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Abstract
Multidrug-resistant Acinetobacter baumannii is a World Health Organization priority pathogen 
associated with hospital associated outbreaks. Its occurrence in vegetables and fruits is limited, 
with only a few reports till now but raising concerns regarding unnoticed community and hospital 
transmission. Grapes and environmental samples were screened for A. baumannii and cultured on 
selective media, bacteria were identified using species-specific PCR, VITEK, and biochemical testing. 
CLSI 2024 guidelines were used for antimicrobial susceptibility. Bacteriophages were isolated from 
Ganga, sewage, soil by enrichment, purification and plaque assay was done. Stability was measured 
throughout pH 3-10 and -80 °C to 60 °C, and transmission electron microscopy was used to analyse 
the morphology. A. baumannii isolates from different sources as soil and grapes showed resistance to 
multiple antibiotics. Five bacteriophages were isolated, ΦABGR01 and ΦABGR03, showed strong in 
vitro lytic activity against A. baumannii. These phages were stable and active across a wide pH (3-10) 
and temperature (-80 °C to 60 °C). Transmission electron microscopy revealed a podovirus morphotype 
with an icosahedral capsid and a short, non-contractile tail. This is the first report of MDR A. baumannii 
isolated from retail grapes in India, indicating a potential foodborne reservoir for this critical pathogen. 
Strong in vitro stability and activity were shown by environmental lytic phages, highlighting their 
potential as alternative treatments. These results underline the necessity of more thorough food 
safety monitoring as well as upcoming research that includes both in vivo and genomic validation.
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INTRODUCTION

	 Multidrug-resistance is a major global 
threat due to limited treatment options. 
Antimicrobial resistance is spreading rapidly due 
to complex interactions between human, animal, 
food, and environmental reservoirs as well as 
clinical antibiotic misuse, highlighting the need 
for comprehensive surveillance approaches. 
Environmental and food-associated reservoirs 
have a major role in the survival and spread of 
antimicrobial resistance, especially in low- and 
middle-income countries, according to recent 
global surveillance studies.1,2

	 A. baumannii is identified as a critical 
priority pathogen as per World Health Organization 
because of its unique ability to develop resistance, 
produce biofilms,3 and survive in hospitals as well 
as communities.4 These characteristics enhance its 
persistence and involvement in severe infections 
associated with healthcare across the world 
particularly ventilator-associated pneumonia, 
bloodstream infections, and wound infections in 
intensive care settings.4

	 Although A. baumannii is primarily 
associated with healthcare facilities, there 
is increasing evidence that food-related and 
environmental sources may serve as reservoirs for 
the dissemination of MDR strains. It can survive 
in environmental reservoirs due to its ability to 
withstand desiccation, nutritional limitation, and 
fluctuations in temperature. These reservoirs may 
serve as unnoticed sources of community exposure 
and reintroduction into hospital settings.5

	 Since fruits and vegetables are frequently 
eaten raw and might get contaminated by irrigation 
water, soil contact, post-harvest handling, or 
transportation, fresh produce represents a special 
interface between the environment and human 
exposure.
	 The isolation of MDR bacteria, including 
ESKAPE pathogens, from vegetables, milk, meat, 
and other food commodities has been reported 
in a number of investigations, indicating that food 
products may act as unidentified conduits for the 
spread of clinically significant resistant strains.3,6 
Presence of MDR A. baumannii potential in retail 
produce, such as grapes, raises concerns related to 
food safety and the spread of clinically significant 

bacteria other than hospitals. A. baumannii 
has been found in vegetables, raw meat, and 
milk in previous studies, raising concerns about 
foodborne exposure routes that are still mainly 
unexplored.7,8 Due to their clustered structure and 
minimal processing before consumption, which 
may promote bacterial persistence and cross-
contamination, the detection of MDR A. baumannii 
in retail fruits like grapes is particularly concerning. 
A. baumannii belongs to the ESKAPE group of 
pathogens- Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, and 
Enterobacter spp.- which together responsible for 
a large percentage of hospital-acquired infections 
and are notorious for their ability to “escape” the 
effects of antimicrobial agents. Significantly, a 
number of ESKAPE infections have recently been 
found in food-associated and environmental 
reservoirs, highlighting the connection between the 
dynamics of environmental and clinical antibiotic 
resistance.9,10 Concerns of silent community 
exposure and environmental amplification of 
resistance features have been raised in recent 
years by increasing detection of ESKAPE infections 
outside of hospital settings, such as fresh produce, 
wastewater, and agricultural soil, food processing 
environments and wastewater.11-13

	 Food safety, environmental reservoirs, 
and human health all require being taken into 
consideration simultaneously when addressing 
antimicrobial resistance within the framework of 
One Health. Because of host specificity and capacity 
to target antibiotic-resistant bacteria, particularly 
biofilm forming strains, bacteriophages have re-
emerged in this context as promising biological 
control agents.14 Environmental sources such as 
river, sewage water are rich in bacteriophages and 
are useful for isolating phages that are effective 
against multidrug-resistant pathogens.
	 In this study, we investigated occurrence 
of MDR A. baumannii isolated from grapes and 
evaluated the effectiveness of environmental lytic 
phages against these isolates in vitro. In addition 
to highlighting the application of bacteriophages 
as alternative approaches within a One Health 
strategy, this work offers preliminary evidence of 
a possible food-associated reservoir of a critical 
priority pathogen.
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METHODOLOGY

Sample collection and bacterial isolation
	 Environmental samples (soil, pond 
water, Ganga River water, and sewage) and retail 
grape (Vitis vinifera) samples, including visibly 
damaged/rotten fruits, were collected aseptically 
from Varanasi, India. Samples were collected from 
five different sources as part of an exploratory 
environmental screening: soil, pond water, river 
water, sewage, and retail grapes. A. baumannii 
was isolated from three of these sources soil and 
retail grape samples but not from any of the other 
environmental sources.
	 After being collected, the grapes were 
processed within two hours after being brought to 
the lab in sterile containers. Samples were surface 
sterilized by soaking them in 70% ethanol for one 
minute, then 2% sodium hypochlorite for two 
minutes, and then rinsing them three times with 
sterile distilled water. After that, aliquots of the 
wash suspension were serially diluted and plated 
on Leeds Acinetobacter agar. For 24 hours, plates 
were incubated at 37 °C. For further study, colonies 
with morphology compatible with Acinetobacter 
were purified by subculturing on MacConkey and 
blood agar.

Identification of A. baumannii
	 Preliminary identification was done by 
Gram staining and biochemical assays. Molecular 
analysis and the VITEK® 2 system (bioMerieux) 
were used to further confirm the isolates. The 
Phenol-Chloroform-Isoamyl Alcohol (PCI) method 
was used to extract the genomic DNA, and PCR 
utilizing A. baumannii-specific primers (ITSF/ITSB) 
as previously described by Chiang PCR conditions 
included an initial denaturation at 94 °C for 3 min, 
followed by 35 cycles of 94 °C for 45 sec, 50 °C for 
45 sec, 72 °C for 1 min, and final extension at 72 
°C for 7 min. To identify the species 1% agarose gel 
electrophoresis was used to visualize the amplified 
results.15

Antimicrobial susceptibility testing
	 Using the Kirby-Bauer disk diffusion 
method on Mueller-Hinton agar, antimicrobial 
susceptibility was evaluated according to the 
standards set out by the Clinical and Laboratory 
Standards Institute (CLSI, 2024). Amikacin, 

ciprofloxacin, levofloxacin, ceftazidime, imipenem, 
gentamicin, meropenem, cefepime, cotrimoxazole, 
doxycycline, cefotaxime, ceftriaxone, and 
piperacillin-tazobactam were among the antibiotics 
that were evaluated. By using broth microdilution, 
the minimum inhibitory concentrations (MICs) for 
colistin and polymyxin B were determined.16

Isolation and purification of bacteriophages
	 Sterilized containers were used to collect 
environmental samples (Sir Sundar Lal hospital 
sewage, Banaras Hindu University, Varanasi and 
Ganga Water, Varanasi) and store at 4 °C until 
processing. After centrifuging the samples for 15 
minutes at 10,000 rpm at 4 °C, the supernatant was 
filtered using 0.22 µm filters. Log-phase cultures 
of A. baumannii were added to the filtrates, which 
were then incubated for overnight. The double-
layer agar plaque assay was used to validate the 
presence of phages, which had been identified 
by spot assay. Three rounds of plaque isolation 
were performed to select, multiply, and purify 
individual plaques and plates were incubated at 
37 °C for 18-24 hour. Membrane dialysis with 
polyethylene glycol (PEG) precipitation produced 
high-titer lysates, which were then preserved at 4 
°C in phosphate-buffered saline (PBS).17,18 

Phage stability assays
	 Spot assay was performed after phage 
suspensions (10⁸ PFU/mL) were incubated in TMG 
buffer for three hours at 37 °C in order to evaluate 
phage stability at various pH values (3-10). For 
temperature phage suspensions were incubated at 
-80 °C, -20 °C, 4 °C, 28 °C, 37 °C, 40 °C, 50 °C, and 
60 °C for three hours in order to assess thermal 
stability.19

Transmission Electron Microscopy (TEM)
	 After using 0.22 µm syringe filters, the 
most active phages (ΦABGR01 and ΦABGR03; 1.0 
× 109 PFU/mL) were centrifuged for 90 minutes at 
20,800 × g. Pellets were resuspended in the same 
buffer after three rounds of washing with 0.1 M 
ammonium acetate. Samples were examined 
under a transmission electron microscope (TALOS, 
Thermo Scientific, AIIMS, New Delhi, India) after 
being negatively stained with 2% uranyl acetate on 
carbon-coated formvar grids. ImageJ software was 
used to measure the size of the capsid and tail.20
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Phage genotyping by ERIC-PCR
	 After extracting the phage DNA, ERIC-
PCR was performed using the primers ERIC-F  
(5'-ATGTAAGCTCCTGGGGATTCAC-3') and ERIC-R  
(5'-AAGTAAGTGACTGGGGGGAGCG-3'). The 
genetic diversity of the phage isolates was 
evaluated by comparing the banding patterns of 
PCR products that were resolved on agarose gels.21

RESULTS 

Isolation and identification of A. baumannii
	 Two A. baumannii isolates were found 
in grapes and one in soil out of all the analysed 
samples; no isolates were found in drinking water. 
Colonies on Leeds Acinetobacter agar appeared 
pink Large, smooth, light pink colonies appeared on 
MacConkey agar whereas translucent, colourless 

colonies were seen on blood agar, Gram-negative 
coccobacilli were identified by Gram staining 
(Supplementary Figure 1 A-E). The isolates were 
identified as A. baumannii by biochemical testing 
and VITEK® 2 (bioMerieux).

Genotypic identification by PCR
	 The identification of A. baumannii was 
confirmed by PCR amplification using species-
specific primers, which yielded the expected 208 
bp amplicon (Figure 1).

Antimicrobial susceptibility
	 The grape isolate was resistant to all 
tested first- and second-line antibiotics, including 
ampicillin-sulbactam, ceftazidime, imipenem, 
fluoroquinolones, aminoglycosides, doxycycline, 
and cotrimoxazole. Resistance to last resort 
polymyxin B and colistin was also observed, 
confirmed by MIC testing. The isolate was 
therefore classified as multidrug-resistant (MDR) 
(Figure 2a,b).

Phage isolation and lytic activity
	 Five phages were isolated for resistant 
bacteria from sewage named ΦABGR01, 
ΦABGR02, ΦABGR03, ΦABGR04 and ΦABGR05. 
In vitro lytic activity of the isolated bacteriophages 
was confirmed using the double-layer agar 
plaque assay, which demonstrated clear plaque 
formation on A. baumannii lawns (Figure 3). A.  
baumannii isolates demonstrated that ΦABGR01 
and ΦABGR03 were the most potent, and these 
were selected for further characterization.

Figure 2. (a) Resistance of A. baumannii to first-line antibiotics; (b) Resistance of A. baumannii to second-line 
antibiotics

Figure 1. PCR amplification showing 208 bp amplicon 
specific for A. baumannii (Lane 1: ladder, Lane 2: positive 
control, Lanes 3-5: isolates)
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Phage stability on different Temperature and pH
	 The phage ΦABGR01, ΦABGR03 retained 
lytic activity across temperatures ranging from -80 
°C to 60 °C and pH levels of 3-10 (Figure 4a, 4c). The 
activity was lost 70 °C. (Figure 4b, 4d). The control 
was an untreated phage lysate kept under standard 

laboratory conditions without being exposed to pH 
or temperature stress.

Morphological characterization
	 Transmission electron microscopy 
revealed that ΦABGR01 and ΦABGR03 exhibit a 
podovirus morphotype with an icosahedral capsid 
and a short, non-contractile tail. (Figure 5a,b).

Phage genotyping
	 ERIC-PCR analysis of the five phages 
produced distinct banding patterns ranging from 
~100 bp to 4500 bp, indicating genetic diversity 
among the phage isolates (Figure 6).

DISCUSSION

	 A. baumannii is becoming one of the 
most important critical pathogens of concern 
due to the global rise of antibiotic resistance in 
clinical microbiology.9 It is also part of the ESKAPE 
pathogens Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, and 

Figure 4. Stability of bacteriophages ΦABGR01 and ΦABGR03: (a, c) pH stability (3-10), and (b, d) temperature 
stability (-80 to 60 °C). Untreated phage lysate maintained under routine laboratory conditions served as the control

Figure 3. Plaque morphology of isolated bacteriophages 
on Acinetobacter baumannii using the double-layer 
agar method
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Enterobacter spp. a group responsible for 
the majority of multidrug-resistant infections 
worldwide. Although A. baumannii has traditionally 
been associated with nosocomial infections, 
increasing evidence indicates its presence in non-
clinical environments, including food, milk, retail 
meat, water, and soil.5,22-24 Multidrug-resistant A. 
baumannii was found in grapes in India in this 
study, which is an uncommon but significant 
source that points to a possible foodborne route 
of transmission. The importance of environmental 
surveillance within a One Health framework that 
connects human, animal, and environmental 

health has been highlighted by similar findings 
from soil, water, and raw food commodities. To 
the best of our knowledge, this is the first report 
of MDR A. baumannii isolated from grapes in India.
	 Grapes are eaten raw, frequently 
without being thoroughly cleaned, and because 
of their clustered structure, contamination can 
spread from one contaminated fruit to others 
around it. Customers are actually at risk of 
unnoticed  exposure as a result. A. baumannii 
has also been found in goat milk, meat, juice, 
chapati and vegetables in previous studies, 
3,7,8,25-29 indicating that food items could be 

Figure 5. (a) Transmission electron microscopy (TEM) image of ΦABGR01 showing a hexagonal capsid and short 
non-contractile tail characteristic of podovirus morphotype; (b) Transmission electron microscopy (TEM) image 
of ΦABGR03 showing a hexagonal capsid and short non-contractile tail characteristic of podovirus morphotype

Figure 6. ERIC-PCR profiles of bacteriophages ΦABGR01–ΦABGR05 showing distinct banding patterns (Lane 1: 1 
kb molecular marker; Lanes 2-6: phage DNA)
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underappreciated sources of clinically significant 
MDR strains. Our results highlight how crucial 
it is to keep an eye on fresh produce as part of 
surveillance efforts for antibiotic resistance.
	 The isolated A. baumannii multidrug-
resistant strain correlates with reports from 
around the globe indicating a rapid increase of 
resistance to several antibiotic classes, including 
last-resort drugs. Since MDR strains may increase 
exposure at the community level and make 
infection control more difficult, their presence 
in food matrices is especially concerning. These 
results highlight the critical need for antimicrobial 
methods other than traditional antibiotics.
	 Bacteriophages that are effective against 
MDR A. baumannii have been successfully 
isolated from environmental sources such soil and 
sewage. This finding aligns with previous studies 
showing that environments with high bacterial 
population exposure contain a variety of phages 
that can infect clinically significant infections. 
The recovery of phages with high antibacterial 
activity lends credence to their prospective 
application as supplementary or alternative 
methods for managing MDR A. baumannii in 
food-related and environmental contexts. In this 
study, five phages were isolated from hospital 
sewage and river water, of which ΦABGR01 and 
ΦABGR03 produced clear and well defined plaques 
demonstrated effective in vitro lytic activity against 
host bacterium. The robustness of ΦABGR01 
and ΦABGR03 under a variety of environmental 
conditions is demonstrated by their stability over a 
broad range of pH values (3-10) and temperatures  
(-80 °C to 60 °C). For possible uses in environmental 
biocontrol and food safety, where changing 
physicochemical conditions are frequent, this 
stability is especially beneficial. The loss of activity 
at 70 °C is in line with the thermal inactivation 
characteristics of other bacteriophages that have 
been documented. ΦABGR01 and ΦABGR03 have 
a podovirus morphotype, which is defined by an 
icosahedral capsid and a short, non-contractile tail, 
according to transmission electron microscopy. 
Genetic diversity demonstrated by ERIC-PCR 
further supports their adaptability as therapeutic 
candidates.
	 This preliminary study has several 
limitations. The small sample size and geographic 

limitation may not accurately represent the wider 
spread of MDR A. baumannii in food sources. In 
addition, in this study, the lytic activity of the 
isolated bacteriophages was tested only against 
the MDR A. baumannii isolates obtained from 
grapes and soil. Testing against a broader panel 
of clinical and environmental Acinetobacter 
strains would provide a more comprehensive 
understanding of their host range and potential 
applications. Future work will address this by 
including additional strains and performing 
genomic characterization of the phages. In vivo 
tests and whole-genome sequencing of bacterial 
and phage isolates were outside of the focus 
of this study but are an important part of our 
continuing research. Despite these limitations, the 
current study provides the first evidence of MDR 
A. baumannii in grapes and provides foundations 
for further extensive, multi-focused investigations 
that include genetic characterisation and in vivo 
confirmation.
	 Our findings raise concerns about a 
possible foodborne reservoir of this high-priority 
pathogen by offering early evidence of MDR A. 
baumannii in retail grapes. Stable, lytic phages 
have been isolated and characterized, indicating 
their potential as biocontrol or alternative 
therapies. These findings emphasize the value of 
integrated strategies that tackle the worldwide 
problem of antibiotic resistance by combining 
environmental monitoring, food safety, and 
cutting-edge treatments like phage therapy.

CONCLUSION 

	 The present study highlights fresh 
produce as a possible environmental reservoir of 
this clinically significant bacterium by reporting 
the isolation of multidrug-resistant A. baumannii 
from retail grapes in India. The presence of MDR A. 
baumannii in a food item that is frequently eaten 
raw highlights the significance of food-based and 
environmental surveillance in combating antibiotic 
resistance within a One Health framework.
	 Additionally, bacteriophages from 
environmental sources that showed potent in 
vitro lytic activity against the isolated MDR A. 
baumannii strain were successfully retrieved. 
The potential use of phages ΦABGR01 and 
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ΦABGR03 in environmental or food-associated 
biocontrol techniques is supported by their 
stability throughout a broad range of pH values and 
temperatures. A podovirus morphotype with an 
icosahedral capsid and a short, non-contractile tail 
was identified by morphological characterisation 
using transmission electron microscopy.
	 This study provides the foundation for 
future research, while being preliminary and 
limited by sample size, host range analysis, and 
the absence of genetic characterisation. To fully 
understand the life cycle, safety, and possible 
applications of these bacteriophages, more 
research involving whole-genome sequencing, 
broader host spectrum testing, and in vivo 
evaluation will be essential. These findings highlight 
the importance of future in vivo validation 
of bacteriophage-based approaches within 
integrated One Health strategies, also  the need 
for increased epidemiological surveillance of A. 
baumannii across both clinical and environmental 
reservoirs, and highlight the role of food and 
environmental niches in the dissemination of 
antimicrobial resistance.

SUPPLEMENTARY INFORMATION

Supplementary information accompanies this 
article at https://doi.org/10.22207/JPAM.20.2.36

Additional file: Figure S1.
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