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Abstract: Respiratory Syncytial Virus (RSV) is a leading cause of morbidity and hospitalization in
all infants. Many RSV vaccines and monoclonal antibodies (mAb) are currently under development
to protect all infants, but to date preventive options are available only for preterms. In this study,
we assessed the knowledge, attitudes, and practices towards RSV and the preventive use of mAb
in a sample of Italian Pediatricians. An internet survey was administered through an internet
discussion group, with a response rate of 4.4% over the potential respondents (No. 389 out of 8842,
mean age 40.1 £ 9.1 years). The association of individual factors, knowledge, and risk perception
status with the attitude towards mAb was initially inquired by means of a chi squared test, and all
variables associated with mAb with p < 0.05 were included in a multivariable model calculating
correspondent adjusted Odds Ratio (aOR) with 95% confidence intervals (95%CI). Of the participants,
41.9% had managed RSV cases in the previous 5 years, 34.4% had diagnosed RSV cases, and 32.6%
required a subsequent hospitalization. However, only 14.4% had previously required mAb as
immunoprophylaxis for RSV. Knowledge status was substantially inappropriate (actual estimate
54.0% =+ 14.2, potential range 0-100), while the majority of participants acknowledged RSV as a
substantial health threat for all infants (84.8%). In multivariable analysis, all these factors were
characterized as positive effectors for having prescribed mAb (aOR 6.560, 95%CI 2.904-14.822 for
higher knowledge score; aOR 6.579, 95%CI 2.919-14.827 for having a hospital background, and a
OR 13.440, 95%CI 3.989; 45.287 for living in Italian Major Islands). In other words, reporting less
knowledge gaps, having worked in settings with a higher risk of interaction with more severe cases,
and being from Italian Major Islands, were identified as positive effectors for a higher reliance on mAb.
However, the significant extent of knowledge gaps highlights the importance of appropriate medical
education on RSV, its potential health consequences, and the investigational preventive interventions.

Keywords: RSV; RSV all infants; RSV epidemiology; RSV pediatric burden; RSV prevention; RSV
vaccines; monoclonal antibodies; respiratory syncytial virus

1. Introduction

Human Respiratory Syncytial Virus (RSV) is a common and contagious pathogen
that belongs to the genus orthopneumovirus (family Pneumoviridae) [1-3]. Globally, RSV
represents a leading cause of lower respiratory tract infections (LRTI) in infants aged
2 years or less [1-3], most of them being otherwise healthy children [4,5], with a well-
defined seasonal trend [2,6]. Even though a limited share of the infected infants eventually
develop severe features (i.e., bronchiolitis and pneumonia), RSV infections are usually
characterized by high hospitalization rates [7-10]. Albeit often acknowledged as nothing
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more than a pediatric pathogen [2,6,11-15], RSV also causes severe clinical features in older
individuals, particularly in adults 65 years and older, as well as among adults with chronic
heart or lung diseases, and/or a weakened immune system, representing a main cause of
morbidity and mortality, particularly among institutionalized subjects [16,17].

Despite intensive research efforts, the appropriate management of RSV illnesses in
all infants remains quite complicated [18]. On the one hand, no etiological therapy has
been made available [15,19]. On the other hand [20], more than 60 years of intensive
research has failed in providing safe and effective vaccines [20] that still remain com-
mercially unavailable [2,11,16,21,22]. For nearly two decades, the only preventive option
available has been therefore based on the passive immunization through the humanized
monoclonal antibody (mAb) palivizumab (SYNAGIS®; USA approval 1998, EU approval
1999) [4,23-27]. Palivizumab specifically targets the domain A in the fusion (F) protein
of RSV, inhibiting the viral attachment and the initial stages of infection [23]. The drug is
delivered through monthly injections of a weight-dependent dose (i.e., 15 mg/kg) during
the months characterized by a high circulation of the pathogen (“RSV season”), in up to five
consecutive doses [4,5,24-26,28]. Despite its proven efficacy, this is a relatively expensive
medication, as the cost for a 100-mg vial usually ranges from 904$ to 1866%$ [4,5,24-26,28].
Moreover, guideline indications have become increasingly restrictive, and a palivizumab
license is currently limited to some high-risk groups [10,16,27,29-31], including: (a) infants
born at < 35 weeks of Gestational Age (WGA); (b) children < 2 years of age affected by
chronic lung disease of prematurity (CLD); and (c) children < 2 years of age affected by
hemodynamically significant congenital heart disease (CHD) [32-34]. Nevertheless, not
only have recommendations changed over the years, but stronger limitations have been
issued depending on countries’ public health policies [25,26,28]. More recently, an extended
half-life recombinant mADb, i.e., nirsevimab (MEDI8897; commercial name: Beyfortus®), has
been shown as quite effective in reducing the risk for medically attended RSV infections
(i-e., 74.5%; 95% Confidence Interval [95%CI] 49.6 to 87.1) [35], and hospitalizations (i.e.,
78%) [36], being approved in the EU for the prevention of RSV-associated LRTI in newborns
and infants from birth during their first RSV season [35-37]. Similarly to palivizumab,
nirsevimab targets the F-protein [35-39] on a quite different domain (i.e., domain o vs. A),
and exhibiting a significantly higher activity (>50-fold) [5,11,38,39]. Because of its extended
half-life, the recommended dose of nirsevimab is a single intramuscular injection of 50 mg
for infants with body weight <5 kg, and a single intramuscular injection of 100 mg for
infants with body weight >5 kg [5,11,38,40].

During the early stages of the ongoing SARS-CoV-2 pandemic, the extensive imple-
mentation of lockdown and physical distancing (collectively: non-pharmacological inter-
ventions or NPI) have shown a substantial and somehow unexpected efficacy in limiting the
circulation of all respiratory pathogens, including RSV [41-46]. [41-45] Nevertheless, the
lifting or even the removal of NPI during the second half of 2020 has been coupled with the
rapid resurgence of RSV infections, followed by an unprecedented peak of new infections
and hospital admission rates during the RSV season 20202021 [47-49]. As a consequence,
RSV resurgence has led to an unprecedented workload for all pediatricians, and particularly
for those involved in the hospital management of RSV-related LRTI cases [42,49,50]. Still,
little is known about their actual understanding of the prophylactic options guaranteed
by mAb [35-38]. Moreover, while previous studies have specifically inquired medical
and alleged professionals about RSV infection and tentative vaccines [51-53], their actual
experiences with mAb in the prevention of RSV largely remains unascertained. As the
physicians’ knowledge, attitudes, and practices (collectively, KAP) are critical in modelling
the acceptance of any intervention [54], we specifically inquired a sample of Italian pedia-
tricians on their understanding of RSV disease, their practices regarding the management
of RSV disease, and their previous use of mAb as prophylactic options.
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2. Materials and Methods
2.1. Study Design

As a follow-up of a previous cross-sectional study [51], we designed a questionnaire-
based survey according to the STROBE guidelines (Strengthening the reporting of observa-
tional studies in epidemiology; see STROBE checklist as Supplementary Material S1) [55].
The present survey was shared as a web-based questionnaire between 7 April 2022 and 22
April 2022. It involved Italian medical professionals participating in three closed Facebook
discussion groups belonging to the Facebook Community “Memedical”, a mutual help
community for Italian medical professional that was founded during the SARS-CoV-2
pandemic [56]. In total, by 7 April 2022, the groups had a total of 8842 unique members,
encompassing medical professionals from various specialties and subspecialties, as well as
medical settings (primary care, hospitals, etc.). In order to be admitted within the group,
all professionals must share with the discussion group leaders their registration number to
the competent local medical board, allowing the moderators to check their professional
status through the specifically designed web-based App of the Italian Federation of Medical
Boards (FNOMCEQ; https:/ /portale.fnomceo.it/cerca-prof/ (accessed on 24 September
2022)).

Before the inception of the survey, a preventive authorization for posting the study
invitation within the group was requested by the chief researcher (MR). The invitation post
included a summary of the aims of the survey and a direct link to the questionnaire (Google
Forms; Google LLC; Menlo Park, CA, USA). By accessing the first page of the questionnaire,
the participant received the full informed consent, outlining the purpose, the risks, and
the potential benefits of the study (Supplementary Material S2). No personal data such
as name, IP address, or email address were requested, saved or tracked. No monetary or
other compensations were offered to the participants.

2.2. Inclusion Criteria

Participation was offered to all of the participants from the discussion group, but
only respondents expressly opting for participation were allowed to further proceed to the
survey. To be included in the sample, the respondents were supposed to be (1) qualified
medical professionals working in pediatric settings and (2) living and working in Italy by
the time of the survey. Inclusion criteria were assessed by a dichotomous question (yes vs.
no) that was self-reported and not externally validated. If the participant did not fulfill
the aforementioned inclusion criteria, the questionnaire closed down without any further
question.

2.3. Sample Size

As no KAP studies on the use of mAb in RSV cases have been previously performed
on Italian pediatricians, minimum sample size (N) was calculated by cautiously assuming:
an expected prevalence of 0.5 for having previously cared for RSV cases, a Type I error of
5% (0.05), and a power of 95%. As a consequence, the sample size was estimated as follows:

N =1.96 x 0.5 x (1 — 0.5)/0.05% = 3.8416 x 0.8 x 0.2/0.0025 = 384

2.4. Questionnaire

The questionnaire was validated in a preliminary study on the acceptance of a tentative
RSV vaccine, and its characteristics have been published elsewhere [51]. Briefly, it was
formulated through an extensive review of the available literature on RSV [1,2,10-12,57-64],
and included the following sections (Supplementary Table S1):

1. Characteristics of the participants: age, sex, seniority, Italian region where the profes-
sional mainly worked and lived.

2. General Knowledge Test. A series of 25 statements were shown to the study partici-
pants (i.e., 19 true-false; 6 multiple-choice). A cumulative score (General Knowledge
Score; GKS) was calculated by adding +1 for every correct answer, with a potential
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range 0 to 25. A similarly designed knowledge test was previously applied for KAP
studies in healthcare settings and effectively adapted to a broad array of medical
settings [54,65-68].

3. Risk perception. According to the original definition of Yates, the perceived risk may
be acknowledged as the function of the perceived probability of an event (F) and its
expected consequences (C) [69]. Participants were therefore asked to rate the per-
ceived severity (C) and the perceived frequency (F) of RSV infections through a fully
labeled 5-points Likert scale (range: from “not significant”, 1, to “very significant”,
5). Distinctive estimates were calculated for infants (age 0 to 8 years), adults (age
18 to 64 years), and elderly (age 65 and more). Three Risk Perception Scores (RPS)
were therefore calculated as the mathematical product of C and F (i.e., RPS=C x E,
potential range 1 to 25).

4. Attitudes towards mAb. Participants were initially asked to self-rate their attitude
towards RSV mAb as a prophylactic option. Respondents were then asked whether
they acknowledged mADb as a valuable option for preventing RSV natural infection,
and for avoiding severe infections including LRTI. All of the aforementioned items
were rated through a 5-points fully labeled Likert scale that ranged from “totally
disagree” (1) to “totally agree” (5). Attitudes were then dichotomized in “somewhat
agreeing” (i.e., agree to totally agree) vs. “somewhat disagreeing” (i.e., totally disagree
to neutral).

5. Practices. Participants were eventually asked about their interactions with RSV in
the previous 5 years, and more precisely if they: (a) managed any RSV case in their
daily practice; (b) diagnosed at least one case of RSV infection; (c) required any
hospitalization for LRTI cases associated with RSV cases infections; or (d) required
any shot of mAb for RSV immunoprophylaxis. All the aforementioned iterations were
assessed as dichotomous items (i.e., ever vs. never).

All aforementioned items were self-reported, and not externally validated. The Au-
thors’ translation is available as Supplementary Table S1.

2.5. Ethical Considerations

Through the informed consent, participants were preventively briefed about the aims
and design of this survey, and only individuals acknowledging their agreement participated
in the study. Retrieved data were handled anonymously and confidentially by means of
the anonymous, observational design. As participants cannot be individually identified
through the presented material and retrieved demographic data, and the present survey
did not include clinical data about participants, the present study reasonably caused no
harm or stigma to the participants, and a preliminary evaluation by an Ethical Committee
was not forcibly required according to the Italian law (Italian Official Journal. 76, dated 31
March 2008).

2.6. Data Analysis

First of all, sum scores (i.e., GSK, RPS for infants, adults, and elderly) were normalized
to percent values, and then dichotomized in “high” vs. “low” estimates by correspondent
median values. Descriptive analysis was then performed by reporting categorical vari-
ables as percent values, while continuous variables were reported as average + standard
deviation (SD).

Univariate analysis of continuous variables required the preventive assessment of
their distribution through the D’Agostino and Pearson omnibus normality test. A p value
equals to 0.10 was assumed as cut-off value for Gaussian (“normal”) vs. non-Gaussian
(i.e., “non-normal”) distribution. Continuous variables scoring a D’ Agostino and Pearson
p value > 0.10 were compared using the Student’s t test or ANOVA, and their correlation
was assessed by means of Pearson’s correlation coefficient. Conversely, variables not
passing the normality test (p < 0.10) were analyzed by means of non-parametric tests (i.e.,
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Mann-Whitney or Kruskal-Wallis test for multiple independent samples; and Spearman’s
rank correlation coefficient).

Distribution of categorical variables was initially analyzed through chi-squared test
in respect of previous interaction with RSV cases (any vs. never). Further analyses were
performed only on cases that had previously managed any RSV, by focusing on their
previous use of mAb (i.e., ever vs. never). Internal consistency of the knowledge test also
estimated through calculation of Cronbach’s alpha, a statistic calculated from the pairwise
correlations between items. In general, a score > 0.7 is considered acceptable.

All categorical variables that at univariate analysis were associated with the afore-
mentioned statuses with a p value < 0.10 were included as explanatory variables in two
distinctive stepwise binary logistic regression analysis models: (a) model 1: outcome
variable, represented by having previously managed any RSV case; (b) model 2: having
previously employed RSV mAbD as preventive therapy.

Corresponding multivariable adjusted odds ratios (aOR), and their respective 95%
confidence intervals (95%CI) were calculated accordingly. All statistical analyses were
performed by means of IBM SPSS Statistics 26.0 for Macintosh (IBM Corp. Armonk, NY,
USA), while plots were calculated in R (version 4.0.3) [70], and RStudio (version 1.4.1717;
RStudio, PBC; Boston, MA, USA) software (packages ggpubr and ggplot2).

3. Results
3.1. Descriptive Analysis: General Characteristics of the Sample

From a potentially eligible population of 8842 medical professionals, a total of 443 pe-
diatricians (5.0% of the potentially eligible population) signed the informed agreement
granting their participation into this study (Figure 1). Of them, 389 (87.8% of all respon-
dents, and 4.4% of the original population) reportedly worked as pediatricians either in
hospital settings or not, fulfilling inclusion criteria. Of them, 163 (41.9%) had cared for RSV
cases in the previous 5 years, while the majority had not (No. =226, 58.1%).

8842 total
discussion group members

removed from the

J analyses

INITIAL SAMPLE | No. 443 total respondents ‘ No. 38 questionnaires removed from
[ the analysis as laking demographic data
l (8.6%)

| No. 405 questionnaires screened ‘

\
L

No. 16 questionnaires removed from
the analysis as incomplete

FINAL SAMPLE | No. 389 questionnaires analysed ‘ (4.0%)
No. 163 No. 226
respondents respondents
having who did not
previously cared manage RSV
for RSV cases cases
(41.9%) (58.1%)

Figure 1. Flow chart of the selection of study participants.

The majority of pediatricians included in the final sample were females (61.2%), from
Northern Italy (i.e., North-Western Italy, 17.7%; North-Eastern Italy 32.6%), with a mean
age of 40.1 years & 9.1 years, and a total seniority (including the years of post-degree
qualification) of 13.9 & 9.0 years (Table 1).
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Table 1. Characteristics of the 389 Italian Pediatricians participating into the survey on knowledge,
attitudes, and practices on respiratory syncytial virus.

Variable No./389 Average = SD
Gender
Male 141, 36.2%
Female 238, 61.2%
Not stated 10, 2.6%
Region
North-Western Italy 69, 17.7%
North-Eastern Italy 127, 32.6%
Central Italy 122, 31.4%
Southern Italy 35,9.0%
Major Islands 36, 9.3%
Age (years) 40.1+9.1
Seniority as PDL (years) 1394+9.0
Previously managed RSV cases 163, 41.9%
Previously diagnosed RSV cases 134, 34.4%
Previously required hospitalization for RSV 127, 32.6%
Previously required mAb immunoprophylaxis for RSV 56, 14.4%
Acknowledging RSV infection as frequent/very frequentin ...
. infants 360, 92.5%
. adults 117, 30.1%
. elderly 213, 54.8%
Acknowledging RSV infection as severe/very severein ...
. infants 330, 84.8%
. adults 110, 28.3%
. elderly 256, 65.8%
General Knowledge Score (%) 54.0 £ 14.2
General Knowledge Score > median (52.0%) 179, 46.0%
Risk Perception Score for infants 78.3 £19.5
Risk Perception Score for infants > median (80.0%) 142, 36.5%
Risk Perception Score for adults 35.5+229
Risk Perception Score for adults > median (36.0%) 119, 30.6%
Risk Perception Score for elderly 56.1 +23.9
Risk Perception Score for elderly > median (60.0%) 187, 48.1%
Favorable/Highly favorable to RSV vaccination when made available 366, 94.1%
Attitude towards mAb (favorable/highly favorable) 291, 74.8%
Acknowledging as significant/very significant aspects for mAb ...
. avoiding natural infection 322, 82.8%
. avoiding complications (i.e., LRTT) 371, 95.4%

3.2. General Knowledge Test

A detailed report of the knowledge test is shown in Supplementary Table S2. Briefly,
GKS was quite unsatisfying (54.0% =+ 14.2; median 52.0%), and its distribution was some-
what skewed (D’Agostino—Pearson normality test, p = 0.084) (Figure 2). However, Cron-
bach’s alpha was estimated in 0.701, suggesting an acceptable internal consistence of the
questionnaire.
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Figure 2. Density plot for General Knowledge Score (GKS) in 389 Italian Pediatricians participating
into the survey, broken down by having or not having cared for Respiratory Syncytial Virus (RSV)
cases in the previous 5 years. Cumulative score was substantially skewed for GKS (D’Agostino—
Pearson’s normality test: p = 0.084). GKS was substantially greater among participants that had
previously cared for RSV cases (56.6% = 15.5) than among those having not (50.4% =+ 12.6, Mann—
Whitney test p value < 0.001).

In fact, while participants were mostly aware of the seasonal trend (61.4%, with
23.1% reporting on an RSV season lasting from October to February), and the current
epidemiological transition of RSV during the SARS-CoV-2 pandemic (i.e., 64.8% properly
acknowledged the global decrease in incidence rates, while 73.3% correctly reported on
the RSV epidemic during the winter season 2021), the actual features of RSV infections
were inconsistently reported. On the one hand, the majority of participants exhibited a
proper understanding of both short- and long-term complications of RSV, not only in terms
of their higher occurrence compared with seasonal influenza infections (73.0% of correct
answers), but also when focusing on the reported neurological complications (70.4% of
correct answers), and on the potential role of RSV infections in the of etiology of asthma
(79.4%). On the other hand, the large majority of participants did not associate RSV-related
deaths with older age groups (22.4% of correct answers), and they were mostly unable to
correctly recall the actual rate of RSV-related hospitalizations (40.1%), particularly in the
first year of age (0.5 per 100; 16.7%). Other common mistakes were represented by not
acknowledging that the majority of RSV-associated hospitalizations do not occur among
pre-term infants (25.4%), not being restricted to children with chronic respiratory disorders
and cardiac malformations (40.1%), and that a high share (i.e., 60%) of pediatric LRTI
is actually associated with RSV infections (42.2% of correct answers). Nevertheless, the
total RSV-associated deaths in infants < 1 year of age were largely underestimated (i.e.,
43,800 on a global scale; 50.9% of correct answers). Substantial uncertainties were also
reported on the current recommendations for mAb in clinical practice. For one, only 29.8%
properly recognized pre-term infants as targeted individuals. Moreover, the commonly
reported schedule for Palivizumab (i.e., 1 monthly dose during the RSV season; 38.6%), and
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their licensing only as a prophylactic option (43.7%) were extensively missed. Focusing
on the role of natural immunity, the majority of participants (76.9%) properly addressed
the potential preventive role of maternal antibodies, while only 53.2% of respondents
acknowledged that RSV natural infections do not elicit a long-lasting immunity.

3.3. Attitudes

RSV was diffusely acknowledged as a somewhat common pathogen in infants (92.6%),
with lower estimates for elders (54.8%), and adults (30.1%). A similar trend was associ-
ated with the perceived severity of RSV infections, as it was commonly acknowledged
as high or very high in infants by the majority of respondents (84.9%), followed by el-
ders (65.8%), being mostly overstated in adults (28.3%). As shown in Figure 3, corre-
sponding estimates for RPS ranged from 78.3% =+ 19.5 for infants (D’Agostino—Pearson
p = 0.006), to 35.5% =+ 22.9 in adults, while older age groups scored an intermediate esti-
mate (56.1% =+ 23.9; D’ Agostino—Pearson p = 0.594). When a sub-analysis was performed
by including only participants who had reported any previous interaction with RSV, the
estimates for infants were highest (78.3% =+ 17.8, range 48.0% to 100%), followed by those
for elders (53.6% =+ 23.6), and adults (32.7% =+ 24.9, range 4.0% to 100%).

Perceived Risk

100~

GROUP

A-Infants
B - Adults
C - Elders

GROUP

A-Children
8- Adults
C - Elders

RISK PERCEPTION SCORE, %
g

8- Adults C-Elders A- Infants B - Adults C-Elders
GROUP GROUP

(a) (b)

Figure 3. Violin plot with the comparisons of risk perception score (potential range: 0.0-100%) for
Respiratory Syncytial Virus (RSV) infections in infants, adults, and elders. (a) All of the respondents’
(No. 389) RPS score for RSV infection in infants (78.3% = 19.5, range 36.0% to 100%) were substantially
higher than that for adults (35.5% =+ 22.9, range 4.0% to 100; p < 0.001), and elders (56.1% =+ 23.9,
p < 0.001). (b) Only respondents having previously cared for RSV cases in previous 5 years (No. 163):
RPS score for RSV infection in infants (78.3% =+ 17.8, range 48.0% to 100%) was substantially higher
than that for adults (32.7% =+ 24.9, range 4.0% to 100; p < 0.001), and elders (53.6% =+ 23.6, p < 0.001).

Interestingly, while the overwhelming majority of respondents (94.1%) exhibited some
degree of acceptance of a tentative RSV vaccine when made commercially available, 74.8%
of them were either favorable or highly favorable of the use of mAb. When participants
were asked about the main features of a prophylactic therapy based on mAb, the majority
of them either agreed or totally agreed on preventing complications (95.4%), followed
by avoiding natural infection (82.8%). Similar proportions were also identified when a
sub-analysis was performed on the respondents reporting any previous experience with
RSV infections (95.7% and 82.8%, respectively) (Figure 4).
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Figure 4. Ratings of the perceived importance of monoclonal antibodies in the management of
respiratory tract infections by Respiratory Syncytial Virus (RSV) in terms of avoiding natural infections
and its complications. Data are reported by including the sample as a whole (a), and only participants
that had actually cared for RSV cases in the previous 5 years (b).

3.4. Previous Interactions with RSV

Among participants, 41.9% of them had previously managed at least one RSV case
in the previous five years. Moreover, 34.4% did participate in the diagnosis, and 32.6%
had required the eventual hospitalization of the patient because of LRTI. When focusing
on the immunoprophylaxis with mAb, it had been previously recommended by 14.1% of
participants.

3.5. Univariate Analysis

As shown in Figure 1, a greater estimate for GKS was identified among participants
that had a previous professional experience with RSV cases (56.6% =+ 15.5) than among
those that had not (50.4% + 12.6, p < 0.001).

Focusing on RPS estimates (Figure 5), RPS for infants was substantially greater than
that reported for adults and elders, both in the sample as a whole and including only
participants previously managing RSV cases (all comparisons, p < 0.001). On the contrary,
RPS for adults was substantially lower among participants having cared for RSV cases
(32.7% = 24.9) than among those that had not (37.4% =+ 21.3, p = 0.004), while no substantial
differences were reported for infants (78.4% =+ 17.8 vs. 78.3% =+ 20.8; Mann-Whitney test
p value 0.432), and elderly (53.6% =+ 23.6 vs. 57.9% % 23.9; p = 0.187).

GKS was only correlated with RPS for adults (rtho = 0.155, p = 0.002). In turn, RPS for
infants and elderly (rho = 0.174; p = 0.001), and adults and elderly (rho = 0.446, p < 0.001)
were positively correlated (Table 2).

Table 2. Correlation between General Knowledge Score (GKS), and the Risk Perception Scores (RPS)
for Respiratory Syncytial Virus (RSV) infections in infants, adults, and elderly. Spearman’s correlation
test (rho) with their respective p value.

Variable GKS RPS Infants RPS Adults RPS Elderly
0.021 0.155 —0.099

GKS ) (v = 0.676) (p = 0.002) (p = 0.052)
. 0.021 0.050 0.174

RPS infants (v = 0.676) - (p = 0.329) (v = 0.001)
0.155 0.050 0.446

RPS adults (p = 0.002) (p = 0.329) - (p < 0.001)

RPS elderly —0.099 0.174 0.446 ]

(p = 0.052) (p =0.001) (p <0.001)
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Figure 5. Density plot for Risk Perception Score (RPS) in infants (a), adults (b), and elderly (c) in
389 Italian Pediatricians participating into the survey. Cumulative scores were substantially skewed
for infants (D" Agostino—Pearson’s normality test: p value 0.006) and adults (p < 0.001), but not for
elderly (p = 0.594). When samples were broken down by having or not having previously cared

50
Risk Perception Score (%)

for respiratory syncytial virus cases, no substantial differences in RPS were reported for infants
(78.4% £ 17.8 vs. 78.3% =+ 20.8; Mann—-Whitney test p value 0.432), and elderly (53.6% =+ 23.6 vs.
57.9% + 23.9; p = 0.187). On the contrary, RPS for adults was substantially lower among participants
having cared for RSV cases (32.7% =+ 24.9) than among those having not (37.4% £ 21.3, p = 0.004).

In univariate analysis for dichotomous variables (Table 3), having previously cared for
RSV cases was negatively associated with a seniority > 10 years (52.1% vs. 71.2%; p < 0.001),
a higher RPS for adults (23.9% vs. 35.4%, p = 0.015), while it was positively associated with
working in hospital settings (48.5% vs. 11.9%; p < 0.001).

Table 3. Characteristics of the 389 Italian Pediatricians participating in the present survey on knowl-
edge, attitudes, and practices on respiratory syncytial virus (RSV) by having or not having previously
(i.e., in the previous 5 years) any cases of RSV in their practice.

Variable Previously Managed RSV p Value
Ever (No./163, %) Never (No./226, %)
Age > 40 years 68, 41.7% 102, 45.1% 0.503
Seniority > 10 years 85, 52.1% 161, 71.2% <0.001
Working in Hospital Settings 79, 48.5% 27,11.9% <0.001
Male Gender 64, 39.3% 77,34.1% 0.293
Region of residence <0.001
North-Western Italy 22,13.5% 47,20.8%
North-Eastern Italy 56, 34.4% 71,31.4%
Central Italy 49, 30.1% 73,32.3%
Southern Italy 7,4.3% 28,12.4%
Major Islands 29,17.8% 7,3.1%
Higher Knowledge Status 81,49.7% 129, 57.1% 0.149
Higher Risk Perception
Infants 54,33.1% 88, 38.9% 0.240
Adults 39, 23.9% 80, 35.4% 0.015
Elderly 78, 47.9% 109, 48.2% 0.941
Favorable aﬁi‘;de towards 123, 75.5% 168, 74.3% 0.801

Interestingly, the status of having previously previous managed any RSV cases was more frequent among residents
of Major Islands than having not (17.8% vs. 3.1%), and less frequent among those from North-Western Italy (13.5%
vs. 20.0%; p < 0.001).
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Table 4 shows the distribution of having or not having previously employed mAb for
the prevention of RSV by demographic factors, risk perception status, knowledge status,
and attitudes among participants who reportedly had any previous professional experience
with RSV. Briefly, the previous use of mAb was less frequently reported among participants
older than 40 years of age (30.4% vs. 47.7, p = 0.033), with greater seniority (42.9% vs.
47.0%, p = 0.086), of male gender (28.6% vs. 34.1%, p = 0.043), and from North-Eastern
(23.2% vs. 40.2%) and Central Italy (21.4% vs. 34.6%). On the contrary, the use of mAb was
more frequently reported among respondents from the Major Islands of Sicily and Sardinia
(33.9% vs. 9.3%; p < 0.001), as well as among those working in hospital settings (64.3% vs.
30.2%), reporting higher GKS estimates (73.2% vs. 38.3%, p < 0.001), and scoring higher
risk perception for infants (44.6% vs. 27.1%).

Table 4. Characteristics of the 163 Italian Pediatricians participating in the survey on knowledge,
attitudes, and practices on respiratory syncytial (RSV) that in the 5 years before the present survey
had managed any case of RSV by their referred use of monoclonal antibodies (mAb).

Variable Previous Use of mAb p Value
Ever (No./56, %) Never (No./107, %)
Age > 40 years 17, 30.4% 51, 47.7% 0.033
Seniority > 10 years 24,42.9% 61, 57.0% 0.086
Working in Hospital Settings 36, 64.3% 43,40.2% 0.003
Male Gender 16, 28.6% 77,34.1% 0.043
Region of residence 0.001
North-Western Italy 8,14.3% 14, 13.1%
North-Eastern Italy 13, 23.2% 43,40.2%
Central Italy 12, 21.4% 37, 34.6%
Southern Italy 4,7.1% 3,2.8%
Major Islands 19, 33.9% 10,9.3%
Higher Knowledge Status 41, 73.2% 41, 38.3% <0.001
Higher Risk Perception
Infants 25, 44.6% 29,27.1% 0.024
Adults 13, 23.2% 26, 24.3% 0.877
Elderly 22,39.3% 56, 52.3% 0.113
Attitude towards use of mAb 43,76.8% 80, 74.8% 0.776

3.6. Regression Analysis
Regression analysis was therefore modelled as follows:

(@) Model 1 assessed the whole of the sample (i.e., 389 pediatricians) about the outcome
variable of having had any previous experience in the managing of RSV cases, and
assuming as explanatory variables: seniority > 10 years, working in hospital settings;
the region of residence; and reporting higher RPS for adults.

(b) Model 2 assessed all participants having reportedly managed any RSV case in the
previous 5 years (i.e., 163 pediatricians). The analyses identified the previous delivery
of mAD prophylactic therapy as the outcome variable, while the following explanatory
variables were eventually included: belonging to an older age group (>40 years);
greater seniority (>10 years); working in hospital settings; male gender; region of
residence; higher GKS; and higher RPS for children.

The corresponding results are reported in Table 5. Briefly, having any previous experi-
ence with the managing of RSV cases was more frequently identified among professionals
working in hospital settings (aOR 7.962; 95%CI 4.222 to 15.012). Moreover, when assuming
the residence in North-Western Italy as a reference group, higher odds were scored for
participants living in North-Eastern Italy (aOR 3.314, 95%CI 1.583 to 6.935), Central Italy
(aOR 2.644; 95%CI 1.258 to 5.556), and Major Islands (aOR 14.373, 95%CI 4.861 to 42.498).
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Table 5. Multivariable analysis of factors associated with (a) having previously (i.e., in the 5 years
before the present survey) managed any respiratory syncytial virus (RSV) case (all respondents,
No. 389; Model 1) and (b) having previously employed monoclonal antibodies targeting RSV as
preventive therapy (only participants having previously managed a RSV case; No. 163). Adjusted
Odds Ratios (adjOR) and their respective 95% confidence intervals were calculated through binary
logistic regression analysis. In both models, all factors that in univariate analysis were associated
with the outcome variables with p < 0.100 were included as explanatory variables.

Variable Model 1 Model 2
aOR 95% CI aOR 95% CI
Age > 40 years - - 1.138 0.209; 6.200
Seniority > 10 years 1.206 0.691; 2.103 0.412 0.066; 2.554
Working in Hospital Settings 7.962 4.222;15.012 3.917 1.233;12.436
Male Gender - - 0.168 0.054; 0.522
Region of residence
North-Western Italy 1.000 REFERENCE 1.000 REFERENCE
North-Eastern Italy 3.314 1.583; 6.935 0.262 0.050; 1.375
Central Italy 2.644 1.258; 5.556 0.503 0.086; 2.941
Southern Italy 1.551 0.532; 4.526 1.099 0.111; 10.845
Major Islands 14.373 4.861; 42.498 11.283 1.732; 73.487
Higher Knowledge Status - - 33.933 7.756; 148.457
Higher Risk Perception
Children - - 7.295 1.977; 26.924
Adults 0.632 0.364; 1.096 - -

Notes: aOR = adjusted Odds Ratio (i.e., Odds Ratio calculated through binary logistic regression); 95%CI = 95%
confidence interval.

Similarly, when the analyses were focused on participants having had any actual
professional experience with RSV, having previously delivered mAb for RSV prophylaxis
was positively associated with working in hospital settings (aOR 3.917, 95%CI 1.233 to
12.436), living in Major Islands (aOR 11.283, 95%CI 1.732 to 73.487), reporting higher GKS
(aOR 33.933; 95%CI 7.746 to 148.457), and higher RPS on infants (aOR 7.295; 95%CI 1.977 to
26.924).

4. Discussion

In this cross-sectional study on a sample of Italian Pediatricians, the participants exhib-
ited a largely favorable attitude towards the implementation of mAb as an instrument to
prevent RSV complications. Interestingly, mAb were also extensively acknowledged as use-
ful for avoiding natural infections, possibly overstating their actual efficacy [24,29,37-39,71].
However, despite this largely positive attitude, the sampled professionals reported a rela-
tively infrequent use of mAb in their clinical practice: in fact, only 14.4% of the total sample,
but also no more than 34.4% of the subgroup of participants with any previous expertise
in the managing of RSV, had previously delivered mAb as a preventative item. In other
words, even though the large majority of the participants exhibited a positive or even highly
positive attitude towards mAb against RSV, only one third of the sampled pediatricians
having reportedly managed any case of RSV had any expertise with these drugs. In our
sample, both a higher familiarity on RSV and the previous use of mAb in the clinical
practice for RSV prophylaxis were eventually associated with specific occupational features
(i.e., working in the hospital settings), but also with other demographic characteristics
such as the Italian region where the professional worked at the time of the survey. On the
contrary, having any actual previous expertise in the use of mAb for RSV prophylaxis was
associated with a better knowledge status and a higher risk perception for RSV infections
in infants.
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Despite the increasing health burden associated with the post-lockdown resurgence
of RSV [47,72-74], Public Health professionals are facing the long-lasting unavailability
of reliable vaccines against this pathogen [75-78]. As promising as RSV vaccines actually
are [79], by January 2023 no formulate has been made commercially available for childhood
vaccination, and the two larger randomized controlled trials on maternal vaccinations
still remain relatively far from their conclusion [80,81]. Although infant and maternal
immunization programs could provide a potentially effective and long-lasting protection
against RSV infections, mAb will therefore reasonably retain their clinical significance
in the next years [5,52,75-77]. Collectively, such features could explain the favorable
attitude towards an intervention that is perceived as both accessible and effective, as well
as the substantial lack of familiarity with mAb in the clinical practice. Indeed, official
recommendations for palivizumab are quite restrictive [10,16,27,29-31], prioritizing or even
limiting the use of this drug on very selective groups of infants [34], and only after the
conclusion of this survey’s extended half-life have mAb, such as nirsevimab, been available
in the EU [35,36,38]. As nirsevimab’s easier and potentially more affordable handling could
radically increase the share of targeted infants, it is quite reasonable that also the familiarity
of clinical practitioners could increase in the next years [4,11,35-38,82].

When dealing with the effective predictors of the assessed outcomes, even though the
Health Belief Model suggests that personal experiences and a rational understanding of a
certain health topics (more precisely, an illness or a disease; in this case, RSV infections)
and the beliefs in the effectiveness of a recommended health behavior or action will predict
the likelihood of adopting that behavior (in this case, the delivery of mAb) [54,83-88], our
results are only partially consistent, or even somewhat inconsistent with this underlying
framework.

On the one hand, the average estimates for GKS were far from optimal, with overall
performances that were quite similar to our original study on general practitioners [51].
Even though individuals having previously cared for RSV scored better results than respon-
dents that had not (i.e., 56.6% =+ 15.5 vs. 50.4% =+ 12.6, Mann—-Whitney test p value < 0.001),
a better knowledge status was not substantially associated with actual expertise of RSV
cases. On the other hand, GKS and RPS were also not correlated, particularly when dealing
with RPS on infants. In turn, a higher risk perception status on infant RSV infections was
not substantially associated with reporting any personal experience in the management
of RSV cases. Conversely, both knowledge status and risk perception on infants were
characterized as strongly associated with having actually delivered a prophylactic therapy
with mAb. Such seemingly inconsistent results hint towards a more complex interaction
between knowledge status and actual practices that could be tentatively explained through
the specific features of RSV infections in pediatric age.

RSV is a very common pathogen, and a substantially number of infants develop an im-
mune response within the second year or life [5,63,89]. In other words, while not interacting
with any RSV infection during the ordinary pediatric practice is quite unlikely, being aware
of the underlying diagnosis is a different story, particularly for primary care profession-
als [17,21,62]. Asup to 97% of yearly incident cases of RSV infections are self-limited flu-like
illnesses, the large majority of them are managed as outpatients until their recovery [90-92].
Therefore, even respondents with some previous experiences with RSV cases may under-
score the actual significance of this infection [5,51], as well as its potential consequences
in terms of long-lasting complications [53,57,93]. Conversely, as an appropriate microbio-
logical diagnosis is limited to the severe cases of RSV-associated pneumonia or LRTI that
usually require more intensive care and even hospitalization [1-3,82], participants having
any hospital background may perceive RSV infection as particularly common and severe.
Similarly, it should be stressed that palivizumab (i.e., for nearly two decades the only
commercially available mAb) is often delivered in hospital settings because of its direct and
indirect costs, and the characteristics of the targeted infants [25,33,71]. As a consequence,
not only higher familiarity with this class of drugs is somehow not unexpected among
professionals having an occupational background in hospital settings, but they could even
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overstate the actual preventive significance of this class of drugs. In other words, it is
both rational and reasonable that individuals having a greater familiarity with a pathogen
that is often underrated in terms of potential severity and actual disease burden could
eventually exhibit a better awareness of its actual features, as a well as a better attitude
towards preventive options that are still uncommon in other settings [1,6,17,58,64,94-98].
In fact, not only participants that had cared for RSV cases were more frequently identified
among professionals with a hospital background than among those that had not (aOR 7.962,
95%CI 4.222 to 15.012), but among this specific subgroup, not only hospital background
(aOR 3.917; 95%CI 1.233 to 12.436) but also risk perception and knowledge status were
characterized as effective predictors for the previous delivery of mAb (aOR 33.933; 95%ClI
7.746 to 148.457, and aOR 7.295; 95%CI 1.977 to 26.924, respectively).

Even the somehow unexpected geographical trends could be explained through the
heterogenous familiarity of the respondents with the pathogen and associated clinical
features. The higher expertise with both RSV and mAb in participants from Major Islands
of Sicily and Sardinia could be more easily understood by keeping in mind that Sicily
(4.8 million inhabitants, 8.1% of Italian population) is characterized by a share of individ-
uals aged 0-5 years that substantially exceeds national estimates (4.9% vs. 4.4%), with a
higher share of households including two or more infants [99]. As RSV rather circulates
among siblings than from parents and older adults to children, the actual circulation of
the pathogen can be more easily understood from professionals working in these areas
than in regions characterized by one-child households [5]. Moreover, a regional molecular
surveillance system for RSV has also been implemented well before the inception of na-
tional programs [12,59,99-101]. Collectively, these factors may have diffusely increased the
shared awareness on RSV infections, their complications, and the available preventative
options. Therefore, our results not only provide some information on the KAP of medical
professionals shortly before the official commercialization of new mAb, but stress the poten-
tial role of properly designed informative interventions for improving the understanding
of RSV infections and the available preventive options, including the extended half-life
mADb [52,102].

Limits of This Study

Despite its potential significance, our study is affected by some substantial shortcom-
ings. First and foremost, it shares all the conventional limits of Internet-based surveys,
including the substantial “self-selection” of participants [65,103,104]. On the one hand,
Internet-based studies usually oversample younger age groups, as characterized by sub-
jects more familiar with the Internet and the social media that were employed for sharing
the questionnaire [51,65,68,105]. Demographic features of the sample may in turn repre-
sent another critical issue, as we included a reduced share of respondents aged 50 year
or older, and these figures are quite inconsistent with the rapidly aging Italian Medical
workforce [106,107]. On the other hand, there is some evidence that web-based studies
may similarly oversample individuals more interested and/or more familiar with the
specifically assessed topic [54,103,108], a shortcoming that is otherwise shared with more
conventional studies where the questionnaire is delivered by hand during a convenience
event (e.g., meetings, professional courses, etc.) [54,108,109]. In order to cope with the
potential self-selection of participants, our sampling strategy did prioritize a homogenous
subgroup of medical professionals (in this case, pediatricians). However, we cannot rule
out that some of the respondents did not fully adhere to our selection criteria. Sampling
healthcare providers not managing infants and children would substantially compromise
the actual representation of the sample, and the eventual reliability of our estimates. Even
though the eventual sample size was consistent with our preventive estimates, the present
study could only be cautiously generalizable, particularly in Italy, whose medical workforce
is otherwise characterized by distinctive regional patterns, as stressed by our analyses [88].

Second, as for similarly designed KAP studies based on not-externally validated
questionnaires, declarative bias, and particularly social desirability bias cannot be ruled
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out. Social desirability bias has been defined as the tendency of survey respondents to
answer questions in a manner that will be viewed favorably by others [110]. As a topic,
RSV has been associated with significant knowledge gaps not only in the general popu-
lation [52], but also in caregivers [51,53,57,93], and the consequences of this shortcoming
are potentially substantial, particularly among the sampled pediatricians having a limited
experience in hospital settings, that may be unfamiliar with this pathogen [58,111,112]. As
shown in Supplementary Table S3, even though knowledge status was seemingly similar
between participants that did and did not have a hospital background, the latter had less
frequently managed RSV cases (29.7% vs. 74.5%) and rarely recommended the delivery
of mADb as a preventive option for RSV infections (7.1% vs. 34.0%). Not only knowledge
status, but also the estimates on attitudes and beliefs of participants, may have similarly
oversampled “common sense” of “more socially appropriate” answers on the actual at-
titudes of respondents [54,87,113,114]. In this regard, the RSV epidemic during winter
season 2021-2022 has been characterized by an unprecedented media coverage. In order to
ascertain the potential influence of media coverage on the shared beliefs and the eventual
risk perception of respondents [4,51,99,115], a specific analysis was performed on the rela-
tive search volumes for RSV on Google Trends™. Google Trends™ provides a normalized
value ranging from 0 to 100, that is proportional to the ratio between the keyword-related
queries and the total of web queries, representing a proxy of the general interest of the
media on this topic [100,116,117]. As no significant correlation with RPS estimates and GKS
was found (Table 54) [86], even though social desirability bias cannot be easily ruled out,
media coverage had a reasonably limited impact on our estimates.

5. Conclusions

In conclusion, RSV was acknowledged as a common infection in all infants, and mAb
were eventually characterized as an effective and reliable prophylactic option. Still, our
study identified a substantial lack of personal expertise of the sampled professionals, not
only on mAb, but also regarding RSV cases. Occupational background (i.e., working
or having recently worked in hospital settings) possibly led the participants to a better
understanding of RSV from a clinical and epidemiological point of view, as well as to a
better familiarity with mAb-delivered preventive intervention. As a better knowledge
status and a higher risk perception were in turn characterized as substantial effectors for
delivering and having delivered mAb, a more specifically tailored formation of primary
care providers could have the potential for increasing the acceptance and the actual use
of these instruments by caregivers, ultimately improving their capability to cope with
the needs of their patients. These interventions may be particularly useful as new and
innovative mAb are progressively made available, enlarging the share of infants potentially
benefiting from effective preventive interventions.
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