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EDITORIAL

Newborn screening in Italy: a unique
program of public health in Europe

Domenica Taruscio! and Andrea Piccioliz

1Formerly Director, Centro Nazionale Malattie Rare, Istituto Superiore di Sanita, Rome, Italy
2General Director, Istituto Superiore di Sanita, Rome, Italy

Newborn screening (NBS), also called neonatal
screening, identifies shortly after birth pre-symptomat-
ic conditions that can affect a child’s long-term health
or survival. Thus, early detection, diagnosis, and inter-
vention can prevent death, disability or ameliorate the
clinical manifestations of diseases, enabling children to
reach their potential for health and well-being.

NBS was initiated in Europe during the 1960s for
screening phenylketonuria (PKU) [1]. The introduction
of tandem mass spectrometry (MS/MS) increased the
technical possibility to screen more conditions using a
single dried blood spot, therefore the panel of screened
disorders (“conditions”) gradually expanded [2].

Advances in molecular medicine contributed to en-
large the NBS panels. NBS is now performed in many
countries worldwide. Where NBS is available, the num-
ber of disorders included in panels varies from one to
over 40, including many inherited metabolic diseases,
cystic fibrosis, severe combined immunodeficiency, and
others [3]. Following the Wilson and Jungner criteria
[4] several factors influence the selection of the diseases
screened, including disease prevalence in the popula-
tion, the availability of treatment, etc.

However, countries differ not only in the number
of conditions screened, but also in the pre-screening
information and support offered to parents, the time
of sample collection, the accreditation status of the
laboratories conducting screening and the governance,
regulation and monitoring of the whole NBS pathway
[5]. The major factor is represented by the health care
system organization of each country.

Italy runs a universal public healthcare system since
1978, provided to all citizens; the system is organized
under the Ministry of Health and administered on a re-
gional basis.

Whereas during the past decades NBS pilot projects
were available in several regions [6], in 1992 NBS be-
came a mandatory provision of secondary prevention at
national level by law [7] for the identification and early
treatment of congenital hypothyroidism, phenylketon-
uria and cystic fibrosis.

In the years 2016-2017 a combined legislative frame-
work established a nationwide NBS for more the 40

disorders [8-10], including genetic neuromuscular dis-
eases, severe congenital immunodeficiencies and lyso-
somal storage diseases.

According to the legal framework, the NBS is funded
and supported by the National Health System, and it in-
cluded within the essential levels of assistance provided
by the State. The framework defines the requirements
in order to favor the maximum uniformity at national
level of the regional implementation of NBS. Under this
respect it establishes at the Istituto Superiore di Sanita
(ISS) the NBS Coordination Center, coordinated by the
Director of the ISS, which includes experts and represen-
tatives from central and regional institutions as well as
three patient associations, Cometa Associazione Studio
Malattie Metaboliche Ereditarie (Cometa A.S.M.M.E.),
Associazione Italiana Sostegno Malattie Metaboliche
Ereditarie (A.LLS.M.M.E.) and Associazione Immuno-
deficienze Primitive, on behalf of UNIAMO.

The screening program at regional level is a system
articulated into four main functional structures, name-
ly: screening laboratory, laboratory for confirmatory di-
agnosis, clinical centers, and regional coordination/su-
pervision centre. The legislation also defined the panel
of screening conditions, the timing for specimen col-
lection, the screening methodology, the confirmatory
tests and the clinical follow up. A periodic review of
the list of conditions/diseases to be screened is set up
by Ministry of Health, in collaboration with other gov-
ernment agencies and organizations. This task is car-
ried out by ad hoc working group, co-ordinated by the
Ministry of Health, including experts and representa-
tives of institutions and patients associations, including
UNIAMO. This working group has also the mission to
elaborate an operational protocol including procedures
for the management of positive NBS, positive diagno-
sis and accessing therapies [11].

The NBS Coordination Center performs the follow-
ing tasks:

- promote and monitor the maximum uniformity in the
implementation of newborn screenings at national lev-
el, also by identifying common standards;

- collaborate with the Regions for the dissemination of
best practices;
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establish the procedures for collecting and delivering
blood samples to screening centres;
- define the catchment area of each reference screening
center for the Region, also in order to facilitate inter-
regional collaboration (Italian Regions have quite dif-
ferent sizes);
- supply codified and standardized information to lo-
cal services in order to inform newborns parents on
the risks deriving from hereditary metabolic diseases,
the benefits achievable through the screening activity,
as well as the best available treatments for the specific
disease;

- most important, set up a centralized archive on the

results of neonatal screening in order to allow assessing

the effectiveness, also in terms of cost-to-benefit, of the

NBS program.

The NBS Coordination Center, with the scientific
technical support of the National Centre for Rare Dis-
eases of the ISS, works in collaboration with the Re-
gions. Its activities are implemented through national
surveys, working meetings, training courses, workshops,
conferences and congresses. The results of such ac-
tivities are published by the ISS as ISTISAN Reports
[12-14]. The Reports also present a number of recom-
mendations, aimed at improving the provision of infor-
mation to citizens, the communication of diagnosis to
parents, the consistent and uniform application of NBS
on the national territory, as well as on specific technical
steps (e.g., blood sampling).

Overall, the NBS is a public health action, building
an organized and structured program for secondary
prevention, funded by the National Health System.

The main keywords characterizing the features of the
Italian NBS model are:
¢ Public health: NBS is an important public health ac-

tion aimed at reducing the disease burden through

secondary prevention; hence, public resources are
devoted to its application.

e Equity: NBS is a measure of secondary prevention
for all newborns of the national territory, regardless of
region of birth, social status, gender, etc.

e Scientific evidence: planning, implementation and as-
sessing the program are based on scientific evidence
and exploit the consistent integration of multidisci-
plinary expertise.

e Consistency: in the Italian Health System, Regions
have an extensive autonomy, also reflecting their dif-
ferent sizes and socio-demographic characteristics.
Hence, the Regions, or also groups of Regions, can
organize the screening services according to their
requirements. Meanwhile, the legal NBS frame-
work ensures a consistent provision of high-standard
screenings throughout the whole territory, by facili-
tating the continuous interaction between the central
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Istituto Nagzionale per la Promogzione della Salute delle Popolazioni Migranti e per il Contrasto delle Malattie

della Poverta (INMP), Rome, Italy

Abstract

Key words

Objectives. Mental health services utilization decreased dramatically during the COVID- | e coronavirus
19 pandemic. For persons who are highly vulnerable and at risk of health and social care
exclusion, restrictions negatively affected the accessibility to treatments and their mental | e vulnerable populations
conditions. e refugees

Methods. All psychiatric and psychological interviews carried out at National Institute | © homeless

for Health, Migration and Poverty (INMP) Italy from January 2018 to February 2022 | e social care exclusion
were included in the study. To measure services use, an interrupted time-series analysis

using March 2020 as the starting data of COVID-19 pandemic period was considered,

and first visits vs follow-up session numbered.

Results. A significant decrease was observed in March 2020 due to the lockdown restric-

tive measures (p<0.001). Later on, the number of psychological interventions significant-

ly increased (p<0.05), whereas the increment of the psychiatric interventions was not

significant. By the end of February 2022 the number of visits returned to pre-COVID-19

levels, although recovery was slower than expected, especially for psychiatric visits.

Conclusions. After a dramatic drop during the lockdown, access to mental health out-

patient clinics slowly returned to pre-pandemic levels in the next two years. Considering

that mental health needs have increased during the pandemic, mental health services should

¢ mental health services

improve their efforts to reduce barriers of access and to implement outreach referral.

INTRODUCTION

The first autochthonous case of SARS-CoV-2 infec-
tion was reported in Italy the 21+ of February 2020.
Some days later, the 8 March, in response to the grow-
ing pandemic of COVID-19 in the country, the Italian
government imposed a national restriction of move-
ments of the population except for buying food and
other necessary goods (drugs, disinfectants, etc.), es-
sential works, and health urgencies [1]. It was the first
lockdown in Western countries; at that time the general
belief was that after a necessary period of total restric-
tion the crisis would have ended, and people could re-
turn to “normal” life. However, after two years the situ-
ation is still uncertain. Restrictions have been eased but
the daily number of new cases is still high (about 90,000
at the time of the writing of this article).

Due to their pre-crisis vulnerability, it was expected
that within the general population some groups could be

particularly at risk in this situation. In particular, those in
poor socioeconomic conditions [2, 3], homeless people
[4], migrant workers [5, 6], asylum seekers and refugees
[7, 8], and patients with mental disorders [9, 10].

Early evidence showed that migrants with mental
problems were more likely to worsen during the lock-
down if they were without VISA, unemployed or report-
ing food insecurity [11, 12], suggesting that part of the
negative impact on mental health was mediated by so-
cial difficulties.

Another significant factor involved was the availabil-
ity of mental health services in terms of accessibility
and treatment adherence. Indeed, during the lockdown
the accessibility of mental health outpatient services
was generally reduced [13, 14], with a potential higher
impact on asylum seekers and refugees [15]. Even for
those mental health services that remained open and
available during the lockdown, the general restrictions

Address for correspondence: Massimiliano Aragona, Istituto Nazionale per la Promozione della Salute delle Popolazioni Migranti e per il Contrasto
delle Malattie della Poverta, Via di San Gallicano 25a, 00153 Rome, Italy. E-mail: massimiliano.aragona@inmp.it.
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on mobility negatively impacted on the possibility of
people in poor socioeconomic conditions to access the
services, reducing both accessibility of new patients
and follow-up visits of people already in treatment [16].
Moreover, discontinuation of the psychopharmaco-
logical treatment during that period resulted in signifi-
cant worsening of mental conditions [11]. In general,
the COVID-19 pandemic has exacerbated social and
health inequities, particularly within refugee and mi-
grant populations, challenging the way mental health
care is usually delivered [17].

After two years, a few restrictions persist (e.g., the
requirement of the so-called “green pass” to access
workplace, restaurants, etc.), but, although the per-
sonal mobility to reach health services is guaranteed,
accessibility of health services may remain difficult, e.g.,
services working with free-access models had to reshape
their organization and visits must now be booked in ad-
vance by telephone, some services reduced their open-
ing hours, etc.

The aim of this study was to evaluate the evolution of
the impact of COVID-19 during these two years (from
March 2020 to the end of February 2022), particularly
on the accessibility of outpatient services specifically
dedicated to the mental health of patients with a story
of immigration and/or in socioeconomic difficulties.
Provided that at the beginning of the coronavirus crisis
the number of both first psychiatric interviews and fol-
low-up visits decreased dramatically [16], is this prob-
lem recovering after two years? And, provided that psy-
chological treatments were also significantly affected by
the crisis [11], how did psychological treatment change
in the same period?

METHODS

We conducted an interrupted time-series (ITS) anal-
ysis using data collected at the National Institute for
Health, Migration and Poverty (INMP) in Rome, Italy.
The study design, based on the retrospective analysis
of routinely collected data, received ethical approval
by the Projects & Research board of the Institute. We
considered the number of monthly visits of the INMP
Mental Health Unit between 1+ January 2018 and 28*
February 2022. This period was divided into two phas-
es. A pre-COVID-19 era, until February 2020, and a
COVID-19 pandemic period, from March 2020 to the
end of February 2022. The INMP Mental Health Unit
remained open and available for visits uninterruptedly
during the COVID-19 pandemic.

For this purpose, we used the same procedure as
proposed by Schuengel, et al. [18]. We first detrended
data using Loess regression and smoothing [19]. Then
we looked for a possible seasonality following the rec-
ommendations by Ollech [20]. If the presence of sea-
sonal effects was identified, a seasonal adjustment was
performed. At the end, we tested change in intercept
and slope from the pre-COVID-19 period to the CO-
VID-19 pandemic period using Poisson regression [21].
Furthermore, we performed the same ITS analysis on
different subgroups in order to assess any differences
between first and follow-up visits or between psychiat-
ric and psychological visits.

All statistical analyses were performed using R (version
4.1.3). Statistical significance was defined as p< 0.05.

RESULIS

From January 2018 to February 2022 (N=50 months)
a total of 16,841 visits and a mean of 336.82 visits per
month (SD=66.26) were recorded. In the 26 months
before COVID-19 restrictions a mean of 355.35 vis-
its per month (SD=57.80) were reported, compared
with 316.75 visits per month during the COVID-19
pandemic period (SD=70.10). Figure 1 shows the total
visits to the Mental Health Unit. After detrending the
data, no seasonality was identified. Poisson regression
detected a significant drop from pre-COVID-19 re-
striction levels to the start of the COVID-19 restriction
phase (b=-0.41; SE=0.10; t=-3.97; p<0.001). The in-
crease in mental health visits during COVID-19 period
and pre-COVID-19 period was not significantly differ-
ent (b=0.01; SE=0.01; t=1.54; p=0.13).

Subgroups analyses are shown in Figure 2 (first and
follow-up visits) and Figure 3 (psychiatric and psycho-
logical visits).

Across the study period, 21.54% of all visits are rep-
resented by first visits. A total of 3,627 first visits and a
mean of 72.54 first visits per month (SD=19.38) were
recorded. After detrending the data no seasonality was
identified. Poisson regression analysis shows a signifi-
cant linear increase over the years (b=0.01; SE=0.01;
t=2.21; p=0.03), a significant drop at the beginning of
the COVID-19 restriction phase (b=-0.65; SE=0.14;
t=-4.56; p<0.001), and a non-significant difference be-
tween the estimated slopes for the pre-COVID-19 and
COVID-19 period (b=0.01; SE=0.01; t=1.51; p=0.14).

Follow ups were 13,214 (78.46% of all visits), with a
mean of 264.28 visits per month (SD=53.29) and no
seasonality was identified. Poisson regression analysis
shows a significant drop at the beginning of the CO-
VID-19 restriction phase (b=-0.34; SE=0.11; t=-3.16;
p=0.002) and a no significant difference between the
estimated slopes for the pre-COVID-19 and COV-
ID-19 period (b=0.01; SE=0.01; t=1.33; p=0.19).

About a quarter of the total visits (4,250 interviews =
25.24%) were related to psychiatry, with a mean of 85
visits per month (SD=19.66). The other 12,591 visits
regarded psychological treatments (74.76% of all visits),
with a mean of 251.82 visits per month (SD=53.26).
After detrending the data no seasonality was identified.
Poisson regression analysis for psychiatric visits shows
a significant increase over the years (b=0.01; SE=0.005;
t=2.37; p=0.02) and a significant decrease at the start
of the COVID-19 restriction phase (b=-0.39; SE=0.12;
t=-3.20; p=0.002).

Same analysis for psychological treatments indicates
a significant drop at the start of the COVID-19 restric-
tion phase (b= 0.41; SE=0.11; t=-3.69; p<0.001) and
that the slope for the COVID-19 period was significant-
ly higher than for the pre-COVID-19 period (b=0.01;
SE=0.01; t=2.02; p=0.049).

DISCUSSION
This study follows a previous one of our group showing
that the lockdown had a strong effect on the availability
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Figure 1

Number of monthly visits before and during the pandemic COVID-19. Vertical dashed line: introduction of restrictions. Continuous
line: trend over the years. Dashed line: counterfactual scenario. Horizontal dashed line: pre-pandemic level.

of mental health facilities for immigrants and persons in
poor socio-economic conditions, resulting in a signifi-
cant reduction of the number of both first and follow-
up psychiatric visits [16]. In the present study, previous
indicators of treatment availability and adherence were
extended temporarily to study their trend before and af-
ter the onset of the COVID-19 pandemic, from January
2018 to February 2022. Moreover, we considered the
entire spectrum of mental health visits available in our
service (psychiatric and psychological visits).

As expected, at the beginning of the crisis the rigid
lockdown caused a dramatic drop of both first and fol-
low-up visits, not only in psychiatry but also in psycho-
logical activities. However, after the initial lockdown
the restrictions were gradually removed and then re-
shaped differently according to the different pandemic
phases. As a result, people returned to be free to move
to reach health facilities. Our data show that following
this change, the total number of visits to mental health
services increased progressively over time, and after two
years they returned to pre-COVID-19 levels. A similar
trend is shown when first visits are differentiated from
follow-up visits. However, the present number of visits is
still below the level expected if the pre-pandemic trend
of visits had continued over time. Moreover, it is note-
worthy that the return to pre-pandemic levels has been
so slow and has taken so long, despite the restrictions of
movements were largely removed already in June 2021.
This is a serious concern, considering that during the
pandemic it is frequently reported an increase in mental
health needs, particularly in vulnerable populations like
immigrants, patients with pre-existing mental health
issues, and people in poor socio-economic condition
(which are also increased in number due to the social
and economic disaster produced by the pandemic) [22-
25]. Accordingly, we would have expected a faster re-
covery in the utilization of mental health services after
the lockdown, as well as a significant increase of total

numbers. Although a “ceiling-effect” (see limitations
of the study) can have influenced this result, the effect
should be less on the slope than on rough numbers, so
it is likely that barriers of access are also operating and
proactive changes of the organization of the service are
needed to reach unexpressed needs.

Comparing trends in psychiatric and psychological ac-
tivities, the psychiatric service utilization seems to have
dropped less sharply during the national lockdown while
the increase in psychiatric visits during the COVID-19
period appears slower. In contrast, after a relatively more
dramatic drop, the increase in visits was faster for psy-
chological activities, with a significantly higher slope for
the COVID-19 period, surpassing the pre-pandemic lev-
els. This result suggests that the persisting difficulties of
access discussed above are mainly related to psychiatric
treatments. Possible reasons for this difference may be re-
lated to the characteristics of treatments and to organiza-
tional factors. Overall, psychiatric visits were influenced
less strongly by the initial lockdown, probably because
some pharmacological treatments could not be stopped
and in these cases the Italian lockdown restriction rules
did not apply to patients directed to a hospital for essen-
tial treatments. On the contrary, psychotherapies were
more likely to be considered non-essential treatments
and were temporarily suspended with higher frequency.
As regard to the post-lockdown phase, it is possible that
after the removal of main restrictions, the more severe
patients usually referred to the psychiatrist had more
difficulties in reaching the service. This because in some
cases other agencies (e.g., NGOs) providing outreach
information and orientation to health services reduced
their activity during these years, while in other cases the
staff of reception centers for migrants was reduced in fa-
vor of smart working, decreasing their ability to detect
early symptoms in resettled persons. As a consequence,
this could have led to a reduction of the referral of, re-
spectively, homeless people and asylum seekers. On the
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Figure 2

Monthly counts of first visits (a) and follow ups (b) before and during the pandemic COVID-19. Vertical dashed line: introduction of
restrictions. Continuous line: trend over the years. Dashed line: counterfactual scenario. Horizontal dashed line: pre-pandemic level.

other side, psychological visits increased faster, probably
because a part of these activities were influenced differ-
ently by contextual factors. For example, in our service
a part of the psychological interviews was dedicated to
the evaluation of asylum seekers for legal support in their
request of an international protection VISA. While this
activity was completely stopped during the lockdown, af-
ter the removal of main restrictions it restarted as usual.

A first limitation of this study is that it is a single
center study in a mental health service specifically dedi-
cated to migrants and people in difficult socioeconomic
conditions, thus the findings cannot be directly general-
ized to the other mental health services of the National
Health System. However, they can be representative
of the situation in similar mental health facilities for
migrants and low socioeconomic status, in Italy and
abroad (e.g., those of charities or non-governmental
organizations). Another limitation is in the counterfac-

tual predictions. With the same number of psychiatrists
and psychologists, it is possible that in the pre-pandem-
ic period we were nearly the apex of our possibilities,
so a sort of ceiling-effect shall be considered. In this
case, it would be normal that the trend does not con-
tinue to increase even after total numbers are returning
around the pre-pandemic levels. However, the slope of
the curve in the period after the strict lockdown phase
should had been more sharp, so the finding remains in-
formative, suggesting an upturn which is slower than
expected (especially for psychiatry).

In conclusion, our study shows that once the strict
lockdown measures were eased, mental health patients
in vulnerable conditions (migrants and persons in eco-
nomic and social difficulty) returned to be healed at
levels which are not very different from pre-pandemic
ones. There is still relatively more difficulty for psychi-
atric treatments than for psychological interventions.
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Figure 3

Monthly counts of psychiatric (a) and psychological visits (b) before and during the pandemic COVID-19. Vertical dashed line:
introduction of restrictions. Continuous line: trend over the years. Dashed line: counterfactual scenario. Horizontal dashed line:

pre-pandemic level.

This is probably due to a higher impact on psychiat-
ric patients of persisting difficulties in the territory to
reach the most vulnerable patients and to refer them to
psychiatric services. The other relevant finding is that
it took two years to return to the pre-pandemic levels.
Considering that in the meanwhile mental health needs
should have increased due to the economic and social
consequences of the pandemic, mental health services
should improve their efforts to reduce barriers of access
and to implement outreach referral.

Ethical considerations

This study has been performed in accordance with
the Helsinki declaration. Research design and ethicality
of the study reviewed and approved by INMP Review
Board.

Funding
None.

Authors’ contributions

MA: study design, data collection and data entry, writ-
ing of the manuscript. GN: methodology, data analysis,
writing of the manuscript. GL: methodological audit,
text review. AC: study design, text review, bibliographic
analysis. GC: methodological revision, text review. CM:
conceptualization, text review.

Conflict of interest statement
None.

Received on 4 May 2022.
Accepted on 3 October 2022.



Two-YEARS OF COVID-19 IN MENTAL HEALTH

REFERENCES

10.

11.

12.

13.

Italia Presidenza Consiglio dei Ministri. Ulteriori dispo-
sizioni attuative del decreto-legge 23 febbraio 2020, n.
6, recante misure urgenti in materia di contenimento e
gestione dell'emergenza epidemiologica da COVID-19.
Gazzetta Ufficiale Serie - Generale n. 47, 25 febbraio
2020.

Chung RY, Dong D, Li MM. Socioeconomic gradient in
health and the covid-19 outbreak. BM]J. 2020;369:m1329.
doi: https://doi.org/10.1136/bmj.m1329

Wang Z, Tang K. Combating COVID-19: health equity
matters. Nat Med. 2020;26:458. doi: doi.org/10.1038/
s41591-020-0823-6

Lima NNR, de Souza RI, Feitosa PWG, Moreira JLS,
da Silva CGL, Neto MLR. People experiencing home-
lessness: their potential exposure to COVID-19. Psy-
chiatry Res. 2020;288:112945. doi: doi.org/10.1016/;.
psychres.2020.112945

Liem A, Wang C, Wariyanti Y, Latkin CA, Hall BJ. The
neglected health of international migrant workers in the
COVID-19 epidemic. Lancet Psychiatry. 2020,7:€20.
doi: doi.org/10.1016/S2215-0366(20)30076-6

Page KR, Venkataramani M, Beyrer C, Polk S. Undocu-
mented US immigrants and Covid-19. N Engl ] Med.
2020;382:¢62. doi: 10.1056/NEJMp2005953./10.1056/
NEJMp2005953

Kluge HHP, Jakab Z, Bartovic J, D'Anna V, Severoni S.
Refugee and migrant health in the COVID-19 response.
Lancet. 2020;395:1237-9. doi: doi.org/10.1016/S0140-
6736(20)30791-1

UNHCR. COVID-19 will not leave behind refugees and
migrants. Lancet. 2020;395:1090. doi: doi.org/10.1016/
S0140-6736(20)30758-3

Chevance A, Gourion D, Hoertel N, Llorca PM, Thomas
P, Bocher R, et al. Assurer les soins aux patients souffrant
de troubles psychiques en France pendant I'épidémie a
SARS-CoV-2. Ensuring mental health care during the
SARS-CoV-2 epidemic in France: a narrative review.
Encephale. 2020;46(3S):S3-S13. doi: doi.org/10.1016/;.
encep.2020.03.001

Yao H, Chen JH, Xu YF. Patients with mental health dis-
orders in the COVID-19 epidemic. Lancet Psychiatry.
2020;7:¢21. doi: doi.org/10.1016/S2215-0366(20)30090-0
Aragona M, Tumiati MC, Ferrari F, Viale S, Nicolella G,
Barbato A, et al. Psychopathological effects of the Coro-
navirus (Sars-CoV-2) imposed lockdown on vulnerable
patients in treatment in a mental health outpatient de-
partment for migrants and individuals in poor socioeco-
nomic conditions. Int J Soc Psychiatry. 2022;68:203-9.
doi: doi.org/10.1177/0020764020988572

Serafini RA, Powell SK, Frere JJ, Saali A, Krystal HL,
Kumar V, et al. Psychologic distress in the face of a pan-
demic: an observational study characterizing the impact
of COVID-19 on immigrant outpatient mental health.
Psychiatry Res. 2021;295:113595. doi: doi.org/10.1016/j.
psychres.2020.113595

Carpiniello B, Tusconi M, Zanalda E, Di Sciascio G, Di
Giannantonio M; Executive Committee of The Italian
Society of Psychiatry. Psychiatry during the Covid-19

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

pandemic: a survey on mental health departments in It-
aly. BMC Psychiatry. 2020;20:593. doi: doi.org/10.1186/
$12888-020-02997-z

Pujolar G, Oliver-Angles A, Vargas I, Vazquez ML.
Changes in access to health services during the CO-
VID-19 pandemic: a scoping review. Int J Environ Res
Public Health. 2022;19:1749. doi: doi.org/10.3390/
ijerph19031749

Forgione E, Petta AM, Albanese M, Libertas M. Il siste-
ma dell'accoglienza, i servizi sanitari e di salute mentale
ai tempi del Covid-19. In: Russo ML, Gatta A, Geraci S,
Marceca M. Salute e migrazione: ieri, oggi e il futuro im-
maginabile. Bologna: Pendragon; 2020, p. 322.

Aragona M, Barbato A, Cavani A, Costanzo G, Mirisola
C. Negative impacts of COVID-19 lockdown on mental
health service access and follow-up adherence for im-
migrants and individuals in socio-economic difficulties.
Public Health. 2020;186:52-6. doi: doi.org/10.1016/.
puhe.2020.06.055

Benjamen J, Girard V, Jamani S, Magwood O, Holland T,
Sharfuddin N, et al. Access to refugee and migrant men-
tal health care services during the first six months of the
COVID-19 pandemic: a Canadian refugee clinician sur-
vey. Int ] Environ Res Public Health. 2021;18:5266. doi:
doi.org/10.3390/ijerph18105266

Schuengel C, Tummers J, Embregts PJCM, Leusink GL.
Impact of the initial response to COVID-19 on long-term
care for people with intellectual disability: an interrupted
time series analysis of incident reports. J Intellect Disabil
Res. 2020;64:817-24. doi: 10.1111/ir.12778

Hafen R. stlplus: Enhanced seasonal decomposition
of time series by Loess. 2016. Available from: https:/
CRAN.R-project.org/package=stlplus.

Ollech D. Seastests: aeasonality tests. 2019. Available
from: https://CRAN.R-project.org/package=seastests.
Bernal JL, Cummins S, Gasparrini A. Interrupted time
series regression for the evaluation of public health inter-
ventions: a tutorial. Int ] Epidemiol. 2017;46:348-55. doi:
10.1093/ije/dyw098

Garrido R, Paloma V, Benitez I, Skovdal M, Verelst
A, Derluyn 1. Impact of COVID-19 pandemic on
the psychological well-being of migrants and refu-
gees settled in Spain. Ethn Health. 2022;1-24. doi:
10.1080/13557858.2022.2035692

Mares S, Jenkins K, Lutton S, Newman Am L. Impact
of Covid-19 on the mental health needs of asylum seek-
ers in Australia. Australas Psychiatry. 2021;29:417-9. doi:
10.1177/10398562211005445

Scarlett H, Davisse-Paturet C, Longchamps C, Aarbaoui
TE, Allaire C, Colleville AC, et al. Depression during the
COVID-19 pandemic amongst residents of homeless
shelters in France. ] Affect Disord Re. 2021;6:100243.
doi: 10.1016/j.jadr.2021.100243

Stevens AJ, Ray AM, Thirunavukarasu A, Johnson E,
Jones L, Miller A, et al. The experiences of socially vulner-
able groups in England during the COVID-19 pandemic:
a rapid health needs assessment. Public Health Pract
(Oxf). 2021;2:100192. doi: 10.1016/j.puhip.2021.100192

ORIGINAL ARTICLES AND REVIEWS . . . No)



Ann Ist Super Sanita 2023 | Vol. 59, No. 1: 10-25

DOI: 10.4415/ANN_23_01_03

Determinants of COVID-19 vaccination

acceptance or hesitancy in Italy:

an overview of the current evidence

Chiara Primieri, Carla Biettaz, Irene Giacchetta:, Manuela Chiavarinis
and Chiara De Waures

1Scuola di Specializzazione in Igiene e Medicina Preventiva, Universita of Perugia, Perugia, Italy
2Azienza USL Umbria 1, Dipartimenti di Prevenzione, Servizio di Epidemiologia, Perugia, Italy

sDipartimenti di Medicina e Chirurgia, Sezione di Sanita Pubblica, Universita di Perugia, Perugia, Italy

Abstract

Introduction. Vaccine hesitancy is a major public health issue and a challenge for the
implementation of COVID-19 immunization campaigns. The objective of this study was
to address the determinants of COVID-19 vaccination acceptance or hesitancy in the
Italian population.

Materials and methods. We conducted a rapid systematic review by searching PubMed
until May 3rd, 2022, according to Preferred Reporting Items for Systematic Reviews
(PRISMA) guidelines. Articles assessing determinants of Italians’ attitudes towards CO-
VID-19 vaccination in terms of hesitancy and/or acceptance were considered eligible.
Quality and risk of bias assessment was performed through the Newcastle Ottawa Scale
appraisal tool. Determinants were grouped in three categories: contextual, individual
and group, and vaccine/vaccination specific influences.

Results. Out of 606 articles, 59 studies were included in the analysis. Included studies
demonstrated that, in Italy, COVID-19 vaccination acceptance or hesitancy is mostly
influenced by perceived safety, efficacy and usefulness of the vaccine.

Conclusion. These findings should be considered to plan tailored interventions for coun-

Key words

e COVID-19
® vaccine
vaccination
adherence
hesitancy
Italy

teracting COVID-19 vaccination hesitancy in Italy.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an infec-
tious disease caused by SARS-CoV-2, a pathogen that
primarily spreads through close contact from person to
person and targets the human respiratory system [1].
On January 30th, 2020, the World Health Organiza-
tion (WHO) declared COVID-19 a public health emer-
gency of international concern. On March 11th, 2020,
WHO characterized COVID-19 as a pandemic [2]. Up
to July 29th, 2022, there were 572,239,451 confirmed
cases and 6,390,401 confirmed deaths worldwide [3, 4].

The development of safe and effective COVID-19
vaccines was the first step toward a long-term solution
to the pandemic. The first mass vaccination program
started in December 2020. At the date of May 17th,
2022, Italy had one of the highest COVID-19 vaccina-
tion coverage in Europe, with only Portugal, Malta and
Spain exceeding Italy in terms of percentage of popu-
lation vaccinated with at least one dose [5, 6]. As of
July 27th, 2022, 86.6% of Italian eligible subjects com-
pleted the primary vaccination cycle and 83.7% got the

booster dose too, with slight differences among Italian
regions [7].

Vaccination is recognized as one of the most cost-
effective methods of avoiding diseases. The WHO es-
timated that it currently prevents 2-3 million deaths a
year and a further 1.5 million could be avoided if global
vaccination coverage improved [8]. A recent study con-
firmed that COVID-19 vaccination has changed the
course of the pandemic, avoiding 14.4 million deaths
in 185 countries between December 2020 and Decem-
ber 2021 [9]. However, vaccine hesitancy, defined as a
“delay in acceptance or refusal of vaccination despite
availability of vaccination services” [10, 11], is a phe-
nomenon that has existed since the first vaccines were
administered and has become much more difficult to
face in the age of social media. Because it undermines
the progress made in addressing vaccine-preventable
diseases, vaccine hesitancy was recognized among the
top 10 threats to global health by the WHO in 2019 [8].

COVID-19 vaccination campaign achieved overall
high coverages in Italy; however, some pockets among
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population did not vaccinate at all or did not get the
booster dose. This issue may be attributable to several
reasons, including the dynamics of supply and service
delivery in the Italian health system, but also people’s
beliefs, attitudes, and behaviors. Among the barriers to
the uptake of COVID-19 vaccination, vaccine hesitancy
has been documented by a big body of evidence [12-22]
as a key modifiable factor that places critical challenges
to the successfully implementation of the COVID-19
vaccination campaign. Vaccine hesitancy is a complex
and context-specific issue, varying across time, place,
and vaccines [23-34]. According to the SAGE Work-
ing Group’s Vaccine Hesitancy Determinants Matrix,
factors that can influence hesitancy could be grouped
in three categories: contextual influences (due to his-
toric, socio-cultural, environmental, health system/insti-
tutional, economic or political factors), individual and
group influences (arising from personal perception of
the vaccine or from the social/peer environment), and
vaccine/vaccination-specific issues (directly related to
vaccine or vaccination) [11, 23-30].

Uninterrupted efforts should be made to vaccinate
everyone who is eligible in every country and an effec-
tive vaccination program cannot avoid considering the
understanding of concerns and expectations of indi-
viduals and communities regarding vaccines and vac-
cination. In fact, this could help in reaching pockets
of unvaccinated people and addressing hard-to-reach
populations, through tailored interventions, even in
contexts where vaccination coverage is high. The moni-
toring of vaccination coverage and of reasons for non-
vaccination is a required activity to ensure population
Essential Levels of Care (LEA) [31]. However, albeit
also the Italian Society of Hygiene (Societa Italiana di
Igiene, Medicina Preventiva e Sanita Pubblica, SItI)
underlined the need of monitoring these issues, a na-
tional monitoring system has not been implemented
yet [35]. Furthermore, despite the increasing body of
literature investigating COVID-19 vaccine hesitancy
and its determinants in Italy, all available evidence
has not been summarized to date. For this reason, the
objective of this study was to carry out a systematic
literature review of the Italian studies on the topic, in
order to collect and summarize the evidence on factors
associated with acceptance or hesitancy of COVID-19
vaccination in the Italian population. The synthesis
of this evidence will be useful for better understand-
ing the reasons for COVID-19 vaccine acceptance or
hesitancy and, consequently, supporting evidence-in-
formed interventions to increase COVID-19 vaccina-
tion coverage in Italy.

MATERIALS AND METHODS

A systematic review was conducted and reported ac-
cording to the Preferred Reporting Items for Systematic
Reviews (PRISMA) [36].

Search strategy

PubMed was searched to retrieve potential eligible
articles published from the inception until May 3«
2022. The PubMed search was pursued with a search
string developed on the PICO model (P, population/pa-

tient; I, intervention/indicator; C, comparator/control;
and O, outcome) and reported below:

((vaccin*[tiab] OR immuniz*[tiab] OR
immunis*[tiab]) AND (covid*[tiab] OR sars-cov-
2[tiab] OR coronavirus[tiab] OR 2019ncov[tiab]))
AND ((adherence[tiab] OR uptake[tiab] OR
accept®[tiab] OR intent*[tiab] OR willingness[tiab]
OR facilitator*[tiab] OR confiden*[tiab] OR trust[tiab]
OR hesita*[tiab] OR refus*[tiab] OR reject*[tiab]
OR unwillingness[tiab] OR opposition[tiab] OR
barrier*[tiab] OR mistrust[tiab] OR distrust[tiab]
OR  anti-vaccin*[tiab] OR  antivaccin*[tiab]
OR exemption*[tiab] OR behaviour[tiab] OR
attitude*[tiab] OR determinant*[tiab] OR
predict*[tiab])) AND (Ital*).

The reference lists of included articles were hand-
searched to look for additional eligible studies.

Inclusion and exclusion criteria

The systematic review included observational ana-
lytical studies conducted on the Italian population that
assessed acceptance or hesitancy towards COVID-19
vaccination as outcomes and any favorable or unfavor-
able factor associated to them.

We excluded systematic reviews, non-empirical stud-
ies, conference, editorials, commentaries, book reviews,
and abstracts without a full text. In addition, studies
whose full text could not be retrieved were excluded.
International studies that did not analyze and report
disaggregated data by countries were also excluded; if
disaggregated data were reported, we extracted only
separately reported Italian data.

Study selection

The study selection was conducted by one author and
further cross-checked by another author for accuracy.
Disagreements were iteratively discussed until agree-
ment was reached. The selection of eligible articles was
carried out by screening titles and abstracts first and
then full texts. The study selection was performed from
May 2022 to June 2022.

Data extraction and synthesis

The full text review and data extraction were conduct-
ed by one author and further cross-checked by another
author for accuracy. Disagreements were iteratively dis-
cussed until agreement was reached. The data extrac-
tion was performed from June 2022 to July 2022.

A dedicated data extraction form developed on Excel
was used to gather the following information for each
eligible study:

1) Study identification (first author, title, journal, and
publication year);

2) Study characteristics (region/city, period, design and
study population);

3) Study population characteristics (sample size, age,
gender, and socio-cultural-economic characteristics,
presence of any special health conditions, vaccination
status);

4) Study outcome(s) (outcomes of the study with rel-
evant descriptive statistics, percentages; factors associ-
ated with the outcome).

—
—
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Because of expected heterogeneity among studies,
the synthesis of data was conducted only qualitatively
and reported in summary tables.

Factors associated with acceptance or hesitancy to-
wards COVID-19 vaccination were grouped accord-
ing to the categories identified by the SAGE Working
Group in the Vaccine Hesitancy Determinants Matrix
[7], namely contextual, individual and group, and vac-
cine/vaccination-specific influences.

Quality assessment and risk of bias

The methodological quality and risk of bias of in-
cluded articles were assessed through the Newcastle
Ottawa Scale - NOS in its original version [37] and in a
version adapted for the assessment of analytical cross-
sectional studies [38]. The assessment was conducted
by one author and further cross-checked by another
one. Disagreements were resolved by discussion with a
third researcher.

To summarize the results of the quality assessment
and risk of bias, the articles were grouped into four cat-
egories: excellent (10-11 points), good (9-7 points), suf-
ficient (6-5 points) and poor (4-0 points) quality. The
risk of bias decreases as the quality increases.

RESULTS
Results of the search strategy

PubMed search returned 606 articles, of which, after
the screening by title and abstract and by full text, 91
papers were retrieved for the assessment of final eligibil-
ity. Of these, 59 articles [39-97] met eligibility criteria
and were included in the systematic review. The study
selection process is reported in Figure 1.

Characteristics of the included studies

Among included articles, 27 studies (45.8%) ad-
dressed the whole Italian population [43, 44, 47, 48,
51, 59, 61, 63-66, 68, 70, 74, 76, 77, 79, 84, 86, 88-90,
93-97], whereas 12 studies (20.3%) [42, 45, 60, 62, 67,
71,73,75, 80-82, 92] were conducted in northern Italy,
5 (8.5%) [40, 41, 54, 83, 87] in central Italy and 12
(20.3%) [39, 46, 49, 50, 52, 53, 55, 56, 58, 69, 85, 91]
in southern Italy.

The studies were conducted between February 2020
and January 2022; in particular, 18 [43, 47-50, 55, 59,
60, 63, 65, 73, 76, 78, 79, 88, 90, 95, 97] (30.5%) stud-
ies were conducted before the start of the vaccination
campaign in Italy, 33 (55.9%) [39-42, 44-46, 51-54, 56-
58, 61, 64, 69, 70, 74, 75, 77, 80-83, 85-87, 89, 92-94,

[ Identification of studies via databases and registers ]

Records identified from:
PubMed (n=606)

»| Recordsremoved before screening:

v

] [ Identification ]

Records screened

> Records excluded

(n=606)
v

Reports sought for retrieval
(n=92)

Screening

v

Reports assessed for eligibility
(n=91)

(n=0)

(n=514)

Reports not retrieved
(n=1)

Reports excluded:
- International study without
disaggregated ltalian data (n=38)

_ i

Studies included in review
(n=59)

v

+ Qualitative studies only (n=7)
« Experimental study (n=2)
« Out of topic (n=15)

Figure 1

Preferred reporting items for systematic reviews (PRISMA) flowchart of the search strategy. From: Page MJ, McKenzie JE, Bossuyt
PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ 2021;372:71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prismastatement.org/.
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96] after the start of the vaccination campaign and 8
(13.6%) [62, 66-68, 71, 72, 84, 91] straddling the two
periods. Twenty-five (41.7%) [41, 42, 47, 51, 56, 59-61,
63, 65, 66, 72, 74,76, 79, 80-82, 84, 86, 88, 89, 95-97]
studies investigated the attitudes of general adult popu-
lation towards COVID-19 vaccination, and two [43,
58] (3.3%) the attitude of the elderly. Ten (17%) [44, 45,
52, 54, 64, 68, 69, 75, 87, 91], focused on potentially
more fragile and/or at-risk population groups (patients
with chronic diseases, persons previously tested posi-
tive for SARS-CoV-2, prisoners, migrants). Eight stud-
ies (13.3%) [46, 48, 50, 62, 70, 77, 90, 93] investigated
the attitudes towards vaccination of healthcare workers.
Eight (13.3%) [39, 40, 49, 57, 67, 73, 78, 85] involved
students and/or university staff. Seven studies (11.7%)
[53, 55, 69, 71, 83, 92, 94] investigated parents’ atti-
tudes towards COVID-19 vaccination of their children,

Table 1

one [55] of which also assessed parents’ propensity to
vaccinate for themselves.

In 25 studies (42.4%), the study population was bal-
anced between females and males, 28 (47.4%) study
populations were predominantly formed by females
(>60% of the sample) while only two (3.4%) [52, 62]
were predominantly formed by males; eventually four
articles (6.8%) [46, 66, 76, 84] did not report gender
distribution of the study population.

Two studies (3.4%) [39, 56] evaluated populations
that had already undergone a full cycle of vaccination.

A full description of the characteristics of the includ-
ed studies is given in Table 1.

Only 3 studies (5.1%) [41, 54, 82] assessed actual
vaccine uptake as an outcome, while the others inves-
tigated attitudes towards vaccination considering the
intention to vaccinate.

Description of the characteristics of the studies included in the systematic review, about COVID-19 vaccination acceptance or

hesitancy in Italy

Author, Region/ Period Study Sample Sex Age Study outcomes and results Quality
year city population size (female score
(N) %)
Hesitancy % Acceptance %
Aliberti 2022  Salerno May-August University 500 59.20 range: 26-66 Vaccine 3270 7
[39] 2021 lecturers hesitancy
undergoing (Vaxzevria)
full cycle of
Vaxzevria
Baccolini Roma March-June University 5,369 61.50 mean (SD):  Vaccine 26.00 5
2021 [40] 2021 students 235 (4.5) hesitancy
unvaccinated
Barello 2022 Italia March 2021 Adult 866 50.80 range: 18-70 Delay in 46.00 9
[51] population vaccination
while waiting
for a’better’
vaccine
Belingheri Monza- December Health workers 421 28.50 >25 Intentionto  82.20 7
2021 [62] Brianza 2020-January vaccinate
2021
Belingheri Lombardia ~ December Healthcare 422 82.90 median Intentionto  80.80 5
2021 [73] 2020 students (IQR): 21 vaccinate
(20-22)
Bucchi 2022 Italia October 2020  Adult 991 NA >15 Intentionto  36.02 7
[84] population vaccinate
January 2021 987 (as soon as 59.90
May 2021 977 possible)  g3gg
Buonsenso Italia November Parents of 121 81.20 median Intentionto  56.20 7
2022 [94] 2021-January children/ (IQR): 42 vaccinate
2022 adolescents (38-47) one's
with a previous children
diagnosis of
COVID-19
Caserotti Italia February-June  Adult 2,267 69.90 mean (SD): Intentionto  40.10 6
2021 [95] 2020 population 38.1(14.0) vaccinate
Caserotti Italia January- Adult 5,006 50.00 range: 18-70 Intentionto  88.00 9
2022 [96] February 2021  population vaccinate
Caserotti Italia May-June 2020  Adult 448 70.80 mean (SD): Intentionto  NA 5
2022 [97] population 33.8(13.9) vaccinate
Cesaroni Lazio December Adult 3,186,728 54.00 mean (SD):  Non- 10.30 11
2022 41] 2021 population 589 (14.3) vaccination
Cocchio Veneto January 2021 Adult 4,467 51.10 mean (SD):  Vaccine 15.70 6
2022 [42] population 46.8 (16.0),  hesitancy
median
(IQR): 48
(34-59)

Continues
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Table 1
Continued

Author,
year

Contoli 2021
[43]

Costantino
2021 [44]

Costantino
2021 [45]

Costantino
2022 [46]

Del Riccio
2021 [47]

Di Gennaro
2021

[48]

Di Giuseppe
2021 [49]

Di Giuseppe
2021 [50]

Di Giuseppe
2022 [52]

Di Giuseppe
2022 [53]

Di Noia 2021
[54]

Di Valerio
2021 [93]

Fedele 2021
[55]

Folcarelli
2022 [56]

Galle 2021
[57]

Galle 2021
[58]

Region/
city

Italia

Italia

Milano

Palermo

Italia

Italia

Caserta-

Napoli

Caserta-
Napoli

Campania

Napoli

Roma

Italia

Napoli

Napoli

Bari, Napoli,
Roma

Apulia

Period

August-
December
2020

February 2021

February 2021

January-March
2021, October
2021

December
2020

October 2020

September-
November
2020

September-
November
2020
March-April
2021

April-May 2021

March 2021

1 January-16
February 2021

November
2020

November-
December
2021

February-April
2021

June-August
2021

Study Sample

population size
(N)

Elderly 1,876

population

Patients 1,252

suffering from

inflammatory

bowel disease

Patients 103

suffering from

coeliac disease

Health workers  1,450;
1,391

Adult 7,605

population

Health workers 1,723

University staff 1,501

Health workers 738

Prisoners 865
Parents of 607
children/

adolescents

Patients 914
suffering from
oncological

diseases

Healthcare
professional
members of
a Facebook
private group

Parents of 640
children/
adolescents

10,898

Adult 615
population
vaccinated with

full cycle

University
students

3,226

Elderly
population

1,041

Sex
(female
%)

53.60

58.20

78.60

64.70

65.50

57.70

60.80

42.30

0.00

82.40

61.00

77.90

7390

57.40

56.00

5830

Age

median
(IQR): 48
(37-58)

range: 18-77

mean (SD):
46.3 (15.7);

median
(IQR): 47
(34-58)

mean (SD):
355(11.8)

mean (SD):
36 (14.2);
range: 18-73
mean (SD):
404 (12.8);
range: 19-70
mean (SD):
424 (11.9);
range: 18-78
mean (SD):
423 (6.5);
range: 22-63

range: 21-97

NA

mean (SD):
32.1(15.9);
range: 19-76

mean (SD):
233 (3.9);
median
(IQR): 22
(21-25);
range: 18-45
mean (SD):
76.6 (6.5)

Study outcomes and results

Hesitancy

Vaccine
hesitancy

Vaccine refusal

Vaccine
hesitancy

Vaccine refusal

Vaccine
hesitancy

Vaccine refusal

Vaccine
hesitancy

Vaccine
hesitancy

Vaccine
hesitancy
regarding the
vaccination of
one’s children

Vaccine refusal
regarding the
vaccination of
one’s children
Vaccine
hesitancy
Vaccine refusal

Vaccine
hesitancy on
booster dose
administration

%

45.00

16.00

18.10

2.70

2520

4.80

33.00

1.10

82.80

34.50

7340

2340

2470

Acceptance %

Intentionto  64.00

vaccinate

Intentionto  81.90

vaccinate

Intentionto  84.10

vaccinate

Intentionto  80.70

vaccinate

Intentionto ~ 63.90

vaccinate

Intentionto  68.50
vaccinate

one's

children

Vaccinated 88.80

Intentionto  85.70
vaccinate
(booster

dose)

Vaccinated ~ 92.90
or Intention

to vaccinate

Vaccinated ~ 92.70
or Intention

to vaccinate

Quality
score

10

8

8

Continues
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Table 1
Continued

Author,
year

Genovese
2022 [59]

Gerussi 2021
[60]

Giuliani 2021
[61]

Graffigna
2020 [63]

Guaraldi
2021 [64]

Heyerdahl
2022 [65]

Lindholt
2021 [66]

Lo Moro
2022 [67]

Magon 2021
[68]

Miraglia
del Giudice
2022

[69]

Monami
2021
[70]
Montalti

2021
711

Montalti
2021 [72]

Moscardino
2022 [74]

Page 2022
[75]

Palamenghi
2020 [76]
Papini 2021
[771

Pastorino
2021 (78]

Prati 2020
[79]

Reno 2021
[80]

Region/

city

Italia

Udine

Italia

Italia

Italia

Italia

Italia

Torino

Italia

Napoli

Italia

Bologna

Bologna,
Palermo

Italia

Milano
Italia
Italia

Milano,
Brescia,
Piacenza,
Cremona,
Roma

Italia

Emilia-
Romagna

Period

February-July
2020

September-
November
2020

January-
February 2021

May 2020

January 2021

December
2020

September
2020-February
2021

November
2020-February
2021

June-August
2020, October
2020-March
2021

December
2021-January
2022

January 2021

December
2020-January
2021

December
2020-February
2021

June 2021

February-May
2021

May 2020
February-April
2021

June-July 2020

April 2020

January 2021

Study
population

Adult
population
Adult
population
with a previous
diagnosis of
COVID-19
Adult
population
Adult
population

Patients
sufferingfrom
diabetes
Adult
population
Adult
population

Health students

Patients
undergoing
anticoagulant
therapy
Parents of
children/
adolescents
with chronic
diseases

Health workers

Parents of
children/
adolescents

Adult
population

Adult
population

Migrants

Adult
population

Health workers

University
students

Adult
population

Adult
population

Sample
size

(N)

4,116

599

1,074

1,004

1,176

1,000

241

902

288

430

7,881

4,993

443

1,200

126
1,004
2,137

436

624

1,011

Sex
(female
%)

64.10

5340

67.50

50.90

73.10

50.40

NA

63.50

50.50

86.50

76.30

76.60

56.40

49.40

67.20

NA

7170

7040

54.00

55.20

Age

mean (SD):
33(13)

mean (SD):
53(15.8);
range: 19-76

range: 18-88

mean (SD):
44 (14);
range: 18-70

>18

range: 18-65

>18

median
(IQR): 24
(23-26)

mean (SD):
58 (20)

mean (SD):
405 (6.1);
range: 25-57

NA

NA

>18

mean (SD):
29.8 (6.5);
range: 18-40

median
(IQR): 41 (20)

NA
NA

median
(IQR): 23.1
(21.3-24.7)

mean (SD):
323(12.7);
range: 18-72
mean (SD):
46.9 (11.5);
range: 19-70

Study outcomes and results

Hesitancy

Vaccine
hesitancy

Vaccine refusal

Vaccine
hesitancy

Vaccine
hesitancy

Vaccine refusal

Vaccine
hesitancy

Vaccine
hesitancy
regarding the
vaccination of
one’s children

Vaccine
hesitancy

Vaccine
hesitancy
regarding the
vaccination of
one’s children

Vaccine refusal
regarding the
vaccination of
one’s children

Vaccine
hesitancy

Vaccine refusal

Vaccine
hesitancy

%

59.10

24.90

15.70

6.70

0.50
35.60

26.30

240

39.50

9.90

25.10

7.50

6.70

Acceptance

Intention to
vaccinate

Intention to
vaccinate

Intention to
vaccinate

Vaccination
acceptance

Vaccination
acceptance

Intention to
vaccinate
one's
children

Intention to
vaccinate

Vaccination
request

Intention to
vaccinate

Intention to
vaccinate

Intention to
vaccinate

Intention to
vaccinate

%

76.00

85.40

58.60

66.00

60.00

38.80

75.60

52.00

59.00

94.70

75.80

68.90

Quality
score

10

Continues
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Table 1
Continued
Author, Region/ Period Study Sample Sex Age Study outcomes and results Quality
year city population size (female score
(N) %)
Hesitancy % Acceptance %
Reno 2021 Emilia- January 2021 Adult 1,011 55.20 mean (SD): Intentionto  68.90 8
[81] Romagna population 469 (11.5); vaccinate
range: 19-70
Russo AG Milano-Lodi  September Adult 2,981,997 52.10 >18 Vaccinated ~ 84.40 11
2021 [82] 2021 population
Russo L Roma July-August Parents of 1,696 81.60 median Vaccinated ~ 32.20 6
2021 [83] 2021 children/ (IQR): 42 or Intention
adolescents (37-47) to vaccinate
one’s
children
Salerno 2021 Palermo May 2021 University 2,667 68.10 mean (SD):  Vaccine 8.20 5
[85] students 22.74(3.81)  hesitancy
unvaccinated (mRNA
vaccine)
Vaccine 1.00
refusal (MRNA
vaccine)
Vaccine 42.60
hesitancy
(viral vector
vaccine)
Vaccine refusal  12.20
(viral vector
vaccine)
Santirocchi  Italia March-May Adult 971 57.60 >18 Intentionto  78.50 7
2022 [86] 2021 population vaccinate
Scoccimarro  Firenze January-April Patients 502 60.20 >18 Vaccine 18.30 7
2021 [87] 2021 suffering from hesitancy
diabetes
Simione Italia April 2020 Adult 350 8.00 mean (SD): Intentionto  NA 7
2021 [88] population 40.8 (10.8) vaccinate
Steinert Italia June 2021 Adult 1,087 51.20 >18 Vaccine 15.00 8
2022 [89] population hesitancy
Trabucco Italia December Health workers 531 7340 NA Intentionto  91.50 6
Aurilio 2021 2020 vaccinate
[90]
Viola 2021 Messina October 2020-  Patients 470 43.60 mean (SD): Vaccination ~ 85.00 7
[91] June 2021 suffering from 48 (18) acceptance
inflammatory (vaccinated
bowel disease or vaccine
booking)
Zona 2021 Modena July-August Parents of 1,799 76.40 mean (SD): Intentionto  26.50 7
[92] 2021 children/ 45(5.8) vaccinate
adolescents one's
children

Vaccination hesitancy: refers to delay in acceptance or refusal of vaccination despite availability of vaccination services.
Vaccination acceptance: refers to vaccinated subject, subject who has already booked to vaccinate and intention to receive vaccination.

SD: standard deviation; IQR: interquartile range.

The majority of the articles referred to COVID-19
vaccination in general, except for three studies (5.1%)
which referred to Vaxzevria, [39], to mRNA [85] and vi-
ral vector [56] vaccine type; moreover, one study (1.7%)
[56] specifically assessed the attitude towards the ad-
ministration of the booster dose.

Among studies investigating COVID 19 acceptance
and /or hesitancy, there is a considerable variability in
definition of outcomes, in study population type and
in periods assessed (Table 1). Vaccination hesitancy
showed the highest values in a study conducted in No-
vember 2020 on a population of parents, who stated
that they were not positively inclined to vaccinate them-
selves in 73.4% of cases or to vaccinate their children in
82.8% [55]. Regarding hesitancy about vaccinating chil-

dren, a lower percentage (26.3%) was found among par-
ents of children with chronic diseases between Decem-
ber 2021 and January 2022 [69]. The lowest percentage
of vaccination hesitancy (2.4%) was recorded among
healthcare professionals [70]. The vaccination accep-
tance ranged from 94.7% in a study conducted among
students of the Catholic University of the Sacred Heart
in July 2020 [78] to 36.2% in a study performed on the
general population in October 2020 [84]; this study
found an increase in acceptance rate up to 83.8% in
May 2021 too [84].

Results of the quality assessment and risk of bias
The details of the quality assessment are shown in
detail in the Supplementary Material available online
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whereas the overall scores are reported in Table 1. The
quality scores ranged from 4 to 11 (median: 7; mean:
7.05). The quality was evaluated as “very good” for 6
studies (10.2%) [41, 43, 53, 56, 69, 82], “good” for 29
studies (49.2%) [39, 44-46, 49-52, 57-59, 62, 63, 66,
68, 74, 75, 77, 80, 81, 84, 86-89, 91, 92, 94, 96] and
“sufficient” for 23 studies (39.0%) [40, 42, 47, 48, 54,
55, 60, 61, 64, 65, 67, 70-73, 76, 78, 79, 83, 85, 90, 95,
97], while for only one study (1.7%) [93] was evaluated
as “low”. With regard to risk of bias, thirteen studies
[40, 47, 48, 55, 61, 64, 70-73, 85, 93, 97] could be con-
sidered at high risk of selection bias as they were scored
zero in three out of four items considered, namely repre-
sentativeness of the sample, sample size and non-respondent.
Three studies [54, 60, 65] have a zero score in the item
of comparability, while no article has a zero score in the
domain referred to outcome assessment. Special atten-
tion should be paid to the article of Di Valerio, 2021
[93], which totalized a NOS score of 4, so it is reason-
able to assume that it is at high risk of bias. Neverthe-
less, the evidence on factors associated with acceptance
or hesitancy of COVID-19 vaccination, that are here-
after summarized, came from many studies, thus mini-
mizing the hazard of making conclusions based only on
studies at high risk of bias.

Factors associated with COVID-19 vaccine
acceptance or besitancy

The complete matrix of factors associated with CO-
VID-19 vaccination acceptance or hesitancy is reported
in Table 2 and, hereafter, summarized according to the
groups of influences.

Contextual influences. Among the contextual influenc-
es, socio-demographic and cultural factors have been the
most investigated. Age was associated with adherence to
vaccination, with a greater propensity to be vaccinated
among older subjects than younger ones [41, 42, 52, 55,
56, 60, 64, 66, 71, 72, 74, 76, 79, 82, 84, 86, 88, 89,
91, 92, 96]. Similarly, a significant association was found
between the higher age of children/adolescents and the
propensity of parents to vaccinate them [53, 69, 71, 94].
Only few studies have come to opposite conclusions. In
all except than two studies [40, 49] female gender was
found to be associated with hesitancy [41-44, 47, 50, 55,
60, 61, 66, 71-73, 77, 80, 82, 84, 86, 88-90, 92, 96]. A
medium/higher level of education was overall associated
with a greater propensity to vaccination [40, 44, 55, 58,
61, 64-66, 69, 73, 84, 86, 88, 89, 96, 97], while a low
educational level was associated with hesitancy [41-43,
71, 72, 74, 80, 81]. The evidence about health workers
showed that they are more predisposed to accept vacci-
nation [40, 48, 50, 61, 77, 96]. With regard to the source
of information, there is a clear relation between the con-
sultation of scientific/institutional information and the
acceptance of vaccination [50, 55, 56, 81, 96], while the
collection of information from mass media is associated
to hesitancy [48, 58, 66, 71, 75, 81, 86, 96]. In the po-
litical sphere, both trust in government and institutions
[47, 61, 74, 79, 86, 97] and support for health policies
[66, 71, 96] are predictors of vaccination acceptance.

Individual and group influences. Beliefs, attitudes,
and knowledge/awareness were the factors mostly ad-

dressed among individual and group influences. In
particular, the attitude to preventive behaviours (such
as use of masks, adherence to therapies, adherence to
the flu vaccination campaign and cancer screening) was
significantly associated with COVID-19 vaccination ac-
ceptance in half of the studies [40, 42, 43, 45-48, 51,
53, 57, 59, 60, 62, 64, 66, 67, 70, 72, 73, 76, 78, 82,
83, 86, 90, 91, 95, 97]. Twenty-five articles [39, 44-47,
57, 59, 61, 63, 66, 69, 71, 74, 76, 80, 81, 83, 84, 86,
88, 89, 92, 95-97] investigated the relationship between
vaccination and confidence in science, medicine, health
institutions and healthcare professionals, as well as con-
fidence in vaccines in general; in contrast, propensity
to alternative medicine [44] and previous experience
of adverse events linked to vaccinations [67, 70, 93]
were related to hesitancy. A positive association with
acceptance was also found in relation to health literacy
and health engagement [63, 68]. With regards to the
perception of risk of disease, some studies showed a
significant association between the perception of risks
of COVID-19 and vaccination acceptance [40, 43, 44,
46, 49, 50, 52, 53, 61, 63, 66, 69, 77, 78, 80, 81, 83,
84, 86, 89, 95-97]. The perception of the safety [40, 47,
49, 50, 83, 85], efficacy [40, 83, 85, 90] and usefulness
[46, 47, 53, 85] of the vaccine, as well as the experience
of negative consequences of the disease among family
members, friends and acquaintances [43, 56, 94, 96]
were associated with vaccination acceptance. Vaccina-
tion hesitancy was associated with the perception of
insufficient information about the vaccine [39, 56, 69].
Eventually, other factors associated with vaccination ac-
ceptance were the concern about emergency [40, 43,
78, 79] and economic situation [66, 96].

Vaccine- and vaccination-specific influences: among
these influences short time needed to develop COV-
ID-19 vaccines was reported as a cause of concern and
therefore for vaccination hesitancy [85].

DISCUSSION

It has been estimated that in Italy, from January 2021
to January 2022, about 8 million cases, over 500,000
hospitalizations, over 55,000 hospitalizations in inten-
sive care units and about 150,000 deaths were directly
prevented by COVID-19 vaccination [98]. However,
the phenomenon of vaccine hesitancy, both against
COVID-19 vaccines and vaccination in general, sky-
rocketed since the beginning of the pandemic, with dif-
ferences related to several aspects [99]. For this reason,
every effort to understand the phenomenon is of great
value to guide counteracting actions.

Our review addressed the determinants of COVID-19
vaccination acceptance and hesitancy in the Italian pop-
ulation, being the first one, to the best of our knowledge,
to provide a broad and overall overview of the topic. The
findings of our review showed that, as expected, the
major reasons behind COVID-19 vaccination hesitancy
were individual and group factors, such as perceived
safety, efficacy and usefulness of the vaccine. In addi-
tion, the lack of awareness and information was often re-
ported to negatively impact on vaccination attitudes too.

The reasons for COVID-19 vaccination acceptance or
hesitancy have been investigated worldwide by a huge
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amount of literature, addressing not only the overall
population but also specific groups, such as healthcare
professionals and students [100-103], or subgroups
with expected lower vaccine uptake, such as pregnant
women [104, 105], ethnic minority [106-108], adoles-

Table 2

cents/young adults [109] and parents in respect to their
children [110, 111]. Also, all this evidence highlighted
that the main reasons for vaccine hesitancy belonged
to individual and group influences, including lack of
information or misinformation [100, 102, 104, 108],

Matrix of factors associated with COVID-19 vaccination acceptance or hesitancy, with bibliographical references

Macroareas of
factors

Contextual
influences

Factors associated with:

Socio-demographic factors, religion,
culture, gender

Age
Young
Intermediate
Advanced

Higher in children

Gender (female)

Citizenship/birth abroad
Marital status (married)
High household size
Educational level

Low

Medium-high

High

Low income

Occupation
Unemployed
In contact with the public
Entrepreneurs
Administrative staff

Health workers and in particular doctors
compared to other health professionals

Deprivation (high)
Residence

North

Central

South
High population density areas
Religious affiliation
Information
Media

Institutional and scientific information
sources

Belief in misinformation

Policy

Political ideology

Trust in government and institutions

Support for public health policies (e.g.,
compulsory vaccination)

Lockdown phase, during the emergency

Hesitancy
[references]

[71,72,79, 80]
[42,76, 81, 95]
[74,82, 88, 89]

[41-44, 47, 50, 55, 60, 61, 66, 71-73,
77,80, 82, 84, 86, 88-90, 92, 96]

[41,82]
[86]

[41-43,71,72,74,80,81]
[51]

[74, 80,81, 89]
[65, 69, 74]
[42]
[97]
[49]

[41,82]

[70,74]
[43]

[43]
[88]

[48,71,75,81,96]

[40, 66]

Acceptance
[references]

[48,59]
(93]

[41,52, 55, 56, 60, 64, 66, 84, 86, 91,
92, 96]

[53,69,71,94]
[40, 49]

(73]

[40, 44, 55, 58, 61, 64-66, 69, 84, 86, 88,
89, 96, 97]

[47,92]
[60]

[40, 48, 50,61, 77, 96]

(58]
[50, 55, 56, 81, 96]

[66, 86]

[47,61,74,79,86,97]
[66, 71, 96]

[95]

Continues



DETERMINANTS OF COVID-19 VACCINATION IN ITALY

Table 2
Continued

Macroareas of
factors

Individual and
group influences

Vaccine and
vaccination-
specific
influences

Factors associated with:

Knowledge, beliefs, attitudes,
experiences about health and
prevention

Confidence in science, medicine, health
institutions, health professionals

Positive attitude to alternative medicine

Attitude towards for preventive behaviour
(e.g., use of masks, flu vaccination,
screening, adherence to possible
therapies)

Confidence vaccines (in general)

Health literacy (highlevel)
Health engagement
Underlying chronic diseases
Perceived health status (good)
Living with fragile subjects
Previous reactions after vaccination
Vaccine and disease perception
Vaccine perception

Safety

Efficacy

Usefulness/Utility

Insufficient information

Desire to choose the type of vaccine
Disease perception

Risks related to COVID-19 (due to severity
of illness, high exposure, susceptibility to
infection)

Previous infection (confirmed or presumed)

Experience of the disease and its
consequences (e.g.,, hospitalisation,
death) among relatives/friends/
acquaintances

Human-psychological factors
Negative affective state
External health locus of control
Conspiracy mentality
Calculation

Low perception of social support from
family and friends

Desire to protect

Desire to return to normality

Economic concerns

Concern about the emergency situation
Attachment to the home country

Social life (extremely active or very
inactive)

Relatives/friends opposed to the vaccine
New vaccines

Speed of new vaccine development
Role of health professionals

Recommendation by the doctor

Hesitancy
[references]

[44]

[39,70, 87]

[39]

[70, 85] (viral vector vaccines)
[67,70, 93]

[39, 56, 69]
[85]

[51]

[50, 62,69, 70, 74]

52,61]
51,66, 74,79, 85, 88, 96]
51]

[
[
[51

[74]

[42]

[67]

[85]

Acceptance
[references]

[39,61,66,69, 71,76, 84, 86, 83, 96,
97]

[40, 42,43, 45-48, 51, 53,57, 59, 60, 62,
64,66,67,70,72,73,76,78,82, 83, 86,
90, 91, 95, 97]

[44-47,57,59, 63,74, 80, 81, 83, 89,
92, 95-97]

(68]

(63, 68]

(41,43, 54, 80-82, 96]
[

[

(o)}

55,61]
48, 85] (MRNA vaccines)

[40,47, 49, 50, 83, 85]
[40, 83, 85, 90]
[46,47,53,85]

[40, 43, 44, 46, 49, 50, 52, 53, 61, 63, 66,
69,77,78,80,81, 83,84, 86, 89, 95-97]

(82, 85]
[43, 56, 94, 96]

[48, 67, 96]
(78]

(66, 96]

[40, 43,78, 79]
(74]

(69, 71]
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together with concerns about vaccine safety [100, 102-
104, 106], efficacy [102-103, 106], and adverse events
[100-102, 104]. Social and institution trust/mistrust
was also identified as a relevant determinant [102, 103,
108, 109]. These factors were found to be significant
determinants of COVID-19 vaccine acceptance or hesi-
tancy in our review as well as in other reviews address-
ing the same topic at worldwide level [112-115] or in
respect to other pandemics [116].

According to our review, contextual influences were
the most studied factors after individual and group
influences. In particular, socio-demographic factors,
such as female gender, younger age, low income, and
low educational level were found to be associated with
COVID-19 vaccine hesitancy in Italy. These factors
were found to be relevant determinants of COVID-19
vaccine hesitancy also by other reviews addressing the
worldwide population [114, 115, 117, 118]. It is worth-
while to observe that influences of this kind are par-
ticularly relevant also in respect to children vaccination,
according to our review as well as other ones [110].
Prevalent women's role as children’s caregivers should
particularly call for tailored programs addressing their
concerns about vaccines to increase their compliance
with vaccination for themselves and their children too.

Further studies should surely better disentangle the
interrelationship between determinants of vaccine hesi-
tancy and vaccination uptake and assess the effective-
ness of context-specific interventions to counteract
vaccine hesitancy. However, the available huge body
of evidence on the topic suggests that interventions to
counteract COVID-19 vaccine hesitancy should ad-
dress information and health literacy to offer people the
possibility of making evidence-based choices. Further-
more, these interventions should be primarily targeted
to some population groups that are shown to be more
hesitant, namely women, young people, and with low
income.

As the Italian population mostly identifies the health
scientific community as a reliable source of information
[119], it is essential to seize the enormous opportunity
offered by this position to counter vaccine hesitancy,
both with structured continuous intervention programs
and with targeted interventions aimed at specific popu-
lation subgroups. On the other hand, especially to reach
also those pockets among population that do not rely
on science and on scientific community, innovative real
effective communication strategies are needed to be ap-
plied; indeed, the point is not only giving more detailed
information, but rather offering it in a more effective
and reliable way. To reach this goal, healthcare profes-
sionals are especially called to face their main competi-
tor as source of information, namely social media. Vac-
cine hesitancy seems to be strictly related to erosion of
public trust on scientific and social institutions that is
strongly amplified by misinformation widely spread and
sustained on social media. In contrast to traditional me-
dia, social media are characterized by its potential to
rapidly spread a huge amount of information in a disin-
termediate environment and easily produce infodemics.

The intersection between social media-supported in-
fodemics and epidemics certainly represents one of the

most critical areas for future studies and interventions.
Indeed, as social media radically changed the mecha-
nism of accessing information and forming opinions, we
need to better understand how individuals do acquire
or avoid information and how their decisions can affect
their behaviour. Including the complexity of human be-
haviour in the management of an epidemic is of critical
importance to address its many facets through a scien-
tifically based approach, in order to support the design
of effective communication strategies and develop tools
to correctly manage both the infodemics and the epi-
demics. To achieve this goal and capture the overall di-
mensions of epidemic/infodemic management, health
professionals cannot work alone relying on medical
competences only, but a multidisciplinary approach
is essentially needed [120]. As recognized and under-
lined also in the National Prevention Plan 2020-2025
[121], a such effort should not be limited to the pan-
demic context alone, but should be transformed into
a structured and continuous program targeted to the
population, and in particular to the new generations,
to improve health literacy increase and provide people
with the necessary tools to make conscious choices for
their own health.

This review has some limitations that should be con-
sidered when interpreting results. One of the major
limitations is the PubMed search approach. However,
our objective was to conduct a rapid synthesis of the
evidence on factors associated to COVID-19 vac-
cine hesitancy in Italy and PubMed is a standalone,
reliable platform to effectively retrieve most relevant
publications. Evidence summarized from PubMed-
based articles could indeed provide an initial but yet
informative guidance for informing interventions to
reach out hesitant people. Another limitation is that
the protocol of this systematic review was not regis-
tered and that a potential bias in the selection of stud-
ies cannot be completely ruled out, even though selec-
tion was performed independently by two researchers.
Eventually, the heterogeneity of studies’ methodology
prevented us making a quantitative analysis and issu-
ing more conclusive finding. In this respect, it should
be said that the whole literature on vaccine hesitancy
and its determinants is still undermined by the lack of
standardization of definitions (i.e., confidence, accep-
tance and uptake are generally used interchangeably),
data collection, and analysis. Nonetheless, to the best
of our knowledge, this is the first systematic review
giving an overview of determinants of COVID-19 vac-
cine hesitancy in the Italian population. Furthermore,
as further strengths, most of the included studies were
judged of moderate to good quality and the Vaccine
Hesitancy Determinants Matrix was used to summa-
rize the evidence.

CONCLUSION

Vaccine hesitancy represents a challenge for the suc-
cessful implementation of COVID-19 vaccination in
Italy. Our review demonstrated that various factors,
particularly belonging to individual and group influ-
ences such as misinformation and perceived vaccine
safety, efficacy, and usefulness, influence acceptance or



21

DETERMINANTS OF COVID-19 VACCINATION IN ITALY

hesitancy towards COVID-19 vaccination. Real effec-
tive interventions to increase vaccine uptake in Italy are
needed and should rely on a multidisciplinary approach
to address individuals’ concerns over vaccines, vaccine-
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related misinformation, social media-related infodemic
dynamics and health literacy in order to support indi-
viduals in making conscious choices for individual and
collective health.
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Abstract

Among the objectives of the WHO Global Vaccination Action Plan 2020-2025, there
is the establishment, in all countries, of a National Immunization Technical Advisory
Group (NITAG), an independent body with the aim of supporting and harmonising
vaccination policies. Italy firstly established a NITAG in 2017; it contributed to the na-
tion’s immunization policies but fell short of its goal of becoming a true reference group.
The newly appointed NITAG, made up of 28 independent experts, has the ambitious
goal to promote the new National Immunization Prevention Plan (PNPV), to harmonise
the current vaccination schedule with the anti-COVID-19 campaign, and to recover the
vaccination coverage decline that occurred during the pandemic. The contact with the
ECDC EU/EEA, the WHO Global NITAG networks, and all the national stakeholders
needs to be reinforced in order to accomplish these aims. This paper describes the struc-
ture, organisation, and strategy of the new Italian NITAG.
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INTRODUCTION

The rapid onset and harshness of COVID-19 pan-
demic has emphasised the importance of ensuring reli-
able and visible public health leadership, the need to
improve people’s trust in science, and to prevent mis-
information [1]. Never in history has the vaccination
been so much the focus of public attention. In particu-
lar, the increase of vaccine hesitancy represents an im-
portant issue to figure out [2].

Evidence-based decision making has constantly
proven to be a successful means for countries to hold
immunization programmes [3]. Currently, communi-
cation is crucial to increase awareness and coherence
among countries throughout the world. To this end,
special bodies called National immunization Technical
Advisory Groups (NITAGs) are set up, with the aim of
promoting and developing new national immunization
policies [4, 5]. The Global Vaccine Action Plan called
for all countries to establish or have access to such a
NITAG by 2020 [6].

Vaccination represents an important part of primary

health care and an undeniable human right [7], and
contributes to individual health, community welfare
and economic benefits [8]. Therefore, the World Health
Organization (WHO) suggests the establishment and
strengthening of NITAGs in all countries, as multidisci-
plinary groups of national experts whose role is to pro-
vide evidence-based recommendations to the Ministry
of Health (MoH), supporting the decision making pro-
cess on immunization policies and programmes [9, 10].
They have primarily a technical and advisory role with
the aim of improving scientific rigour and credibility to
the complex process of establishing immunization poli-
cies, without political, industrial, or personal interests
[11, 12]. NITAGs systematically collect, review, and
evaluate available evidence, for developing recommen-
dations, even according to the social and epidemiologi-
cal contexts [13].

WHO has defined six main criteria for characterising
functional NITAGs, to ensure the systematic and com-
parable trend monitoring: i) a formal written terms of
reference; ii) a legislative or administrative basis; iii) a
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minimum of five different areas of expertise in the core
membership; iv) at least one meeting per year; v) circu-
lation of the agenda and background materials at least
one week prior to meetings; vi) a declaration of interests
policy for all members [14].

NITAGs had to cope with the pandemic’s fast chang-
ing COVID-19 knowledge, a dearth of data on vaccina-
tion product characteristics, and health misinformation.
In this context, one of the most practical and effective
ways for sharing and updating recommendations be-
tween countries was represented by the use of online
platforms and the scheduling of updated webinars [13,
15]. Moreover, the decline in routine vaccination occur-
ring during the pandemic exposed people at a higher
risk of VPD [16].

Some NITAGs around the world serve as a model for
the creation of a long-term operational work plan due to
their long history of effective engagement and advoca-
cy. The Australian Technical Advisory Group on Immu-
nization (ATAGI), the German Standing Committee
on Vaccination (STIKO), and the Canadian National
Advisory Committee on Immunization (NACI) stand
out for their experience. These ones have succeeded in
adapting over time, gaining expertise through the pro-
duction of evaluation reports, statements based on the
most recent, accurate scientific knowledge, programs
and campaigns aimed at improving health and forecast-
ing the future issues the committee is likely to face.

HISTORY OF NATIONAL IMMUNIZATION
TECHNICAL ADVISORY GROUPS IN ITALY

The first Italian NITAG was established in 2017 by
the Minister of Health (Mrs Beatrice Lorenzin, the
longest-serving health Minister of the Italian Republic).
That year, when an innovative national vaccination plan
came into force in Italy, is remembered for major aware-
ness-raising and advocacy actions on the importance of
vaccination due to the introduction of the Compulsory
Vaccination Act with the aim of rapidly raising vaccina-
tion coverage after an increase in measles cases in the
population [17-19].

In 2018, NITAG was revoked when all the techni-
cal bodies of the Italian MoH were renamed after the
change of government. Despite the best of intentions,
neither in the first nor in the second case did the Italian
NITAG reach the target of becoming a reference point
for Italian vaccination policies: the meetings were in-
frequent, and the number of documents produced was
small. After a hiatus, due to the centralisation of vacci-
nation decisions and policies related to the COVID-19
campaign to the institutional bodies of the MoH (i.e.,
National Health Council) and the Presidency of the
Council of Ministers (i.e. National Technical and Sci-
entific Committee on the COVID-19 pandemic), the
new NITAG was appointed by the MoH in September
2021 and settled in early 2022 [20]. The main goals are
linked to the achievement of the objectives of all the
NITAGs set by the WHO, to the approval process of
the new National Vaccine Prevention Plan (2022-2025)
and to the recommendations of actions for the recovery
of vaccinations not administered during the COVID-19
pandemic.

STRUCTURE AND MEMBERS
OF THE ITALIAN NITAG

In Italy, NITAG composition is established by MoH
Decree based on the proposal of the Director General
of Health Prevention. Experts are chosen on their own
merits, not as representatives of institutions, groups, or
associations to which they belong. Hence, as soon as
they are appointed, NITAG members are required to
file an initial statement of conflicts of interest.

The overall composition of the NITAG includes core
and non-core members. Core members are reputable
professionals who do not represent a particular group
or stakeholder. Non-core members are further divided
into ex-officio members from governmental depart-
ments and liaison members, who represent immuniza-
tion professional societies or organisations [21].

Currently, the new Italian NITAG includes different
core members as follows: 10 public health physicians,
1 epidemiologist, 1 immunologist, 1 infectious diseases
specialist, 1 communication expert, 1 psychologist and
behavioural science expert, 1 forensic medicine expert,
1 expert in ethics, 3 paediatricians, 2 public health
nurses and 1 general practitioner. Among non-core
members, we can distinguish 3 ex-officio members and
2 liaison members.

The Italian NITAG has a chairperson and an execu-
tive secretariat. The three-year term of office is further
prolonged if required. Furthermore, the nomination of
one or more members may be withdrawn at any moment
by the MoH or the Director General of Health Preven-
tion. According to the WHO guidelines [13], the wide
range of experience among NITAG members enables
the committee to address several issues (vaccine recom-
mendations, scheduling and prioritisation) that call for
both scientific competence on vaccines and proficiency
on public health policy matters. Currently, the Group
consists of 28 members whose 23 are core members.

ITALIAN NITAG TASKS AND GOALS

According to the Decree, NITAG is expected to: 1)
support the MoH in the monitoring of immunization
programmes and assessment of their impact via annual
reports; 2) provide information about epidemiological
trends of diseases and about immunization coverage; 3)
support elaboration of effective strategies detecting fur-
ther data and useful information; 4) develop recommen-
dations for immunization programmes, organisational
models and control strategies for vaccine-preventable
diseases, considering local epidemiology, vaccine effica-
cy and security, Health Technology Assessment (HTA),
vaccine possible impact and social context; 5) provide
recommendations for strategies, research, new vaccine
development and technologies for the future; 6) to sup-
port regions in establishing relationships with Regional
Vaccine Committees [20].

The main goals of the new Italian NITAG are sum-
marized in Table 1.

Reinforcement of credibility and legitimacy
of vaccination

Although vaccination is acknowledged as one of the
most successful medical achievements of modern civi-
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Table 1
Goals of the Italian National Immunization Technical Advisory
Group (NITAG)

The Italian NITAG goals

Reinforcement of credibility and legitimacy of vaccination
Good governance

Proper management of Conflict of Interest

Reinforcement of institutional integration to promote
sustainability and credibility

Increasing networking and regional collaboration: the global
NITAG network

lization, an increasing number of people believe it to
be unnecessary and life-threatening [22]. In fact, vac-
cine hesitancy poses the biggest threat to vaccination
campaigns [23]. Research proved that trust in govern-
ment is strongly correlated to vaccine acceptance and
can promote public compliance with recommended
actions [24]. Currently, enhancing the transparency of
NITAG's decision-making process and supporting the
development of best practices among the NITAGs is
crucial to ensure people trust in recommended vaccina-
tion programmes.

To achieve this objective, NITAG must define terms
of reference that are consistent with current NITAG
practice. Moreover, the decision framework must ad-
here to a standardized approach, such as GRADE,
and be evidence-based, structured, transparent, re-
producible, and reliable [1]. The Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) is an unofficial group of people who cooper-
ate to deal with the shortcomings of grading systems in
health care. Therefore, the methodology based on qual-
ity of evidence, which is applied by the GRADE work-
ing group, has been suggested as the operational mode.
This operational mode is widely applicable in various
contexts and helps in evaluating the strengthening of
recommendations in healthcare [9, 25, 26].

Another step towards this goal is represented by the
establishment of transparency in public communication
with, agenda, decisions, and technical reports made
available to those who request them. Meetings should
ideally be accessible to everyone who desires to attend.
Lastly, economic concerns (cost-effectiveness analysis
and budget impact estimate) should be included in the
framework analysis at NITAG level, while price and re-
imbursement should be handled by other bodies [27].

Good governance

To improve competent policymaking and eliminate
vaccine hesitancy, good governance is essential. Nota-
bly, accountability, integrity, openness, accessibility, and
proportionality are essential components of good gov-
ernance. These ones are employed to evaluate NITAG
operations and foundational tools, according to dif-
ferent criteria such as composition, member integrity,
remit and values, organisation independence, practice
procedures, evidence and policy, performance evalua-
tion [28].

Proper management of conflict of interest

Once they are appointed, NITAG members should
formally declare their interests in order to avoid con-
flict of interest (Col). Identification of current, past,
and potential future interests is necessary; besides this,
regular updates on any new interest should be provided
in order not to influence future recommendations. Af-
ter declaration, interests are evaluated by the NITAG
chair, possibly in consultation with the secretariat. The
strength of each interest can be assessed on the basis
of the amount of benefit considered, the frequency of
the relationship with this source of interest, and the age
and length of interest. Typically, the NITAG member
has three outcomes: participation in the debate and de-
cision-making, participation in the debate but not the
vote, or exclusion from both the debate and the vote.
(29, 30].

Reinforcement of institutional integration to promote
sustainability and credibility

Raising awareness on NITAG’s role as an advisory
committee is one of the main and essential prerogatives
to strengthen the relationship with the MoH and its
technical scientific bodies (e.g., National Health Coun-
cil). In fact, national authorities’ misconception about
NITAG role could represent an obstacle to the achieve-
ment of NITAG goals. These concerns could consist in
NITAG’s independence being seen as a threat which
could undermine MoH'’s authority and could cast doubt
on his prerogatives. Nevertheless, concerns could be al-
layed by improving awareness of their individual duties
since MoH nominates NITAG members, designates
the secretariat, takes part in the agenda and is the final
decision-maker [14].

Increasing networking and regional collaboration:
the global NITAG network

Executive secretariats should develop and maintain
relationships with other NITAGs to constantly improve
and compare outcomes [14]. That’'s why the Global
NITAG Network (GNN) has been created. The rising
initiative of this platform started in 2016 and officially
established in Berlin in 2017. The GNN steering com-
mittee functions as an executive decision-making body.
It is composed by two members of the NITAG secretar-
iat and six NITAG members, who each represent one of
the six WHO regions. The group’s makeup represents
the wide diversity of socioeconomic backgrounds, or-
ganizational experiences, and maturity levels present in
the NITAG community. Fifty-three countries were part
of the network in 2020. Based on priorities, meetings
are organised by the network on a yearly basis in differ-
ent locations and rotating WHO regions. GNN serves
as a common ground in which experiences and practic-
es are shared among NITAGs. Its mission is to improve
efficiency in the development of evidence-informed
recommendations on immunizations through global
cooperation with input from regional networks [31].
The usage of webinars is a significant support for this
endeavour as they enable more regular and timely infor-
mation and guidance dissemination along with simpler
participation of highly qualified worldwide experts [15].
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THE NEW NATIONAL IMMUNIZATION
PREVENTION PLAN

One of the first activities of the new NITAG has been
the evaluation and promotion of the new National Im-
munization Prevention Plan (PNPV). Traditionally, the
National Vaccine Plan (PNV), represented a multi-year
planning tool to which the vaccination schedule, cre-
ated with the contribution of both ministerial commit-
tees and the main scientific societies, was also linked
[17]. Since 2012 it has been referred to as the National
Vaccine Prevention Plan, equivalent to the worldwide
National Immunization Programmes (NIPs). This
time, the first draft, prepared by an ad hoc commission
of the MoH, provided for some general four-year ob-
jectives along with an immunization schedule that may
be updated annually. The NITAG, with its own skills,
will have to integrate the proposal and favour rapid ap-
proval. The main objectives of the PNPV will be: I) to
maintain polio-free status; II) to achieve measles-free
and rubella-free status; III) to strengthen prevention of
cervical cancer and other HPV-related diseases; IV) to
reach and maintain target coverage through a fair and
free vaccination offer among age groups and popula-
tions at risk; V) to counteract inequalities by promot-
ing vaccination interventions in at-risk population for
adverse socioeconomic status, occupational exposure
or marginalization; VI) to complete the digitalization
of a nationwide vaccination register that can be con-
sulted from each region; VII) to improve the surveil-
lance of vaccine-preventable diseases; VIII) to increase
adherence to vaccinations; IX) to promote vaccinations
among healthcare workers to achieve the target cover-
age [17, 31-33]. The COVID-19 pandemic’s effects on
vaccination coverage and the organizational lessons
learned during the nationwide anti-SARS-CoV2 vac-
cination campaign are both considered in the latest
version of the PNPV. Additionally, a patient-centered
vaccination strategy is being emphasized, strengthening
the role of the local healthcare network for the inclusion
of vulnerable patients and their care.

RECOVERY OF VACCINATION COVERAGE
DECREASED DURING THE PANDEMIC

The health emergency caused by COVID-19 has had
a significant impact on the world population. National
vaccination rates (about year 2020) have undoubtedly
been impacted by the pandemic, which disrupted pe-
diatric routine immunizations and caused parents to
reschedule visits out of fear of infection or due to “stay-
at-home” safety measures. The national immunization
coverage levels for mandatory vaccinations slightly de-
creased during 2020 compared with the previous year,
with only one exception that regards chicken pox, which
underwent a significant increase (+2.2%). Almost all the
recommended vaccinations showed a moderate decrease

REFERENCES

1. Graham RNJ, Woodhead T. Leadership for continuous
improvement in healthcare during the time of COV-
ID-19. Clin Radiol. 2021;76(1):67-72.

(range -1.4% to -2.7%). Particularly, anti-Men C revealed
a remarkable drop (-8.5%) unlike vaccine coverage rates
for anti-Men ACWY, anti-rotavirus and anti-HPV, that
raised (+4.8%, +9.4% and +1.8%, respectively) [34].

One of NITAG’s main goals is to propose the new
PNPV (expired in 2019), to harmonise the current vac-
cination schedule with the anti-COVID-19 campaign
and to recover the concerning vaccination drops that
occurred during the pandemic. Interaction between the
WHO Global NITAG networks and the ECDC EU/
EEA networks can help to more effectively accomplish
all of these objectives.

OTHER PERSPECTIVES OF THE ITALIAN
NITAG

The new NITAG’s mission is to advance and main-
tain the strategic goals established by the PNPV 2017-
2019, with an emphasis on revising the current immu-
nization schedule and formulating recommendations
for coverage levels that are sustainable and attainable
[35]. According to NITAG, these actions need to be
continuously assessed using a system of indicators (to
be developed) that can measure vaccination coverage
and the accomplishment of preventative goals.

The introduction of new practices, such as the cre-
ation of a standard protocol for the introduction of vac-
cinations on the immunization schedule and a revision
of the current essential levels of care (Livelli essenziali di
assistenza, LEA), will be a key topic of debate [32].

There is still work to be done on two other crucial
issues: the regional vaccine prevention gaps in Italy as
well as the focus on at-risk groups, to whom specific
vaccinations, free of charge, are offered (e.g., pregnant
women, healthcare workers and subjects suffering from
chronic diseases).

The new Italian NITAG holds another ultimate re-
sponsibility which is to complete the evaluation of the
current law on mandatory vaccinations and to raise
public confidence in the role of the latter during these
trying times, via communication campaigns: after all,
good communication could contribute to an increase in
vaccination rates in Italy, which is essential to realizing
the opportunity for everyone to live a healthy life [36].

Acknowledgments

The Authors would like to acknowledge all the cur-
rent members serving in the NITAG for the next three-
year period of the committee’s work in Italy.

Conflict of interest statement
The Authors do not have any conflict of interest or
financial interest.

Received on 11 April 2022.
Accepted on 5 January 2023.

2. Troiano G, Nardi A. Vaccine hesitancy in the era of CO-
VID-19. Public Health. 2021;194:245-51.
3. Senouci K, Blau J, Nyambat B, Coumba Faye P, Gautier

ORIGINAL ARTICLES AND REVIEWS . . . 3



Andrea Silenzi, Andrea Siddu, Anna Carole D’Amelioet al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

L, Da Silva A, et al. The Supporting Independent Im-
munization and Vaccine Advisory Committees (SIV-
AC) initiative: a country-driven, multi-partner program
to support evidence-based decision making. Vaccine.
2010;28(Suppl. 1):A26-30.

Nohynek H, Wichmann O, Ancona FDA; VENICE Na-
tional Gatekeepers. National Advisory Groups and their
role in immunization policy-making processes in Europe-
an countries. Clin Microbiol Infect. 2013;19(12):1096-
105.

Blau J, Sadr-Azodi N, Clementz M, Abeysinghe N, Cak-
mak N, Duclos P, et al. Indicators to assess National Im-
munization Technical Advisory Groups (NITAGs). Vac-
cine. 2013;31(23):2653-7.

Evans-Gilbert T, Lewis-Bell KN, Figueroa JP. The Carib-
bean Immunization Technical Advisory Group (CITAG);
a unique NITAG. Vaccine. 2019;37(44):6584-7.

World Health Organization. Vaccines and immunization.
WHO; 2023. Available from: www.who.int/health-topics/
vaccines-and-immunization#tab=tab_1.

Harmon SHE, Faour DE, MacDonald NE. Mandatory
immunization and vaccine injury support programs: A sur-
vey of 28 GNN countries. Vaccine. 2021;39(49):7153-7.
Stein-Zamir C, Rishpon S. The National Immunization
Technical Advisory Group in Israel. Isr ] Health Policy
Res. 2021;10(1):7.

Gessner BD, Duclos P, Deroeck D, Nelson EA. Inform-
ing decision makers: experience and process of 15 Na-
tional Immunization Technical Advisory Groups. Vac-
cine. 2010;28 Suppl 1:A1-5.

Bryson M, Duclos P, Jolly A, Cakmak N. A global look at
national Immunization Technical Advisory Groups. Vac-
cine. 2010;28(Suppl. 1):A13-7.

Duclos P. National Immunization Technical Advisory
Groups (NITAGs): guidance for their establishment and
strengthening. Vaccine. 2010;28(Suppl. 1):A18-25.
World Health Organization. National Immunization
Technical Advisory Groups. WHO; 2023. Available from:
www.who.int/teams/immunization-vaccines-and-biologi-
cals/policies/NITAGs.

Adjagba A, Senouci K, Biellik R, Batmunkh N, Faye PC,
Durupt A, et al. Supporting countries in establishing and
strengthening NITAGs: lessons learned from 5 years of
the SIVAC initiative. Vaccine. 2015;33(5):588-95.
Mosina L, Kulper-Schiek W, Jacques-Carroll L, Earnshaw
A, Harder T, Martinon-Torres F, et al. Supporting Nation-
al Immunization Technical Advisory Groups in the WHO
European Region in developing national COVID-19 vac-
cination recommendations through online communica-
tion platform. Vaccine. 2021;39(45):6595-600.

Ota MOC, Badur S, Romano-Mazzotti L, Friedland LR.
Impact of COVID-19 pandemic on routine immuniza-
tion. Ann Med. 2021;53(1):2286-97.

Bonanni P, Azzari C, Castiglia P, Chiamenti G, Con-
forti G, Conversano M, Corsello G, Ferrera G, Ferro A,
Icardi G, Macri PG, Maio T, Ricciardi W, Russo R, Scotti
S, Signorelli C, Sudano L, Ugazio AG, Villani A, Vitali
Rosati G. Il calendario vaccinale per la vita 2014 predis-
posto dalle societa scientifiche italiane. Epidemiol Prev.
2014;38(6 Suppl. 2):131-46.

Signorelli C, Guerra R, Siliquini R, Ricciardi W. Italy’s
response to vaccine hesitancy: an innovative and cost ef-
fective National Immunization Plan based on scientific
evidence. Vaccine. 2017;35(33):4057-9.

Silenzi A, Poscia A, Gualano MR, Parente P, Kheiraoui
F, Favaretti C, Siliquini R, Ricciardi W. An effective clini-
cal leadership to strenghten the immunization policies in
Italy. Ig Sanita Pubbl. 2017;73(5):483-96.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

Italia. Ministero della Salute. Decreto Ministeriale 15
Dicembre 2021. Istituzione del Gruppo Tecnico Consul-
tivo Nazionale sulle Vaccinazioni (NITAG). MdS; 2021.
Available from: www.quotidianosanita.it/allegati/allega-
t09864733.pdf.

Dabanch J, Gonzalez C, Cerda J, Acevedo J, Calvo M,
Diaz E, et al. Chile’s National Advisory Committee on
Immunization (CAVEI): evidence-based recommenda-
tions for public policy decision-making on vaccines and
immunization. Vaccine. 2019;37(32):4646-50.

Dube E, Vivion M, MacDonald NE. Vaccine hesitancy,
vaccine refusal and the anti-vaccine movement: influ-
ence, impact and implications. Expert Rev Vaccines.
2015;14(1):99-117.

Nossier SA. Vaccine hesitancy: the greatest threat to CO-
VID-19 vaccination programs. ] Egypt Public Health As-
soc. 2021;96(1):18.

Latkin CA, Dayton L, Yi G, Konstantopoulos A, Boodram
B. Trust in a COVID-19 vaccine in the US: a social-eco-
logical perspective. Soc Sci Med. 2021;270:113684.
Duclos P, Durrheim DN, Reingold AL, Bhutta ZA,
Vannice K, Rees H. Developing evidence-based im-
munization recommendations and GRADE. Vaccine.
2012;31(1):12-9.

Group Gw. What is GRADE? Available from: www.
gradeworkinggroup.org.

Ricciardi GW, Toumi M, Poland G. Recommendations
for strengthening NITAG policies in developed countries.
Vaccine. 2015;33(1):1-2.

Harmon SHE; Faour D, MacDonald N. National Immu-
nization Technical Advisory Groups (NITAGs): a schema
for evaluating and comparing foundation instruments
and NITAG operations. Medical Law International.
2021;21(1):69-98.

SIVAC, AMPHPID. Prevention of conflicts of interest
in NITAGs. Paris, France: SIVAC, AMPHPID; 2017.
Available from: www.nitag-resource.org/sites/default/
files/2020-02/Col_guidelines.pdf.

World Health Organization. WHO. Guidelines for decla-
ration of interest (WHO experts). Geneva: WHO; 2014.
Available from: www.who.int/about/ethics/declarations-
of-interest.

NITAGs. The global NITAG network. NITAG; 2022.
Available from: www.nitag-resource.org/network/vision-
mission.

Ministero della Salute. Livelli essenziali di assitenza
(LEA). MdS; 2017. Available from: www.salute.gov.it/
portale/lea/menuContenutolea jspfarea=Lea&lingua=it
aliano&menu=leaEssn.

Restivo VOA, Ciampini S, Messano GA, Trucchi C, Ven-
tura G, Casuccio A, Vitale F & the Leadership in Pub-
lic Health Group. How should vaccination services be
planned, organized, and managed? Results from a survey
on the Italian vaccination services. 2019;31(Suppl. 1):45-
53.

Sabbatucci M, Odone A, Signorelli C, Siddu A, Silenzi A,
Maraglino FP, et al. Childhood immunisation coverage
during the COVID-19 epidemic in Italy. Vaccines (Ba-
sel). 2022;10(1).

Ministero della Salute. Piano nazionale prevenzione
vaccinale 2017-2019. MdS; 2022. Available from: www.
salute.gov.it/portale/vaccinazioni/dettaglioContenutiVac-
cinazioni.jsp?lingua=italiano&id=4828&area=vaccinazio
ni&menu=vuoto.

Di Pietro A, Visalli G, Antonuccio GM, Facciola A. Today’s
vaccination policies in Italy: the National Plan for Vaccine
Prevention 2017-2019 and the Law 119/2017 on the man-
datory vaccinations. Ann Ig. 2019;31(2 Suppl. 1):54-64.



Ann Ist Super Sanita 2023 | Vol. 59, No. 1: 31-36

DOI: 10.4415/ANN_23_01_05

Diagnosis of Respiratory Syncytial Virus

(RSV) infection in children

by Respiratory Panel utilized during

the COVID-19 pandemic

Paola Alessandra Petrocelli:, Veronica Cunsolo:, Marianna Melito!, Giovanni Scuderi:,
Rebecca Testa!, Stefano Messina:, Francesca Tucci!, Lorenzo Sardone!, Daria Colligiani:,

Maria Nardone!, Stefano Rapi'and Elisabetta Stenner>

1UOC Laboratorio Analisi Chimico-Cliniche, Ospedale San Luca, USL Toscana Nord Ovest, Lucca, Italy
2UOC Laboratorio Analisi Chimico-Cliniche, Ospedali Riuniti, USL Toscana Nord Ovest, Livorno, Italy

Abstract

Background. In the months of October and November 2021, there was throughout Italy
and in our specific case in the area of Lucca and Versilia, a disturbing increase of SARS-
CoV-2 infections and cases of Respiratory Syncytial Virus (RSV) in new-borns. The aim
of this paper is to compare the cases of RSV infection diagnosed in recent years to the
cases recorded during the SARS-CoV-2 pandemic to November 2022.

Materials and metbods. The study consisted of evaluating the results of requests for
RSV diagnosis from 2015 to November 2022, using molecular biology techniques.
Results. The data obtained show that the number of cases of RSV infection in children
during the winter season had a constant trend from 2015 to 2019. From November
2020 to February 2021 there were no cases of RSV respiratory infections. Starting from
September 2021, on the other hand, there was a resumption of cases of RSV infections
in conjunction with an increase in the number of children affected by COVID-19. From
January 2022, after a peak in cases of SARS-CoV-2 infection, there has been a decrease
in RSV infections. From September 2022 to November 2022, there was no increase of
cases of RSV infections in new-borns but on the contrary, there was a trend in respiratory
infections comparable to the pre-pandemic period.

Conclusion. The data that emerged from the study conducted, show the onset of an
outbreak of RSV in new-borns. This incidence is linked to the implementation of rigor-
ous non-pharmacological public health interventions in 2020, aimed at combating CO-
VID-19 infection. The use of the molecular panel made it possible to identifying the
responsible agent and highlighting the most suitable clinical and therapeutic path.
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INTRODUCTION

Clinically relevant respiratory infections, caused by a
variety of viral and bacterial pathogens, commonly oc-
cur in both adults and children. Respiratory infections
have the highest incidence at paediatric ages, particu-
larly in the first years of life. In 80% of cases, the etiolog-
ical agents of Recurrent Respiratory Infections (RRIs)
are the Respiratory Syncytial Virus (RSV), the Influenza
and Parainfluenza Viruses, the Adenovirus, the Rhino-
virus and the Bocavirus [1]. The Respiratory Syncytial
Virus is an RNA virus, classified as Pneumovirus, of
which two subgroups have been identified, namely A
and B. RSV is one of the respiratory viruses that cir-
culates the most in the world and is the most common

cause of bronchiolitis, an inflammation of the small
airways of the lungs [2, 3]. Human Respiratory Syn-
cytial Virus is present in the bronchi, bronchioles and
pulmonary alveoli and can cause necrosis of epithelial
cells and interstitial infiltrates of inflammatory mono-
nuclear cells. The Respiratory Syncytial Virus affects all
ages, but more severely infants in the first months of
life and the elderly with multiple pathologies. There are
people who are more at risk of contracting respiratory
infections, such as children with heart disease, severe
prematurity, or neurodevelopmental problems [4, 5]. In
elderly people, with comorbidities, RSV is a dangerous
virus like SARS-CoV-2, which can cause the premature
death of the patient. Most children get infected at least
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once in their lifetime, usually in the first two years, but
they do not always develop severe manifestations. Chil-
dren can also be reinfected by the virus, because a first
RSV infection does not make them completely immune;
however, subsequent infections are milder than the first
[6]. Infants or children in the first few months of life are
at increased risk of developing the most severe form of
the disease, with respiratory complications and pneu-
monia and consequent dangers to the baby’s life. In
infants, especially when premature, the first symptoms
are apnoea or those typical of respiratory diseases such
as colds, coughs, sore throats, and fever [7]. In the fol-
lowing days they may begin to manifest more serious
symptoms including respiratory distress, a condition in
which the use of oxygen is necessary [8, 9]. Respira-
tory Syncytial Virus usually has a seasonal peak, caus-
ing respiratory infections starting from mid-November
and then lasting until the end of. The seasonality of the
virus allows, therefore, in the case of premature babies,
to program a pharmacological prophylaxis in order to
prevent the onset of the most serious symptoms [10,
11]. Prophylaxes based on the use of monoclonal anti-
bodies, which have a high cost and are reserved only for
some special cases indicated by the guidelines, do not
give immunity but confer protection from respiratory
infections during the winter season. During the months
of October and November 2021, throughout Italy and
in our specific case in the areas of Lucca and Versilia,
we observed a disturbing increase in cases of new-borns
with SARS-CoV-2 infections and cases of Respiratory
Syncytial Virus. This epidemic of RSV broke out earlier
than in previous years. Numerous RSV outbreaks, with
hospital admissions of paediatric patients, were record-
ed as early as the end of October 2021 when tempera-
tures were not yet typically of winter. In the first weeks
of December 2021, the ratio in terms of the number
of hospitalizations of children for respiratory syncytial
virus and those of COVID-19 was about 10 to 1. There
were therefore 10 times more children who ended up in
hospital for RSV than those who needed hospitalization
for coronavirus SARS-CoV-2 infection [12, 13]. Since
January 2022 a constant decrease in cases of RSV infec-
tion in young patients was observed until no cases were
recorded during summer period. From October 2022
to November 2022 an increase of infections caused by
RSV in children has been observed, but the number
of cases reflecting the seasonality of respiratory infec-
tions [14, 15]. The introduction from September 2021
of the One-step RT Real-time PCR multiplex test for
the screening of infectious agents, has made it possible
to process a greater number of samples routinely and
quickly for a correct differential diagnosis of RSV from
other pathogens and guide the hospital pathways for
the management of young patients. Using rapid diag-
nostic techniques also means reducing hospitalization
times, hospital costs and often avoids the administra-
tion of inappropriate antibiotic therapy, thus preventing
the phenomena of drug resistance [16, 17].

SUBJECTS, MATERIALS AND METHODS
Subjects
The study done at the Clinical Chemical Analysis

Laboratory of the San Luca Hospital in Lucca was car-
ried out by considering the results of the requests for
RSV diagnosis from 2015 until November 2022. A pop-
ulation of 500 patients, which included new-borns and
children up to 11-12 years old with respiratory diseases
was analysed. In past years, the search for Respiratory
Syncytial Virus was performed using the RSV Card of
Beta Diagnostici, subsequently, diagnostic platforms
based on molecular biology techniques were used: Ce-
pheid Xpert® Flu / RSV from Seegene Inc, FilmArray®
multiplex PCR from BioFire Diagnostics Inc. and fi-
nally, the Seegene Allplex™ Respiratory Full Panel As-
say kit.

Immunochromatographic method

The RSV Card is a qualitative lateral flow assay for
the diagnosis of RSV antigen in nasopharyngeal speci-
mens. The RSV antigens, if present in the sample, re-
act with anti-RSV antibodies immobilized in the strip
and combined with particles are capable of generating
a colorimetric reaction. The time for the analysis and
reporting is 15 minutes.

Molecular Biology Methods

A diagnostic platform used for RSV analysis is the
FilmArray®, designed by BioFire Diagnostics, which
uses a nested multiplex PCR (nmPCR) protocol for
the identification of 16 viral and 4 bacterial targets (at
gender and/or species), in a biological sample. The inte-
grated FilmArray® platform is a closed system, which is
based on the use of a disposable and compact pouch in-
side which the reactions of extraction, purification, and
amplification of the nucleic acid of the eventual patho-
gen, present in a single sample, take place biologically.
The execution time of the analysis is approximately one
hour. The second platform in use is the Cepheid Xperte
Flu/ RSV system, a diagnostic test in molecular biology,
which allows one to identify the A, B and RSV Influenza
Virus in just 20 minutes. Recently, an analytical plat-
form for the diagnosis of symptomatic airway infections
has been introduced, which permits examination for the
presence of a wider variety of viruses and bacteria, from
a single nasopharyngeal swab. The Seegene Allplex™
Respiratory Full Panel Assay kit is a multiplex One-step
RT Real-time PCR assay, which in 22 samples simul-
taneously detects and identifies, 16 viruses, 7 bacteria
and 3 subtypes of Flu A, agents of respiratory diseases.
Analysis time is approximately four hours (Table 1).

RESULTS

From the analysis of the positive cases of RSV diagno-
sis over time, in particular before the pandemic period
(end of February 2020), during the pandemic (from the
lockdown until March 2022), and after the pandemic
period (from April 2022 to November 2022), it clearly
emerges that the Respiratory Syncytial Virus is a patho-
gen that causes seasonal winter epidemics (as shown
in Figure 1). The data obtained from our study, starting
from 2015, showed an increase in the cases recorded for
RSV during the winter season, starting from November,
with a peak in the month of January and then decreas-
ing, with fewer cases of infections during the spring/
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Table 1
The Seegene Allplex™ Respiratory Full Panel Assay that is composed of 4 different panels and is a multiplex One-step RT Real-time
PCR assay to detect and identify, 16 viruses, 7 bacteria and 3 subtypes of Flu A

Allplex™ Respiratory Full Panel Assay

Panel 1

Influenza A virus

Influenza B virus
Respiratory syncytial virus A
Respiratory syncytial virus B
Flu A-H1

Flu A-H1pdm09

Flu A-H3

Internal Control

Panel 2

Adenovirus
Enterovirus
Parainfluenza virus 1
Parainfluenza virus 2
Parainfluenza virus 3
Parainfluenza virus 4
Metapneumovirus

Internal Control

Panel 3
Bocavirus
Rhinovirus
Coronavirus NL63
Coronavirus 229E
Coronavirus OC43

Internal Control

Panel 4

Mycoplasma pneumoniae
Chlamydophila pneumoniae
Legionella pneumophila
Haemophilus influenzae
Streptococcus pneumoniae
Bordetella pertussis
Bordetella parapertussis

Internal Control

summer. The seasonal trend of RSV cases appears to be
constant in the pre-pandemic years. On the other hand,
no cases were recorded from November 2020 to Febru-
ary 2021, and this is related to the implementation of
rigorous non-pharmacological public health interven-
tions to combat COVID-19. From September 2021, on
the other hand, there has been an increase in RSV cases
and at the same time also of children, aged between a
few months from birth up to 11 years, with SARS-CoV-2
infections. From the beginning of December 2021 to
March 2022 there was another peak of SARS-CoV-2
infection involving a heterogeneous age group. At the
same time, there was a steady decrease, starting from
January 2022, in the number of respiratory infections
caused by RSV in children. In September 2022 there
was no anomalous increase in RSV cases as in 2021, but
on the contrary, an increase of the cases RSV infection
was detected up to November 2022 which correlates

with a pathogen that causes seasonal winter epidemics
(as shown in Figure 2).

DISCUSSION

The data that emerged from the study conducted in
our laboratory describe a situation that corresponds to
what has also happened in other countries in different
continents of the Northern Hemisphere and the South-
ern Hemisphere [18-22]. In Italy, Finland, Belgium, the
UK, and the USA the implementation of restrictions,
starting from March 2020, coincided with an apparent
sudden and earlier end of the RSV epidemic season,
compared to previous years and almost no cases de-
tected in the following months. In the Southern Hemi-
sphere, SARS-CoV-2 restrictive measures were imple-
mented just before winter and were maintained for
different periods according to SARS-CoV-2 diffusion
[23-25]. Starting from September 2021, in Italy and

Number of annual requests for RSV diagnosis
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Figure 1

Number of annual requests for research of the Respiratory syncytial virus (RSV) genome using molecular biology techniques.
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Figure 2

Comparison of the number of Respiratory syncytial virus (RSV) cases compared to SARS-CoV-2 infections in children, aged be-
tween a few months from birth up to 11 years old, during the pandemic and post-pandemic period up to November 2022.

in our specific case in the areas of Lucca and Versilia,
another epidemiological phenomenon has also been
observed, a disturbing increase in cases of new-borns
with respiratory infection of Respiratory Syncytial Vi-
rus. This epidemic broke out earlier than in previous
years. In other countries of the northern hemisphere
like in France, RSV arrived late in February 2021 and
expanded during the spring with an outbreak of a dura-
tion comparable to the previous season, although of a
lesser magnitude [26, 27]. In the USA, the RSV epi-
demic started at the end of March 2021 covering the
spring-summer months, extending into the autumn in
some states [28]. This epidemiological shift was previ-
ously observed in the southern hemisphere. In Austra-
lia and New Zealand, after a 2020 winter season with
RSV virtually absent, an unusual reappearance of the
virus was observed during the summer, with an even
larger outbreak than previous epidemic seasons [29].
The data conducted in our laboratory has been high-
lighted that the association of SARS-CoV-2 infection
and an increase in cases of children with RSV respira-
tory infections it was correlated to the fact that children
were more vulnerable than usual to respiratory viruses
and seasonal infections because they had been under-
exposed to germs during the measures decreed at the
beginning of the pandemic (social distancing, the use
of Personal Protective Equipment). Respiratory RSV
infections did not spread during the COVID-19 lock-
down and consequently pregnant women developed
a reduced number of antibodies to be transmitted to
their children, not having been exposed to the related
infectious agents. With the easing of anti-Covid mea-

sures, the Respiratory Syncytial Virus has presented
itself earlier and more aggressively, than would be ex-
pected in a normal winter season. In post-lockdown
Italy there were several hospitalizations of children due
to respiratory infections, a condition that supports the
theory of immunity debt, a concept used to describe
the poor protective immunity resulting from long peri-
ods of low exposure to a given pathogen, accumulated
thanks to the measures adopted in times of pandemics.
What we saw in that period was due to the boomer-
ang effect of COVID-19. We assisted to a change in
the immune system, particularly in younger children, as
a result of major social and health changes related to
the pandemic. Fortunately, the risk of death, unlike in
developing countries, is exceptionally low in Italy, but
the virus can leave permanent damage, starting with the
development of asthma in adulthood which occurs in
50% of cases. Without seasonal exposure, therefore, im-
munity decreases and susceptibility to potentially more
serious future infection increases (https://www.cdc.gov/
flu/symptoms/flu-vs-covid19.htm). After an epidemic of
RSV at the end of 2021 and a new peak of COVID-19,
starting from the beginning of January 2022 there was
a constant decrease over time in the number of cases
of respiratory infections of RSV in children (https://
www.cdc.gov/coronavirus/2019-ncov/long-term-effects/
index.html.). This would seem to be associated with the
easing of restriction measures to counter the spread of
SARS-CoV-2 and the gradual return to pre-pandemic
habits favouring, therefore, a lower susceptibility to
seasonal respiratory viruses (https:/www.cdc.gov/flu/
season/faq-flu-season-2021-2022.htm.). The epidemio-
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Figure 3
Percentage of diagnostic platforms use based on molecular
biology techniques.

logical phenomenon that has been observed in these
years, has highlighted the important role that the ana-
lytical laboratory in providing results quickly and thus
help the clinician for the diagnosis. In order to optimise
the number of samples to be processed, quickly and at
moderate costs, it was decided to routinely introduce,
in the Molecular Biology sector, a diagnostic platform
based on the use of an analytical panel. Urgent requests
for RSV diagnosis, on the other hand, are treated by
analysing the nasopharyngeal swab with the Cepheid
Xpert® Flu / RSV system or with the FilmArray® system
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Abstract Key words
Background. Discussion on the impact of pocket money on positive behaviors is still | ® pocket money
debated. e smoking
Objective. To investigate the effect of diverse money allowance schemes on risky behav- | e alcohol drinking
iors (smoking, alcohol, binge drinking, drug use, gambling) during adolescence. * gambling

Method. 989 students aged 15 from Lombardy (Italy) reported information on money ' ¢ adolescents
availability in the 2018 wave of the Health Behaviour in School-aged Children study. To

analyze the relationship between money availability and risky behaviors we computed

odds ratios and 95% confidence intervals through unconditional multiple logistic regres-

sion models.

Results. Spending more than 10€ weekly was associated with higher likelihood to smoke,

binge drink or gamble. Receiving pocket money (rather than receiving money upon re-

quest) was related to higher likelihood to engage in risky behaviors.

Conclusions. Pocket money may have a negative impact on adolescents, particularly

with a substantial amount of money. More research is needed to understand why provid-

ing money only if needed may serve as a protective factor against risky behaviors.

INTRODUCTION

Pocket money (i.e., providing a fixed amount of money
recurrently) is a common way to allow for intentional fi-
nancial socialization during childhood and adolescence,
but whether it represents an effective factor in endorsing
positive behaviors and lifestyles is a controversial issue.
Indeed, previous studies report both positive and nega-
tive effects, as well as no impact at all, of having a fixed
amount of money available for children and adolescents.

On the one hand, scholars defend money allowances
to children as a tool to endorse critical financial capabili-
ties and responsibilities [ 1-4], to incentivize good behav-
iors as a mechanism of reward [5], and to equip children
with resources to be used for their own consumption
[6, 7]. Furthermore, past research suggests that pocket
money may function as an intra-household resource al-
location device, key to educating children [8] and asso-
ciated to higher financial literacy levels [9]. In addition,
it was also found that adolescents with pocket money
are more likely to practice physical activity with higher
frequency than their peers with no allowances [10].

On the other hand, another equally substantial body
of studies claims that allowances alone do not improve
competencies such as carrying a credit card balance,
having a bank account or saving [11], suggesting in-
stead a connection between allowances and financial
dependence rather than capability [12]. Looking at re-
search in the health sector, evidence confirms the role
of pocket money in cigarette smoking in children and
adolescents, with a higher amount of pocket money as-
sociated with a higher prevalence [13-19]. It was also
found that pocket money represents a risk factor in
boosting unhealthy eating habits, like consumption of
soft drinks and out-of-home eating [20-23]. Further-
more, increasing levels of money availability are associ-
ated with higher risk of substance use [24] and higher
likelihood of students’ gambling [25].

As concerns the Italian context, evidence is quite
limited, suggesting a connection between adolescents’
pocket money availability with alcohol consumption
and smoking habits [26-29].

This paper contributes to the existing literature by
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providing insights on the effects of different money al-
lowance schemes over five types of risky behaviors. In-
deed, the research takes into account the differential
effect of terms and conditions under which parents pro-
vide an allowance, rather than just the pocket money it-
self. Specifically, the analyses mostly concerned the im-
pact of the amount of weekly expenses, the frequency
of pocket money (regular »s irregular) and the amount
of money available over five different risky practices
(smoking, consuming alcohol, binge drinking, drug use,
gambling). To the best of our knowledge, this is the first
study investigating the effect of diverse money allow-
ance schemes on risky behaviors during adolescence.
Indeed, previous studies present some limitations. The
majority of them only asked for the amount of money
available to children and adolescents, with no differen-
tiation in terms of the sources of such allowance [1, 10,
13, 15, 16, 18-20, 22, 23, 25, 27]. Furthermore, some
studies focused only on regular pocket money [11, 26,
29], or they tested the effect of paid chores, earned
income and allowances over risky behaviors [12, 24],
rather than investigating the frequency of pocket mon-
ey. Last, we can recall few other studies that treated all
money sources at children’s disposal as a unique vari-
able, without distinguishing where the money comes
from [2, 14, 17].

MATERIALS AND METHODS

We used Lombardy (Italy) regional data from the
2018 wave of the Health Behaviour in School-aged
Children (HBSC) study, a cross-national investigation
conducted on school children aged 11-15 in over 51
countries and regions across Europe and North Ameri-
ca in collaboration with the World Health Organization
(WHO) Regional Office for Europe [30].

The sampling procedure followed international
guidelines. Classes were selected according to a system-
atic sampling method from the complete list of schools
provided by the Italian Ministry of Education, Univer-
sity and Research. Participants were chosen via cluster
sampling, with school classrooms serving as the primary
sample unit. In the Italian HBSC, schools from Lom-
bardy were oversampled to ensure sufficient statistical
power to obtain robust frequency estimates at a region-
al level [31]. Details about the survey's sample meth-
odology and data collection may be found elsewhere
[31, 32]. The protocol for the study was approved by
the National Institute of Health's Institutional Ethical
Board (General protocol: PRE-876/17).

Outcome measures

Five at-risk behaviors were assessed: i) smoking and
ii) drinking behavior, using the questions “How many
days have you smoked at least one cigarette in the last
30 days” and “How many days have you consumed
alcohol (if you ever had) in the previous 30 days”, re-
spectively. We then classified all those who answered
with “at least one day” as smokers or drinkers; iii) binge
drinking (yes/no) was assessed with the question “Have
you ever drunk five or more glasses of alcoholic bever-
ages on a single occasion in the last 12 months?”; and
iv) cannabis use was assessed with the question “Have

you ever smoked cannabis in your life?”. Lastly, v) gam-
bling was assessed with the question “Have you ever bet
and/or gambled money in your life?”, where gambling
was defined as betting on the outcome of a contest
or game - including those organized by charities — in
which money can be won or lost.

Other measures

In Lombardy Region only, adolescents aged around
15 were asked about money availability for their per-
sonal use, the average amount of money per week spent
without parental supervision (open question, in €) and
the following sources of money: weekly pocket money,
monthly pocket money, money asked when needed.
For the present analysis, 989 students aged 15 from
67 classes who provided information on self-reported
money availability were included in the study.

Statistical analysis

We evaluated the odds ratios (OR) and correspond-
ing 95% confidence intervals (CI) of i) smoking behav-
ior during the previous month, ii) alcohol usage within
the last month, iii) lifetime binge drinking, iv) lifetime
cannabis use, and v) gambling using unconditional mul-
tiple logistic regression models. We also evaluated the
ORs for at least four of the above-mentioned at-risk
behaviors (i.e., smoking in the last 30 days, drinking
in the last 30 days, binge drinking, cannabis use and
gambling). All the models were adjusted for sex, age (in
continuous), and the highest level of education of the
parents. SAS version 9.4 (Cary, North Carolina, USA)
was used to perform all statistical analyses. Materials
and analysis code for this study are available by email-
ing the corresponding Author.

RESULTS

Table 1 shows the ORs for selected at-risk behaviors
(namely smoking in the last 30 days, drinking in the
last 30 days, binge drinking, cannabis use and gam-
bling) according to money availability in adolescents in
their third year of high school. Adolescents spending
more than 10€ per week were more frequently smokers
(compared to less than 10€, OR=1.60; 95% CI: 1.07-
2.37 for 10-20€, and OR=1.66; 95% CI: 1.14-2.41 for
more than 20€ per week). Those receiving pocket mon-
ey were more frequently smokers (OR=1.69; 95% CI:
1.25-2.27) while no significant relation was observed
with receiving money only upon request. Moreover,
adolescents receiving less than 10€ on request per week
had a lower likelihood to smoke (OR=0.53; 95% CI:
0.34-0.84), binge-drink (OR=0.65; 95% ClI: 0.45-0.95),
and gamble (OR=0.63; 95% CI: 0.42-0.94). Compared
to <10€ (independently on the source), the OR of binge
drinking for adolescents having more than 20€ available
for their weekly expenses was 1.44 (95% CI: 1.04-1.99)
and the OR of gambling was 1.43 (95% CI: 1.02-2.02).
Supplementary Table 1 and Supplementary Table 2 avail-
able online show the ORs for the same at-risk behaviors
in males and females, respectively.

Table 2 shows the ORs for having at least four out
of the five aforementioned at-risk behaviors. Compared
to adolescents having less than 10€ per week, the OR
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Table 1

Distribution of adolescents in their third year of high school by selected at-risk behaviors, according to money availability. Cor-
responding odds ratios (OR) and 95% confidence intervals (Cl). HBSC Lombardy 2017-2018

Smoking in thelast  Alcohol in the last

monthA monthA
Determinants % OR* (95% Cl) % OR* (95% Cl)
Total 253 53.1
Weekly expensess
<10€ 19.6 1.00° 50.0 1.00°
10-20€ 278 1.60(1.07-2.37) 553  1.25(0.89-1.75)
>20€ 290 1.66(1.14-2.41) 55.1 1.21(0.88-1.65)
P for trend 0.012 0.276
Pocket moneys
No 21.7 1.00° 51.8 1.00°
Yes 318  1.69(1.25-2.27) 552  1.14(0.87-1.49)
Pocket moneys
No 21.7 1.00° 51.8 1.00°
Yes
<10€ 288 141(084-239) 513  0.97(0.60-1.55)
10-20€ 340 1.93(1.23-3.05) 544 1.12(0.73-1.71)
>20€ 319 1.69(1.15-2.47) 577 1.26(0.88-1.79)
Money if neededs
No 27.3 1.00° 52.2 1.00°
Yes 242 082(060-1.12) 536  1.03(0.79-1.35)
Money if neededs
No 27.3 1.00° 522 1.00°
Yes
<10€ 174 0.53(0.34-0.84) 503  0.90(0.62-1.29)
10-20€ 239 081(054-122) 544 1.08(0.75-1.55)
>20€ 295 1.08(0.75-1.55) 556  1.10(0.79-1.53)

Binge drinking* Cannabis use¥ Gambling*
% OR*(95%Cl) % OR¥*¥(95%Cl) % OR*(95%Cl)
38.1 226 379
332 1.00° 184 1.00° 340 1.00°
39.7 1.34(0.95-1.89) 249 147(098-221) 392 1.27(0.88-1.83)
420 1.44(1.04-1.99) 249 144(098-2.12) 418 1.43(1.02-2.02)
0.032 0.083 0.042
36.1 1.00° 211 1.00° 35.7 1.00°
41.7 126 (0.96-164) 255 1.24(091-1.69) 415 1.24(093-1.65)
36.1 1.00° 211 1.00° 357 1.00°
354  0.94(0.58-1.53) 159 0.70(037-131) 354 1.01(0.61-1.69)
457 1.51(0.99-2.30) 308 1.60(1.00-254) 433 1.26(0.80-1.97)
423 1.28(0.90-1.83) 270 133(0.89-1.99) 436 1.35(0.93-1.96)
40.9 1.00° 236 1.00° 40.8 1.00°
36.7 0.82(062-1.08) 22.1 092 (066-1.26) 365 0.87 (0.65-1.16)
40.9 1.00° 236 1.00° 40.8 1.00°
318 0.65(0.45-0.95) 195 0.77(0.50-1.21) 299 0.63(0.42-0.94)
342 0.74(051-1.08) 207 086(0.56-133) 359 0.87(0.59-1.28)
424  103(0.74-144) 252 1.07(0.73-157) 420 1.09(0.77-1.56)

*ORs were estimated by unconditional multiple logistic regression models, after adjustment for sex, parental highest level of education and age of the pupil.

Estimates in bold are those statistically significant at 0.05 level.
°Reference category.

§Whether adolescents did not indicate having money, the money availability’s variables (i.e., weekly expenses, pocket money and money if needed) were

categorized as “no”or as “less than 10 euros”.

ASmoking use and alcohol use were asked within the last 30 days. ORs for smoking were based on 974 individuals, and for alcohol on 973.

¥Binge drinking was assessed with the question “Have you ever drunk five or more glasses of alcoholic beverages on a single occasion in the last 12 months?".
Cannabis use was assessed with the question “Have you ever smoked cannabis in your life?”. Gambling was assessed with the question “Have you ever bet and/or
gambled money in your life?”. ORs for binge drinking were based on 988, for cannabis use on 985, for gambling on 984.

HBSC: Health Behaviour in School-aged Children.

for those having 10-20€ was 1.76 (95% CI: 1.10-2.82)
and the OR for those having more than 20€ per week
was 1.69 (95% CI: 1.08-2.64). Those receiving pocket
money were more likely to engage in at least four at-
risk behaviors (OR=1.48; 95% CI: 1.05-2.10), while no
significant relationship was found for those receiving
money only upon request. Last, adolescents having less
than 10€ on request were less likely to engage in at least
four at-risk behaviors (OR=0.49; 95% CI: 0.28-0.83).

DISCUSSION

In light of the controversial evidence concerning the
effect of pocket money on unsound activities, we ex-
amined the impact of different allowance schemes over
five types of risky behaviors. Based on multiple logistic
regression models on a sample of Italian adolescents,

the analyses suggest that higher financial means are
more likely to induce adolescents to adopt a risky life-
style, characterized by excessive behaviors such as al-
cohol consumption and smoking as well as gambling.
Such results echo and complement previous studies in
the health sector, confirming the active role of pocket
money and economic availability in cigarette smoking
[17, 18], alcohol consumption [26] and gambling [25].
The novelty of the present study is to reveal the differ-
ential effect of diverse allowance payment schemes in
inducing risky behaviors.

Indeed, the present research showed that differential
money schemes have divergent results on the adoption
of risky behaviors. On the one side, pocket money (i.e.,
providing a fixed amount of money recurrently) nega-
tively impacted adolescents’ lifestyles, above all those
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Table 2
Distribution of 962 adolescents in their third year of high
school who provided information on all the five selected at-risk
behaviors, by at-risk behaviors according to money availability.
Corresponding odds ratios (OR) and 95% confidence intervals
(Cl). HBSC Lombardy 2017-2018
At least four at-risk behaviors

Determinants NA % OR* (95% Cl)

Total 962 17.0

Weekly expensess

<10€ 275 124 1.00°
10-20€ 283 19.8 1.76 (1.10-2.82)
>20€ 369 19.5 1.69 (1.08-2.64)
P for trend 0.035

Pocket moneys
No 613 14.8 1.00°
Yes 342 21.1 1.48 (1.05-2.10)

Pocket moneys

No 613 14.8 1.00°

Yes
<10€ 80 138 0.90 (0.46-1.79)
10-20€ 99 232 1.69 (1.00-2.85)
>20€ 163 233 1.68 (1.09-2.58)

Money if neededs
No 316 199 1.00°
Yes 642 15.7 0.74 (0.52-1.06)

Money if neededs

No 316 199 1.00°

Yes
<10€ 190 11.1 0.49 (0.28-0.83)
10-20€ 191 16.2 0.80 (0.49-1.29)
>20€ 261 1838 091 (0.60-1.38)

AFor each determinant the sum does not add to the total because of few
missing values.

*ORs were estimated by unconditional multiple logistic regression models,
after adjustment for sex, parental highest level of education and age of the
pupil. Estimates in bold are those statistically significant at 0.05 level.
°Reference category.

§Whether adolescents did not indicate having money, the money availability’s
variables (i.e., weekly expenses, pocket money and money if needed) were
categorized as“no”or as “less than 10 euros”.

HBSC: Health Behaviour in School-aged Children.

related to smoking habits. Specifically, 10€ represents
the weekly threshold above which the negative effect
of allowance is registered. On the other side, granting
money on request results as a protective factor over
risky behaviors, in particular when limited to a restrict-
ed amount of money (i.e., less than 10€ per week). In
fact, giving children limited amount of money on de-
mand decreased the likelihood to smoke, incur in binge
drinking and gambling patterns.

Different hypotheses might be formulated to interpret
such result. First, requesting money from parents often
implies to clarifying the reasons behind the request;
this in turn could result in a sort of pre-commitment
undertaken by children who might feel more likely to

respect the commitment with parents. Second, we can
speculate that the absence of regular money provision
might induce adolescents to feel higher responsibility
for money requested, felt not as a right whereas as a
way of being part of family household management and
balance. Indeed, as Lee and Mortimer [12] suggested,
regular allowance payments might induce children to
excessively rely upon parents promoting financial de-
pendence rather than capability. Other strategies to
provide money to children might obtain better effects,
such as contingent upon chores [11, 33] and money on
request. Such strategies allow to engage in discussions
and negotiations about money which are key in the fi-
nancial socialization process, while pocket money does
not require regular conversations [34]. Further research
is needed to assess such hypotheses and to shed light on
the reasons why irregular money provision rather than
recurrent pocket money might function as a protective
factor towards risky behaviors.

In terms of implications for policies and public
health, the findings suggest the importance to inform
parents and caregivers of the potential negative impact
of money availability (in particular when fixed) over risk
behaviors. Additionally, they might benefit from edu-
cation programs discussing the use of different money
schemes and the impact of diverse allowance amounts.
While pocket money and high amounts might represent
a risk factor in inducing unhealthy activities, providing
restricted amount of money on request might be a use-
ful strategy to limit such behaviors during adolescence.

Our study has some limitations. First, the study was
based on cross-sectional data, so causality between vari-
ables cannot be established. Second, data were collect-
ed on a relatively limited sample size. Therefore, data
should be generalized with caution. Furthermore, fu-
ture research should take into consideration additional
variables which were not included in the present data-
set, and which might provide further insight on the re-
lationship between money allowance schemes and risky
behaviors (e.g., parental monitoring and parental risky
habits). Last, since data were self-reported by respon-
dents, misreporting of risky behaviors might occur.

CONCLUSIONS

To conclude, the present study reports novel insights
on the effect of different money allowance schemes and
economic availability over a broad range of risky behav-
iors, being the first to consider both the impact of the
amount of weekly expenses and the frequency of pocket
money. Results show that pocket money alone and high
economic availability might have a counteractive im-
pact on adolescents and children, being related to risky
behaviors, while money on request might function as
a protective factor especially with restricted amount of
money.
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Abstract

Aims. Compassionate drugs are provided to patients with a specific disease and no fur-
ther treatment option, most frequently via Early (or Expanded) Access Programs. In
Italy, it often occurs that compassionate uses concern medicines whose price has not
been negotiated yet (and therefore unavailable on the market), although their use has
been approved in Europe. Thus, compassionate drug uses turn out to be a way to expe-
dite the access to new innovative drugs with demonstrated efficacy. This study aims to
investigate how widespread is the use of compassionate drugs throughout the Country.
Methods. We analyzed data from 20 early access programs implemented by 2 pharma-
ceutical companies in the last few years. Data were analyzed by the number of patients
and centers in each Region and province, and a correlation was established between
patients and centers in each Region and the resident population. A further analysis was
carried out with the same criteria on the subpopulation of oncology patients, including
more than 80% of total study population.

Results. In our sample, 7529 patients received compassionate drug treatments in 348
centers throughout Italy. A significant correlation exists between the resident population
in each Region and the number of requesting centers (r2=0.877) and patients treated
(r=0.844) in the Region. Taking the value of the linear regression slope as the expected
one, certain Regions show a better “performance”, in terms of more patients treated
than expected, namely Umbria, Emilia-Romagna, Lazio, Lombardy, Tuscany, Liguria
and Friuli Venezia-Giulia.

Conclusions. In this study we showed that the use of compassionate drugs in Italy is dif-
fused in a manner closely related to the population of each Region. A number of Regions
— mostly but not exclusively from the South and Island areas — show a performance below
the expectations, in terms of patients treated.
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INTRODUCTION

Compassionate Drug Use (CDU) is one of the ways
through which patients with a specific disease and no
further treatment option can access unauthorized treat-
ments. Compassionate drugs can be given for indi-
vidual use; more often, the patients are included into
specific Compassionate Use Programs (CUPs) [1]. In
either case, the Company producing the drug approves
the request and covers the cost of treatment [1]. More-
over, in Italy local Ethics Committees are in charge to
evaluate and approve CDU requests, provided that the
Company has declared the availability to supply the
treatment free of charge [2, 3].

Although Italy adhered to the European Community
(EC) Regulation n. 726/2004 by issuing a specific act in
2017 [2, 3], the term “unauthorized treatment” is cur-
rently interpreted in Italy in a peculiar way, i.e., as a

treatment whose price has not been negotiated yet by
the Italian Drug Agency (Agenzia Italiana del Farmaco,
ATFA). Thus, a medicine can be considered as “unau-
thorized” even though it was approved by the European
Medicine Agency (EMA). Proof of this is the fact that
many drugs classified as Cnn (C non negoziato: hence,
virtually available on the Italian market at a free price,
waiting for price negotiation) are accessed by patients
through CUPs.

We have recently published a study describing CDUs
at the Fondazione Policlinico Gemelli in Rome, the larg-
est academic hospital in Italy, in the period 2018-2021
[4]. We found that only 20 out of 463 requests of CDU
received in the period under scrutiny were concerning
drugs that had no indication approved by EMA/EC at
the cutoff date of June 30, 2021 [4]. This finding sug-
gests that the vast majority of CDU requests deals with
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medicines with at least one indication already approved
in Europe; thus, CDUs and CUPs can be envisioned
as a powerful tool to expedite the access to innovative
treatments with demonstrated efficacy, while the com-
plex (and often time-consuming) marketing procedures
are still under way.

In such a scenario, it was interesting to investigate
how diffuse is the CDU practice in Italy and verify
whether the access to innovative treatments granted
by CUPs is widespread throughout Italy or it is lim-
ited to specific areas. To this end, we have analyzed the
databases provided by two pharmaceutical companies
which implemented a large number of CUPs in Italy in
the last few years.

MATERIALS AND METHODS

The databases were provided by Bristol Myers Squibb
(BMS) Italia and Roche Italia S.p.A. Data from BMS
included two products, nivolumab and luspatercept,
which accounted for five and two CUPs respectively.
Data from Roche included ten products, which were
provided as compassionate drugs through three (at-
ezolizumab), or two (pralsertinib, risdiplam) or a single
CUP (alectinib, emicizumab, entrectinib, glofitamab,
ocrelizumab, polatuzumab vedotin and trastuzumab
emtansine) respectively, to a total of 14 CUPs. Emici-
zumab was not included in our analysis since only one
patient was treated within the CUP. All the CUPs were
closed at the time the Companies provided the data,
except for praseltinib CUPs, which are planned to close
on October 22, 2022, and glofitamab CUP, which was
activated on March 3, 2022, and is currently ongoing.
Overall, twenty CUPs involving twelve products were
included in our analysis.

The two databases had similar structure; BMS data
were based on the physician requesting the drug, and
each string of information included: 1) the name of the
physician, 2) the clinical Center and 3) the number of
patients treated in that Center. Roche data were based
on the Center requesting the drug, and included: 1) the
clinical Center, 2) the Region where the Center is locat-
ed and 3) the number of patients treated in that Center.
Our analysis did not include the physicians.

For each CUP, data were analyzed per number
of patients and number of Centers in each Region.
Twenty-one Regions were considered, according to the
approach used by AIFA, which takes separate the “au-
tonomous provinces” of Bolzano and Trento (actually
belonging to the same Region, Trentino-Alto Adige)
(https://www.istat.it). Since the same Center could be
involved in more than one CUP, data were re-analyzed
considering any requesting Center regardless of the
number of CUPs involving that Center. This second
wave of analysis also included the provinces (districts)
to which Centers belong. Moreover, data were also ana-
lyzed per therapeutic areas, with a special focus on on-
cology, which accounted for more than 80% of treated
patients.

Having defined the number of patients and Cen-
ters from each Region, we calculated the correlation
between the percent of Italian population resident in
each Region, as estimated by the Italian Institute of

Statistics (Istituto Nazionale di Statistica, ISTAT) on
January 1, 2022 [5], and the regional percentage of pa-
tients and Centers over the total in Italy. A sort of “ef-
ficiency index” was also obtained for each Region by
calculating the ratio between the number of patients
and the number of Centers. All statistics used in this
study are descriptive, except the correlations between
regional populations and the number of Centers and
patients in each Region, which required a linear re-
gression analysis carried out with a PrismTM v.6 com-
puter program (GraphPad, San Diego CA, USA).

RESULTS

The drugs and indications included in this analysis are
reported in Table 1. The products are listed per num-
ber of patients enrolled. Out of twenty programs, six-
teen involved indications in oncology/onco-hematology
(6080 patients, 80.75% of total), three involved neuro-
logical/neuromuscular disorders (1246 patients, 16.55%
of total) and one involved an indication in non-malig-
nant hematology (203 patients, 2.7% of total). Half of
the CUPs had a relatively low number of patients, i.e.
less than 200, either because they were concerning rare
diseases (e.g., spinal muscular atrophy) or oncology pa-
tients with low-incidence diseases or rare mutations, or
else because of a recent start of the program.

For each CUP, we analyzed the number of patients
(Table 2) and Centers (Table 2S available online as Sup-
plementary Material) involved in each of the twenty-one
Regions. The CUPs are listed in order of magnitude,
from the highest number of patients or Centers on-
ward. The tables also report the absolute numbers and
the percentages of patients and Centers in the four Ital-
ian macro-areas, as defined by AIFA, i.e., North, Cen-
ter, South and Islands [5].

As explained in Materials and Methods, the above
analysis overestimates the number of Centers, since any
single Center may be involved in more than one CUPs.
At variance, Table 3 shows the analysis whereby each
requesting Center is considered once, regardless of the
number of requests coming from that Center. In this
analysis, the Centers are reported per Region and per
province (district), in order to gain more insight into
the diffusion of CDUs throughout the Country.

Table 4 reports the values and their relative percent
over the total of the patients and the Centers, as result-
ing from the analysis shown in Table 2 and 3, respective-
ly. Per each Region these data are reported along with
the regional population [5] and the relative percent
over the total of the country. The ratio between the pa-
tients and the Centers per each Region is also reported.
These data served to estimate the correlation between
the regional population and patients receiving compas-
sionate drugs in that Region (Figure 1A) or between the
regional population and the requesting Centers in the
Region (Figure 1B).

There is a good correlation between regional popula-
tions and the number of patients treated in each Region
(r2=0.844; Y=1.031X - 0.145); even closer correlation
exists between regional populations and the number of
requesting Centers (12=0.877; Y=0.875X + 0.593). Fig-
ure 1 also shows that some dispersion exists around the
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Table 1
Drugs included in the analysis and indications for which a Compassionate Use Program (CUP) was activated
Company  Medicine Indication Centers Patients
BMS Nivolumab 1 Non-squamous Non-Small Cell Lung Cancer (NSCLC) 187 2186
Roche Trastuzumab HER 2 positive early-stage Breast Cancer (eBC) 206 1248
emtansine
Roche Ocrelizumab Primary Progressive Multiple Sclerosis (PPMS) 85 1045
BMS Nivolumab 2 Squamous Non-Small Cell Lung Cancer (NSCLC) 113 530
BMS Nivolumab 3 Renal cell carcinoma (RCC) 108 519
BMS Nivolumab 4 Unresectable malignant pleural mesothelioma 64 246
Roche Alectinib Advanced ALK positive Non-Small Cell Lung Cancer (NSCLC) pretreated 67 226
with crizotinib
Roche Atezolizumab 1 Bladder cancer 68 222
BMS Luspatercept 1 Transfusion-dependent anaemia due to very low, low and intermediate-risk 64 215
myelodysplastic syndromes (MDS)
BMS Luspatercept 2 Transfusion-dependent anaemia associated with beta-thalassaemia 36 203
BMS Nivolumab 5 Classical Hodgkin lymphoma (cHL) 68 195
Roche Polatuzumab Patients with relapsed/ refractory diffuse large B cell Lymphoma (r/r DLBCL) 70 167
vedotin ineligible for haematopoietic stem cell transplantation and who have
received prior therapy
Roche Risdiplam 1 Spinal Muscolar Atrophy 2 (SMA2) 32 152
Roche Atezolizumab 2 Metastatic non squamous Non-Small Cell Lung Cancer (NSCLC) 47 127
Roche Atezolizumab 3 Locally advanced or metastatic Triple Negative Breast Cancer (TNBC) 50 94
Roche Pralsetinib1 Adult patients with unresectable or metastatic RET gene fusion positive 30 65
Non-Small Cell Lung Cancer (NSCLC) who are not candidates for treatment
with approved therapeutic alternatives
Roche Risdiplam 2 Spinal Muscolar Atrophy 1 (SMAT) 18 49
Roche Pralsetinib 2 Adult patients with advanced or metastatic RET mutant medullary thyroid 8 15
carcinoma (MTC) or RET gene fusion positive thyroid carcinoma requiring
systemic therapy who are not candidates for treatment with approved
therapeutic alternatives
Roche Entrectinib Metastatic or locally advanced solid tumor with NTRK translocation or Non- 10 14
Small Cell Lung Cancer with ROS-1 rearrangement
Roche Glofitamab Patients with relapsed/ refractory diffuse large B-cell lymphoma (r/r DLBCL) 9 11
or relapsed/ refractory high-grade lymphoma (r/r HGL) or relapsed/
refractory transformed follicular lymphoma (r/r trFL) or relapsed/ refractory
primary mediastinal lymphoma (r/r PMBCL)
1340 7529

theoretical slope, with certain Regions performing “bet-
ter that expected” (i.e., the observed value is above the
theoretical slope) concerning the number of patients
treated or Centers or both, and other Regions vice versa
(i.e., with the observed value being below the theoreti-
cal slope). Figure 2A and B show the variability over the
percent population in each Region.

Figure 3 shows the patients/Centers ratio in each Re-
gion. The average ratio in the Country is 21.64 patients
per Center. Nine Regions out of twenty-one present ra-
tios higher than the mean for Italy, with Umbria, Emil-
ia-Romagna, Lazio and Campania having more than 30
patients per Center on average.

The analysis on the subpopulation of oncology pa-
tients shows a similar trend compared to the general
population, with an important difference: the gap
between better- and worst-performing Regions is in-
creased, with some Regions performing even better,

namely Emilia-Romagna, Tuscany, Umbria and Friuli-
Venezia Giulia, and the other way round for Piedmont,
Campania, Puglia and Sicily (Table 5). Such increased
dispersion around the theoretical slope translates into
a weaker correlation between the regional popula-
tions and the percent of patients treated (r2=0.783),
although the goodness-of-fit remains statistically sig-
nificant.

DISCUSSION

This investigation included twenty CUPs from two
major pharmaceutical companies, and involved twelve
new drugs, 348 prescribing Centers and 7529 patients
throughout Italy. In its repository on CUPs, AIFA has
registered 69 CUPs (including 36 closed programs, 2
temporarily closed programs and 31 ongoing programs)
at the cutoff date of July 21, 2022 [6]. In AIFA reposi-
tory, the number of patients enrolled in the CUPs is not
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Table 2

Patients enrolled in Compassionate Use Programs (CUPs) in each Italian Region

DRUGS North Center South Islands Total

Pl VAA LO BZ TN VE FVG L ER TU UM MA LA AB MO CAM PU BA CAL SI SA

Nivolumab 1 60 3 381 11 - 76 56 8 305 265 106 31 359 33 7 90 93 4 22 149 49 2186
Trastuzumab 95 1 244 19 22 8 17 57 121 92 15 26 148 19 - 93 59 13 18 88 15 1248
emtansine

Ocrelizumab 72 - 137 6 2 62 10 42 54 19 10 19 183 43 63 120 75 9 11 108 - 1045
Nivolumab 2 2 1 106 - - 12 14 14 79 6 27 6 56 6 2 52 33 1 331 13 530
Nivolumab 3 13 - 8 5 1 31 26 14 8 68 14 15 58 5 - 54 11 - 8 20 10 519
Nivolumab 4 35 - 5 3 - 20 5 17 27 39 5 1 9 - - 13 7 2 1 2 8 246
Alectinib 13 1 2 - - 18 12 2 18 28 10 5 54 3 - 14 12 1 - 2 5 226
Atezolizumab 1 15 - 32 3 - 13 11 3 29 55 - 4 18 11 - 11 6 - 2 4 5 22
Luspatercept 1 31 - 64 - - 4 3 5 15 11 2 9 10 12 - 412 - 2 9 9 215
Luspatercept2 27 - 3 - - 9 - T 9 10 1 4 - - - 28 - 6 29 45 203
Nivolumab 5 9 - 46 - - 9 1 9 28 10 3 2 16 6 - 23 14 1 5 10 3 195
Polatuzumab 2 - 9 1 - 11 10 13 19 17 4 2 17 6 - 6 14 1 3 8 4 67
vedotin

Risdiplam 1 13 - 38 2 4 6 0 9 10 10 1 4 22 - - 5 1 - 1 4 2 152
Atezolizumab 2 3 - 21 3 - 20 8 1T 14 19 1 5 20 3 - 5 1 - 2 1 - 127
Atezolizumab3 6 - 15 2 3 12 1 6 4 3 - 2 15 - - 0 4 - - - 94
Pralsetinib 1 6 - 13 - - 3 - 1T 13 4 5 - 16 - - - 1 - - -3 65
Risdiplam 2 5 - 2 - - 2 2 T8 - - 2 8 - - 7 1 - - 1 - 49
Pralsetinib 2 - - 5 - -2 - -4 - 1 3 - - - - - - - - 15
Entrectinib 4 - 5 = = = = = 3|1 = = = = | = = = = 1 = = 14
Glofitamab 1 = 2 = = 2 1 1= = = = = | = - 2 - - - 11
TOTAL 432 6 1340 55 32 398 187 282 844 713 205 133 1016 147 72 517 384 32 85 478 171 7529

3576 (47.5%) 2214 (29.4%) 1090 (14.5%) 649
(8.6%)

Pl = Piedmont, VdA =Val d’Aosta, LO = Lombardy, BZ = Autonomous Province of Bolzano, TN = Autonomous Province of Trento, VE = Veneto, FVG = Friuli-Venezia
Giulia, LI = Liguria, ER = Emilia-Romagna, TU = Tuscany, UM = Umbria, MA = Marche, LA = Lazio, AB = Abruzzo, MO = Molise, CAM = Campania, PU = Puglia, BA =

Basilicata, CAL = Calabria, SI = Sicily, SA = Sardinia.

recorded [6]. Since we analyzed 17 closed programs,
our sample represents about 50% of all closed CUPs,
which is highly representative of the overall scenario.
After the analysis per Region of the patients and Cen-
ters involved in CUPs, we verified the hypothesis that
CDU s are evenly diffused in the Country, by correlat-
ing the regional data of patients and Centers with the
population in each Region. There is indeed a significant
relationship between inhabitants on the one hand, and
patients and Centers on the other hand (Figure 1A and
B). Assuming the value corresponding to the theoretical
slope as the expected value in each Region, we observed
some variability, with: 1) Tuscany, Liguria, Friuli Vene-
zia-Giulia, Umbria and Molise showing more patients
and more centers than expected, 2) Lombardy, Lazio
and Emilia-Romagna showing more patients and less
Centers than expected, 3) Veneto, Piedmont, Marche,
Abruzzo, province of Bolzano and Val d’Aosta showing
less patients and more Centers than expected, and 4)
Campania, Puglia, Sardinia, Sicily, Calabria, Basilicata
and province of Trento showing less patients and less
Centers than expected (Figure 2). In such ranking, those
Regions having more patients than expected should be
considered as having a good “performance” regardless
of the lower number of Centers involved. In fact, enroll-

ing patients within a low number of Centers not neces-
sarily is to be envisioned as a negative paradigm.

Another analysis was carried out looking at the ratio
between patients and Centers in each Region (Figure
3). Concerning the gap between Regions with better
and worst performance, this analysis provided almost
overlapping results with the previous analysis, with the
only exception of Campania, which presented a high
patient/Center ratio in front of a relatively low num-
ber of patients enrolled. Taken collectively, the results
of regression analysis and the patients/Centers ratios
show a trend toward a worst performance in the areas of
South and Islands. However, such trend is counterbal-
anced by negative parameters in such northern Regions
as Piemonte, Val d'Aosta, Veneto, and Trentino-Alto
Adige. Thus, a clearcut conclusion that Regions of the
Center/North Italy are better served than Regions of
the South/Island cannot be drawn at this time.

A highly important factor for the diffusion of CDUs
in the Country is the presence of Centers of clinical
excellence at local level. We haven't carried out a quan-
titative analysis of this parameter. Here we provide only
a paradigmatic example of the relevance of excellence
Centers for CDUs: a single Center in Molise (i.e., “Neu-
romed” based in Pozzilli, district of Isernia) recruited
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Table 3
Centers involved in Compassionate Use Programs (CUPs) in each Italian Region and district
Region Districts and number of requesting Centers Total
Lombardy Milan Brescia Bergamo Varese Como Monza Pavia  Cremona Sondrio Lecco Lodi Mantova 54
18 7 6 6 4 3 3 2 2 1 1 1
Lazio Rome 27 Latina Frosinone Viterbo 33
3 2 1
Piedmont Turin Cuneo Alessandria  Verbania Biella Novara Asti Vercelli 1 33
15 6 3 3 2 2 1
Tuscany Florence Siena Pisa Livorno Lucca Prato Arezzo Pistoia  Grosseto ~ Massa 31
9 7 4 2 2 2 2 1 1 Carrara 1
Veneto Verona Padova Vicenza Treviso Venice Belluno  Rovigo 29
7 6 5 4 4 2 1
Sicily Catania Messina Palermo  Caltanissetta Ragusa  Agrigento Siracusa  Trapani 26
8 5 5 3 2 1 1 1
Emilia- Modena Bologna Reggio Rimini Ferrara Parma  Ravenna  Forli—-  Piacenza 23
Romagna 5 4 Emilia 3 3 2 2 2 Cesena 1 1
Puglia Bari Lecce Taranto Brindisi Foggia BAT 21
6 5 4 3 2 1
Campania  Naples Salerno Avellino Benevento  Caserta 17
11 3 1 1 1
Marche Ancona Pesaro Ascoli Fermo Macerata 13
4 Urbino 3 Piceno 2 2 2
Abruzzo Chieti L'aquila Teramo Pescara 11
5 3 2 1
Liguria Genova Imperia Savona La Spezia 11
4 3 3 1
Calabria Catanzaro Cosenza Reggio Crotone 9
3 3 Calabria 2 1
Sardinia Cagliari Sassari Nuoro 9
5 3 1
Friuli VG Udine Pordenone Trieste Gorizia 8
3 2 2 1
Umbria Perugia Terni 6
5 1
Trentino Bolzano 5
(Bolzano) 5
Basilicata Potenza Matera 3
2 1
Molise Isernia  Campobasso 3
2 1
Trentino Trento 2
(Trento) 2
Vald’Aosta  Aosta 1
1
348
Table 4

Absolute values and relative percentages of regional populations, Centers and patients included in Compassionate Use Programs
(CUPs) in each Region, with the relevant Patient/Center ratio, in Italy

Region Population % over Italian  Centers Centers Patients Patients Patients/
(January 1st, population % of the total % of the total Centers
2022) in Italy in Italy ratio
Lombardy 9,965,046 16.89 54 15.5 1337 17.8 24.76
Lazio 5,715,190 9.69 33 948 1018 135 30.85
Campania 5,590,681 948 17 4.89 517 6.87 3041
Veneto 4,854,633 823 29 833 401 5.29 13.83
Sicily 4,801,468 8.14 26 747 478 6.35 18.38
Emilia-Romagna 4431816 7.51 23 6.61 844 11.2 3246
Piedmont 4,252,279 7.21 33 9.48 432 5.74 13.09
Puglia 3,912,166 6.63 21 6.03 384 5.10 18.29

Continues
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Table 4

Continued
Region Population % over Italian  Centers Centers Patients Patients Patients/

(January 1st, population % of the total % of the total Centers
2022) in Italy in Italy ratio

Tuscany 3,676,285 6.23 31 891 713 947 23.00
Calabria 1,844,586 3.13 9 2.59 85 1.13 9.44
Sardinia 1,579,181 268 9 259 171 227 19.00
Liguria 1,507,438 256 11 3.16 282 3.75 2563
Marche 1,489,789 2.53 13 3.74 133 1.77 10.23
Abruzzo 1,273,660 2.16 11 3.16 145 1.95 13.18
Friuli Venezia Giulia 1,197,295 2.03 8 230 187 248 2337
Umbria 859,572 1.46 6 1.72 205 2.72 34.16
Trentino (Trento) 542,158 0.92 2 0.57 32 043 16.00
Basilicata 539,999 0.92 3 0.86 32 043 10.66
Trentino (Bolzano) 535,774 091 5 1.44 55 0.73 11.00
Molise 290,769 049 3 0.86 72 0.96 24
Valle d’Aosta 123,337 0.21 1 0.29 6 0.08 6
TOTAL 58,983,122 348 7529

63 patients within the CUP for Ocrelizumab, out of
72 patients in total from Molise, in three CUPs. Thus,
the activity of a single center in a single CUP placed
Molise among the Regions with better performance in
Italy. Another aspect somewhat related to the presence
and activity of Centers of excellence is the phenomenon
of “health tourism”, a condition which often sees the
involvement of patients needing CDUs because of the
lack of therapeutic options. Unfortunately, the available
data do not allow to analyze this phenomenon, and its
impact on the diffusion of CDUs in the Country.

The analysis per therapeutic areas focused on oncol-
ogy, which accounted for more than 80% of the whole
sample of population. Two important differences
emerged compared to the overall sample: 1) there is
one less “good performing” Region, i.e., Molise, which

recruited 87.5% of the patients in a non-oncologic
area; 2) the gap between “good performing” and “bad-
performing” Region is increased, as shown in Table 5.

In conclusion, this study shows that thousands of
patients with limited therapeutic options could take
advantage from CDU s in the last few years in Italy. Dif-
fusion of CDUs throughout the Country is widespread,
in close correlation to the density of population in
each Region. Regions with a larger number of patients
treated also show a higher number of requesting Cen-
ters, and/or a higher patients/Centers ratio. Based on
these parameters, certain Regions can be envisioned as
“better performing”, namely Umbria, Emilia-Romagna,
Lazio, Lombardy, Tuscany, Liguria and Friuli Venezia-
Giulia. The role of the Centers of clinical excellence in
such performances has been briefly discussed.
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Figure 1

Panel A: The number of patients treated with compassionate drugs in each Region (on the Y axis) is directly related to the number
of inhabitants in the Region (on the X axis). Panel B: The number of Centers recruiting each Region (on the Y axis) is directly related
to the number of inhabitants in that region (on the X axis). Data are expressed as the percent of total population in Italy.
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Pl = Piedmont, VdA = Val d’Aosta, LO = Lombardy, BZ = Autonomous Province of Bolzano, TN = Autonomous Province of Trento,
VE = Veneto, FVG = Friuli-Venezia Giulia, LI = Liguria, ER = Emilia-Romagna, TU = Tuscany, UM = Umbria, MA = Marche,
LA = Lazio, AB = Abruzzo, MO = Molise, CAM = Campania, PU = Puglia, BA = Basilicata, CAL = Calabria, SI = Sicily, SA = Sardinia

Figure 2

The figure shows the number of inhabitants, of recruiting Centers, and of patients treated with compassionate drugs in each Re-
gion. All data are expressed as percentages over the total in Italy. Panel A: Regions with more than 3.5-million inhabitants. Panel B:
Regions with less than 2-million inhabitants.
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Pl = Piedmont, VdA = Val d’Aosta, LO = Lombardy, BZ = Autonomous Province of Bolzano, TN = Autonomous Province of Trento,
VE = Veneto, FVG = Friuli-Venezia Giulia, LI = Liguria, ER = Emilia-Romagna, TU = Tuscany, UM = Umbria, MA = Marche,
LA = Lazio, AB = Abruzzo, MO = Molise, CAM = Campania, PU = Puglia, BA = Basilicata, CAL = Calabria, SI = Sicily, SA = Sardinia

Figure 3
The figure shows the ratio between the number of patients treated and the number of centers in each Region. The value for Italy
is reported in red.
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Table 5

Analysis of the subpopulation of oncology patients in Italy
Region Population % over Patients

(January 1st, Italian
2022) population

Lombardy 9,965,046 16.89 1337
Lazio 5,715,190 9.69 1018
Campania 5,590,681 948 517
Veneto 4,854,633 8.23 401
Sicily 4,801,468 8.14 478
Emilia-Romagna 4431816 7.51 844
Piedmont 4252279 721 432
Puglia 3,912,166 6.63 384
Tuscany 3,676,285 6.23 713
Calabria 1,844,586 3.13 85
Sardinia 1,579,181 2.68 171
Liguria 1,507,438 2.56 282
Marche 1,489,789 2.53 133
Abruzzo 1,273,660 2.16 145
Friuli Venezia Giulia 1,197,295 2.03 187
Umbria 859,572 146 205
Trentino (Trento) 542,158 0.92 32
Basilicata 539,999 0.92 32
Trentino (Bolzano) 535,774 091 55
Molise 290,769 0.49 72
Valle d'Aosta 123,337 0.21 6
TOTAL 58,983,122 7529
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1.95 -0.21% 104 1.71 -0.45%
248 +0.45% 165 2.71 +0.68%
2.72 +1.26% 193 317 +1.71%
043 -0.49% 26 042 -0.50%
043 - 0.49% 23 0.38 -0.54%
0.73 -0.18% 47 0.77 -0.14%
0.96 +0.47% 9 0.15 -0.34%
0.08 -0.13% 6 0.1 -0.11%
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Abstract

Key words
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Background. The Health Impact Assessment (HIA) is a procedure with the aim to pro-
tect the populations exposed to the impacts deriving from the establishment or upgrad-
ing of large industrial enterprises, i.e. large combustion plants (>300 MWth). In Italy a
guideline for the HIA procedure has been published in compliance with the 2014/52/EU
Directive on the Environmental Impact Assessment (EIA) requirements.

Italian HIA procedure. An ecotoxicological approach has been included for the first
time in the HIA procedure with the aim to detect toxic effects caused by unknown
not-monitored contaminants or mixtures in the ecosystem components affected by the
potential emissions, discharges and releases of large industrial enterprises. Ecotoxicology
plays an important bridge role between environment and human health in the scoping
and monitoring step of the HIA procedure with a key function of early warning system
and screening. The aim of this paper is to present the Italian experience in the first three
years of the application of the new approach, proposing recommendations on specific
case studies.

Conclusion and future perspective. 80% of enterprises, that applied HIA, have deliv-
ered a robust, integrated and detailed documentation in relation to the ecotoxicological
assessment, this positive feedback will generate environmental and human health ben-

Assessment
e ecotoxicology
* mixtures
e gas-fired power plant
e carly warning system

efits to the areas where the plants are established.

BACKGROUND

Over the past decade the focus on biodiversity pro-
tection, sustainable development, climate changes and
ecosystems health, has become the main key driver in
European and international policy making.

Human health depends ultimately upon ecosystem
products and services (such as availability of fresh wa-
ter, food, pharmaceuticals, pollination) and significant
direct and indirect human health impacts can occur if
ecosystem services are no longer adequate to meet so-
cial needs, this concept is also embedded in the new
European chemical strategy for sustainability that has
been launched by the European Commission in Octo-
ber 2020 [1].

It is now well known that multiple substances oc-
cur simultaneously in the environment: a substance-by
substance risk assessment therefore can underestimate
the total chemical risk, as it does not take into account
the fact that several substances present at the same
time may have the same effects or modes of action and

act additively or synergistically. The European chemi-
cal strategy recommends that “the effect of chemical
mixtures needs to be taken into account and integrated
more generally into chemical risk assessments” and
plans to “introduce or reinforce provisions to take ac-
count of the combination effects in other relevant leg-
islation, such as legislation on water, air, soil”. The EU
Action Plan “Towards zero pollution for air, water and
soil” published in 2021 [2] sets out an integrated vision
for 2050 to reduce environmental pollution to levels
that are no longer harmful to human health and natural
ecosystems. This means reducing the risk not only from
single chemicals, but also the risk arising from their
combined presence in the environment.

In this context every public and private project should
therefore consider and limit the impact on environment
of chemical and physical stressors including erosion,
compaction and sealing. Specifically, the European Di-
rective 2014/52/EU on the environmental impact as-
sessment [3] aims to assure a high level of protection of
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the environment and it highlights the importance of the
protection of human health, through the establishment
of minimum requirements for the assessment of the en-
vironmental impact of public and private projects. The
[talian Legislative Decree 104/2017 has implemented
the European Directive. The National Decree pre-
scribes for new plants belonging to a specific category
(e.g., large combustion plants, refineries) to carry out a
Health Impact Assessment (HIA) procedure to protect
the populations from the potential impacts caused by
these plants, considering the economic development
opportunities. In particular, it requires carrying out a
HIA for new plants belonging to the categories of large
combustion plants (>300 MWth), crude oil refineries,
re-gasification and liquefaction plants or for plants that
can have strong impacts on the land in relation to their
production activity. Plants such as gas-fired power sta-
tions [4], steel industries and refineries can release in
air, soil and water several chemical contaminants in low
quantities, but their interaction can generate unpredict-
able effects for ecosystems and human health, for this
reason tools and procedures are needed to detect and
evaluate these effects earlier. In relation to air emissions
a relevant pathway is also the atmospheric deposition on
soil and surface waterbodies located around the plants.
In this context, ecotoxicology [5] represents a valid and
recognized instrument at European level which is fun-
damental for the management and understanding of
the potential adverse effects resulting from multiple ex-
posure to contaminants including those not covered by
the legislation (emerging) and the mixtures. The aim of
this paper is to present the Italian experience in the first
three years in the application of the ecotoxicological ap-
proach in the context of HIA procedure and to propose
recommendations.

THE ITALIAN HIA PROCEDURE
As reported by European Directive 2014/52/EU, in

order to ensure a high level of protection of the envi-
ronment and human health, screening procedures and
environmental impact assessments should be consid-
ered the impact of the whole project, including, where
relevant, its subsurface and underground, during the
construction, transport and, where relevant, during the
demolition phases. The Italian HIA guideline published
in compliance with the law requirements [6] recom-
mends that the proposers should compile a technical
dossier with all information included in relation to sev-
eral aspects relevant to the human health protection:
description of the pressures and geographical area, ex-
posure assessment, epidemiological and toxicological
aspects. The dossier must be subsequently evaluated
by the Competent Authority responsible for issuing the
authorizations.

The procedure includes 5 phases among which the
ecotoxicological assessment should be applied in the
scoping and monitoring phase:

e screening, at this phase, it is assessed whether a HIA
needs to be applied for the project subjected to EIA
determining the potential health implication impact,
through the identification of the exposed population,
health profile of the exposed population, evaluation

of the overlap of existing impacts with new ones de-
termined by the work;

scoping, health determinants are identified and ad-
dressed by the HIA such as the characterization of
the area of interest, the exposed population, assess-
ment of the state of health of the exposed population
before the construction, definition of the socio-eco-
nomic profiles of populations and communities and
ecotoxicological evaluation;

assessment and appraisal, the health effects deter-
mined by the realization of the project must be quan-
tified and therefore a risk assessment (including an
extensive exposure assessment) will be carried out.
The conclusion of this stage determines the accept-
ability and feasibility of the project on the territory,
the identification of the actions / technologies to be
adopted to reduce the exposure of population;
monitoring, definition of the health monitoring plan in
relation to the environment to verify the assessments
(toxicological, epidemiological, ecotoxicological and
other health determinant evaluation) that have been
carried out;

reporting, drafting of the detailed report of the activi-
ties carried out: from bibliographic research to cri-
teria for selecting the scientific literature consulted,
models, environmental data health care utilized, the
evaluation procedures adopted, the uncertainty lev-
els of the estimates, the monitoring and control plan
prepared.

THE ROLE OF ECOTOXICOLOGY IN HIA
PROCEDURE

The ecotoxicological assessment has the aim to de-
tect and assess before and after the building/upgrading
of the plant effects caused by mixtures or pollutants
not directly monitored. In a recent European technical
document [7] drawn up in the context of the common
implementation strategy of the EU Water Framework
Directive 2000/60/EC [8] the use of effect-based meth-
ods (EBMs) (bioassays in vivo and in vitro and biomark-
ers) for ecosystems monitoring is recommended by a
group of European experts in particular for their role as
early warning systems and screening. Effects caused by
chemical substances detected in ecosystems (e.g. geno-
toxic, embryotoxic, neurotoxic, endocrine disrupting
effects) can indeed occur also in humans [9-11]. The
HIA is an interdisciplinary procedure that is based on
toxicological, epidemiological and ecotoxicological as-
sessment. Ecotoxicology is connected to the exposure
assessment of the HIA, for example the data related to
the quality status of waterbodies (surface and ground)
and soils are useful information to select the EBM that
should be applied. If effects are detected in the eco-
systems, this information will be considered also in the
context of the other key evaluations (toxicological, epi-
demiological) foreseen by the HIA.

The importance of ecotoxicological assessment in
environmental monitoring to support human health
protection it is a requirement for the enterprises in two
steps of the HIA procedure: scoping and monitoring
(Figure 1). In the scoping phase, when the pre-existing
anthropogenic pressures on the territory are known the
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Figure 1

Ecotoxicological assessment flow scheme in the HIA procedure (modified from Dogliotti et al. [6]).

possibility of carrying out ecotoxicological investiga-
tions will be evaluated ante-operam; this is important
in order to evaluate the trend of the effects after the
construction/upgrading of the plant. During the moni-
toring phase a correct frequency and site selection strat-
egy of application of effect-based methods should be
performed.

The ecotoxicological investigation should be based
on an appropriate choice of a site-specific bioassay bat-
tery (at least on three trophic levels) including acute,
chronic ecotoxicity tests and eco-genotoxic tests since
the mutagenic/genotoxic effects are closely related to
human health [12, 13]; in vitro tests are recommended
also because they are in line with the 3R (replacement,
reduction, refinement) principle for animal welfare and
also because they can detect very low levels of chemical
contaminants. The bioassays should be selected follow-
ing essential elements: the ecosystem in which the plant
will be built (natural environment, urban environment,
type of water bodies, aquatic or terrestrial ecosystems),
type of industrial cycle and potential pollutants dis-
charged and the routes of exposures for the population
(drinking water, irrigation, agricultural and zootechni-
cal activity). Testing should be conducted by the en-
terprises according to the main national, international
guidelines (e.g. OECD) or validated protocols. On the
basis of the results obtained through the ecotoxicologi-
cal assessment, different scenarios may occur: 1) if no

presence of ecotoxicity and eco-genotoxicity is detect-
ed, no warning for HIA should be reported; 2) if eco-
toxicity or eco-genotoxicity is detected there is the need
to integrate the information acquired within the HIA
and investigate the pollutants released in greater detail;
in case of acute ecotoxicity the alert level is higher; 3)
if ecotoxicity and eco-genotoxicity are detected, that is
the maximum warning, there is the need to develop and
apply adequate risk reduction measures such as more
advanced treatment systems.

The ecotoxicological assessment must be site specific
and the choice of bioassays will be different in relation
to the environmental information acquired on site, also
in relation to the human epidemiological and toxico-
logical information required by the HIA procedure.

PRELIMINARY RESULTS
OF THE APPLICATION

The Italian National Institute of Health (ISS) has
evaluated several projects in the first 3 years, the re-
quests for HIA procedures belong mainly to power-
fired gas plants (90%) distributed throughout the whole
[talian territory: 54% the northern, 14% the southern,
14% the central part of Italy, 18% Sardinia and Sicily.
The HIA projects concern the extension, renovation
and partial or total replacement of the old plants. The
majority of them referred to the conversion of coal-fired
power plants into natural gas-fired power plants, 10% of



54

ORIGINAL ARTICLES AND REVIEWS

Ines Lacchetti, Mario Carere, Walter Cristiano et al.

Table 1
List of the main bioassays applied by the enterprises

Surface inland waters Transitional waters

Marine waters Soil

Ecotoxicological bioassay

Artemia franciscana - Acute test
(APAT CNR IRSA 29 2003)

Daphnia magna - Acute
immobilisation test
(OECD 202)

Selenastrum capricornutum -
Freshwater Alga and
Cyanobacteria - Growth
inhibition test
(OECD 201)

Phaeodactylum tricornutum -

(UNIEN ISO 1053:2016)

Zebrafish embryos test
(OECD 236)

Fish embryos (i.e. Dicentrarchus
labrax) (OECD 236)

Marine algal Growth inhibition test

Marine algae Earthworms -
Chronic assay Acute test
(UNI'EN ISO 1053-2016) (OECD 207)

Vibrio fischeri - Determination
of the inhibitory effect of
water samples on the light Determination of the inhibition
emission luminescent bacteria of germination and root
test elongation
(ISO 11348-3) (UNICHIM N. 1651: 2003)

Lepidium sativum, Sorgum
saccaratum, Sinapis alba -

Sea urchin -
Acute embryo test with
(EPA/600/R-95/136)

Eco-genotoxicological assay

Comet assay
(validated methods)

Comet Assay
(OECD 489)

Bacterial reverse mutation test -
Ames test
(OECD 471)

the projects are related to steel industries. At the begin-
ning of the assessment the ecotoxicological approach
was never applied neither in the scoping phase nor in
the monitoring phase as required by the guideline, this
was expected due to the novelty of the procedure. In
the second submission, 80% of enterprises have deliv-
ered a robust, integrated and detailed documentation in
relation to the ecotoxicological assessment.

The typology of bioassays applied by the enterprises
until now cover different trophic levels and also end-
points such as genotoxicity, embryotoxicity and neu-
rotoxicity (Table 1). The bioassays applied are mainly
acute and chronic aquatic and terrestrial bioassays in
vivo (e.g., test with earthworms, algae, crustaceans,
fish embryos), eco-genotoxicological assays such as the
Ames test, Comet Assay and the micronucleus tests.
For the marine sites the methods applied are mainly the
same that are foreseen by the Italian National Decree
about dredging activities N.173/2016, integrated by an
eco-genotoxicological assay.

CASE STUDY

Power plants for regasification of liquefied natural
gas (LNG) are proposed now in Italy due to the ur-
gent energy demand; in particular the government has
recently approved the installation of an FSRU (Float-
ing Storage and Regasification Unit) in the city of
Ravenna on the Adriatic Sea in Central Italy. In the
context of the HIA that has been carried out for this
plant a complete ecotoxicological assessment has been
recommended in order to prevent the possible effects
for the ecosystems and indirectly for human health. In
this assessment EBM will be applied in coastal marine
waterbodies (included sediments) to detect the poten-
tial effects of the FSRU and in surface waters and soils
that are located in proximity of the pipelines for the
furniture of the gas. The EBM applied are in vivo and

MicroNucleus
Test on mytilus

Comet Assay
(validated methods)

Bacterial reverse mutation test -
Ames test
(OECD 471)

in vitro assays and will cover several endpoints included
genotoxicity and embryotoxicity, they will be performed
in the phases of scoping and monitoring of the health
impact assessment.

CONCLUSIONS AND FUTURE
PERSPECTIVES

The ISS has issued several opinions on HIA submit-
ted in the last 3 years. In agreement with the Ministry
of Health, the ISS has also organized training cours-
es, events and specific meetings with stakeholders, to
increase awareness and facilitate the application of
guidelines. The enterprises have acquired all informa-
tion and understood the importance of ecotoxicology
in this context. Several enterprises have already applied
the ecotoxicological assessment in the scoping phase
submitting a complete monitoring plan. In the recent
European Commission proposal for the protection wa-
ter resources is included the need to apply EBMs for
the detection of endocrine disrupting effects, this is an
important step towards the inclusion of ecotoxicity for
the evaluation of the status of European aquatic ecosys-
tems [14]. In Italy there is availability of several EBMs
that can cover a large range of effects. The economic
effort of the EBMs can be advantageous in many cases
in comparison to the chemical analysis, the capacity of
Italian and European labs to use them is increasing. In
future a more accurate procedure about the setting of
trigger values/evaluation criteria for the interpretation
of the results will be necessary, this is also an impor-
tant step that will be considered at European level in
the context of the EU Water Framework Directive. It
is expected in future also an increasing of the use of
in vitro methods in compliance with the ethical testing
requirements. The inclusion of the ecotoxicological as-
pects in the HIA in Italy will have an important role as
early warning and screening system and will contribute
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Abstract

In Italy and Europe, live microorganisms-containing products meant to be used by vul-
nerable or sick people for preventing or curing a disease are defined as live biotherapeu-
tic products and are regulated as biological drugs. As such, they must undergo extensive
quality, safety and efficacy testing and evaluation before receiving a marketing authori-
zation. This review describes the regulatory framework of live biotherapeutic products
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with special focus on the European Pharmacopoeia monograph 3053 that set mandatory
requirements for this kind of medicines, including verification of the number of live mi-
croorganisms and absence of certain contamination indicator microorganisms. The other
product categories that may contain live microorganisms are also described, with brief
references to the overlaps possibly occurring between the different categories.

THE HUMAN MICROBIOTA
AND THE POTENTIAL RELATIONSHIP
WITH HEALTH STATUS

Over the past two decades, the application of omics
technologies — whole genome sequencing, transcrip-
tomics, metabolomics, and proteomics — to the study of
human physiology and pathology, as well as to the un-
derstanding of microbial diversity, has gradually revealed
the existence of a postnatally acquired organ within the
human body, consisting of a resident complex microbial
community [1, 2]. This microbial population includes
eubacteria, archea, virus, fungi, yeasts and protozoa,
in numbers that exceed at least 10 times those of the
human body cells, and is commonly referred to as hu-
man microbiota, or microbiome when comprehensive
of DNA agents such as phages and plasmids, proteins
and metabolites, and the whole surrounding environ-
ment [3, 4]. It is partly established during birth by ma-
ternal vertical transmission; then, it further develops in
early life through natural microbial colonization events
that occur in the human body sites directly communi-
cating with the outside, i.e., the gastro-intestinal tract,
the skin, the naso-pharyngeal mucosa, the uro-genital
mucosa, and the conjunctiva [5, 6]. From an ecologi-
cal point of view, the human body and its microbiota
evolve in a dynamic and mutualistic relationship, with
the former providing an optimal niche for the bacteria
to survive in, and the latter playing important roles in

the maintenance of the host homeostasis [7, 8].

Defining the microbiota composition of the different
human body sites in health and disease is currently an
active research area. The focus of most studies is the
intestine, as it is the largest interface with the external
environment and the main reservoir of microorganisms
in the human body, containing till 101 bacteria of more
than 1000 different species which approximately cor-
respond to two third of the total human microbiota [9,
10].

Data indicate that the gut microbiota composition
shows the highest intra- and inter-individual variabil-
ity during the first three years of life, being shaped by
various factors, such as delivery mode, diet (breast- or
formula-feeding, introduction of solid food), genotype,
environment, geographical and cultural factors, infec-
tions and use of antibiotics. Subsequently, it starts to re-
semble an adult-like composition that persists through
childhood, adolescence and adulthood, although small
changes constantly occur in relation to dietary modifi-
cations, hygiene, use of drugs, physical stress, etc. [4,
5, 11-13].

The sum of factors influencing the gut microbiota
composition during the course of life accounts for the
considerable variation of bacteria genera and species
among individuals; however, the same bacteria phyla
have been shown to prevail in all individuals, i.e., Ac-
tinobacteria, Bacteroidetes, Firmicutes and Protebacteria,
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most strains being harmless commensals in the healthy
human gut microbiota [14, 15].

A constant and balanced gut microbiota composition
(eubiosis) provides positive effects to general health by
directly contributing to metabolic functions, protection
against pathogens and immune system stimulation [10,
11, 16-18]. Besides, there is increasing evidence of pos-
sible complex bidirectional signalling between the gut
microbiota and other organs, such as the brain, the lung
and the skin (generically defined as gut-brain, gut-lung
and gut-skin axes), as indicated by the occurrence of
intestinal complications during neurological, respira-
tory or skin disorders, and vice versa [10, 11, 19-21]. The
bidirectional communication would be accomplished
on one way by metabolites and endotoxins from the in-
flamed gut reaching the different organs via the blood
circulation, and on the other way by products from the
inflammatory processes in the organs acting on the gut
microbiota [9, 11, 18].

In accordance, aberrant gut microbiota composition
(dysbiosis) and the consequent imbalance of the host-
microbes relationship may not only be directly impli-
cated in the pathogenesis of gastrointestinal-related
and autoimmune diseases, all characterized by over-
responsiveness of the immune system, such as inflam-
matory bowel disease, colorectal cancer, obesity, type
2 diabetes, celiac disease, rheumatoid arthritis, etc. [5,
21]. In fact, dysbiosis is also increasingly recognized in
i) brain and nervous system diseases (e.g., autism spec-
trum disorders, Alzheimer’s disease), ii) lung diseases
(e.g., asthma, cystic fibrosis, COVID-19 disease), and
ii1) skin disorders (e.g., psoriasis, atopic dermatitis), etc.
(19, 20-23].

Microbial diversity loss with shift towards certain spe-
cies has commonly been observed in the microbiota of
diseased patients compared to those of healthy people,
even though whether dysbiosis is the cause or rather
the consequence of the disease often remains unclear
[10, 24, 25].

Although less studied, the microbiota of body sites
other than the intestine have also been hypothesized
to play important roles in human health and disease:
for instance, dysbiosis of the maternal vagina might be
a risk factor for pre-term birth, while dysbiosis of skin,
mouth or respiratory tract mucosa have been associated
with conditions such as wound infection and acne, den-
tal caries and other periodontal diseases, and sinusitis
and pneumonia, respectively, just to name a few [20,
26-28].

CATEGORIES OF LIVE MICROORGANISMS-
CONTAINING PRODUCTS FOR HUMAN USE

The increasing awareness of the important influence
of eubiosis and dysbiosis in health and disease, has
strongly promoted extensive research on the possibil-
ity of modulating the human microbiota for preventive
and/or therapeutic purposes.

Consequently, the search for live microorganisms con-
ferring health benefits to the human host has expanded
exponentially, as well as their potential applications. In
parallel, while the traditional delivery vehicles for live
beneficial microorganisms were essentially fermented

dairy products, they now include at least four different
product categories, i.e., food and dietary supplements,
medical foods, cosmetics and drugs (Table 1) [29-36].
Although live microorganisms may also be contained in
biocides, this product category will not be discussed in
this review as it is not intended for direct human use,
but rather to control organisms that are harmful to hu-
man health [37]. The category of medical devices will
not be considered as well, because live bacteria have
expressly been excluded from medical devices accord-
ing to recent European regulation [38].

All product categories of Table 1 fall under distinct
regulatory pathways in Europe.

This overview will specifically focus on the medicine
category — referred to as “live biotherapeutic products”
(LBPs), i.e., medicinal products containing live mi-
croorganisms as active substance(s) — and the related
regulation in Italy and Europe, with brief reference to
the other non-medicinal product categories regulations.
Critical aspects as well as implementation issues will
also be discussed.

LBPs AND THE NEED FOR THEIR
REGULATION AND CONTROL

LBPs differ from the other product categories of Table
1 because of the intended use, i.e., to prevent or cure a
disease, and the intended target population, as they are
aimed at individuals prone to develop a pathology or at
sick people [39].

The American Food and Drug Administration (FDA)
introduced the term “LBPs” in 2010 and subsequently
specified, to clearly distinguish between the drug and
food categories, that a product that is no longer used as
a food with specific characteristics of nutritional con-
tent, taste and flavor, but for other physiological pur-
poses, becomes a drug [40-42].

In 2019, the term LBPs was adopted by the Euro-
pean Pharmacopoeia (Ph. Eur.) that defined them as
“medicinal products containing live microorganisms
(bacteria or yeasts) for human use”, and also detailed
the possible administration routes (oral or vaginal) and
the different types of pharmaceutical forms [34].

Similarly to the other product categories of Table 1,
LBPs most frequently include — but are not limited to
— lactic acid bacteria, bifidobacteria, bacilli and yeast
strains, alone or in combination. As the same micro-
bial or yeast strains can often be present in the differ-
ent product categories, it has been suggested that, in
order to stress the distinct categories purposes, differ-
ent names should be applied to the beneficial microor-
ganisms that they contain [43]. In this view, the term
“probiotics”, defined as “live microorganisms that when
administered in adequate amounts confer a health ben-
efit on the host” [32], would be restricted to the food
and dietary supplements category, whereas alternative
terms have been proposed for the microorganisms in
LBPs, e.g., “biotherapeutic agents” or “pharmaceutical
probiotics” or “pharmabiotics”, although they have not
yet been validated [35, 36].

The differentiation between the “probiotics” and
“pharmabiotics” terms has relevant implications for
safety assessment. In fact, the main pre-requisite to
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Table 1

Product categories that may contain live beneficial microorganisms

PRODUCT Product characteristics Live beneficial
CATEGORY and definitions microorganisms
(according to EU designation
legislation)
Food Food and beverages Probiotics®
Dietary supplements
Infant formula
Medical food Food specially processed Probiotics®
(Foods for special or formulated and
medical purposes) intended for the dietary
management of patients,
including infants, to be
used under medical
supervision ©
Cosmetic products ~ Any substance or mixture Probiotics®

intended to be placed in
contact to the external
parts of the human body
(epidermis, hair, nails, lips,
teeth) ©

Drugs Medicinal products

(Live biotherapeutic  containing live

products, LBPs) microorganisms (bacteria
or yeasts) for human use ©

Pharmabiotics®

@ [32], ®1[33], @ [30], @ [38], © Proposed (not yet validated) definition [35, 36].

qualify live microorganisms in foods as probiotics — pro-
vided their correct and unequivocal identification and
accurate characterization — is their long history of safe
use, implying consumption by healthy individuals; con-
versely, each pharmabiotic microorganism in pharma-
ceutical products requires a proper safety assessment,
including in vitro and in vivo studies, and clinical trials in
human volunteers [31, 44-46].

Despite the recommendation of maintaining the dif-
ferent terms, the term “probiotics” is still often used to
include the microorganisms contained in LBPs as well
as in the other product categories of Table 1, thus caus-
ing misleading overlaps between products, as discussed
later in the text.

The intended use and target population are indeed
the main focal points for the regulatory status of a cer-
tain product category [39, 40].

At the European level, the Directive 2004/27/EC —
amending the Directive 2001/83/EC - describes a me-
dicinal product as “(a) any substance or combination of
substances having properties for treating or preventing
disease in human beings and (b) any substance or com-
bination of substances which can be used in or admin-
istered to human beings either with a view to restoring,
correcting or modifying physiological functions by ex-
erting a pharmacological, immunological or metabolic
action or to making a medical diagnosis” [47].

Falling within this definition, LBPs are to be con-
sidered medicinal products and, as such, they can spe-
cifically rely on regulatory concepts available for other
biological medicines — including vaccines, blood and
plasma-derived medicinal products, and advanced ther-
apy medicinal products — requiring to undergo rigorous
evaluation of quality, safety and efficacy, in order to ob-
tain a marketing authorization (MA).

Mode of Target Intended use
administration population
Oral Healthy people To retain and improve

health and well-being

Oral or enteral, Patients with Specific dietary

under the a disease that management of
supervision ofa  requires dietary a disease that has
physician management distinctive nutritional
needs
Topical Healthy people Care of skin, hair, teeth,
nails
Cleaning
Keeping in good
condition

Oral or vaginal Sick people or
people prone
to develop a

pathology

To treat or prevent a
disease

Quality aspects such as batch-to-batch consistency,
the influence of upscaling process on yield and potency,
and the stability of the final product should be closely
monitored during production of LBPs. As for other
pharmaceutical products, the quality of LBPs must be
ensured during pharmaceutical development and pro-
duction through the application of good manufactur-
ing practices (GMPs); their clinical efficacy should be
confirmed by independent trials of acceptable quality
(double-blinded, randomized, placebo-controlled tri-
als), performed with specific lots produced under GMP
conditions, and applied to a well-defined patient popu-
lation, using established treatment conditions, dosage,
and defined and validated primary endpoint(s).

Challenges to the evaluation process of LBPs may be
related to issues such as animal-to-human translation
and/or to the suitability of certain preclinical animal
models.

As with any drug, also for LBPs the safety assessment
is based on a risk analysis which primarily involves the
identification of risks and the assessment of the proba-
bility of their occurrence and impact. On this basis, the
risk must be managed by adopting measures to avoid,
mitigate or accept its effects, and constantly monitored
over time.

However, as above mentioned, the safety evaluation
of LBPs needs further special consideration compared
to traditional medicines, due to the peculiar biological
properties and mode of action of the live microorgan-
isms that they contain [48].

THE SAFETY CONCERNS RELATED TO LIVE
MICROORGANISMS FOR HUMAN USE

Two main safety concerns have been raised on the in-
tentional use of large amounts of live microorganisms:
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a) the possibility of adverse side effects due to their
translocation into the blood circulation, particularly in
higher risk people, and b) their potential role as reser-
voir of antibiotic resistance genes or putative virulence/
toxin genes [49-51]. While there is growing evidence
on the occurrence of severe infectious adverse events
in vulnerable populations, the second safety aspect is
more theoretical since so far it has not been supported
by clinical evidence but only by in vitro and in vivo stud-
ies.

a. Infectious complications associated to the use of live
MICTO0TgANISMS

A large number of randomized double-blind placebo
controlled human trials have been carried out to prove
the efficacy of probiotics, as recommended by the FAO/
WHO Expert Consultation on Evaluation of Health
and Nutritional Properties of Probiotics in Foods [52,
53]. However, most studies have been conducted with
healthy individuals, while only a few assessed their safe-
ty for vulnerable groups of people, such as critically ill
or immunocompromised patients, elderly people, pre-
mature infants, pregnant women, etc.; moreover, it has
been noted that even when the target population was
vulnerable people, adverse events were not adequately
assessed in the follow-ups of clinical trials and/or insuf-
ficiently reported or documented [45, 53-56]. For these
reasons, the European Society for Pediatric Gastroen-
terology Hepatology and Nutrition (ESPGHAN) has
recently recommended that any adverse events specifi-
cally linked to the consumption of live microorganisms-
containing products should be appropriately recorded
in a dedicated register maintained by health authorities
[57].

Notably, for a proper drug safety assessment, at
least two clinical trials with the same primary endpoint
should be independently conducted in distinct centers
(58].

As a matter of fact, the administration of large
amounts of live microorganisms to vulnerable people,
often in combination with or after excessive use of an-
tibiotics, has occasionally been correlated to infectious
complications in the treated patients: Table 2 describes
the microorganisms most frequently associated with
infectious complications and the underlying condi-

Table 2

tions identified in the vulnerable population groups, ac-
cording to most recently published systematic reviews,
meta-analyses and single case reports [45, 50, 54, 56,
59-74].

In several cases, the microorganism isolated from the
patient was shown by molecular techniques to be iden-
tical to the one administered, confirming that it was in-
deed the infection source [66, 67, 70-74].

Leaking intestinal mucosa barrier and/or immuno-
suppression in the vulnerable individuals have been sug-
gested as possible predisposing factors contributing to
the infectious progression, even though the underlying
mechanisms remain unclear [24].

The adhesion properties of the microorganisms, that
are normally a selection criteria for probiotics, allow-
ing them to increase persistence and colonization in the
host gut, but also critical for microbial pathogens, have
been hypothesized to act as a virulence factor in vulner-
able individuals, by increasing the microorganism trans-
location from the intestine to the blood stream [50, 58].

Of note, several cases of fungemia occurring in inten-
sive care units, mainly due to the yeast Saccharomyces
cerevisiae var. boulardii, were caused by the accidental
contamination of the central intravenous catheter of
hospitalized patients who were either being treated
with preparations containing that microorganism or
were infected by spread from other roommate(s) who
were receiving such preparations. S. cerevisiae var. bou-
lardii is indeed a spore-forming yeast rapidly spreading
into the environment, especially in the absence of high
standard hygienic practices [70, 73-75].

Although in most studies no deaths were reported,
others describe variable mortality rates, even though
whether death had resulted from the infectious com-
plications due to the treatment or from the underlying
conditions of the patients was unclear in some cases: in
general, the factors associated with higher mortalities
were the severity of patient conditions and immunosup-
pression or the presence of co-morbidities, while lower
mortalities were associated to prompt therapy with ef-
fective antibiotics [50, 54, 56, 59, 60].

It must be highlighted that the incidence of infectious
complications related to the use of live microorganisms
in vulnerable people appears to be extremely low and

Infection cases associated with so-called “probiotic therapy’, often coupled with antibiotic therapy®

Microorganisms involved
(in order of decreasing frequency)

« Saccharomyces spp ® (S. cerevisiae var. boulardii)

- Lactobacillus spp. (L. rhamnosus, L. delbruecki subsp. bulgaricus,
L. acidophilus, L. paracasei, L. reuteri, L. gasseri)

« Bifidobacterium spp. (B. breve, B. longum subsp. infantis)

- Bacillus spp. (B. clausii)

- Lactococcus spp. (L. lactis)

Underlying conditions of treated patients
(in order of decreasing frequency)

+ Immunocompromised patients often admitted to ICU
(cancer, organ transplantation, surgical intervention, AIDS,
hepatic cyrrhosis, diabetes, etc.)

« Pre-term newborns or newborns with pathological
conditions

+ Healthy seniors

« Children with short gut syndrome

+ Non-immunocompromised people suffering from diarrhea

- Non-immunocompromised people suffering from ulcerative
colitis

- Non-immunocompromised people suffering from dental
abscess

@[45, 50, 54, 56, 59-74], PlInfections either caused by direct ingestion or catheter contamination.
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largely exceeded by the reported positive effects of the
same live cultures in healthy population [50, 54, 76].

In any case, although the studies are very hetero-
geneous for characteristics of the treated population
groups (age, illness, received therapy previous to treat-
ment, etc.), live microorganisms that were used, and
dose and duration of treatments, altogether the results
clearly indicate an increased risk of developing infec-
tions in the vulnerable groups treated with the live
microbial preparations compared to the untreated pa-
tients.

Thus, despite overwhelming evidence that live pro-
biotic microorganisms are effective and can safely be
taken by healthy individuals, a careful analysis of the
risk-benefit ratio should be applied by clinicians before
recommending any products containing live microor-
ganisms, either a food, a supplement or a medicine, to
vulnerable patients, who on their side should be fully
informed prior to treatment. In particular, measures
to ensure the safe handling and administration of live
microorganisms-based formulations to hospitalized and
seriously ill patients should be implemented by the hos-
pital staff.

b. Potential transfer of antibiotic resistance genes or putative
virulence/toxin genes

Antibiotic resistance (AR) could be a selective ad-
vantage for probiotic/pharmabiotic microorganisms,
especially those used in combination with antibiot-
ics to re-equilibrate the intestinal microbiota, as they
would have better chances to survive, colonize the host
gut and also contemporarily exclude other antibiotic-
resistant bacteria by competition; on the other hand,
given that the gut microbiota is one of the main hot
spots for horizontal gene transfers, the concomitant
presence in the intestine of broad-spectrum antibiotics
and antibiotic-resistant live microorganisms might exert
a selective pressure potentially leading to AR spread to
opportunistic pathogenic bacteria strains, thus seriously
reducing the therapeutic treatments of infections [51,
77,78).

For this reason, demonstration that the AR is intrin-
sic (non-transferable), and not extrinsic (acquired) is
required for both probiotics and pharmabiotics by the
respective EU regulating authorities, i.e., EFSA and
Ph. Eur. [34, 79]. In particular, the AR genes should not
be located within potentially mobile genetic elements
such as plasmids, transposons, integrons, and bacterio-
phages in order to exclude the possibility that they are
horizontally transferred from probiotics/pharmabiotics
to commensal or pathogenic bacteria, or viceversa.

Several studies, some of which using metagenomics
approaches, have shown that probiotic strains may har-
bor AR genes [51, 80-83]: yet, the presence of AR genes
in a microorganism does not always result in resistance,
since point mutations, deletions or insertions in the
genes could negatively affect the gene expression. Thus,
concurrent testing for phenotypic resistance would be
appropriate: however, another challenge is posed by the
fact that the minimum inhibitory concentrations cut-
off values for most antibiotics used to test the probiotic
strains are not always available or standardized [51, 78].

Nonetheless, neither detection of AR genes nor
phenotypic evaluation of AR indicate whether the AR
genes may indeed be transferable.

The location of AR genes within potentially mobile
genetic elements, such as plasmids or transposons,
which could contribute to spread, has been demon-
strated in strains belonging to typical probiotic/pharma-
biotic genera, including lactobacilli and bifidobacteria
strains [80, 83, 84].

More importantly, a number of studies have shown
the transfer of AR genes between microbial genera
commonly used for human (or animal) use (espe-
cially lactic acid bacteria) and pathogenic strains. For
instance: (a) the tetracycline fet(M) resistance gene
could be horizontally transferred in vitro from some
Lactobacillus spp. (namely, L. plantarum, L. sakei and
L. alimentarius) to Enterococcus faecalis and Lactococ-
cus lactis, and from L. delbruecki bulgaricus to Listeria
monocytogenes [85]; (b) the erythromycin (ermB) resis-
tance gene was shown to transfer from L. plantarum to
E. faecalis in the gastrointestinal tract of rats [86]; (c)
the genetic transfer of the vancomycin (vanA) resis-
tance and ampicillin (amp) resistance genes between
probiotic strains of Enterococcus faecium and probiotic
strains of L. acidopbilus has been demonstrated in vivo,
in the gut of mice [87].

The potential dissemination of toxin/virulence genes
among probiotic/pharmabiotic microorganisms is also
of concern, as it could lead to the emergence of bacte-
ria or yeast strains with new pathogenic potentials. In
fact, similarly to the AR genes, the genes encoding any
putative pathogenic factors (such as adhesion factors,
cytolysins, damaging enzymes, and biogenic amines)
could be transferred through mobile genetic elements
between commensal and pathogenic bacteria and pro-
biotic/pharmabiotic microorganisms, in response to any
environmental pressure within the dynamic microbiota
of the different human body sites [51, 77, 88].

Higher awareness of the above-described critical
safety aspects potentially related to the consumption of
probiotics/pharmabiotics is necessary to lead to more
careful advising by clinical professionals and more pru-
dential purchasing by consumers; it also demands for
increasing regulation and control of the products that
contain live microorganisms.

Ph. Eur. MONOGRAPH 3053

In Europe, testing and compliance to the standards
detailed within the Ph. Eur. compendia is a basic re-
quirement for the manufacturing and release of phar-
maceutical ingredients and drug products.

In 2019, Ph. Eur. released a general monograph on
Live biotherapeutic products for buman use (3053), as well
as two accompanying general chapters: Microbial exami-
nation of live biotherapeutic products (LBP): test for enu-
meration of microbial contaminants (2.6.36) and Microbio-
logical examination of live biotherapeutic products: test for
specified microorganisms (2.6.38) [34, 89, 90].

In particular, the Ph. Eur. monograph 3053 describes
the quality and safety requirements for LBPs during
production and in the finished lots [34].

These requirements specifically concern (a) the pro-
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duction method and (b) the microorganisms (bacteria
or yeasts) used:

(a) the production method must ensure constant final
yields and microbial viability maintenance through the
whole process; furthermore, the number of microbial
subcultures from the master seed lot must not exceed
that used for LBP production and shown to be satis-
factory in the clinical trials. Consistent minimization or
removal of any impurities or adventitious agents is also
required during production;

(b) the microorganism(s) to be used must accurately
be identified, and characterization at the strain level is
required: the origin of strain(s), any subsequent ma-
nipulations, and description of the culture media used
to grow the microorganism(s) should be provided. The
tests used to characterize the phenotype and genotype
of strain(s) must be detailed, and the stability of phe-
notypes and genotypes demonstrated. As above men-
tioned, besides the determination of their antibiotic
susceptibility, the absence of any antibiotic resistance
genes potentially transferable to the human microbiota
is required. Furthermore, any virulence factor in the mi-
croorganism “should be investigated and evaluated with
respect to safety”.

As an additional quality requirement for those prod-
ucts to be orally administered, survivability of the mi-
crobial strain(s) in the human gut must be demonstrat-
ed by in vitro gastric acid and bile resistance testing.

Since microbial seed lot system is required to be used
during production, it is recommended that it contains
no adventitious agents or other impurities, and that any
replacing seed lots are fully characterized. The sterility
of the culture media must be ensured along with the
absence of ingredients known to cause toxic, allergic
or other undesirable effects; if inclusion of such in-
gredients is necessary, demonstration that the residual
amount in the final lot does not affect product safety
must be provided. Growth and harvesting must be per-
formed under appropriate conditions. Stability data
should be established for each intermediate product.

Tests to be performed on the final lots include the
identification of each microorganism by proper meth-
ods, as well as the determination of the number of each
live microorganisms (potency) by a suitable microbial
enumeration test, and expressed as CFU/g, CFU/ml,
CFUunit: the resulting number must not be less than
the stated range.

Concerning the microbiological quality of LBPs, the
monograph 3053 indicates the acceptance criteria for
aerobic microbial contamination counts (AMCC) and
yeast and moulds contamination counts (YMCC) for
all LBP products, whereas absence of Escherichia coli
in those to be orally administered, and of Pseudomonas
aeruginosa, Staphylococcus aureus and Candida albicans
in those for vaginal use is required.

The appearance, and the pH and water activity values
of the final lots must comply with the specifications es-
tablished for the products.

Regarding the storage conditions, it is recommended
that liquid LBPs are not frozen, in order to maintain the
full viability of the microorganisms.

Labels must state the name of strains, the potency

of each strain (expressed as CFU/g, CFU/ml/CFU/
unit or as viable cells/ml), the route of administration,
the storage conditions, the expiry date, the name of
any stabilizers and other excipients. For freeze-dried
preparations, labels must also state the indications on
reconstitution before use with name, composition and
volume of the liquid to be added, and finally the storage
conditions and expiration after the product has been
reconstituted [34].

THE REGULATORY SITUATION FOR LBPs IN
ITALY

As for other medicinal products, in order to obtain
a MA for LBPs in Italy and Europe, the company has
to submit an application, consisting of a dossier con-
taining information on the chemical-pharmaceutical,
preclinical and clinical aspects, structured according
to a standardized format (CTD — Common Technical
Document). The data and studies submitted to support
the application for MA must comply with guidelines
defined at international level (International Council for
Harmonisation of Technical Requirements for Phar-
maceuticals for Human Use — ICH M4 document)
[91]. The CTD includes 5 modules, of which module
1 contains the administrative information and prescrib-
ing information; module 2, the information summaries;
module 3, the quality characterization of the product;
module 4, the non-clinical study reports; and module 5,
the clinical study reports.

Importantly, the CTD must provide the informa-
tion concerning the product characteristics, labelling
and package leaflet. Moreover, application of the good
manufacturing practices (GMPs) according to the
Commission Directive EU 2017/1572 during the prod-
uct manufacturing must be demonstrated in the CTD
[92].

According to the European legislation, LBPs can ap-
ply to a MA by either a National authorization proce-
dure or by European procedures, the latter involving
several EU regulatory authorities in the scientific as-
sessment of the CTD provided by the applicant. Cur-
rently, all LBPs marketed in Italy have been licensed at
national level.

For most of them, the MA was issued before the im-
plementation of Directive 2001/83/EC, but during the
renewal procedure submitted after the national trans-
position of this directive in 2006, the LBPs underwent
a critical review, in order to achieve compliance of the
authorization in Italy with the requirements of the Eu-
ropean Union legislation.

LBPs AND PROBIOTIC SUPPLEMENTS:
SIMILARITIES AND OVERLAPS

Despite the sharp demarcation existing between the
regulations of the food/dietary supplements, medical
foods, cosmetics and drugs categories (Table 1), over-
lapping of products still occurs, most frequently be-
tween LBPs (drugs) and probiotic food supplements.

At the EU level, the food supplements fall within
the scope of the general food law, i.e. Regulation (EU)
2017/625 [93]. With specific regard to the microorgan-
isms contained in the supplements, EFSA has released
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Table 3

Comparison of products containing the same microorganism (Saccharomyces boulardii) in similar amounts that are marketed in

Italy either as LBPs or as probiotic supplements

Product LBP
features
Information Patient information leaflet:

to patients - included in the medicine package;

- publicly available, together with the Summary of Product
Characteristics, on the web site of the Italian Medicines Agency

(AIFA)®
Product form  Capsule

Product
content

Each capsule contains:

dioxide

Indications
disvitaminosis due to antibiotic use

- Prophylaxis and treatment of traveler’s diarrhea

- Active substance: S. boulardii, 5 billion live microorganisms
- Excipients: lactose, magnesium stearate, gelatin, titanium

- Prophylaxis and treatment of intestinal dysmicrobism and

Probiotic supplement

No patient information leaflet included in the
supplement package

The product is listed in the Italian Register of dietary
supplements®, but information is only available on the
manufacturer website

Capsule

Two capsules contain:

- S. boulardii (MYA796), 10 billion;

- Enterococcus faecium (SGEf01), 2 billion;

- Magnesium hydroxide 124 mg; Zinc 4 mg.

- Restoration of the intestinal flora equilibrium, specially
following antibiotic or chemotherapeutic treatments
- Zinc contributes to normal activity of the immune

- Treatment of acute diarrhea of different origins system

- Treatment of Irritable Bowel Syndrome

- Treatment of candidiasis of the gastrointestinal tract

Dosageand -1 or 2 capsules, twice daily
use - Do not take with hot or alcoholic drinks
- capsule must be swollen intact

Warnings Do not take the product if you:

- are allergic to S. boulardii or other ingredients contained in the

medicine
- are allergic to yeast

- 2 capsules daily, before or during meals
- For children under six years, the content of the
capsule can be solubilized in water or in other drinks

- Do not exceed the recommended dose of capsules

- The food supplements are not intended to replace a
balanced diet

- Keep out of reach of children under three years

- are under treatment with anti-fungal/mycosis medicine
- are an immunocompromised patient or if you are in hospital

LBPs: live biotherapeutic products.
@https://farmaci.agenziafarmaco.gov.it/bancadatifarmaci/home.

Bhttps://www.salute.gov.it/portale/temi/p2_6.jsp?id=3668&area=Alimenti+particolari+e+integratori&menu=registri.

Table 4

Example of products with similar brand names from the same company that are sold in Italy as live biotherapeutic products (LBPs)

or as probiotic supplements (PSs)

Product brand Microorganisms and quantities
name (LBP or PS) Other active principles
X@ Bacillus clausii poly-antibiotic-
(LBP) resistant spores (strains SIN, O/C, T,
N/R)
1 billion
X-Ab) Bacillus clausii (strain SIN)
(PS) 6 billion

Zing, Selenium

X-B®) Lactobacillus acidophilus strain LA-5
(PS) 1 billion
Bifidobacterium animalis subsp. lactis
strain BB-12
2 billion

Mint and coriander extracts

X-C® Bifidobacterium lactis strain HNO19
(PS) ATCC SD5674
1 billion

Fructo-oligosaccharides (FOS)

X-D) Saccharomyces boulardi
(PS) 6 billion

Vitamins A, D, B6, B9 and B12

@X: same name for the five (LBP and PS) products.

Indications

- Prevention and treatment of intestinal disorders related to alterations of the
intestinal microflora causing diarrhoea, abdominal pain and disvitaminosis

- Restoration of the intestinal microflora during antibiotic or chemotherapy
treatments

- Treatment of acute or chronic gastrointestinal diseases of breast-fed children

Restoration of the intestinal microflora balance

Fight abdominal swelling and tension, aerophagia, and imbalance of the
intestinal microflora

Restoration of the intestinal microflora balance and facilitation of the intestinal
transit

Restoration of the intestinal microflora balance

®A, B, C, D: specific designations differentiating the PS products on the bases of the claimed functions.
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and regularly updates a list of microorganisms that are
given the “quality presumption of safety” (QPS) status
based on long tradition of safe use, absence of viru-
lence/pathogenic factors which could harm the host,
and absence of any potentially transferable antibiotic
resistance genes [94, 95]. The accurate identification
and characterization of the microorganisms is neces-
sary to fulfill all requirements. The QPS approach was
developed to provide a safety pre-assessment of micro-
organisms to be intentionally added to food and feed:
since the QPS status is granted at the species level for
bacteria and yeasts, it is recommended that any safety
concern be excluded at the strain level [95]. As an
example, the Enterococcus faecium species is excluded
from the QPS evaluation because some of its members
have been associated to nosocomial infections: how-
ever, certain beneficial E. faecium strains that are sensi-
tive to the ampicillin antibiotic and do not contain any
genetic elements commonly found in the nosocomial
strains, as required by EFSA, may be used in food and
feed supplements, as well as in medicines [95-97].

Furthermore, Italy and some other EU countries
have set national guidelines on probiotics and prebi-
otics complementing the European regulations: for
example, the Italian guidelines propose that the iden-
tification and characterization of bacteria and yeasts
is always made at the strain level [98]. In addition,
the Regulation (EC) No 1924/2006 on nutrition and
health claims made on food also applies to the supple-
ments containing live microorganisms [99]. Accord-
ing to the interpretation of this regulation by the EU
Commission, the term “probiotic” is a health claim, as
it implies a beneficial effect on health. This could be
misleading for consumers if “probiotic” is used on la-
bels, unless sustained by adequate scientific evidence.
As a result of this interpretation, since 2007 EFSA has
only approved the use of the term “probiotic” for a
single yogurt containing Streptococcus thermophilus and
Lactobacillus delbruecki subsp. bulgaricus (minimum 108
CFU/g) for which the claim “it improves lactose diges-
tion” was satisfactorily demonstrated [100]. Since this
interpretation of Regulation (EC) No 1924/2006 was
increasingly deemed too restrictive, in recent years di-
vergent interpretations on the use of the “probiotic”
term were given in the EU Member States: conse-
quently, in some countries including Italy its use has
been allowed in the labeling and advertising of food
and supplements, provided that specific conditions are
fulfilled [98].

In summary, similarly to LBPs, the probiotic supple-
ments are also regulated by complex rules, the former
as drugs and the latter as foods.

Several aspects of the two distinct food and drug
regulations are comparable, such as most requirements
for live microorganisms and their quantities in the prod-
ucts. However, a remarkable difference is that LBPs
must undergo extensive pharmacodynamics, pharma-
cokinetic, safety and efficacy testing and evaluation pri-
or to receiving MA, while in most countries including
Italy the probiotic supplements, as other dietary supple-
ments, are not subjected to any pre-marketing autho-
rization. In fact, they just need to be notified to the

competent health authority that evaluates the general
compliance of the product content and label with the
food legislation (the Italian Register of dietary supple-
ments is available at: www.salute.gov.it/portale/temi/
p2_6.jsp?id=3668&area=Alimenti+particolari+e+integr
atori&menu=registri).

The fact that the procedure to get MA is much fast-
er for probiotic food supplements compared to LBPs
clarifies the reason why the probiotic food supplements
largely exceed LBPs in the market, and is also at the
basis of some drawbacks.

For instance, in Italy products of different brands
containing the same microorganism(s) in similar quan-
tities may actually be sold over the counter in the drug-
stores either as LBPs or as probiotic supplements, with
the latter being easily available in the grocery shops, too
(Table 3). This implies that less information on the prod-
uct characteristics and on safety warnings are available
for the probiotic supplements compared to the LBPs
counterparts, because the specific requirements for la-
beling and package leaflets that apply to LBPs are not
needed for supplements, and this could represent a risk
for diseased costumers purchasing them.

In Italy, this scenario is further complicated by the
fact that some LBPs and probiotic supplements from
the same company are marketed with very similar brand
names, despite the fact that they contain distinct mi-
croorganisms and/or different quantities of the same
microorganism, and are intended for different purposes

(Table 4).

CONCLUSIONS

In this review, considerable differences have emerged
between the regulatory frameworks of LBPs and pro-
biotic food supplements, even though both products
and the related regulations also share several similari-
ties, including frequently the same microorganisms in
similar amounts. It must be mentioned that in Italy
both LBPs and probiotic food supplements are sold
over the counter in the drug stores, with difficulties in
distinguishing between them for most customers and
sometimes for the physicians, too. For these reasons,
further improvement and harmonization between the
regulations of LBPs and probiotic food supplements
would merit consideration. This would properly orient
the physicians and increase end users confidence be-
sides implementing research in the field and ultimately
supporting the manufacturers to invest in new prod-
ucts development.
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Abstract

Introduction. Mono-(2-ethylhexyl) phthalate (MEHP) represents a toxicological risk
for marine organisms due to its widespread presence in aquatic environments.
Methods. MEHP effects on cell viability, cell death and genotoxicity were investigated
on the DLEC cell line, derived from early embryos of the European sea bass Dicentrar-
chus labrax L.

Results. A dose-dependent cytotoxic effect, with no induction of necrotic process, ex-
cept at its highest concentration, was observed. Moreover, chromosomal instability was
detected, both in binucleated and mononucleated cells, coupled with a minor inhibition
of cell proliferation, whereas genomic instability was not revealed. To our knowledge, the
overall results suggest the first evidence of a possible aneugenic effect of this compound
in the DLEC cell line, that is the induction of chromosomal loss events without the in-

Key words
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® cytotoxicity
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® micronuclei

duction of primary DNA damage.

Conclusions. MEHP should be considered more harmful than its parent compound
DEHP, because it induces genomic instability in the DLEC cell line without triggering

cell death.

INTRODUCTION

Phthalates (PAEs) are generally used in plastics, fertil-
izer, pesticides, toys, cosmetics and other industries and
they can promote the plasticity, durability and strength
of materials [1, 2]. Dimethyl phthalate (DMP), diethyl
phthalate (DEP), dibutyl phthalate (DBP), benzylbuthl
phthalate (BzBP), dicyclohexylphthalate (DCHP),
di-2-ethylhexyl phthalate (DEHP), diisobutyl phthal-
ate (DiBP), diisononyl phthalate (DiNP), diisodecyl
phthalate (DiDP), dinhexyl phthalate (DnHP), and
di-n-octyl phthalate (DnOP) are the most commonly
used PAEs in consumer products [3]. In aquatic envi-
ronments, PAEs can be readily degraded by hydrolysis,
photodegradation and microbial degradation [4, 5], or
they can come into direct contact with aquatic organ-
isms, entering the food chain and being transported
through the trophic levels, ultimately becoming a threat

to humans as consumers of aquatic resources [5-7].
When PAEs are ingested by organisms, they are easily
metabolized [5]. Most PAEs metabolites are fat-soluble
and can be stored in biological tissues for long times [3,
5], up to 6 months, eventually becoming toxic to the
organisms [5, 8].

Among PAEs metabolites, mono-(2-ethylhexyl)
phthalate (MEHP) is one of the most studied due to
its widespread presence in aquatic environments and
its toxicological risk [5]. Indeed, several studies have
reported that the average concentration of MEHP in
superficial neustonic/planktonic samples of the Tyr-
rthenian Sea ranged from 29.17 ng/g to 93.37 ng/g [9],
whereas its concentration in samples collected from
the Sea of Cortez (La Paz Bay) ranged from 13.08
ng/g to 13.69 ng/g [9]. Recent studies have also shown
that fresh algaec and cyanobacteria produce and re-
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lease MEHP under natural conditions, metabolizing
the parent compound, DEHP, uptaken directly from
the aquatic environment [6]. Nevertheless, European
regulations concern the parent compound DEHP and
not its primary metabolite MEHP [10]. Thus, to date, a
limit for exposure to MEHP in the aquatic environment
has not yet been identified.

Similarly to most phthalates, MEHP can adversely
affect the developmental and reproductive functions
of several organisms, alter the number of offspring pro-
duced, reduce hatching success and disrupt larval devel-
opment [5, 11-13]. Among its major effects, MEHP is
known to cause the impairment of reproductive success
[14], in particular interfering with androgenic activity
[12, 15] and the expression of both sex hormone recep-
tors [12, 14] and steroidogenesis-related genes [12, 15,
16]. Furthermore, MEHP is known to induce apoptosis
[13], and have genotoxic, mutagenic, and carcinogenic
effects [5, 17] on human and rodent cell lines. How-
ever, to our knowledge, very little data is available on
the toxic and genotoxic effects of MEHP on aquatic
organisms, especially on marine fishes [12].

The European sea bass (Dicentrarchus labrax, L.
1758) is an euryhaline marine teleost, which primarily
inhabits estuaries, lagoons and coastal waters. This spe-
cies is of high commercial and recreational value and is
one of the most cultivated by the aquaculture industry
in the Mediterranean basin [18]. In addition, D. labrax
plays an important role in trophic networks, and in par-
ticular those of a large number of European estuaries
and coastal areas [19]. As are most carnivorous species,
D. labrax is highly exposed to the ingestion of anthro-
pogenic pollutants [6]. Thus, the European sea bass
is considered a good bioindicator of marine pollution
[19]. In recent decades, fish cell lines have shown to
be a reliable tool to assess the cytotoxicity, genotoxic-
ity, gene regulation, virology and tumorigenesis of many
pollutants [19, 20]. To date, the European sea bass em-
bryonic cell line (DLEC) [20, 21], formed by fibroblast-
like adherent cells, has been shown to be a useful instru-
ment for in vitro assessment of toxic compounds [20].

In our previous study [20], we demonstrated that
DEHP has a toxic effect on the DLEC cell line, result-
ing in a significant decrease in cell viability, a moderate
increase in DNA strand break, and a dose-dependent
increase in the frequency of micronuclei (MN) coupled
with a significant and progressive decrease in cell pro-
liferation. Considering that different studies [5, 12, 13]
have shown the high toxicity of MEHP, the objective of
this study was to evaluate the potential adverse effects
of increasing concentrations of MEHP on the DLEC
cell line, using specific in vitro tests to evaluate MEHP
cytotoxicity, genotoxicity, and potential mutagenicity.
The DLEC cell line was chosen because of the econom-
ical and environmental value of D. labrax, and also be-
cause of its easy maintenance in laboratory conditions
and reliability for in vitro applications [21].

MEHP is the primary biologically active metabolite
of DEHP, the latter having a short half-life. Moreover,
since MEHP remains in the aquatic ecosystem for long
periods [22], its occurrence and effects in the aquatic
environment have been targeted as biomarkers [12] as

well as a tracer of the intake of microplastics due to
its high concentration in the blubber of stranded fin
whales [9]. Besides, quite high MEHP concentrations
have also been found in human samples [23] such as
maternal serum (42.6 pM) and umbilical cord serum
(37.5 uM). Finally, the accumulative exposure could be
even higher considering the continuous contact of the
organisms with this phthalate. In this context, MEHP
effects should be more thoroughly investigated since
exposure to MEHP poses a risk not only to aquatic or-
ganisms but to humans as well.

MATERIALS AND METHODS
Chemicals

Leibovitz (L-15) medium without L-glutamine, phos-
phate buffer saline (PBS) without calcium and mag-
nesium and L-glutamine were purchased from Lonza,
Italy. Penicillin/streptomycin, trypsin-EDTA in PBS
without calcium, magnesium and phenol red were ac-
quired from EuroClone, Italy. MEHP, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
cytochalasin B (1200 pg/mL), trypan blue solution
(0.4%), dimethyl sulfoxide (DMSO), and sodium do-
decyl sulfate (SDS) were bought from Sigma-Aldrich,
Italy, while foetal bovine serum (FBS) was purchased
from Invitrogen, Italy. MEHP was dissolved in DMSO
to obtain a stock solution of 100 mM

Cell culture and MEHP treatments

The European sea bass (Dicentrarchus labrax L.)
embryonic (DLEC) cell line [21] was used to assess
MEHP cytotoxicity and genotoxicity. DLEC cells were
maintained at 20-22 °C, without CO,, in L-15 medium
supplemented with 10% FBS, 1% L-glutamine, and 1%
penicillin/streptomycin.

For the positive control 100 pM H,O, was used, while
the solvent sample was treated with 1% DMSO for 24
h. Cells were treated for 24 h with different MEHP
concentrations ranging from 0.5 to 100 pM. The work-
ing concentrations were freshly prepared in DMSO be-
fore treatments from MEHP stock solutions. DMSO
never exceeded 1% v/v for both treatments and solvent
control. For both cytotoxicity and genotoxicity assays,
two independent experiments were performed.

Cell viability assay and cell death

DLEC cells were treated with MEHP for 24 h at con-
centrations of 1, 5, 10, 50 and 100 pM to assess both
cell viability and cell death. Cytotoxicity of MEHP was
evaluated as per the standard protocols by MTT and
Trypan Blue Exclusion (TBE) assays [20, 24]. Briefly,
for the former, MTT solution (0.5 mg/ml per well) was
added at the end of MEHP treatment and, after addi-
tional 3 h of incubation at 21 °C, cells were lysed (10%
SDS, 0.6% acetic acid in DMSO) to dissolve the forma-
zan crystals. The spectrophotometer DTX 880 Multi-
mode Detector (Beckman Coulter) was used to mea-
sure optical density. Instead, for the TBE assay, cells
were harvested after MEHP treatment and cell suspen-
sions were mixed with Trypan Blue solution (1/1, v/v)
for 5 minutes, seeded on a slide and evaluated under an
optical microscope.
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Cell death was measured by fluorescence microscopy,
evaluating the pattern of chromatin fragmentation [20,
25, 26]. At the end of MEHP treatment, cells were har-
vested and cell suspensions were stained with a com-
bination of Fluorescein Di-Acetate (FDA, 0.75 mg/
mL), Propidium Iodide (PI, 0.25 mg/mL), and Hoechst
(HO, 0.1 mg/mL) dyes before cell death analysis.

Single cell gel electropboresis

The DLEC cell line was treated with 1, 5, 10, 50 and
100 pM of MEHP for 24 h and the standard alkaline
(pH>13) SCGE was performed according to previous
works [20, 27]. After slide preparation and cell lysis (2.5
M NaCl, 10 mM Tris-HCI, 100 mM EDTA, pH 10,
with 1% Triton X-100 and 10% DMSO freshly added),
electrophoresis was conducted for 20 minutes at 25 V
and 300 mA at 4 °C preceded by a 15-minute incuba-
tion in electrophoresis buffer (1 mM EDTA, 300 mM
NaOH, pH 13) to allow DNA unwinding. Slides were
then neutralized (0.4 M Tris-HCI, pH 7.5), and stained
with ethidium bromide (20 pg/mL, 50 pL). Nucleoids
were examined at 400x magnification with a fluores-
cence microscope (Axioskop 2, Zeiss) associated with a
Comet assay I1I program. For each experimental point,
three operators scored a total of 300 randomly-selected
cells. Computer-generated % DNA in the tail (tail in-
tensity, TI) values were used to evaluate the amount of
primary DNA damage.

Cytokinesis-block micronucleus assay

The DLEC cell line was treated with 0.5, 1, 5, and
10 pM of MEHP for 24 h. The cytokinesis-block mi-
cronucleus (CBMN) assay was carried out with the

standard technique proposed by Fenech [28]. Cytocha-
lasin B was added after MEHP treatment, lowering the
concentration to 2 pg/mL and arresting cell cytokinesis
for 48 h. Harvesting and fixing were carried out as pre-
viously described [20, 29]. Slides were stained for 10
min with 5% Giemsa. Micronuclei (MN) were scored in
both 1000-mononucleated and 1000-binucleated cells
with intact cytoplasm for each experimental point. Cell
cycle progression analysis was assessed calculating the
cytokinesis block proliferation index (CBPI) as previ-
ously described [20, 30]. Subsequently, the percentage
of cytostasis was calculated according to Lorge and co-
workers [30].

Statistical analysis

The comparison between MEHP treatments and sol-
vent was performed by carrying out one-way ANOVA,
followed by Sidak’s or Tukey's multiple comparisons
post-test, for viability tests (MTT, TBE) and apoptotic/
necrotic cell death assay; by means of y>-test for the
cytostatic effect (CBMN); and using Student’s ¢-test for
paired samples for mean TI (Comet assay) and yield
of micronuclei per cell (CBMN). The statistical sig-
nificance for H,O, and solvent samples was evaluated
by comparison to untreated control (medium) as men-
tioned above. The level for statistical significance was
set at p<0.05.

RESULTS
Cell viability and cell death

Results of cell viability measured by MTT and TBE
assays after 24 h of MEHP treatment are illustrated in
Figure 1. After treatment with different MEHP concen-
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Figure 1

Cell viability determined through MTT and TBE assays in DLEC cell line exposed to MEHP. Results of MTT are displayed as a mean
of the optical density (570 nm). MEHP treatment O.D. values were normalized to the solvent and are shown as mean + SD of two
experiments. Results of TBE are presented, at each treatment level, as the percent of viable cells out of the total cells and are
displayed as mean + SD of two experiments. One-way ANOVA significance: *p<0.05 MEHP treated vs solvent; **p<0.01 H,0, vs
untreated control (medium); ##p<0.01 H,0, vs untreated control (medium).

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; TBE: Trypan Blue Exclusion; DLEC: European sea bass embry-
onic cell line; MEHP: Mono-(2-ethylhexyl) phthalate; O.D.: Optical Density; SD: Standard Deviation.
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Percentage of apoptosis and necrosis in MEHP-treated DLEC cells. For each treatment results are shown as means + SD of two
independent experiments. One-way ANOVA significance: **p<0.01 H,0, vs untreated control (medium).
MEHP: Mono-(2-ethylhexyl) phthalate; DLEC: European sea bass embryonic cell line.

trations, a dose-dependent reduction in DLEC viability
was observed in both assays. In the MTT assay, survival
rates of MEHP treatments significantly decrease, with
respect to the solvent, only at the higher concentrations
of 50 pM and 100 pM (p<0.05 and p<0.0001, respec-
tively; F=189.4; DF=7), whereas in the TBE assay, de-
crease in survival resulted not to be statistically signifi-
cant. In both assays, the solvent showed no effect on
cell survival in DLEC. Conversely, treatment with H,O,
decreased cell survival to 30% (p<0.0001; F=3.409;
DF=7) and 71.2% (p=0.0535; F=3.409; DF=7), respec-
tively in the MTT and TBE assays.

Figure 2 shows the apoptosis induction in DLEC
cells treated with MEHP. No induction of necrotic and
apoptotic cells was observed in the untreated control
and solvent samples. In MEHP treatments, induction
of both necrosis and apoptosis were not statistically sig-
nificant in comparison to the solvent. Conversely, with
respect to the untreated control, in H,O, treatment
a statistically-significant induction of necrotic cells
(p=0.0001; F=21; DF=7) and no increase in apoptotic
cells were detected.

Comet assay

Table 1 illustrates the results of the mean TI values
representing the induction of primary DNA damage in

Table 1

DLEC cells treated with MEHP. A TI of 5.63 was de-
tected in the untreated control, while an increase in the
TI value was observed in the solvent (T1=6.45), which
was albeit not significant when compared to the un-
treated control. When compared to the solvent sample,
treatment with MEHP did not induce any increase
in TI values. The frequency of DNA damage was sig-
nificantly increased by the H,O, treatment (T1=30.50;
p<0.01).

CBMN assay

Table 2 shows the induction of chromosomal damage
as measured by CBMN assay. In binucleated cells, no
difference in both the frequency of MN and CBPI val-
ues was observed in the solvent sample when compared
to the untreated control. Conversely, treatment with
MEHP revealed a dose-dependent and statistically-
significant (p<0.01) increase in the yield of MN per cell
at all MEHP concentrations with respect to the solvent.
Moreover, a cytotoxic effect was detected as a decrease
of CBPI values (p<0.01) and an increase in the per-
centage of cytostasis. Similarly, a statistically-significant
increase in the frequency of MN (p<0.01) and a cyto-
toxic effect (p<0.01) were detected in H,O, treatment
in comparison to the untreated control.

As a further end-point to distinguish between a clas-

Tail intensity (%) values obtained by the Comet assay in DLEC cell line treated for 24 h with MEHP. Data are presented as means +

SD of two independent experiments

Cell Line Medium Solvent H,0, MEHP concentrations (pM)
1 5 10 50 100
DLEC 5.63+1.14 6.45+1.44 30.50+5.70 §§ 7.05+0.66 6.59+0.80 6.37+1.50 6.23+£1.20 5.31+0.70

Significance of Student’s t-test (ts): §§ p<0.01 H,0, vs untreated control (medium). SD: standard deviation.

DLEC: European sea bass embryonic cell line; MEHP: Mono-(2-ethylexyl) phthalate.
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Table 2

Induction of micronuclei (MN) in binucleated and mononucleated cells, cytokinesis block proliferation index (CBPI) and % of cy-
tostasis in DLEC cell line treated for 24 h with MEHP and harvested after 48 h of cyto-B. Data are presented as means + SE of two

independent experiments

Treatment MN/1000 ts CBPI£SE Xz % MN/1000 ts
BN+SE Cytostasis+SE Mono=SE

Medium 12.0+0.05 1.36+0.0003 0£0.00 10.3+0.06

Solvent 13.2+0.08 NS 1.36+0.0006 NS 0£0.01 11.3+0.09 NS

H.,0, 35.8£0.05 5§ 1.26+0.0001 5§ 26.3£0.07 15.2+0.01 §

0.5 uM 20.7£0.08 ** 1.324+0.0002 x* 126%0.11 22.0+0.09 x*

T uM 25.3£0.03 x* 1.31£0.0001 x* 13.6+0.16 28.3+0.05 **

5uM 32.8£0.20 ** 1.28+0.0002 ** 223%0.12 40.3+0.05 **

10 pM 42.7+0.26 ** 1.29+0.0005 x* 19.4+0.02 50.7£0.11 **

Significance of t-Student test (ts) and Chi-squared test (x,): NS: not significant; **p<0.01 MEHP treated vs solvent; p<0.05 and §§p<0.01 H,0, vs untreated control

(medium). SE: standard error.

DLEC: European sea bass embryonic cell line; MEHP: Mono-(2-ethylexyl) phthalate.

togenic or aneugenic effect of MEHP, the analysis of
MN was performed in mononucleated cells as well. In
the solvent sample, no difference in the frequency of
MN was observed. With regard to MEHP treatments,
a statistically-significant dose-dependent (p<0.01) in-
crease in the frequency of MN, when compared to the
solvent, was detected. When compared to the untreated
control, H,O, treatment caused a statistically signifi-
cant (p<0.05) increase in the yield of MN, albeit lower
with respect to MEHP.

DISCUSSION

The presence of phthalates in the marine environ-
ment has aroused great concern for aquatic organisms,
due to the growing threat posed by plastic marine lit-
ter. Currently, it is unclear whether PAEs bioaccumu-
late and/or biomagnify through the trophic chain, and
whether their metabolites may exhibit higher toxicity
than their precursors. However, recent studies have
shown that PAE metabolites, such as monobutyl
phthalate, are easily stored in fat and biological tissues,
reflecting a continuous and, thus, chronic exposure to
living organisms [3, 5, 8]. Therefore, the assessment of
their toxicity cannot be ignored. MEHP, as a DEHP
primary metabolite, is one of the most studied pollut-
ants since it is responsible for many of the effects of its
parent compound [31]. For many organisms, including
humans, MEHP toxic effects have been widely evalu-
ated both in vivo and in vitro. Conversely, the in vitro
toxicity of MEHP in cells deriving from marine fishes
has been poorly investigated. Therefore, in the present
work, the potential cytotoxic and genotoxic response to
MEHP treatment on the European sea bass embryonic
cell line, DLEC, has been analysed.

The cytotoxicity of MEHP, evaluated through the
MTT and TBE assays, resulted in a significant decrease
in cell viability only at the highest concentrations in
the MTT assay. Given these results, MEHP displayed
a minor cytotoxic effect with respect to DEHP in the
DLEC cell line [20]. The variability observed in H,O,
cell survival results could probably be due to a different
sensitivity of the MTT and TBE assays [32]. Cytotoxic-

ity results are also sustained by a not significant induc-
tion of apoptosis and necrosis at all tested concentra-
tions of this metabolite. Since the DLEC cell line lack
of metabolic activation [15] the results suggest a direct
cytotoxic effect of MEHP. In literature, large differ-
ences in sensitivity to MEHP and in its resulting cyto-
toxicity have been noted in both human and rodent cell
lines [31]. Some in vitro studies have reported a variety
of evidence of cytotoxicity starting from low concentra-
tions of MEHP. For example, Erkekoglu and collabora-
tors [33, 34] reported a decrease in cell viability within
24 h, in MA-10 (mouse Leydig tumour) and LNCaP
(human prostatic cancer) cell lines starting from 3 pM
of MEHP treatment. On the other hand, other studies
detected scarce cytotoxic effects of MEHP on rodent
or human cell lines, if not at higher concentrations. In
GCs (rat ovarian granulosa) and HepG2 (human liver)
cell lines, a significant decrease in cell viability at 50 pM
MEHP has been reported [14, 35], whereas HRT-8/
SVneo (human placenta) cell lines were more resistant
with a decrease in cell viability at a MEHP concentra-
tion of 180 uM [13]. The decreased viability of both
HepG?2 and HRT-8/SVneo was associated with an in-
crease in apoptotic cells starting from 100 pM MEHP
[13, 35]. Great variability in MEHP toxicity ranges
can also occur within the same cell line. Indeed, other
studies on the MA-10 cell line reported significantly-
different results compared to Erkekoglu and collabora-
tors [33, 34], by finding a cytotoxic response starting at
300 pM [16] or at even higher concentrations, such as
1 to 3 mM of MEHP [15, 36], coupled with occasional
encounters of apoptotic cell bodies in all MEHP tested
treatments [36]. The reason for these discrepancies
might lie in several factors: differences in the experi-
mental designs, cell culturing conditions, cell density/
number, cell source, purity of the MEHP, employment
of secondary compounds [34], as well as the different
responses of the diverse cell lines to this metabolite.
MEHP genotoxicity was assessed by both the Comet
and the CBMN assays. The Comet assay is a sensi-
tive test able to identify DNA strand breaks typically
induced by clastogenic agents, while CBMN detects
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both clastogenic and aneugenic effects, the latter be-
ing the induction of chromosomal loss events without
the induction of DNA strand breaks. The results of the
Comet assay do not suggest a genotoxic effect of this
phthalate in DLEC cells. Indeed, the level of primary
DNA damage, in terms of strand breaks revealed by the
Comet assay, was not increased by MEHP, while H,O,,
a clastogenic agent, caused a high and significant induc-
tion of DNA strand breaks. This outcome suggests that
MEHP does not have a clastogenic effect in the DLEC
cell line. Conversely, in the CBMN assay, MEHP in-
duced a dose-dependent enhancement of MN, not only
in the binucleated but also in the mononucleated cells,
strongly suggesting an aneugenic action of this com-
pound in the DLEC cell line. As reported in the litera-
ture, the possible cellular targets of MEHP triggering
chromosome malsegregation could be the organization
of the meiotic spindle and the assembly of actin [37].
Moreover, the same authors reported altered 5mC and
H3K4me2 levels and a significant elevation of oxidative
stress after MEHP treatment; it was recently suggested
that the latter might have a role in chromosome align-
ment [38]. The genotoxic effects of DEHP and MEHP
have been investigated in a number of different tissues
and with various genotoxicity assays [5, 31]. MEHP
genotoxic potential has been investigated in several
studies by means of the Comet assay. For instance,
Erkekoglu and collaborators [33, 34] reported high lev-
els of DNA damage associated with an increase in both
Tail Moment and Tail Intensity by several folds at very
low concentrations of MEHP (3 pM). Other authors
detected an enhancement of DNA migration only at
higher concentrations of MEHP [17, 39] and also a re-
lationship between urinary concentrations of phthalate
metabolites, including MEHP, and sperm DNA dam-
age in humans [40]. However, to our current knowl-
edge, no studies have been conducted on the induction
of micronuclei by MEHP. The micronucleus assay is a
methodology that makes it possible to obtain a measure
of both chromosome breaks and whole chromosome
loss [28]. With the CBMN assay, it is possible to detect
between 60% and 90% of acentric fragments and, in
combination with kinetochore/centromere detection or
other genotoxicity assays (e.g. Comet assay), it is an op-
timal procedure for measuring whole chromosome loss
events [28]. Moreover, scoring MN in mononucleated
cells could be a further end-point able to distinguish
agents with clastogenic action from aneugenic ones
[41]. Indeed, Elhajouji and collaborators [41] first, and
later Kirkland [42], demonstrated that increasing MN
in mononucleated cells is a clear and sensitive index for
detection of aneugenic compounds. Therefore, given
the results of both the Comet and CBMN assays, it
can be hypothesized that the dose-dependent increase
in the frequency of MN caused by MEHP treatments
on the DLEC cell line could represent chromosomal
loss events rather than chromosomal breaks. Thus, this
is the first experimental evidence of an aneugenic effect
of MEHP.

In the present study, we demonstrated that MEHP
pose a great risk for the European sea bass; since
MEHP caused genomic instability to DLEC cell line it

is possible that it may cause even more harm under nat-
ural condition, where this contaminant can accumulate
in fish tissues and have a direct effect on target organs,
such as the liver [43, 44]. In a recent study, Barboza and
colleagues [7] have detected the presence of microplas-
tic in the gastrointestinal tract, gills and also in the dor-
sal muscle of 150 commercial fishes (42% in D. labrax,
n=50). The presence of microplastics in commercially
important fish tissues may presents a risk to human
health, due to the potential transfer of microplastics to
humans, but also the potential toxicity of contaminants
associated to plastic items [7, 18]. In humans, it is well
known that phthalates in general can cause the disrup-
tion of endocrine function [18] and sperm DNA dam-
age [40], however, information on the transfer of these
pollutants to humans through the diet is still poorly
investigated [18]. Since different studies showed that
both wild and aquaculture fishes can bioaccumulate
plastic additives, such as bisphenols and phthalates,
in their tissues [43, 44], it is important to increase our
knowledge on human absorption, distribution and me-
tabolism of MEHP through fish ingestion, information
indispensable for human health risk assessment.

CONCLUSION

The current study highlights a difference between the
cytotoxic and genotoxic effects of DEHP and MEHP
on the European sea bass embryonic cell line. In our
previous study [20], we found that the cytotoxicity of
DEHP was much higher compared to that caused by
MEHP, its primary metabolite. Even the induction of
apoptosis and necrosis was significantly higher after
treatment with the precursor compound when com-
pared to MEHP as well as the induction of MN. Thus,
MEHP should probably be considered even more
harmful than its precursor, because it induces genomic
instability in the DLEC cell line at lower concentrations
without triggering cell death. To conclude, this study
underlines that MEHP, which is ubiquitous to the ma-
rine ecosystem as its parent compound, is an even more
hazardous pollutant for the European sea bass, as well
as for other marine organisms, and may represent an
even greater risk for human health.
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Abstract

Introduction. Endogenous ouabain (EO) is a steroid hormone secreted by the adrenal
glands associated with adverse cardiovascular outcomes. However, EO plays other roles
as brain protection against traumatic injury and seems involved in the adaptive response
to hypoxia. Recently, we detected, for the first time, EO in a healthy human group of
acute hypoxia and diving animals.

Methods. This study complements the above as we considered a human model of chron-
ic hypoxia. The aim is to detect EO in five idiopathic pulmonary arterial hypertension
patients.

Results and Discussion. We found that these patients had higher plasma concentra-
tions of EO than control subjects. In addition, EO plasma concentrations were nega-
tively correlated with the mean pulmonary arterial pressure and total pulmonary vascular
resistance. The results could suggest that high concentrations of EO are predictive of
better adaptation of the right ventricular afterload.

Conclusion. Although the results are preliminary, they can represent a helpful hint for

Key words

¢ hypoxia

¢ endogenous ouabain

e pulmonary arterial
hypertension

e chronic disease

future investigations for possible therapeutic and diagnostic approaches.

INTRODUCTION

Acute and chronic exposure to hypoxia reveals a range
of cognitive and behavioral deficiencies [1]. However,
possible explanations for the intact cognitive function-
ing found in mountaineers, in some clinical conditions,
or apnea divers include neuroprotective factors [2] and
adaptive response to low-oxygen states [3]. Among the
neuroprotective factors, the endogenous ouabain (EO),
a stress-related hormone secreted by the adrenal glands
[4], seems to be involved in the adaptive response to
hypoxia. EO is a cardiac glycoside structurally similar
to digoxin [5]. Digoxin-like immunoreactive substances
have been found in sleep obstructive apnea syndrome
patients [6].

In Manfrini, et al. [7], we detected, for the first time,
plasma EO in a healthy human model of acute hypoxia
(18 elite apnea divers) and 31 diving animals (common

bottlenose dolphins, phocids and otariids, and logger-
head sea turtles) which perform many short or long ap-
neas without reporting neurological damages.

Human pulmonary arterial hypertension (PAH) is a
pathophysiological disorder that may involve multiple
clinical conditions and can complicate most cardiovas-
cular and respiratory diseases. This disorder is charac-
terized by right-heart catheterization showing precap-
illary pulmonary hypertension with a mean pulmonary
artery pressure (mPAP) of >25 mmHg and a normal
pulmonary artery wedge pressure of <15 mmHg [8, 9].
The classification of pulmonary hypertension (PH) has
undergone a series of changes since the first classifica-
tion proposed in 1973 designated only two categories:
primary and secondary PH, which depend on the pres-
ence or absence of identifiable causes or risk factors [ 10,
11]. According to the clinical classification of PH from
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ENDOGENOUS OUABAIN IN IPAH PATIENTS

E?ilail-les collected in IPAH (idiopathic pulmonary arterial hypertension) patients

N Code Age H w EO BSA 6MWT SO, PAPmM CF cl PVRtot
(yrs) (m) (kg (pM) (m?) (m) (%) (mmHg) (bpm)  (I/min/m?) (Wu)

1 IPAH40 46 1.76 101 396 217 590 97.0 28 85 240 5.18

2 IPAH41 31 1.78 55 264 1.68 410 90.0 94 90 2.20 25.26

3 IPAH42 78 1.60 80 312 1.83 300 88.0 40 82 2.90 7.50

4 IPAH47 59 1.63 80 290 1.86 468 93.7 57 71 2.37 12.95

5 IPAH48 55 1.72 72 523 1.85 500 94.2 21 70 2.90 4.00

H: height; W: weight; EO: endogenous ouabain; pM: picomolar; BSA: body surface area; 6-MWT: 6-minute walking test; SO, oxygen saturation; PAPm: mean
pulmonary arterial pressure; CF: cardiac frequency; Cl: cardiac index; PVRtot: total pulmonary vascular resistance (WU wood units are preferred to dynes.s.cm-5).

the 4th World Health Organization (WHO) symposium
(2008), held in Dana Point, California, PAH can be id-
iopathic (IPAH) caused by unknown reasons, heritable/
familiar or associated with other medical conditions
such as connective tissue disease, HIV infection, portal
hypertension (liver disease), sickle cell disease and con-
genital heart disease. Therefore, [PAH is a rare disease
characterized by a progressive increase in pulmonary
vascular resistance that leads to right heart failure. The
right ventricle (RV) inability to adapt to post-load in-
creasing is a crucial prognostic factor characterized by
an increase in RV size, a decrease in systolic function,
and consequent hypoxia increasing over time [12]. In
adulthood, IPAH is more frequent in females than in
males (1.6:1), probably due to hormones [13] and (or)
genetic and autoimmune mechanisms [14]. However,
we enrolled male patients as they were the only subjects
available for the study at the time of data collection.

This study aims to investigate whether EO is detect-
able in the plasma of IPAH patients affected by chronic
hypoxia.

METHODS

This study was approved by the Ethics Committee of
Sapienza University (Policlinico Umberto I) in Rome,
Italy (Ref. No. 4468; Protocol No. 303/17) and ad-
hered to the Declaration of Helsinki and International
Conference on Harmonization Good Clinical Practice
guidelines. It was conducted in compliance with the
protocol, data protection regulations, and all other reg-
ulatory requirements, as appropriate (STROBE). Each
participant provided a written informed consent form
before enrolling in the study.

Five Caucasian males were involved in this study.
For each subject, we collected age, height, weight, EO
plasma concentration, and specific variables to evaluate
the severity of IPAH pathology (Table 1). Blood sam-
ple collection for these patients was performed during
their routine health monitoring. IPAH patients were
selected from the Clinic database of the Pulmonary
Hypertension Center of Policlinico Umberto I, Rome,
Italy. Regarding the control subjects, we considered the
EO concentrations of twenty-six (26) healthy subjects,
which matched IPAH patients by gender, age, and eth-
nicity without any experience of breath-holding studied
in Manfrini, et al. [7].

Blood sampling was carried out between 09:00 a.m.
and 12:00 p.m. by collecting 4-6 mL of venous blood
into EDTA collection tubes. Plasma was separated by
centrifugation at 3,000 rpm for 15 minutes at room
temperature and stored in a cryovial at -80 °C until
analysis. Plasma EO is quantified by a Scintillation
Proximity Assay (SPA) using Yttrium Silicate (YSi)
beads (Perkin Elmer, Hebron, KY, USA) conjugated
with a secondary antibody. These beads contain an
embedded scintillant that emits light when bound with
EO tritiated through the primary antibody. They are
counted in a B-counter. The CPM (counts per minute)
readings of the samples are translated, by software,
into EO values. Please refers to Manfrini, et al. [7] for
all details of this analysis.

Statistical analysis was performed using R version
3.2.1 (www.r-project.org) [15] and code programmed
to specific studies and methodological approaches. De-
scriptive data were reported in jitter plots that show the
median (thick line), the limits of the 95% confidence
interval (thin line), the minimum and maximum values
(short horizontal lines), and each value (small spots).

Data were studied using bivariate analysis to look
for linear correlations between EO concentrations and
the specific variables of IPAH pathology. The degree of
correlation was assessed by the coefficient per rank of
Spearman (ps) that can take values between -1 (nega-
tive correlation) and +1 (positive correlation), 0 (no lin-
ear correlation). The Spearman coefficient has greater
robustness than the Pearson coefficient for any outliers
and deviations from the normality of the data.

Comparisons of endogenous ouabain concentrations
between groups were performed by using the analysis
of covariance (ANCOVA) to correct the analysis for
confounding biometric data according to the linear cor-
relation analysis previously performed. Post-hoc analy-
sis was corrected by the Bonferroni method to contain
type I error.

RESULTS

The plasma EO concentrations and specific markers
of pathology severity are shown in Table 1. We ran a pre-
liminary and exploratory correlation analysis among EO
plasma concentrations and the markers collected. We
found that EO concentrations were negatively correlat-
ed with the mean pulmonary arterial pressure (PAPm)
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(ps=-1, p<0.05) and the total pulmonary vascular resis-
tance (PVRtot) (ps=-1, p<0.05). Also, a positive corre-
lation trend was observed with the cardiac index (CI)
(ps=0.82, p=0.09). These results are consistent with
those found in Manfrini et al. [7], where comparisons of
plasma EO concentrations between controls and diver
groups showed a statistically significant category effect
(p=0.034). In this study, plasma EO concentrations
were significantly higher in IPAH patients than in the
same control subjects. This comparison showed a sta-
tistically significant category effect (p<10+) (Figure 1).

DISCUSSION

This study is preliminary, so we first measured EO
in a peculiar hypoxia pathologic human model. IPAH
patients are good models as they are exposed to chronic
low oxygen levels [12]. We observed that IPAH pa-
tients had higher EO values than the control subjects
without any breath-holding experience (no divers, no
other sports activity involving apnea). This result is in
line with data showing that EO plasma concentrations
are higher in some clinical conditions that often occur
in comorbidity with IPAH, like heart failure [16] and
acute kidney injury [17]. It is known that the ouabain
inhibits the activity of the Na+/K+-ATPase pump. The
cell energy consumption by this enzymatic system is
high [18, 19]. In these patients, the activity reduction of
the pump might be a compensatory strategy to reduce
cell energy consumption to adapt the ion balance and
increase the resistance to low oxygen levels.

Although the number of IPAH patients was small,
we explored correlations between EO and some spe-
cific clinical markers of disease severity. The limited
sample size and the lack of long-term monitoring of
the EO plasma concentrations do not allow reaching
conclusions and make the analysis not very powerful.
However, the choice to carry out this analysis, in any
case, is motivated by the essentially descriptive and
preliminary nature of the study in which even slight
trends can be suggestive of hypotheses of interest.
We found that EO plasma concentrations negatively
correlated to the average pulmonary arterial pressure
and total pulmonary vascular resistance and positively
correlated (trend) to the cardiac index, a marker of
healthy cardiac output. These findings, even though
preliminary, could suggest that high concentrations of
EO are predictive of a better adaptation of the right
ventricular afterload.

CONCLUSIONS

These results, if confirmed with a larger sample, could
have an impact on clinical practice as higher EO plasma
concentrations might represent a positive prognostic in-
dex in IPAH patients and a helpful hint for future inves-
tigations involving other pathological conditions, for ex-
ample, obstructive sleep apnea for possible therapeutic
and diagnostic approaches.
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Abstract

Kenya is home to one of the worst HIV/AIDS epidemics, with higher prevalence rates in
youths in urban slums. We conducted a cross-sectional mixed-methods study in Nairobi
informal settlements. The aim was to investigate knowledge, attitudes and behaviours health

of this marginalized community, and to identify, with a bottom-up approach, the most | ¢ global health
appropriate interventions to increase the utilization of HIV/STIs services. Preliminary | e health service delivery
qualitative research was used to draw questionnaires, which assessed: STIs/HIV/AIDS

knowledge, attitudes, and behaviours; access and barriers to STIs/HIV/AIDS services;

perceived quality of services; the impact of COVID-19. One thousand and fifty-four re-

spondents completed the questionnaire. 48.3% were youth in the community, 23% youth

in school, 16.8% young mothers, 6.9% drug users and 5% people attending a technical-

vocational training. We found unsatisfactory knowledge of STIs/HIV/AIDS transmission

and prevention, and low condom use, mainly due to difficult access, poverty, and gender-

based violence. We also found limited use of health services, and lack of trust due to poor

attitude of the staff. COVID-19 has widened barriers to access to health services. To

reach this population, it is necessary to implement educational interventions, facilitate

access to free condoms, and train health centre staff to be more welcoming. Respondents

found proximity strategies more efficient, including door-to-door testing and community

outreach.

Key words
e HIV/AIDS
e sexual and reproductive

INTRODUCTION

HIV/AIDS and other sexually transmitted infections
(STIs) are of major public health concern worldwide,
accounting for more than 2.3 million people dying
per year and 1 million newly infected each day [1].
Although global statistics reveal a general decline in
AIDS related deaths and new HIV infections thanks
to the concerted efforts of various stakeholders, the
toll of HIV/AIDS continues to be harsh in develop-
ing countries, especially in Eastern and Southern
Africa [2]; other STIs disproportionately affect low-
income and middle-income countries as well [3]. STTs,
in addition to being key epidemiological markers of
unprotected sex, contribute adversely to sexual, re-
productive and maternal-child health; lead to pelvic

inflammatory disease, genital malignancies and in-
fertility and increase the risk of HIV acquisition and
transmission [1, 4].

The youth are especially prone to HIV infection as
well as other sexually transmitted infections: young
people accounted for 27% of HIV infections in 2020 [2,
5, 6]. This disproportionate impact on adolescents and
young adults is a result of a lack of correct health in-
formation and age-appropriate comprehensive sexuality
education, leading to engagement in risky behaviours,
and a lack of knowledge and access to adequate repro-
ductive health service, due for instance to fear of shame
and stigma or to parental consent barrier [2, 7-11]. Six-
ty percent of the adolescents living with HIV reside in
Eastern and Southern Africa [11].
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Similarly, due to the even higher probability of high-
risk practices, marginalization and lack of adequate
access to services, five key population (KP) groups are
particularly vulnerable to HIV/AIDS and other STIs.
These include: men who have sex with men, sex work-
ers, transgender people, people who inject drugs and
incarcerated people [2]. Not only do young people con-
stitute a large percentage of most-at-risk groups, but
they also frequently have higher HIV infection rates
within these groups [12-15].

Kenya is home to one of the world’s worst HIV and
AIDS epidemics, with 1.4 million of people infected.
The prevalence rate is 4.0% in the age group 15-49 [16].
Although the country did significant progress in fight-
ing HIV in the last years, there is still a considerable
number of new infections among youths, especially girls
and KPs [17]. Previous studies carried out in the coun-
try found high numbers of STIs and HIV among young
women [18] and street-connected youth [19]. Accord-
ing to the estimates of Kenya's Ministry of Health, in
2018 new infections in the youth population were dis-
proportionately recorded in women: in the age group
of 15-19 years, new HIV infections stand at 70% for
women and 30% for men; in the age group 20-24, at
62% for women and 38% for men [20].

In Kenya, as elsewhere, HIV/AIDS prevalence rates
in urban areas are higher than in rural areas [21-23],
with strong intra-urban differences, especially in Nai-
robi, where the prevalence of HIV was much higher
among slum residents compared with non-slum urban
residents [24-26]. The increased vulnerability to HIV
infection among the urban poor seems due to risky
sexual practices, economic hardships, lower social co-
hesion, overcrowding, lack of security, multiple sexual
partnerships, and early initiation of sex [27], but also
very low awareness of HIV status [28], causing low
access to testing and treatment. Misinformation and
misconceptions about modes of transmission and treat-
ments remain a widespread phenomenon [29, 30]. This
is exacerbated by the lack of healthcare facilities and
services, due to the informal and marginalized nature of
these settlements [31-35].

Knowledge, attitudes and practices (KAPs) surveys
regarding HIV/AIDS and STIs is one of the corner-
stones in the fight against these diseases [8]: evaluating
target targets’ KAPs can help in designing appropriate
and tailored prevention strategies, defining a baseline
to evaluate the success of prevention strategies.

This present study was conducted within the project
“Be free! Integration among community and health sys-
tem for a youth population free from HIV and stigma”
implemented by the Italian NGO Medicus Mundi
Italia - MMI in collaboration with NO ONE OUT, an
NGO based in Kenya, for which the Italian National
Institute of Health (Istituto Superiore di Sanita - ISS)
provided technical-scientific assistance for its design,
coordination, and implementation. The “Be Free” Proj-
ect aims at contributing to the national strategy to fight
and end HIV, as envisaged by Kenya Vision 2030. The
initiative aims at promoting the integration between
communities and public health system, in order to guar-
antee access to prevention services and HIV treatment

for communities who live in the most hard-to-reach
and marginalized areas, and to reduce the stigma and
discrimination caused by HIV among adolescents and
young people, particularly in women and KP in urban
informal settlements.

The aim of the study, in addition to investigating
knowledge attitudes and behaviours of youths, was to
try to identify, with a bottom-up approach, the most
appropriate interventions and practical solutions that
might be implemented in the future, in order to in-
crease the utilization of HIV/STIs testing services ad-
dressed to youths and KP.

METHODS

This is a cross-sectional study carried out from June to
August 2021 in four sub-counties in Nairobi: Mathare,
Embakasi North/West, Ruaraka, Kamukunji. These are
informal settlements, poor in terms of incomes, assets,
access to resources and environmental conditions. Tar-
get groups included: i) adolescents and young people
in school; ii) adolescents and young people in the com-
munity; i) young mothers; iv) vulnerable KPs, espe-
cially drug users. The survey was conducted with a mix
of qualitative and quantitative methods. Initially, Focus
Group Discussions (FGDs) were conducted to explore
youth attitudes toward STIs and to design a more spe-
cific quantitative questionnaire. The questionnaire was
administered to a convenience sample of youths, young
mothers and KPs, selected through the collaboration
of the co-researchers with the Community Health Vol-
unteers (CHVs) engaged by the project in 10 Health
Facilities of these urban sub-counties, with the aim to
evaluate their KAPs regarding HIV/AIDS and STIs.
Being a hard-to-reach community, participants were di-
rectly recruited in the proximity of the health facilities.
The knowledge of the local context by the CHVs and
the trust they hold from the local population and, in
particular, from the young people living in these areas,
was the key element ensuring the participants’ adher-
ence to the study.

Before the study took place, all participants were pro-
vided with information about the study’s methods and
objectives, emphasising that the responses would only
be used to improve the health service delivery according
to the needs of the population. The participation in both
the FGDs and the questionnaire was completely volun-
tary. Verbal or signed informed consent was obtained
from all respondents before the start of the investiga-
tion. Questionnaires were completed anonymously. The
study was performed in line with the principles of the
Declaration of Helsinki.

Focus Group Discussions

The first activity was the organisation of qualitative
FGDs, whose questions have been developed in Eng-
lish and translated in Swahili. FGDs were conducted by
three co-researchers (2 males, 1 female): one FDG in
each of the four target groups, for a total of 12 FDGs
(with 6 to 8 participant each). These were conducted
in the selected areas by local researchers, under the su-
pervision of a local supervisor, selected by the NGOs
involved in the project.
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The questionnaire

The questionnaire was developed by the researchers
in Italy in collaboration with the local researchers in
Nairobi, considering the reports of the FGDs. The con-
tent of the questionnaire was based on handbooks [36,
37] scientific literature [8, 23], and on the experience of
similar project previously conducted by some research
group members [38-40].

The questionnaire was pre-tested before administra-
tion by all co-authors and by local researchers to verify
language, flow, clarity, readability and completeness,
together with acceptability and response alternatives. It
was made of 36 questions, grouped into five sections:
i) socio-demographic characteristics (8 questions); ii)
STIs/HIV/AIDS knowledge and source of informa-
tion (3 questions); iii) STIs/HIV/AIDS behaviours (5
questions); iv) knowledge, access and barriers to STIs/
HIV/AIDS test and treatment (including questions on
healthcare providers’ perceived attitude - 9 questions);
v) youth centres and training activities on sexual and
reproductive health, STIs and HIV (6 questions). An
additional set of 5 questions concerning the impact
of COVID-19 on daily life and STIs/HIV prevention
programs was added due to the context in which the
research was conducted. All 36 questions were multi-
ple-choice, but 21 of them had a possible open-ended
“other” answer.

The questionnaire was in English. It was self-adminis-
tered, with the assistance of field survey workers (CHVs
involved in the project), in case of need for translation
purposes. The CHVs were trained by local researchers
in collaboration with supervisors in Italy (remotely) and
in Nairobi, together with the project partners in Ke-
nya. The local researchers coordinated and supported
the survey workers in all phases of the implementation.
Data collection was completely anonymous.

Definitions and statistical analysis

Door-to-door testing/service in the community: test-
ing strategy that sends an HIV Testing and Services
counsellor door-to-door in the area of interest, accom-
panied by a CHV.

Outreach testing in the community: provision of free
medical check-ups and general clinical management at
no costs by healthcare workers who reach hotspots of
KP after mapping out the area.

Inreach testing in the community: organization of a
public health center aimed at capturing the population
that cannot be reached over week days, with openings
on weekends or public holidays, when the health facili-
ties are closed to public and people feel free to express
themselves.

Level of education was categorized, in the analysis, in
two groups: low and high education, the latter including
those who completed secondary school or had higher
education.

Descriptive statistical tests on the items included in
the questionnaire were performed. Continuous vari-
ables were expressed as median and interquartile range,
whereas categorical variables were expressed as propor-
tions. Differences in proportions between groups were
evaluated by the chi-squared test, or with the exact

Fisher test where appropriate. p-values<0.05 were con-
sidered statistically significant and all tests were two-
sided. All analyses were performed with STATA version
16 (StataCorp LLC 4905 Lakeway Drive College Sta-
tion, Texas, USA).

RESULTS
Study population

One thousand and fifty-four respondents completed
the questionnaire; 55.6% were females and the median
age was 22 years old (IQR 19-25). The target groups
surveyed were mostly youth in the community (48.3%
of the sample), followed by youth in school (23%),
young mothers (16.8%), drug users (6.9%) and people
who have attended a TVET education (Technical and
Vocational Education and Training, 5%). Socio-demo-
graphic characteristics of the respondents, stratified by
gender, are reported in Table 1.

STI/HIV/AIDS knowledge and source of information

Regarding STIs/HIV/AIDS knowledge, 96% of youths
of reproductive age report having heard about HIV/
AIDS, with no statistically significant differences by
gender or population group. Seventy-eight percent re-
port being aware of STI's complications, with a greater
degree of knowledge about complications being shown
by females (83.9% vs 76.5% by male, p=0.003), mem-
bers of the “youth in school” (87.8%), “young mother”
(83.5%) and people with TVET education (83.2%).
However, many respondents do not recognize most of
the possible complications of STIs: while about half re-
ported infertility and pregnancy complications and 40%
pelvic pain, only 29% reported cancer. The knowledge
regarding STIs/HIV/AIDS complications is indepen-
dent of education level except for infertility, recognised
by 65.7% of people with higher education (p=0.008)
(data not shown).

The main sources of information on HIV and STIs
reported by respondents are social media (44.8%), fol-
lowed by TV (39.3%), school (38.9%), family/friends
(34.7%) and radio (34.6%). Less frequently reported
are sexual and reproductive health trainings (27.0%)
and very few respondents report turning to religious
leaders as sources of information (6.4%). No signifi-
cant difference is observed in information sources by
gender. A higher education is significantly associated
with a higher use of social media (49.4% vs 30.8% in
the low education group, p<0.001), school (43.1% vs
26.1%, p<0.001) and other training courses (30.4% vs
16.7%, p<0.001), while respondents with lower educa-
tion rely significantly more on family (44% vs 31.8% in
the high education group, p<0.001), radio (41.2% vs
32.4%, p=0.10), and TV, although not significantly. Ad-
dressing religious leaders is not associated with a lower
education but it is more frequent in the “TVET educa-
tion” group (13.2%). Drug users report using mainly TV
(52.8%) and radio (50%) as sources of information.

STI/HIV/AIDS bebaviours and attitudes

Table 2 shows the reported attitudes towards risky be-
haviours. Ninety-four percent of the respondents report
knowing how to protect themselves from HIV infection,
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Table 1

Socio-demographic characteristics of the study population (absolute and relative frequencies), by gender (HIV/AIDS and STIs) in

Nairobi, Kenya

Characteristics
Male
N (%)
Age
13-19 116 (26.3)
20-24 229(51.9)
25-40 96 (21.8)
Population
Youth in school 117 (25.2)
Drug user 51(11.0)
Youth in community 268 (57.6)
Young mother -
TVET education 29 (6.2)
Level of education
None 18 (3.8)
Primary school 75 (16.0)
Secondary school 254 (54.3)
Higher education 111 (23.7)
Adult education 10(2.1)
Marital status
Married 74 (16.0)
Never married 362 (784)
Separated 24(5.2)
Widowed 2 (04)
Occupation
Student 159 (34.0)
Wage labourer 82(17.6)
Formal employee 24 (5.1)
Farmer 2(04)
Unemployed 129 (27.6)
Self-employed 71 (15.2)
Total 468 (44.4)

with no significant difference by gender, target group
or level of education; 60.9% recognize as effective using
male condom, 38.5% abstinence, 32.3% partner fidelity,
22.8% female condom, and 12.7% PREP/PEP. Howev-
er, more than half of the sample (51.6%) report having
been previously engaged in risky behaviours.
Self-reported risky behaviours are more frequently
found among males (significantly after the exclusion of
“no answer”), drug users and subjects with a lower edu-
cation level. The most provided reason for having previ-
ously engaged in risky behaviours is the lack of money/
unemployment/poverty (41.1%), reported, in particular,
by almost 35% of the employed people. 23.6% of re-
spondents report, as a reason, the shame in asking the
partner to use a condom or the fear of losing the partner
or being beaten up, with no difference by sex (p=0.678).
18.8% report difficulty in finding available condoms and

Gender p-value
Female Total
N (%) N (%)
171 (30.8) 287 (28.8) 0.291
273 (49.2) 502 (50.4)
111 (20.0) 207 (20.8)
125 (214) 242 (23.0) <0.001
21 (3.6) 2(6.9)
239 (40.9) 507 (48.3)
176 (30.1) 176 (16.8)
24.(4.1) 3(5.0)
6(2.7) 34 (3.2) 0.242
124(21.2 199 (18.9)
304 (52.0) 558 (53.0)
127 (21.7 238 (22.6)
424 24(23)
132 (22.7) 206 (19.7) <0.001
382 (65.8) 744 (71.3)
62 (10.7) 86 (8.2)
5(0.9) 7(0.7)
180 (30.8) 339(322) 0.039
80(13.7) 162 (15.4)
26 (44) 50 (4.7)
4(07) 6 (0.6)
217 (37.1) 346 (32.9)
78 (13.3) 149 (14.2)
586 (55.6) 1,054 (100.0)

almost 14.5% a lack of trust and the discomfort given by
the condom. Only 2.4% attribute responsibility for their
behaviour to peer influence.

Twenty percent of respondents admit being unaware
that their behaviour was at risk for HIV infection. When
asked to identify the riskiest behaviours for the trans-
mission, 64.5% answer unprotected sexual intercourse;
53.1% having several sexual partners, while 27.9% at-
tribute it to the use of drugs. Few identify anal inter-
course (15.5%) or homosexual intercourse between
men (14.2%). Fourteen percent are aware of mother-
to-child transmission and only 0.5% recognized transfu-
sions as a possible risk.

Regarding condom use, as shown in Table 2, 45% of
the sample report not always using condoms when hav-
ing sex, this percentage being higher among women
(48%, p=0.022). Reasons for this behaviour include the
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Table 2

Absolute and relative frequencies of self-reported risky behaviours and attitudes towards test and treatment for HIV/STls, by gen-

der in Nairobi, Kenya

STIs/HIV/AIDS behaviours

Have you ever had any risky behaviour?

Yes

No

No answer

Do you know how to protect yourself from STIs and HIV/AIDS?
Yes

No

No answer

If “Yes", which one do you use?

Male condom

Abstinence

Faithfulness to one single partner

Female condom

PREP/PEP

Do you always use condoms when having sexual intercourse?
Yes

No

No answer

543
456
54

988
40
27

602
380
319
225

441
473
138

Why do you /young people have difficulties in getting tests and treatments for HIV/STIs from hospitals and clinics?

Lack of privacy (fear of bumping into someone you/they
know)

Attitude of health workers

Long queues in hospitals and clinics
Lack of information

Facilities are far away/cost of transports
Fear of finding out you are positive
Too expensive

Stigma, discrimination, peer pressure
Other reasons

STI: sexually transmitted infection.

following: condoms make the intercourse less pleasant
(39.3%); condoms bring a sense of infidelity (34.2%);
shame/stigma/discomfort given by buying condoms
from pharmacists or health care providers (25.8%);
condoms are not readily available (14.8%); the price of
condoms is too high (6.6%); the influence of religious
leaders (4.9%). Although 61% consider condoms as a
tool for protection, less than half of the respondents re-
port using it. Lower levels of education are significantly
associated with a lower usage of condoms (41.3% versus
50.1% in the high educational group, p=0.016).
Regarding the stigma against individuals with HIV/
AIDS, 84.3% acknowledge that they are normal people
whereas 5.3% blame them for their illness; 3.2% say that
one cannot share utensils, glasses and cutlery, or the
bed with these people; 2.2% think that they cannot have

503

361

Total % in % in p-value
% males females
516 553 48.5 0.088
433 39.7 46.1
5.1 49 53
93.7 934 939 0.717
3.8 36 39
26 30 2.2
60.9 74.2 504 <0.001
385 345 416 0.022
323 233 394 <0.001
22.8 11.6 31.6 <0.001
12.6 8.7 15.8 0.001
41.8 46.5 38.0 0.022
448 40.9 480
134 12.6 14.0
47.7 439 50.3 0.038
34.3 31.6 36.2 0.116
294 309 28.2 0.328
194 20.5 18.6 0.446
6.7 58 7.5 0.259
2.8 34 24 0.321
26 3.6 1.7 0.050
1.8 1.7 19 0.835
1.6 1.7 15 0.924

children. No differences are observed by target group
nor by gender. Instead, differences in stigma do exist
regarding the education level: among people without
education only 55.9% say they are normal people and
significantly higher percentages think they are cursed
or will die soon.

Knowledge, access and barriers to STIs/HIV/AIDS
test and treatment

Most of the respondents (95.7%) report knowing
where to get tested and treated for STIs/HIV/AIDS,
with no significant difference by gender, target group
or level of education. Among these, 69.5% claim they
would turn to public hospitals and clinics in case of
need; 56.3% to VCTs (Voluntary Counselling and Test-
ing) and 23.4% to private services. Only 16.4% state
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that they would seek help from Youth Friendly Services
(YFS).

Only 39.8% report being aware of the availability of
effective treatments for HIV/AIDS, independently from
the gender and level of education of the respondents; of
all groups, the least aware are young mothers (34.5%).

In case of infection, 88.0% of respondents claim they
would take medications from hospitals and clinics and
7.2% from pharmacies, while 3.8% would rely on self-
medication. 2.6% would turn to religious leaders, 0.6%
to traditional physicians; 7 people respond that they
would kill themselves in the event of infection. Only
0.9% claim they would seek counselling and psychoso-
cial support.

As shown in Table 2, one of the main problems in get-
ting tests and treatments seems to be related to lack of
privacy and lack of confidentiality from the staff. There
are no significant differences between male and female,
except for lack of privacy (reported more frequently
by women (p=0.038%), in particular young mothers
(p=0.002). Drug users say a problem is the attitude of
health workers (44.4%, p=0.021, in comparison to the
other target groups).

Regarding the frequency of testing, according to
68.9% of respondents, it would be appropriate to be
tested for HIV regularly, 31.3% only after engaging in
risky behaviour, 12.8% before entering a stable relation-
ship, 8.1% if you have symptoms and 4.5% only before
having children.

As shown in Table 3, when asked about possible strat-
egies and ways to increase access to HIV/STIs services,
half of the respondents to the questionnaire identify
“door-to-door testing/service in the community” as the
most effective, followed by outreach testing and in-
creasing the offer of YFS.

More than half of respondents (55.1%), with no sig-
nificant difference by gender or level of education, re-
port that health care providers’ attitudes towards young
people who come to them for counselling, testing,
and treatment are “not good”. Among these, the most
frequently reported reasons are: they ask too many
questions (24.2%), they are judging (23.2%), they are
unfriendly or rude (22.7%), and they do not keep confi-
dentiality (18.2%). Drug users complain most about the
attitude of the operators (70.4%), followed by young
mothers (59.7%).

Youtb centres and training activities on sexual
and reproductive bealth, STIs and HIV

Fifty-five percent of respondents, with no significant
difference by gender or level of education, report know-
ing the YFS that provide counselling, information, edu-
cation, testing and treatment for STIs and HIV in their
area. However, 57.4% of all respondents state they have
never been to one (55% of people who have never at-
tended a YFS are not aware of their existence). Level
of education is significantly associated with attendance
at youth centres: 44.4% of those with a high level of
education report having been to one at least once, com-
pared with 32.5% of those with a low level of education
(p=0.001). Drug users are less aware of youth centres
(50.7% do not know this service exists) and visit them

Table 3

Absolute and relative frequencies of responses on strategies to
improve access and attitude of HIV/AIDS/STIs services in Nai-
robi, Kenya

According to you, what would make N %

the access to these services easier?

Door-to-door testing/service in the community 507 481
Outreach testing in the community 379 360
More Youth Friendly Services 342 324
Self-test kits 257 244
Inreach testing in the community 139 132
Testing at school 115 10.9
Incentive to pay transport fees 38 3.6
Counselling and advertising 11 1.0
All services to be free of charge 2 0.2

Other 10 09

Do you have any suggestion to improve the
attitude of health workers/Youth Friendly

Services?

Training 710 674
Hiring younger personnel 293 27.8
Availability of CMEs in the centres 139 132
Presence of HIV/STI positive people in the centre 128 12.1
Other 36 34
No answer 17 1.6

STI: sexually transmitted infection.

less than other groups (71.4% of them have never at-
tended any YES).

18.9% of the sample claim there are not enough YFS
in the area; 90.3% believe it would be necessary to have
more YFS, with no significant difference by gender, tar-
get group or level of education; 16.6% think there is a
problem of accessibility to these facilities since they are
far from their home.

The reasons for which 58.1% report preferring
Health Centres over YFS for these services (counsel-
ling, information, education, testing and treatment)
are primarily because the formers are free (54.5%),
have more professional staff (41.4%) and are more ac-
cessible in terms of distance (26.2%); it is also reiter-
ated that there are only few YFS (17.2%). However,
41.5% of respondents prefer YFS, especially youths in
the community (46.2%), because of the following rea-
sons: they are more youth-friendly (55.7%), the staff is
friendlier and maintains confidentiality (48.4%) and is
less judging (32.1%).

Only 53.3% of respondents report having partici-
pated in sexual education and STI/HIV training activi-
ties, with no significant difference between males and
females. Level of education is significantly associated
with having attended trainings (65.3% of respondents
with higher education versus 51.9% of those with lower
education, p<0.001). Drug users are the group that
participated the least in the trainings (50.8%). Among
those who report participating in trainings, only 20.9%
received it at school, while 28.9% at health centres/hos-
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pitals, 12.5% at NGOs, 6.9% at formal and informal
community spaces, 5.4% in the Church, 5.0% within in-
reach/outreach programs, and only 1.3% at Youth Cen-
tres; 18.6% of respondents reported other places. Those
belonging to the “low education” group attend the train-
ing in 51.9% of the cases in comparison to the 65.4% of
those belonging to the “high education” group. Among
the top reasons for not taking part in training activities
on the subject, the most common is not being aware
of it (54.4%), followed by lack of accessibility (6.7% +
4.2% “it was far from where I live”), not being invited
(6.7%) and the lack of time (6.3%). On the other hand,
among those who participated in the trainings, the main
benefits reported are: receiving sexual and reproductive
education (76.4%) and information on family planning
(32.2%), followed by receiving sanitary towels (26.5%)
and/or financial incentives (15.9%).

COVID-19: knowledge and impact

Among the respondents, the vast majority (98.2%)
report having heard of COVID-19 and 98.8% report
knowing how to prevent the infection. Among the pos-
sible ways of prevention, the most frequently reported
are wearing a face mask (92.7%), washing hands (88%),
or using hand sanitizer (75.2%), followed by refraining
from handshaking and hugging (58.3%) and keeping a
distance of 1 meter from other people (56.8%). Howev-
er, 5 subjects also indicate drinking/eating water, lemon,
garlic, or praying.

The primary consequences that COVID -19 has had
on youth in the community appear to be job loss and
poverty (75.8%), followed by dropping out of school
(43.8%), pregnancy (37.6%), violence at home (29.4%)
and lack of food (28.1%). 21.1% of respondents report
an increase in transactional sex while 9.2% report dis-
continuation of disease treatment and vaccinations.

Regarding the lack of access to hospitals and clin-
ics for STIs/HIV diagnosis, counselling and treatment,
57.4% report a personal experience with COVID-19
impact. Among these, 43% report fear of getting CO-
VID-19 in the health structures/centres and almost 40%
Limitation of people accessing hospitals since they are
taking in only small numbers; 30% report fear to be
tested for COVID-19. Regarding the activities of the
Youth Friendly Services, 53% of respondents complain
that they were closed or that anyone without mask can-
not be allowed (36%).

DISCUSSION

In this study, we developed and used a question-
naire to collect information about knowledge, attitude,
practices, and possible interventions concerning STIs
and HIV/AIDS from youths, young mothers, and drug
users of informal settlements of Nairobi, Kenya. The
content of the questionnaire was based on the results
of qualitative research; using the results of FGDs to
develop surveys has several advantages, including the
possibility of learning about the local context, know-
ing the language of the target population in order to
formulate comprehensible questions, and providing
insight into the results of the questionnaires [41].
Moreover, the questionnaire was developed with the

constant support and participation of local collabora-
tors, familiar with the setting in which the research was
carried out.

The study population was from a marginalised, hard-
to-reach and excluded community, disadvantaged in
terms of social determinants of health and access to
services, and characterised by widespread risky sexual
behaviour and high HIV/AIDS prevalence [34, 42, 43].
The target population included, more specifically, highly
vulnerable to sexually transmitted diseases groups, such
as young people and drug users [5, 44, 45]. The latter,
like other KPs, are often criminalized and marginalized,
which exposes them to a higher risk of infection and
adverse HIV outcomes, since they are often excluded
from prevention and treatment services [2, 46]. Re-
productive health services targeted at young people
are also scarcely widespread or not easily accessible in
many African countries [9, 47, 48]. Despite being at
a stage of life characterised by impulsivity, increased
social relationships and development of self and sexual
identity, adolescents are often neglected by the health
system [2, 5, 49, 50].

Among young people, there are major inequalities in
disadvantage of women, who face discrimination, fewer
opportunities for education and health and further dif-
ficulties in accessing sexual and reproductive health ser-
vices, due to harmful gender norms and gender-based
violence, especially in sub-Saharan Africa and in slums
and informal settlements [2, 51, 52]. STIs and HIV are
not the only hazard for this group; therefore, reproduc-
tive health services must also consider other social and
health issues that young people may face, such as un-
wanted pregnancies, early forced marriages, and sexual
abuse [53, 54].

In Kenya, the Government has adopted the Ado-
lescent Reproductive Health and Development Policy
[55] in 2003 to make reproductive health services avail-
able, accessible, acceptable and affordable to young
people. Afterwards, in 2005, the Division of Reproduc-
tive Health of the Ministry of Health has published
national guidelines for YFS provision of reproductive
health programs, based on the World Health Organi-
zation (WHO)’s guidelines [17, 56]. YFS are defined
by WHO as services that are accessible, acceptable and
appropriate for young people, and meet their individual
needs, including keeping convenient opening hours,
privacy and confidentiality.

An important foundation for any prevention effort
aimed at young people is to provide them with basic in-
formation on how to protect themselves and their part-
ners from acquiring STIs and HIV [13, 57]. However,
many young people do not have the basic knowledge
and skills to prevent themselves from becoming infect-
ed with HIV and continue to have insufficient access to
adequate information and misconceptions about these
diseases [13, 58, 59].

In our sample, the participants’ level of knowledge
about STIs and HIV/AIDS transmission and preven-
tion was heterogeneous. Although most respondents re-
ported having heard of AIDS and being aware of STIs/
HIV complications and routes of transmission, a much
lower percentage identified them correctly when asked.
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Inadequate sexual and reproductive health knowledge
among youths may contribute to stigmatizing tenden-
cies towards those infected and affected by HIV/AIDS
and STIs [59]. In our sample, there is in fact consid-
erable stigma towards HIV-positive people; some re-
spondents even stated that they would commit suicide
if diagnosed. A similar picture had already emerged
from the FGDs, where only a small percentage of par-
ticipants did not blame people living with HIV, while
the widespread idea was that people who tested positive
had brought it on themselves or deserved it, as HIV was
a curse. As a consequence, people avoid testing them-
selves fearing to test positive and thus being isolated.
Similarly, they avoid telling their partners about their
status fearing being left or receiving physical abuse.
Stigma, a weak social support network and poor inter-
partner relationships are known to contribute to de-
layed testing [60].

Given the insufficient knowledge of our respondents,
educational interventions may need to be implemented.
Gender-transformative, age- and culturally- appropriate
comprehensive sexuality education is in fact a key com-
ponent of HIV and STI prevention and empowerment
for adolescents and young people [2]; the lack of knowl-
edge about risks and consequences is an important bar-
rier to accessing reproductive health services [57].

Regarding the sources of information, despite signifi-
cant differences related to the level of education, the
relevance of social media and TV among respondents of
our sample is considerable. These are in fact powerful
means of communication to reach these target popu-
lations. While mass media such as TV and radio are
known effective tools for changing HIV/AIDS related
behaviour among young people in developing countries
[13], evidence on the impact of social media interven-
tions in these contexts is still scarce [61]. However, as
social media becomes more and more widespread [62],
its potential is even greater in these countries [63]:
through highly cost-effective interventions, it can pro-
vide psychosocial support, build community engage-
ment, increase awareness of HIV testing and services,
and promote behaviour change such as spreading con-
dom use [64]. The power of social media lies in the pos-
sibility of engaging the very stigmatized and discrimi-
nated high-risk individuals by connecting and creating
virtual communities [65, 66].

A key role in reproductive health education, especial-
ly in developing countries, must be played by schools,
which provide a comprehensive and structured opportu-
nity for interventions to achieve high coverage of young
people around the time they become sexually active
- unlike other initiatives, which are often fragmentary
and sporadic [13, 52, 67]. In our sample, only 38.9% of
the sample reported receiving information on the topic
at school, especially respondents with higher education:
perhaps the topic is discussed late in the school curricu-
lum, although to be effective sexual and reproductive
health education should be targeted at young people
before the onset of sexual activity. From the FGDs pre-
ceding the questionnaire, it appeared that some had
participated in training activities also organized outside
the school. However, two were the major limitations

found in these activities: only addressing general health
topics without diving deep into the details of sexual and
reproductive health and selecting participants based
on age (i.e., 12-16 years old), therefore leaving out
the youngest population. It is important to overcome
inequalities in access to correct information, facilitat-
ing the empowerment of individuals and the increase of
their health literacy.

Considering a possible underestimation because
the behaviour was self-reported, we found a high per-
centage of people engaging in risky behaviour in our
sample, especially women and respondents with lower
education. Our findings are consistent with previous
studies, in Africa and in Kenya [68, 69]: although many
respondents know at least theoretically how to protect
themselves and recognize the importance of condoms,
few report using them when having sexual encounters.
There is thus a gap between theoretical knowledge and
practical application in daily life. The reasons are di-
verse and include social phenomena that are difficult
to address, such as gender-based violence; however,
among the practicable strategies, there is a need to in-
crease the availability and accessibility of free condoms,
considering that many responded that they committed
risky behaviour due to lack of money, unemployment,
and poverty. Socioeconomic status was in fact found as
a significant predictor of consistent use of condoms in
another study conducted in urban Kenya [70]. Condom
programmes are among the most cost-effective inter-
ventions in the HIV response and should be reinforced
[2], as many have also stated that they have difficulties
in accessing condoms. The economic issue is not ex-
clusively about access to condoms, but, as FGDs and
other studies revealed, also about poverty driving young
people to engage in transactional sex, which constitutes
a further risk factor [30, 71].

Despite the government’s efforts to bring young peo-
ple closer to health services, the results of the question-
naire show only partial knowledge of the offer, limited
use of services, and a distinct lack of trust: only 16.4%
stated that they would seek help from YFS. The fact
that YFS are little known is a major barrier to their use
[57]: these services should be promoted and advertised,
for instance through mass and social media. Poor access
of young people to HIV testing services is consistent
with another study conducted in Nairobi slums [23]. It
is interesting to note that only 0.9% would seek coun-
selling and psychosocial support in case of HIV/AIDS
diagnosis; these are essential services for the support
of the diagnosis of these diseases especially in younger
groups and should be promoted [72].

One of the main problems in accessing SRH services
seems to be related to lack of privacy and lack of con-
fidentiality from the staff. Negative attitudes of service
providers, often seen as judgmental or insensitive, are
known as one of the most important barriers to youth
access to reproductive health services [9, 57, 68, 73].
In Kenya, these attitudes are greatly influenced by re-
ligious and cultural backgrounds, professional training
and orientation [17]. In our sample, the two most mar-
ginalised groups (drug users and young mothers) are
the ones who complained most about the attitudes of
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the staff, despite being the ones that need confidenti-
ality the most [54]. Recommendations on the imple-
mentation of healthcare service provision should be
characterized by a prompt, entertaining and welcoming
environment that would encourage adolescents to in-
teract freely, including additional training for staff and
creating additional space for confidential counselling
and examinations [57]. Providers must be sensitized to
understand the needs of young people and be able to
offer a comprehensive range of services [17, 74]. Staff
training is recognized also by our respondents as a key
strategy to improve the attitude of the operators of
these facilities, to improve their communication skills
with young people, increasing confidentiality and avoid-
ing stigma. In addition to that, staff should take specific
courses to interact and manage at-risk and fragile popu-
lations, as well as patients undergoing HIV/STIs tests or
counselling on sensitive topics [74]. In addition, about
30% of our sample thought it would be helpful to hire
younger personnel, consistently with previous studies
[75, 76]. On the other hand, the presence of people
with HIV/STIs in the centre, who might help combat
the stigma and contribute to the psychological support
of individuals at the time of diagnosis, was not recog-
nised as a particularly effective strategy (only 12.1% of
respondents).

Among the service provision methods identified as
most efficient by respondents, proximity strategies
seem to prevail, including door-to-door testing and
community outreach. The facilitator role of outreach
community-based approach in improving youth access
to services is well acknowledged [30, 77, 78]. Another
popular option in our sample was the inreach testing ac-
tivity (organised either on weekends or public holidays).
Again, the need for privacy and confidentiality is reiter-
ated, as in previous studies [30, 79]. This becomes even
more relevant for those subgroups that are even more
marginalised and difficult to reach, such as drug users.
Although our sample is limited and unrepresentative
(72 respondents, 52 of whom are male), it is possible to
assess the even greater inequalities faced by this group,
excluded not only from health services but also from
the tools to learn about and prevent the transmission of
these infections.

Finally, since the survey was administered in the
summer of 2021, a section on the impact of COVID-19
was included. Across the world, the COVID-19 pan-
demic has disrupted essential health services, includ-
ing those needed to support the prevention, diagnoses,
and treatment of HIV and STIs [1]. The pandemic and
the actions taken to control transmission of the infec-
tion have put many children out of school, placing
them — especially girls — at higher risk of contracting
HIV and other STIs [2, 80]. Also in Kenya, everyday
life has been dramatically affected by highly restrictive
government-imposed measures such as stay-at-home
curfews, prohibitions on mobility across national and
county boundaries, and strict policing, especially af-
fecting the urban poor and highly marginalized KP
[81, 82]. The results of our survey also revealed that
the pandemic has had a strong indirect impact, result-
ing not only from the infection itself but also from the

measures undertaken to contain the spreading of the
virus, such as the lockdown. The restrictive measures,
job losses and the fear of infection affected every as-
pect of life and access to health services. The pandemic
has therefore abruptly interrupted the progress made
in recent years and the consequences will be evident
in the long term.

Study limitations and strengths

This study has some limitations that should be con-
sidered when interpreting the results. First, in order
to cope with the difficulties of recruiting respondents
in such a marginalized and hard-to-reach population,
the sampling strategy was adapted to the context. So-
cial desirability bias may have occurred, especially for
self-reported behaviour: participants may not be com-
fortable disclosing sensitive topics and may therefore
underreport risky sexual behaviours. In addition, the
presence of the survey worker during the questionnaire
completion, which was essential as support for any
translation needs, may have impacted the veracity of
some responses. However, the anonymity of the ques-
tionnaires hopefully encouraged the respondents to be
honest in their responses.

Conversely, the most important strength of this study
is the mixed-methods design and the development of
a highly tailored questionnaire based on the results of
qualitative FGDs, in collaboration with local staff, fa-
miliar with the context. Additionally, this research/ac-
tion project provides strategies and practical solutions
to implement in order to improve the health services.
Lastly, the additional set of questions concerning CO-
VID-19 brings more knowledge about the indirect im-
pact of the pandemic in vulnerable settings.

CONCLUSION

The level of knowledge regarding HIV/AIDS trans-
mission, prevention and control in our sample was not
satisfactory; some misconceptions about HIV transmis-
sion, self-reported risky behaviours and discriminatory
attitudes were observed among participants that call for
concern and must be addressed promptly. Despite the
efforts of the Kenyan government, we found a lack of
awareness and limited access to sexual and reproduc-
tive health and youth friendly services.

Despite the methodological limitations of the study,
due to the hard-to-reach nature of the target popula-
tion, our findings call for strengthened and promoted
HIV/AIDS/STIs interventions targeting adolescents,
young adults, and marginalized KPs in urban informal
settlements; these include appropriate comprehensive
education, exploiting the potential of social media, pro-
moting and facilitating access to free condoms, training
health care workers to be more welcoming and develop-
ing proximity strategies.

Our research confirms the importance of investigat-
ing the health of groups and communities characterized
by social marginality and deprived living conditions.
Further studies are needed to evaluate the impact on
the target population’s KAP and relation with health-
care services after the implementation of the suggested
initiatives.
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Perinatal depression should be considered a public
health problem due to its significant prevalence world-
wide, in middle- and high-income countries as well as
low-income countries [1]. Economic indices, such as the
social support network, are associated with the increase
in this disorder as can be seen from Italian data thanks
to the “surveillance” network promoted by the Istituto
Superiore di Sanita (Italian National Institute of Health)
[2]. In the years 2019-2022, the percentage of women
screened positive for perinatal depression increased by
14 points, from 11.6% in 2019 to 25.5% in the period
between November 2021 and April 2022. Such high per-
centages leave no doubt about the need and priorities
to extend screening programs and to have interventions
that are effective at the same time to promote a good
mother-child relationship and improve the psychological
well-being of the future mother as soon as possible, with
particular attention to the “family emotional climate”.
When writing about mother-child relationship it means
focusing attention on the relationship already existing
during pregnancy since a depressive state, and some-
times the coping mechanisms are not only ineffective
but counterproductive (think of the possible use of al-
cohol to soothe suffering or help sleep), greatly interfere
with the state of health of the unborn child as has been
known for some time now [3, 4]. Improving the psycho-
logical state of the mother, and of family relationships,
therefore also means intervening to promote health and
prevent any psychopathological problems in the child.

The work of Camoni, Palumbo and Gigantesco (in
collaboration with Gina Barbano, Marina Cattaneo,
Laura Dal Corso) is characterized as a working tool
that responds to the complex problem of this disorder
and does so both by clarifying the cultural aspects in
depth with a multidisciplinary structure and by provid-
ing evidence-based recommendations. For this last as-
pect, consider the presentation of the work by Professor

Jeannette Milgrom, of the Department of Clinical and
Health Psychology and Parent-Infant Research Institute
(PIRI) of Melbourne University, a pioneer and one of
the leading international experts. The book thus origi-
nates from a systematic collection of the most presti-
gious Italian experiences in this sector of health services,
universities, and the twenty-year commitment of the re-
searchers of the Istituto Superiore di Sanita also thanks
to the provident and visionary Morosini, an innovator in
the field of evaluative epidemiology and public health.
With a multidisciplinary structure, the various chapters
range from anthropology to psychobiology, from genet-
ics to information technology, from suicidology to at-
tachment theory, from psychopathology to economics,
and from before conception to the return to working
life, thus crossing the perinatal and postpartum periods.

In the first part “Towards parenthood” the themes
of the influence that nature, culture, mass media, and
stereotyped representations have on the maternal and
paternal parental identity are explored. The mother-
child and father-child relationship are thus accurately
described, from the point of view of attachment theory
as well as the difficulties and dangers inherent in the
couple when it becomes a family and finally, the rela-
tionship between maternal perinatal depression and
personality structures. Particular attention is also given
to the description of the functioning of same-parent
families and the formation of parenting in the aspects
relating to the unconscious construction of the parental
function relating to sexual orientation, gender identity
and the biological or non-biological link with the son.

In the second part “The period of pregnancy”, the is-
sues of prenatal attachment are addressed as well as how
the mother builds a representation of the child based on
sensory and visceral experience. The important recent
epidemiological evidence is therefore presented con-
cerning: a) the repercussions that stress and the pres-
ence of anxiety or depressive disorders in the mother
can have on the mental health of the unborn child; b)
the possible biological mechanisms involved in fetal pro-
gramming and long-term outcomes, including the most
current studies on epigenetic mediation; ¢) the diffusion
of depressive and anxiety disorders in the perinatal pe-
riod, the importance of early screening and treatment of
depression in the perinatal period to obtain better health
outcomes for the mother, the child and the family unit.
The session concludes with the delicate topic of trau-
matic experiences during childbirth, which can be asso-
ciated with more severe clinical phenotypes of perinatal
depression and reduced levels of resilience.

The third part “The post-partum and the first two
years after childbirth” deals with the theme of resilience
understood as a continuous process of personal growth,
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the adoption of efficient emotional regulation strate-
gies, adaptation and the search for family balance and
well-being, also useful for overcoming the vulnerability
and daily challenges that pregnancy and postpartum en-
tail. The psychological, genetic and environmental fac-
tors that characterize the aetiology of mental disorders
in the perinatal period are examined and the theme of
violence that takes place within the home, suicide, in-
fanticide and finally, more generally, mourning.

The fourth part “Parenthood and return to work” deals
with the topic, sometimes neglected but very relevant,
of returning to work after maternity leave and the new
technological opportunities to support women by pro-
tecting their individual and organizational well-being.

In the fifth part “Taking care of mental health in the
perinatal period” there is a broad examination of the treat-
ment of anxiety and depression in the perinatal period
from the perspective of the different theoretical approach-
es (cognitive-behavioural, psychodynamic, psychoeduca-
tional both individual and couple, family and group). Up-
dated information on web-based approaches and the use
of new technological resources is also provided.

The last part of the volume “An intervention program
of proven effectiveness in the practice of national health
services in Italy” explores, in particular, the issues being
studied by the Istituto Superiore di Sanita. Specifically, it
describes a process of taking charge of women with men-
tal health problems in the perinatal period starting from
the screening, to continuing with the assessment and the
intervention for which efficacy has been demonstrated in
practice in Italian services. Finally, ample space is given
to a review of the main guidelines on perinatal mental
health and the consequences of the economic impact
when the problem of the affected parent extends to the
family context and especially to the children.

In my opinion, it is a wide-ranging work, which pro-
vides the reader interested in really knowing the topic
of perinatal mental health going beyond its more usual
declinations, an all-round overview of this discipline still
in a dynamic evolution.

Franco Veltro
Associazione Italiana per la Diffusione
degli Interventi Psicoeducativi in Salute Mentale

(AIDIPSaM — APS)

francoveltro@gmail.com
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presentazione di William Breitbart 2 5 6 p
ISBN: 9788895033921
€55,00

[Psycho-social care

in palliative medicine]

Palliative care as such is not a discipline but a col-
lection of disciplines including psychology, communi-
cation, ethics, and psycho-social rehabilitation that re-
quire considerable training and empathy on the part of
healthcare professionals.

In such delicate area as palliative care, this publica-
tion explores the multiple and pressing needs that must
be addressed correctly and competently. This book offers
an overview of general aspects, fundamental principles
and alleviation in advanced stages of disease and end-of-
life situations; it also explores communication and rela-
tional strategies, as well as existential and spiritual needs,
with a focus on psychological and psychosocial aspects
alongside analysis of psychiatric disorders in palliative
medicine. An extremely interesting and useful section for
professionals discusses psychotherapy intervention with
families and the team. The volume closes with special
topics such as palliative sedation, suicide, medically as-
sisted euthanasia, pediatric palliative care and alleviation
in chronic and degenerative pathologies. On the whole,
this book brings together contributions by highly experi-
enced authors and therefore covers the various aspects
of emotional, cognitive and behavioral needs that are
encountered when facing a palliative care programme.

The same publishing house in 2019 published anoth-
er book on the subject which is worth mentioning here:
The Italian book of medicine and palliative care [1]. This
is intended for all professionals interested to learn more
about this discipline, and to those who already have ex-
perience in the field and can use it as a useful source of
references and updates.

Anna De Santi

Dipartimento di Neuroscienze

Istituto Superiore di Sanita, Rome, Italy
anna.desanti@iss. it

REFERENCE
Libro italiano di medicina e cure palliative. A Caraceni, O
Corli, M Costantini et al. (Eds). Milano: Poletto Editore;
2019. 3 ed. 768 p.



Ann Ist Super Sanita 2023 | Vol. 59, No. 1: 95-97

DOI: 10.4415/ANN_23_01_14

PUBLICATIONS FROM INTERNATIONAL ORGANIZATIONS

oN PusLic HEALTH

Edited by
Annarita Barbaro

FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS (FAO)

The State of Food Security and Nutrition in the
World 2022. Repurposing food and agricultural
policies to make healthy diets more affordable.
Rome: Food and Agriculture Organization of the Unit-
ed Nations 2022; 260 p. ISBN 978-92-5-136499-4. The
State of Food Security and Nutrition in the World 2022
has been prepared by the FAO Agrifood Economics Di-
vision in collaboration with the Statistics Division of the
Economic and Social Development Stream and a team
of technical experts from the Food and Agriculture Or-
ganization of the United Nations (FAO), the Interna-
tional Fund for Agricultural Development (IFAD), the
United Nations Children’s Fund (UNICEF),the World
Food Programme (WFP) and the World Health Organ-
ization (WHO). This year’s report first presents the lat-
est updates of the food security and nutrition situation
around the world, including updated estimates on the
cost and affordability of a healthy diet. The report then
takes a deep dive into “repurposing food and agricultur-
al policy support to make healthy diets more affordable”
through reducing the cost of nutritious foods relative to
other foods and people’s income, which, in turn, helps
countries make more efficient and effective use of — in
many cases — limited public resources.

Thinking about the future of food safety. A fore-
sight report. Rome: Food and Agriculture Organiza-
tion of the United Nations 2022; 158 p. ISBN 978-
92-5-135783-5. In this publication, the FAO Food
Safety Foresight programme provides an overview of
the major global drivers and trends by describing their
implications for food safety and for agrifood systems by
extrapolation. The various drivers and trends reported
include climate change, changing consumer behaviour
and preferences, new food sources and production
systems, technological advances, microbiome, circular
economy, food fraud, among others. The intended audi-
ence for this publication is broad — from the policymak-
ers, academia, food business operators, private sector,
to the consumers.

UNITED NATIONS EDUCATIONAL,

SCIENTIFIC AND CULTURAL
ORGANIZATION (UNESCO)

World heritage glaciers: sentinels of climate
change. Paris: UNESCO Publishing 2022; 33 p. ISBN

978-92-3-100557-2. Glaciers are some of the most
valuable indicators for understanding climate change.
Among the most dramatic evidence that Earth’s climate
is warming is the retreat and disappearance of glaciers
around the world. Closely observing and quantifying
this phenomenon is essential to develop effective ad-
aptation responses. Around 18,600 glaciers have been
identified in 50 World Heritage sites. These glaciers
span an area of about 66,000 km?, representing almost
10% of the Earth’s glacierized area. Research studies
performed with satellite data highlight that these gla-
ciers have been retreating at an accelerating rate since
2000. The most important protective measure to coun-
teract substantial glacier retreat worldwide is to drasti-
cally reduce greenhouse gas emissions. If emissions are
drastically cut to limit global warming to 1.5°C relative
to pre-industrial levels, glaciers in two-thirds of World
Heritage sites could be saved. At site level, adaptative
measures need to be strengthened to respond to inevi-
table glacier changes in the near future. These include
identifying knowledge gaps and improving monitoring
networks, designing and implementing early warning
and disaster risk reduction measures, making glaciers
a focus of targeted policy, and promoting knowledge
exchange, stakeholder engagement and communica-
tion. The successful implementation of these measures
requires the mobilization of key stakeholders (e.g., gov-
ernments, civil society, Indigenous Peoples, local com-
munities, and the private sector) to develop sustainable
financing and investments, notably through the estab-
lishment of an international fund for glacier research
and monitoring.

JOINT UNITED NATIONS PROGRAMME
ON HIV/AIDS (UNAIDS)

Dangerous inequalities: World AIDS Day report
2022. Geneva: Joint United Nations Programme on
HIV/AIDS 2022; 80 p. The world is not on track to
end the AIDS pandemic. New infections are rising and
AIDS deaths are continuing in too many communi-
ties. This report reveals why: inequalities are holding us
back. This report calls the world’s attention to the pain-
ful reality that dangerous inequalities are undermining
the AIDS response and jeopardizing the health security
of everyone. The report highlights three specific areas
of inequality for which concrete action is immediately
possible: gender inequalities and harmful masculinities
driving HIV; marginalization and criminalization of key
populations, and inequalities for children whose lives
must matter more than their market share.
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Global AIDS Monitoring 2023. Indicators and
questions for monitoring progress on the 2021
Political Declaration on HIV and AIDS. Geneva:
Joint United Nations Programme on HIV/AIDS 2022;
168 p. This document is a detailed compilation of in-
dicators and a suite of questions on national policies
and their implementation designed for use by national
AIDS programmes and partners to assess the state of
a country’s HIV and AIDS response, and to measure
progress towards achieving national HIV targets. Coun-
tries are encouraged to integrate these indicators and
questions into their ongoing monitoring efforts and to
report comprehensive national data through the Global
AIDS Monitoring (GAM) process. In this way they will
contribute to improving understanding of the global
response to the HIV epidemic, including progress that
has been made towards achieving the commitments and
global targets set out in the new United Nations Politi-
cal Declaration on HIV and AIDS: Ending Inequalities
and Getting on Track to End AIDS by 2030, adopted
in June 2021,1 and the linked Sustainable Development
Goals.

ORGANISATION FOR ECONOMIC

CO-OPERATION AND DEVELOPMENT
(OECD)

The COVID-19 Pandemic and the Future of Tel-
emedicine. OECD Health Policy Studies. Paris:
OECD Publishing 2023; 180 p. ISBN 9789264484566
(HTML) ISBN 9789264758155 (EPUB) ISBN
9789264420038 (PDF). This report provides an up-
date to a Health Working Paper published in January
2020, which showed that, while care delivered via tele-
medicine could be both safe and effective, telemedicine
services represented only a small fraction of all health
care activity and spending. At that time, providers and
patients seeking to use telemedicine faced regulatory
uncertainty, limited financing and reimbursement, and
unclear governance. Just a few weeks later, in response
to the unfolding COVID-19 crisis, governments across
the OECD adopted broad non-pharmaceutical inter-
ventions to limit social contacts and mobility. With in-
person care heavily restricted, governments and pro-
viders moved quickly to expand remote care services.
Consequently, the number of remote consultations
skyrocketed. The sudden increase in virtual care has
had clear benefits, preserving access to and continuity
of care. Yet, it has also laid bare the limits of remote
care and added to concerns that some teleconsulta-
tions constitute low value care. This report provides an
overview of national policies to implement and scale
up remote consultations during the COVID-19 pan-
demic and tries to quantify the resulting boom in the
use of telemedicine services; the impact that the mas-
sive shift to virtual care has had on health care system
performance; and policy priorities for remote care as
countries move to a post-acute stage of the COVID-19
pandemic.

INTERNATIONAL LABOUR ORGANIZATION
(ILO)

World Employment and Social Outlook: Trends
2023. Geneva: International Labour Organization
2023; 190 p. ISBN 9789220372913 (print) ISBN
9789220372920 (web PDF). This year’s Report pro-
vides a comprehensive assessment of current decent
work deficits and how these have been exacerbated by
multiple, overlapping crises in recent years. It analyses
global patterns, regional differences, and outcomes
across groups of workers. The report provides labour
market projections for 2023 and 2024 and presents
trends in labour productivity growth, analysing the fac-
tors contributing to its decline.

Greening Enterprises: Transforming processes
and workplaces. Geneva: International Labour Or-
ganization 2022; 223 p. ISBN 978-92-2-032008-2
(print) ISBN 978-92-2-032007-5 (web PDF).

The conduct of enterprises is crucial to the natural en-
vironment’s well-being and to a just transition. Most
enterprises, including small ones, are implementing
measures to reduce waste and carbon emissions; in
most cases this entails no cost or even a reduction in
production costs. This is the first ILO research report
focusing specifically on the transition of enterprises.
What are enterprises of different sectors and sizes do-
ing to reduce emissions? How are small enterprises in
developing countries adapting to the just transition
and what was the impact of the COVID-19 crisis on
the green transition? What policies promote enterprise
productivity and environmental sustainability? These
are some of the questions addressed in the report. The
report considers the enterprise not only in terms of its
production processes but also as a workplace. Through
this approach, it has identified a range of measures that
enterprises may use to become more environmentally
sustainable and that also give workers a role in the pro-
cess. Sustainable transport, increased resource intensi-
ty, waste management, work organization and sustain-
able food at work are increasingly part of enterprises’
efforts to curb their impact on the environment.

WORLD HEALTH ORGANIZATION (WHO)

Improving the lives of people with epilepsy. Techni-
cal brief. Geneva: World Health Organization 2022; 43
p. ISBN 978-92-4-006407-2 (electronic version) ISBN
978-92-4-006408-9 (print version). The technical brief
presents the key information on epilepsy and recom-
mends actions to policy makers and other stakeholders.
Using the concept of levers for change introduced by
the Operational Framework for Primary Health Care,
it identifies actions on the policy and operational levels
that national and local governments, policy-makers, and
programme managers across various sectors at national
and local levels should take to strengthen services for
people with epilepsy using a person-centred approach
based on human rights and universal health coverage.



The levers and corresponding actions and resources
could also be useful in planning and programming by
civil society groups, professional associations, academic
institutions, organizations of people with epilepsy and
their families and carers, development partners, and
global and national funding initiatives. Each country
can customize its multisectoral approach to epilepsy
according to the setting and its priorities to achieve sig-
nificant gains for its society and improve the lives of
people with epilepsy.

The WHO AWaRe (Access, Watch, Reserve) an-
tibiotic book. Geneva: World Health Organization
2022; 697 p. ISBN 978-92-4-006238-2 (electronic ver-
sion) ISBN 978-92-4-006239-9 (print version).

Antimicrobial resistance (AMR) is a threat to global
health and development and it contributes to millions
of deaths worldwide each year. Inappropriate use and
overuse of antibiotics are driving an increase in AMR
and have a detrimental impact on the effectiveness
of these critical medicines. Given the urgency of the
threat to human health from AMR, and the many clini-
cal infections for which antibiotics play a lifesaving role,
WHO took a pragmatic approach to developing sim-
ple, practical guidance on how they should be used.
The WHO AWaRe (Access, Watch, Reserve) antibi-
otic book, produced as an adjunct to WHO’s Essential
Medicines List (EML), provides concise, evidence-
based guidance on the choice of antibiotic, dose, route

of administration, and duration of treatment for more
than 30 of the most common clinical infections in chil-
dren and adults in both primary health care and hospi-
tal settings. The AWaRe system groups the hundreds of
different antibiotics used globally into three simple cat-
egories — Access, Watch and Reserve — based on their
clinical importance and the risk of their use promoting
resistance. The AWaRe antibiotic book provides clear
guidance on the choice of antibiotic, formulation, dose,
and duration for essential antibiotics for hospital and
primary health care settings, including guidance on
when not to use antibiotics.

World malaria report 2022. Geneva: World Health
Organization 2022; 293 p. ISBN 978-92-4-006489-8
(electronic version) ISBN 978-92-4-006490-4 (print
version). Each year, WHO’s World malaria report of-
fers in-depth information on the latest trends in malaria
control and elimination at global, regional, and coun-
try levels. The report highlights progress towards global
targets and describes opportunities and challenges for
curbing and eliminating the disease. This year’s report
includes 3 new sections on: global and regional initia-
tives launched in 2021 and 2022; global malaria surveil-
lance and country-level case studies on surveillance sys-
tems assessments; and research and development. The
report also includes an expanded section on threats to
malaria control, with a focus on the declining effective-
ness of insecticide-treated mosquito nets.
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