4 OH.R

ONE HEALTH &

VOL. 5, ISSUE 1
RISK MANAGEMENT

2024

& MEDICAL
SCIENCES

PUBLIC HEALTH PROBLEM OF RESISTANT BACTERIA IN LOW AND MIDDLE-
INCOME COUNTRIES, FOLLOWING THE EXAMPLE OF MOLDOVA

Alina FERDOHLEB?", Oana-Simina IACONI®", Greta BALAN?", Lucia GALBENZ2", Lukasz DZIEWIT3", Carles

BORREGO*

INicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, Republic of Moldova
2Timofei Mosneaga Republican Clinical Hospital, Chisinau, Republic of Moldova

3[nstitute of Microbiology, Faculty of Biology, University of Warsaw, Warsaw, Poland

4Catalan Institute for Water Research ICRA, Girona, Spain

Corresponding author: Oana-Simina laconi, e-mail: oanasimina.iaconi@usmf.md

DOI: 10.38045/0hrm.2024.1.05

CZU: 615.33.015.8:614.2:338

Keywords: antimi-
crobial resistance,
bacteria, LMICs, sus-
ceptibility testing,
bacteriophages, wa-
ter treatment.

Cuvinte-cheie: rezis-
tenta la antimicro-
biene, bacterti, tdri cu
venituri mici si medi,
teste de sensibilitate,
bacteriofagi, tratarea
apei.

Introduction. Antimicrobial resistance is an important public health concern. This phenom-
enon has become an environmental problem, due to the spread of resistant microorganisms
in water. This problem is now more visible in Low-and Middle-Income Countries, where it
increases the social burden. One of the newest methods to fight antimicrobial-resistant bac-
teria is the use of strain-specific bacteriophages. Material and methods. The bacterial
strains were obtained from inpatients and identified using VITEK 2 Compact system and cul-
ture. The disk diffusion method was used to determine the resistance profiles, which were
then analyzed using EUCAST methodology. The presence of resistance mechanisms was
checked by phenotypic testing. For research purposes, 31 bacterial strains were selected. Re-
sults. The strains of K. pneumoniae, P. aeruginosa, Acinetobacter spp., S. aureus, E. coli, and
Enterococcus spp. were identified. The resistance profile of the isolates revealed: 61.5% of K.
pneumoniae isolates were pan-drug-resistant, while 23,1% were only susceptible to Car-
bapenems. E. coli strains were extensively drug-resistant, 71.4% of P. aeruginosa and 75% of
Acinetobacter spp. were pan-drug-resistant bacteria. The susceptibility profile of S. aureus
strains showed that 3/4 were resistant to Cephalosporins and Fluoroquinolones. Conclu-
sions. The study identified all six highly virulent and antibiotic-resistant bacterial pathogens
in low and middle-income countries and Moldovan hospitals. The analysis conducted in the
study could serve as an argument for using bacteriophages in water treatment as a cost-
effective method to combat antimicrobial resistance.

PROBLEMA BACTERIILOR REZISTENTE PENTRU SANATATEA PUBLICA IN TARILE CU
VENITURI MICI SI MEDII DUPA EXEMPLUL MOLDOVEI

Introducere. Rezistenta la antimicrobiene reprezintd un subiect important pentru sdndta-
tea publicd. Fenomenul in cauzd a devenit o problemd de mediu, fiind cauzat de rdspdndirea
microorganismelor rezistente in apd. Aces fapt este mai vizibil in tdrile cu venituri mici si
mijlocii, unde creste povara sociald. Una dintre cele mai noi metode de combatere a bacteri-
ilor rezistente la antimicrobiene este utilizarea bacteriofagilor specifici tulpinii. Material si
metode. Tulpinile de bacterii au fost obtinute de la pacientii internati si au fost identificate
cu ajutorul sistemului VITEK 2 Compact si prin metoda clasicd. Metoda discdifuzimetricd a
fost aplicatd pentru a determina profilurile de rezistentd, care au fost apoi analizate folosind
metodologia EUCAST. Prezenta mecanismelor de rezistentd a fost verificatd prin teste feno-
tipice. Pentru cercetare au fost selectate 31 de tulpini bacteriene. Rezultate. Au fost identifi-
cate tulpinile de K. pneumoniae, P. aeruginosa, Acinetobacter spp., S. aureus, E. coli si Ente-
rococcus spp. Profilul de rezistentd al izolatelor a relevat: 61,5% din izolatele de K. pneumo-
niae au fost pan-rezistente, iar 23,1% au fost sensibile doar la carbapeneme. Tulpinile de E.
coli au demonstrat reziztentd extinsd, 71,4% din P. aeruginosa si 75% din Acinetobacter spp.
erau bacterii pan-rezizstente. Profilul de sensibilitate al tulpinilor de S. aureus a ardtat cd
3/4 erau rezistente la cefalosporine si fluorochinolone. Concluzii. Studiul a identificat toti
cei sase agenti patogeni bacterieni, extrem de virulenti si rezistenti la antibiotice, in tdrile cu
venituri mici si medii si in spitalele din Republica Moldova. Analiza efectuatd in cadrul studi-
ului poate servi drept argument pentru utilizarea bacteriofagilor in tratarea apei ca metodd
rentabild de combatere a rezistentei la antimicrobiene.
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ABBREVIATIONS: AMR - Antimicrobial Resistance, ARB - Antimicrobial Resistant bacteria, ESBL - ex-
tended-spectrum beta-lactamases, EUCAST - European Committee on Antimicrobial Susceptibility Test-
ing, LMICs — low- and middle-income countries, MDR - multidrug resistant, PDR - pan-drug-resistant,
WHO - World Health Organization XDR - extensively drug resistant.

INTRODUCTION

In 1928, when Alexander Fleming discovered
Penicillin - "the saving drug of the 20th century”
- the glorious history of medicine began. Over the
subsequent 60 years, the 13 classes of antibiotics
that we still use to treat bacterial infections were
discovered (1). Considering that the last 40 years
have seen a multitude of epidemics and pandem-
ics in which strictly human bacterial pathogens
caused 44% of cases, contemporary medicine can
only keep pace by using antimicrobials in treat-
ment and prophylaxis, involving pre- and post-
surgery antimicrobial and post-chemotherapy
prophylaxis (2, 3, 4). Antibiotics have so far saved
thousands of lives worldwide, but according to
the laws of nature and ecosystems - everything
must be in balance and living organisms must be
constantly evolving. Thus, as early as 1940, the
first enzyme that allowed E. coli strains to destroy
penicillin was discovered (1, 5, 6). Since then, the
phenomenon of antimicrobial resistance (AMR)
has gained momentum, becoming a significant
public health problem (5, 6, 7).

It should be noted that antimicrobial-resistant
pathogens not only cause an increased number of
deaths (mortality caused by multi-drug resistant
(MDR) P. aeruginosa reaches up to 61% of cases,
and pan-drug resistant (PDR) K. pneumoniae -
maximum 71%) and disability, but also additional
costs for hospitalization, treatment, and recovery,
which cannot be accurately calculated (5, 8, 9).
Specialists from various countries have con-
cluded that the economic status of a country sig-
nificantly influences the impact of AMR on the
population, largely due to investment size in sur-
veillance systems for antimicrobial resistance of
microorganisms, but also to the presence and
quality of alternative resources that can be used
to fight infections (10). Some studies also list the
private healthcare system as a determinant of
AMR, citing the patient’s substantial influence on
antibiotic prescriptions due to commercial moti-
vations (11).

Moreover, it is necessary to realize that humans
are part of the ecosystem and are constantly in

fluenced by other components of the ecosystem,
especially as anthropogenic influence on the envi-
ronment is unquestionable. It cannot be denied
that people use chemicals, including antibiotics,
in agriculture, fish farming, and animal hus-
bandry to obtain richer harvests or better food-
producing animals to compete on the market (12,
13, 14). Farms and animal husbandry are im-
portant sources of antimicrobial-resistant patho-
gens and an important component that ensures
the continuous AMR cycle in the environment,
due to animal care and handling processes includ-
ing treatment, hygiene, and slaughter (14 - 17).
However, by far the most important source of re-
sistant microorganisms possessing genes for en-
zyme production (ESBLs - extended-spectrum
beta-lactamases - or carbapenemases) is the sick
human (whether or not admitted to a healthcare
facility), whose contaminated biological products
are discharged into water or released into the en-
vironment after minimal treatment, thus main-
taining the AMR cycle (18 - 21). The limited num-
ber of methods used to combat AMR, combined
with the preference of LMIC patients (and others)
towards self-medication, are factors that make it
difficult to align with the 2015 World Health As-
sembly Global Action Plan on AMR goals, particu-
larly goals 4 and 5 (2, 3, 22, 23, 37). The overuse
of antibiotics in LMICs, which has increased by
65% over the last decade, resulting in the emer-
gence of multi-drug resistant (MDR) and exten-
sively drug-resistant (XDR) superbugs, calls for
innovative measures to combat AMR at the level
of every component of the ecosystem (5, 7, 14, 19,
24). The European Union also emphasizes the
role of Gram-negative bacteria in the etiology of
infections with antimicrobial-resistant bacteria,
which supports the results of World Health Or-
ganization (WHO) reviews concerning AMR (25).
New antimicrobials and combinations are being
sought and developed to combat MDR Enterobac-
teriaceae (e.g. Meropenem-Vaborbactam), but a
cost-effective and less time consuming measure
would be the use of bacteriophages on their own
or in combination with usual antibiotics for per-
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sonalized patient treatment, wastewater decon-
tamination, farm animals, and crop plants (5, 8,
13, 23).

This article aims to identify and characterize po-
tential targets for phages in bacteria circulating in
the environment, originating from patients
treated in medical institutions. These bacteria re-
lease biological fluids into the environment after
minimal treatment. The focus lies on exploring
the application of bacteriophages in LMICs as a
cost-effective alternative to antibiotics and a
method for water treatment, as they are readily
available in nature and capable of development.
This research gains significance, especially after
WHO listed pathogens in 2017 that urgently de-
mand new antibiotics to combat infections. Nota-
bly, ESKAPE pathogens account for over 70% of
deaths attributed to antimicrobial resistance
(AMR) (17, 26).

MATERIAL AND METHODS

Obtaining isolates

The isolates under investigation were sourced
from patients admitted to Timofei Mosneaga Re-
publican Clinical Hospital in Chisinau, Republic of
Moldova. Substrates were collected only after
meeting specific criteria: (I) the patient was over
18 years of age; (II) the patient consented to the
use of the biological material for research; (III)
the clinical picture of bacterial infection was es-
tablished, and (IV) patients were admitted during
the second and third quarters of 2022. Out of the
total of isolates obtained, 31 strains met 4 crite-
ria: (a) sourced from patients, (b) identifiable, (c)
exhibited multi-resistance to antimicrobials, and
(d) showed suspicion of a resistance mechanism.
These were randomly selected and are described
within this study.

Strain identification

The classical method - culture - was used to pu-
rify the isolates. Identification down to genus and
species was done using the automated method -
Vitek 2 Compact (BioMérieux, France). The stand-
ard protocol followed these steps: (I) Preparation
of a bacterial suspension in sterile 0.45% NaC(l sa-
line solution using 18-24-hour fresh cultures in 3
ml polystyrene tubes; (II) Ensuring the suspen-
sion's turbidity was approximately 0.5 McFarland
(£0.05 McFarland) with DensiCheck; (III) Bring-
ing the ID cards to room temperature and placing

them in transfer tube cassettes, which were then
placed in the bacterial suspension tubes; (IV)
Placing the cards within the cassette in a vacuum
and initiating the card filling cycle; (V) Transfer-
ring the filled card cassette to the analyzer to ob-
tain results after several hours.

Determination of isolate susceptibility

The resistance profile of the strains was deter-
mined using the disk diffusion method, with re-
sult interpretation following the EUCAST ver.
2022 standard. Mueller-Hinton solid medium and
inoculum from a fresh 24h+6 h culture with a tur-
bidity of 0.5 McFarland were used for this test.
The procedure entailed: (a) Preparing the inocu-
lum using sterile NaCl saline in 3 ml tubes and 3-
5 colonies from a fresh culture; (b) Inoculating
Petri dishes with Mueller-Hinton Agar medium
using a swab; (c) Placing antibiotic-impregnated
discs on the Petri dishes based on the species; (d)
Incubating the Petri dishes with antibiograms at
37°C+1°C; (e) Reading and interpreting the re-
sults the following day according to EUCAST 2022
standards.

Determination of resistance mechanisms oc-
currence

Screening tests for ESBL, double diffusion test
(double disc method), Combo test, and pheno-
typic tests were used to detect ESBL enzymes:
class A - KPC, class B - MBL (VIM, NDM, IMP),
class C - AmpC, class D - 0XA-48, 0XA-23. Tests
for other resistance mechanisms were also used:
colorimetric tests for the detection of car-
bapenemases - PACE Normand Poirel; immuno-
chromatographic tests for detection of enzymes
such as OXA-23 - Acinetobacter spp., 0XA-48, and
MBL for enterobacteria and Pseudomonas aeru-
ginosa.

Statistical analysis

The proportion of strains among the total number
of isolates, the prevalence of resistant bacterial
strains within specific species, and the proportion
of strains exhibiting phenotypically expressed re-
sistance mechanisms were determined using the
relative statistical indicator - proportion. These
calculations were performed following the for-
mulas:

No.of strains of particular species

x100 %

(a)

Total no.of bacterial strains
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No.of bacterial strains of the species resistant to Antibiotic clas

Total no.of strains of the species x 100% (b)

No.of bacterial strains of the species exposing a resistance mechanism x100 % (C)

Total number of strains of the species

Bibliosemantic method
An online search was conducted in the PubMed
and SCOPUS databases using the keywords: anti-
microbial resistance, bacteria, LMICs, susceptibility
testing, bacteriophages, and water treatment. This
search yielded a total of 660 papers, from which
215 duplicates were removed. Articles that did
not meet the specified criteria were also ex-
cluded:
o Written before 2012 (105 articles were ex-
cluded)
e Written in English (60 articles were ex-
cluded)
e Referring to ESKAPE pathogens in human
health (65 articles were excluded)
e Not open access source (79 articles ex-
cluded)

o Not full-text type (99 papers excluded)

The remaining papers (n=37) were used as

sources for the Introduction and the Discussion
sections of this paper. Priority was given to arti-
cles detailing the status of ESKAPE pathogens in
other LMICs globally, as well as in the three larg-
est economies from distinct regions of the world:
Japan (Asia), Germany (Europe), and the USA
(Americas), for comparative analysis.

RESULTS

In the process of selecting strains for research,
different biosubstrates were sampled. The pro-
portion of biosubstrates was as follows: 8 isolates
from blood and urine, 4 samples from pharyngeal
swabs and wound content. Six samples were ob-
tained from different biosubstrates: sputum,
bronchoalveolar lavage, and feces. The isolated
species were: E. coli, K. pneumoniae, S. aureus, E.
faecium, P. aeruginosa, and Acinetobacter spp.

(fig.1).

-
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Figure 1. Biosubstrates investigated and bacterial species identified in each biosubstrate, absolute
numbers.

Out of the 31 strains selected for research,
41.93% were K. pneumoniae, 22.58% were iden-
tified as P. aeruginosa, followed by E. coli and Aci-
netobacter spp. with 9.68% and 12.9%, respec-
tively. S. aureus and Enterococcus spp. were iden-
tified in 9.68% and 3.23% of cases, respectively.
Subsequently, the resistance profile for each iso-

late was determined and then grouped by species.
Thus, 8 out of 13 isolates (61.5%) of K. pneu-
moniae were found to be PDR micro-organisms
(non-susceptible to all commercially available an-
timicrobial agents), and 3 others (23.07%) were
XDR strains, being susceptible only to Car-
bapenems. E. coli isolates (n=3) showed distinct
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susceptibility patterns with selective susceptibil-
ity to agents of each class. It should be noted that
for ord. Enterobacterales susceptibility to Penicil-
lins, Cephalosporins, Carbapenems, Fluoroquin
olones, and Aminoglycosides was tested, with a
total of 16 antibiotics. Susceptibility testing of P.
aeruginosa isolates included the same 5 classes of
antibiotics (7 antibiotics) and the results are in

cluded in Table 1. The antibiotics tested from each
class were: Piperacillin-tazobactam from Penicil-
lins; Ceftazidime and Cefepime from Cephalo-
sporins; Imipenem and Meropenem from Car-
bapenems; Ciprofloxacin from Fluoroquinolones
and Amikacin from Aminoglycosides, respec-
tively.

Table 1. Results of susceptibility testing of P. aeruginosa isolates.

Penicillins Cephalosporins Aminoglyco- Fluoroquin- Carbapenems
Isolate ;
sides olones
Isolate no. 13 R R R R R
Isolate no. 16 R R R R R
Isolate no. 17 R I R R I
Isolate no. 18 I I S I I
Isolate no. 22 R R R R R
Isolate no. 25 R R R R R
Isolate no. 29 R R R R R

Note: R - resistant; S - susceptible; I - intermediate (susceptible, increased exposure)

*The interpretations in the table mean that the results obtained were the same for all tested antimicrobials be-

longing to the same class.

The statistics showed that 71.4% of the isolates
were PDR strains and one isolate (14.28%)
showed characteristics of an XDR strain. Of all iso-
lates, only one was susceptible to aminoglycoside
antibiotics.

The 4 isolates identified as Acinetobacter spp.
were tested for susceptibility to 6 antimicrobials
categorized into 3 groups: Aminoglycosides, Fluo-
roquinolones, and Carbapenems. The results

showed that 3 out of 4 isolates are PDR strains,
and the fourth is susceptible only to Aminoglyco-
sides (Tobramycin, Gentamycin, and Amikacin).
The same testing procedure was done for S. au-
reus strains (tab. 2). Susceptibility of S. aureus
strains was tested for: Cefoxitin (Cephalospor-
ins), Ciprofloxacin, Ofloxacin, Norfloxacin (Fluro-
quinolone); Vancomycin (Glycopeptides and lipo-
glycopeptides), and Linezolid (Oxazolidinones).

Table 2. Resistance profile of S. aureus strains, n=4.

Isolate Cephalosporins Fluoroquinolones Glycopeptides Oxazolidinones
Isolate no. 8 R I S S
Isolate no.18 R R S S
Isolate no.19 R R S S
Isolate no.30 R R S S

Note: R - resistant; S - susceptible; [ - intermediate (susceptible, increased exposure)

*The interpretations in the table mean that the results obtained were the same for all tested antimicrobials be-

longing to the same class.

The resistance profile of S. aureus strains showed
that they were 100% susceptible to Glycopep-
tides and Oxazolidones. They were also 100% re-
sistant to Cephalosporins and 3 out of 4 isolates
were also resistant to Fluoroquinolones. The only
isolate of the genus Enterococcus (E. faecium) was

susceptible to Vancomycin and Linezolid and was
resistant to Ampicillin.

Testing for the presence of resistance mecha-
nisms revealed that among the 13 K. pneumoniae
isolates, one exhibited the ESBL mechanism,
while eight showed the presence of carbapene-
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mases. In all cases, the 0XA-48 type enzyme (sub-
type NDM) was detected in 62.5% of these in-
stances (confirmed by immunochromatographic
tests). In the other cases, although initially the
strains were suspected of resistance mechanisms,
this was not confirmed phenotypically. In the case
of E. coli, 2 out of 3 isolates were ESBL-producing
strains, the third being negative for both tested
mechanisms. In the case of the 7 P. aeruginosa
strains, testing for the presence of resistance
mechanisms gave the following results: 71.42%
(n=5) tested negative for carbapenemases, and in
the case of the other 2 isolates, the result was pos-
itive, with one isolate producing NDM and the sec-
ond, VIM enzymes. Finally, the double diffusion
test and immunochromatographic tests of Aci-
netobacter spp. showed that 2 isolates (50%)
were 0XA-23 enzyme-producing strains, and the
remaining were not.

DISCUSSIONS

Throughout our research on AMR, with a focus on
infection etiology and the status of circulating
strains (MDR, XDR, PDR), we have consistently
found that antimicrobial resistance is a global
problem, but the level of understanding and
depth of approach varies from country to country
and region to region. Consequently, we were able
to compare our results with those obtained in in-
dividual country studies as well as regional and
global studies. Inoue K. et al. concluded that mor-
tality from infections with ESBL-producing mi-
croorganisms is higher compared to the rest of
the ARB (22). The study by Silvester R. et al.
showed that K. pneumoniae in all LMICs tends to
exhibit ESBL resistance mechanisms, CP as well as
combined genotypes, and these cause a greater
burden on the healthcare system, especially as
there are cases where healthy people are reser-
voirs of enzyme-producing bacteria, but also be-
cause they are the most frequently isolated bacte-
ria encountered in hospital settings (10, 17, 20).
Our study aligns with these findings, as Moldova
is an LMIC, and AMR, as a multidimensional pro-
cess, is a significant concern for the healthcare
system.

However, many studies focus on various aspects
of AMR occurrence and "frequency” in the health
system, society, and the environment. Three stud-
ies conducted in Cameroon, Morocco, and Vi-
etnam showed Enterobacteriaceae as the most
frequently isolated microorganisms, followed by

S. aureus, as we determined, but Camara N. and
Haeeb A. determined an opposite situation in
Tanzania and Saudi Arabia (2,9, 27, 28, 29). When
analyzing isolates according to the source (bio-
substrate), studies focusing on uropathogens
showed that E. coli is the most frequent uropath-
ogen followed by K. pneumoniae (in Ethiopia and
USA), compared to 2 studies from Romania show-
ing 2 distinct situations - one study showed a sim-
ilar situation as in Ethiopia, and the second one
showed a distinct situation - with P. aeruginosa
on the first place similar to the one in Mexico (14,
25,3031, 32). Still, none of them delivered results
similar to the ones in this paper.

Finally, the comparative analysis of ESKAPE path-
ogen resistance profiles in different countries and
regions is equally diverse. For E. coli isolates,
studies in Tanzania showed the highest rate of re-
sistance to Penicillins and Aminoglycosides,
which correlates with the results of similar stud-
ies in Greece, Romania and Mexico and is similar
to the results obtained in this paper (2, 31, 32,
33). However, there are also studies showing
higher rates of resistance to other classes of anti-
microbials - Fluoroquinolones and Cephalospor-
ins (9, 32). Regarding K. pneumoniae, this study
had similar results to those from Mexico and Tan-
zania, where the isolates had the second highest
proportion of MDR profiles, and Morocco, where
in addition to MDR status an alarming rate of car-
bapenemase-producing strains was detected (2,
29, 32). The results obtained on carbapenemase
production by ord. Enterobacterales are in con-
trast to those obtained by researchers in Vietham
(LMIC) and Germany (9, 34). P. aeruginosa, an-
other important microorganism in the etiology of
infectious diseases, is one with a high proportion
of PDR strains in this study, which is however
very rarely found in other regions and countries,
such as China, Greece, EU (33, 34, 35). The situa-
tion in Acinetobacter spp. is not much different in
the same regions.

If we look at the Gram-negative microorganisms
as a whole, part of the ESKAPE group, the trend of
MDR strains (either XDR or PDR) circulation is
constantly increasing, even reaching 100% in
some LMICs. This phenomenon will inevitably
create huge treatment costs, potentially amount-
ing to tens of millions of dollars, as estimated by
Australian epidemiologists (26, 29, 32, 36), calcu-
lated for a one-year period in Australia. LMICs do
not have sufficient financial resources to treat pa-
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tients and combat the long-term effects of re-
duced work capacities of the ill population, as
well as the environmental damage and impacts on
other economic sectors. To this end, both our
study and the analyzed research focused on the
description of pathogens of the ESKAPE group,
the latter being potential targets for treatment
with specific bacteriophages after their uninten-
tional discharge into surface waters or sewage

systems. Given the ubiquitous presence of bacte-
riophages in the environment and their ease of
development, their use is much more economi-
cally efficient for water treatment and for slowing
down the spread of AMR in the environment, and
consequently, for minimizing the danger that this
phenomenon poses for the human population.

CONCLUSIONS

1.

AMR is an ongoing and significant issue that can lead to serious consequences. The data and analysis
from this study demonstrate that AMR is a prevalent concern in healthcare institutions, irrespective
of regional variations and circumstances.

To comprehend the AMR characteristics within the country, it is imperative to conduct an initial
analysis on a small scale. This will facilitate the development of a comprehensive overview that can
be compared with the regional situation.

This study revealed the concerning presence of AMR among ESKAPE pathogens in Moldovan hos-
pitals, with limited treatment options available. This necessitates an urgent response and the ex-
ploration of innovative solutions.

This study stands as a cornerstone for the development of optimal solutions to combat AMR in the
country, as it includes the analysis of potential cost-effective treatment targets.

Given the country's economic conditions, research and interventions aimed at characterizing the
AMR phenomenon and identifying/developing bacteriophage targets for water treatment will serve
as a crucial starting point to mitigate the impact of AMR. This is particularly significant considering
that phages are present in the environment where resistant bacteria from hospitals ultimately con-

tribute to the cycle of the AMR phenomenon.
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