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Abstract: SARS-CoV-2 pandemic had a general and deep impact on the clinical manage
ment of chronic diseases, including respiratory and allergic disorders. At the beginning of the 
pandemic, one of the main concerns was the potential impact of immunosuppressive/immu
nomodulatory drugs on COVID-19 clinical course. In this review, we aim to summarize and 
analyze the available clinical evidence from patients treated with anti-type 2 inflammation 
biologics (including anti-IgE, anti-IL-5 and anti-IL-4 agents), who developed COVID-19. 
Overall, the treatment with anti-Th2 biologics can be considered safe during COVID-19. It 
does not worsen the clinical course and outcome of COVID-19, and it may be actually 
protective somehow from developing severe forms. Moreover, patients treated with these 
biological agents do not seem to be more prone to get infected by SARS-CoV-2. 
Keywords: COVID-19, SARS-CoV-2, omalizumab, dupilumab, benralizumab, 
mepolizumab, reslizumab, asthma, chronic spontaneous urticaria, biologics

Introduction
SARS-CoV-2 pandemic had a general and deep impact on the clinical management 
of most chronic diseases in adults and children.1,2 Especially in the first phases of 
this pandemic, a great concern was the potential effect of concomitant immuno
suppressive/immunomodulatory therapies on the individual susceptibility, clinical 
course, and outcome of COVID-19.3

Rheumatic disorders immediately received a great attention to understand if the 
biological therapies could worsen the clinical course of COVID-19. In general, 
most international societies and experts recommended to continue the ongoing 
treatments in patients affected with rheumatic diseases under the appropriate med
ical supervision.4,5 A similar message was given for chronic and severe respiratory 
and allergic diseases needing a biological therapy.6–9 In the middle of the first wave 
of the pandemic (May 2020), a panel of international expert advised

to continue the administration of biological therapies during the COVID-19 pandemic 
in patients for whom such therapies are clearly indicated and have been effective 

since no risk of increased (viral) infections susceptibility emerged from the pre
vious clinical studies and considering the higher risk of asthma attacks (and 
increased need of steroidal drugs).10Correspondence: Dimitri Poddighe  
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Through this narrative review, after 1.5 years since the 
beginning of COVID-19 pandemic, we aim to summarize 
and analyze the available clinical evidence regarding the 
impact of the anti-type 2 inflammation biologics (includ
ing anti-IgE, anti-IL-5 and anti-IL-4 agents) on COVID-19 
susceptibility and clinical course. Here, we reported all the 
consecutive clinical reports and series (according to the 
date of publication online) accumulated in this field, and 
we described the main findings, in order to make some 
preliminary observations and initial considerations.

Omalizumab
Omalizumab is an anti-IgE humanized monoclonal anti
body, approved by the US Food and Drug Administration 
(FDA) and European Medicinal Agency (EMA) for 
patients with severe and difficult allergic asthma (starting 
from the age of 12 and 6 years, respectively), and for the 
therapy of chronic spontaneous urticaria (CSU) in patients 
whose symptoms cannot be appropriately controlled 
through the conventional drugs.11

The first description of an asthmatic patient on omali
zumab diagnosed with SARS-CoV-2 infection was pub
lished by Lommatzsch et al (online publication: 
June 2020): this 52-year-old man did not develop any 
pulmonary complications and did not show any significant 
differences in asthma control or biomarkers, as compared 
to his previous clinical course before the pandemic.12

In the same period (online publication: August 2020), 
Criado et al reported the likely positive impact of omali
zumab on COVID-19 clinical course of a patient who 
received it during this infection for the first time. Indeed, 
because of the aggravation of refractory CSU (despite 
a combined therapy including steroids), this 54-year-old 
female patient diagnosed with COVID-19 pneumonia, was 
treated with omalizumab: a prompt and complete resolu
tion of urticarial manifestations was achieved, which was 
also accompanied with a concomitant improvement of 
COVID-19 clinical course.13

Several authors suggested that omalizumab may confer 
some protection against severe forms of COVID-19 or 
even help to manage them.14–16 For instance, Baldallo 
et al (online publication: July 2020) described a mild 
form of COVID-19 despite a concomitant chronic renal 
disease requiring hemodialysis, in a patient affected with 
MPO-ANCA positive urticarial vasculitis and, thus, 
receiving omalizumab for this off-label medical 
indication.17

After these first case reports, a small case series pro
vided evidence in the same direction, namely that omali
zumab does not seem to have a negative impact on 
COVID-19. Ayhan et al (online publication: 
December 2020) described three CSU patients on omali
zumab infected with SARS-CoV-2, who fully recovered 
without any disruption of the biological therapeutic regi
men, even though 2 of them experienced lung involvement 
during the infection.18

Conversely, the analysis of COVID-19 patients 
included in the Dutch Severe Asthma Registry 
RAPSODI (Registry of Adult Patients with Severe asthma 
for Optimal Disease management) published by Eger et al 
(online publication: December 2020) actually raised some 
concerns. These authors collected all cases of COVID-19 
between March 1, 2020, and April 30, 2020, among 
patients who were treated with biologics. Nine of these 
634 severe asthma patients on biological treatment 
(1.42%) were diagnosed with COVID-19, and seven 
required hospitalizations. Among these, only two patients 
received omalizumab and both were hospitalized and 
required intensive care, but they recovered. However, 
among all those patients hospitalized for COVID-19, 
they were those showing the highest number of known 
risk factors for developing severe forms: both patients 
were affected with obesity, diabetes mellitus and cardio
vascular disease.19

Larger clinical studies investigating omalizumab in 
COVID-19 patients were published only recently. 
Passante et al (online publication: August 2021) described 
a mild clinical course of SARS-CoV-2 infection in seven 
adult CSU patients treated with omalizumab: no one had 
to stop the biological treatment and three of them were 
even completely asymptomatic.20

Shortly after, Muntean et al (online publication: 
September 2021) analyzed their case series of 218 adult 
patients affected with CSU: 149 patients had moderate-to- 
severe CSU, and 25 of them were treated with omalizu
mab. Among the 72 patients infected with SARS-CoV-2, 
10 (13,9%) were on treatment with omalizumab and all 
developed moderate-severe COVID-19. However, by re- 
analyzing the data provided by the authors, this 13.9% 
percentage of moderate-severe COVID-19 in patients trea
ted with omalizumab (who concomitantly also received 
fourfold dose increase of H1-antihistamines) was even 
lower than patients receiving only H1-antihistamines 
(n=26, 36%) at the standard dosage. Therefore, in this 
study, there is no evidence of increased COVID-19 
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severity in patients treated with omalizumab compared to 
patients receiving the conventional treatment only. 
Notably, the percentage of moderate-severe COVID-19 
was 9.8% (n=5) in completely untreated CSU patients.21

As regards omalizumab and asthma, Aksu et al (online 
publication: September 2021) reviewed their case series of 
adult severe patients using biological agents, which also 
included 62 patients treated with omalizumab. Among 
these, 9 patients were diagnosed with COVID-19 and, 
notably, no one showed a severe course.22

In the same month, Abduelmula et al (online publica
tion: September 2021) reported that among 184 patients 
(presumably all adults) on omalizumab for CSU or 
asthma, followed in several Canadian centers and included 
in the Patient Support Program, no COVID-19 cases were 
identified in the study period (February 1, 2020 – April 30, 
2021).23

Finally, Bostan et al (online publication: October 2021) 
described 233 adult patients (44.76 ± 14.16 years, range: 
18–80) affected with CSU, which were analyzed according 
to the type of treatment as well. In detail, they did not find 
any statistically significant difference between patients 
treated with omalizumab in addition to oral antihistamines 
and those receiving only oral antihistamines, in terms of 
SARS-CoV-2 RT-PCR positivity.24

Anti-IL-5 Biologics
This class of biologics includes three main molecules that 
are mainly indicated to treat severe eosinophilic asthma 
and chronic respiratory diseases: mepolizumab, reslizumab 
and benralizumab. Mepolizumab and Reslizumab 
are humanized monoclonal antibodies targeting human 
interleukin-5 (IL-5): they both block the binding of IL-5 
to the IL-5 receptor complex, which is mainly expressed 
on the eosinophil cell surface. Benralizumab antagonizes 
the IL-5 signaling by targeting the IL-5 alpha receptor: it is 
a humanized afucosylated monoclonal antibody that, 
through the binding to the IL-5 receptor on the cell sur
face, induces eosinophil apoptosis by antibody-dependent 
cell-mediated cytotoxicity (ADCC). As a final result, all 
these biologics lead to eosinophil depletion.10

Renner et al (online publication: June 2020) reported 
the first case of a patient on treatment with an anti-IL-5 
agent, who experienced a mild COVID-19 course. He was 
a 41-year-old asthmatic male treated with benralizumab.25 

Later, these authors (online publication: October 2020) 
also described a second patient affected with asthma and 
chronic rhinosinusitis with nasal polyps (CRSwNP), who 

was infected with SARS-CoV-2 during the treatment with 
benralizumab. Despite the older age (66 years), he did not 
develop any pulmonary complications, and did not require 
any increase in asthma medications.26

Heffler et al (online publication: August 2020) pub
lished the data collected from Severe Asthma Network in 
Italy (SANI) during the first wave of pandemic. Among 
the population of severe asthmatics (n = 1504), 65% 
(n=978) of them were treated with biologics (anti-IL5 
agents: 52.9%, n = 517 after extrapolation; omalizumab: 
47.1%, thus n=461, after extrapolation). In total, the 
authors reported 26 patients diagnosed with COVID-19 
at the time of the analysis, of whom 21 were on biological 
treatment. Based on this information provided by the 
authors, the COVID-19 diagnostic rate was 2.15% and 
0.95% in patients with and without biological therapy, 
respectively; however, this calculation (and the relative 
statistical analysis) was not clearly expressed by the 
authors. In detail, the authors reported the following bio
logical therapies in these 21 COVID-19 patients: omalizu
mab (n=6), mepolizumab (n=14), and benralizumab (n=1); 
which corresponds to a percentage of COVID-19 cases of 
1.3% and 2.9% for omalizumab and IL-5 antagonists, 
respectively, as emphasized by the authors themselves.27 

Apparently, one might observe that patients on omalizu
mab seems to be less affected with SARS-CoV-2 infection, 
but no statistical analysis was available in this article. The 
percentage of COVID-19 cases was 1.7% for the whole 
cohort of asthmatic patients and 2.15% for the patients 
treated with biologics, overall. However, this difference 
may be related to the biological treatment itself or to 
a greater attention for these patients in terms of molecular 
testing, compared to those patients treated with conven
tional therapy. Finally, among the 26 COVID-19 patients, 
two fatal outcomes were observed, one in the group of 
patients on biological therapy (and, in detail, mepolizu
mab) and one in the group of patients treated without 
biologics. In this regard, no definitive conclusion can be 
made at all, of course. However, as emphasized by the 
authors, the COVID-19 fatality rate in this cohort patients 
on biological therapy resulted to be 7.7%, which was 
lower than that in the general population (14.5% in Italy 
at the time of the study), which may suggest that the 
mortality should not be increased by these biologics.27

COVID-19 patients on treatment with anti-IL-5 agents 
were also described in the study by Eger et al (online 
publication: December 2020), which was analyzed in the 
previous section. Actually, among those nine severe 
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asthma patients treated with biologics and diagnosed with 
COVID-19 (which were 1.42% of the entire cohort), six 
patients received an anti-IL-5 biologic (mepolizumab, 
n=3; reslizumab, n=1; benralizumab, n=2). All of them 
except one needed to be hospitalized for oxygen therapy 
and one (mepolizumab) unfortunately died.19

After these relatively larger experiences, some addi
tional case reports were published. Kroes et al (online 
publication: April 2021) described another asthmatic 
patient (64-year-old woman) on treatment with benrali
zumab and SARS-CoV-2 infected. This patient experi
enced a rapid deterioration of the respiratory function 
after the COVID-19 diagnosis and was admitted to the 
intensive care unit (ICU). The treatment with benralizu
mab was maintained during the ICU stay; however, this 
patient had a severe clinical course anyway, since tra
cheotomy was needed at day-31 from ICU admission, in 
order to facilitate the weaning off the mechanical venti
lation. The therapy with benralizumab resulted to be 
well tolerated by this patient who was on mechanical 
ventilation, but it does not seem to have significantly 
and/or positively impacted on the COVID-19 clinical 
course.28

To conclude, some additional and interesting experi
ences with benralizumab in the clinical context of drug 
rash with eosinophilia and systemic symptoms (DRESS) 
deserve to be mentioned. Schmid-Grendelmeier et al 
(online publication: October 2020) reported the use of 
benralizumab in 2 non-asthmatic patients (a 54-year-old 
woman and a 58-year-old man) who developed DRESS 
during severe COVID-19, which required the admission to 
the ICU for acute respiratory distress syndrome. Because 
of worsening eosinophilia and deterioration of organs 
function, the treatment with benralizumab was 
implemented.29 Eosinophilia can develop during COVID- 
19 clinical course and, notably, it may be associated to 
some biological therapies, such as IL-6 antagonists;30 

however, the use of tocilizumab was not reported in 
these clinical cases. Both patients showed improvement 
of DRESS manifestations in the 2 weeks following this 
biological treatment; however, only one patient was 
reported to be alive 28 days after the administration of 
benralizumab, whereas the other patient died because of 
disseminated intravascular coagulation secondary to 
COVID-19 at day-17 from the biological treatment. No 
specific and precise information is provided about the 
course of COVID-19 in each patient; however, as said, 

one died because of this infection, despite the therapy with 
benralizumab.29

Another similar case of COVID-19-related DRESS 
was reported by Mesli et al (online publication: 
July 2021). This complication occurred 38 days after 
admission to the ICU for severe acute respiratory syn
drome. Despite the conventional treatment for DRESS, 
the patient developed hemophagocytic lymphohistiocyto
sis and the decision to start benralizumab was made. 
A rapid decrease of eosinophilia within 2 days and the 
resolution of hemophagocytic lymphohistiocytosis was 
observed, in addition to the rapid improvement of both 
organ dysfunction and skin lesions. The final outcome was 
positive: he withdrew dialysis and was discharged from 
the ICU 4 weeks after benralizumab treatment.31

Dupilumab
Dupilumab is a recombinant monoclonal antibody directed 
against the alpha-chain of the IL-4 receptor (IL-4Ra), 
which is shared with IL-13 receptor as well; therefore, 
this drug is able to inhibit the signaling of both these 
interleukins. This therapy is associated with reduced levels 
of several Th2 chemokines, total IgE and allergen-specific 
IgE.32

A mild clinical course of COVID-19 in a 53-year-old 
patient treated with dupilumab (because of CRSwNP) was 
first reported by Forster-Ruhrmann et al (online publica
tion: May 2020) at the beginning of the pandemic.33

Ferrucci et al (online publication: June 2020) reported 
two adult patients (40-year-old man and 56-year-old 
woman) affected with severe atopic dermatitis (AD) 
since childhood and, therefore, treated with dupilumab. 
These patients continued this therapy even when they 
were diagnosed with COVID-19, whose clinical course 
was mild. Both patients had a close contact who was 
diagnosed with COVID-19 as well: notably, these contacts 
both died because of the complications of interstitial pneu
monia, unlike these patients treated with dupilumab.34

Eventually, Caroppo et al (online publication: June 2020) 
reported an elderly patient (72-year-old man) on treatment 
with dupilumab for severe AD, who was detected as SARS- 
CoV-2 positive during a screening campaign. Despite 
a prolonged positivity of the nasopharyngeal swab for 
SARS-CoV-2 for around 9 weeks, this patient did not develop 
COVID-19-related manifestations throughout all this period, 
in addition to being free of AD manifestations.35 Interestingly, 
a long persistence (9 weeks after the onset of symptoms) of the 
virus in the naso-pharyngeal swab, was also described by 
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Bhalla et al (online publication: August 2020) in a 23-year-old 
female patient treated with dupilumab for asthma.36

Rossi et al (online publication: June 2020) also 
reported 2 patients diagnosed in March 2020 with 
COVID-19 based on a telephone survey including 71 
adult patients treated with dupilumab for AD. Both 
patients recovered without any sequelae, even if one 
required non-invasive ventilation during the acute phase; 
however, this latter patient was a 53-year-old woman with 
multiple comorbidities, including asthma, hypertension, 
severe obesity, and depressive syndrome.37

As reported by Ordonez et al (online publication: 
September 2020), the first case of COVID-19 in a patient 
treated with dupilumab in Latin America dates back to 
May 2020. A 22-year-old male patient was diagnosed 
with asymptomatic SARS-CoV-2 infection.38 Later, the 
same authors described another COVID-19 case in 
a young adult (27 years old) patient on dupilumab, who 
was also HIV-positive. Like in the previous publication, 
these authors did not provide a detailed clinical descrip
tion, but his clinical course was reported to be mild and 
without need of hospitalization.39

Similarly, Tanabe et al (online publication: 
November 2020) first reported a 57-year-old asthmatic 
man on dupilumab from Japan, who was diagnosed with 
SARS-CoV-2 infection because of a close contact. Even if 
at the diagnosis he was asymptomatic, later he developed 
pneumonia from which he recovered at the end; notably, 
like some of the previous reports, the virus was detected 
for at least 4 weeks from the diagnosis.40

As regards larger studies, one COVID-19 patient on 
dupilumab was also present in the study by Eger et al 
(online publication: December 2020), which was described 
in the previous sections. This asthmatic patient did not 
require hospitalization at all.19

However, Chiricozzi et al (online publication: 
March 2021) reported the first cases series of COVID-19 
patients receiving dupilumab. Among the 1831 adult 
patients affected with moderate-severe AD, who were 
included in the Italian multicentric DA-COVID registry, 
85% were treated with dupilumab, which was prescribed 
as monotherapy in most cases. In the whole cohort, 16 
COVID-19 cases were observed and 15 were receiving 
dupilumab. During the infection, eight continued dupilu
mab and seven discontinued it. No COVID-19 related 
complications were observed in patients who continued 
dupilumab, whereas there is no information about the 
clinical course in the other seven patients. In general, no 

detailed description of the dynamics of the COVID-19 
clinical episode is present in this article, unfortunately.41

Dupilumab can be also used in adolescents with mod
erate-severe AD. Stingeni et al (online publication: 
June 2021) described a 16-week real-life experience with 
dupilumab started from January to October 2020 in 19 
adolescents (range 13–17 years). No greater susceptibility 
to SARS-CoV-2 infection was noticed: indeed, only one 
case was detected, whose clinical course was without any 
symptoms.42 Later (online publication: July 2021), this 
same Italian group described 9 adolescents undergoing 
32-week dupilumab treatment during the pandemic. 
Again, only one case of COVID-19 at week-10 was men
tioned, and this is supposed to be the same reported in the 
previous article.43

Finally, a mild course has been recently observed in 
three COVID-19 cases from Poland reported by Ceryn 
et al (online publication: August 2021) among their 
young adults affected with AD and treated with dupilu
mab. All these three patients were young (27, 19 and 17 
years old).44

Impact of Anti-Th2 Therapy on 
COVID-19: Potential Mechanisms
Based on the previous discussion, the anti-Th2 inflamma
tion therapies may be able to provide some beneficial 
effects in treated patients developing COVID-19, as sche
matically summarized in Table 1. Further research and, in 
detail, controlled clinical studies are required to confirm 
this initial evidence, which is basically supported by case 
reports and series only. However, we may briefly discuss 
some potential and general mechanisms by which these 
biologics could positively affect the clinical response to 
SARS-CoV-2 infection in patients receiving them for aller
gic and/or respiratory disorders.

First of all, the primary defense against respiratory 
viruses relies on the activation of the innate immunity 
through the production of type I interferons, which can 
limit the viral spread. Notably, plasmacytoid dendritic 
cells (pDCs) are the primary blood source of IFN-α/ 
β.45,46 A reduction in the production of these cytokines 
by pDCs has been observed in atopic patients, and this 
impairment resulted to correlate with serum IgE levels in 
one study. This finding suggested that pDCs antiviral 
responses may be suppressed in atopic patients, and this 
may represent one of the mechanisms by which atopy is 
supposed to increase the susceptibility to respiratory viral 
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infections.47 Therefore, omalizumab treatment could 
improve type I IFNs responses to respiratory viruses, 
which may also occur during COVID-19. This effect has 
been supported by a pediatric study describing improved 
IFNs responses after a short-term treatment with omalizu
mab in patients affected with severe asthma.48

In general, anti-Th2 inflammation therapies may favor 
viral infections control by reducing this type of immuno
logical polarization and, thus, indirectly promoting the 
switch toward other T-helper populations and, in detail, 
Th1 lymphocytes, which can better fight against viruses. 
Indeed, the classical Th1 response could be defective dur
ing acute phase of COVID-19.49 Severe COVID-19 is 
characterized by systemic and uncontrolled inflammation, 
which follows an initial increment of all cytokines, and 
seems to be associated to a decrease of Th1 response, 
overall. Moreover, severe COVID-19 patients also showed 
a marked Th2 immune response in the context of the 
associated cytokine storm: an increase of IL-5, IL-13, 
eotaxin-2, IgE, and eosinophils was observed in these 
patients, which also correlated with the severity of the 
clinical course.50,51 Even IL-4 (which is the main driver 
of the Th2 lymphocyte polarization)52,53 was reported to 
be elevated in severe COVID-19 patients admitted to the 
intensive care unit.54 Therefore, it is plausible that the 
interference with IL-5 and IL-4(/IL-13) signaling given 
by mepolizumab/reslizumab/benralizumab and dupilumab, 
respectively, may somehow and indirectly favor Th1 
responses and, thus, the viral clearance by the adaptive 
immune system.

As mentioned above, one of the main aspects of 
COVID-19 severe forms is a systemic and uncontrolled 
inflammation leading to multi-organ dysfunction. IgE 
might also play some immunomodulatory role in this con
text. During respiratory viral infections, the production of 

specific IgE against different viruses has been reported, 
and IgE may contribute in the immune response to these 
infections at later stages, maybe by activating mast cells 
and basophils and/or by modulating the production of pro- 
inflammatory cytokines, such as TNF-α and IL-6.53,55,56 

Anti-IgE therapy may be effective in this regard, consider
ing the effect on mast cells and basophils production and 
activation.57,58 Actually, eosinophils may also have 
a direct role in COVID-19-related inflammation.59 

Indeed, during the first phases of respiratory infections, 
an active migration of circulating eosinophils from the 
peripheral blood to target tissues can occur, and eosino
phils are known to perform some antiviral functions.60,61 

However, eosinophils could complicate COVID-19 immu
nopathology at a later stage. In a recent post-mortem series 
of COVID-19 patients, eosinophils were found in the 
alveolar septs,62 and several case reports of COVID-19 
patients undergoing bronchoalveolar lavage and/or lung 
biopsy showed significant eosinophilic infiltrates in 
lungs.63,64 Taken together, all these observations may pro
vide an additional hypothesis explaining why the use of 
both omalizumab and anti-Th2 cytokines therapies could 
further improve the clinical course of COVID-19.

As a very final remark, considering the mass vaccina
tion campaign for COVID-19 all over the world, it may be 
worth just mentioning two short clinical reports describing 
patients who received clinical benefit from omalizumab 
(two patients) and mepolizumab (one patient) to prevent 
anaphylactoid reactions and control of severe asthma 
exacerbations following mRNA COVID-19 vaccine, 
respectively.65,66

Conclusion
Overall, the treatment with anti-Th2 biologics can be 
considered safe during COVID-19. It does not worsen 

Table 1 Case Reports or Original Articles Providing Information on COVID-19 Outcome in Patients Treated with Anti-Th2 Biologics

Biologics Articles (N) COVID-19 Patients (N) Moderate–Severe COVID-19 (N) Fatal Outcome (N)

Omalizumab 8 34 10 0

Mepolizumab 2 17 6 2

Benralizumab 5* 6 3 0

Reslizumab 1 1 1 0

Dupilumab 11 21 2 0

Notes: *The cases (and related articles) where benralizumab was started to treat DRESS have not been included, even though these experiences were reported in the 
discussion.
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the clinical outcome of COVID-19 and it may be even 
protective somehow from severe forms. Moreover, 
patients treated with these biological agents are not 
likely to be more prone to be infected by SARS-CoV- 
2. According to our case-based review, the only two 
COVID-19-related deaths were observed in patients 
treated with mepolizumab, as showed in Table 1. 
Indeed, the proportion of patients with moderate to 
severe forms of COVID-19 resulted to be greater in 
patients treated with anti-IL-5 agents, compared to the 
other classes. Notably, dupilumab was characterized by 
a very low rate of clinically significant forms of 
COVID-19. As regards omalizumab, the concomitant 
treatment with antihistamine drugs (especially if higher 
than the standard dose) should be kept in consideration 
for the correct interpretation of the related numbers. Of 
course, controlled studies are needed to make final con
clusions on the safety and even benefit that these biolo
gical agents may provide to the clinical course of 
COVID-19 in specific clinical settings.
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