
One Health e Resistenza Antimicrobica (AMR)
Bracing for superbugs: Strengthening environmental action in the One Health 

response to antimicrobial resistance



La Dimensione Ambientale dell’AMR
Environmental dimension of AMR

L'ambiente naturale (acqua/suolo/aria) può essere un
importante serbatoio e fattore trainante della resistenza
antimicrobica.

Principali contribuenti al fenomeno includono:

 Acque reflue urbane e ospedaliere

 Effluenti della produzione farmaceutica

 Fenomeni di run-off (agricoltura e zootecnia)

 Altri rifiuti e rilasci

“Per comprendere lo sviluppo, la trasmissione e la diffusione
di AMR nell'ambiente, è imperativo considerarlo attraverso
una prospettiva multidimensionale”



Piano Nazionale di Contrasto all’Antibiotico-Resistenza 2022-2025
Obiettivo: fornire le linee strategiche e le indicazioni operative per affrontare l’emergenza dell’AMR  nei 
prossimi anni, seguendo un approccio multidisciplinare e una visioneOne Health

La strategia nazionale si articola in quattro aree orizzontali di supporto a tutte le tematiche e tre 
pilastri verticali dedicati ai principali interventi di prevenzione e controllo dell’antibiotico-resistenza 
nel settore umano, animale e ambientale

Sorveglianza e monitoraggio 
integrato dell’antibiotico-
resistenza (ABR), dell’utilizzo 
di antibiotici, delle infezioni 
correlate all’assistenza (ICA) e 
monitoraggio ambientale.

PNCAR
Piano Nazionale di Contrasto all’Antibiotico Resistenza 2022-2025
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AMBIENTE

MRSA: contaminazione aria indoor  
negli allevamenti suini; contaminazione 

aerogena dei terreni circostanti i 
capannoni; aria impianti depurazione …

discariche urbane (hot spot AMR); 
contaminazione dei terreni agricoli 
mediante fertirrigazione e utilizzo 

agronomico dei fanghi di depurazione..

contaminazione corpi idrici superficiali 
mediante acque reflue urbane; 

contaminazione acque ad opera 
allevamenti ittici; contaminazione acque 

ad opera del dilavamento dei terreni 
agricoli concimati.. 

AMR nei Comparti Ambientali
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AMBIENTE

AZIONI PREVISTE DAL PNCAR 2022-2025 
PER IL MONITORAGGIO AMBIENTALE 

DEGLI ANTIBIOTICI E DELL’AMR 

FOCUS SULL’AMBIENTE ACQUATICO

• Ricerca di AMR e di antibiotici in reflui 
urbani e in acque superficiali

• �0�R�Q�L�W�R�U�D�J�J�L�R���V�F�D�U�L�F�K�L���D�G���H�O�H�Y�D�W�R���F�R�Q�W�H�Q�X�W�R��
�$�5�*�V�����D�Q�W�L�E�L�R�W�L�F�L���H���S�D�W�R�J�H�Q�L���P�H�G�L�D�Q�W�H���D�F�F�R�U�G�L��
�F�R�Q���L���S�U�R�G�X�W�W�R�U�L�����D�]�L�R�Q�H���F�H�Q�W�U�D�O�H��

Focus sull’Acqua



!"#$%&'() *(+,-.'%#(/0##'" (
!"#$%&#'()*#+(%,-.$ %/012 %'3,($%02%*"( %%1&&'%#$123(#"'0#/'2#3(024(4$5%60"7'(18(,"-02 (905#'90#'" 4*0 5'0*()*
*"( (2+#'026(2* -2/ "36-2 "(-,*" 4 #2 ,#2( 1#*" *"( 72( 8(-,*" -55'0-)" 4%1"#,( %5'09'($$#+(,.%'(/3)#29 %
9'((2"03$( %9-$%(6#$$#02$%*0%$3$*-#2-:,(%,(+(,$4%#65'0+#29%*"( %(2('9. %:-,-2)( %0;%3':-2 %1-$*(1-*(' %)0,,()*#02%-2/ %
*'(-*6(2* %-)*#+#*#($%-2/ %)02*'#:3*#29%*0%*"( %*'-2$#*#02%*01-'/$ %-%)#')3,-' %()0206. <%=*%-,$0%,-.$ %/012 %'3,($%02%
-))($$%*0%$-2#*-*#02%;0' %-,,4%02%*'-2$5-'(2). %0;%*"( %3':-2 %1-$*(1-*(' %$()*0'402 *"( '(93,-' $3'+(#,,-2)( 0; 53:,#)
"(-,*" '(,(+-2* 5-'-6(*('$ #23':-2 1-$*(1-*('$ %-2/ %02%*"( %#65,(6(2*-*#02%0;%*"( %50,,3*('>5-. %5'#2)#5,(<%

Revisione della Direttiva EU sulle Acque Reflue



!"#$%&'()* +(,"-./ (0.1#'0.#'" (12"3'$&&./%'(
!"#$"% &'()("* &*+),, *"( -. ) /)(01/), *2*("# &31%&411."%)(01/&)/5 &411%50/)(01/&$"(6""/ &41#."("/( &)-(+1%0(0"*&%"*.1/*0$,"&31%&.-$,04&
+"),(+&)/5 &41#."("/( &)-(+1%0(0"*&%"*.1/*0$,"&31%&-%$)/&6)*("6)("%&(%")(#"/( 60(+ %"7)%5(1 (+" 05"/(0304)(01/13%","8)/( .-$,04
+"),(+ .)%)#"("%*9(+)( )%"(1 $" #1/0(1%"5)( ,")*( 0/ (+" 0/,"( 13-%$)/ 6)*("6)("% (%")(#"/( .,)/(* 9&():0/7 &0/(1&)441-/( &)8)0,)$,"&
%"41##"/5)(01/*&$2&(+"&;-%1.")/ &<"/("%&13&=0*")*" &>%"8"/(01/&)/5 &<1/(%),&?;<=<@9&$2&(+"&A"),(+&;#"%7"/42 &>%".)%"5/"**&)/5 &
B"*.1/*" &C-(+1%0(2&?A;BC@&)/5 &(+"&D1%,5&A"),(+&E%7)/0*)(01/&?DAE@&)#1/7 &1(+"%*&)/5 &0/4,-50/7&31%&0/*()/4" &(+1*"&0/&(+"&
31,,160/7 ,0*(F 'CB' G<1HGI 80%-*)/5 0(* 8)%0)/(*J .1,0180%-*J 0/3,-"/K) 80%-*J "#"%70/7 .)(+17"/* J )/2 1(+"%.-$,04 +"),(+
.)%)#"("%*(+)( )%"41/*05"%"5%","8)/($2 (+" 41#."("/( )-(+1%0(0"*13(+" !"#$"% '()("* 31%#1/0(1%0/7J&?L @
M1%&)77,1#"%)(01/*&13&NOO&OOO&. P"P&)/5 &)$18"9&!"#$"% &'()("* &*+),,9&?L @"/*-%" (+)( )/(0#04%1$0),%"*0*()/4"0*#1/0(1%"50/ -%$)/
6)*("6)("%P&Q+"&<1##0**01/&*+),,&)51.( &0#.,"#"/(0/7 &)4(*&?L @&(1&"/*-%"&)&-/031%#&)..,04)(01/&13&(+0*&=0%"4(08"&$2 "*()$,0*+0/7)
#0/0#-# 3%"R-"/4213*)#.,0/7 )/5 ) +)%#1/0*"5#"(+151,17231%#")*-%0/7 )/(0#04%1$0),%"*0*()/4"0/ -%$)/6)*("6)("%*9&?L @

!"#$%&'()4+(5.#'" ("'21' (./6 (6$1%7."8'1(9:(2"-./ (0.1#'0.#'" (
!"#$"% &'()("* &*+),,&*2*("#)(04),,2 .%1#1(" (+" %"-*" 13 (%")("56)*("6)("%&3%1#&),,&-%$)/&6)*("6)("%&(%")(#"/(&.,)/(* &6+"%"&
)..%1.%0)("9&"*."40),,2&0/&6)("%G*(%"**"5&)%")*9&)/5 &31%&),,&)..%1.%0)("&.-%.1*"*P&?L @

!"#$%&'();+(<$1=(.11'11>'/#(./6(>./.8'>'/#(
S2&TN&="4"#$"%&IOIU9&!"#$"%&'()("*&*+),,&05"/(032&)/5&)**"**&(+"&%0*:*&4)-*"5&$2&-%$)/&6)*("6)("%&50*4+)%7"*&(1&(+"&"/80%1/#"/(&
)/5&+-#)/&+"),(+9&?L@

Revisione della Direttiva EU sulle Acque Reflue
!"#"#$%&'&(")#*"&+))%#"+,"&

-%(.'/$"+01+&'2"3'4"%$%/"#+



Municipalwastewater

Hospital wastewater

Acque Reflue: Duplice Aspetto
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Wastewater-Based Epidemiology (WBE)
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WBE Durante la Pandemia



! Coordinamento tecnico-scientifico 
dellÕIstituto  Superiore di Sanitˆ

! 167 punti  di campionamento (75 
gestori)

! 43 Laboratori (Universitˆ, ARPA, IZS, 
Lab. Servizio)

! Regione Umbria, Servizio Prevenzione, 
Sanitˆ veterinaria, Sicurezza 
alimentare

! UniPG (Analisi, Elaborazioni Dati, 
Interazione con ISS)

Il Network SARI
Sorveglianza Ambientale Reflue in Italia
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SARS-CoV-2 nelle A.R. in Umbria
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SARS-CoV-2 nelle A.R. in Umbria

December 2021. Later on, a rapid spread of the variant was observed
(Fig. 1) as follow: 1/104 samples (1.0%) and one Region in the week
5Ð11 December; 25/143 samples (17.5%) and 11 Regions/AA.PP. in the
week 12Ð18 December; and 89/135 samples (65.9%) and 17 Regions/
AA.PP. in the week 19Ð25 December (Supplementary Material, Fig. S7).
In the last week, the Omicron variant was detected in 100% of the samples
collected in the Regions of Campania, Puglia, Umbria (Fig. 2) and in the ma-
jority of the samples in other Regions (e.g. Lazio, Liguria, Lombardia, Pie-
monte, Veneto).

3.3. Characterization of Omicron-positive samples by Sanger sequencing

Overall, 97 of the 115 Omicron-positive wastewater samples
(84.3%) were successfully ampli! ed with the nested RT-PCR assay

targeting the S protein, and subsequently sequenced by Sanger sequenc-
ing. Of these, 64 samples showed mutations associated with the
Omicron variant, three samples showed amino acid substitutions not
discriminatory for variant assignment, and 4 were unreadable due to
mixed electropherograms (Table 3). Moreover, 26 sequences showed
no mutations.

Sequence analysis showed a high degree of sequence variability within
the Omicron variant sequences. In total, 10 amino acid substitutions were
detected in the 577-bps fragment, with 12 different combinations
(Table 3). The most frequent combination of mutations included the
panel ÒG339D, S371L, S373P, S375FÓ(29 samples) followed by the panels
ÒG339D, S371F, S373P, S375FÓand ÒG339D, R346K, S371L, S373P,
S375FÓ(11 samples each). This last combination of mutation is associated
with sublineage BA1.1.

Fig. 1. Number of Omicron positive samples detected in the three weeks of December (05.12.2021Ð25.12.2021) divided by Region/A.P. Samples negative for Omicron
variant are reported in green; positive samples are represented in red.

Fig. 2. Geographic spread of the Omicron positive samples during the three weeks of December (05.12.2021Ð25.12.2021) by province Regions in which wastewater
surveillance was not yet activated at the time of the study are reported in black. Provinces for which no samples were tested in the study are reported ingrey. Detection
of the Omicron variant is reported in orange.

G. La Rosa et al. Science of the Total Environment 837 (2022) 155767
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In November, the long-nested PCR assay successfully ampli! ed 40 sam-
ples collected from 14 Regions/APs (Table 4) and the following mutation
panels were detected by Sanger sequencing:

i) BA.4/BA.5 in 20 samples (50 %), seven (18 %) of which including the
additional mutation R346T;

ii) BQ.1 in 10 samples (25 %);
iii) BQ.1.1 in seven samples (18 %);
iv) BA.2.75 (mutations G142D, K147E, W152R, F157L, I210V, V213G,

G257S, G339D, R346T, S371F, S373P, S375F, T376A, D405N,
R408S, K417N, N440K, G446S, N460K, S477N, T478K, E484A,
F490S, Q498R, N501Y, Y505H) in one sample (3 %);

v) XBB.1 (mutations V83A, G142D, Y144del, H146Q, Q183E, V213E,
G252V, R346T, L368I, S371F, S373P, S375F, T376A, D405N,
R408S, K417N, N440K, V445P, G446S, N460K, S477N, T478K,
E484A, F486S, F490S, Q498R, N501Y, Y505H) in one sample
(3 %).

Finally, one sample showed mixed electropherograms with double
peaks in genome positions 22,599, 22,893, and 22,942.

Nanopore sequencing (Table 4 and Figs. 1 and 2) con! rmed the re-
sults obtained by Sanger sequencing with regards to detection of the
BA.2.75 lineage in the Region of Veneto and of XBB.1 in Tuscany. In
addition, it detected BQ.1/BQ.1.1 sequences in two additional
Regions, bringing the total number of Regions/APs in which circula-
tion of this variant/subvariant wa s detected to 13 (Calabria, Emilia
Romagna, Friuli Venezia Giulia, Liguria, Lombardy, Marche, APs
Trento and Bolzano, Puglia, Sicily, Tuscany, Umbria and Veneto). In-
terestingly, ! ve Regions showed simultaneous circulation of both
BQ.1 and BQ.1.1, and two Regions (Tuscany and Veneto), the co-
circulation of up to ! ve lineages. Finally, despite the spread of BQ.1/
BQ1.1, the widespread diffusion of lineages BA.4/BA.5 and BA.4/
BA.5 + R346T (each detected in 11 Regions/APs) was also con! rmed
by nanopore sequencing.

Sequences obtained in the present study were submitted to GeneBank
under accession numbers OQ300138 - OQ300211.

4. Discussion

The evolution of SARS-CoV-2 variants has added an additional level of
complexity to the ongoing pandemic. As new variants continue to emerge,
it is essential to continuously monitor and assess their impact on the spread
of the virus. The appearance of variants with increased transmission poten-
tial or resistance to current vaccines highlights the need for effective mea-
sures to be taken to slow the spread of the virus. This may include
increasing testing and contact tracing efforts, as well as accelerating the
rollout of vaccines to at-risk populations. Tracking the appearance and
spread of new SARS-CoV-2 variants/subvariants is crucially important for
controlling the COVID-19 pandemic.

In early 2021, we designed a long-nested PCR (! 1600 bps) targeting
the spike region to detect SARS-CoV-2 VOCs and VOIs (La Rosa et al.,
2021; La Rosa et al., 2021b). Although the virus has accumulated numerous
mutations in the spike region, the primers still exhibit 100 % identity with
all the sequences of SARS-CoV-2 that have circulated so far, and the assay is,
therefore, suitable for the ampli ! cation of all possible viral variants/
subvariants. Following the original Omicron BA.1 variant, several
subvariants of Omicron have emerged. As of 8 December 2021, BA.2,
BA.4, and BA.5, together with associated sublineages, are described as
VOCs by the ECDC (i.e. clear evidence indicates a signi! cant impact on
transmissibility, severity and/or immunity that is likely to in " uence the ep-
idemiological situation in the EU/EEA) ( ECDC, 2022a). Omicron BA.2.75,
BQ.1 and XBB.1 are classi! ed as VOIs (i.e. evidence regarding genomic
properties, epidemiological evidence, or in-vitro evidence is available that
could imply a signi ! cant impact on transmissibility, severity and/or
immunity; however, the evidence is associated with major uncertainty or
is still preliminary). BQ.1 is a sub-lineage of BA.5, carrying additional
changes K444T and N460K in the spike receptor-binding domain (RBD)
compared to BA.5, while BQ.1.1 also carries the additional mutation
R346T. BQ.1 and BQ.1.1 are spreading quickly in the United States, and
the U.S. Centers for Disease Control and Prevention estimated that, as at
10 December 2022, Omicron subvariants BQ.1 and BQ.1.1 account for
31.1 % and 36.8 %, respectively, of the cases of COVID-19 in the country
(https://covid.cdc.gov/covid-data-tracker/#variant-proportions ).

Fig. 1. Omicron lineages/sublineages detected by NGS in October and November 2022.

G. La Rosa et al. Science of the Total Environment 873 (2023) 162339
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AMR nelle Acque Reflue:
Network SARI
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PNCAR in Umbria: Prospettive


