC
removed due to any motive [10-13]. Some of those studies
concluded that Maki and sonication methods exhibited simi-
lar reliability [10-12] and in one study was found the poten-
tial benefit of sonication jointly with Maki method [13]. In the
study by Guembe et al [13] were included 252 CVCs and the
authors found a colonization rate of 14.3% (36/252) and a
CRBSI rate of 5.9% (15/252). Of the 36 CVC colonizations, 21
(58.3%) were detected by Maki and sonication, 6 (16.7%) on-
ly by Maki technique, and 9 (25.0%) only by sonication tech-
nique. Of 15 CRBSI, 11 cases (73.3%) were detected by Maki
and sonication, and 4 cases (26.7%) only by sonication tech-
nique [13]. The authors concluded that both techniques are
complementary and they recommended sonicating fragments

Table 3

Microorganism responsible of catheter tip colonization/catheter-related

bloodstream infection obtained by Maki/or and sonication techniques.

Microorganism Total Both techniques positives Maki positive only Sonication positive only
Staphylococcus epidermidis 8/5 i 6/4 1/0
Enterococcus faecalis 1 1 0/0 0/0
Escherichia coli 1 i 0/0 0/0
Kiebsiella spp. 2/2 2[2 0/0 0/0
Enterobacter cloacae i 1 0/0 0/0
Pseudomonas aeruginosa 1/0 1/0 0/0 0/0
TOTAL 14/10 7/6 6/4 1/0
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of patients with bacteremia of unknown origin and a negative
catheter tip culture by the Maki technique [13].

We only found one catheter tip colonization by sonication
that was not detected by Maki technique, and this colonization
was not responsible of CRBSI. We found higher AUC in Maki
technique than in sonication technique for diagnosis of cathe-
ter tip colonization and of CRBSI, and no significant differenc-
es were found in AUC between Maki technique and combina-
tion techniques for diagnosis of catheter tip colonization and
of CRBSI. Thus, in our study, the use of sonication no added
any rentability in the diagnosis of CRBSI by Maki technique.

The different results obtained between Gembe et al [13]
and our study would be explained because in that study, CVC
were collected from a general population (which included ICU
and non-ICU adult patients) and CVC had different catheter
duration (short and long-term). However, in our study CVC
were collected from ICU adult patients and were mainly short
term (which have mainly an extraluminal colonization). As
sonication is more reliable to detect intraluminal colonization
(which appears over all in long-term catheters), it may have
no impact at all in the present study, which only included CVC
from ICU adult patients, that were mainly short term, which
most would be most detected by Maki technique.

Recent guidelines for CRI diagnosis recommended that
semiquantitative catheter culture by Maki technique and
quantitative catheter segment culture by sonication have the
same strength of the recommendations and quality of the ev-
idence [4,15]. We think that the greater simplicity of Maki's
semiquantitative technique, the results of our study and the
results of other studies makes Maki procedure as the technique
of choice for routine work in the microbiology laboratory, and
that the use of sonication technique did not provide profitabil-
ity to the Maki technique for the diagnosis of CRBSI. Skin-col-
onizing microorganisms (as coagulase-negative staphylococci)
are more likely to colonize the external surface of catheter and
are the most isolated microorganism in the series, and this fact
would explain the absence of profitability of sonication in ICU
patients.

Some limitations must be recognized in our study. First, we
have not taken other quantitative techniques (as vortexing) to
compare its profitability for CRBSI diagnosis with Maki tech-
nique and sonication. Second, we have not reported what pro-
portion of CVC were excluded due to have not all culture (blood,
Maki technique and sonication technique). Third, sonication was
performed after Maki technique in all catheter tip; thus, Maki
technique could cause a great loose of microbial load (as bac-
teria were already discharged by Maki) and sonication would be
in disadvantage. Fourth, the sample size of our study could be
relatively low; however, it was enough to find that higher AUC
in techniques combination than in sonication technique and in
Maki technique than in sonication technique for diagnosis of
catheter tip colonization and of CRBSI. The sample size to find
higher significant AUC in techniques combination than in Maki
technique was of 220 CVC for diagnosis of catheter tip coloniza-
tion and of 5,235 CVC for diagnosis CRBSI.

The novel aspect of our study was that we analyzed son-
ication and Maki techniques including only CVC from patients
admitted to ICU, in whom CVC was removed for CRI suspicion,
and remained at least 7 days with that CVC. In our study, soni-
cation did not provide reliability to Maki’s technique for CRBSI
diagnosis.
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ABSTRACT

Introduction. Staphylococcus epidermidis (SE) is a com-
mon cause of bacterial keratitis in certain geographic areas. A
high percentage of resistance to methicillin is shown, which
gives it cross resistance to beta-lactams and sometimes resist-
ance to other antibacterial groups. We analyzed clinical and
microbiological variables in patients with infectious keratitis
due to SE.

Methods. Medical records of 43 patients with suspect-
ed infectious keratitis and microbiological confirmation for SE,
between October 2017 and October 2020, were retrospective-
ly studied. Clinical characteristics (risk factors, size of lesions,
treatment, evolution) and microbiological (susceptibility to
antibiotics) were analyzed, and groups of patients with me-
thicillin-resistant (MRSE) and methicillin-susceptible (MSSE)
infection were compared.

Results. MRSE was present in 37.29% of infectious ker-
atitis. All isolates were sensitive to vancomycin and linezolid.
Rates of resistance to tetracyclines and ciprofloxacin were
50% and 56% in the MRSE group, and 11% and 7% in the
MSSE group. The clinical characteristics, including size of le-
sion, visual axis involvement, inflammation of anterior cham-
ber, presence of risk factors and follow-up time, did not show
statistically significant differences between groups.

Conclusions. MRSE is a common cause of infectious ker-
atitis caused by SE and shows a high rate of multidrug resist-
ance. Clinically, it does not differ from MSSE keratitis. Addi-
tional work is needed to confirm these findings.

Keywords: keratitis, Staphylococcus epidermidis, methicillin-resistant.
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Queratitis infecciosa por Staphylococcus
epidermidis resistente a meticilina: perfil
clinico y microbioldgico

RESUMEN

Introduccion. Staphylococcus epidermidis (SE) es una
causa frecuente de queratitis bacteriana en ciertas dreas geo-
graficas. Presenta un alto porcentaje de resistencia a meticili-
na, lo que confiere resistencia cruzada a beta-lactamicos y en
algunas ocasiones también resistencia a otros grupos de anti-
bacterianos. Analizamos variables clinicas y microbioldgicas en
pacientes con queratitis infecciosa por SE.

Métodos. Se analizaron retrospectivamente las historias
clinicas de 43 pacientes con sospecha de queratitis infecciosa y
confirmacion microbiologica para SE, entre octubre de 2017 vy
octubre de 2020. Se analizaron las caracteristicas clinicas (fac-
tores de riesgo, tamano de las lesiones, tratamiento, evolucion)
y microbioldgicas (susceptibilidad a antibidticos) y se compa-
raron grupos de pacientes con infeccion resistente (MRSE) y
sensible a meticilina (MSSE).

Resultados. El 37,2% de las queratitis fueron por MRSE.
Todos los aislados fueron sensibles a vancomicina vy linezolid.
Las tasas de resistencia a tetraciclinas y ciprofloxacino fueron
50% vy 56% en el grupo de MRSE, y 11% y 7% en el grupo
de MSSE. Las caracteristicas clinicas, incluido el tamafio de la
lesion, la afectacion del eje visual, la inflamacion de la camara
anterior, la presencia de factores de riesgo vy el tiempo de se-
guimiento, no mostraron diferencias estadisticamente signifi-
cativas entre los grupos.

Conclusiones. MRSE es una causa frecuente de las que-
ratitis infecciosas producidas por SE y presenta una alta tasa
de resistencia a multiples farmacos. Clinicamente, no muestra
diferencias clinicas con la queratitis por MSSE. Se necesitan
trabajos adicionales para confirmar estos hallazgos.

Palabras clave: queratitis, Staphylococcus epidermidis, resistente a meticilina.
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INTRODUCTION

Gram-positive bacteria are the most common culture-iso-
lated microorganisms in bacterial keratitis according to sev-
eral series [1-4]. Methicillin-resistant Staphylococcus aureus
(MRSA) keratitis has been widely described [5-8]. However,
literature related to methicillin-resistant Staphylococcus epi-
dermidis (MRSE) is limited. Goodman et al. first reported two
cases of MRSE keratitis in 1988 [9]. The prevalence has in-
creased since then as showed in larger epidemiological studies,
ranging from 34 to 79% [2,3,10].

S. epidermidis is opportunistic bacteria found in the
normal skin microbiota and frequently acquires resistance
to antibiotics [11-13]. MRSE is resistant to beta-lactams and
frequently acquires resistance to other antibiotics for ophthal-
mological use such as quinolones or tetracyclines. At sites with
poor immunosurveillance, such as foreign bodies, MRSE can
cause infections and develop biofilms, making it difficult for
antibiotics to interact with bacteria, increasing their resistance
and making treatment more difficult [14]. The intact cornea
and tear layer create a physical immune barrier that prevents
opportunistic microorganisms, with limited pathogenicity,
from causing infections, which is critical due to the almost
complete absence of leukocytes in the tear fluid and corneal
layer [15,16). However, damage to this barrier facilitates mi-
croorganisms penetration and, consequently, infection.

We present the clinical characteristics, antibiotic resist-
ance, and treatment results of patients with culture-confirmed
MRSE keratitis compared to those with methicillin-sensitive S.
epidermidis keratitis (MSSE) who attended the Ophthalmology
Service in a period of three years.

METHODS

Corneal scrape samples were reviewed retrospectively at
the Microbiology Service of the Hospital Clinico Universitario
of Valencia during the period between October-2017 and Oc-
tober-2020.

All cases were diagnosed on the first visit as suspected in-
fectious keratitis after slit lamp examination. The criteria consid-
ered were conventional: corneal lesion with stromal infiltration
(with or without cells in the anterior chamber), pain, discomfort
and redness, together with the patient's anamnesis including
previous ocular risk factors [1]. To avoid including colonization
samples in our study, we included only symptomatic patients
with inflammation signs in slit lamp examination.

Patients with monomicrobial culture for S. epidermid-
is and compatible clinical manifestations were included. The
clinical history, microbiological results and available slit lamp
photographs of all patients were reviewed. Clinical informa-
tion collected included: patient's age and sex, ocular risk fac-
tors, number of follow-up days required, size of the lesion at
the time of diagnosis, visual axis involvement and clinical out-
comes. All patients were managed in the outpatient clinic.

Patients were divided into severe and non-severe infec-

tious keratitis, according to the following criteria: cells in the
anterior chamber, size of the lesion>3 mm and/or involvement
of the visual axis.

The size, maximum and minimum, of the infiltrate in milli-
meters was measured using the ruler adjusted to the slit lamp,
as well as photographic control.

Sample collection and microbiological study. All
samples were collected in the ophthalmology unit by corne-
al scraping procedure, direct inoculation onto appropriate
culture media [3] and rapid shipment (within 2 hours) to the
microbiology laboratory. Blood and chocolate agar plates were
incubated in 10% carbon dioxide environments at 35°C for
5-7 days. To exclude accidental contaminants, the criterion
to consider a positive culture was the monomicrobial growth
of at least 10 colonies on a solid medium with similar mor-
phology to the Gram stain. Cultures that isolated multiple
organisms were excluded. Bacterial identification was carried
out using MALDI-TOF technology (Bruker Daltonics). Antibiotic
susceptibility studies were performed by broth microdilution
(MicroScan, Beckman) and the minimum inhibitory concen-
trations (MIC) obtained were interpreted according to EUCAST
guidelines. Antibiotics analyzed in all isolated bacterial strains
were: cloxacillin, cotrimoxazole, erythromycin, clindamycin,
ciprofloxacin, vancomycin, linezolid, daptomycin, tetracycline,
rifampin, fusidic acid, mupirocin, chloramphenicol, and gen-
tamicin.

Treatment and follow-up. After diagnosis, patients were
empirically treated hourly, according to American Academy of
Ophthalmology, with fortified eye drops of ceftazidime (50mg/
ml) and vancomycin (50mg/ml), or ceftazidime (50mg/ml) and
tobramycin (50mg/ml), or with fluoroguinolones (3-5mg/ml),
along with cyclopentolate 10 mg/ml every 8 hours; the final
treatment decision was made according to physician's discre-
tion.

The first check-up was carried out 48 hours after the diag-
nosis in all cases, and at this time the evolution was classified
as either good or suboptimal. The patients were followed-up
and days until resolution of lesion (absence of fluorescein cor-
neal lesion's staining and absence of inflammation signs) were
counted.

Statistical analysis. All the statistical analyses were
performed using SPSS, Version 27, computer software (IBM,
Armonk, NY, USA). Binary variables were analysed using chi-
square or Fisher's exact test (when expected value <5). Quan-
titative variables were analyzed with t-test when assuming
normal distribution of the data and U-Mann-Whitney when
it was not.

A p-value <0.05 was considered statistically significant.
Antibiotic resistance was calculated in percentages.

RESULTS

During the study period, forty-three patients with clinical
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Figure 1

Risk factors of MRSE and MSSE keratitis cases.

MRSE: methicillin-resistant Staphylococcus epidermidis, MSSE: methicillin-susceptible Staphylococcus epidermidis.

diagnosis of keratitis showed a monomicrobial culture for S.
epidermidis, 16 of which were resistant to methicillin (37.2%).

Four patients were excluded due to probable contamina-
tion: three cases had clinically small marginal infiltrates asso-
ciated with an epithelial defect and were mildly symptomatic,
and the other case had a spongy margin ulcer and torpid evo-
lution, in which subsequent cultures were positive for Asper-
gillus.

Patient characteristics. Patient's mean age was 55.1
years, ranging from 11 to 89 years (MRSE group: 62.6 years,
range 23-82 years; MSSE group: 50.7 years, range 11-89 years;
p = 0.094). Twenty-two patients were women (51.2%), with no
statistical differences between the two S. epidermidis groups.

Clinical characteristics. All cases presented with pain
and redness of the affected eye, along with one or more ep-
ithelial defects and perilesional stromal infiltration.

The mean size of the lesion in maximum and minimum
diameter was 1.68x1.05mm (MRSE group: 2.1x1.17mm; MSSE
group 1.44x0.97mm; p=0.102 for maximum diameter and
p=0.812 for minimum diameter).

Twenty-one patients (48,8%) presented with inflamma-
tion in the anterior chamber (MRSE group: n=10, 62.5%; MSSE
group: n=11, 40.1%; p=0.083). Five patients had dense stromal
edema, making the assessment of the anterior chamber impos-
sible with slit lamp examination. Twenty-nine patients (67.4%)
were classified after with criteria of severe keratitis (MRSE
group: n=13, 81.3%; MSSE group: n=16, 59.3%; p=0.186). The
lesion affected the visual axis in 15 cases (MRSE group: n=6,
37.5%; MSSE group: n=9, 33.3%); p=0.782).

All cases were unilateral, suggesting local risk factors
rather than systemic conditions.

The mean follow-up time was 18,5 days until the cessa-
tion of the disease (MRSE group: 27.4 days, range 2-166 days;
MSSE group: 13 days, range 2-59 days; p=0.129).

The medical records review did not show previous antibi-
otic treatment or hospital care in the last 4 weeks.

Risk factors and clinical outcomes. Ocular or systemic
predisposing factors were present in 33 cases (76.7%). The risk
factors include: eyelid malposition, keratopathy, traumatism,
contact lens use, none and other (including antiglaucomatous
topical medication, intellectual disability, systemic immunosup-
pression and chronic lacrimal obstruction). The MRSE keratitis
are most commonly associated with eyelid malposition (31%)
and previous keratopathy (25%) (Figure 1). The MSSE keratitis'
main risk factors are contact lens use (34%) and keratopathy
(11%). Only 13% of cases in the MRSE group occurs without
predisposing conditions, whereas 319% in the MSSE group.

MRSE group (n= 16). Fourteen cases of 16 (87.5%) oc-
curred in eyes with previous risk factors or systemic predispos-
ing conditions such as: lagophthalmos (3), contact lens use (2),
neurotrophic keratopathy (2), distichiasis (2), traumatism (1),
bullous keratopathy (1), penetrant keratoplasty (1), intellectu-
al disability (1) and chronic use of antiglaucomatous topical
medication (1). In 2 cases no prior risk factors were identified.

The outcomes were: corneal thinning (2), central leucoma
affecting visual axis (2), penetrant keratoplasty (1) and total
corneal opacity (1). The other 10 cases resolved without func-
tional sequelae. The clinical and epidemiological characteristics
are shown in Table 1.

MSSE group (n= 27). Eight of the 27 cases (29,6%) did
not present ocular risk factors or systemic conditions. The risk
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Table 1 Cases of keratitis in the MRSE group and clinical characteristics.
Patient Sex Age (years) Risk factor Follow-up (days) Size (max. x min. size) (mm) Visual axis
1 Female 82 Lagophthalmos 15 3.5x1.2 No
2 Female 75 Bullous keratopathy 8 4.5x4 Yes
3 Female 49 Penetrant keratoplasty 18 21 No
4 Male 82 Lagophthalmos 36 21 Yes
5 Male 60 Traumatism 2 0.4x0.2 No
6 Male 47 Lagophthalmos 166 0.9x0.8 Yes
7 Female 65 Neurotrophic keratopathy 59 1x0.8 Yes
8 Female 82 Distichiasis 26 Not available Yes
9 Female 37 Contact lens use 9 0.2x0.2 No
10 Female 59 None 10 1.7x1 No
1 Female 66 Neurotrophic keratopathy 29 5.8x3.5 Yes
12 Female 4 Intellectual disability 8 1.7x0.2 No
13 Male 76 None 20 4x0.2 No
14 Female 80 Antiglaucomatous topical medication 13 1.3x1 No
15 Female 71 Distichiasis 8 1x1 No
16 Female 23 Contact lens use n 1.5x1.5 No

MRSE: methicillin-resistant Staphylococcus epidermidis.

factors present in the other 19 patients were: contact lens use
(10), traumatism (2), neurotrophic keratopathy (2), bullous ker-
atopathy (1), distichiasis (1), systemic immunosuppression (1),
chronic lacrimal obstruction (1) and floppy eyelid syndrome
().

The outcomes were: mild leucoma without visual impair-
ment in 23 cases, total corneal opacity (2), endophthalmitis (1)
and corneal thinning (1).

A p=0.337 was calculated comparing the presence of any
risk factor between MRSE and MSSE group.

Treatment and bacterial sensitivity to antibiotics.
Of all cases with severe keratitis criteria (29), 20 (69%) were
empirically treated with fortified eye drops of antibiotics ad-
ministered hourly for 48 hours: 9 cases were treated with cef-
tazidime and tobramycin and 11 cases with ceftazidime and
vancomycin. The other 9 (31%) cases were empirically treated
with commercial antibiotics: 2 with topical moxifloxacin (5mg/
ml) and 7 with ciprofloxacin (3mg/ml). At the 48-hour check-
up, if the clinical evolution was suboptimal, the treatment was
adjusted according to the antibiogram.

The initial regime with commercial topical quinolones was
maintained in all 9 (100%) cases due to good clinical evolution
(less corneal infiltrate, less symptoms and/or decreased inflam-
mation in the anterior chamber).

Of the 9 cases initially treated with ceftazidime and tobra-
mycin, in 3 (33%) cases the same antibiotics were maintained

due to good clinical evolution and rapid clinical resolution. The
remaining 6 (66%) were changed after receiving antibiogram
results: 2 to fortified vancomycin and one to amikacin, where-
as the other 3 were shifted to commercial ciprofloxacin.

Out of the 11 cases treated initially with fortified ceftazi-
dime and vancomycin, 2 (18%) patients were kept with the
same treatment due to rapid resolution of the infection in one
case and because of suboptimal response in the other case. The
rest (9, 82%) were adjusted after antibiogram results. 1 was
changed to fortified vancomycin after showing resistance to
the other antibiotics commercially available, and the rest (8)
were switched to commercial medication: one to gentamycin
(3mg/ml), 3 to ciprofloxacin (3mg/ml), 3 to moxifloxacin (5mg/
ml) and 1 to tobramycin (3mg/ml).

Of the cases that did not meet criteria for severe keratitis
(14), 10 (71%) were treated initially with topical ciprofloxa-
cin hourly for 48 hours; this regime was maintained after the
complete resolution of the infiltrate, with good clinical evo-
lution and no side effects in all cases. Two (14%) cases were
treated initially with ceftazidime and tobramycin (both with
good clinical evolution), and 2 (14%) with ceftazidime and
vancomycin (one of them with suboptimal evolution).

Comparative results of antibiotic susceptibility are shown
in the Table 2. In the MRSE group, there were significant rates
of resistance to ciprofloxacin (56%), tetracycline (50%), fu-
sidic acid (45%) mupirocin (73%), and erythromycin (100%).
Changes in MIC,, of the following antibiotics were detected:
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Table 2 Percentages of antibiotics resistance in MRSE and MSSE groups.
MRSE MSSE
(N=16) (N=27)
%% Resistance MICq 9% Resistance MIC90 p

Cloxacillin 100 >2 0 <0.25 <0.001*
Cotrimoxazole 13 <2/38 7 <2/38 0.578
Erythromycin 100 >4 74 >4 0.026*
Clindamycin 75 0.5 33 0.5 0.063
Ciprofloxacin 56 >2 7 <1 <0.001*
Vancomycin 0 4 0 2
Linezolid 0 4 0 2
Daptomycin 0 <1 0 <1
Tetracycline 50 >8 1n 2 0.005*
Rifampicin 0 <05 0 <05
Fusidico 45 >2 8 <2 0.013*
Mupirocin 73 >256 24 <256 0.02*
Chloramphenicol 0 <8 0 <8
Gentamicin 38 >8 18 4 0.168
Tobramycin 44 >8 30 8 0.348

MRSE: methicillin-resistant Staphylococcus epidermidis, MSSE: methicillin-susceptible Staphylococcus epidermidis.
MIC,, value was defined as the lowest concentration of the antibiotic at which 90% of the isolates were inhibited.

*P<0.05

linezolid, vancomycin, ciprofloxacin, tetracycline, fusidic acid,
mupirocin and aminoglycosides. In vitro, the best results were
obtained with linezolid, vancomycin, daptomycin, chloram-
phenicol and rifampicin.

Treatment outcomes in MSSE and MRSE groups.
Cases of severe and non-severe keratitis in MRSE and MSSE
groups with good clinical response after empirical treatment
are showed in Table 3. At 48-hour follow-ups, 20 (74%) cases
of MSSE keratitis presented with good clinical evolution, and
13 (81%) cases in the MRSE group (p= 0,719).

Of those with suboptimal clinical response (10/43; 239%),
the initial treatment was: quinolones (1, 1%; in MSSE group);
ceftazidime and tobramycin (3, 30%; 2 MRSE group and 1
MSSE group) and ceftazidime and vancomycin (6, 60%; 1
MRSE group and 5 MSSE group).

Of all the 19 cases of keratitis treated initially with com-
mercial ciprofloxacin, 18 (95%) cases showed a good clinical
evolution after 48 hours. The only patient with suboptimal
response was classified as severe keratitis in the MSSE group
(n=1; 5%).

In severe keratitis caused by MRSE, the ceftazidime and
vancomycin regime showed an 80% efficacy (4 out of 5), and
a 60% efficacy (3 out of 5) with ceftazidime and tobramycin

combination treatment, p>0,99. In MSSE group, treatment
with ceftazidime and tobramycin showed outcomes of 33%
and 75% respectively in severe keratitis and 50% and 100% in
non-severe, p>0,99

DISCUSSION

According to recommendations from the American Acad-
emy of Ophthalmology, bacterial keratitis are commonly treat-
ed with ciprofloxacin as empirical treatment [17]. However,
MRSE is associated with in vitro resistance to this antibiotic,
as well as to others commonly used in the ophthalmic clinical
practice such as tobramycin [12,18].

Some (75%) of the infections presented in this study re-
solved after antibiotic treatment with fortified topical antibi-
otics. The rest were treated with commercial ciprofloxacin, also
with good clinical response including severe cases. We found
no differences among the different treatment regimes in both
groups. Therefore, the evolution of the infection not only de-
pends on treatment, but other aspects such as patient's risk
factors or initial presentation of the lesion must also be taken
into account.

In case of progression to endophthalmitis, oral linezolid
may be a valid choice, since it has shown excellent antibacte-
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Table 3

Cases of severe and non-severe keratitis in MRSE and MSSE groups with

good clinical response after 48 hours of empirical treatment.

Severe (N=29)

Non-severe (N=14)

MRSE (N=13) MSSE (N=16) MRSE (N=3) MSSE (N=11) 0 total
Fluoroquinolones 3 (100%) 5 (83%) 3 (100%) 7 (100%) 18 (95%)
Ceftazidime + vancomycin 4 (80%) 2 (33%) 0 (0%) 1 (50%) 7 (54%)
Ceftazidime + tobramycin 3 (600%) 3 (75%) 0 (0%) 2 (100%) 8 (73%)

MRSE: methicillin-resistant Staphylococcus epidermidis, MSSE: methicillin-susceptible Staphylococcus epidermidis.

rial sensitivity and has a good intraocular penetration that has
been previously reported [19].

In the infectious pathology of the anterior pole of eye, oc-
ular microbiota are the most frequently documented causing
infection, showing that the border between commensal micro-
biota and pathogenic microorganism is increasingly thin. Pre-
vious studies highlight the colonization rate of Staphylococcus
species on the ocular surface of healthy eyes, with S. epider-
midis being the most frequently isolated microorganism [11,
12, 20]. The patient's medical history and a careful slit lamp
ophthalmologic evaluation are important to rule out possible
false positives from microbiological analysis.

These multidrug resistant bacteria are not rare findings in
the clinical practice. In this study, a rate of 37.2% of MRSE
is presented, which is similar to other publications [2,3]. Our
study supports the hypothesis that the loss of ocular surface
homeostasis can lead to corneal ulcers and stromal infiltration,
since the majority of cases were associated with risk factors.

In our experience, MRSE infections have shown to be clin-
ically similar to those caused by MSSE, as all the parameters
analyzed showed no statistical significance (follow-up time,
presence of risk factors, size of the lesion, anterior chamber
inflammation or clinical response at 48h check-up). However,
MRSE have shown to have higher in vitro resistances to com-
mon antibiotics.

Recent reports document multi-site infections with ex-
tremely resistant S. epidermidis to antibiotics, including lin-
ezolid, vancomycin, and teicoplanin [21,22]. This represents a
major health problem in the near future, not only related to
ophthalmological conditions but also to systemic infections
that could lead to the death of a patient.

We consider the relevance of the microbiological analysis
in all keratitis, not only in severe cases, in order to establish the
etiology and to adequately treat patients with specific medi-
cation, so as not to contribute to increase antibiotic resistance
in the future.

The main limitation of study is the small number of pa-
tients included, although to our knowledge there are no long
comparative series of S. epidermidis keratitis. Other limitations
are its retrospective design and the inherent differences in
clinical and therapeutic actions during patient management.

In order to minimize the risk of overdiagnosis and attribute the
etiology to the local eye microbiota, samples from the healthy
eye and the affected eye could have been analyzed in parallel,
in order to confirm the findings of the cultures.

MRSE is a frequent cause of keratitis at our institution,
especially in patients with ocular risk factors (eyelid abnormal-
ities, previous keratopathy, traumatism or contact lens use). In
our cohort, keratitis caused by MRSE and MSSE did not show
differences in their clinical presentation, but MRSE showed
multidrug resistance including resistance to fluoroquinolone
and tetracycline antibiotics.
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ABSTRACT

Introduction. Sepsis is the main cause of death in hospi-
tals and the implementation of diagnosis and treatment bun-
dles has shown to improve its evolution. However, there is a
lack of evidence about patients attended in conventional units.

Methods. A 3-year retrospective cohort study was con-
ducted. Patients hospitalized in Internal Medicine units with
sepsis were included and assigned to two cohorts according to
Sepsis Code (SC) activation (group A) or not (B). Baseline and
evolution variables were collected.

Results. A total of 653 patients were included. In 296 cas-
es SC was activated. Mean age was 81.43 years, median Charl-
son comorbidity index (CCl) was 2 and 63.25% showed some
functional disability. More bundles were completed in group A:
blood cultures 95.2% vs 72.5% (p < 0.001), extended spectrum
antibiotics 59.1% vs 41.4% (p < 0.001), fluid resuscitation
96.62% vs 80.95% (p < 0.001). Infection control at 72 hours
was quite higher in group A (81.42% vs 55.18%, odds ratio
3.55 [2.48-5.09]). Antibiotic was optimized more frequently in
group A (60.77% vs 47.03%, p 0.008). Mean in-hospital stay
was 10.63 days (11.44 vs 8.53 days, p < 0.001). Complications
during hospitalization appeared in 51.76% of patients, espe-
cially in group B (45.95% vs 56.58%, odds ratio 1.53 [1.12-
2.09]). Hospital readmissions were higher in group A (40% vs
24.76%, p < 0.001). 28-day mortality was significantly lower in
group A (20.95% vs 42.86%, odds ratio 0.33 [0.23-0.47]).

Conclusions. Implementation of SC seems to be effective
in improving short-term outcomes in IM patients, although
therapy should be tailored in an individual basis.

Keywords: Sepsis, Internal Medicine, short-term mortality, complications,
readmissions
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Impacto de la implementacion del Programa
Codigo Sepsis en una planta de hospitalizacion
médica: estudio de una cohorte de pacientes de
Medicina Interna

RESUMEN

Introduccion. La sepsis es la principal causa de muerte en
los hospitales y la implantacion de codigos para su manejo ha
demostrado mejorar su evolucion. Sin embargo, es escasa la
evidencia relativa a los pacientes atendidos en unidades médi-
cas convencionales.

Métodos. Se realizod un estudio de cohortes retrospectivo
de 3 afos. Se incluyeron pacientes con sepsis hospitalizados en
unidades de Medicina Interna y se asignaron a dos cohortes
segun la activacion del Codigo Sepsis (CS) (grupo A) o no (B).
Se recogieron variables basales y de evolucion.

Resultados. Se incluyeron 653 pacientes. En 296 casos se
activo el SC. La edad media fue de 81,43 afnos, la mediana del
indice de comorbilidad de Charlson (ICC) fue de 2 y el 63,25%
presentaba alguna limitacion funcional. Se realizaron mas ac-
ciones diagnosticas y terapéuticas en el grupo A: hemocultivos
95,2% vs 72,5% (p < 0,001), antibioticos de espectro extendido
59,1% vs 41,4% (p < 0,001), reanimacion con liquidos 96,62%
vs 80,95% (p < 0,001). El control de la infeccion a las 72 horas
fue superior en el grupo A (81,42% vs 55,18%, odds ratio 3,55
[2,48-5,09]). La optimizacion de los antibioticos fue mas fre-
cuente en el grupo A (60,77% vs 47,03%, p 0,008). La estancia
media en el hospital fue de 10,63 dias (11,44 vs 8,53 dias, p <
0,001). Aparecieron complicaciones durante la hospitalizacion
en el 51,76% de los pacientes, especialmente en el grupo B
(45,95% vs 56,58%, odds ratio 1,53 [1,12-2,09]). Los pacientes
del grupo A reingresaron mas (40% vs 24,76%, p < 0,001). La
mortalidad a los 28 dias fue significativamente menor en el
grupo A (20,95% frente a 42,86%, odds ratio 0,33 [0,23-0,47]).

Conclusiones. La aplicacion del CS parece ser eficaz para
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mejorar los resultados a corto plazo en los pacientes de M,
aunque el tratamiento debe adaptarse de forma individual.

Palabras clave: Sepsis, Medicina Interna, mortalidad corto plazo,

complicaciones, reingresos

INTRODUCTION

Sepsis is the leading cause of death in hospitals in Spain
and its incidence and mortality is constantly increasing in de-
veloped countries [1-7]. The fatality rate associated with sepsis
is higher than 10% and higher than other serious medical en-
tities, reaching 40% in cases of septic shock [1,2].

Prognosis of sepsis and septic shock is related to the time
elapsed between the onset of symptoms and the administra-
tion of antibiotics and fluid resuscitation [5,8]. In recent dec-
ades, various initiatives have shown that early and organized
detection and treatment of sepsis, reduce mortality by up to
50% (3,4,9,10]. In our country, the Sepsis code protocol (SCP)
has been endorsed by the main scientific societies [11,12]. In
this context, a multidisciplinary team was formed in our hospi-
talin 2013. Its objective was to develop, promote and update a
protocol to improve the prognosis of patients with sepsis, not
only those admitted to the Intensive Care Unit (ICU), but al-
so patients in conventional wards. Our guide established some
key elements for sepsis management, focusing on diagnosis,
biomarkers and therapy. It was based on the compendium of
recommendations or bundles published by the Surviving Sepsis
Campaign [9,13], among others. This SC initiative was imple-
mented in the hospital’s clinical practice in 2015

Most of the evidence on the impact of these early detec-
tion and management packages on sepsis patients comes from
those hospitalized in the ICU [1-5]. This group of individuals
usually share some characteristics such as age under 80 years,
preserved functional capacity and absence of severe baseline
comorbidity that could determine their survival prognosis.
However, the clinical setting in conventional hospital units is
different, especially in the case of Internal medicine (IM): the
range of patients is broader including those with greater co-
morbidity, age or functional dependence [14,15]. Currently,
there is limited evidence on how bundles affect the clinical
course of these patients, who account for at least 50% of sep-
sis diagnoses in hospitals [16,17]. Furthermore, despite proto-
col implementation, we identify a significant number of pa-
tients in whom the code is not activated at the time of sepsis
diagnosis. We think it could be related to a worse baseline sit-
uation due to relevant comorbidities or cognitive impairment.
In addition, literature has recently emerged offering contradic-
tory findings about potential negative impact of implement-
ing certain aspects of the SCP such as excessive or rigid fluid
resuscitation [18-22]. Therefore, we considered it necessary to
develop a research line to explore the best management op-
tions for this hugely diverse group of patients.

Accordingly, the main aim of this study was to evaluate
the impact of the Sepsis Code (SC) on the morbidity and mor-
tality of sepsis patients outside the ICU to identify potentially

improvable points. The SC program included the main recom-
mendations of the current SSC guidelines [9] regarding the di-
agnosis, treatment and follow-up of sepsis. For that purpose,
we describe and analyze, in patients hospitalized at the IM
ward, the baseline and evolutionary differences between pa-
tients managed with and without activated SC.

PATIENTS AND METHODS

Patients. This was a retrospective study conducted at the
IM unit of Hospital Universitario de La Princesa (HULP), a ter-
tiary teaching center in Madrid (Spain), from January 2016 to
December 2018. The entire hospital has roughly 15000 ad-
missions per year and the IM Department around 2200. This
study was approved by the Research ethics Committee of the
hospital (protocol number: 3703).

All patients hospitalized at the IM ward as the first loca-
tion and with a diagnosis, in the clinical discharge report, of
sepsis or any septic-related presentation according to ICD-10-
CM [23] were eligible. We checked if the SC alert had been ac-
tivated in those patients hospitalized in MI during the study
period. For this purpose, the documentation department has
a list of all historically activated alerts in the hospital. The
sample was divided into two cohorts according to wheth-
er SC was activated (A) or not (B). The only exclusion criteri-
on was to have been initially admitted to other department.
In addition, we included in cohort A those patients who lacked
a sepsis or related diagnosis in the discharge report but were
managed with an activated SC during hospitalization. The di-
agnosis and treatment protocol in cohort A was based on the
bundles recommended in the current SSC guidelines [9] and on
usual care in cohort B.

Data collection. The following baseline demographic and
clinical characteristics collected from the medical information
system were included: age, gender, comorbidities, immuno-
suppression, risk factors for developing a multidrug-resistant
bacterial (MDRB) or a fungal infection, presence and type of
devices, functional capacity, site of infection, presence of third
space enlargement defined as pleural effusion, leg edema or
ascites, and evidence of some abscess. All of them referred to
the situation at the time of hospital admission, which usually
coincided with sepsis diagnosis. Comorbidity burden was as-
sessed using the Charlson comorbidity index (CCI). We con-
sidered relevant comorbidity if CCl was >3 as previous reports
[24-27]. Functional capacity was evaluated using the Barthel
Index (Bl) [28,29] and was classified into three ranges: inde-
pendence = 99 points, partial dependence 30-98 points and
severe dependence = 29 points.

The type, number, and time of sampling for the micro-
biology laboratory were reviewed. Also, variables related to
antibiotic treatment, surgical or interventionist control of the
infectious site, fluid resuscitation, vasopressors, blood transfu-
sions, and corticoid therapy were collected. Data on time to
fluid resuscitation from diagnosis of sepsis and activation of SC
were only available for patients in group A.
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Outcome measures. The primary outcome was 28-day
mortality rate. Other outcomes included were: 1) controlled
infection within 72 hours from diagnosis, defined as the ab-
sence of fever, hemodynamic stability and improvement of
acute phase reactants (drop in leukocytes, C-reactive protein
or procalcitonin), 2) overall length of the stay, 3) in-hospital
complications; 4) detrimental effects of antibiotic, 5) read-
mission within the following 12 months and its causes, and 6)
in-hospital and long-term mortality (at 365 days).

Statistical analysis. Results are expressed as means and
standard deviation (SD), medians and interquartile range (IQR),
or proportions with 95% confidence intervals (Cl) as appropri-
ate. x2 test or Fisher’s exact test were used to compare cate-
gorical variables and Student’s t-test or Mann-Whitney U test
to compare continuous variables. The cumulative incidence of
mortality was estimated using the Kaplan-Meier method and
compared using the log-rank test. We examined factors as-
sociated with outcomes by conducting logistic regression. All
statistical analyses were performed using SPSS software (ver-
sion 25). Two- tailed p values < 0.05 were considered statisti-
cally significant.

RESULTS

Baseline characteristics. A total of 653 patients out of
6.676 admitted to the IM ward during the study period were
included, as shown Figure 1. Of them, 564 patients were di-
agnosed with sepsis or any related form in the medical dis-
charge report, while 89 patients did not have sepsis diagnosis
but were managed with activated SC. The total of diagnosed
patients was divided into two cohorts according to whether
the SC was activated (cohort A, 296 patients) or not (cohort B,
357 patients).

Patients in cohort B were older (83.05 vs 79.32 years, p
=0.001) and their functional status was worse than those in
cohort A (severe dependent patients 41.46% vs 27.36%, p <
0.001). The presence of comorbidity and the distribution of in-
fection foci did not differ between cohorts, whereas the pres-
ence of third space enlargement was numerically greater in
cohort B (p=0.056).

Characteristics of microbiological diagnosis and
treatment. The differences in timing and details of sample
collection for microbiological diagnosis are summarized in
Table 2. More samples were collected in cohort A (98.31% vs

46,797 patients were screened (Admitted to the
HULP between January 2016 and December 2018)

40,121 patients were excluded (hospitalized at

other locations)

6,676 were elegible (hospitalized at IM ward).
Diagnosis at clinical discharge report included:

Other diagnosis: 6,112.

Sepsis or any related presentation: 564 Sepsis code
activation:

SC was also activated in 89 patients without sepsis
diagnosis at clinical discharge report

YES: 207 patients

296 patients were included in activated SC cohort

Q)

NO: 357 patients were included in non-activated
SC cohort (B)

Figure 1 Study flowchart.

HULP: Hospital Universitario de la Princesa; IM: Internal Medicine; SC: Sepsis Code
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Table 1 Baseline and clinical characteristics.
Baseline and clinical characteristics TOTAL SC activated (A)  SC not activated (B) p
n=653 n=296 n=357

Age, years mean (SD) 81.43 (14.60)  79.32 (15.31) 83.05 (13.78) 0.001
Male sex, n (%) 3N 160 (54.05) 151 (42.3) 0.003
Charlson comorbidity index, median (IQR) 2 (1-4) 2(1-4) 2(1-4) 0.11
Charlson comorbidity index >3, n (%) 283 (43.3) 119 (40.2) 164 (45.9) 0.141
Inmmunosuppression, n (%) 74 (11.33) 41(13.85) 33(9.24) 0.064
Risk factors for multi-resistant bacterial infection, n (%) 298 (45.64) 152 (51.35) 146 (40.9) 0.008
Risk factors for fungal infection, n (%) 153 (23.43) 80 (27.03) 73 (20.45) 0.048
Device carrier, n (%) 74 (11.3) 36(12.2) 38 (10.6) 0.542
Type of device, n (%) 0.321

Bladder catheter 55 (74.3) 25 (69.4) 30 (78.9)

Another urinary catheter 6(8.1) 2(5.6) 4(10.5)

Nasogastric tube 9(12.2) 7(19.4) 2(5.3)

Digestive endoprosthesis 2(27) 1(2.8) 1(2.6)

Both, bladder catheter and nasogastric tube 1(1.4) 1(2.8) 0(0)

Ventriculoperitoneal system 1(1.4) 0(0) 1(2.6)
Functional capacity, n (%) 0.001

Independence 240 (36.75) 124 (41.89) 116 (32.49)

Partial dependence 184 (28.18) 91(30.74) 93 (26.05)

Severe dependence 229 (35.07) 81(27.36) 148 (41.46) <0.001
Suspected site of infection, n (%) 0.189

Neurologic 4(0.61) 2 (0.64) 2 (0.56)

Pulmonary 219 (33.54) 93 (31.42) 126 (35.29) 0.296

Urinary tract 258 (39.51) 112 (37.84) 146 (40.9) 0.426

Both, pulmonary and urinary tract 34 (5.21) 13 (4.39) 21 (5.88)

Abdominal 36 (5.5) 19 (6.4) 17 (4.8)

Soft tissue 49 (7.5) 24(8.1) 25(7)

Intravascular 3(0.5) 3(1) 0

Surgical site 1(0.2) 0(0) 1(0.3)

Orthopedics 12(0.3) 1(0.3) 1(0.3)

Unknown site 47 (1.2) 29 (9.8) 18 (5)
Concordance between suspected and confirmed infection site, n (%) 515 (78.9) 228 (77) 287 (80.4) 0.294
Third space enlargement, n (%) 52 (7.96) 17 (5.74) 35(9.8) 0.056
Abscess, n (%) 39 (5.97) 14 (4.73) 25(7) 0.248

Significant p values (s 0.05) are highlighted in bold. Abbreviations: IQR, interquartile range; SC, Sepsis Code; SD, standard deviation

82.07%, p < 0.001), especially blood samples (95.2% vs 72.5%, more frequent in group A (59.1% vs 41.4%, p < 0.001) and
antibiotic treatment was also changed more frequently in this
cohort (61.1 vs 53.5%, p 0.046), especially in relation to micro-
biological results (60.77% vs 47.03%, p 0.008). There were also
Regarding treatment, extended-spectrum antibiotic was  significant differences in the number of patients who received

p < 0.001). On the contrary, urine culture was more frequently
collected in cohort B (p 0.015).
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SC activated

Control
241
819%

SC not activated

Failure
160
450

Control
160
5500

Figure 2
two cohorts.

SC: Sepsis Code.

fluid resuscitation (96.62% vs 80.95%, p < 0.001) and vaso-
pressors (12.88% vs 1.4%, p < 0.001). Time to fluid resuscita-
tion in group A was less than 1 hour in 268 patients (93.71%).

Clinical evolution. Sepsis was controlled within 72 hours
in 81.42% of patients in cohort A in contrast to 55.18% in
cohort B (OR 3.55, 95% Cl 2.48-5.09, p < 0.001) as shown in
Figure 2.

Patients with activated SC stayed longer in hospital (11.44
days vs 8.53 days, p < 0.001) and received longer-lasting anti-
biotic treatments (12.46 days vs 8.26 days, p=0.003). However,
time to narrow the spectrum of antibiotics was longer in co-
hort B (2.31 days vs 4.13 days, p=0.017). No differences in the
time to hospital readmission could be found between the two
cohorts (Table 3).

Complications during hospitalization are summarized in
Table 4 and Figure 3. Remarkably, overall number of complica-
tions was higher in cohort B (45.95% vs 56.58%, OR 1.53, 95%
Cl 1.12-2.09, p 0.007), as well as acute renal failure (0.7% vs
6.4%, OR 0.09 95% Cl 0.02-0.42, p < 0.001) and others globally
(10.1% vs 32.2%, OR 0.23 95% CI 0.15-0.36, p < 0.001). Con-
versely, the incidence of heart failure and acute confusional
episodes was significantly higher in cohort A (27.36% vs 19.05
and 47.2% vs 27.2% p < 0.001, respectively).

Side effects after antibiotic treatment are shown in Ta-
ble 5 and Figure 4. No statistically significant differences in
the appearance of toxicity could be found between cohorts,
whereas the incidence in the following year of infections by
MDRB was higher in cohort B (OR 0.15, 95% Cl 0.03-0.76, p
0.012). However, readmissions were more frequent in cohort A
(OR 2.02, 95% Cl 1.36-2.99, p < 0.001) and the leading cause

Infection status within 72 hours from diagnosis. Data are expressed as n and % in the

was another infection or sepsis (Table 6).

Mortality. Mortality information is shown in Figure 5. 28-
day and in-hospital mortality were lower in cohort A (18.92%
vs 37.54%, OR 0.39 95% Cl 0.27-0.55, p <0.001 and 20.95% vs
42.86%, OR 0.23-0.47 95% Cl 0.23-0.47, p < 0.001, respective-
ly). Conversely, at 365 days mortality reached 58.8% in cohort
Avs 40.3% in B (OR 1.5 95% Cl 1.00-2.25, p 0.045). Differences
between 28-day survival curves are shown in Figure 6. High-
lights the difference in mortality especially in the short term.

DISCUSSION

Baseline characteristics and sepsis diagnosis. Patients
in our sample had an overall average age higher than that re-
ferred in the European series (around 70-75 years) [30-32]. The
difference is even greater compared with cohort B. Our average
age can be compared with that shown by Vardi et al. [33] and
Liu et al. [34], from their elderly subgroup.

Regarding comorbidities, the overall median CCl and the
percentage of patients with immunosuppression, did not differ
between cohorts and were similar to those of reference series
[33,35]. It is notable that half of patients had risk factors for
MDRB infection. More than half had a deteriorated functional
status and a third showed severe deterioration. There are sig-
nificant differences between groups, with a worse functional
status in no-SC group. We consider that this could be one of
the criteria (along with age) for SC activation, since the rest of
the baseline characteristics are similar in both groups.

Most infections appeared at the pulmonary and urinary
tracts in both cohorts and showed a low rate of abscesses, pre-
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Table 2 Characteristics of microbiological diagnosis and treatment.

Microbiological diagnosis and treatment Total SC activated (A) SC not activated (B) p
Samples collected for microbiology, n (%) 584 (89.13) 291 (98.31) 293 (82.07) < 0.001
At least two different samples collected, n (%) 448 (68.61) 255 (86.15) 193 (54.06) <0.001
Blood sample, n (%) 488 (83.8) 277 (95.2) 211 (72.5) < 0.001
Urine sample, n (%) 398 (68.3) 185 (63.6) 213 (72.9) 0.015
Abdominal exudate or drainage, n (%) 16 (2.7) 8(27) 8(2.7) 1,000
Other samples, n (%) 0.397

Respiratory tract exudate 50 (64.9) 6 (66.7) 44 (64.7)

Soft tissue sample 15(19.5) 1(11.1) 14 (20.6)

Cerebrospinal fluid 5(6.5) 0 5(7.4)
Stool sample 7(9.1) 2(222) 5(7.4)
Collection previous to antibiotic administration, n (%) 496 (84.93) 251 (86.25) 245 (83.62) 0214
Extended spectrum antibiotic administration, n (%) 317 (49.6) 175 (59.1) 142 (41.4) <0.001
Combination antibiotic therapy, n (%) 444 (69.5) 153 (51.7) 291 (84.8) < 0.001
Intravenous antibiotic administration, n (%) 634 (99.4) 294 (99.7) 340 (99.1) 0.393
Surgical or interventionist therapy n (%) 25(3.8) 10 (3.4) 15 (4.2) 0.585
Antibiotic adjustment during evolution, n (%) 366 (56.90) 181 (61.1) 185 (53.3) 0.046
Spectrum of coverage narrowed, n %) 221 (34.4) 140 (47.3) 81(23.3) <0.001
Optimization of therapy based on microbiological results, n (%) 197 (53.83) 110 (60.77) 87 (47.03) 0.008
Other reasons for tailoring antibiotic, n (%) 0.025

Empirical optimization based on clinical practice guidelines 90 (53.25) 45 (63.38) 45 (45.92)

Empirical optimization due to clinical failure 79 (46.75) 26 (36.6) 53 (54.1)
Switch to oral antibiotic, n (%) 278 (43.23) 165 (55.74) 113 (32.56) < 0.001
Fluid resuscitation, n (%) 575 (88.06) 286 (96.62) 289 (80.95) < 0.001
Fluid choice, n (%) 0.371

Crystalloid 570 (99.13) 283 (98.95) 287 (99.31)

Colloid 1(0.17) 0 1(0.35)

Both, crystalloid and colloid 4(0.70) 3(1.05) 1(0.35)
Vasopressor use, n (%) 43 (6.6) 38(12.88) 5(1.4) <0.001
Vasopressor choice, n (%) 0.002

Dopamine 33 (71.74) 30 (78.95) 3(37.5)

Dobutamine 3(6.52) 0(0) 3(37.5)

Noradrenaline 9(19.57) 7(18.42) 2(25)

Phenylephrine 1(2.17) 1(2.63) 0(0)
Blood transfusion, n (%) 21(3.23) 13 (4.42) 8(2.25) 0.119
Corticoid therapy, n (%) 64 (9.83) 32 (10.88) 32 (8.96) 0.413

Time to fluid resuscitation is only shown for group A, because the exact time of sepsis onset in group B was unknown. Significant p values
(<0.05) are highlighted in bold. Abbreviations: SC, Sepsis Code
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Table 3 Quantitative variables.

Quantitative variables Total SC activated (A) SC not activated (B) p
Length of hospital stay in days, mean (SD) 8.51(10.63) 12.63 (11.44) 5.10 (8.53) < 0.001
Length of ICU stay in days, mean (SD) 8.5 (6.86) 6.2 (4.32) 10.14 (8.15) 0.350
Total duration of antibiotic treatment in days, mean (SD) 11.55 (10.36) 12.77 (12.46) 10.29 (8.26) 0.003
Time to reduce antibiotic spectrum coverage in days, mean (SD) 435(3.21) 3.88 (2.31) 504 (4.13) 0.017
Time to switch from intravenous to oral antibiotic in days, mean (SD) 6.46 (5.21) 6.88 (5.54) 5.93 (4.75) 0.117
Time to hospital readmission in days, mean (SD) 105.98 (97.89) 103.46 (97.77) 107.85 (98.53) 0.741
Time to hospital readmission in days, median (IQR) 64.88 (30.41-152.08)  64.88 (32.44-151.06)  64.38 (30.41-154.87) 0.903

Significant p values (<0.05) are highlighted in bold. Abbreviations: ICU, Intensive Care Unit; IQR, interquartile range; SD, standard deviation; SC, Sepsis Code.

dictably in medical patients and similar to published evidence
[35-37].

Microbiological diagnosis and treatment. Microbio-
logical diagnosis efforts were significantly different in both
groups: samples were more frequently collected in group A,
and the number of samples, specifically blood samples we-
re also superior in this cohort while urine culture were more
frequently obtained in group B, probably reflecting the “less
invasive" attitude in the second group. This finding has im-
portant implications for the correct antibiotic treatment and
may affect the control and evolution of the infection [38-40].
The compliance with the diagnostic sepsis bundles in cohort A
are considerably better than those described in previous series
(20-50%). [3,36,41,42].

Antibiotic and fluid therapy were administered in a similar
proportion than described in previous studies in ICU patients
(63-100%), whereas the proportion of vasopressor or steroid
administration was lower [27-100% and 29.9-70%, respec-
tively) [3,4,41] as expected in conventional wards.

Extended spectrum antibiotics (ESA) were more frequently
administered in cohort A. We found that these patients had
more risk factors for MDRB at admission. Although combined
therapy was more common in group B maybe reflecting the
need for achieving the same coverage with narrower spectrum
drugs. Antibiotic therapy was adjusted to microbiological re-
sults in more cases in group A and time to reduce antibiotic
spectrum coverage was shorter. Moreover, antibiotic treat-
ment was switched to oral route more frequently, though not
earlier. Nevertheless, we observed a higher mean duration of
total antibiotic treatment in group A. Similar length in the
context of SCP implementation is shown in other series in our
country (a mean of 10.9 days in Pinilla et al. [43] and 13 days
in Garcia-Lopez et al. [44]). Furthermore, it has been suggest-
ed that antibiotic stewardship programs do not reduce total
duration of therapy [40,45,46] and there is an increasing ev-
idence showing that an early antibiotic de-escalation based
on microbiological results provides similar survival and out-
comes to those of a longer and extended treatment regimen

[22,39,40,47,48]. Therefore, it seems that antibiotic treatment
is generally more appropriate in the SC group, although the
time to narrow spectrum could be improved. In our study,
group B developed more infections due to MDRB during the
following year, and this could be related to suboptimal antibi-
otic de-escalation [49].

A higher number of patients were treated with fluid re-
suscitation and vasopressors in group A according to SCP
recommendations. In both, the main choice were crystalloids
and dopamine, respectively. We found no differences in blood
transfusion or corticosteroid therapy between groups.

Clinical evolution. The probability of controlling infec-
tion after 72 hours of treatment was almost 4 times higher
in SC group. We found no published evidence regarding con-
crete information on early clinical improvement status after
SCP implementation. Infection control is directly related to im-
proving prognosis and short-term mortality [3,4,9,50]. In our
population, complications were frequently observed, in more
than 509% of patients, similar to that described by Vardi et al.
[33]. The risk of complications is 1.5 higher in group B. Global
length of stay was similar to other reports [4,37,42]. Treatment
was more intensive in group A especially fluid resuscitation
and it could be the reason for the higher incidence of heart
failure. Acute confusional syndrome was also higher in group
A. We think that it could be explained by longer reality dep-
rivation. On the contrary, renal failure and others were more
frequent in group B, probably related to this "less invasive"
management. These findings widely support the opinion of
other authors regarding the flexibility of the management rec-
ommendations in some frail patients, adapting them to their
individual basis [18,19,21,22,51].

Finally, almost a third of survivors were readmitted within
12 months. The probability of readmission is twice more fre-
quent in group A. The mean time to readmission was similar in
both groups. Half of them occurred in the first 3 months after
discharge, which may suggest that they were related to com-
plications of sepsis and its treatment. Readmission rates and
causes within the first 90 days after discharge were similar to
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Table 4 In-hospital complications.
In-hospital complications TOTAL SC activated (A) SC not activated (B) OR 95% Cl p
Complication outcomes, n (%) 338 (51.76) 136 (45.95) 202 (56.58) 1.53 112-209  0.007
Heart failure, n (%) 149 (22.82) 81(27.36) 68 (19.05) 1.6 1.10-2.31 0.012
Phlebitis associated to intravenous catheters, n (%) 24 (3.68) 9 (3.04) 15(4.2) 0.75 0.30-1.65 0432
Acute renal failure, n (%) 25(3.8) 2(0.7) 23 (6.4) 009  0.023-0423 <0.001
Acute confusional syndrome, n (%) 50 (34.5) 25 (47.2) 25(27.2) 2.39 1.17-4.85 0.015
Others, n (%) 145 (22.2) 30 (10.1) 115 (32.2) 0.23 0.15-0.36 < 0.001
Non-clostridial diarrhea 4(4.3) 3(10.7) 1(1.6)
Mucocutaneous candidiasis 6 (6.5) 2(7.1) 4(6.3)
Coagulopathy or other bleeding diathesis 1(1.1) 1(3.6) 0
Thrombocytopenia 1(1.1) 0 1(1.6)
Anaemia 5(5.4) 0 5(7.9)
Electrolyte disorder 7(7.6) 2(7.1) 5(7.8)
Coronary syndrome 3(3.3) 1(3.6) 2(3.1)
Cardiac arrhythmia 3(33) 0 3(47)
Seizures 1(1.1) 0 1(1.6)
Acute urinary retention 9(9.8) 3(10.7) 6(9.4)
At least two of the above 52 (56.5) 15 (53.6) 37 (57.8)
ICU admission due sepsis or any complication, n (%) 10 (1.53) 7 (2.36) 3(0.84) 0.198

Significant p values (<0.05) are highlighted in bold. Abbreviations: Cl, confidence interval; ICU, Intensive Care Unit; OD, odds ratio; SC, Sepsis Code.
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Figure 3 In-hospital complications. Data are expressed as percentages in the two cohorts.

SC: Sepsis Code.

those reported in previous studies [52-54]. Study population Mortality. In the present study overall 28-day mortali-
was frail, comorbid and at high risk of readmission. Lower early ty rate in sepsis patients admitted to the IM ward was 329%,
mortality in SC group may be the main cause of readmission.  similar to that described in studies that also included patients
Furthermore, data do not suggest readmissions were linked to admitted to the ICU [3,4,16,17,36,37]. Focusing on the specif-
treatment complications, but rather to a new sepsis episode. ic data from general wards, in these studies the percentages
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Antibiotic related complications or side effects TOTAL SC activated () SC not activated (B) OR 959% Cl p
Toxicity, n (%) 43 (6.6) 16 (5.4) 27 (7.6) 0.69 0.36-1.32 0.268

Hypersensitivity reactions 0 0 0

Neurotoxicity 5(11.4) 0 5(17.9)

Hepatic 13 (29.5) 3(18.8) 10 (35.7)

Hematologic 5(11.4) 2(12.5) 3(10.7)

Severe toxicity, n (%) 5(11.6) 0 5(18.5) 1.22 1.02-146  0.067

Multidrug-resistant bacterial infection, n (%) 53 (81.5) 23 (69.7) 30(93.8) 0.15 0.03-0.76  0.012

Blood culture 9(13.6) 0 9(27.3)

Respiratory tract culture 10 (15.2) 10 (30.3) 0

Cerebrospinal fluid culture or analysis 1(1.5) 0 103)

Methicillin-resistant Staphylococcus aureus 6(9.1) 2(6.1) 4(12.1)

Ampicillin and vancomycin-resistance enterococci 2(3) 103) 103)

Multidrug-resistant Pseudomonas aeruginosa 6(9.1) 3(9.1) 3(9.1)

Clostridioides difficile 0 0 0

Urine culture 3(16.7) 2(50) 1(7.1)

Soft tissue exudate culture 5(27.8) 2 (50) 3(21.4)

Methicillin-resistant Staphylococcus aureus 2(22.2) 1 (25) 1(20)

Multidrug-resistant Pseudomonas aeruginosa 2(22.2) 1 (25) 1(20)

Clostridioides difficile diarrhea 15 (2.3) 9(3.04) 6(1.68) 1.83 0.64-5.21 0.248
Significant p values (<0.05) are highlighted in bold. Abbreviations: Cl, confidence interval; OD, odds ratio; SC, Sepsis Code.
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Figure 5 Mortality at different evolution time points according to SC
activation. Mortality data are expressed as percentages in the study
population and separately in the two cohorts.

range between 12.8 and 26%, which are closer to mortality
data in Cohort A than in B. In these series, the lowest mortal-
ity values are found in non-severe sepsis; however, our rates
do not distinguish groups with different severity of sepsis. Re-

garding SC, our data show that activation results in a reduc-
tion of around a fifty percent in mortality of patients admitted
to the IM ward.

The overall mortality rate at one year was 48.7%, sub-
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Table 6 Hospital readmissions.

Hospital readmissions TOTAL SC activated (A) SC not activated (B) OR Cl 95% p
Hospital readmission within 12 months after discharge, n (%) 154 (32.49) 96 (40) 58 (24.79) 2.02 1.36-299 < 0.001
Hospital readmission causes, n (%)

New infection/sepsis 115 (74.7) 70 (72.9) 45 (77.6) 0.77 0.36-1.67 0.519

Heart failure 14 (9.1) 8(8.3) 8(10.3) 0.78 0.25-2.39 0674
Other causes of hospital readmission, n (%) 0.233

Antibiotic toxicity 5(14.7) 4(19) 1(7.7)

Clostridioides difficile diarrhea 8(23.5) 3(14.3) 5(38.5)

Others 21 (61.8) 14 (66.7) 7(53.8)

Significant p values (<0.05) are highlighted in bold. Abbreviations: Cl, confidence interval; OR,odds ratio; SC, Sepsis Code.
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Figure 6 28-day survival curves according to SC activation. Group A is represented

in blue and B in red. Censored refers to patients who survive. The survival
rate was higher in the activated SC group (p < 0.001, log-rank test).

stantially higher than mortality rates reported in previously
published studies [30,31,55,56], which range between 21.7 and
310%. This finding is likely to be related to the baseline charac-
teristics of our population: higher mean age and a worse func-
tional status than described series. Furthermore, these base-
line conditions are the leading cause of long-term mortality
related to sepsis [15,30,32,33,35], regardless of the treatment
implemented.

Remarkably, long-term mortality was higher in cohort A
than in cohort B. This can be explained by the fact that the
baseline characteristics are similar in both cohorts, and the
implementation of SC bundles is not enough to combat the
severity of morbidity due to sepsis. Female sex, aging, comor-
bidities, immunosuppression, severity of sepsis and respira-
tory infections, has been described as independent factors of
long-term mortality in several studies [57-59], but these did
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not analyze the impact of standard treatment or SC bundles
implementation.

Study limitations and strengths. The study has some
limitations. It was a retrospective study and the quality of the
results therefore depends on correct documentation. No verifi-
cation of the sepsis diagnostic criteria was performed in group
B. Patients were selected in the basis of their discharge diag-
nosis, and so we may have lost patients in which such term
was not properly recorded (codification bias). We did not ana-
lyze profoundly readmissions data and so relevant information
about evolution could have been lost.

Our study has also several strengths. It includes a large
cohort of patients from IM unit and compares two concurrent
cohorts considering SC activation.

Conclusions. Patients admitted with a diagnosis of sepsis
in IM wards are elderly, with high comorbidity and functional
disabilities. This fragility baseline situation is even greater in
those patients managed without activating the SC.

More extensive microbiological diagnosis, more intensive
treatment and adaptation of antibiotic therapy was performed
in SC group. Nevertheless, a longer antibiotic treatment is also
administered. This group has better infection control rate at 72
hours, less complications and lower short-term mortality. On
the contrary, in-hospital stay, heart failure episode and read-
missions increase in patients managed with this protocol.

Implementation of a SCP seems to be effective in improv-
ing short-term outcomes of patients admitted in IM units, al-
though therapy should be tailored in an individual basis.
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RESUMEN

Objetivo. Describir el abordaje que se realiza a los pacientes
con sospecha de sepsis en los servicios de urgencias hospitala-
rios (SUH) espafioles y analizar si existen diferencias atendiendo
al tamafio del hospital y la afluencia a urgencias en el territorio.

Método. Encuesta estructurada a los responsables de los
282 SUH publicos que atienden adultos 24 horas/dia, 365 dias/
afno. Se pregunto sobre asistencia y manejo en urgencias en la
atencion a pacientes con sospecha de sepsis. Los resultados se
comparan segun tamano del hospital (grande = 500 camas vs
medio-pequeno < 500) y afluencia en urgencias (alta = 200
visitas/dia vs media-baja < 200).

Resultados. Respondieron 250 SUH espafioles (89%). En
163 (65%) SUH se dispone de protocolos de sepsis. La mediana
de sepsis semanales atendidas variaban desde 0-5 por sema-
na en 39 (71%) SUH, 6-10 por semana en 10 (18%), 11-15
por semana en 4 (7%), y mas de 15 activaciones por semana
en 3 centros (3,6%). Los criterios utilizados para la activacion
del codigo sepsis (CS) fueron el gSOFA/SOFA en 105 (63,6%) de
los hospitales, SIRS en 6 (3,6%), mientras que en 49 (29,7%)
utilizaban ambos criterios de forma simultanea. En 79 centros
el CS estaba informatizado y en 56 existian herramientas de
ayuda a la toma de decisiones. Un 48% (79 de 163) de los SUH
disponian de datos de cumplimiento de medidas. En el 61%
(99 de 163) de SUH existia formacion en sepsis y en el 56% (55
de 99) ésta era periddica. Atendiendo al tamafo del hospital,
los hospitales grandes participaban mas frecuentemente como
receptores de enfermos con CS vy disponian de servicio/unidad
de infecciosas, de sepsis y de corta estancia, microbiologo e
infectologo de guardia.
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Conclusion. la mayoria de los SUH disponen de protoco-
los de CS, pero existe margen de mejora. La informatizacion y
desarrollo de alertas para el diagndstico y tratamiento tienen
aun un gran recorrido en los SUH.
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Current situation of sepsis care in Spanish
emergency departments

ABSTRACT

Objective. To describe the approach to the patients with
suspected sepsis in the Spanish emergency department hos-
pitals (ED) and analyze whether there are differences accord-
ing to the size of the hospital and the number of visits to the
emergency room.

Method. Structured survey of those responsible for the
282 public EDs that serve adults 24 hours a day, 365 days a
year. It was asked about assistance and management in the
emergency room in the care of patients with suspected sepsis.
The results are compared according to hospital size (large =
500 beds vs medium-small <500) and influx to the emergency
room (discharge = 200 visits [ day vs medium-low <200).

Results. A total of 250 Spanish EDs responded (89%).
Sepsis protocols are available in 163 (65%) EDs median week-
ly sepsis treated ranged from 0-5 per week in 39 (71%) ED,
6-10 per week in 10 (18%), 11-15 per week in 4 (7%), and
more than 15 activations per week in 3 centers (3.6%). The
criteria used for sepsis diagnosis were the gSOFA/SOFA in 105
(63.6%) of the hospitals, SIRS in 6 (3.6%), while in 49 (29.7%)
they used both criteria simultaneously. In 79 centers, the sep-
sis diagnhosis was computerized, and in 56 there were tools to
help decision-making. 48% (79 of 163) of the EDs had data
on bundles compliance. In 61% (99 of 163) of EDs there was
training in sepsis and in 56% (55 of 99) it was periodic. Con-
sidering the size of the hospital, large hospitals participated
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more frequently as recipients of patients with sepsis and had
an infectious, sepsis and short-stay unit, a microbiologist and
infectious disease specialist on duty.

Conclusion. Most EDs have sepsis protocols, but there is
room for improvement. The computerization and development
of alerts for diagnosis and treatment still have a long way to
go in EDs.

Key words: Sepsis, sepsis code, emergency departments

INTRODUCCION

La incidencia de la infeccion en los servicios de urgencias
hospitalarios (SUH) suponia el 14,3% de las visitas diarias hace
una década [1], aunque se estima que esta ha podido aumen-
tar en los Ultimos afios [2]. Por otra parte, la incidencia y la
prevalencia de la sepsis no resulta tan clara de conocer, ya que
ambas varian en funcion de las definiciones utilizadas, las cua-
les han ido cambiando en el devenir de los afios. Esto da lugar
a que puede registrarse una incidencia del 6,2% del total de las
infecciones diagnosticadas, si se utilizan los criterios clasicos
de sospecha de infeccion y sindrome de respuesta inflamatoria
sistémica (SIRS) [1], o del 30% si se tienen en cuenta otras de-
finiciones o criterios [3,4].

Se sabe que la sepsis es una de las enfermedades deno-
minadas tiempo-dependientes, en las cuales es de suma im-
portancia su deteccion precoz para poder establecer el trata-
miento lo mas rapido posible, ya que la demora en su inicio
y mantenimiento se asocia a un aumento de la morbilidad vy
mortalidad en los pacientes que la sufren [5]. Desde la publi-
cacion de las ultimas definiciones de la sepsis en el afio 2016
[6,7] se han establecido métodos diagndsticos de cara a iden-
tificar precozmente al paciente séptico basados en el uso de
diferentes escalas de gravedad como el Quick Sequential Organ
Failure Assessment (qSOFA), el National Early Warning Score
(NEWS) o el Sequential Organ Failure Assessment (SOFA) y la
determinacion de biomarcadores como el dcido lactico, la pro-
teina C reactiva (PCR) o la procalcitonina (PCT). Atn hoy sigue
abierto el debate cientifico sobre cudles son los mejores crite-
rios para identificar el paciente con sepsis en los servicios de
urgencias [8].

En esta linea, ya hace unos afos se creo el concepto de
codigo sepsis (CS), cuyo objetivo Ultimo es facilitar la deteccion
de los enfermos con sospecha de sepsis en cualquier nivel asis-
tencial, e intentar estandarizar el cumplimiento de toda una
serie de medidas terapéuticas desde el minuto cero y durante
las primeras horas tras su deteccion, y todo ello con equipos
multidisciplinares, con la implicacion de diferentes especialida-
des médicas, quirurgicas y de enfermeria.

A pesar de todo esto la sepsis sigue teniendo cifras in-
aceptables de mortalidad llegando en el caso del shock séptico
al 15-500% [3], siendo auin una patologia infradiagnosticada en
todos los ambitos sanitarios. En los SUH se cree que pueden
pasar inadvertidos casi el 50% de los pacientes sépticos [4].

Aun hoy, se desconoce el grado de implantacion del CS
en el ambito hospitalario de nuestro pais, asi como la dispo-

nibilidad de los diferentes biomarcadores de infeccion o el uso
que se hacen de las escalas diagndsticas. Es por ello que se
disei¢ el presente estudio, cuyo objetivo principal fue cono-
cer el abordaje que se realiza actualmente a los pacientes con
sospecha de sepsis en los SUH espafoles, y averiguar si existen
diferencias en funcion del tamafo del hospital y de la afluen-
cia de pacientes que recibe dicho SUH.

METODO

Este estudio se basa en una encuesta de opinion en la que
se recogieron, por una parte, datos genéricos de los hospitales
y de sus SUH (poblacion de referencia, nimero de camas de
hospitalizacion, existencia de unidad/servicio de infecciosas y
microbidlogo e infectdlogo de guardia de presencia fisica todo
el afo y nimero de atenciones diarias) y, por otra parte, da-
tos especificos de la atencion practicada a los pacientes que
consultaron por sospecha de sepsis en los SUH (Material suple-
mentario - Anexo 1). La encuesta se disefio entre septiembre
y octubre de 2020, y para evitar el efecto de la pandemia CO-
VID-19 en la actividad asistencial, se solicitaron los datos del
afno 2019 [9,10].

El universo a estudio fue todos los SUH del sistema publi-
co de salud espafiol que atienden urgencias generales de pa-
cientes adultos, 24 horas al dia, 7 dias a la semana vy los 365
dias (24/7/365) en el afio 2019. El estudio se disefi6 en base a
una intencion de inclusion total, con el objetivo de obtener un
mapa de la atencion a la sepsis en los SUH de nuestro pais. La
fuente de centros la constituyd el Catalogo Nacional de Hos-
pitales de 2019 [11] con 924 centros. Se excluyeron 642 (323
por no ser generales, 315 privados sin concierto, 2 militares y
2 cerrados el 2019), por lo que el universo a encuestar fue de
282 SUH.

La encuesta se remitio al responsable del SUH, con quien
previamente se habia contactado por teléfono para explicarle
el proyecto y solicitar su colaboracion. Se envio telematica-
mente un enlace a la encuesta en linea para poder completarla
y también en formato pdf por correo electronico por si pre-
feria escanearla y enviar las respuestas por e-mail. Si después
de 3 contactos no se recibia respuesta se consideraba ese SUH
como no respondedor. Las entrevistas se realizaron durante di-
ciembre de 2020 y enero y febrero de 2021.

Analisis estadistico. Los datos continuos se presentan
como mediana y rango intercuartil (RIC), y los discretos como
valores absolutos y porcentajes. Los centros se agruparon en
funcion del numero de camas (grandes = 500; medios/peque-
fos < 500) y de la afluencia de pacientes (alta = 200/dia; me-
dia/baja < 200) siguiendo la definicion de trabajos previos [12].
La comparacion entre los grupos se realizo mediante el test no
paramétrico de Mann-Whitney si las variables eran continuas
y mediante el test de ji cuadrado si las variables eran discretas.
Un valor de p < 0,05 se considerd estadisticamente significa-
tivo.

Consideraciones éticas. Por las caracteristicas del estu-
dio, éste no fue valorado por ningun Comité Etico en Inves-
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tigacion Clinica. Se garantizo la confidencialidad de los datos
individuales y se solicitd su aprobacion verbal para participar
voluntariamente en el estudio.

RESULTADOS

De los 282 responsables de los SUH contactados respon-
dieron 250 (899%), con una tasa de respuesta superior al 80%
en las Ciudades Autonomas de Ceuta, Melillay en 14 de las 17
Comunidades Auténomas (Tabla 1). De los 250 SUH, 59 (249%)
correspondian a hospitales grandes y 114 (46%) reportaban
una actividad asistencial alta, con una poblacion total asigna-
da de 19,5 millones los hospitales grandes (mediana: 0,35, RIC:
0,30-0,46) y 26,2 millones los hospitales medianos/pequefios
(mediana: 0,13, RIC: 0,06-0,19). En el afio 2019 los 250 SUH
analizados realizaron 19,4 millones de asistencias (mediana:
0,07, RIC: 0,03-0,11).

El 469% de los SUH disponian de servicio o unidad de in-
fecciosas de hospitalizacion y el 33% y el 5% contaban, res-
pectivamente, con microbiologo e infectdlogo de guardia
24/7/365. Solamente 21 SUH (8%) respondieron disponer de
unidad de sepsis. Sin embargo, 99 de 249 (40%) eran recepto-
res de enfermos con CS, 163 (65%) disponian de protocolos de
sepsis urgente y 114 (46%) de hospitalizacion. La mediana de
sepsis semanales atendidas en estos SUH fue muy variable, 55
de 165 (33%) SUH respondieron conocer el numero de activa-
ciones semanales, que variaban desde 0-5 por semana en 39
(719%) SUH, 6-10 por semana en 10 (18%), 11-15 por semana
en 4 (7%), a hasta mas de 15 activaciones por semana en 3
centros (3,6%). Al preguntar por las falsas activaciones, 31 de
estos 55 (56%) SUH respondieron no tener ninguna, 15 (27%)
un porcentaje de falsas activaciones inferior al 10% y 9 (16%)
de mas del 119, estos ultimos correspondian mayoritariamen-
te a los centros que mas CS activaban.

En la mayoria de los casos (58%) el CS lo podia activar
medicina o enfermeria. Los criterios utilizados para la activa-
cion del CS fueron el gSOFA/SOFA en 105 (64%) de los hospi-
tales, SIRS en 6 (3,6%), mientras que en 49 (30%) utilizaban
ambos criterios de forma simultanea. Cinco (3%) centros ma-
nifestaron seguir criterios propios. En 79 centros el CS esta-
ba informatizado y en 56 existen herramientas de ayuda a la
toma de decisiones como calculadoras de escalas, sistemas de
alerta o guias para el uso de antimicrobianos.

Un 48% (79 de 163) de los SUH disponian de datos de cum-
plimiento de medidas: toma de lactato en el 979%, hemocultivos
y fluidoterapia en el 99% y antibioterapia precoz en el 100%. En
159 de 163 (98%) de los hospitales se utilizaban biomarcadores,
siendo el lactato y la PCR los que se usaban mayoritariamente
de forma rutinaria. En el 61% (99 de 163) de SUH existia for-
macion en sepsis y en el 56% (55 de 99) ésta era periddica. Las
caracteristicas asistenciales de los pacientes con sospecha de
sepsis en los SUH espafioles se recogen en la Tabla 2.

Al comparar el manejo de la sepsis en los SUH atendiendo
al tamano del hospital, observamos que los hospitales grandes
(= 500 camas) respecto los medianos/pequefios (< 500) par-

Tabla 1 Distribucion geografica de los Servicios
de Urgencias Hospitalarios (SUH)
espanoles que contestaron la encuesta.

SUH publicos SUH piblicos ~ Participacion

existentes (N) participantes (N) (%)
Catalunya 54 50 93
Andalucia 53 44 83
Comunidad Valenciana 26 25 96
Comunidad de Madrid 25 25 100
Galicia 16 14 87,5
Castilla y Leon 15 14 93
Castilla-La Mancha 14 12 86
Canarias 13 11 85
Pais Vasco 12 10 83
Aragon 10 9 90
Principado de Asturias 9 9 100
Region de Murcia 9 8 89
Extremadura 8 5 62,5
Illes Balears 7 4 57
Cantabria 4 4 100
E::lnat:gdad Foral de 3 ) &7
La Rioja 2 2 100
ol o
Total 282 250 89

ticipaban mas frecuentemente como receptores de enfermos
con CS activado pre-hospitalario e intrahospitalario y dispo-
nian de servicio/unidad de infecciosas, de sepsis y de corta
estancia, microbidlogo e infectologo de guardia 7/24/365 de
forma estadisticamente significativa (p < 0,05). El resto de ele-
mentos comparados se observan en la Tabla 3.

La Tabla 4 muestra los resultados que se obtienen al com-
parar los SUH en funcion de la afluencia de pacientes, ya sea
esta alta (= 200 visitas/dia) o media/baja (< 200).

En las Figuras 1y 2 se representa la implementacion del
CS en las diferentes Comunidades Autdnomas.

DISCUSION

El CS se ha ido instaurando estos ultimos afios de forma
progresiva con diferentes iniciativas que han permitido el de-
sarrollo de distintos protocolos, lo que ha podido ayudar a su
implantacion en los SUH [13-15]. Se ha descrito alguna esti-
macion que fijaba la implantacion del CS entre los SUH espa-
foles en alrededor del 30-50% [4]. Sin embargo, de nuestro
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PREGUNTA Si NO (o)

(Existe Microbidlogo 24/7/365? 83 166 33

¢Existe Unidad de sepsis? 21 228 8

¢Dispone de protocolo de sepsis urgente? 163 87 65

¢Se diagnostican menos sepsis desde el COVID? 96 74 56
dsntmtaedcsy mwm g
¢Dispone de herramientas de ayuda de decision? 56 25 69
Calculadora de escalas 47 9 84
Sistemas de alerta 42 14 75
Antibioterapia 34 22 61
e aeoalosateiosdeschacinddl ¢ s 0@
¢Datos de cumplimiento de medidas? 79 84 48
Lactato 77 2 97
Hemocultivos 78 1 99
Antibioticoterapia precoz 79 0 100
Fluidoterapia 78 1 99
Control del foco Ul 8 90

¢Existe formacion en sepsis? 99 64 61

(Existe mejora del manejo de la sepsis con el codigo? 156 7 96

PREGUNTA N (%)
¢Quién activa el CS? (n=166)
Médico adjunto 27 (16)
Cualquier medico 39 (23)
Enfermeria 3(18)
Médico/enfermeria 97 (58)

¢Se cumplen todos las bundles de las primera hora? (n=19)

Desconoce 2(10,5)
<25% 4(21)
26-50% 1(5)
51-75% 8 (42)
76-100% 4(21)
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Tabla 2 Caracteristicas asistenciales a los pacientes con sospecha de sepsis en
los SUH espaiioles (cont.)
PREGUNTA N (%)
Biomarcadores (n=159)
Lactato
No disponible en urgencias 3(19)
Disponible, pero no se usa nunca o casi nunca 0(0,0)
Disponible, se usa en algunos casos (<25%) 4(2,5)
Disponible, se usa en bastantes casos (25%-75%) 14(9)
Disponible, se usa de forma rutinaria (>75%) 138 (87)
PCR
No disponible en urgencias 2(13)
Disponible, pero no se usa nunca o casi nunca 1(0,6)
Disponible, se usa en algunos casos (<25%) 3(19)
Disponible, se usa en bastantes casos (25%-75%) 10 (6)
Disponible, se usa de forma rutinaria (>75%) 143 (90)
Procalcitonina
No disponible en urgencias 17 (11)
Disponible, pero no se usa nunca o casi nunca 2(13)
Disponible, se usa en algunos casos (<25%) 9(6)
Disponible, se usa en bastantes casos (25%-75%) 22 (14)
Disponible, se usa de forma rutinaria (>75%) 109 (69)
Coordinador de la sepsis intrahospitalaria (n=114)
Medicina interna 22 (19)
Urgencias 21(18)
Medicina intensiva 50 (44)
Enfermedades infecciosas 14(12)
Otro 7 (6)

trabajo se desprende que la implantacion de este codigo su-
pera ampliamente el 50% de los SUH de hospitales analizados,
situandose con los datos proporcionados por sus responsables
en el 65%, lo que confirma la preocupacion por este problema
entre los médicos de urgencias de nuestro pais, si bien hay di-
ferencias entre las diferentes Comunidades Autonomas. Cree-
mos, no obstante, que se necesitaria un impulso mayor para
que este protocolo se extendiera a mas hospitales, ya que se-
gun los datos actuales 2 de cada 3 sepsis que se diagnostican
en los hospitales son valorados en los SUH [16-18] y entre el
50-60% de los pacientes sépticos o con shock séptico que in-
gresan en las unidades de criticos proceden del SUH [4].

Nuestros hallazgos ponen de relieve que el CS estd mas
desarrollado en los SUH que en otros niveles asistenciales
como la atencion pre-hospitalaria o en propio dmbito hos-
pitalario, en el que no llegan al 50% de los casos segun lo
manifestado por los encuestados. Esto contrasta con el de-

sarrollo alcanzado en los ultimos afios de otros codigos de
patologias tiempo dependientes, como el cddigo infarto o el
codigo ictus, en los que el avance de las técnicas interven-
cionistas y la mejora en la coordinacion entre los diferentes
niveles asistenciales [19,20] ha hecho que estos cddigos se
establezcan de forma rutinaria y sean una prioridad en todos
los sistemas de salud de nuestro pais [21]. Tal vez el hecho
de que el CS sea un proceso con una gran heterogeneidad y
la falta alin de una prueba diagnodstica estandar [22], unido
a que no exista una técnica terapéutica tan efectiva como la
reperfusion del tejido cardiaco o cerebral que desarrollan es-
pecialidades muy especificas, haya generado un retraso en su
desarrollo global. En todo caso, pensamos que desde los ser-
vicios de urgencias, al ser el primer eslabon en la cadena asis-
tencial de estos pacientes, se tendria que impulsar medidas
para el avance global del CS vy liderar desde nuestro ambito
sanitario estas iniciativas [4]. No obstante, dado el caracter
transversal de esta patologia es fundamental e imprescindi-

Rev Esp Quimioter 2022;35(2): 192-203 196



F. Llopis-Roca, et al. Mapa de la situacion actual de la atencion a la sepsis en los servicios de urgencias espafioles

= 500 camas < 500 camas
N=59 (%) N=191 (%) P

Microbidlogo de guardia 24/7/365 41/59 (69) 42/190 (22) <0,001

Unidad de Corta Estancia 30/59 (51) 58/190 (31) 0,004

Participacion CS: receptor de enfermos con CS activado pre-hospitalario 33/59 (56) 66/190 (35) 0,004

Participacion CS intrahospitalario (no incluye el de UCIAS) 39/59 (66) 75/191 (39) <0,001

¢EI CS esta informatizado? 22/44 (50) 57/124 (46) 0,645

¢Quién puede activar el CS? 0,177
Meédico adjunto 4143 (9) 23/123 (19)
Cualquier médico 9/43 (21) 30123 (24)
Enfermeria 2/43 (4,65) 1/123 (0,81)
Meédico/enfermeria 28/43 (65) 69/123 (56)

¢Tiene acceso a datos de activacion? 12/43 (28) 43/122 (35) 0,380

Datos de falsas activaciones 12 43 0,110
No 7 24
0-10% 1 14
> 11% 4 5

Rev Esp Quimioter 2022;35(2): 192-203
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Tabla 3

Comparacion del manejo de la sepsis en funcion del tamaiio del hospital (cont.)

> 500 camas < 500 camas
N=59 (%) N=191 (%) P

Uso de biomarcadores en Urgencias 43(43 (100) 116/120 (97) 0,225
(Existe formacion en sepsis? 29/43 (67) 70/120 (58) 0,294
¢La formacion es periodica? 18/29 (62) 37/70 (53) 0,401
¢Ha mejorado el manejo de la sepsis desde la implantacion del CS? 40/43 (93) 116/120 (97) 0,312
¢El servicio de UCIAS forma parte del equipofestructura del CS intrahospitalario? 34/39 (87) 62/76 (82) 0,444
¢Quién coordina el CS intrahospitalario? 0,039

Medicina interna 2/39 (5) 20/75 (27)

Urgencias 6/39 (15) 15/75 (20)

Medicina intensiva 23/39 (59) 27[75 (36)

Enfermedades infecciosas 6/39 (15) 8(75 (11)

Otro 2/39 (5) 575 (7)

ble la implicacion de diferentes especialidades involucradas
en el manejo de estos pacientes.

Se ha observado que los hospitales de mayor tamafo vy
que realizan mas atenciones parecen tener una actitud mas
proactiva en el abordaje integral de los pacientes con sospe-
cha de sepsis a tenor de los resultados obtenidos, hallazgo por
otra parte esperable ya que disponen de mas recursos, lo que
comporta poder desarrollar mas o mejores estrategias. Sin em-
bargo, creemos que algunas de las implementaciones pueden
resultar lo suficientemente simples como para que sean adop-
tadas en cualquier SUH, independientemente del tamafno del
centro o de su afluencia en Urgencias. Mas aun teniendo en
cuenta que los hospitales de tamafio mas pequefio dan soporte
a mas de la mitad de la poblacion espafiola, por lo que no de-
berian ser excluidos de cualquier actuacion frente una enfer-
medad tiempo-dependiente como la sepsis.

Por otra parte, con la disponibilidad de las nuevas tecno-
logias, creemos que la informatizacion del CS resulta de es-
pecial interés. Sin embargo, solo el 47% de SUH respondieron
disponer de un CS informatizado. En este sentido, disponer de
herramientas de ayuda en la decision como las calculadoras
de escalas, sistemas de alerta o de antibioterapia han demos-
trado resultados muy favorables. En un estudio de Ferreras et
al. en Aragon [23], la implementacion de un sistema de alar-
mas automatico para la deteccion precoz de los pacientes con
sepsis grave obtuvo una reduccion de mortalidad en términos
absolutos del 11,3% al ingreso y una mayor supervivencia a los
30 dias de forma significativa, siendo el NNT de 8. Los autores
concluyeron que la ausencia de sistemas de deteccion auto-
matica en urgencias implicaba un riesgo 2,02 veces mayor de
muerte a los 30 dias que si se disponia de este sistema.

De forma paralela a esta baja informatizacion de los siste-
mas, se observa el pequefio numero de hospitales que recogen

los datos de cumplimiento de las medidas basicas iniciales ante
la sospecha de un paciente con sepsis, lo que impide en gran
medida tener una monitorizacion de las actuaciones que se es-
tan llevando a cabo, algo basico para detectar dreas de mejora
y reconocer aquellas que se muestren realmente eficaces en el
manejo de los pacientes [14,15,20].

Uno de los puntos clave en la actuacion en los pacientes
con sepsis es el reconocimiento precoz en los servicios de ur-
gencias y emergencias. En esta linea, en los ultimos anos se
han propuesto diferentes escalas para su identificacion. Ac-
tualmente la gran mayoria de los hospitales que tienen un CS
en el SUH detectan los pacientes sépticos mediante las escalas
SOFA o gSOFA, que podriamos catalogarlos como los estanda-
res actuales para la valoracion del deterioro de la funcion de
organos entre los pacientes con sospecha de infeccion. El uso
de estas escalas ha aumentado de forma muy importante, ya
que su uso exclusivo ha pasado de un 25% a un 63%, mientras
que el uso combinado de estas dos escalas junto con el SIRS
ha bajado del 50% al 30% en los Ultimos afios [4]. Parece claro
que, a pesar de las limitaciones de estas escalas en términos
de sensibilidad y especificidad para la valoracion del paciente
séptico en los SUH [24,25], su implantacion actual en los SUH
espafnoles es indudable.

Otro punto critico es el uso de los biomarcadores que se
recomiendan para la valoracion inicial de los pacientes sép-
ticos. Es Ilamativo que el acido lactico no esté disponible en
el 100% de los hospitales consultados y no se use de forma
rutinaria en el 13,2% de los SUH. En nuestra opinion, se debe
promover y favorecer el uso del acido lactico, que juega un
papel fundamental en la valoracion pronostica de los pacien-
tes sépticos. Diferentes estudios muestran que es un marca-
dor independiente de mortalidad entre los pacientes sépticos
[26,27], ademas de ser en la actualidad uno de los parametros
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> 200 visitas/dia < 200 visitas/dia
N=111 (%) N=136 (%) P

Microbidlogo de guardia 24/7/365 54/111 (49) 27/135 (20) <0,001

Unidad de Corta Estancia 47]111 (42) 40/135 (30) 0,038

Participacion CS: receptor de enfermos con CS activado pre-hospitalario 61/111 (55) 37135 (27) <0,001

Participacion CS intrahospitalario (no incluye el de UCIAS) 72/111 (65) 39/136 (29) <0,001

JEI CS estd informatizado? 46/87 (53) 31/78 (40) 0,091

¢Quién puede activar el CS? 0,043
Meédico adjunto 8/86 (9) 19/77 (25)
Cualquier médico 19/86 (22) 19/77 (25)
Enfermeria 2/86 (2,33) 1/77 (1,29)
Meédico/enfermeria 57/86 (66) 38/77 (49)

¢Tiene acceso a datos de activacion? 27/86 (31) 27/76 (36) 0,578

Datos de falsas activaciones 27 21 0,222
No 19 12
0-10% 5 10
> 11% 3 5
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Tabla 4

Comparacion del manejo de la sepsis en funcion de la afluencia a los SUH. (cont.)

> 200 visitas/dia < 200 visitas/dia
N=111 (%) N=136 (%) P
Uso de biomarcadores en Urgencias 83/86 (97) 73[74 (99) 0,388
(Existe formacion en sepsis? 56/86 (65) 42[74 (57) 0,279
¢La formacion es periodica? 30/56 (54) 25/42 (60) 0,557
¢Ha mejorado el manejo de la sepsis desde la implantacion del CS? 82/86 (95) 72(74 (97) 0,518
¢El servicio de UCIAS forma parte del equipo/estructura del CS intrahospitalario? 61/72 (85) 33/40 (82,5) 0,759
¢Quién coordina el CS intrahospitalario? 0,010
Medicina interna 9172 (12,5) 12139 (31)
Urgencias 10/72 (14) 11/39 (28)
Medicina intensiva 36/72 (50) 13/39 (33)
Enfermedades infecciosas 1272 (17) 1/39 (2,56)
Otro 572 (7) 2/39 (5)
5"
Se han asumido los criterios
diagnésticos basados qSOFA/SOFA
g <20% P
=k VT S
B 60-79% e®c/M < a
N -0
Figura 1 Porcentaje de hospitales dentro de cada Comunidad Autonoma en la que

se han asumido los criterios diagnosticos basados en el gSOFA/SOFA.

diagnosticos imprescindibles para diagnosticar a un paciente
de shock séptico [7]. Otro biomarcador de infeccion que en los
ultimos afos ha tenido gran protagonismo en la valoracion
diagnostica de infeccion bacteriana es la PCT [28]. Este biomar-
cador respalda el diagnostico de sepsis [14] y tiene un mejor
rendimiento que la PCR [29]. Los resultados muestran que se
utiliza en menor medida al no estar disponible en uno de cada

10 hospitales, lo que entendemos que es un punto de mejora
a abordar.

Otro de los aspectos analizados es la presencia de microbio-
logo de guardia, lo que so6lo se produce en un tercio de los hos-
pitales. Esta falta de servicio de microbiologia las 24 horas o los
festivos hace que no sea posible implantar técnicas especificas
de diagnostico rapido o bien la identificacion de hemocultivos
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Hospitales con cddigo sepsis automatizado

<20%

20-39%

Hospitales receptores de cddigo sepsis pre-hospitalario

1]
¥ o
4

4

40-59% NN 50-79% HEEEE >30%

Figura 2
Autonoma.

positivos mediante la técnica de MALDI-TOF. Esto podria provo-
car que, aunque la solicitud de hemocultivos se realice de forma
correcta, solo se pueda obtener un adecuado rendimiento en
horario de mafana en dias laborables y no de forma continuada
[4]. Esto se acentuia alin mas en los hospitales pequenos.

Por ultimo, algo que se observa en la mayoria de los hos-
pitales es que el CS puede ser activado tanto por los profesio-
nales de medicina como de enfermeria, pero aun hay muchos
hospitales en que la enfermeria no puede generar esta acti-
vacion. Esto posiblemente necesite ser evaluado y revisado ya
que en la mayor parte de los hospitales los profesionales de
enfermeria son los que realizan el triaje inicial de los pacientes
que acuden a Urgencias y es precisamente en esa parte de la
valoracion inicial del paciente cuando es fundamental el reco-
nocimiento y activacion de estos codigos de patologias tiem-
po-dependientes como la sepsis [30].

Nuestro estudio presenta algunas limitaciones: 1) Los re-
sultados se basan en la opinion del responsable del SUH y no
de sus profesionales, cuya opinién no siempre resulta coinci-
dente [31]; 2) Algunos aspectos encuestados no fueron va-
lorados de forma cuantitativa sino cualitativamente, lo que
pudiera comportar que las categorias cualitativas no fuesen
equidistantes; 3) El reclutamiento no fue completo, pero la
participacion proxima al 90% conlleva que los resultados obte-
nidos sean fiables y representativos de la asistencia a la sepsis
en los SUH espafoles. A pesar de estas limitaciones, el presente
estudio ofrece una fotografia de la realidad asistencial que los
SUH proporcionan a los pacientes con sospecha de sepsis 'y con
la informacion obtenida detectar aquellos aspectos en los que

Mapa de la situacion del codigo sepsis en funcion de la Comunidad

podemos incidir para mejorar el diagndstico y manejo precoz
de la sepsis, con el consiguiente beneficio para los enfermos.

En conclusion, pensamos que aunque se esta avanzando
en el desarrollo de protocolos especificos para el tratamiento
de la sepsis en los SUH, existe margen de mejora, sobre todo en
los hospitales de menor tamafio. Creemos que la informatiza-
cion y el desarrollo de alertas para el diagnostico y tratamiento
tienen aun un gran recorrido en los SUH. Aun existiendo un
protocolo nacional para el desarrollo del CS [13], opinamos
que cada sistema sanitario tendria que incidir en promover y
crear protocolos propios basados en recomendaciones univer-
sales aplicando al mismo las peculiaridades de cada sistema.
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ABSTRACT Estructura secundaria en 5’UTR como diana
antiviral contra el SARS-CoV-2
SARS-CoV-2 is an enveloped positive-sense sin-

gle-stranded RNA coronavirus that causes COVID-19, of
which the current outbreak has resulted in a high number of
cases and fatalities throughout the world, even vaccine doses
are being administered. The aim of this work was to scan the
SARS-CoV-2 genome in search for therapeutic targets. We
found a sequence in the 5'UTR (NC\_045512:74-130), con-
sisting of a typical heptamer next to a structured region that
may cause ribosomal frameshifting. The potential biological
value of this region is relevant through its low similarity with
other viruses, including coronaviruses related to SARS-CoV,
and its high sequence conservation within multiple SARS-
CoV-2 isolates. We have predicted the secondary structure of
the region by means of different bioinformatic tools. We have
suggested a most probable secondary structure to proceed
with a 3D reconstruction of the structured segment. Finally,
we carried out virtual docking on the 3D structure to look for
a binding site and then for drug ligands from a database of
lead compounds. Several molecules that could be probably
administered as oral drugs show promising binding affinity
within the structured region, and so it could be possible in-
terfere its potential regulatory role.

Keywords: SARS-CoV-2; frameshifting; 5'UTR; pseudoknot; molecular
docking.
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RESUMEN

El SARS-CoV-2 es un coronavirus de ARN monocatenario
de sentido positivo envuelto que causa COVID-19, del cual el
brote actual ha provocado una gran cantidad de casos y muer-
tes en todo el mundo, incluso cuando se estan administrando
dosis de vacunas. En este trabajo hemos escaneado el genoma
del SARS-CoV-2 en busca de dianas terapéuticas. Encontramos
una secuencia en el 5'UTR (NC\ _045512: 74-130), que consis-
te en un heptamero tipico junto a una region estructurada que
puede causar cambios en la pauta de lectura. El valor bioldgico
potencial de esta region es relevante debido a su baja simili-
tud con otros virus, incluidos los coronavirus relacionados con
el SARS-CoV, y su alta conservacion de secuencia dentro de
multiples aislados de SARS-CoV-2. Hemos predicho la estruc-
tura secundaria de la region mediante diferentes herramientas
bioinformaticas. Hemos sugerido una estructura secundaria
mads probable para asi proceder al acoplamiento virtual en la
estructura 3D para buscar un sitio de union y luego ligandos
de farmacos. Hemos encontrado varias moléculas que proba-
blemente podrian administrarse como farmacos orales mues-
tran una afinidad de union prometedora dentro de la region
estructurada, por lo que es posible que interfieran en su posible
funcion reguladora de la replicacion viral.

Palabras clave: SARS-CoV-2, cambios en la pauta de lectura, 5'UTR,
pseudonudo, acoplamiento virtual

INTRODUCTION

On March 11th, the World Health Organization (WHO)
declared COVID-19 a clinical pandemic (primarily pneumonia
and gastroenteritis) caused by the SARS-CoV-2 virus. As of
end October 2021 the pandemic outbreak has caused almost
five million deaths worldwide, although almost 7 million peo-
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ple are vaccinated. SARS-CoV-2 belongs to the Coronaviridae
family and is related to SARS-CoV and Middle East Respirato-
ry Syndrome (MERS)-CoV (79% and 50% genomic similarity,
respectively). SARS-CoV caused an epidemic outbreak in 2003
and MERS caused an outbreak in 2012 [1]. Those three viruses
belong to the Betacoronavirus genus. Coronaviruses cause zo-
onotic infections, so they may spill over from a host species to
a different one through small changes in their genome. SARS-
CoV-2 demonstrated a high genetic similarity (more than 85%)
to a virus group known as SARS related coronavirus (SARSr-
CoV), which are isolated from animal hosts, including Hipposi-
deros bats and pangolins (Manis javanica). These species seem
to be candidates as intermediate hosts for SARS-CoV-2 [2,3].

These viruses have a positively translated single strand RNA
genome and they use programmed —1 ribosomal frameshift-
ing (=1 PRF) to direct the synthesis of immediate early pro-
teins that prepare the infected cell for takeover by the virus.
Frameshifting is a smart mechanism for the translation of a
genomic sequence into two different proteins by moving the
translation frame one position in the union between RNA and
the ribosome [4]. A typical frameshifting signal has two essen-
tial elements: a characteristic heptanucleotide called the ‘slip-
pery' sequence, at which the ribosome-bound tRNAs slip into
the -1 frame, and an adjacent mRNA secondary structure that
stimulates this slippage process. The intermediate sequence be-
tween these two elements also has a typical size of less than
twelve nucleotides. Often the secondary structure is more
complex than a simple stem-loop between palindromic se-
quences, expanding into pseudoknots [5]. In terms of structure,
a pseudoknot forms upon the base-pairing of a single-stranded
region of RNA in the loop of a hairpin to a stretch of comple-
mentary nucleotides elsewhere in the RNA chain.

A set of bioinformatic tools has already been developed to
predict these structures [6]. The mechanism of action of pseu-
doknots is not completely understood; some authors suggest
that it appears to be linked to the helicase activity of the ribo-
some. When pseudoknots are located in coding regions, they
modulate the elongation and termination steps of translation:
the ribosome is able to switch from the zero reading frame
to the —1 frame and translation continues in the new frame.
When pseudoknots are in non-coding regions, they act on the
regulation of the initiation of protein synthesis and on tem-
plate recognition by the viral replicase guiding viral replication
and packaging [7].

All coronaviruses have been reported to utilize pro-
grammed -1 ribosomal frameshifting to control the expression
of their proteins. In 2005, Plant et al. [8] identified a three-
stemmed mRNA pseudoknot inducing an efficient -1 ribosomal
frameshift in the SARS-CoV genome. By this mechanism, the
virus may produce a fusion protein that overlaps the regions
ORF1a and ORF1b. This element encodes an ORF1ab polypro-
tein involved in ablating the host cellular innate immune re-
sponse. Mutations affecting this structure decreased the rates
of -1 PRF and had deleterious effects on the virus propaga-
tion. Recently, Kelly et al. [9] described the same pseudoknot in
SARS-CoV-2, and they demonstrated frameshifting. This area

is highly conserved between SARS-CoV and SARS-CoV-2, as
there is only one single nucleotide difference, a C to A substi-
tution at position 13,533 bp.

The frameshifting regions could be used as a target to
fight viral infection [9]. Starting with early studies, point mu-
tations at the slippery sequence have proved to have an im-
portant effect on viral replication [8]; thus, they can be also
interesting points in the engineering of an attenuated virus for
vaccine development. The inhibition of these regions by pep-
tide antisense oligomers was studied by Neuman et al. [10]. Af-
ter several passages in cell culture, virions escape the inhibition
of replication but show attenuated forms. Rangan et al. [11],
described highly structured areas of RNA that might be less
accessible to complementary oligomers, but these convoluted
areas would provide small binding sites for conventional drug
molecules; therefore, a combination of scanning for structure
and sequence conservation may be appropriate to find thera-
peutic targets. Previous studies using in silico methods found
drug-like molecules that would inhibit SARS-CoV replication
by action on the frameshifting region at the overlap between
ORF1a and ORF1b [12]. The same molecule has been shown to
affect replication in SARS-CoV-2 [9].

In this work, we scanned the SARS-CoV-2 genome to seek
for novel likely critical areas for virus replication focusing on
frameshifting predictors. We explored the likely biological rele-
vance of this feature through the study of sequence conserva-
tion and its suitability as a potential drug target by the analysis
of the structural properties and the drug docking prediction.

MATERIAL AND METHODS

Genomewide frameshifting signal search. A prediction
of the relevant sequence and structures in the viral reference
genome for SARS-CoV-2 (NC 045512) [13] was performed us-
ing the KnotinFrame tool [14]. The output determined the se-
quence and position of slippery sequences and nearby pseudo-
knots, since both criteria are needed to predict frameshifting.
Our focus on a particular region was established by combining
KnotinFrame output with biological knowledge. We focused
on previously undescribed frameshifting regions and the likely
regulatory roles of UTR regions. Once a sequence of interest
met these criteria, an inspection of the predicted secondary
structure was achieved with additional tools ipknot [15] and
RNAfold from Vienna Suite [16]. The secondary structure for
the segment of interest in dot bracket notation was chosen
from the inspection of the overall conformation of the 5'UTR
and assuring to include the slippery region. The likelihood of
the secondary structure was assessed by computing the mini-
mum free energy (MFE) of a large number of random sequenc-
es of SARS-CoV-2 of the same length as the sequence of in-
terest into mFold, in order to obtain an empirical distribution
of MFE and so assess how dominant the proposed structure
would be [17].

Conservation of the sequence of interest. Sequence
conservation was assessed for the sequence of interest deter-
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mined in the previous step as a reliable trait of biological rele-
vance. The conservation of the sequence of interest was evalu-
ated in two steps. First, the conservation between SARS-CoV-2
and other human and animal hosted coronavirus genomes was
studied by the computation of a cladogram and by the search
for the alignment of the sequence of interest against a com-
prehensive viral database. A total of 21 high quality genomes
from coronavirus hosted in humans and other species were
selected based on subjective criteria regarding variability and
relevant facts to build a cladogram. The genomes were down-
loaded from GenBank and aligned with Clustal Omega [18]
using the default parameters. The cladogram was constructed
using a maximum likelihood estimate with FastTree [19], under
a GTT model of nucleotide evolution. The package ggtree [20]
was used in R [21] to generate the graphic of the cladogram
and the multiple sequence alignment (MSA). In addition to this
alignment of the SARS-CoV-2 and another 20 coronavirus ge-
nomes, the sequence of interest was examined by ViroBLAST
[22]. This tool provides a blastn [23] alignment with a com-
prehensive database of all types of virus, so that we would as-
sess any casual homology with any other virus. Secondly, we
evaluated the conservation of the sequence of interest within
SARS-CoV-2 isolates from different geographic locations since
the onset of the pandemic. We took advantage of the fast con-
tribution of genomes into the GISAID database. We filtered the
genomes in the database in order to retain only high quality
records (length greater than 29,000 nt and with a low number
of undetermined positions). The number of variant site strains
was assessed by blastn [23], making the distinction of variants
at the whole 5'UTR region (1-265 nucleotide positions); and
the number of variants at the position of the sequence of in-
terest. Further individual inspections of mismatched genomes
were conducted to ensure whether the variation was not due
to technical sequencing reasons.

Prediction of 3D structure and molecular docking.
Upon consideration of different alternatives, the structure of
the sequence of interest in dot-bracket notation and the un-
derlying nucleotide sequence were imported into Rnacomposer
[24] to obtain a 3D structure prediction in .pdb format. The file
in .pdb format was used as input for the virtual scan for active
sites. This task was carried out using Autodock tools suite [25].
This suite comprises the AutoGrid and Autoligand tools for the
search of active sites in a molecular 3D structure. A combina-
tion of manual selection of the region of interest and automat-
ic search space by the tools was used to obtain the coordinates
and dimensions of a putative active site. These data were used
as inputs for the molecular docking by the Autodock Vina tool.
The virtual docking tested the binding of a set of molecules
specially selected for drug screening: the NCBI maximum diver-
sity set Il. The affinity of molecules to bind the active site was
assessed by the minimum free energy in Kcal/mol.

RESULTS

Frameshifting prediction. We used Knotinframe pro-
gram [14] to detect cis-acting signals, the nucleotide sequence
and the position of the heptameric slippery sites and near
pseudoknots as prediction for —1 PRF. A list of genomic regions
of SARS-CoV-2 (NC 045512.2) where a frameshifting signal
was predicted by the KnotInFrame program is shown in Table
1. The stability of every predicted structure is also indicated
by the MFE value, on the rightmost column. A more negative
value of MFE represents a more stable and likely to be a func-
tional structure. This value is mainly dependent on the length
of the sequence. The pseudoknot we propose associated with
the pattern sequence at position 76 (JUUAAAA) that was iden-
tified as —1 PRF, is ranked fourth and exhibit the lowest MFE

Table 1

Summary of the output of KnotlnFrame tool on
NC_ 045512.2 genome.

Slippery sequence  Slippery pos.  Pseudoknot start ~ Pseudoknotend  Length Deltarel MFE

TITAAAC 13462 13469 13549 80 0.126 -34.80
GGGTTTA 4261 4268 4328 60 0.092 -15.60
AAATTTG 6071 6078 6158 80 0.076 -16.10
TITAAAA® 76 83 123 40 0.070 -14.00
GGGTTTT 13348 13355 13475 120 0.051 -34.90
GGGTITG 8183 8190 8270 80 0.049 -15.10
TITAAAT 4264 427 4331 60 0.047 -15.60
CCCAAAA 20646 20655 20773 120 0.046 -29.00
TITAAAA 6514 6521 6621 100 0.038 -19.40
TITAAAC 20817 20824 20924 100 0.035 -30.20
TITITIT 11076 11085 11183 100 0.035 -19.60

“The line in bold face was chosen as the sequence of interest. MFE: minimum free energy
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value among the predictions on the whole genome. However,
all the other structured sequences are longer and this causes
their stability not to be so much significantly higher than the
region we propose associated with the slippery sequence locat-
ed at position 76.

RNA 2D structure. The selected predicted frameshifting
region clearly falls into the 5'UTR of NC\_045512.2 reference
genome [14], which spans from 1 to 265 nt as the first start co-
don for the coding sequence is at 266 position in SARS-CoV-2.
However, if =1 PRF occurs within the 5'UTR region, probably at
the U nucleotide at position 95 nt, then there is an upstream
AUG codon at position 107 that can act as start codon and
viral translation might be altered. The sequence of interest
spanning from position 74:130 was selected and it is shown
in Figure 1 along with the secondary structure as predicted by

Secondary structure of 5'UTR region of NC 045512 as predicted by IPKnot.
Region of interest framed on the top left. Slippery sequence in yellow.

different programs in dot bracket notation. The IPknot tool [15]
has been used in two fashions, firstly by the only input of the
sequence of interest and secondly, by the input of the whole
5'UTR region, and then cutting out the prediction for positions
7:130. In both cases, IPknot predicts a knotted structure just
downstream of the slippery region (the pattern of opening and
closing brackets do not match, meaning that stem-loops bind
to outer regions). Interestingly, the prediction we obtained us-
ing IPknot fully agrees with the prediction obtained recently in
that genomic area using the Rosetta tool [11].

Similarly, the secondary structure of the whole 5'UTR
regions was also obtained by IPknot tool and the graphical
representation of that secondary structure using the VARNA
software [26] is shown in Figure 2. Upon the inspection of the
secondary structure, a sequence of interest spanning from
position 74:130 was selected (left top corner) to include the
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A cladogram and multiple sequence alignment. The middle part shows the alignment of the region in

21 coronaviruses. On the left, are shown the groups of sequences in terms of similarity. A zoomed in
view on the region of the sequence of interest is shown on the right.

slippery sequence and neighbouring structured segment. The
sequence (positions 74—130) was also used to proceed with the
analysis so that it includes the slippery region and the structure
of the stem and loop and the pseudoknot.

In order to test the probability of the predicted secondary
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structure as indicated by its computed MFE, we analyzed 1,509
random sequences from NC\_45512.2 of the same length as
the sequence of interest. Their MFE values were computed by
mFold [17] to obtain an empirical distribution. The predicted
value for the sequence of interest (-11 Kcal/mol) was ranked
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(a)

Figure 5 (a) Graphical representation of the nucleotide backbone of the sequence of interest.
The sequence of interest is shown from the 5' end (left) to the 3' end (right). The
rounded purple volume in the middle shows the active site as predicted by the
AutoDock suite tools. The slippery sequence is on the left bottom, in purple colour,
the rest of nucleotide pieces are coded according to chemical composition. (b) Side
view of the sequence of interest in a surface representation. The red area on the left
shows the slippery sequence. The active ligand site holds one of the best matches:
NSC308835/pubChem328761 (see Table 3) in its docked position.

Table 2 List of similar hits to NC 045512:74-130 in Viroblast database.
Host GenBank accession no.  Date (year) ~ Score Identities (Query length) ~ Percentage  Expect
Rhinolophus pusillus 1X993987.1 2011 86.0 52/55 (57) 95 1e-15
Rhinolophus sinicus KJ473814.1 2013 86.0 53/57 (57) 93 1e-15
Rhinolophus sinicus MG772933.1 2017 86.0 53/57 (57) 93 Te-15
Rhinolophus sinicus MG772934.1 2017 86.0 53/57 (57) 93 1e-15
Mus musculus H0890526.1 2008 80.6 52/57 (57) 91 Se-14
Mus musculus H0890527.1 2008 806 52/57 (57) 91 5e-14
Mus musculus HQ890528.1 2008 80.6 52/57 (57) 91 5e-14
Mus musculus H0890529.1 2008 806 52/57 (57) 91 Se-14
Mus musculus HQ890530.1 2008 80.6 52/57 (57) 91 5e-14
Mus musculus HQ890531.1 2008 80.6 5257 (57) 91 Se-14

within empirical distribution of the MFE values. The histogram
and frequency curve of this distribution is shown in Figure 3.
The vertical line is set at -11 Kcal/mol. Clearly, few random se-
quences show this value. This value was at the top 5% of the
negative endo of the distribution. This reveals that the predict-
ed structure is fairly stable in relation to other segments of
NC\_45512, and supports that this sequence may occur in the
predicted form of a stem-loop with outer bindings to form a

pseudoknot and thus, along with the immediate slippery se-
quence form a frameshifting signal.

Genomic similarity. The conservation of the 74--130
region among Coronaviridae family is shown in Figure 4. In-
terestingly, while this region was identical in all the isolates
from SARS-CoV-2 including isolates from human patients from
distant geographical localizations (MT370831, New York; and
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Table 3 Results of docking of lead compounds from NCI diversity set Il against the
predicted active site in the sequence of interest.
NSC id pubChem id MFE*  Molecular formula ~ Hbond donors  H bond acceptors  Active torsions Mol weight
293778 325266 -12.2 C40H26N4S 0 5 2 594.7
308835 328761 -11.1 C30H32N204 0 4 0 484.6
61610 247228 -11.1 (34H24N602 4 4 4 548.6
37641 235856 -1 C29H33F06 2 7 4 496.6
319990 330740 -10.7 C23H18N60252 4 6 4 474.6
93354 261360 -10.6 (C28H33N02S 1 4 1 447.6
122819 452548 -10.5 (32H32023S 3 14 7 656.7
37553 235811 -10.5 C30H28N402 2 2 2 476.6
37641 235856 -10.5 C29H36F06 2 7 4 496.6

“Values of predicted MFE in Kcal/mol. MFE: minimum free energy

LC542809, Japan) and from animals suspected to be infect-
ed from humans (MT396266, farm mink; and MT365033, zoo
tiger), increasing differences were observed in other Corona-
viridae. A minor difference in one nucleotide was found in a
bat sequence (MT996532), while the differences increased in
the pangolin hosted virus, and SARS-CoV-1 (NC\_004718, Tor2
strain). Subsequently, we also tested the sequence of interest
for similarity to other viruses on the Viroblast database [22]. The
search parameters were kept at nominal values except for the
word length, which was changed from ten to seven to increase
the likelihood of matching slippery sequences. Viroblast search
yielded 10 hits derived from two sources (Table 2): the top four
hits were coronaviruses isolated in China from different species
of bat Rhinolophus pusillus/sinicus between 2011 and 2017
and the latest hits a mouse-adapted laboratory model derived
from SARS-CoV (consecutive GenBank accession numbers from
HQ890526 to HQ890531.1; although these isolates were sam-
pled from the Urbani strain GenBank AY278741 rather than
Tor2). Finally, we evaluated the conservation of the sequence
of interest among clinical SARS-CoV-2 isolates. The 5'UTR (1-
265 nucleotide positions) of NC\_045512.2 was searched using
BLASTN [23] analysis against 54,466 high quality filtered ge-
nomes (out of 84,140) retrieved from GISAID on the 21st of
August, 2020. While, only a 19,8% of the genomes (10,789 out
of 54,466) had a 100\% identity in the complete 5'UTR, the 74—
130 region was highly conserved, as it was 100\% identical in
99.3 % of SARS-CoV-2 genomes tested (53,077 out of 53,456).

RNA 3D structure. In order to carry out molecular dock-
ing on potential active sites of the sequence of interest was
continued the nucleotide sequence in the Figure 1 and the se-
lected region of the secondary structure in Figure 2 as inputs
into RNAcomposer [24] to obtain a .pdb file of the nucleotide
sequence. The results of the predicted 3D structure and the
possible location of a drug binding site are shown in Figure 5.
The volume of the binding site is the result of the exploration
with Autodock tools. The coordinates of the binding site were

obtained in .pdb format and they were passed into Autodock
Vina (the exhaustiveness search parameter at a default value
of eight; and the random seed sequence was fixed) [25]. The
results of the docking by Autodock Vina against the lead com-
pounds from the NCBI Maximum Diversity set Il are shown in
Table 3. The Autodock Vina predicted the affinity of the lead
compounds by the computation of the MFE. As more negative
values of MFE mean higher binding affinities, so the lead com-
pounds were ranked by this value. The number of hydrogen
bond donors and acceptors and the molecular weight in g/mol
are annotation data from PubChem. These data show how like-
ly a compound is to be used as an oral drug [27].

DISCUSSION

This study has revealed a previously unnoticed feature in
the SARS-CoV-2 genome, which is likely to play a biological
role on account of the remarkable conservation of its sequence
and stability of the structure. The close occurrence of the slip-
pery sequence and a likely stable pseudoknot suggests that this
may be an area of frameshifting, in addition to the previous-
ly described overlapping region of ORF1a and ORF1b, where
frameshifting has been proven for SARS-CoV [8] and also pres-
ent in SARS-CoV-2 [9]. We focused on a different region, pre-
viously unnoticed in the 5'UTR. The fact that no protein may be
linked with the sequence may argue against frameshifting, as
may that of the overlap between ORF1a and ORF1b. Supporting
the role of 5'UTR, Zhu et al. [28] demonstrated that different
natural deletions in the 5'UTR of FMDV (foot-and-mouth dis-
ease virus) markedly affected the pathogenicity and species
tropism of the virus. Frameshifting linked with 5'UTR has been
described in HIV-1 [29], and in this case the structure next to
the slippery sequence is a stem and loop, without additional
pseudoknotting.

Another important endeavour of this work is to consider
this RNA structured area as a useful target for feasible drug
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intervention. Puzzlingly, the description of a possible drug
against the pseudoknot involved in frameshifting between OR-
F1a and ORF1b in SARS-CoV did not progress to an actual drug
for use in health care [12,30], probably due to the lag in time
of this discovery after the 2003 SARS-CoV outbreak. The same
molecule that was found to inhibit viral replication of SARS-
CoV appears to be effective against SARS-CoV-2 [9].

Rangan et al. [11] performed a wide analysis on the SARS-
CoV-2 and SARSr-CoV genomes, and they classified multiple
regions in terms of the conservation and RNA structure. In
agreement with our approach, they consider that structured
regions would be ideal targets for small drug molecules. In Ta-
ble 2 (eighth row) of their article, they describe, among others,
sequence 40:157 of NC\_045512-2 as highly conserved and
structured. We reproduce in Figure 1 their proposal of struc-
ture for our region of interest. The result of the alignment of
our sequence of interest against the Viroblast database showed
that the sequence may have been close to SARS-CoV as de-
scribed in 2003 [31]. We found two pathways of highly similar
sequences; coronaviruses isolated from bats in the following
years and from laboratory-derived strains developed to create
a mouse-adapted model from the Urbani strain of SARS-CoV-2.
Although outside of this work, these findings support the role
of bats as intermediate hosts between SARS-CoV and SARS-
CoV-2, and the possibility that some unrecognized variation in
strains of SARS-CoV would manifest relevant features as with
the sequence which we describe.

A limitation of our work is that it was restricted to compu-
tational analysis. This shortcoming is likely more relevant when
it comes to the determination of the tridimensional structure
of RNA and its subsequent docking. The determination of the
crystal structure 3D prediction and drug docking has been de-
veloped for proteins rather than RNA. One of the features of
RNA that makes docking difficult is its flexibility. However, suc-
cessful discovery of ligands against SARS-Cov-2 pseudoknot by
a computed 3D structure has been described before [12,30].
Clinical evidence of pharmacological actions against RNA viral
genomes was achieved by drugs such as sofosbuvir (tradename
Sovaldi) against Hepatitis C Virus (HCV). These drugs are de-
scribed as nucleotide analogues. They bind to the target region
as a complementary sequence would do but they differ from
short chains of nucleotides so that they may resist lytic en-
zymes.

Our screening for drug ligands was an exploratory analy-
sis, as it was limited to 1,507 compounds from NCBI maximum
diversity set Il. In Table 3 several compounds have a MFE lower
than -10 Kcal/mol. This suggests that a search against a larger
catalog would yield multiple candidates. Several compounds
on the Table 3 can meet the criteria to be orally useful drugs
according to Lipinski's rule of five [29]. We point out that the
compound ranked second in terms of MFE affinity: NSC 308835
as it meets every Lipinski's criterion. The next best compound
did not meet that molecular weight, which should be less than
500 g/mol, though by a small margin. This fact does not pre-
clude oral activity. NSC61610 was given orally, once a day to
mice in an experimental model of HIN1 influenza infection

[32]. The mice had less mortality and the response was better
than with tamiflu after the sixth day of infection. However,
that mechanism of action is unrelated to interactions with
viral RNA, as NSC61610 acts as a modulator of the immune
response.

In conclusion, we have identified a relevant sequence in
the 5'UTR region of SARS-CoV-2. It displays traits which have
a high potential for playing an important role, either through
frameshifting or other mechanism. A remarkable conservation
within SARS-CoV-2 isolates strongly supports a biological role
for this sequence. Our analysis of the drug susceptibility of this
sequence is hindered by the inconsistent predictions of bioin-
formatic tools. It is however very likely that a strong structure
of this area will allow effective action of relatively simple drug
molecules.
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ABSTRACT

Objectives. We aimed to compare the actual consump-
tion of antibiotics among patients issued delayed antibiotic
prescribing with the consumption observed in a non-system-
atic review of studies on delayed prescribing.

Methods. Observational study carried out in three prima-
ry care centres from September 2018 until March 2020. We
tracked the electronic records of the 82 patients with episodes
of acute bronchitis and 44 acute pharyngitis who were given
a patient-led delayed prescription to determine whether the
prescription was filled and when this medication was obtained.

Results. The prescriptions were never filled in 50 cases
(39.7%), but five patients took another antibiotic within the
first two weeks. Out of 76 patients who did take the delayed
prescription, only 12 obtained the medication based on the in-
structions given by the doctors (15.8%).

Conclusions. The strategy of delayed antibiotic prescrib-
ing resulted in a reduction in antibiotic use, but this reduction
was lower than in randomised clinical trials, being compara-
ble to the results obtained with other observational studies on
delayed antibiotic prescribing. In addition, only a few patients
adhered to the doctors' instructions.

Keywords: Antimicrobial Stewardship; Primary Health Care; Antibacterial
Agents.
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Implementacion de la estrategia de
prescripcion diferida de antibioticos. Estudio
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RESUMEN

Objetivos. Evaluar el consumo de antibioticos entre los
pacientes a los que se les efectud una prescripcion antibidtica
diferida y compararlo con el consumo observado en una revi-
sion no sistematica de estudios de prescripcion diferida.

Métodos. Estudio observacional en tres centros de salud
desde septiembre 2018 hasta marzo 2020. Se realizd un se-
guimiento de los registros electronicos de los 82 pacientes con
episodios de bronquitis aguda y 44 faringitis aguda a los que
se les entregd una prescripcion diferida para evaluar si fue a la
farmacia a buscarla y cuando la obtuvo.

Resultados. No fueron a buscar la medicacion en 50 ca-
sos (39,7%), pero cinco pacientes tomaron otro antibiotico en
las dos primeras semanas. De los 76 pacientes que recogieron
la prescripcion, solo 12 la obtuvieron segun las instrucciones
de sus medicos (15,8%).

Conclusiones. La estrategia de prescripcion diferida redu-
ce el consumo de antibioticos, pero esta reduccion es menor
que la que se observa en ensayos clinicos, siendo comparable
con los resultados observados en otros estudios observaciona-
les sobre prescripcion diferida. Ademas, solo unos pocos pa-
cientes siguieron las instrucciones de sus meédicos.

Palabras clave: Administracion de antimicrobianos; Atencion Primaria;
Agentes antibacterianos.

INTRODUCTION

General practitioners (GP) prescribing antibiotics for acute
respiratory tract infections (RTI) are usually aware that the pre-
scription is inappropriate but are often influenced in their de-
cision by the perception that patients expect an antibiotic. This
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conflict may also make GPs feel uncomfortable with the decision
of whether to prescribe. Delayed prescribing could potentially
address the patient's expectation of an antibiotic prescription,
but also the GP's clinical uncertainty, while minimising actual
antibiotic consumption. To put it briefly, a GP offers an antibiot-
ic prescription, but asks the patient to wait for no spontaneous
improvement before deciding whether to obtain the antibiotic
at the community pharmacy. A recent individual patient data
meta-analysis showed that this strategy is a safe and effective
strategy for most patients, including those in higher risk sub-
groups and is associated with similar symptom duration as no
antibiotic prescribing and is unlikely to lead to a worse symptom
control than immediate antibiotic prescribing [1].

A 2017 systematic Cochrane Collaboration review, includ-
ing randomised clinical trials (RCT), found that delayed antibi-
otic prescriptions were associated with significantly decreased
antibiotic use as 31% of the cases admitted to taking the an-
tibiotic [2]. However, the actual use of antibiotics in current
practice might be higher than that reported in clinical trials. We
assessed whether patients given a delayed prescription filled it
or not, and if so, how many days after the index consultation
was the antibiotic obtained, and we compared our results with a
non-systematic review of studies on delayed antibiotic prescrib-
ing aimed at evaluating the actual consumption of antibiotics
differentiating RCTs and observational studies.

METHODS

Patients were recruited from 6 general practices in three
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urban primary care centres in Catalonia, Spain. All the partic-
ipating GPs were familiar with the delayed prescribing tech-
nique and routinely employed it in their practice. Eligible sub-
jects were those of any age presenting with a sore throat with
two Centor criteria, or uncomplicated acute bronchitis, defined
as cough without chest signs in patients without lung comor-
bidity, as recommended by the updated version of the National
Institute for Health and Clinical Excellence guideline (NICE) on
RTI [3], who were visited in the different consultations from
September 2018 until March 2020. We decided to stop recruit-
ing patients at that moment because of the onset of the COV-
ID-19 pandemic.

The recruiting doctor issued an antibiotic prescription
during the consultation but advised the patient to use it after
three days in the case of sore throat and after seven days for
episodes of acute bronchitis and only in the absence of spon-
taneous improvement as suggested by the NICE guideline [3].
Patients were also given the sheet recommended by the Plan
Nacional de Resistencia a los Antibiéticos (PRAN) of the Span-
ish Agency of Medicines and Health Products (Supplementa-
ry material - Appendix 1). Patients were informed about their
participation in a study on rationalising antibiotic treatment,
but they were not aware of the real objective in an attempt
not to influence their behaviour (Supplementary material -
Appendix 2). Participating GPs registered whether the patients
filled the prescription given and tracked the information col-
lected in the electronic records within the first two weeks after
the index consultation. In case patients collected the antibiotic
they were called by the same GPs to make sure when they at-

10 II II
: I ll H_

Antibiotic not Antibiotic Antibiotic Antibiotic Another
collected collected as collected before collected antibiotic
advised recommended day immediately collected

. Acute bronchitis

. Sore throat

Figure 1
antibiotic prescribing given.

Distribution of patients with RTls and their attitude about the delayed
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Tabla 1 Antibiotic consumption observed with the delayed antibiotic strategy in randomised clinical trials and prospective
observational studies.

Study Country Setting Sample Population Condition Number of patients who declared consuming the antibiotic (%)  Observations
size Immediate Delayed antibiotic No antibiotic
antibiotic

Randomised clinical trials

Little, 1997 [4] UK Primary care 716 Children and adults Sore throat 2101211 (99.5) 55176 (31.2) 23184 (12.5) Collection
Dowell, 2001 [5] UK Primary care 191 Adults Cough 92/92 (100) 43/95 (45.3) - Collection
Little, 2001 [6] UK Primary care 315 Children Acute otitis media  132/151 (87.4) 36/150 (24.0) - Collection
Arroll, 2002 [7] New Zealand ~ Primary care 129 Adults Common cold 55/67 (85.1) 32/67 (47.8) - Patient led
McCormick, 2005 [8] USA Paediatric clinic 223 Children Acute otitis media ~ 109/109 (100) 38/108 (35.2) = Collection
Little, 2005 [9] UK Primary care 807  Children and adults Lower RTI 185/193 (95.9) 39/197 (19.8) 29/182 (15.1) Collection
Spiro, 2006 [10] USA Emergency 283 Children Acute otitis media  116/133 (87.2) 50/132 (37.9) - Patient led
department
Chao, 2008 [11] USA  Paediatric emergency 232 Children Acute otitis media - 40/106 (37.7) 13/100 (13.0) Patient led
department
Little, 2014 [12] UK Primary care 889  Children and adults Acute RTI - Recontact 34/92 (37.0);  26/99 (26.3) Recontact, postdated,
postdated 37/101 (36.6); collection, patient led

collection 28/85 (39.2);
patient-led 35/89 (39.3)

De La Poza, 2016 [13] Spain Primary care 405 Adults Acute RTI 46/51(90.2) Patient-led 32/98 (32.7);  6/49 (12.2) Patient led and

collection 23/100 (23.0) collection
Mas-Dalmau, 2021 [14] ~ Spain Primary care 437 Children Acute RTI 142/148 (95.9) 37/146 (25.3) 17/142 (12.0) Patient led
TOTAL 1,087/1,155 (94.1)  Collection 252/911 (27.7); 116/756 (15.3)

patient-led 216/638 (33.9)

Prospective observational studies

Edwards, 2003 [15] UK Primary care 327  Children and adults Acute RTI - 136/256 (53.1) - Patient-led
Siegel, 2003 [16] USA Paediatric clinic 194 Children Acute otitis media NR 55/175 (31.4) - Collection

Marchetti, 2005 [17] Italy Primary care 1,672 Children Acute otitis media NR 383/1099 (34.8) - Not reported
Fischer, 2009 [18] USA Emergency 144 Children Acute otitis media NR 105/144 (72.9) - Patient-led

department

Hoye, 2011 [19] Norway Primary care 304 Children and adults Acute RTls - 141/304 (46.4) - Patient-led
Francis, 2012 [20] 13 areas Primary care 2,690 Adults Cough or lower RTI 924/1,292 (71.5) 93/169 (55.0) NR Patient led

Little, 2017 [21] UK Primary care 28,856 Adults Acute lower RTI NR NR NR Patient led

Moore, 2017 [22] UK Primary care 12,626 Adults Sore throat NR 115/197 (58.4) NR Patient led

TOTAL 924[1,292 (71.5)  Collection 55/175 (31.4); -

patient-led 600/1070 (56.1)

Collection: collection of the prescription at the primary health centre; NR: this information is not reported in the paper; Patient-led: the patient is given the prescription the same day of
the consultation; Postdated: the patient is given the prescription signed with a future date; Recontact: recontact the doctor again for a prescription; RTI: respiratory tract infection

tended the pharmacy to fill up the prescription. The study was ~ The mean age was 41.2 (SD 10.6) with 72 women (57.1%). The

approved by the Research Ethics Committee IDIAP Jordi Gol prescriptions were never obtained in 50 cases (39.7%). Howev-
(reference number, 16/093). er, five patients admitted taking another antibiotic within the

first two weeks after the index consultation. Therefore, a total
RESULTS of 81 patients obtained an antibiotic for that episode in the

2-week follow-up period (64.3%). Out of 76 patients who did
A total of 126 patients were given a delayed antibiotic pre- obtain the delayed prescription, 36 declared to have filled the
scription, of which 82 cases corresponded to acute bronchitis. medication the same day of the visit (47.4%). As described in
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Figure 1, only 12 patients obtained the medication based on
the instructions given by the doctors (15.8%).

DISCUSSION

In this observational study of adults presenting with sore
throat and acute bronchitis, the strategy of the delayed antibi-
otic prescribing results in a reduction in antibiotic use, but this
reduction is not as high as the percentage observed in RCTs.
In addition, only a small percentage of patients obtaining the
medication adhered to the doctors' instructions.

Despite not asking about the actual consumption of antibi-
otics, 64.3% of the patients filled the delayed prescription at the
pharmacy or declared taking another antibiotic. This result is not
different from the actual consumption of antibiotics observed in
the different studies on delayed antibiotic consumption carried
out in observational studies. As shown in table 1, the actual an-
tibiotic consumption among patients assigned to different types
of delayed prescribing ranged from 19.8% to 47.8% in the dif-
ferent RCTs published to date [4-14] and from 31.4% to 72.9%
in observational studies [15-22]. Observational studies better
reflect daily practice. In RCTs of delayed prescribing GPs are usu-
ally instructed to use the approach as part of a full recommen-
dation that includes advice about the limited effectiveness and
disadvantages of using antibiotics for an infectious condition
and advice about the likely time course of their symptoms and
how to decide when to take the antibiotic. Symptoms of RTls
usually take longer than patients expect, and therefore advice
about how long to delay the prescription is an important ele-
ment of this recommendation. Inappropriate provision of advice
is a possible reason for the difference in the reported consump-
tion found in RCTs of this approach and in this study. The meth-
od of delivering the delayed prescription to the patient may also
influence how delayed prescriptions are used. As shown in table
1 consumption of delayed antibiotics is lower if it is left up to
the patients to collect the prescription at a later point rather
than being given to the patient during the consultation. The re-
sults of our study are not dissimilar to those of observational
studies using the same approach. In a study carried out in 13
European countries, in which 55% of the 169 participants, who
provided data about the antibiotic consumption when a delayed
antibiotic prescribing was offered, consumed an antibiotic dur-
ing the study period [20]. In this study, 30% started taking their
delayed antibiotics on the day that they were prescribed [20].

This study has several limitations. We cannot ensure that
all the patients who filled the prescription had taken the medi-
cation, which is the most important limitation of this study. We
recruited only 126 patients as the study described routine care
in only a few primary care centres. Nonetheless, we do not con-
sider that the results would have been much different if we had
recruited more patients. Participants agreed to participate in a
study on rationalising antibiotic therapy and this could have af-
fected their behaviour; however, they were not informed about
its real objective. Patients were not randomised; however, data
on routine prescribing behaviour in everyday clinical practice
can only be obtained through observational data as in our study.

Qualitative studies carried out in Spain report that some
patients feel uncomfortable about being given the decision
about when to use antibiotics and others report taking ‘de-
layed" antibiotics immediately, as also suggested in our study.
Some clinicians think that the strategy helps empower pa-
tients, provides reassurance, and helps to meet their expec-
tations, but others expressed concerns about patients using
them inappropriately, about masking serious illness, and about
medicolegal problems [23]. Apart from giving this information
sheet, GPs should be trained about the duration of delay and
provide advice regarding the limited effectiveness of antibi-
otics, their disadvantages, and when to consider using these
drugs. Otherwise, poor clinician adherence is likely to under-
mine the effectiveness of the strategy. Opinion leaders may be
able to play a role in increasing awareness about the need for
clear communication as part of any delayed prescribing strate-
gy. It is obvious that the delayed strategy is only valid in some
cases. If doctors think that an antibiotic therapy is not war-
ranted, a delayed antibiotic strategy should not be used un-
less there is clear and voiced antibiotic demand for therapy by
patients [24]. A 'no antibiotic strategy’ is always preferable to
a delayed antibiotic prescribing strategy. If delayed prescrib-
ing is offered, a clear explanation is needed about the advice
to be given to patients about when to use their prescription
(symptoms not resolved, not getting better, getting worse) and
about safety netting (when to reconsult). If this is not voiced
during the consultation, we might create confusion by sending
mixed messages to patients such as ‘an antibiotic is not need-
ed, but here is an antibiotic’.

In conclusion, the strategy of delayed antibiotic prescrib-
ing is associated with a lower antibiotic consumption, but this
reduction is lower than expected and only a few patients ad-
hered to the doctors' instructions. Although this strategy could
be valid in some cases doctors should prefer a no antibiotic
strategy and deprescribing antibiotic courses already initiated
if they no longer consider they are appropriate.
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CASE PRESENTATION

A 48-year-old woman was referred to the internal med-
icine outpatient department (OPD) due to an enlarged lymph
node in her left axilla. Before the consultation, a core needle
biopsy (CNB) had been performed with a pathological diag-
nosis of necrotizing granulomatous lymphangitis (NGL). Pol-
ymerase chain reaction (PCR) of the sample for M. tubercu-
losis complex was negative. The pathologist recommended
complete excision of the lymph node to obtain more tissue for
analysis. The surgeon referred the patient to internal medicine
OPD before performing the procedure.

Anamnesis and examination were conducted. The patient
lived in a rural area in Spain. She worked in a kindergarten and
had no toxic habits. Her past medical history was unremarka-
ble. No allergies. Regarding her family history, a grandmother
had had breast cancer and a cousin had Hodgkin's lymphoma.
She takes care of two dogs and six cats at home and volun-
teered at an animal shelter. Her pets had had ticks but she did
not remember having ever had any tick bite. She had not made
any trips abroad. She was on tramadol, acetaminophen, cel-
ecoxib, and omeprazole.

Current illness begins five months before the consulta-
tion, when a “lump" was noticed in the left axilla. The size of
the mass has remained constant throughout this time. She did
not have fever, constitutional syndrome, chills, headache, or
arthromyalgia.

Physical examination: Body mass index of 40, blood pres-
sure 129/94 mmHg, temperature 36.5°C and heart rate 70
beats per minute. She was in good condition. No jugular ingur-
gitation. Cardiopulmonary auscultation and abdomen explora-
tion were normal. A small and painless mass could be palpated

at the left axilla, apparently not attached to deep layers. No
other masses or enlarged lymph nodes were palpable at any
other location. There were multiple cat scratches on the upper
limbs (Figure 1). Examination of lower extremities was unre-
markable.
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Figure 2 | The CT scan was normal except for the

already known adenopathy in axilla.

In addition to the above-mentioned pathology data, the
patient had a normal chest X-ray and mammography.

DIFFERENTIAL DIAGNOSIS

In summary, we have a patient without any type of gen-
eral or infectious symptoms, with a family history of cancer
and a single lymphadenopathy located in the left axilla with a
pathological diagnosis that shows NGL. Regarding these data,
the working diagnosis in based in two aetiologies of her condi-
tion: infectious and non-infectious.

Among the non-infectious causes it can be found sar-
coidosis, a disease that can be paucisymptomatic and, al-
though in most cases there are enlarged hiliar lymph nodes,
they can also occur in extrapulmonary territories such as the
axilla. Others that should be taken into account would be hae-
matological malignancies (Hodgkin and Non-Hodgkin lym-
phoma), berylliosis and tumor metastases, which rarely cause
necrosis [1]. It should be noted that there was a necrotizing
component in the adenopathy, which would make it neces-
sary to include Kikuchi's disease, in which adenopathies are
the most frequent sign although they are usually cervical and
more typical in children and young people [2], and systemic lu-
pus erythematosus [3], but there were no other signs or symp-
toms leading to this diagnosis.

As for infectious causes, the differential diagnosis is
broader. We could further divide infectious entities in sup-
purative and non-suppurative causes. Among the former are
tularemia, cat scratch disease, Yersinia pestis and fungal in-
fections. Regarding the non-suppurative ones, the possibility
of tuberculosis, non-tuberculous mycobacteria, toxoplasmosis,
leprosy, syphilis, brucellosis and some types of fungi should
be considered. Some of these diseases are highly unlikely,
due to the almost complete lack of symptoms and location of
the lymph node. For instance, Y. pestis infection would affect
mesenteric lymph nodes, within a general picture of severe
disease; in Epstein-Barr Virus infection (EBV), enlarged lymph

nodes are usually bilateral, predominantly cervical, and do not
present granulomas [1].

To reach the diagnosis, the wounds on the arms and
hands were crucial, what it would entail the loss of the integ-
rity of the skin barrier. This finding reinforces the possibility
of the infectious cause, and it may be due bacteria of the skin
flora (bacterial adenitis due to S. aureus) or bacteria related to
an occupational context. Let us remember that these wounds
had been inflicted by cats, so the cat scratch disease, caused by
B. henselae should be evaluated first, without forgetting oth-
er zoonoses such as those transmitted by fleas or ticks (Lyme
disease, rickettsiosis, anaplasmosis, babesiosis or tularemia) [4].

PERFORMED TESTS AND CLINICAL EVOLUTION

In the OPD, it was requested a thoracoabdominal Com-
puterized Tomography (CT) to search for other regions lym-
phadenopathy and a complete analysis with biochemistry,
hemogram, peripheral blood morphology, proteinogram, im-
munoglobulins, inflammatory reactants, autoimmunity study
(rheumatoid factor, Anti-nuclear Antibodies and Extractable
Nuclear Antibody), Interferon-gamma release assays (IGRAs;
M. tuberculosis) and serologies of T. pallidum, EBV, T. gondii,
Cytomegalovirus, Hepatitis B and C Virus, Human Immunode-
ficiency Virus, C. burnetii, B. henselae and Rickettsia spp. The
CT scan (Image 2) was normal except for the already known
adenopathy in axilla. All blood studies were normal, including
inflammatory reactants, except for serologies, being Bartonel-
la spp. pathological, with results of: B. Henselae 1gG, 1/4096
(pathological> 1/256); IgM, 1/80 (indicative of recent infec-
tion> 1/20). B. quintana lgG 1/256, IgM 1/20 (indicative of re-
cent infection> 1/20), by indirect immunofluorescence. With
a diagnosis of cat scratch disease, outpatient treatment was
started with azithromycin 500 mg orally one day, followed by
250 mg orally daily for 4 more days. IgG titers for B. henselae
were reduced by half two months later. The patient is currently
asymptomatic.

DISCUSSION

To solve this case we started from a pathological diag-
nosis, but it was the anamnesis and examination that led us
to diagnosis. We acknowledge that the order of action should
have been inverse and that a PCR of B. henselae at the sample
would have made the diagnosis.

NGL can be produced by various diseases that have been
described above [1]. Granulomas are organized aggregates of
macrophages and other immune cells that arise as biological
structures in response to persistent (infectious or not) stimuli.
Although they are defensive complexes, they can also trans-
form into differentiated pathological structures. One of these
would be necrosis, produced by macrophages. For reasons not
entirely understood yet, some granulomas remain without ne-
crosis (those caused by beryllium, sarcoidosis or Crohn's dis-
ease), while others, especially those caused by tuberculosis
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and other infectious diseases (especially intracellular bacteria
and fungi) do undergo it [5]. In a Danish study, 121 patients
with lymphadenopathy with granulomatous inflammation in
the neck and head were analysed. The most frequent diagnoses
were sarcoidosis (26%), tuberculosis (22%), cat scratch disease
(6%), non-tuberculous mycobacteria (7%), tumors (2%) and
others (4%), with 33% of the patients without an established
diagnosis. In the case of tuberculosis, the granulomas were
normally necrotizing, being non-necrotizing in sarcoidosis
[6]. However, a German study found that cat scratch diseases
was present in 13.4% of the 454 patient with head and neck
lymphadenopathy analysed, being reticular abscessed granu-
loma the most frequent pathological finding [7]. Diagnosis in
the case of NGL can be challenging because the probability of
tuberculosis is remarkable and the detection of bacilli may not
be possible with conventional methods due to the low bacillary
load in certain extrapulmonary territories, being necessary oc-
casionally to confirm the diagnosis according to the response
to anti-tuberculosis treatment [8,9].

Cat scratch disease is an infectious disease caused by B.
henselae, a Gram-negative bacillus found in cats and fleas.
It can be transmitted to humans through bites or scratches.
The typical presentation is in children and usually presents
with soft, enlarged and sometimes suppurative adenopathy,
especially if there has been exposure to cats (mostly kittens,
as happened in our case). One or two weeks after the inocu-
lation wound, unilateral regional lymphadenopathies appear,
which can persist for months. Other symptoms present may be
malaise, arthromyalgia, anorexia, and low-grade fever. Visceral
involvement has also been described, mainly hepatospleno-
megaly with or without lymphadenopathy, as well as fever of
unknown origin in children and occasionally meningoenceph-
alitis, endocarditis and ocular involvement [10]. In immuno-
suppressed patients, B. henselae can cause bacillary angioma-
tosis, in which multisystem involvement can occur, especially
skin, bone, liver and spleen [11,12].

Regarding epidemiology in Spain, seroprevalence in cats
has been found in 29-78% of samples [13-15]. In humans,
some studies have shown differences in seroactivity against B.
henselae, especially considering the variable titers limit chosen
to stablish exposure or infection. We could found serological
evidence of B. henselae in 8.7-13.55% [16,17] of healthy peo-
ple, being higher in occupational jobs like veterinaries (37.1%)
[18].

Diagnosis is serological, because B. henselae is difficult to
culture. Titers less than 1:64 make the diagnosis unlikely; be-
tween 1:64 and 1: 256 imply possible infection; greater than
1:256 make it very likely. IgM positivity suggests recent infec-
tion. It is important to highlight, as it happened in our case,
that cross-reactivity frequently occurs in IgG titers between B.
henselae and B. quintana. PCR tests can help to achieve di-
agnosis [10], although in our case the clinical history and the
evaluation of the titers of both serologies were conclusive
since, although B. quintana can cause trench fever and a sim-
ilar clinical picture, is associated with the presence of lice and
poor hygienic sanitary conditions [19].

Regarding treatment, there have been discrepancies clas-
sically in the literature about the use of antibiotics because
in many cases cat scratch disease can be self-limited [10] al-
though clinical practice guidelines recommend treatment in
patients over 45 kg with 500 mg of azithromycin the first day
followed by 250 mg per day for 4 more days. Patients weigh-
ing less than 45 kg (paediatrics) the dose would be 10 mg/kg
the first day and 5 mg/kg the four following [20].

FINAL DIAGNOSIS

Cat scratch disease caused by B. henselae.
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Sir, reduction. Brain computed tomography (CT) was normal, and

Acute disseminated encephalomyelitis (ADEM) is an im-
mune-mediated disorder of the central nervous system (CNS)
affecting the white matter of brain and spinal cord [1,2]. Rap-
id onset encephalopathy associated with neurological deficits
preceded by a prodromal phase (fever, nausea, headache) is
the most common presentation. Neurologic features depend
on the location of lesions: pyramidal signs, hemiplegia, ataxia,
cranial nerve palsies, visual loss due to optic neuritis, seizures,
spinal cord involvement, aphasia, coma. Optic neuritis (ON)
represents a 7-23% of cases [1,3-6], so it is not the most com-
mon form of presentation. Lesions in ADEM are multiple and
asymmetric, affecting subcortical and central white matter
and cortical gray-white junction. Gray matter of thalami and
basal ganglia are also involved [1]. Diagnosis is made based on
clinical and radiological findings. Magnetic Resonance Imaging
(MRI) results can be classified in 4 types: a) Small lesions, b)
Large, tumefactive lesions ¢) Symmetric bithalamic affection,
d) Acute hemorrhagic encephalomyelitis. Spinal cord involve-
ment is reported to represent 11-28%, typically in the thoracic
region [1]. Differential diagnosis is challenging, and multiple
sclerosis should be considered [1,2]. Steroids, intravenous im-
munoglobulin and plasma exchange are the main used treat-
ments. Here we describe a case of ADEM with ophthalmologic
debut and discuss its main clinical aspects.

16-year-old female presented to our clinic complaining of
blurry vision and ocular pain that started a week ago concur-
ring with flu-like symptoms and fever. Ophthalmic examination
showed up right optic nerve edema (Figure 1), confirmed with
optic coherence tomography (Figure 2) that revealed thicken-
ing of retinal fiber nerve layer in the right eye. Right eye chro-
matic vision was altered and she had a concentric visual field
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cerebrospinal fluid analysis showed pleocytosis and increased
protein concentration. She received intravenous megadoses
of methylprednisolone, but after 24h she experienced worsen-
ing of her symptoms: pain, strength loss in her low extremities
and walking difficulties. Serology studies were negative, except
Mycoplasma pneumoniae IgM. Oligoclonal bands, anti-my-
elin oligodendrocyte glycoprotein antibodies (MOG-abs), an-
ti-aquaporin 4 antibodies, all tested negative. MRI neuroimaging
demonstrated thickening of right optic nerve, small supra and
infratentorial demyelinating lesions and large dorsal myelitis,
all of these suggested ADEM. We started plasmapheresis with
excellent response, showing improvement in optic disc swelling,
visual field defect and strength loss, although she needed phys-
ical rehabilitation. She followed treatment with low descendent
dose of oral steroids to avoid further relapses.

ADEM is usually seen in prepuberal patients preceded by
a viral infection or post vaccination [1,2], and less frequently
post-bacterial infection caused by Mycoplasma, Chlamydia,
Legionella, Campylobacter and Streptococcus [7], but main
causes are measles, rubella and chickenpox [8]. It is unclear
whether central nervous system affection is due to direct
Mycoplasma pneumoniae infection or antibodies produced
against this pathogen cross-react with myelin antigens [7]. Ex-
trapulmonary complications of this infection include enceph-
alitis, optic neuritis, psychosis, stroke, cranial nerve palsies,
aseptic meningitis and it can trigger immune mediated neu-
rological diseases such as ADEM, Guillain-Barré syndrome and
transverse myelitis [9,10]. Encephalitis is common in children,
and up to a 20% of patients do not have respiratory compro-
mise, as in our case [10]. Diagnosis can be made with PCR (gold
standard) or serology (IgM for Mycoplasma pneumoniae). It is
an important differential diagnosis in demyelinating diseases
in prepuberal patients. Antibiotic treatment in controversial, it
was not used in our case [8]. Visual prognosis in optic neuritis
due to ADEM is good when it is diagnosed early and treated
aggressively [3].
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Optic nerve images showing swelling of the right optic nerve (left image)
and absence of abnormalities in the left one (right image). B) Optical

coherence tomography (OCT) images confirmed optic disc swelling of the
right eye (left side of the image), there is a thickness augmentation of
retinal nerve fiber layer (RNFL) as shown above.

Pediatric ADEM belongs to a group of disorders character-
ized by acute or subacute onset of neurological deficits with
inflammatory demyelination of CNS. One of the clinical sub-
groups is ADEM-optic neuritis. Inflammatory optic neuritis is a
frequent cause of acute visual loss in young adults, although
visual prognosis is excellent in most cases, many patients de-
velop demyelinating lesions during its evolution. ON was de-
scribed as a form of relapsing course of the disease, with one
or more episodes of ON [5], but as a form of presentation,
preceding ADEM, it is infrequent [1,7]. Manifestations of optic
nerve inflammation include vision loss, pain with ocular move-
ments, dyschromatopsia, optic nerve swelling, relative pupil-

lary afferent defect and central visual field loss; it is usually
unilateral, although bilateral cases have been reported. ADEM-
ON has been classified as an entity within "MOG-spectrum dis-
order". MOG-abs positivity is common in children with optic
nerve affection, since MOG is a glycoprotein that is only pres-
ent in the CNS, it maintains myelin sheath integrity. Their pos-
itivity supports the diagnosis; these antibodies have also been
related to the risk of new events [5]. Particularities of our case
are that ON preceded ADEM, time between both events was
24h and MOG-abs resulted negative. This case has the aim to
contribute to a better description of presentation and epide-
miology of Mycoplasma pneumoniae as a trigger of demyeli-
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A) Normal CT brain scan. B) Brain MRI
showing features of acute disseminated
encephalomyelitis with small lesions.

C) Orbit MRI demonstrating unspecific
inflammatory changes in the right optic
nerve, congruent with optic neuritis. D)
Spine MRI suggestive of dorsal myelitis.

Figure 2

nating diseases, and remark the uncommon ophthalmological

debut of ADEM with optic neuritis.
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Estimado Editor:

Entre los muchos factores que interfieren en la fertilidad
se encuentran las infecciones del tracto genital, no sélo como
etiologia del factor tubdrico, sino también por su influencia en
el factor vaginal, cervical, uterino y peritoneal. Infecciones por
Neisseria gonorrhoeae, Chlamydia trachomatis, Treponema
pallidum y VIH son las mas relevantes en cuanto a esterilidad,
pero queda menos claro el rol que desempefan otros microor-
ganismos [1,2]. En las cervicitis se reduce la posibilidad de
concepcion espontanea [3] pero se considera al factor cervi-
cal una causa inusual de esterilidad y soslayan su importancia
mediante "inseminacion uterina” o "fecundacion in-vitro" (FIV)
También se ha demostrado una reduccion en la tasa de recién
nacido vivo mediante FIV en los casos con sangre en el catéter
de transferencia embrionaria por una cervicitis clinica inadver-
tida [4]. Streptococcus pneumoniae coloniza el tracto respi-
ratorio superior y de forma transitoria puede formar parte de
la microbiota comensal del tracto genital femenino, pudiendo
producir en raros casos infecciones cervicales y pélvicas, espe-
cialmente si existen factores predisponentes [5].

En este trabajo se presenta el caso de una pareja que con-
sulta por esterilidad primaria de dos afios de evolucion con
aislamiento de S. pneumoniae y que desaparece tras el trata-
miento con antibioticos.

Mujer de 31 afios sin antecedentes médicos de interés.
Niega habitos toxicos. Recientemente habia consultado por
sangrado intermenstrual y coitorragia de larga evolucion. Se
realizd colposcopia que ponia de manifiesto la presencia de
importante ectopia cervical con vascularizacion tipica. Se efec-
tuaron biopsias cervicales que informaban de denso infiltrado
inflamatorio sugerente de cervicitis, negativas para el virus del
papiloma humano. La paciente no realizo tratamiento alguno
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tras este diagnostico y se inicio estudio de esterilidad, eviden-
ciandose obstruccion tubarica unilateral derecha, con semino-
grama del varon normal, por lo que se indico FIV. Al realizar
transferencia se objetiva cérvix hiperémico y friable al roce, asi
como abundante leucorrea inespecifica. La embriotransferencia
transcurre sin incidencias resefiables y a los 14 dias se realiza
determinacion de B-hcG sérica con resultado negativo. Tras fi-
nalizar esta primera FIV se reevalua a la paciente, objetivando
persistencia de clinica cervical, por lo que se procede a estudios
microbiologicos de exudados vaginal y endocervical seguin pro-
tocolos [6]. Solo se encontrd que, tras 24 horas de incubacion
en CO2, crecieron abundantes colonias en cultivo puro en el
medio de agar sangre (Becton-Dickinson, Espafia) y agar cho-
colate (Becton-Dickinson) que se identificaron correctamente
mediante MALDI-TOF (Bruker Biotyper, Billerica, MA, USA), con
un score 2,103, como S. pneumoniae, sensible a optoquina (BD
BBL, Espafa) en disco. Los estudios de PCR para C. trachoma-
tis, N. gonorrhoeae, Mycoplasma spp., Ureaplasma spp. y vi-
rus del herpes simple (BD Max, Becton-Dickinson Diagnostics,
Sparks, MD, EE. UU.) fueron negativos. El estudio de sensibili-
dad antibiotica se realizd mediante E-test (EUCAST 2020) con
los siguientes valores de CMI (mg/L) interpretados como sen-
sibles para linezolid (1,5), moxifloxacino (0,125), meropenem
(0,04), penicilina (<0,016), cefotaxima (0,016), cotrimoxazol
(0,38), vancomicina (0,75), y eritromicina y clindamicina (0,25);
e intermedio para levofloxacino (0,5). Tras tratamiento con
clindamicina en évulos (100 mg/24h) durante 3 dias y poste-
riormente eritromicina oral 2 g/24 horas durante otros 3 dias,
con probidticos por criterio clinico, la paciente refiere mejoria
clinica, con desaparicion de la coitorragia y el sangrado inter-
menstrual. La exploracion manifesto ausencia de leucorrea y
sangrado, y disminucion de la eritroplasia. El estudio microbio-
l6gico repetido fue negativo. Se realizd un segundo ciclo de FIV.
Durante la transferencia embrionaria ni hubo sangrado ni difi-
cultad para el procedimiento. El resultado de la BheG a los 14
dias tras transferencia fue de 214 mUI/ml. A las 6 semanas de
gestacion se realizo ecografia transvaginal en la que se consta-
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esterilidad primaria

Infeccion/colonizacion del tracto genital femenino por Streptococcus pneumoniae en paciente con

ta la presencia de un embridn con actividad cardiaca positiva,
confirmandose transferencia embrionaria exitosa y gestacion
clinica evolutiva.

S. pneumoniae no forma parte de la microbiota vaginal
habitual y su aislamiento en exudados vaginal/cervical se da
en menos del 1% de las mujeres [5]. Sin embargo, S. pneumo-
niae puede acceder a la mucosa vaginal por contaminacion de
las manos o por practica sexual orogenital o via hematdgena,
como se ha descrito con otras especies [7]. Entre los factores
de riesgo para colonizacion del tracto genital se encuentran el
uso de dispositivos intrauterinos, periodo posparto o posaborto
o cirugia ginecologica reciente [8]. Ninguna de estas circuns-
tancias concurria en el caso expuesto. Consideramos que la
cervicitis provocada por este microorganismo podria estar con-
tribuyendo a un descenso en la fertilidad natural de la pareja,
asi como a un fracaso tras transferencia embrionaria. Se des-
conoce la patogenia de la obstruccion tubarica de la paciente,
que no reconocia haber padecido previamente ningun episodio
clinico compatible con enfermedad pélvica inflamatoria. Ade-
mas, desconocemos si estaba vacunada frente al neumococo,
aunque manifestod haber realizado correctamente la vacuna-
cion durante su etapa infantil. Sin embargo, dada la edad de la
paciente en el momento del estudio y al no estar incluida en
ningun grupo de riesgo, lo mas probable es que no estuviese
vacunada dado que esta vacuna se incluyo en calendario va-
cunal universal bastante mas tarde. Finalmente, no se han pu-
blicados episodios de aislamientos de neumococo en exudado
cervical de pacientes estériles, ni evidencias que lo justifiquen.

En conclusion, los estudios microbiologicos del aparato
genital deberian ser amplios, no limitdndose a poblaciones de
riesgo y empleando pruebas que permitan la deteccion de pa-
tdgenos estrictos y oportunistas, ya que de forma indirecta se
reduce el riesgo de infertilidad de origen infeccioso. Ademas,
permitiria también disminuir el uso de tratamiento empiricos
amplios y resolver situaciones clinicas complejas.
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Estimado Editor:

Kingella kingae es un cocobacilo gramnegativo, beta-he-
molitico, de crecimiento lento y cultivo exigente que pertenece
al grupo HACEK (Haemophilus, Aggregatibacter, Cardiobacte-
rium, Eikenellay Kingella). Forma parte de la microbiota orofa-
ringea, fundamentalmente en nifos y se transmite de persona
a persona por contacto directo [1-3].

En nifios o pacientes inmunocomprometidos, se asocia es-
pecialmente a artritis séptica y bacteriemias, que normalmen-
te cursan de forma benigna. La endocarditis infecciosa puede
observarse a cualquier edad afectando tanto a valvulas nativas
como protésicas [4].

Presentamos el caso de un paciente de 43 afios con Sin-
drome de Marfan e insuficiencia renal cronica en estadio 3A
debido a nefropatia por IgA, en tratamiento con inmunosu-
presores. En 2004 se interviene para la sustitucion de la aorta
ascendente y la valvula aortica (Cirugia de Bentall modificado)
y la reintervencion para correccion de pseudoaneurisma aor-
tico con mediastinitis. Es portador de marcapasos definitivo
por bloqueo post-quirurgico, que precisa recambio también en
2004 por endocarditis infecciosa con cultivo negativo, e im-
plante de dispositivo en lado contralateral.

Su hija de 18 meses asiste a guarderia.

En 2020 acude al hospital por fiebre persistente de mas de
39°C, nauseas y vomitos postpandriales de 24 horas de evolu-
cion. No refiere tos, expectoracion, diarrea ni sindrome miccio-
nal, apreciandose buen aspecto del bolsillo del marcapasos. Seis
semanas antes, se somete a recambio de pila del marcapasos.

La analitica sanguinea al ingreso presenta: 8,500 leuco-
citosful, proteina C reactiva 11,72 mg/dL y procalcitonina
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Figura 1 PET-TC donde se observa captacion
persistente en anillo valvular y
endoprotesis, indicativa de proceso

infeccioso compatible con endocarditis.

7,72 ng/mL. El diagnostico de sospecha de endocarditis se con-
firma con una ecocardiografia transesofdgica (ETE) que indica
insuficiencia aortica periprotésica leve posterior con imagen
movil en porcion auricular alta de 9 x 3 mm, sugestiva de vege-
tacion y electrodo de marcapasos normosituado, sin imagenes
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patoldgicas en valvulas nativas, protesis adrtica ni tubo de da-
cron. Tras la extraccion del primer par de hemocultivos, se inicia
antibioterapia empirica con daptomicina y ceftazidima.

Pasadas 24 horas, se extrae el sequndo par de hemoculti-
vos. Ambos pares se procesan mediante el sistema BacT/ALERT®
3D (Biomerieux®), resultando positivos en 17 y 15 horas, res-
pectivamente. En la tinciéon de Gram se observan cocobacilos
gramnegativos y en el subcultivo, el crecimiento de colonias
cremosas y brillantes en agar sangre y agar chocolate, que se
identifican como K. kingae por espectrometria de masas (MAL-
DI- TOF MS [Bruker®]).

La sensibilidad antimicrobiana se efectia mediante prueba
de epsilometria (E-test, Biomerieux®) en agar chocolate con sus-
pension 0,5 de McFarland resultando sensible (segun los criterios
del European Committee on Antimicrobial Susceptibility Testing
[EUCAST]) a ampicilina (CMI = 0,03 mg/L), cefotaxima (CMI =
0,064 mg/L), meropenem (CMI = 0,012 mg/L), ciprofloxacino
(CMI = 0,023 mg/L), levofloxacino (CMI = 0,032 mg/L), claritro-
micina (CMI = 0,75 mg/L), azitromicina (CMI = 0,25 mg/L), rifam-
picina (CMI = 0,38 mg/L) y tetraciclina (CMI = 0,125 mg/L).

Se confirma el diagndstico de endocarditis infecciosa so-
bre electrodo del marcapasos y tubo valvulado de protesis aor-
tica por K. kingae, ajustandose el tratamiento a ceftriaxona.

Tras tratamiento antimicrobiano dirigido, se consigue es-
tabilizacion clinica, analitica y negativizacion de posteriores
hemocultivos. A los doce dias se realiza una tomografia por
emision de positrones (PET), con resultados compatibles con
endocarditis infecciosa activa en vélvula adrtica, tubo de re-
cambio en aorta ascendente y captacion patoldgica en extremo
distal del cable de marcapasos, probablemente relacionado con
una vegetacion (Figura 1).

A los 18 dias del comienzo, la ETE sugiere vegetaciones de
9 x 3 mm en zona auricular alta y de 6 x 3 mm adheridas al
cable del marcapasos engrosado, cercano a valvula tricuspide.

A los 40 dias del ingreso, se realiza un sequndo PET, donde
se observa captacion persistente indicativa de proceso infec-
cioso en anillo valvular y endoprotesis.

Se presenta el caso en el Comité de Endocarditis, decidién-
dose no intervenir de entrada por el alto riesgo quirurgico del
paciente.

El tratamiento antibiotico se completa con ceftriaxona du-
rante 6 semanas.

Tras 8 meses de seguimiento estrecho, el paciente sigue
confirmando ausencia de fiebre o febricula, disnea u otra sinto-
matologia. En los 5 posteriores analisis seriados realizados hasta
la fecha, los hemocultivos fueron negativos y los reactantes de
fase aguda han permanecido dentro del rango de normalidad.
En las siguientes ecocardiografias transesofagicas, se observan
vegetaciones de menor tamano en el electrodo (maximo 7 mm)
sin afectacion protésica ni de otras valvulas. La persistencia de
estas vegetaciones en un paciente sin tratamiento antibiotico
supresor, con hemocultivos negativos y completamente asinto-
matico, puede sugerir que son vegetaciones estériles.

El caso descrito, es una entidad rara en adultos y presenta

una gran morbimortalidad [5,6]. EI crecimiento del microorga-
nismo exigente y la evolucion clinica subaguda, influye en el
debut habitual con grandes vegetaciones en valvulas, que nor-
malmente, suelen responder a tratamiento médico [7,8].
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Sir,

Extravasation is a potentially severe complication of treat-
ments by intravenous administration. Their consequences may
include tissue necrosis, compartment syndrome, infection, ul-
ceration, and partial or total loss of limb function [1, 2]. Infor-
mation about extravasation management is scarce and often
limited to case reports. Primarily, it was described remdesivir
as a vesicant drug due to formation of blisters, hemorrhage,
and localized edema when extravasated [3]. Recently three
cases of remdesivir extravasation were described, two of
them treated with hyaluronidase injections [4]. However
suitable early management of remdesivir extravasation re-
mains unknown. Here, a successful management case of rem-
desivir extravasation with only dry heat is first described.

A 68-year-old woman was admitted at hospital with sore
cough, dyspnoea and dysgeusia. Initially, she presented with
typical pulmonary infiltrates. However, on day 6 after admis-
sion, the patient's clinical status deteriorated rapidly and di-
agnosed with severe SARS-CoV-2 infection PCR positive. So,
dexamethasone and five days remdesivir treatment was initi-
ated. Initially, treatment was overall well tolerated. The fourth
course of remdesivir was given by peripheral intravenous in-
jection into the radial vein at the left wrist using an infusion
pump. Remdesivir 100 mg in 250 mL (concentration of 0.4 mg/
mL) was infused within 120 min (2.08 ml/min). Fifteen minutes
before completing remdesivir infusion, the patient complained
of moderate pain around the site of injection. It was suspect-
ed an extravasation. On clinical examination, the patient had
an approximately 4 x 6 cm swollen area without erythema
(see Figure 1A). General unspecific measures to treat extrava-
sations were taken immediately as per our protocol: infusion
was stopped and nurse aspired 5ml approximately, removed
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the needle, elevated the limb and called reference physician.
According to acidic nature of remdesivir, it was recommend-
ed warm applications (dry warm compresses) for 15 minutes,
every 8 hours, for 48 hours. Several medical controls were
scheduled, and after 2 days after implementing these meas-
ures, patient recovered without complications (figure 1B). After
ten days of follow-up, no sequel was observed, and patient was
happily discharged home.

As far as we concerned, this is the first reported case of
remdesivir extravasation with successful management in the
literature treated with only dry warm. As described recently,
hyaluronidase could be also an option after infiltration of acid-
ic drugs to disperse and dilute the infiltrated drug (specially
high amount of drugs) [1, 4]. However, local injections of hy-
aluronidase can cause side effects such as local pruritus and
allergic reactions [5].

Remdesivir has been authorized for emergency use in
patients with severe SARS-CoV-2 infection as it reduced the
median time to recovery from COVID-19 in a randomized con-
trolled trial [6]. After a systematic review of published literature
about remdesivir extravasations, no matched was obtained.
General guidelines of non-cytotoxic extravasations recommend
general measures as described before. Remdesivir was slightly
acid (pH=4.11). Acid exposure commonly leads to cellular des-
iccation, coagulative necrosis, and eschar formation. Edema,
vasoconstriction, sloughing, and ulceration are common mani-
festations of acid-induced tissue injury. Management of acidic
infiltrations remains supportive. Elevation, warm compresses,
and attempts to remove the extravasated material are common
nonpharmacologic treatment approaches [7].

The use of local warming therapy (dry heat) is based on
the theory that it enhances vasodilation, thus enhancing the
dispersion of the vesicant agent and decreasing drug accumu-
lation in the local tissue. The use of local warming is recom-
mended for the extravasation of non-DNA-binding vesicants.

The correct knowledge of remdesivir management, includ-
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Figure 1 ‘ Macroscopic aspect of the lesion the day 0 (A) and day +2 (B).

ing that of possible extravasations is essential since, despite
its controversial use, the drugs available for COVID-19 disease
are very limited. According to our case report, remdesivir ex-
travasation may be managed effectively with only dry heat
and general conservative measures.
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