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ABSTRACT

Introduction: Alcaligenes faecalis is a common environmental
bacterium that often infects human as an opportunistic pathogen.
It rarely causes Urinary Tract Infection (UTI) in human; however,
infection brings severe outcomes. Also, the treatment of A.
faecalis associated infections with common antibiotics can be
difficult due to a high level of antibiotic resistance.

Aim: Molecular characterisation of A. faecalis isolate from women
suffering from Recurrent Urinary Tract Infections (RUTIs).

Materials and Methods: The study was conducted in the
USDA-laboratory of the Department of Genetic Engineering and
Biotechnology, Shahjalal University of Science and Technology,
Sylhet, Bangladesh. The present study conducted from July
2017 to December 2017, characterised an A. faecalis strain from
the women suffering from RUTIs by applying 16s rRNA gene
sequencing and phylogenetic analysis. Antibiogram profiling

was done by means of disk diffusion assay. Analysis of in-silico
SNP variants was done using Geneious software.

Results: The isolates were resistant to seven out of ten
commercial antibiotics used to treat UTI in Bangladesh.
Phylogenetic and evolutionary distance data analysis revealed
a close proximity of the study AF1 strain with other A. faecalis
strains identified from the environment, especially from a
previously characterised water sample. In-silico variants search
found nine potentials of Single Nucleotide Polymorphism
(SNPs) in the studied strain compared to other environmental A.
faecalis bacteria characterised from India, South-Korea, Japan,
Mexico and Brazil.

Conclusion: The present study revealed the transmission of
environmental opportunistic pathogens to human and cause
chronic infections in Bangladesh.
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INTRODUCTION

Urinary tract infection is the major health concern worldwide. In
women, the percentages of UTI are enormously higher as the
bacteria can easily travel through the shorter urethra in quick time
[1]. A number of bacteria responsible for UTI, including species
of Escherichia coli, Klebsiella pneumoniae, Salmonella sp.,
Shigella sp., Proteus sp., Citrobacter sp., and some others from
the Enterobacteriaceae group [2,3]. A. faecalis, an opportunistic
pathogen from Alcaligenaceae family, commonly found in
water and soil, that rarely infects human [4]. It is reported to be
associated with UTI but plentiful research data is yet to be available
to strongly support the statement [5,6]. Recently, a large number
of multidrug-resistant A. Faecalis and Enterococcus faecalis
isolates were identified from hospitalised patients in India [7,8]. In
Bangladesh; however, attention only paid to the identification of
E. coli and K. pneumoniae from UTI samples [9,10]. Reinfections
in UTI are very common and the term is called RUTIs, caused by
the same pathogen that originally causes UTI. Research reports
suggested that at least 27% of women face RUTIs where 2.7%
are likely to be reinfected for third time in their life [11]. RUTIs
often make treatment process complicated and challenging due
to re-intake of same drugs for prolonged periods, as the bacteria
can produce drug resistance [12,13]. In addition, having more
frequent and unsafe sexual intercourses makes women more
vulnerable to RUTIs [14].

Multidrug-resistant strains produce further complicacies to UTI
and RUTIs patients. A bacteria can be defined as multidrug-
resistant when it shows resistance to at least three commercial
antibiotics [15]. In Bangladesh, clinical bacteria have emerged
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as multiple drugs resistant in the last couple of decades [16].
Recently, the problem embarked when most of the commercial
drugs failed to show sensitivity against many clinical isolates,
including those associated with UTI [10]. Frequent use of
antibiotics and improper drug doses are responsible for the
evolution of more virulent isolates in this region [17]. Moreover,
culture-based detection method used in Bangladesh often
gives false positive results thus misleading the whole treatment
and recovery process [10]. Therefore, many of the UTI causing
bacteria remains uncharacterised in the culture plate.

In recent time, several molecular techniques have been successfully
applied for the detection of clinically significant bacteria. Among
them, 16S rRNA gene sequencing now widely used for the
identification of bacterial genera due to its reliability and robustness
[18]. The advancement of computer aided biological data analysis
tools makes it further easy for more fast and accurate identification
of bacterial species [19,20]. In spite of its worldwide acceptance,
in Bangladesh, the application of 16s rRNA gene sequencing still
remains at the preliminary stage. Hence, the present study was
undertaken to identify one of the uncharacterised bacteria from a
RUTIs patient from Sylhet city in Bangladesh.

MATERIALS AND METHODS

Collection of the Bacterial Isolate

The present study was conducted from July 2017 to December
2017. The isolate was collected from Popular Medical and
Diagnostic Centre, Sylhet, Bangladesh. They supplied the isolate
as an uncharacterised bacteriain Nutrient Agar (NA) plate collected
from women of 35 years age suffering from RUTIs, Cystitis and
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pregnancy complicacies. The isolate was transported immediately
to USDA project laboratory of Shahjalal University of Science and
Technology, Sylhet 3114, Bangladesh by maintaining the cool
chain. Here, authors re-cultured the isolate in both Nutrient Broth
(NB) and Nutrient Agar NA and incubated at 37°C for overnight in
a rotatory shaker.

Antibiogram Assay

Antibiotic sensitivity assay was done using 10 commercial
antibiotics by disk diffusion assay [21]. An overnight bacterial
broth culture (30 pL) was spread in NA plate and antibiotics discs
were aseptically added onto the plate and incubated overnight
at 37°C. The drugs used in the study were ampicillin (AMP, 10
ug/disk), cephradine (CEP), chloramphenicol (CHL, 10 pg/
disk), ciprofloxacin (CIP, 10 pg/disk), cotrimoxazole (10 pg/disk),
erythromycin (ERY, 15 pg/disk), gentamycin (GEN, 10 pg/disk),
streptomycin (STP, 10 pg/disk), sulphamethoxazole (SXT, 10 pg/
disk) and tetracycline (TET, 10 pg/disk). The zone of inhibition
was measured according to the previously described standard
method [10].

DNA Extraction and PCR Amplification of 16s rRNA
Gene Sequence

Bacterial genomic DNA was extracted from the overnight NB
culture using the commercial DNA extraction kit (Bio Basic
Inc.; Ontario, Canada). All the steps were carefully monitored
and Proteinase K and RNase A were added according to
manufacturer’s instructions in order to get purified DNA product.
The DNA was quantified by gel electrophoresis using lambda DNA
as a marker and also in a spectrophotometer as protein-DNA
absorbance. PCR amplification of 16s rRNA sequences of target
bacteria was done by previously stated standard method [22].
PCR master mixture was prepared for 50 pL final concentration
using 2X prepared mixture (Fermentus, Gene Ruller™, USA).
Others chemicals and reagents were optimised as follows: 2.5
puL of each forward (27F, 5'-AGAGTTTGATCCTGGCTCAG-3’)
and reverse (1492R, 5-GGATACCTTGTTACGACTT-3’)
universal sequencing primers, 5 pL of template DNA and 15 pL
of nuclease-free PCR water. A total of 30 cycles of reactions
were performed in a MultiGene gradient thermal cycler (Labnet
International Inc., USA). Amplified PCR product was separated
by gel electrophoresis technique and visualised in a gel
documentation system. The PCR product was then purified
using PureLinkPCR purification kit (Thermo Scientific, USA) by
following the manufacturer’s instructions. The purified product
was then sent to “1st BASE” sequencing centre, Malaysia for
16s rBNA sequencing using the Sanger di-deoxy method.

Sequence Analysis Tools

After sequencing, the raw sequence was extracted and checked
for quality in Chromas (v2.01). The sequence was edited in Bioedit
tool (v7.0.4), assembled in SegMan Pro (v15.0) and removed
chimeras using DECIPHER (v9.20). BLASTn search tool at NCBI
was used for getting highly similar nucleotide sequences of the
studied strain. Other A. faecalis sequences were downloaded
from NCBI nucleotide database in FASTA format for further
analysis. Multiple alignments were done using muscle alignment
in MEGA 7.0 and a phylogenetic tree was constructed using
neighbour-joining method following Chimura-J model with 1,000
bootstrap replicates. Evolutionary divergence was calculated
as p-distances in MEGA 7.0 using both transitions and trans-
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versions, homogenous lineages, avoiding gaps and missing data
and keeping sequence uniformity.

RESULTS

Antibiotic Sensitivity Tests

The present study found seven antibiotics were completely resistant
to A. faecalis. Those are ampicillin, cephradine, erythromycin,
gentamycin, streptomycin, sulphamethoxazole, and tetracycline.
Chloramphenicol, cotrimoxazole and ciprofloxacin were the sensitive
to A. Faecalis strain. Among these, ciprofloxacin showed highest
level of sensitivity with a zone of inhibition 18 mm, followed by
cotrimoxazole (14 mm) and chloramphenicol (12 mm), respectively.

Sequence Analysis

NCBI BLASTn found 99.7% sequence homology (both coverage
and identity) of present study isolate with A. faecalis bacteria.
Phylogenetic tree found close clustering of the study isolate
with other A. faecalis strains previously found in soil and waste
water [Table/Fig-1]. Evolutionary divergence data revealed that
A. faecalis strain AF1 has negligible distance score (0.002) to
four of the A. faecalis strains characterised from rhizosphere soil
and polluted water. However, significant evolutionary divergence
(0.179 and 0.186) exists among A. faecalis strain AF1 and two
other outgroup bacteria Klebsiella pneumoniae and Escherichia
coli [Table/Fig-2]. Genome-wide variants study in AF1 strain
found nine SNPs, abundant in position 200 bp, 450 bp and after

KX344007.1 Alcaligenes sp. strain G51
00 KF4¢75853.1 Alcaligenes faecalis strain IHB B6S07
U kY936458.1 Alcaligenes faecalis strain SDA3
| @ MG 872772.1 Alcaligenes faecalis strain AF}
¥\ NR 113606.1 Alcaligenes faecalis strain NBRC 13111
56

NR 042830.1 Alcaligenes faecalis subsp. phenolicus strain J

101 NR 043445.1 Alcaligenes jfaecalis strain IAM 12369

NR 025357.1 Alcaligenes faecalis subsp. parafaecalis strain G

— MG890350 Klebsielia pneumoniae strain K20

LM685775 7.1 Escherichia coli strain E10

0.02
[Table/Fig-1]: Evolutionary relationships of A. faecalis with other Enterobacteriaceae
bacterial group found in soil water and associated with UTl in Bangladesh. The
evolutionary history was inferred using the Neighbour-Joining method. The percentage

of replicate trees in which the associated taxa clustered together in the bootstrap
test (1000 replicates) is shown next to the branches. The evolutionary distances were
computed using the Kimura 2-parameter method and are in the units of the number
of base substitutions per site. Evolutionary analyses were conducted in MEGA 7.0.

1 2 3 4 5 6 7 8 9 10
1
2 | 0.002
3 | 0.002 | 0.000
4 | 0.002 | 0.000 | 0.000
5 | 0.007 | 0.006 | 0.006 | 0.006
6 | 0.002 | 0.002 | 0.002 | 0.002 | 0.005
7 | 0.014 | 0.014 | 0.014 | 0.014 | 0.017 | 0.012
8 | 0.008 | 0.007 | 0.007 | 0.007 | 0.010 | 0.005 | 0.017
9 | 0.186 | 0.185 | 0.185 | 0.185 | 0.187 | 0.185 | 0.193 | 0.186
10 | 0.179 | 0.178 | 0.178 | 0.178 | 0.180 | 0.178 | 0.186 | 0.179 | 0.024

[Table/Fig-2]: Estimates of evolutionary divergence among sequences. The number
of base differences per site from between sequences is shown. The much similar
sequences to the study strain AF1 are bolded in the table.

Here number denotes for below species:

(1) MG_872772.1 A. Faecalis AF1; (2) KY936458.1 A. faecalis SDA3; (3) KX344007.1 Aacaligenes sp.
G51; (4) KF475853.1 A. faecalis IHB6507; (5) NR043445.1 A. faecalis IAM12369; (6) NR113606.1 A.
faecalis NRBC13111; (7) NR042830.1 A. faecalis sub. phenolicus J; (8) NR025357.1 A. faecalis sub.
parafaecalis J; (9) MG890350 Kiebsiellapneuminiae K20; and (10) MG857757.1 Escherichia coli E10.
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[Table/Fig-3]: SNPs heat-map of the study A. faecalis strain AF1 (MG872772.1) with other environmental strains found nine variants (highlighted in yellow) in different regions (first im-

age), and a more close view of all the SNPs (second image). Genome-wide SNPs search was conducted in Genenious (v11.0.5) by taking the study strain as reference.

1000 bp [Table/Fig-3]. The present study sequence can be found
in GeneBank databank of NCBI under the accession number of
MG872772.1.

DISCUSSION

The enormous increase in the percentages of UTI and the
emergence of antibiotic-resistant isolates are two sparking
problems in the health and medical sectors worldwide. Addressing
UTI and RUTIs by common antibiotics are no longer effective in
Bangladesh due to frequent and mal-administration of drugs. In
addition, poor diagnostic technologies, region-based antibiotic
activity and sometimes patient negligence make recovery process
challenging and time-consuming [9]. Therefore, identification
of precise bacterial species by proper diagnosis method and
inspecting drug resistance pattern in selected regions are some
of the prior pre-requisites before selecting the treatment strategies
against UTl and RUTIs.

A. faecalis, an environmental bacterium although not frequently
associated with diseases, may result in serious outcomes when
causing chronic infections [23]. The present study strain was isolated
from a urine sample of 35 years women patient suffering from UTI
for the third time in her life. Initially, the patient was treated with
antibiotics by assuming the bacteria as Escherichia coli. However,
authors failed to characterise the bacteria by means of morphological
and biochemical analysis for E. coli. After 16S rRNA sequencing and
analysis, authors characterised the uncultured isolate as A. faecalis,
for the first time from urine the sample, reported from Bangladesh.
The strain AF1 had strong sequence homology, coverage, and
negligible evolutionary distances, thus neighbouring close to other
A. faecalis strains characterised from soil and water in India and
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Japan. Recently, A. faecalis associated UTI and cystitis infections
have been reported in India where the majority of isolates were
resistant to a large group of antibiotics [7,23]. Here, authors found a
slightly higher percentage of drug resistance than the previous study
in India [7]. This is probably due to incremental drug resistant graph
in Bangladesh. E. coli alone gained 5%-7% more drug-resistance
within the last five years [10].

The mystery behind the constant changing of habitat and
colonisation of bacteria is yet to be explained properly. Previous
research stated bacterial polymorphism as a common reason for
changing microbial colonisation from one habitat to another [24].
Many SNPs in bacterial gene sequence lead to loss of common
functions associated with bacterial virulence [25]. In this study,
authors found nine SNPs in the 16S rRNA sequence of strain
AF1 compared to other circulating A. faecalis bacteria found in
India, Japan, South Korea, Mexico and Brazil. Those nine SNPs
are probably responsible for sifting A. faecalis colonisation from
environment to human. Therefore, opportunistic pathogen from
the environment and hospital surfaces have emerged as major
health threats in developing countries.

LIMITATION

The sample size was not sufficient enough in the study to conclude
any significant remarks. Financial restraints and resources limitations
restrict the study to be completed within a short time-frame. In
addition, the study was completely regional, collected sample from
a single hospital from the Eastern part of Bangladesh; therefore, it
may not reflect the global scenario. In the future, long-term surveys
required to analyse the multidrug-resistant A. faecalis bacterial
isolates from UTI patients.
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CONCLUSION

Environmental opportunistic pathogen like A. faecalis could be a
potential source of UTI in Bangladesh. The incidence of mutations
and high level of drug resistance in A. faecalis may predispose
human to other types of chronic infections.
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