
Citation: Kunhikannan, S.; Stanton,

C.R.; Rose, J.; Thomas, C.J.; Franks,

A.E.; Neelambike, S.M.; Kumar, S.;

Petrovski, S.; Shindler, A.E. Exploring

the Diversity and Antibiogram of the

Soil around a Tertiary Care Hospital

and a University Precinct in Southern

India: A Pilot Study. Soil Syst. 2023, 7,

45. https://doi.org/10.3390/

soilsystems7020045

Academic Editor: Adriano Sofo

Received: 16 February 2023

Revised: 7 April 2023

Accepted: 21 April 2023

Published: 27 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Exploring the Diversity and Antibiogram of the Soil around a
Tertiary Care Hospital and a University Precinct in Southern
India: A Pilot Study
Shalini Kunhikannan 1,2 , Cassandra R. Stanton 1 , Jayson Rose 1 , Colleen J. Thomas 1,3,4 ,
Ashley E. Franks 1,5 , Sumana M. Neelambike 2, Sumana Kumar 6, Steve Petrovski 1 and Anya E. Shindler 1,*

1 Department of Microbiology, Anatomy, Physiology and Pharmacology, School of Agriculture,
Biomedicine and Environment, La Trobe University, Bundoora, VIC 3086, Australia

2 Department of Microbiology, JSS Hospital, Mysuru 570004, Karnataka, India
3 Centre for Cardiovascular Biology and Disease Research, School of Agriculture,

Biomedicine and Environment, La Trobe University, Bundoora, VIC 3086, Australia
4 Pre-Clinical Critical Care Unit, Florey Institute of Neuroscience and Mental Health, University of Melbourne,

Parkville, VIC 3052, Australia
5 Centre for Future Landscapes, La Trobe University, Bundoora, VIC 3086, Australia
6 Department of Microbiology, Faculty of Life Sciences, JSS Academy of Higher Education and Research,

Mysuru 570015, Karnataka, India
* Correspondence: a.shindler@latrobe.edu.au; Tel.: +61-41-030-2550

Abstract: Soil contains an enormous diversity of microorganisms and can act as a reservoir of
antibiotic resistance determinants. This study identified and compared the bacterial diversity and
the antimicrobial resistance profile of clinically-relevant isolates around a newly developed hospital
and university precinct. Eight soil samples were collected, genomic DNA was extracted and 16S
rRNA gene sequencing was performed. Bacterial isolates cultured from the soil were identified using
MALDI-TOF. Antibiotic sensitivity testing (AST) was performed on a subset of isolates. The soil from
both precincts were similarly diverse. Phylum Proteobacteria was prevalent in all samples and was
the most abundant in one of the hospital sites. Cyanobacteria was abundant in two hospital sites
closer to a sewage treatment plant. Bacterial diversity was only significantly different between two of
the hospital sites. A total of 22 Gram-negative organisms were isolated by culture. AST revealed that
the soil isolates from both precincts exhibited low resistance. The unidentified bacteria closer to the
hospital precinct with human interactions possibly hints at the role of anthropogenic activities on
the soil microbial diversity. The abundance of Proteobacteria (causing majority of human infections)
and Cyanobacteria nearer to the hospital premises, comprising more immunocompromised and
immunocompetent individuals, is concerning.

Keywords: Acinetobacter; antibiotic resistance; hospital; microbial diversity; Pseudomonas; soil

1. Introduction

The soil microbiome plays an important role in the biogeochemical cycle and the
biotransformation of nutrients and organic matter [1,2]. It is estimated that a single gram
of soil contains approximately 1010 bacterial cells [3], of which less than 1% are readily
culturable [4,5]. Soil harbors many antibiotic-producing bacteria, which makes it an ideal
reservoir of distinct antibiotic resistance determinants [6–9]. The indiscriminate use of
antibiotics over time has been a driving force for the selection and growing problem of
antimicrobial resistance [10–12]. An unmet challenge remains to explore the microbial
diversity, distribution and the origin of antibiotic resistance genes, specifically among
environmental bacteria [13]. Antibiotic intake by humans, and their use in domesticated
animals, results in discharge from their bodies without degradation, thus polluting differ-
ent habitats, such as soil and waterbodies such as rivers [14]. Microplastics are another
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important source for the dissemination of antibiotic resistance genes in the environment,
and they contribute to the overall burden of antibiotic resistance [15]. The use of consumer
products such as food wraps or plastics in food packaging systems used in hospitals, and
their improper disposal, exposes the environment to microplastics and potential microbial
resistance selection pressure. Moreover, there is evidence that microplastics can act as a
vehicle for the dissemination of antibiotic resistance genes deeper into the soil sub-surface
or groundwater [16]. Although it is believed that antibiotic-resistant soil bacteria are not
a threat to human health, they pose a danger by acting as reservoirs of antimicrobial
resistance. It is also speculated that the mobilization and expression of these resistance
determinants in pathogenic bacteria is a significant problem in the spread of antibiotic
resistance [17].

Besides the soil habitat disseminating the antibiotic resistance determinants, horizontal
gene transfer (HGT) describes the phenomenon of bacteria being able to exchange genetic
material. Of concern for healthcare settings, this includes the ability to exchange genes that
make them resistant to antibiotics. The co-existence of pathogenic and commensal bacteria
in clinical environments, where antibiotic usage is high, has resulted in the emergence of
resistant bacteria [18]. Thus, it is important to monitor the spread of antibiotic resistance
in hospitals [19]. Antibiotic resistance determinants can be transferred to clinical strains
through different modes of HGT (transformation, transduction and conjugation) [19,20].
The similarities identified between microorganisms in soil and clinical environments sug-
gest their existence occurs within the same environment and results in the dissemination of
antibiotic resistance genes [9].

The advent of metagenomics has paved ways to characterize the microbial diversity
in the soil and the prevalence of resistance genes from the soil [9]. Exploring the microbial
diversity in the soil within hospital precincts will help uncover the diversity of potential
pathogenic bacteria near clinical settings. A comparison of the antibiotic resistance strains
found in the soil near a hospital and clinical environment would provide insight into the
potential factors that promote the dissemination of antibiotic resistance determinants and
explore the relationships between antibiotic resistance genes in the environmental (soil)
and clinical bacteria.

To the authors’ knowledge, no studies have evaluated the antimicrobial resistance of
clinically-relevant isolates in the soil surrounding a hospital precinct. The main research
question addressed in this study was to identify the different bacterial communities present
in the soil of a southern Indian hospital, including the presence of putative human bacterial
pathogens, and to compare bacterial isolates from the soil of a university precinct in the
same city.

2. Materials and Methods
2.1. Sample Settings and Collection

Soil sampling sites for the study were the precincts of a major tertiary care (1800 bed)
hospital established in 23 September 2013—Jagadguru Sri Shivarathreeshwara (JSS) Hos-
pital and a University Medical College (JSS Academy of Higher Education and Research
building)—within the metropolitan area (population 1.21 million) of Mysore, Karnataka,
India. Permission for collection of soil samples from JSS Hospital and JSS University was
obtained from the JSS Medical College and Institutional Ethical Committee on 31 October
2019 (JSSMC/IEC/3110/08NCT/ 2019–2020). Soil samples were collected over a 7-month
period (30 July 2019 to 17 February 2020).

Figure 1 illustrates the eight sampling sites used in the study to assess the microbial
diversity of the soil surrounding JSS Hospital versus JSS University, which were ~6 km
apart. The soil samples were collected from the top 10 cm of the soil with a sterile spatula
and glove (separate ones for every sampling site). The samples were collected from the
gardens around both the precincts and the sampling locations (n = 4 from each precinct;
hospital and university) were chosen with the following criteria in mind: building entrance
and exit points, places with most human interactions and, for the hospital precinct, location
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of the nearby sewage treatment plant. In brief, hospital soil samples were collected from
the gardens near the entrance (H1), the exit (H2), the lawns near the east gate (H5; closer to
the parking area), and the west gate (H6). The university soil sampling sites focused on the
gardens adjacent to a university building. They were collected from the east front garden
(U3), the west side garden (U4), the north garden on the right of the entrance (U7) and
the north garden on the left of the entrance (U8). Four sub-samples were obtained from
each sampling spot. Briefly, a gram (1 g) of soil was collected along each of the 4 cardinal
directions (north, south, west and east) from each sampling spot and placed into a sterile
Nasco soil sampling bag. Next, the samples were pooled to become the representative soil
sample from that site. Thus, a total of 4 g of soil was obtained from each sampling site, to
establish each site. The same procedure was repeated for all soil sampling sites.
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Figure 1. Location of soil sampling sites at the JSS Hospital and JSS University precincts in Mysore,
India. (A) There were four hospital sampling sites, namely, H1, H2, H5 and H6. A sewage treatment
plant was close to two of these sites: H2 and H5. (B) There were also four university sampling sites,
namely, U3, U4, U7 and U8. JSS, Jagadguru Sri Shivarathreeshwara.

2.2. Genomic DNA Extraction and Sequencing

DNA was extracted directly from the soil samples collected at the eight locations.
Genomic DNA extraction was carried out in triplicates using DNeasy® PowerSoil® Kits
(Qiagen, Hilden, Germany, Cat No./ID: 12888-100) according to the instructions provided
by the manufacturer. The genomic DNA extracted was stored at −80 ◦C until further use.
The stored DNA samples were sequenced to analyse the microbial diversity and community
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composition in the soil. The samples were sequenced using the MiSeq Illumina Platform.
The 16S rRNA PCR was performed to amplify the V1–V3 regions of the 16S rRNA gene. The
concentration of extracted DNA was determined using Qubit 2.0 (Thermo Fisher Scientific,
Waltham, MA, USA) and normalised to 5 ng/µL. PCR amplification was performed in two
steps. A 25-cycle PCR was performed to amplify the V1–V3 regions of the 16S rRNA gene.
The primers used were 27F(TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGAGTT
TGATCMTGGCTCAG) and 519R (GTCTCGTGGGCTCCCACATGTGTATAAGAGACAGG-
WATTACCGCGGCKGCTG) containing Illumina forward and reverse overhangs, respec-
tively. The amplification was carried out using Platinum Taq Polymerase (Invitrogen,
Waltham, MA, USA). The PCR products were cleaned according to the Illumina protocol,
using AMPure XT beads (Beckman Coulter, Brea, CA, USA). The second PCR had 8 cycles
and was performed using 5 µL of the PCR product from the first cycle with Illumina
Nextera XT v2 primers (San Diego, CA, USA). This helped to index each sample according
to the instructions provided by Illumina. The amplified DNA was cleaned using AMPure
beads and quantified using QUBIT 3.0 (Thermo Fisher Scientific, Waltham, MA, USA). Each
DNA library was normalised and pooled in equal quantities. Sequencing was performed
on the Illumina MiSeq (Melbourne, Australia) using a MiSeq Reagent kit v3 (600 cycles)
MS-102-3003.

The sequencing data was analysed using QIIME2 version 2021.11 (Flagstaff, AZ, USA).
A quality check was performed and the good quality forward reads were retained for
further processing. Reverse reads were removed due to low quality. To compare and
identify the bacteria obtained in our study, the SILVA 138 database was used. The results
were obtained as a qsv file and an OTU Excel file. Using QIIME2View, any bacteria with
confidence levels <90% were removed. Further analysis was conducted using only bacteria
with a confidence level >90%.

Statistical tests were performed using the R programming software (Version R4.2.1,
R Foundation, Indianapolis, IN, USA). The different statistical tests, including Shannon
Weiner diversity and Bray Curtis diversity, and ANOVA tests were used to identify the
microbial diversity, compare them, and examine the similarities and differences between
samples. Statistical significance was set at p < 0.05.

2.3. Identification and Antibiogram of Soil Isolates

For the culture-based approach, a gram (1 g) of soil from each of the 8 sampling sites
was suspended in 10 mL normal saline (0.9% NaCl) and incubated at room temperature
for 10 min. The spread plate technique was used to spread the different soil suspensions
evenly over MacConkey agar plates for culture. MacConkey agar was used in this study,
as this study focused on Gram-negative organisms for DNA transfer. The plates were
incubated at 37 ◦C for 18–24 h and checked for any bacterial colony growth the following
day. Additionally, the plates were incubated at 37 ◦C for 2 more days to identify any slow
growing bacteria in the soil samples. Isolates obtained on MacConkey plates were further
sub-cultured to obtain pure cultures. Our study primarily focused on Gram-negative
bacteria—Pseudomonas spp., Acinetobacter spp., Klebsiella spp., and Escherichia coli. However,
the other Enterobacteriaceae obtained were also identified during this study.

The diverse colonies obtained on the MacConkey agar plates were further sub-cultured
to derive pure cultures. Next, to aid the identification of the microorganisms, Gram
staining was performed as previously described [21] on each of the pure cultures obtained.
Biochemical test reactions were also performed to aid the identification of the isolates.
The following biochemical tests were used for the preliminary identification of organisms:
Catalase (Slide) [22], Oxidase [23], Indole [24], Citrate utilization [25] and Triple Sugar Iron
(TSI) test [26]. Molecular confirmation of the obtained isolates was made using Matrix
Assisted Laser Desorption Ionization-Time of Flight (MALDI-TOF) mass spectrometry
(VITEK MS V3.0) at the National Institute of Mental Health and Neurosciences, Bangalore,
India using the database VITEK MS Knowledge Base V3.2.
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Organisms identified and confirmed as Pseudomonas, Acinetobacter and Enterobacteri-
aceae family, namely, Klebsiella, E coli, Serratia marcescens and Enterobacter cloacae spp. cloacae
were screened for Antibiotic Susceptibility Testing (AST). AST was performed using the
Kirby-Bauyer disc diffusion method [27] and clinically-relevant antibiotics (Table 1), and
an Automated VITEK 2 instrument (BioMerieux, St. Louis, MO, USA).

Table 1. List of antibiotic discs used to determine the susceptibility of soil isolates of Pseudomonas,
Acinetobacter and Enterobacteriaceae species via the Kirby-Bauer disc diffusion method.

Antibiotic Drugs Used for Disc Diffusion
Pseudomonas & Acinetobacter Species Enterobacteriaceae

Levofloxacin (5 µg) Colistin (10 µg)
Aztreonam (30 µg) Cotrimoxazole (25 µg)
Ceftazidime (30 µg) Cefepime (30 µg)

Colistin (10 µg) Gentamycin (10 µg)
Cotrimoxazole (25 µg) Imipenem (10 µg)

Cefepime (30 µg) Meropenem (10 µg)
Gentamycin (10 µg) Amikacin (30 µg)
Imipenem (10 µg) Minocycline (30 µg)

Meropenem (10 µg) Piperacillin/tazobactum (100/10 µg)
Amikacin (30 µg) Chloramphenicol (30 µg)

Minocycline (30 µg) Ceftriaxone (30 µg)
Piperacillin/tazobactum (100/10 µg) Amoxyclav (30 µg)

Tigecycline (15 µg) Ciprofloxacin (5 µg)
Ampicillin (10 µg)

Quality control was performed on all the antibiotic discs used in the study. In brief,
the disc diffusion method was conducted with an 18–24 h culture of each isolate of interest
prepared by inoculating the required organism in Brain Heart Infusion Broth. The overnight
cultures were then matched to a 0.5 McFarland standard. Lawn cultures were created by
dipping sterile cotton swabs into the 0.5 McFarland tube and streaking them over the entire
surface of the Muller Hinton Agar plates. Antibiotic discs described in Table 1 were placed
on the inoculated Muller-Hinton Agar plates under aseptic conditions and incubated at
37 ◦C for 24 h to allow the bacteria to grow overnight. Areas of clear media surrounding
the discs were measured to determine which antibiotics inhibited bacterial growth [27].
Results were reported as Susceptible (S), Intermediate (I) or Resistant (R), according to the
Standard Clinical and Laboratory Standards Institute (CLSI) Guidelines, 2019.

The Automated VITEK 2 was performed in the following manner; 3.0 mL of sterile
saline (0.45% to 0.5% NaCl, pH 4.5 to 7.0) was transferred aseptically into a clear plastic
(polystyrene) test tube (12 mm × 75 mm). Using a sterile stick, morphologically similar
colonies were transferred to the saline tube. A homogenous organism suspension with
a density equivalent to 0.5–0.63 McFarland standard (for Gram-negative organisms) was
prepared using the VITEK 2 DensiCHEK Plus (Biomerieux, Boston, MA, USA). In a second
tube containing 3.0 mL of saline, 145µL of the above suspension was transferred for Antibi-
otic Susceptibility Testing. This tube was then placed in the cassette with a susceptibility
card. The tube with the initial bacterial suspension could be used for the inoculation of an
identification card (however, we did not perform identification using this method). In the
case of the Automated VITEK 2, quality checks were performed on one card from every
batch. For the Enterobacteriaceae family, an Escherichia coli ATCC 25922 standard was used,
whereas for Pseudomonas and Acinetobacter, a Pseudomonas ATCC 27853 was used. AST
was performed using AST-N280 (Enterobacteriaceae) and AST-N281 (Pseudomonas and
Acinetobacter) cards in the Automated VITEK 2.
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3. Results
3.1. Genomic DNA Extraction and Sequencing

The genomic DNA was extracted from each sampling site (in triplicates) and quantifi-
cation revealed DNA yields between 6.0–47.7 ng/µL. A total of 54,522 reads were obtained
from all the soil samples and the good quality forward reads were used further. The SILVA
138 database compared and identified the bacteria obtained in our study. The results were
obtained as a qzv file, with 4557 identified bacteria with confidence levels ranging between
46 to 100%, and an OTU Excel file. Further analysis was conducted using only bacteria
with a confidence level >90%.

The data containing all the DNA sequences have been deposited in the NCBI database
with the following Accession number (Accession number GSE225419).

3.2. Analysis of Microbial Diversity and Community Composition

The Shannon index for all the samples ranged 4.0–4.69 and the Simpson’s index ranged
0.95–0.99, indicating large diversity in each of the eight samples collected (Figures 2 and 3).
Compared to all the samples used in this study, soil from the University U3 site was the most
diverse. It had a Shannon index of 4.68 and Simpson’s index of 0.99 (Figure 2). Amongst all
samples, hospital H1 site soil bacteria had the lowest Shannon index value (4.07). Bacteria
from the hospital H6 sampling site had the lowest Simpson’s values amongst all samples,
0.95, although that is still diverse.
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Figure 2. Bacterial soil diversity from JSS Hospital and JSS University measured using different
indices of alpha diversity (abundance and richness of species). Chao 1 and Abundance-based
Coverage Estimators (ACE) indices reflect OTU (operational taxanomic unit) abundance in samples.
Shannon, Simpson’s, InvSimpson and Fisher reflect variety of OTUs in samples. Soil sampled from
the U3 site was the most diverse among all the samples. In contrast, soil sampled from the H6 site
had the lowest bacterial diversity among all samples, but this was still high (Simpson’s diversity
index = 0.95).

Bacterial soil communities from the H2, and U3 and U4 sites had Shannon diversity
values of 4.54, 4.68 and 4.37, respectively, being more diverse than other samples (Figure 3).
Bacterial soil communities from the H5 and H6, and U7 and U8 had very close values
to each other, being 4.19, 4.24, 4.25 and 4.26, respectively (Figure 3). Thus, bacterial soil
communities from these sites were less diverse than those from the H2, H3 and U4 study
sites. Simpson’s evenness was the highest in U3 and the lowest in H5 (Figure 3). The
overall bacterial diversity observed, in decreasing order of diversity were U3 > H2 > U4 >
H6 > U7 > U8 > H5 > H1. This shows that the university and hospital sampling sites were
similarly diverse. ANOVA tests were performed to analyse any significant variations in the
sampling sites from the different locations (hospital and university). The results revealed
that there were no statistically significant differences in the bacterial diversity among the
sampling sites compared to the hospital and university buildings. The following results
were obtained Shannon diversity, p = 0.39; Chao 1, p = 0.98; Simpson’s p = 0.24.
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Figure 3. Panel images depicting Shannon diversity, Chao1 and Simpson’s evenness. JSS Hospital
sample sites = H1, H2, H5, H6; JSS University sample sites = U3, U4, U7, U8.

Beta diversity (a measure of the similarity or dissimilarity between two bacterial
communities) was measured using the Bray Curtis dissimilarity calculation and was plot-
ted using Non-Metric Multidimensional Scaling (NMDS). As illustrated in Figure 4, the
locations of hospital soil from the H1, H2, H5 and H6 sites lacked any evident clustering
patterns, indicating the overall diversities of the samples were different from each other.
However, soil from the university U7 and U8 locations show some clustering, indicating
the samples share similarity when compared to each other, but were not exactly the same.
Hence, all the soil samples collected from the hospital and university were diverse from
each other.
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Table 2 summarizes the assessment of bacterial diversity between all sample sites.
Only the H6 and H1 sites had a significantly different bacterial diversity (p = 0.027).

Table 2. Assessment for significant differences in bacterial diversity at the different soil sampling sites.

p Value H1 H2 U3 U4 H5 H6 U7

H2 0.873 - - - - - -
U3 0.999 0.991 - - - - -
U4 0.982 0.999 0.999 - - - -
H5 0.958 0.999 0.999 0.999 - - -
H6 0.027 * 0.576 0.127 0.299 0.393 - -
U7 0.965 0.999 0.999 1.000 1.000 0.368 -
U8 0.983 0.999 0.999 1.000 0.999 0.293 1.000

* p < 0.05, different from H1, JSS Hospital sites = H1, H2, H5, H6; JSS University sites = U3, U4, U7, U8.

The relative abundance of different bacterial communities at the phylum level was
depicted using abundance charts. A total of 32 phyla were identified in the 8 soil samples,
and of these, 17 phyla were statistically diverse (p < 0.005) (Figure 5). The relative abun-
dance of different phyla in each soil sampling spot was identified and compared using the
abundance charts. Figure 5 shows that the most abundant phylum in all the samples was
Proteobacteria (2.11). Next, in order of abundance were Acidobacteriota (1.29), Actinobac-
teriota (0.74), Firmicutes (0.72), Cyanobacteria (0.62), Bacteroidota (0.38), Chloroflexi (0.37),
Entotheonellaeota (0.36), Myxococcota (0.29), Gemmatimonadata (0.24), Planctomycetota
(0.18), Armatimonadata (0.17), Nitrospirota (0.12), Verrucomicrobiota (0.08), Bdellovibri-
onota (0.06), Patescibacteria (0.05), and Elusimicrobiota (0.05). Proteobacteria were most
abundant in the H6 sampling site followed by two of the university sites (U4 and U3), and
was lowest in the H5 sampling site. Nevertheless, a similar proportion of Proteobacteria
were present in most samples.
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A total of 86 different classes of bacteria were identified in this study, of which
27 classes were statistically diverse (p < 0.005), Figure 6. The five most abundant classes
were Gammaproteobacteria (1.28), Alphaproteobacteria (0.83), Firmicutes (0.69) (Bacilli and
Clostridia), Cyanobacteria (0.62), and Actinobacteria (0.49). The top 20 genera in phylum
Proteobacteria identified in the samples are provided in Figure 7. It can be clearly observed
that uncultured bacteria dominated the soil collected from H6, and this was a sampling site
where considerable human interactions took place in the hospital precinct. Although uncul-
tured bacteria were present in small proportions in other samples, Pseudomonas dominated
in soil from the H2 (hospital) site and the U3, U4 and U7 (university) sites.
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samples. Pseudomonas was relatively abundant in all the samples. Of note, soil from the hospital
H6 site had a very large proportion of uncultured genus. JSS Hospital sites = H1, H2, H5, H6; JSS
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The Figure 8 heatmap shows that Pseudomonas, Burkholderia-Caballeronia-Paraburkholderia
and Gammaproteobacteria Incertea Sedis were present in all the soil samples collected. The
University Pilot 3 soil sample had the most diverse bacterial species when compared to the
other samples. Clinically-relevant bacteria belonging to the Enterobacteriaceae family were
present in soil from the H1 and H2 sampling sites (hospital), the U3 site (university) and
the H6 site (hospital). It was noted that Pseudomonas was the most abundant organism and
was present in all the samples collected.
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3.3. Identification and Antibiotic Sensitivity Testing of Soil Isolates

A total of 22 organisms were selectively obtained on MacConkey Agar (differential me-
dia). Colony morphology varied from small circular, translucent, mucoid shiny colonies to
flat smooth colonies. Lactose fermenting (pink) and non-lactose fermenting (pale coloured)
colonies were obtained on MacConkey agar. These isolates were further sub-cultured and
Gram-stained, followed by biochemical tests to aid identification, including the catalase,
oxidase, indole, citrate and triple sugar iron tests (Table 3). As certain Gram-positive
cocci such as Staphylococcus and Enterococcus have the ability to grow on MacConkey
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medium, Gram staining was performed to select the Gram-negative organisms and exclude
Gram-positive cocci.

Table 3. Gram staining and biochemical identification of the hospital and university soil culture isolates.

Soil Sample Site Sample ID LF/NLF Gram Staining Oxidase Indole Citrate Triple Sugar Iron

H1 M1.1 LF GNB - - + A/A with gas no H2S
H2 M2.1 NLF GNcB - - + K/no change no H2S
H2 M2.2 NLF GNB slender + - + K/no change no H2S
U3 M3.1 NLF GNB + - + K/no change no H2S
U3 M3.2 NLF GNB + - + K/no change no H2S
U3 M3.3 LF GNB - - + K/A no H2S
U3 M3.4 NLF GNcB - - + K/no change no H2S
U3 M3.5 LF GNB - - + A/A with gas no H2S
U4 M4.1 LF GNB - + - A/A with gas no H2S
U4 M4.2 NLF GNB + - + K/no change no H2S
U4 M4.3 NLF GNB + - + K/no change no H2S
U4 M4.4 NLF GNcB - - + K/no change no H2S
H5 M5.1 NLF GNB + - + K/no change no H2S
H5 M5.2 NLF GNB short + - + K/no change no H2S
H6 M6.1 NLF GNB + - + K/no change no H2S
H6 M6.2 LF GNB - - + A/A with gas no H2S
U7 M7.1 NLF GNB + - + K/no change no H2S
U7 M7.2 NLF GNB + - + K/no change no H2S
U7 M7.3 NLF GNcB - - + K/no change no H2S
U8 M8.1 NLF GNB short + - + K/no change no H2S
U8 M8.2 NLF GNB + - + K/no change no H2S
U8 M8.3 NLF GNB + - + K/no change no H2S

LF, Lactose Fermenting; NLF, Non-Lactose Fermenting; GNB, Gram-negative bacilli; GNcB, Gram-negative
coccobacilli; A, Acidic slant; K, alkaline slant; H2S, hydrogen sulphide. JSS Hospital sites = H1, H2, H5, H6; JSS
University sites = U3, U4, U7, U8.

The cultured isolates were confirmed by MALDI-TOF analysis (Table 4). Among the
Gram-negative organisms isolated in pure culture, Pseudomonas species accounted for
32%, Acinetobacter baumannii for 18%, Klebsiella pneumoniae (9%), Aeromonas salmonicida (9%),
Enterobacter cloacae ssp. cloacae (5%), Alcaligenes faecalis spp. faecalis (5%), Escherichia coli
(4%), Serratia marscesens (4%) and unidentified (14%). The location of isolation (sampling
sites) and the organisms confirmed by MALDI-TOF analysis are provided in Table 4.
Gram-negative human pathogens such as Pseudomonas aeruginosa, Klebsiella pneumoniae,
Acinetobacter baumannii, Enterobacter cloacae ssp. cloacae and Aeromonas salmonicida were
obtained from both the hospital and university sampling sites, while Escherichia coli and
Serratia marcescens were obtained only from the university sampling site.

A total of 15 Gram-negative organisms were selected for the determination of their
antibiotic resistance profiles. Antibiotic sensitivity testing (AST) was performed on 15 selected
isolates of Pseudomonas, Acinetobacter (Table A1) and members of the Enterobacteriaceae family
(Table A2) by the disc diffusion method and the Automated VITEK 2 (Tables A3 and A4).
Among these, included Pseudomonas aeruginosa (n = 2), Pseudomonas fluorescens (n = 1),
Pseudomonas species (n = 3), Acinetobacter baumannii (n = 4), Klebsiella pneumoniae (n = 2),
Escherichia coli (n = 1), Serratia marcescens (n = 1) and Enterobacter cloacae spp. cloacae (n = 1).
The soil isolates obtained in this study by culture were mostly sensitive to all the antibiotics.
Among the six isolates of the Pseudomonas species, one isolate was resistant to Aztreonam
while three species of Pseudomonas exhibited an intermediate sensitivity (Pseudomonas
aeruginosa, Pseudomonas fluorescens and Pseudomonas species) (Table A3). All the Pseudomonas
isolates were intrinsically resistant to tigecycline. Among the six Pseudomonas species, one
isolate of Pseudomonas (M4.2) was terminated in the Automated VITEK 2 (Table A3). This
was a mucoid and very slow growing Pseudomonas strain. The disc diffusion test was
conducted for this strain and the results from disc diffusion were considered for this
isolate. All four Acinetobacter baumannii isolates obtained in our study exhibited intrinsic
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resistance to Aztreonam (Table A3). Among the Enterobacteriaceae family, 2 strains of
Klebsiella pneumoniae were found to be resistant to Amoxyclav (Table A4). Overall, results
of the antimicrobial assay of Pseudomonas and Acinetobacter, and Enterobacteriaceae are
summarized in Tables 5 and 6, respectively.

Table 4. Confirmation of soil isolates obtained from the different locations around the hospital and
university by MALDI–TOF.

Sampling Site Sample ID Organism Identified

H1 M1.1 Klebsiella pneumoniae
H2 M2.1 Acinetobacter baumannii
H2 M2.2 Pseudomonas aeruginosa
U3 M3.1 Pseudomonas aeruginosa
U3 M3.2 Pseudomonas species
U3 M3.3 Serratia marcescens
U3 M3.4 Acinetobacter baumannii
U3 M3.5 Klebsiella pneumoniae
U4 M4.1 Escherichia coli
U4 M4.2 Pseudomonas species
U4 M4.3 Pseudomonas species
U4 M4.4 Acinetobacter baumannii
H5 M5.1 Pseudomonas species
H5 M5.2 Aeromonas salmonicida
H6 M6.1 Unidentified by VITEK
H6 M6.2 Enterobacter cloacae ssp. cloacae
U7 M7.1 Unidentified by VITEK
U7 M7.2 Pseudomonas fluorescens
U7 M7.3 Acinetobacter baumannii
U8 M8.1 Aeromonas salmonicida
U8 M8.2 Unidentified by VITEK

JSS Hospital sites = H1, H2, H5, H6; JSS University sites = U3, U4, U7, U8.

Table 5. Antibiogram of Pseudomonas and Acinetobacter baumannii.

Organism Identified LE AT CAZ CL COT CPM GEN IPM MRP AK MI PIT TGC CIP TIC SCF DOR

Pseudomonas
species, n = 6

S 6 2 6 6 6 6 6 6 6 6 6 6 0
I 0 3 0 0 0 0 0 0 0 0 0 0 0
R 0 1 0 0 0 0 0 0 0 0 0 0 6

Acinetobacter
baumannii, n = 4

S 4 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S, susceptible; I, intermediate; R, resistant. LE, Levofloxacin; AT, Aztreonam; CAZ, Ceftazidime; CL, Colistin;
COT, Cotrimoxazole; CPM, Cefepime; GEN, Gentamycin; IMP, Imipenem; MRP, Meropenem; AK, Amikacin; MI,
Minocycline; PIT, Piperacillin/tazobactam; TGC, Tigecycline; CIP: Ciprofloxacin; TIC, Ticarcillin/clavulanic acid;
SCF, Cefoperazone/sulbactam; DOR, Doripenem.

Table 6. Antibiogram of members belonging to the family Enterobacteriaceae.

Organism
Identified CL COT CPM GEN IMP MRP AK PIT TGC CTR AMC CIP AMP SCF CXM CXM/AXT ERT

Klebsiella
pneumoniae n = 2

S 2 2 2 2 2 2 2 2 2 2 0 2 0 2 2 2 2
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0

Escherichia
coli n = 1

S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Serratia
marsescens n = 1

S 0 1 1 1 1 1 1 1 1 1 0 1 0 1 0 0 1
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0

Enterobacter
cloacae ssp. cloacae

n = 1

S 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 0 1
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0

S, susceptible; I, intermediate; R, resistant. CL, Colisitn; COT, Cotrimoxazole; CPM, Cefepime; GEN, Gen-
tamycin; IMP, Imipenem; MRP, Meropenem; AK, Amikacin; PIT, Piperacillin/tazobactam; TGC, Tigecycline; AMC,
Amoxyclav; CIP: Ciprofloxacin; AMP, Ampicillin; SCF, Cefoperazone/sulbactam; CXM, Cefuroxime; CXM/AXT,
Cefuroxime auxetil; ERT, Ertapenem.
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4. Discussion

Hospital precincts accommodate a number of individuals, including hospital staff,
visitors, as well as immunocompetent and immunocompromised patients, and provides
a favourable atmosphere for human interactions. Antibiotics are mainly prescribed in
hospital settings and, hence, these environments serve as a hotspot of antimicrobial re-
sistance [28]. This is the first study analysing the role of hospitals in bacterial diversity
and community composition of the soil and the antimicrobial resistance profiles of the soil
isolates around a hospital and university precinct. Analysis of soil samples collected from
a southern Indian hospital and a university precinct, separated by ~6 km, identified that
both precincts had soil exhibiting very diverse microbial communities.

Alpha diversity (indicating bacterial species diversity within the soil of each sampling
site) was assessed using different indices, including Observed, Chao 1, Abundance-based
Coverage Estimators (ACE), Shannon, Simpson’s, Inverse Simpson’s and Fischer. The
Shannon index measured the species richness and evenness, and the Simpson’s index
explains the relative abundance of different Operational Taxonomic Units (out’s). The
observed species metric highlights only the uniquely identifioutOTU’s in the samples.
Among all the samples, U3 was the most diverse (Shannon diversity, 4.68). This university
sampling site was in a garden bed, where the soil would have experienced little disturbance.
H2 had the second highest diversity in the hospital, and was the sampling site closest
to the sewage treatment plant. Additionally, it was a little-disturbed area of the hospital
premises (having less movement of people), and laboratories were close by, as was a sewage
treatment plant (~77 m away). Our study revealed that the hospital and university samples
were similarly diverse. Although they were diverse, the results were not statistically
significant, which might be due to a smaller sampling size. Among the 32 phyla identified,
17 were statistically diverse and Proteobacteria was the most abundant, with the highest
abundance in hospital H6 collected from the west gate. This site also contained a high
proportion of unidentified bacteria. This is possibly because the west gate was closer to the
emergency department of the hospital and had heavy patient and visitor traffic, providing
increased opportunity for human interactions. Prolonged time spent by patients or visitors
in the gardens could also be contributing to the exchange of bacteria between humans
and soil. Here, people consume food, with likely variable hand hygiene practices, and
this could contribute to the exchange of healthy and unhealthy bacteria between humans
and soil. This can result in unhealthy or antibiotic resistant bacteria ending up in the
soil and further possibilities of tracking these into the hospitals or having them taken up
by other immunocompromised people. Gammaproteobacteria was the most abundant
class in the study, with Pseudomonas being the most abundant organism identified and
present in all the samples. Considering the relative abundance of different phyla and
classes, it was observed that Sample H5 was different from the other samples. This could
be due to different factors such as water availability, organic manure, differences in the
amount of certain nutrients such as nitrogen and phosphorus present in the area, or due
to an effect of pollutants present in the soil. Clinically-relevant bacteria belonging to the
Enterobacteriaceae family were present in the soil from H1, H2 and H6 (hospital) and U3
(university). Their presence in the hospital precinct raises concern as these bacteria could
have moved from the hospital to the soil via humans, or could pose a threat of moving
from the soil to hospitals to infect humans. The study also isolated 22 Gram-negative
organisms, with AST performed on 15 isolates. Of significance, one isolate of Pseudomonas
(university isolate) was found to be resistant to Aztreonam, all four Acinetobacter baumannii
isolates exhibited intrinsic resistance to Aztreonam and two strains of Klebsiella pneumoniae
were resistant to Amoxyclav (one each from the hospital and university). The identified
isolates are clinically-relevant bacteria capable of causing infection in humans and, hence,
the low-level resistance developed by soil bacteria could be alarming.

We evaluated the different phyla present in the 8 samples and observed that the most
notable difference was that Cyanobacteria were abundant in the H2 and H5 samples. A
sewage treatment plant was located in reasonably close proximity to the samples (~77 m
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from H2, ~115 m from H5). In comparison, the other two hospital sampling sites (H1 and
H6) did not even have 50% of the Cyanobacteria. This may be due to further distance
from the sewage plant (~225 m and ~195 m, respectively). Proteobacteria was the most
abundant in the H6 sampling site, which was the area mostly associated with the contact
between many patients, staff and visitors. The H1 sampling site was the entrance area of
the hospital that is commonly used by the public. Although people used the entrance to
also exit the hospital, bacterial diversity was larger in H2 (exit gate) soil compared with
H1 (entrance) soil. This finding may be highlighting the effect of human interactions on
microbial diversity. However, the nearby presence of the sewage plant could be another
possible reason accounting for the microbial dominance of H2 over H1.

4.1. Bacterial Diversity and Community Composition around a South Indian Hospital
and University

Several studies have examined the microbial diversity in environments such as soil [29,30],
water [31,32] and clinical settings [33,34]. In addition, many studies have investigated the
soil microbiome (e.g., [35,36]) and human microbiome (e.g., [37,38]). Although these studies
were performed in the soil, different environments were compared. For example, the soil
microbiota and its resistome between a conventional and organic farming system [29], the
waste soil and sediment microbiome from three rivers and one dumping site polluted by
solid and liquid wastes from domestic, hospital and municipal premises [30], etc. However,
to our knowledge, this is the first study exploring the microbial diversity in the soil around
a hospital setting. The broad similarity of bacterial communities detected in the soil at
both precincts could be explained by the fact that the hospital and university were situated
only 6 km from each other and experienced the same climatic conditions. However, the
differences in the relative abundances of different bacteria between the sampling sites
may be attributable to different anthropogenic activities in the study environments. For
example, there may have been an influence of the sewage treatment plant and laboratories
at the hospital precinct (H2, H5). One of the sampling sites was also near a canteen in the
hospital grounds (H5). The hospital entrance site (H1) experiences large numbers of people
entering and exiting the hospital daily; many human-human as well as human-microbe
interactions would be expected to occur at this site. One sampling site (H6) was close to
the emergency department where many patients and visitors are either waiting or relaxing
outside in the gardens.

Previously, the order of the relative abundances of the certain important bacteria in
the soil was established: Proteobacteria (36.5%), Acidobacteria (30.9%), Actinobacteria
(13.0%), Bacteroidetes (11.2%), Firmicutes (2.9%), Cyanobacteria (0.0%) and Verrucomi-
crobia (0.0%) [39]. Our findings were in general agreement with the top three dominant
phyla—Proteobacteria, Acidobacteria and Actinobacteria in the soil sampling sites. How-
ever, after the top three, Firmicutes and Cyanobacteria dominated the soil, which differs
from other studies [29,30,40]. Previous studies investigating the microbial diversity in soil
and sediment samples associated with hospital waste [30], landfill leachate soil [40] and
organic and conventional farming soils [29] identified Proteobacteria to be dominant in the
soil. Proteobacteria comprises several known human pathogens and has been identified as
a possible microbial marker of disease (e.g., a microbial signature of dysbiosis) in the human
gastrointestinal tract [39,41]. Excessive growth of Proteobacteria has been associated with
inflammatory bowel disease [42] and metabolic syndrome [39]. Among the four main phyla
in the gastrointestinal microbiota, Proteobacteria is considered to be the most unstable [43].
The inability to resist the invasion and colonization by the microbial communities leads
to the failure to maintain the low levels of commensal Proteobacteria. This favors the
growth of exogenous pathogens [39]. Phyla such as Proteobacteria, Actinobacteria and
Bacteroidetes are also known to have the ability to grow on antibiotics [44]. Our study
observed Gammaproteobacteria and Alphaproteobacteria to be the most dominant classes
of bacteria in our study sites. Other studies have also reported Gammaproteobacteria and
Alphaproteobacteria to be dominant in aquatic environments such as the bacterial com-
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munity of Arabian sea water [45], in low-oxygen zones of ocean water [46], and seasonally
hypoxic estuaries [46].

Firmicutes are involved in anaerobic processes and help in methanogenic decom-
position. Hence, these phyla are predominant in waste dumping sites [40]. Firmicutes
and Actinobacteria have also been reported in high amounts in soils containing high
amounts of compost [47]. Many different Bacillus species have been reported to be good
de-nitrifiers [48].

A concerning and surprising finding was the abundance of Cyanobacteria in the soil
sampling sites closest to the hospital sewage treatment plant. Cyanobacteria produce
three toxins, namely, neurotoxins, hepatotoxins and lipopolysaccharide endotoxins, with
reported gastrointestinal, respiratory and allergic reactions [49,50]. Acidobacteriota was
the next dominant phyla identified in our study. They are known to help in the modulation
of biogeochemical cycles and plant growth [51]. The presence of plants in the soil sampling
site and surrounding area possibly points out their role in the study sampling sites.

4.2. Antibiotic Resistance Profile in Clinically Relevant Soil Bacteria

Soil is an ideal reservoir of distinct antibiotic resistance determinants [6–9]. Human-
and animal-associated bacteria are introduced into the environment through different waste
streams [28,52]. Human exposure to such sites facilitates the entry of these bacteria into
the human body where they interact with the human microbiome, and under selective
pressure may take up mobile genetic elements [52]. Environmental Gram-negative bacteria
may act as reservoirs for emerging antibiotic resistance genes disseminating in human
pathogens [53]. Pseudomonas and Acinetobacter species are well known for the acquisition
of antibiotic resistance genes directly from the soil [54]. The concomitant presence of
commensal bacteria and pathogens in clinical environments where antibiotic usage is high
has resulted in bacteria developing resistance to most of the antibiotics developed [18]. A
group of pathogens referred to as the ESKAPE pathogens—Enterococcus faecium, Staphy-
lococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and
Enterobacter species—are responsible for nosocomial infections, and are capable of escaping
the lethal action of antibiotics [55]. They acquire virulence and resistance determinants and
develop resistant to multiple drugs [55].

This study mainly focused on clinically-relevant Gram-negative organisms such as
Pseudomonas spp., Acinetobacter spp., Klebsiella spp. and Escherichia coli. To identify if the
environmental isolates around a hospital setting contributed to the burden of antimicrobial
resistance, our study analysed the antibiogram of the isolates from the soil around a
hospital setting compared with a university precinct situated ~6 km away. Normally, when
clinical isolates are examined from hospital settings such as an intensive care unit (ICU),
they exhibit resistance to commonly used antibiotics. To this point, Mahendra, et al. [56]
described the commonly prescribed antibiotics (penicillin group of antibiotics, lincosamide,
cephalosporins, carbapenems, macrolides, polymyxin and quinolones), organisms and
their resistance pattern obtained in a hospital setting in Mysuru, with special emphasis on
respiratory infections. This study showed that resistance was exhibited against the most
commonly used antibiotics, with the highest resistance to Piperacillin-tazobactam (60%)
prescribed in the respiratory ICU setting [56]. Yet another study compared the antibiotic
resistance genes in the soil between different land-use types in Great Britain. Significantly
higher levels of antibiotic resistant bacteria were detected in agricultural land, further
highlighting how geographical location and management practices followed in a particular
area also influenced the presence of resistant bacteria [57]. Relative bacterial compositions
and antibiotic resistance in soil and water studied at different sampling environments,
such as a dairy water canal, a residential garden soil and a lake by hospitals displayed
resistance [58]. Similarly, the influence of human beings in a hospital area witnessing the
constant use of antibiotics needs to be monitored. Strict management practices need to be
in place to avoid improper waste disposal or leaks in the sewage system. These results
highlight the effect of antibiotic usage and the emergence of antibiotic resistance in hospital
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settings due to the overuse of antibiotics [59–61]. However, as demonstrated in our study,
isolates from the hospital soil sampling sites were minimally resistant to antibiotics. The
minimal resistance could possibly be due to the limited sampling size in this study. The
Aztreonam resistance exhibited by Pseudomonas species could be suggestive of a slow uptake
of resistance from the environment. Another notable resistance observed in our study was
by Klebsiella pneumoniae against amoxyclav. K. pneumoniae accounts for human nosocomial
infections and causes a range of infections such as pneumonia, urinary tract infections, skin
and soft tissue infections, meningitis, septicemias and pyogenic infections of almost all
tissues of the body [62]. High antibiotic usage in hospitals, and the human interactions (e.g.,
between patients, by-standers, visitors) around the hospital settings could be a reason for
this resistance. It is speculated that anthropogenic activities contribute to the dissemination
of antibiotic resistance between hospital and environmental pathogens. Moreover, there is
evidence of the exchange of antibiotic resistant genes between environmental and clinical
bacteria [63].

Several studies have reported the presence of antibiotic resistant bacteria in the hospi-
tal effluents or discharges released into the surrounding environment [64–66]. These studies
shed light on the risks of antibiotic usage in hospitals reaching several other surrounding
environments. The presence of highly resistant bacteria in such environments could be
due to the over-use of antibiotics in hospital settings [67,68]. The transfer of antibiotic
resistance genes from such environmental hotspots are a matter of concern. The pres-
ence of immunocompromised and immunocompetent patients in hospital surroundings
enhances the chances of the uptake of these resistant bacteria or resistance determinants
from the surroundings. It is speculated that anthropogenic activities also play a role in
the mobilization of antibiotic resistant genes to pathogens [52]. There is also evidence of
the transfer of resistance genes via food [69]. Patients and visitors of the hospital often
consume food and spend time in/nearby these hospital gardens. Soils from these gardening
sites were sampled and analysed in this study. Other factors such as poor hygiene and
improper sanitary practices could also result in infection from environmental pathogens
such as Pseudomonas aeruginosa or Acinetobacter baumannii [70], considered to be rampant
opportunistic pathogens from the soil [71,72].

Our study identified Proteobacteria to be the most dominating phylum from the hos-
pital environment soil. Proteobacterial species are likely the origin of antibiotic resistance
genes [52]. Certain environmentally distributed super resistant microbes are capable of
subsisting on antibiotics. The possibility of the exchange of these resistance determinants
from these super resistant microbes to clinical pathogens should not be underestimated [44].
It is important to identify the taxa from which these resistance genes mobilized prior to the
transfer to pathogens [52]. Antibiotic selective pressure on the taxa frequently associated
with human or domesticated animal infections led to the emergence of these resistance
genes clinically [52]. The origins of most antibiotic resistance genes are unknown, which
possibly hints at their origin being environmental, because a majority of environmental
species (including from soil) are not yet sequenced [73]. An overwhelming majority of
unidentified organisms in our study also support this explanation.

5. Conclusions

This pilot study analysed the bacterial population and antibiogram of clinically-
relevant Gram-negative microbes around a tertiary care hospital and university in southern
India. Proteobacteria were the most abundant phyla, followed by Acidobacteriota, Acti-
nobacteriota, Firmicutes, Cyanobacteria and Bacteriodota. The predominant classes of
bacteria were Gammaproteobacteria, Alphaproteobacteria, Firmicutes, Cyanobacteria and
Actinobacteria. The resistance observed in the soil isolates emphasizes the need to be
more vigilant of the dissemination of antibiotic resistance from the soil to clinical settings.
The majority of infections in humans are caused by Proteobacteria, and the abundance
of Proteobacteria and Cyanobacteria nearer to the hospital premises comprising more
immunocompromised and immunocompetent individuals is concerning compared to the
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university premises comprising healthier individuals. The presence of abundant Cyanobac-
teria in close proximity to the hospital sewage treatment plant also points to the role of
anthropogenic activities on the bacterial diversity around hospital settings and to the im-
portance of evaluating sensitive sites around a hospital. As this study was done with a
limited number of samples, performing the study with more sampling sites would provide
a deeper understanding of the effect of hospitals on soil microbes and the emergence
of resistance.
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Appendix A

Table A1. The antibiotic sensitivity pattern exhibited by all the Pseudomonas species and Acinetobacter
baumannii by the Kirby-Bauer disc diffusion method.

Sample
ID

Organism
Identified LE5 AT30 CAZ30 CL10 COT25 CPM30 GEN10 IMP10 MRP10 AK30 MI30 PIT100/10 TGC

M2.1 A. baumannii S * S S S S S S S S S S

M3.4 A. baumannii S * S S S S S S S S S S

M4.4 A. baumannii S * S S S S S S S S S S

M7.3 A. baumannii S * S S S S S S S S S

M2.2 Pseudomonas
aeruginosa S I S S S S S S S S S S *

M3.1 P. aeruginosa S S S S R I S S S S S S *

M3.2 Pseudomonas spp. S S S S S S S S S S S *
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Table A1. Cont.

Sample
ID

Organism
Identified LE5 AT30 CAZ30 CL10 COT25 CPM30 GEN10 IMP10 MRP10 AK30 MI30 PIT100/10 TGC

M4.2 Pseudomonas spp. S R S S R R R R S S S *

M4.3 Pseudomonas spp. S R S S R S S S S S S *

M5.1 Pseudomonas spp. S I S S S S S S S S S *

M7.2 P. fluorescens S I S S S S S S S S *

S: Sensitive, R: Resistance, * Intrinsic resistance; LE, Levofloxacin; AT, Aztreonam; CAZ, Ceftazidime; CL, Colistin;
COT, Cotrimoxazole; CPM, Cefepime; GEN, Gentamycin; IMP, Imipenem; MRP, Meropenem; AK, Amikacin; MI,
Minocycline; PIT, Piperacillin/tazobactam; TGC, Tigecycline.

Table A2. The antibiotic sensitivity pattern exhibited by all the species belonging to the Enterobacte-
riaceae family by the Kirby-Bauer disc diffusion method.

Sample
ID

Organism
Identified CL10 COT25 CPM30 GEN10 IMP10 MRP10 AK30 MI30 PIT100/10 C30 CTR30 AMC30 CIP5 AMP10

M1.1 K. pneumoniae S S S S S S S S I S S R S R

M3.5 K. pneumoniae S S S S S S I I S S S R I R

M4.1 Escherichia
coli S S S S S S I S S S S S S I

M3.3 Serratia
marcescens * S S S S S S S S S S R I R

M6.2
Enterobacter
cloacae ssp.

cloacae
S S S S S S S S S S S R S R

S: Sensitive, R: Resistance, * Intrinsic resistance; CL, Colisitn; COT, Cotrimoxazole; CPM, Cefepime; GEN,
Gentamycin; IMP, Imipenem; MRP, Meropenem; AK, Amikacin; MI, Minocycline; PIT, Piperacillin/tazobactam; C,
Chloramphenicol; CTR, Ceftriaxone; AMC, Amoxyclav; CIP: Ciprofloxacin; AMP, Ampicillin.

Table A3. Antibiotic sensitivity pattern results of individual Pseudomonas and Acinetobacter species
by Automated VITEK 2.

Sample
ID

Organism
Identified LE AT CAZ CL COT CPM GEN IMP MRP AK MI PIT TGC CIP TIC SCF DOR

M2.1 A. baumannii S * S S S S S S S S S S S S S S S

M3.4 A. baumannii S * S S S S S S S S S S S S S S S

M4.4 A. baumannii S * S S * S S S S S S S S S S S S

M7.3 A. baumannii S * S S S S S S S S S S S S S S S

M2.2 P. aeruginosa S I S S S S S S S S S S *

M3.1 P. aeruginosa S S S S * S S S S S S S *

M3.2 Pseudomonas spp. S S S S * S S S S S S S *

M4.2 Pseudomonas spp. TERMINATED

M4.3 Pseudomonas spp. S R S S * S S S S S S S *

M5.1 Pseudomonas spp. S I S S * S S S S S S S *

M7.2 P. fluorescens S I S S S S S S S S S S *

S: Sensitive, R: Resistance, * Intrinsic resistance; LE, Levofloxacin; AT, Aztreonam; CAZ, Ceftazidime; CL, Colistin;
COT, Cotrimoxazole; CPM, Cefepime; GEN, Gentamycin; IMP, Imipenem; MRP, Meropenem; AK, Amikacin; MI,
Minocycline; PIT, Piperacillin/tazobactam; TGC, Tigecycline; CIP: Ciprofloxacin; TIC, Ticarcillin/clavulanic acid;
SCF, Cefeperazone/sulbactam; DOR, Doripenem.

Table A4. Antibiotic sensitivity pattern results of individual Enterobacteriaceae family species by
Automated VITEK 2.

Sample
ID

Organism
Identified CL COT CPM GEN IMP MRP AK PIT TGC CTR AMC CIP AMP SCF CXM CXM/AXT ERT

M1.1 K. pneumoniae S S S S S S S S S S R S * S S S S

M3.5 K. pneumoniae S S S S S S S S S S R S * S S S S

M4.1 Escherichia coli S S S S S S S S S S S S S S S S S
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Table A4. Cont.

Sample
ID

Organism
Identified CL COT CPM GEN IMP MRP AK PIT TGC CTR AMC CIP AMP SCF CXM CXM/AXT ERT

M3.3 Serratia marcescens * S S S S S S S S S * S * S * * S

M6.2 Enterobacter
cloacae ssp. cloacae S S S S S S S S S S * S * S * * S

S: Sensitive, R: Resistance, * Intrinsic resistance; CL, Colisitn; COT, Cotrimoxazole; CPM, Cefepime; GEN,
Gentamycin; IMP, Imipenem; MRP, Meropenem; AK, Amikacin; PIT, Piperacillin/tazobactam; TGC, Tigecycline;
AMC, Amoxyclav; CIP: Ciprofloxacin; AMP, Ampicillin; SCF, Cefoperazone/sulbactam; CXM, Cefuroxime;
CXM/AXT, Cefuroxime auxetil; ERT, Ertapenem.
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