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Abstract

Background: Nosocomial infections caused by Pantoea agglomerans have become an important potential
environmental reservoir in humans. Objective: The present study aimed to isolate, identify, and determine the
prevalence of P. agglomerans in the cardiac surgery unit of Al-Sader Teaching Hospital, Basrah Province, Iraq.
Methodology: 300 environmental swabs from cardiac surgery were biochemically identified and underwent
susceptibility testing to determine bacterial antimicrobial susceptibility. Findings were statistically analyzed using
SPSS to assess prevalence and identify antimicrobial susceptibility patternsfor hospital-acquired infections. Results:
A total of 96 P. agglomerans isolates were recovered from 300 environmental swab samples. The distribution of
isolates was as follows: 29/60 (48.3%) from suction systems, 19/60 (31.6%) from floors, 17/60 (28.3%) from beds,
16/60 (26.6%) from doors, and 15/60 (25%) from nurses’ hands. Identification was performed using morphological,
cultural, microscopic, and biochemical characteristics and was confirmed using API 20E biochemical identification
strips (bioMérieux SA, Marcy-I'Etoile, France). Statistical analysis demonstrated a significant difference in the
isolation frequency among sampling locations (y*>= 9.87, df= 4, p=0.043). The recovered isolates exhibited
considerable resistance to several commonly used antibiotics, whereas colistin and imipenem showed the highest
susceptibility rates. Conclusion: The P. agglomerans was detected in several sampling locations, although the highest
level of contamination was observed in suction systems, suggesting that moist medical equipment may contribute to
its persistence within the hospital environment. Strengthening environmental surveillance programs may help limit
bacterial persistence and reduce the risk of healthcare-associated infections.
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Introduction

Pantoea agglomerans is classified as a Gram-negative, facultatively anaerobic bacterium in the family Erwiniaceae.
This organism has been considered under numerous taxonomic names, involving Erwinia herbicola and Enterobacter
agglomerans. 1t is commonly dominant in plants, food, dust, soil, water, and other environmental reservoirs. Also,
healthcare environments can be reservoirs for this bacterium [1,2]. Therefore, its capability to occupy such a wide
spectrum of ecological niches has elevated interest in both its environmental allocation and its clinical significance
[3]. P. agglomerans has also been related to plant disease and other ecological interactions, even though several strains
are correlated to plants and have been investigated for biologically useful applications [4]. In surrounding healthcare
settings, it is increasingly identified as an opportunistic pathogen, especially in patients vulnerable to infection [5].
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The organism has been implicated in relation to medical materials and contaminated fluids that remain in healthcare
environments under suitable circumstances. It deserves attention in infection-prevention programs because hospital
surfaces, equipment, and other environmental locations could serve as opportunistic reservoirs for it.

[6]. The broad ecological distribution of P. agglomerans may further support its persistence in different settings [7].
This issue is of particular concern in cardiac surgery units, where invasive procedures, intensive patient care, and
frequent use of medical devices may provide opportunities for environmental organisms to reach susceptible patients.

Antimicrobial resistance makes the control of environmental bacterial contamination more difficult. Resistant P.
agglomerans has been reported in both clinical and environmental isolates, with reduced susceptibility associated with
acquired resistance determinants and other changes affecting antimicrobial response. Environmental isolates are
consequently relevant to antimicrobial-resistance surveillance because they may persist and contribute to the
circulation of resistant organisms. In Iraq, however, information on P. agglomerans in hospital environments is still
limited, and reports from specialized surgical units are particularly uncommon.

Characterizing environmental bacteria in high-risk hospital areas can provide useful information for infection-
prevention planning. Therefore, this study was undertaken to isolate and identify P. agglomerans from selected
environmental sites in the cardiac surgery unit of Al-Sader Teaching Hospital, Basrah, Iraq. The study also determined
the isolation frequency at the different sampling sites and examined the antimicrobial susceptibility of the recovered
isolates. The results provide baseline data on environmental contamination and antimicrobial susceptibility in the
investigated unit.

Materials and Methods

Collection of Samples

A total of 300 environmental swab samples were collected from the cardiac surgery unit of Al-Sader Teaching
Hospital, Basrah Province, between April and September 2024. Samples were obtained from five sites: suction
systems, beds, doors, floors, and nurses’ hands. With 2 mL of sterile normal saline, each swab was pre-moistened
before collection. Then, the swabs were soaked in Brain Heart Infusion Broth (BHI)-containing sterile tubes. For
processing, the swabs were transported in an ice box to the microbiology laboratory.

Laboratory Procedures

Utilizing standardized specimen-handling procedures, the samples were processed in the microbiology laboratory [8].
The foundations of Presumptive identification of P. agglomerans were colony morphology, Gram staining, and a set
of biochemical reactions, involving oxidase, catalase, hydrogen sulfide production, indole production, and the Voges—
Proskauer reaction [9]. In addition, as part of biochemical characterization, carbohydrate employing was evaluated.
Afterward, presumptive isolates were confirmed utilizing API 20E biochemical identification strips following the
manufacturer’s instructions. At 35 °C, the strips were incubated, and the reactions were recorded after 20-24 h. In
tryptic soy broth (TSB) containing 20% glycerol at —20 °C (Merck Co.), confirmed isolates were retained until further
use.

Antimicrobial Susceptibility Testing

By the Kirby—Bauer disk diffusion method on Mueller—Hinton agar, antimicrobial susceptibility was identified [10].
The antimicrobial agents examined were ampicillin (10 pg), carbenicillin (100 pg), ceftazidime (30 pg), cefotaxime
(30 pg), imipenem (10 pg), streptomycin (10 pg), amikacin (30 pg), gentamicin (10 pg), tobramycin (10 pg),
piperacillin (100 pg), colistin (25 pg), and tetracycline (30 pg).

Statistical Analysis

Employing SPSS version 26, data were analyzed. To determine the isolation rate and the percentages of isolates
classified as resistant, intermediate, or sensitive to the tested antimicrobials, descriptive statistics were utilized.
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The Chi-square (?) test was used to examine differences in the frequency of P. agglomerans isolation among the five
sampling sites. A p-value of <0.05 was considered statistically significant.

Results

As summarized in (Table 1), The results of the present study demonstrated the isolation of Pantoea agglomerans from
different environmental sites within the operation unit. A total of 96 isolates of P. agglomerans were recovered from
300 collected samples from the cardiac surgery unit, representing an overall prevalence rate of (32%). The highest
isolation rate was observed in samples collected from suction systems, where 29 isolates were recovered from 60
samples (48.3%). Lower isolation rates were detected from floor surfaces (31.6%), beds (28.3%), doors (26.6%), and
nurses’ hands (25%). These findings suction systems showed the highest recovery frequency and may represent a
potential environmental niche for P. agglomerans persistence.

Table 1. The number and percentage of Pantoea agglomerans isolated from different locations of Cardiac
Surgery Unit of Al-Sader Teaching Hospital

Location No. of Samples No. of Pantoea agglomerans %
Suction system 60 29 48.3
Floor 60 19 31.6
Bed 60 17 28.3
Door 60 16 26.6
Nurse hands 60 15 25
Total 300 96 32

Statistical analysis showed a significant difference in the frequency of P. agglomerans isolation among the five
sampling locations (%> =9.87, df =4, p = 0.043). The higher recovery rate from suction systems suggests that this site
may provide conditions that favor persistence of the organism compared with the other sampled locations; however,
the specific environmental factors responsible were not directly measured in this study.

All 96 isolates showed positive reactions for catalase, Simmons citrate utilization, and motility, whereas indole and
hydrogen sulfide (H.S) production were negative. Additional biochemical reactions were consistent with the
identification of P. agglomerans. Confirmation with API 20E showed the same biochemical profile among the 96
isolates. The isolates were aerobic and utilized galactose, lactose, glucose, arabinose, mannitol, inositol, rhamnose,
maltose, and melibiose. They were also positive for the Voges—Proskauer reaction and citrate utilization and negative
for indole production.

Antimicrobial susceptibility evaluation displayed remarkable divergence among the tested agents. Ampicillin
exhibited the highest resistance rate, with 87 of 96- isolated resistant (90.63%) and none- classified ones as sensitive.
Additionally, Resistance was recurring with carbenicillin (73.96%), gentamicin (71.88%), and amikacin (68.75%).
Resistance to cefotaxime and tetracycline was 50.0% for each, while the corresponding rates for streptomycin and
tobramycin were 48.96% and 44.79%, respectively. Lower resistance rates were observed with ceftazidime (28.13%),
piperacillin (20.84%), and imipenem (11.46%).

Colistin showed the highest proportion of susceptible isolates, with 84/96 (87.50%) classified as sensitive. Imipenem
was also active against most isolates, with 72/96 (75.00%) sensitive. Sensitivity to ceftazidime and piperacillin was
60.41% and 59.37%, respectively. The remaining susceptibility rates were 47.92% for tobramycin, 42.70% for
tetracycline, and 40.63% for streptomycin. Overall, the isolates showed resistance to several antimicrobial agents,
particularly agents belonging to the B-lactam and aminoglycoside groups, while colistin and imipenem retained the
greatest activity in this collection.
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Table 2. Antibiotic susceptibility of Pantoea agglomerans. N= 96

Antibiotic Resistance n (%) Intermediate n (%) Sensitive n (%)
Ampicillin 87 (90.63) 9(9.37) 0(0)
Carbenicillin 71 (73.96) 17 (17.7) 8(8.34)
Ceftazidime 27 (28.13) 11 (11.46) 58 (60.41)
Cefotaxime 48 (50) 19 (19.80) 29 (30.20)
Imipenem 11 (11.46) 13 (13.54) 72 (75.00)
Streptomycin 47 (48.96) 10(10.41) 39 (40.63)
Amikacin 66 (68.75) 9(9.37) 21 (21.88)
Gentamicin 69 (71.88) 12 (12.50) 15 (15.62)
Tobramycin 43 (44.79) 7(7.29) 46 (47.92)
Piperacillin 20 (20.84) 19 (19.79) 57 (59.37)
Colistin 3(3.13) 9(9.37) 84 (87.50)
Tetracycline 48 (50) 7 (7.30) 41 (42.70)
Discussion

In this study, Pantoea agglomerans was isolated from 96 of 300 environmental samples collected from the cardiac
surgery unit, corresponding to an overall isolation rate of 32%. This rate was higher than the 12.6% reported by Al-
Kidsawey and Mhdi, who recovered the organism from 19 of 150 samples obtained from an open-heart operations
unit at Marjan Hospital in Iraq [11]. The difference between the two studies may be related to differences in sampling
procedures, hospital conditions, environmental characteristics, and the periods during which samples were collected.
The present findings nevertheless show that P. agglomerans was distributed across several sites within the investigated
cardiac surgery unit.

The highest isolation rate was found in suction systems (48.3%). This finding is biologically plausible because
equipment that remains moist may provide conditions that support bacterial survival and biofilm formation [12].
Nevertheless, moisture and biofilm formation were not measured directly in the present study, so this explanation
should be regarded as a possible factor rather than a demonstrated cause. The biochemical characteristics of the
recovered isolates were compatible with the phenotypic diversity previously described for P. agglomerans [13]. The
agreement between the conventional biochemical tests and API 20E identification also supports the use of these
phenotypic methods for routine identification of the organism.

Antimicrobial susceptibility testing showed high resistance to several agents. Ampicillin (90.63%) was recorded as
the greatest resistance, followed by carbenicillin, gentamicin, and amikacin in (71.88%), (73.96%), and (68.75%) ratio
respectively. These outcomes point to reduced susceptibility to B-lactam and aminoglycoside-containing drugs. The
ampicillin resistance proportion in the recent study was higher than that reported by Masoud et al. in P. agglomerans
bloodstream isolates from a neonatal intensive care unit [14]. Such disparity could reflect variations in isolate source,
exposure to antimicrobials, practices of local prescribing, and selection pressure within the particular environments.
A previous study has also characterized numerous resistance-related features in Pantoea, strengthening the need for
susceptibility testing of locally recovered isolates rather than presuming a pattern of uniform resistance [15].

The presence of resistance to numerous antimicrobial agents is related to an infection-control perspective. Susceptible
patients could be reservoirs of opportunistic organisms on hospital equipment and environmental surfaces. P.
agglomerans has been related to opportunistic infections, involving infections recorded in vulnerable populations [16].
Consequently, even though P. agglomerans is less commonly deliberated than major healthcare-associated pathogens,
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the recovery of isolates with decreased antimicrobial susceptibility from a cardiac surgery environment merits
attention. The biochemical profile gained in this survey is also concerned with the values of classic biochemical
reactions in bacterial differentiation [17]. Surveys from plant-associated settings further demonstrate the broad
ecological allocation of P. agglomerans [18], whereas general fundamentals of infectious-disease pathogenesis point
that environmental microorganisms could become clinically relevant when they face susceptible hosts [19].

At all five sampling locations, detection of P. agglomerans endorses the value of pursuing surveillance of specialized
hospital unit environments. The important measures for limiting the persistence and spread of environmental
organisms can include cleaning and disinfection, environmental monitoring, appropriate antimicrobial use, and
consistent infection-control procedures [20]. Antimicrobial-resistance surveillance systems likewise reiterate the
relevance of surveillance of patterns of local resistance over time [21]. The ecological diversity of P. agglomerans has
been recorded in various environments [22], and previous surveys have underlined both its versatility and its potential
to be considered as an opportunistic pathogen [23]. In healthcare facilities, healthcare-associated infection records
further emphasize the significance of environmental surveillance [24]. Phenotypic characterization of bacterial isolates
can be assisted by metabolic trait variation, involving carbohydrate utilization [25].

The important association between sampling location and isolation frequency (3> = 9.87, p = 0.043) points that P.
agglomerans was recovered unevenly via the investigated sites. The notably high rate of recovery from suction
systems could be connected to their biofilm formation under both most of their conditions and possible, even though
these factors were indirectly assessed. Further surveys integrating environmental measurements and molecular
characterization could assist in identifying the reason this site resulted in numerous isolates and whether the recovered
strains are widely epidemiologically connected.

Conclusion

Pantoea agglomerans was recovered from various environmental sites of the cardiac surgery unit of Al-Sader
Teaching Hospital, with 32% as an overall isolation rate. The suction systems had the highest recovery rate, followed
by floors, beds, doors, and nurses’ hands. The considerable variations among sampling sites demonstrate that
contamination was unevenly distributed within the unit. The isolates also displayed high resistance to many commonly
examined antimicrobial agents, especially ampicillin, carbenicillin, gentamicin, and amikacin, while colistin and
imipenem revealed the highest percentage of susceptible isolates. These outcomes endorse the continued monitoring
of environmental contamination and antimicrobial susceptibility in high—risk hospital districts, along with adequate
cleaning and disinfection, infection govern practices, and antimicrobial stewardship.
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