Le Infezioni in Medicina, n. 3, 324-333, 2026
doi: 10.53854/1iim-3403-6

KrZE ORIGINAL ARTICLES

Environmental isolation and in vitro
characterisation of bacteriophages
active against multidrug-resistant
Acinetobacter baumannii

Souradeep Chowdhury?, Nisha Rathor?, Manish Soneja3, Bimal Kumar Das?,
Ranveer Singh Jadon3, Naveet Wig3, Rama Chaudhry?

Department of Medicine and Microbiology, All India Institute of Medical Sciences (AIIMS), New Delhi, India;
2Department of Microbiology, All India Institute of Medical Sciences (AlIMS), New Delhi, India;
3Department of Medicine, All India Institute of Medical Sciences (AlIMS), New Delhi, India.

Article received 20 March 2026 and accepted 08 July 2026

SUMMARY

Background: The increasing prevalence of antimicro-
bial resistance (AMR) has created an urgent need for
alternative therapeutic strategies. Acinetobacter bauman-
nii, a major cause of hospital-acquired infections, has
been classified by the World Health Organization as a
critical priority pathogen due to its high levels of multi-
drug resistance. Bacteriophage therapy has re-emerged
as a potential approach to combat infections caused by
multidrug-resistant organisms.

Methods: Fifty multidrug-resistant (MDR) A. bauman-
nii clinical isolates were collected. Bacteriophages were
isolated from hospital sewage using standard enrich-
ment protocols and screened for lytic activity against
these isolates using spot and plaque assays. Morpho-
logical characterization of purified phages was per-
formed using transmission electron microscopy.
Results: Three bacteriophages — vB_AbaS_SRNAIIMS002,
vB_AbaS_SRNAIIMS008, and vB_AbaP_SRNAIIMS010
— were isolated and demonstrated lytic activity against

B INTRODUCTION

he widespread use of antimicrobials has
played a pivotal role in enabling many of the
advances in modern medicine, including complex
surgical procedures, intensive care and oncologic
interventions. However, the increasing prevalence
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MDR A. baumannii. Plaque assays revealed clear central
zones with surrounding halos, indicating active bacterial
lysis. Host range testing showed that two phages exhibit-
ed activity against multiple clinical isolates, whereas one
displayed a narrow host range. Transmission electron
microscopy revealed that two phages belonged to the
family Siphoviridae, whereas one was morphologically
consistent with the family Podoviridae.

Conclusions: This study reports the isolation and charac-
terization of three bacteriophages active against MDR
A. baumannii. These findings highlight the feasibility of
isolating lytic phages from environmental sources and
support further investigation of bacteriophage thera-
py as a complementary strategy to address infections
caused by multidrug-resistant pathogens.

Keywords: Bacteriophage therapy, Acinetobacter bauman-
nii, multidrug resistance, phage isolation, antimicrobial
resistance

of infections caused by multidrug-resistant organ-
isms (MDROs) has emerged as a significant barri-
er to effective clinical care. Among these, Acineto-
bacter baumannii has gained particular prominence
due to its extensive drug resistance and associa-
tion with high morbidity and mortality in hospital
settings [1, 2]. Indeed, in the 2017 WHO list of or-
ganisms against which new antibiotic develop-
ment is urgently required, the name of Acinetobac-
ter baumannii was listed among the critical-priority
pathogens [3].

The limited therapeutic options for this pathogen
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have prompted renewed interest in alternative an-
timicrobial strategies.

One such strategy is bacteriophage therapy, which
involves the use of viruses that specifically infect
and lyse bacteria. While the therapeutic potential
of bacteriophages was recognized as early as 1919,
interest waned following the advent of broad-spec-
trum antibiotics [4]. With rising resistance trends,
bacteriophage therapy is re-emerging as a promis-
ing area of research [5].

This study aimed to isolate and characterise novel
bacteriophages targeting A. baumannii, with the
objective of evaluating their host range, morpho-
logical characteristics, and in vitro lytic activity to
determine their therapeutic potential. An over-
view of the overall study workflow is shown in
Figure 1.

B MATERIALS AND METHODS

Bacterial isolate identification and susceptibility testing
The work was conducted between January 2020
and June 2022 following ethical clearance from the
Institute Ethical Committee (Ref. No. IECPG-636 /
28.11.2019).

Fifty clinical isolates of Acinetobacter baumannii
were obtained from the Bacteriology Lab, Depart-

ment of Microbiology. Species identification was
performed using the MALDI-TOF system and
subsequent susceptibility testing was done by disc
diffusion method in accordance with the Clinical
and Laboratory Standards Institute (CLSI) guide-
lines [6]. Isolates were classified as MDR if they
were resistant to at least one agent in three or more
antimicrobial classes. Antibiotic classes tested in-
cluded beta-lactam /beta-lactamase inhibitor com-
binations (piperacillin-tazobactam), carbapenems
(imipenem, meropenem), fluoroquinolones (cip-
rofloxacin), cephalosporins (ceftazidime), amino-
glycosides (amikacin), and polymyxins (colistin).
Isolates with intermediate results were catego-
rised as non-susceptible, in accordance with CLSI
breakpoints [7].

Isolation, purification and host range determination
of bacteriophages

Hospital sewage water was collected, maintaining
standard precautions, and transported to the labo-
ratory. The isolation of bacteriophages (henceforth
interchangeably referred to as phages) was done
according to the protocol described by Ellis et al.,
with slight modifications [8]. Briefly, the sewage
water was treated with 1% chloroform (v/v) and
centrifuged at 10,000 rpm for 10 minutes. The re-
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Figure 2
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sultant supernatant was mixed 1:1 by volume with
the log-phase bacterial cultures described above,
and incubated overnight at 37°C. This was similar-
ly treated with chloroform and after centrifuga-
tion, the supernatant was used for spot and plaque
assays for phage detection and host range assess-
ment. The details of the spot assay are given in
Figure 2.

To observe the lytic activity of bacteriophages,
bacterial suspensions adjusted to an OD600 of 2.0
were plated on Mueller-Hinton Agar (MHA) (Hi-
Media Laboratories Pvt. Ltd) and incubated at
37°C for 2 hours. A 10 pL aliquot of the phage
preparation was spotted onto the bacterial lawn
and incubated overnight to observe zones of lysis.
For the plaque assay, serial dilutions (10-fold)
were made from bacteriophage preparation and
100 pL from each dilution was added to the expo-
nentially grown host bacterial culture (200 uL),
and incubated for 15 min at 37°C. To the mixture,
5 mL of molten soft agar (0.75% agar) was added
and overlaid onto prepared MHA or LB agar plate
(with 1.5% agar). The plates were incubated at
37°C overnight to observe the plaques. Both as-
says were performed according to the method de-
scribed by Ellis et al., with slight modifications [8].

Transmission electron microscopy

Purified bacteriophage particles (500 puL) (107-
10°PFU/mL) were filtered using a 0.22 ym mem-
brane filter, centrifuged at 25,000 x g for 75 min,
and the pellet was washed with 0.1 M ammonium
acetate (pH 7.0). The resuspended pellet wasload-
ed onto a copper grid for 1 min followed by nega-
tive staining with 1% uranyl acetate (pH 7.0) and
drying. The method that was followed was that of
Newase et al., with slight modifications [9]. The
stained grid was visualized under Transmission
Electron Microscopy (Thermo Scientific Talos

L120C TEM) at an accelerating voltage of 120 kV.
Virus particle dimensions were measured using
the Image] computer program (version 1.53e),
with the software scale calibrated using the scale
bar obtained from the electron micrographs.

Bacteriophage lytic activity

Bacteriophage kinetics was performed to study
the in vitro lysis of bacteria through a change in
absorbance of optical density. The method fol-
lowed was modified from that of Chen et al. [10]
Briefly, 180 pL of bacterial culture in the log phase
(10° CFU/mL) was aliquoted into wells of a 96-
well microtiter plate. 20 uL of bacteriophage sus-
pensions was added to wells at different multiplic-
ities of infection (MOls) (100, 10, 1, 0.1, 0.01, 0.001).
MHA broth without Acinetobacter baumannii was
used as a negative control, and A. baumannii bacte-
ria without phage was a positive control for the
experiment. The microtiter plate was incubated at
37°C inside an incubator, and change in absorb-
ance at OD600 was recorded at 10 min intervals
for 390 min. Each experiment was performed in
triplicate.

B RESULTS

Bacterial isolates

A total of 50 clinical isolates were obtained from
clinical specimens. As shown in Figure 3, the ma-
jority were from respiratory sources: endotracheal
aspirates (n=32), sputum (n=6), and bronchoalve-
olar lavage (BAL) fluid (n=4). Other isolates were
from sterile body fluids (n=2), cerebrospinal fluid
(n=1), blood (n=1), and wound-related samples,
including tissues, swabs, and drain fluid.

All isolates met the criteria for multidrug resist-
ance, showing non-susceptibility to agents in three
or more antimicrobial classes (Figure 4). Notably,
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Figure 4 - The resistance profile of the Acinetobacter
baumannii isolates.

40 of the 50 isolates (80%) were resistant to carbap-
enems. High resistance rates were also observed
for piperacillin/tazobactam (90%), ciprofloxacin
(96%), ceftazidime (96%), and amikacin (94%). All
isolates tested for colistin were susceptible by
broth microdilution.

Bacteriophage morphology and host range

A total of three bacteriophages were isolated from
the sewage water, designated as vB_AbaS_SR-
NAIIMS002, vB_AbaS_SRNAIIMS008 and vB_
AbaP_SRNAIIMS010. The bacteriophages were
named in accordance with the proposed nomencla-
ture for bacteriophages by Kropinski et al. For brev-
ity, the phages are referred to as SRNAIIMS002, SR-
NAIIMS008 and SRNAIIMS010 respectively [11].
The plaque assay, done for all 3 phages with in-
creasing dilutions, showed similar morphology
and size of plaques with surrounding halos, con-
firming the presence of pure phage. SRNAIIMS002
showed a clear central zone measuring 3-4 mm in
diameter. with a 1-2mm radial halo around it. For

Figure 5 - Photograph showing plague assay of the
three isolated bacteriophages.

phage SRNAIIMS008, the central clearing meas-
ured 2-3mm in diameter, with a larger halo meas-
uring 4-5mm radially. SRNAIIMS010 had a
1-2mm clear zone and a surrounding 2-3mm halo
(Figure 5).

The spot assay was performed to evaluate the host
range of the three isolated phages. Phage SR-
NAIIMS008 showed lytic activity only against its
parent strain (1/50 isolates; 2%). Phage SR-
NAIIMS002 lysed 5/50 isolates (10%), and phage
SRNAIIMS010 lysed 11/50 isolates (22%). Com-
bined, the three phages demonstrated activity
against 17/50 isolates (34%). Lysis was confirmed
by both spot and plaque assays. The details of the
host range are given in Table 1.

The morphologies of the isolated bacteriophages
were revealed by TEM. For Phage SRNAIIMS002,
the head measured 76.15 nm across while the tail
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Table 1 - Isolated bacteriophages and their host range.

Figure 6 - TEM image of Phage vB_AbaS_SRNAIIMS002, a
bacteriophage of the family Siphoviridae, with a head
measuring 76.15 nm across and a 245.82 nm long tail.

Phage Number Indicator bacteria Host range
vB_AbaS_SRNAIIMSOO2 Al Al, B6, C1, D3, G6
vB_AbaS_SRNAIIMS008 A6 A6
vB_AbaP_SRNAIIMS010 C2 A3, A5, A6, B, B3, C2, F3, G6, H3, H5, H6
b : was 245.82 nm long (Figure 6). For Phage SR-
: e S ;‘," NAIIMS008, the head measured 43.5 nm across
5 b T ; w while the tail was 97.38 nm long (Figure 7). The
g i morphology of both phages was consistent with
.ﬁ - -@,_t_ 5 the family Siphoviridae of order Caudovirales,
o # ; based on head-tail architecture; however, defini-
. q tive taxonomic classification requires genomic

characterisation, which was not performed in this
study. Phage SRNAIIMS010 had a prominent ico-
sahedral head measuring 47.46 nm across and a
short stubby tail, morphologically consistent with
the family Podoviridae of Order Caudovirales
(Figure §8).

Phage lytic activity in vitro

Phage action on bacterial growth was observed
through a change in OD600 over 8 h of incubation.
In control wells (MOI: 0), uninhibited bacterial
growth followed a typical sigmoidal curve. In con-
trast, wells treated with phages at various MOlIs
(100 to 0.001) demonstrated varying degrees of
bacterial growth inhibition, confirming phage-me-
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Figure 8

TEM image of Phage
VB_AbaP_SRNAIIMS010,
a bacteriophage of the
family Podoviridae,
with a head measuring
47.46 nm across, and

a short and stubby tail.

diated lysis (Figure 9a-c). Higher MOIs (100 and  observed after an initial period of lysis, indicating
10) consistently produced the most pronounced  that bacterial populations can partially recover at
and sustained suppression of bacterial growth  suboptimal phage-to-bacterium ratios. These find-
across all three phages. At lower MOIs (0.01 and  ings confirm that lytic efficacy is MOI-dependent
0.001), partial or delayed bacterial regrowth was  in vitro.
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Figure 9 - Phage activity experiments

for the three bacteriophages at different MOI.
a) Phage vB_AbaS_SRNAIIMS002.

b) Phage vB_AbaS_SRNAIIMS008.

c) Phage vB_AbaP_SRNAIIMS010.
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B DISCUSSION

Acinetobacter baumannii represents an important
cause of hospital-acquired infections, especially
among hospitalized patients in the ICU [12]. The
most common A. baumannii infections in critically
ill patients include VAP, bloodstream infections
(BSI), complicated urinary tract infections (cUTI),
and wound infections [13]. An important charac-
teristic of A. baumannii is its remarkable ability to
persist in the environment and the rapid spread
across wards [12]. Furthermore, A. baumannii is
not only intrinsically resistant to multiple antimi-
crobials but also prone to acquiring new resistance
determinants through a variety of different mech-
anisms. [12, 14] In the last 10 years, Acinetobacter
baumannii has emerged as one of the major patho-
gens implicated in outbreaks of hospital-acquired
infections, especially in patients from intensive
care units [15-17]. Historically, carbapenems have
been the most potent and reliable B-lactam antibi-
otics for the treatment of serious infections caused
by A. baumannii [12]. However, the prevalence of
carbapenem-resistant A. baumannii (CRAB) is seri-
ously compromising the use of carbapenems in
the control of such infections [18]. CRAB is usually
resistant to almost all available antimicrobials. Al-
though colistin is effective against most CRAB, it
is a last-resort treatment due to high toxicity. Con-
sequently, treatment options for these infections
are limited and considerable mortality is associat-
ed with CRAB (about 50%) [19]. According to
CHINET surveillance from China, the average re-
sistance rate of A. baumannii to carbapenems is
more than 70% [20]. In India too, the worrying
rates of resistance in Acinetobacter baumannii were
highlighted by data from the Indian Council of
Medical Research (ICMR) [21]. These findings
highlight the urgent medical need to promote al-
ternatives to fight against CRAB infections.
Novel therapies including bacteriophage therapy
against drug-resistant A. baumannii have been re-
ported and reviewed [22-24]. There have been
multiple attempts to use bacteriophages both in
animal models and as instruments of infection
control [25-27].

Successful phage control of various strains of
Acinetobacter was demonstrated not only in vitro
but also in vivo [28]. Two newly isolated phages
infecting A. baumannii were characterized and
suggested as potential candidates for phage cock-

tail [29, 30]. Other two newly isolated phages
were characterized at genomic DNA level and
suggested as potential candidates for phage cock-
tail against CRAB [31]. Phage B¢-C62 was used to
successfully control CRAB infection the intrana-
sal route in mice model [32]. In addition to
demonstrating that phage treatment can be effi-
cacious when a panel of phages is isolated from
the environment against the particular strain
causing the infection, an animal study has also
demonstrated that the surviving A. baumannii
bacteria had decreased virulence [33]. A com-
bined lysis spectrum of four lytic phages against
clinically isolated CRAB was reported to be 87.5%
and phages were proven effective as therapeutic
agents for lung infection without deleterious side
effects in mice model [34]. Phages from multi-in-
stitute libraries were used to make a personalized
cocktail and proven effective for treating a dia-
betic human patient with necrotizing pancreatitis
complicated by an MDR A. baumannii infection
[35]. A bacteriophage-containing aerosol was
proven effective for cleaning and decreased the
rates of infection caused by CRAB in intensive
care units [36].

To our knowledge, this is among the few studies
from India to report the isolation and in vitro char-
acterisation of lytic bacteriophages from hospital
sewage specifically targeting MDR A. baumannii
clinical isolates. While previous studies have char-
acterised A. baumannii phages from international
sources, data from Indian clinical settings, where
carbapenem resistance rates frequently exceed
80%, remain limited. This study adds to the grow-
ing body of evidence supporting environmental
phage isolation as a strategy for identifying candi-
dates for future therapeutic development. In this
work, a total of 3 phages were specifically isolated
for A. baumannii from hospital sewage, two of
which exhibited strong efficiency at lysing differ-
ent A. baumannii clinical isolates, while one had a
narrower host range. This suggests that a variety
of lytic A. baumannii phages can be readily isolated
from the environment. These preliminary findings
suggest potential future application in controlling
clinical and hospital-acquired infections, although
further validation, including genomic characteri-
sation, in vivo studies, and safety assessment, will
be required before any clinical translation can be
considered. Two of the phages isolated were mor-
phologically consistent with the family Siphoviri-
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dae, while one was consistent with the family Po-
doviridae.

Among the merits of this study, this was a treat-
ment research study, and pertains directly to the
work in the field of non-antimicrobial methods of
treatment that is being carried out currently. The
phages isolated in the course of our study can be
sent to phage banks for storage. In the context of
Indian studies, this type of research is being done
in a few centres only.

There are certain limitations to this study. First,
genomic characterisation of the phages was not
performed, which limits definitive taxonomic clas-
sification and precludes assessment of lysoge-
ny-associated genes, toxin-encoding sequences, or
antibiotic resistance genes. Second, in vivo ani-
mal-based studies are required to understand
phage pharmacokinetics and efficacy within bio-
logical systems. Third, bacterial resistance emer-
gence against the isolated phages was not as-
sessed, which is important for evaluating their
durability as therapeutic candidates. Fourth, bio-
film-inhibition or eradication activity was not
evaluated, which is clinically relevant given that
A. baumannii forms robust biofilms in healthcare
settings. Finally, standardised purification and
concentration protocols will need to be established
prior to any compassionate use in therapy.

B CONCLUSIONS

This study demonstrates that environmental
sources such as hospital sewage represent a prac-
tical and accessible reservoir for isolating lytic bac-
teriophages against MDR A. baumannii. The suc-
cessful isolation and characterisation of three nov-
el bacteriophages —- SRNAIIMS002, SRNAIIMS008,
and SRNAIIMS010 - from hospital sewage con-
firmed lytic activity against multidrug-resistant
Acinetobacter baumannii. Two of these phages ex-
hibited broad-spectrum activity against multiple
clinical isolates, and morphological characterisa-
tion placed them within the Siphoviridae and Po-
doviridae families. These findings support the
feasibility of isolating effective lytic phages from
environmental sources and reinforce the potential
of bacteriophage therapy as a complementary or
alternative approach to combat MDR pathogens,
particularly CRAB. Further research is warranted
to evaluate their genomic safety profile, in vivo
efficacy, and therapeutic applicability.
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