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Abstract

Bacillary dysentery is a type of dysentery and a severe form of shigellosis. This dysentery is usually restricted to Shigella
infection, but Salmonella enterica and enteroinvasive Escherichia coli strains are also known as this infection’s causative
agents. The emergence of drug-resistant, bacillary dysentery-causing pathogens is a global burden, especially for developing
countries with poor hygienic environments. This study aimed to isolate, identify, and determine the drug-resistant pattern
of bacillary dysentery-causing pathogens from the stool samples of the Kushtia region in Bangladesh. Hence, biochemical
tests, serotyping, molecular identification, and antibiotic profiling were performed to characterize the pathogens. Among
one hundred fifty (150) stool samples, 18 enteric bacterial pathogens were isolated and identified, where 12 were Shigella
strains, 5 were S. enterica sub spp. enterica strains and one was the E.coli strain. Among 12 Shigella isolates, 8 were Shi-
gella flexneri 2a serotypes, and 4 were Shigella sonnei Phage-1I serotypes. Except for three Salmonella strains, all isolated
strains were drug-resistant (83%), whereas 50% were multidrug-resistant (MDR), an alarming issue for public health. In
antibiotic-wise analysis, the isolated pathogens showed the highest resistance against nalidixic acid (77.78%), followed by
tetracycline (38.89%), kanamycin (38.89%), amoxicillin (27.78%), streptomycin (27.78%), cefepime (22.22%), ceftriaxone
(22.22%), ampicillin (16.67%), ciprofloxacin (16.67%), and chloramphenicol (16.67%). The existence of MDR organisms
that cause bacillary dysentery in the Kushtia area would warn the public to be more health conscious, and physicians would
administer medications cautiously. The gradual growth of MDR pathogenic microorganisms needs immediate attention, and
the discovery of effective medications must take precedence.
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Introduction

Bacillary dysentery, like shigellosis, is a leading cause of
morbidity and mortality worldwide, particularly in children
over five in low- and middle-income nations, including
Bangladesh (Arnold 2021; Houpt et al. 2021; Ud-Din and
Wahid 2014). Annually, bacillary dysentery causes 165 mil-
lion reported or confirmed cases and 1.1 million fatalities
worldwide, primarily in underdeveloped nations (Ali Nor
etal. 2021; Anas et al. 2021; Duchen et al. 2021). This type
of dysentery is associated with the species of bacteria from
the Enterobacteriaceae family. A current estimate shows
that shigellosis caused 164,300 and 270,000 deaths in 2015
and 2016, respectively (Barragan et al. 2021; Chua et al.
2021; Khalil et al. 2021; Khalil et al. 2018).

Shigellosis was responsible for nearly 122,000 deaths in 2010
(8.93% of all diarrheal deaths). In addition, more than 270,000
people died in 2016, accounting for 16.88% of all diarrheal deaths
(Barragén et al. 2021; Chua et al. 2021; Khalil et al. 2021). In
terms of non-typhoidal Salmonella infection, there were 93 mil-
lion cases and 155,000 fatalities in 2010, with 3.4 million cases
and 681,316 deaths observed in 2015 (Eng et al. 2015). Addition-
ally, 95.1 million non-typhoidal Salmonella infections and 50,771
fatalities were recorded in 2017 (Gambino et al. 2021; Gargano
et al. 2021; Wojcicki et al. 2021).

In 2016, across all age categories, enterotoxigenic
Escherichia coli (ETEC) was the sixth leading cause of diar-
rhea mortality, accounting for 51,186 fatalities and roughly
3.2% (1.8-4.7) of all diarrhea deaths. ETEC was responsible
for 4.2% (2.2-6.8) of diarrhea-related mortality in children
under five years old ( Khalil et al. 2021, 2018). This sick-
ness is closely linked to ingesting contaminated food and
water. Infections with Shigella species cause around 600,000
fatalities in children under ten. Although S. dysenteries are
associated with the most severe illness and have a high fatal-
ity rate during outbreaks, S. flexneri is the most common
cause of the chronic form of the disease, which accounts
for the majority of fatalities (Bazhenova et al. 2021; Excler
et al. 2021; Khalil et al. 2021).

Understanding the worldwide public health dilemma of
MDR dysentery-causing bacterial strains requires isolat-
ing the causal organisms. In addition to isolating bacterial
agents, identifying such species using modern molecular
biology methods is the most prevalent method. Finally, anti-
biotic profiling of these strains may offer a comprehensive
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insight into the antibiotic resistance situation of the identi-
fied causative agents. This study aimed to identify and pro-
file antibiotic susceptibilities of different bacillary dysen-
tery-causing pathogenic bacteria isolated from stool samples
in the Kushtia region and characterize the isolated bacteria
using biochemical, molecular, and genus/species-level iden-
tification techniques, if possible.

Methodology
Collection and maintenance of samples

During 2016-2018, 150 stool samples were obtained from
dysentery patients at the Tofazzael Health Centre and a few
other clinics in the town of Kushtia. Urgently, the stool sam-
ples were analyzed in the laboratory. In the case of samples
from the distant location, the samples were first stored in a
sterile screw-cap plastic tube, then placed in an icebox or
refrigerator, and analyzed within 24 h. The collection of stool
samples was based on the naked eye assessment. The physical
characteristics of the feces, particularly its color and appear-
ance, the patient’s medical history, and the patient’s important
symptoms were taken into account while selecting screening
samples for this investigation. Seventy (70) patients out of
one hundred fifty (150) were under the age of five, twenty
(20) patients were between the ages of five and eighteen (18),
and the remaining sixty (60) patients were 18 years or older.
Eighty-seven (87) of these one hundred fifty (150) patients
were male, whereas sixty-three (63) were female.

Biochemical test

Biochemical tests were performed according to standard
protocol (Bopp et al. 2003; Chen et al. 2021; WHO 1987,
1995). Briefly, the collected samples were diluted serially
from 1072 to 10~ 3 with autoclaved distilled water, and 100 ul
of each dilution was evenly plated onto Salmonella-Shigella
(SS) agar. Besides SS agar, two other selective media McCo-
nkey (MAC) and xylose lysine deoxycholate (XLD) agar,
and one) screening media, triple sugar iron (TSI), were used.
In addition, an oxidase test (with 1% NNNN- tetramethyl-p-
phenylenediamine dihydrochloride) and a catalase test (with
3% hydrogen peroxide solution) were performed. For long-
term storage, a 50% (v/v) glycerol stock of bacterial strains
spp- was prepared and stored at — 80 °C.

Serological identification of Shigella spp.

A commercially available antisera kit (Denka Seiken Co.,
Ltd., Tokyo, Japan) specific for all types and group-factor
antigens was used for the serotyping of Shigella isolates.
The slide agglutination test observed serological reactions
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according to the manufacturer’s instructions. According to
the manufacturer’s instructions, the polyvalent sera S. dys-
enteriae will show agglutination with Poly-A or Poly-Al,
S. flexneri will show agglutination with Poly-B, S. boydii
will show agglutination with Poly-C1, Poly-C2, or Poly C3,
and S. sonnei will show agglutination with Poly-D. For the
serotyping of S. flexneri, type-specific monovalent sera I, II,
IIT, IV, V, and VI and group-specific monovalent sera 3(4), 6,
7(8) were used, while for S. sonnei type-specific monovalent
sera Phage-I and Phage-II were used.

DNA extraction and 16 S rDNA sequencing analysis

The boiling method was used for bacterial DNA extraction,
according to Sun et al. (2011). In brief, an overnight culture
single colony (at 37 °C) from Luria-Bertani (LB) agar Petri
dish was suspended in 30 pl of autoclaved distilled water. It
was then boiled at 100 °C for 10 min. The culture was directly
transferred into the ice and kept inside the ice for 5 min. It was
then centrifuged at 13,000 rpm for 10 min, and the supernatant,
containing DNA molecule, was used as the template for Poly-
merase Chain Reaction (PCR) amplification. The concentra-
tion of extracted DNA was measured through Nanodrop. The
band of DNA was observed through Gel electrophoresis in 1%
agarose gel. Two bacteria-specific primers, forward 27 F (AGA
GTTTGATCCTGGCTCAG) and reverse R1391 (GACGGG
CGGTGTGTRCA) (Lane 1991; Walker and Pace 2007), were
used to amplify 16 S rDNA fragments. PCR recipe according to
(Mahbubur Rahman et al. 2014), the reaction mixture for each
PCR consisted of 2X PCR buffer 10 ul (containing dNTPs and
MgCl,), Taqg DNA polymerase 0.4 pl, 1.5 pl of each primer, 1 pl
of template DNA 1in a final reaction volume of 20 pl. Thermal
cycle, denaturing step 95 °C for 3 min, followed by 35 cycles
of 95 °C for 30 s, annealing step 48 °C for 30 s, and extending
step 72 °C for 90 s, with a final extension of 72 °C for 5 min in
a thermocycler (G-Strom, UK).

The PCR products were sent to Apical Scientific, Malay-
sia, for 16 S rDNA sequencing. A partial sequence of 16 S
ribosomal DNA was carried out by using Applied Biosys-
tem 3130. (https://vlab.amrita.edu/?sub=3&brch=76&
sim=1421&cnt=1). The sequence was analyzed through
the NCBI (National Center for Biotechnology Information)
BLAST (Basic Local Alignment Search Tool) (http:/www.
ncbi.nlm.nih.gov) program. The phylogenetic analysis was
done through Megablast using the NCBI database from
the microbial nucleotide sequences section (Rahman et al.
2017). The aligned sequences were then subjected to a phy-
logenetic tree construction by selecting the first twenty (20)
sequences and clicking to distance tree results. The neigh-
bor-joining evolution method inferred the evolutionary his-
tory (Dash et al. 2015). The maximum sequence differences
were (.75, and the sequences were labeled with taxonomic
names (Sequence ID) (Wajda et al. 2018).

Antibiotic profiling of isolated bacterial strains

Following CLSI (Clinical and Laboratory Standards Institute)
guidelines, the disc diffusion technique performed antibiotic pro-
filing of the isolated bacterial strains (Patel 2016). In this experi-
ment, ten (10) antibiotics, including ampicillin (5 g), amoxicillin
(10 g), tetracycline(30 g), streptomycin (25 g), kanamycin(30 g),
ciprofloxacin(5 g), cefepime (20 g), nalidixic acid (30 g), ceftri-
axone(30 g), and chloramphenicol were used. Briefly, 100 ul of
a broth culture of bacterial strains was swabbed evenly onto LB
agar Petri plates, and antibiotic discs were carefully placed at a
precise spacing and incubated at 37 °C overnight.

Results
Biochemical test

Table 1 displays the findings of biochemical testing in detail.
After the initial culture on SS agar, eighteen (18) isolates were
suspected of producing bacillary dysentery. On MAC agar,
these eighteen (18) isolates emerged as convex, colorless colo-
nies measuring between 1.5 and 3 millimeters in diameter. On
XLD agar, colonies of twelve (12) isolates were clear pink or
smooth red colonies (1 to 2 mm in diameter), while colonies
of six (6) isolates were pink or red with a black core. In TSI)
agar screening medium, all eighteen (18) isolates developed
ared slant and yellow butt, but only six (6) of them produced
black spores in the middle. All isolate strains were positive
for the catalase test (produced bubbles) and negative for the
oxidase test (no color change). Twelve (12) of the eighteen
(18) isolates were suspected as Shigella, whereas six (6) were
suspected of either Salmonella or E. coli.

Serotyping

In serotyping with polyvalent sera, S. dysenteriae showed
agglutination with Poly-A or Poly-A1l, S. flexneri showed agglu-
tination with Poly-B, S. boydii showed agglutination with Poly-
C1, Poly-C2 or Poly C3 and S. sonnei showed agglutination
with Poly-D. Eight (8) isolates were detected as S. flexneri and
four (4) as S. sonnei (Table 2). All Shigella flexneri isolates
were confirmed as S. flexneri 2a, and all S. sonnei isolates were
confirmed as S. sonnei phage-II (Tables 3 and 4).

Polymerase chain reaction and 16 S rDNA
sequencing

Gel electrophoresis of PCR product confirmed the purity of
bacterial strains (Fig. 1), and the obtained sequences of six
(6) bacterial strains are given in Supplementary file-1.
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Table 1 Summary of biochemical tests of eighteen (18) isolates of bacillary dysentery causing bacteria

Name Oxidase test Catalase test TSI MAC XLD Comments
of the
Isolates
S-1 - Yellow butt and Red Whitish/ colour less Pinkish Colony Suspected as Shigella
slant colony spp-
S-2 - Yellow butt and Red Whitish/ colour less Pinkish Colony Suspected as Shigella
slant colony spp.
S-3 - Yellow butt and Red Whitish/ colour less Pinkish Colony Suspected as Shigella
slant colony spp-
S-4 - Yellow butt with black ~ Whitish/ colour less Pinkish Colony with Suspected as Salmonella
centre and Red slant colony black centre spp. or E coli
S-5 - Yellow butt and Red Whitish/ colour less Pinkish Colony Suspected as Shigella
slant colony spp-
S-6 - Yellow butt and Red Whitish/ colour less Pinkish Colony Suspected as Shigella
slant colony spp-
S -7 - Yellow butt and Red Whitish/ colour less Pinkish Colony Suspected as Shigella
slant colony spp-
S -8 - Yellow butt with black ~ Whitish/ colour less Pinkish Colony with Suspected as Salmonella
centre and Red slant colony black centre spp. or E coli
S-9 - Yellow butt and Red Whitish/ colour less Pinkish colony Suspected as Shigella
slant colony spp-
S-10 - Yellow butt with black ~ Whitish/ colour less Pinkish Colony with Suspected as Salmonella
centre and Red slant colony black centre spp. or E coli
S-11 - Yellow butt with black ~ Whitish/ colour less Pinkish Colony with Suspected as Salmonella
centre and Red slant colony black centre spp. or E coli
S-12 - Yellow butt and Red Whitish/ colour less Pinkish colony Suspected as Shigella
slant colony spp-
S-13 - Yellow butt and Red Whitish/ colour less Pinkish colony Suspected as Shigella
slant colony spp-
S-14 - Yellow butt with black ~ Whitish/ colour less Pinkish Colony with Suspected as Salmonella
centre and Red slant colony black centre spp. or E coli
S-15 - Yellow butt and Red Whitish/ colour less Pinkish colony Suspected as Shigella
slant colony spp-
S-16 - Yellow butt and Red Whitish/ colour less Pinkish colony Suspected as Shigella
slant colony spp-
S-17 - Yellow butt and Red Whitish/ colour less Pinkish Colony with Suspected as Salmonella
slant black centre colony black centre spp. or E coli
S-18 - Yellow butt and Red Whitish/ colour less Pinkish colony Suspected as Shigella
slant colony spp-
Table2 Serotyping with Isolates Poly-D Poly-C Poly-CI Poly-C2 Poly-C3 Poly-B Poly-A Poly-Al Identified as
polyvalent sera
S-1 + - - - - - - - S. sonnei
S-2 - - - - - + - - S. flexneri
S-3 - - - - - + - - S. flexneri
S-5 - - - - - + - - S. flexneri
S-6 - - - - - + - - S. flexneri
S-7 + - - - - - - - S. sonnei
S-9 - - - - - + - - S. flexneri
S-12 - - - - - + - - S. flexneri
S-13 - - - - - + - - S. flexneri
S-15 + - - - - - - - S. sonnei
S-16 - - - - - + - - S. flexneri
S-18 + - - - - - - - S. sonnei
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Table 3 Serotyping \yith Isolates Type Group Confirmed as

monovalent sera specific for S.

flexneri and S. sonnei I 1I 111 v \" VI 3(4) 6 7(8)
S-2 - + - - - - + - - Shigella flexneri 2a
S-3 - + - - - - + - - Shigella flexneri 2a
S-5 - + - - - - + - - Shigella flexneri 2a
S-6 - + - - - - + - - Shigella flexneri 2a
S-9 - + - - - - + - - Shigella flexneri 2a
S-12 - + - - - - + - - Shigella flexneri 2a
S-13 - + - - - - + - - Shigella flexneri 2a
S-16 - + - - - - + - - Shigella flexneri 2a

Table 4 Serotyping with monovalent sera specific for S. sonnei

Name of the ~ Phage -1 Phage-II Confirmed as
isolates
S-1 - + Shigella sonnei phage-11
S-7 - + Shigella sonnei phage-11
S-15 - + Shigella sonnei phage-I1
S-18 - + Shigella sonnei phage-11
Fig. 1 Gel electrophoresis of A
PCR product, A 1 kb marker,
B Isolate-4, C Isolate-8,
D Isolate- 10, E Isolate-11,
F Isolate-14, G Isolate-17. A
single clear band and 1500 bp
band size confirmed the purity
of bacterial strains
10000 bp

3000 bp

2000 bp

1500 bp

1000 bp

500 bp

250 bp

Similarity test and phylogenetic analysis

Similarity test and phylogenetic analysis indicated that one
isolate (S-4) showed 99.65% similarity with E. coli O157:H7
and appeared in a separate cluster in the phylogenetic tree,
which implied that it could be a novel strain of E. coli.
Besides, all five isolates showed similarity with S. enterica
sub spp. enterica where isolates S-14 and S-17 showed 100%
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similarity and isolates S-8, S-10 and S-11 showed 99% simi-
larity (Table 5; Figs. 2, 3 and 4).

Antibiotic profiling of identified bacterial strains

Antibiotic profiling test revealed that three (3) isolates were sus-
ceptible to all antibiotics (ten (10) antibiotics), where six (6) were
drug-resistant, and nine (9) were multidrug-resistant, as shown in
Table 6. Isolate S-10, identified as S. enterica, and S-12, identi-
fied as S. flexneri 2a, showed the highest resistance against seven
(7) antibiotics out of ten (10). Isolate S-4 (E. coli), S-6 (S. flexneri
2a), S-8 (S. enterica), and S-9 (S. flexneri 2a) showed resistance
against six (6) antibiotics out of 10. Isolates S-13(S. flexneri 2a)
showed resistance against four (4) antibiotics, S-15 (S. sonnei)
and S-16 (S. flexneri 2a) showed resistance against three (3) anti-
biotics, S-1(S. sonnei) showed resistance against two (2) antibiot-
ics, S-2 (S. flexneri 2a), S-3 (S. flexneri 2a), S-5 (S. flexneri 2a),
S-7(S. sonnei) and S-18 (S. sonnei) showed resistance against
only one antibiotic out of ten (10) respectively. The drug resist-
ance profile of eighteen (18) isolates illustrated in Fig. 5a. Three
(3) isolates were responsive to all antibiotics (ten (10) antibiotics),
whereas six (6) isolates were drug-resistant and nine (9) isolates
were multidrug-resistant, as indicated in Table 6. Isolates S-10,
identified as S. enterica, and S-12, identified as S. flexneri 2a,
exhibited the greatest resistance to seven (7) out of ten antibiotics
(10).S-4 (E. coli), S-6 (S. flexneri 2a), S-8 (S. enterica), and S-9
(S. flexneri 2a) were resistant to six (6) out of ten (10) antibiot-
ics. Isolates S-13 (8. flexneri 2a) exhibited resistance to four (4)
antibiotics, S-15 (S. sonnei) and S-16 (S. flexneri 2a) exhibited
resistance to three (3) antibiotics, S-1 (S. sonnei) exhibited resist-
ance to two (2) antibiotics, and isolates S-2 (S. flexneri 2a), S-3
(S. flexneri 2a), S-5 (S. flexneri 2a), S-7(S. sonnei) and S-18 (8.
sonnet) showed resistance against only one antibiotic out of ten
(10) respectively (Fig. 3A depicts the antibiotic resistance profiles
of eighteen (18) isolates). In antibiotic-wise analysis, nalidixic
acid showed the highest resistance against fourteen (14) strains
out of eighteen (18), followed by tetracycline and kanamycin
against seven (7) strains, amoxicillin, and streptomycin against
five (5) strains, cefepime and ceftriaxone against four (4) strains,
ampicillin, ciprofloxacin and chloramphenicol against three (3)
strains. The percentages of resistant patterns are shown in Fig. 5b.

Discussion

The worldwide occurrence of bacillary dysentery, especially
in developing countries, is a widespread phenomenon. The
death toll due to this disease is also alarming. Drug-resistant,
as well as MDR dysentery-causing pathogens, have been
reported all over the world for a few decades. This scenario is
alarming as the development of a drug is not an easy task as it
is time consuming, laborious, and costly (Sheam et al. 2020).
Hence, the isolation and characterization of MDR bacillary
dysentery-causing bacteria in the local area is very contem-
porary to support and contribute comprehensive research at
the global level. However, 16 S rDNA sequencing is an estab-
lished method to identify different types of bacteria, most of
the Shigella spp. share > 80% nucleotide sequence similarities
based on the study of DNA homology, and a similar result
can be found on the sequence similarities between E. coli
and Shigella spp. Cilia et al. (1996) confirmed this proximal
relatedness where the 16 S rDNA sequence analysis failed to
separate E. coli and Shigella into two separate clades, which
indicates a higher degree of similarity. Van den Bled and Reu-
bsaet (2012) suggested that Shigella spp. should be positioned
within the E. coli species due to similarities between these two
groups. For this reason, serotyping is the best way to detect
Shigella spp. accurately.

In this study, after examining one hundred fifty (150)
stool samples, eighteen (18) bacterial strains were suspected
of dysentery-causing pathogens. Among the eighteen (18)
isolates, twelve (12) were suspected as Shigella, and six (6)
were suspected as either Salmonella or E. coli. Among the
isolates, twelve (12) were Shigella strains, five (5) were Sal-
monella strains, and one was E.coli strain. Among twelve
(12) Shigella isolates, eight (8) were S. flexneri 2a serotype,
and four (4) were S. sonnei. All five (5) Salmonella strains
were S. enterica sub spp. enterica.

Ud-Din and Wahid (2014) analyzed 10,827 Shigella isolates
from patients between 2001 and 2011 to determine the preva-
lence and distribution of different Shigella spp. in Bangladesh,
where S. flexneri was the predominant species. The prevalence
of S. flexneri decreased from 65.7 to 47%, whereas S. sonnei
increased from 7.2 to 25% (between 2001 and 2011) (Ud-Din

Table5 16 S rDNA sequence

. Isolates Related Species Name % of Similarity Accession Number

analysis for Salmonella and E.

coli S-4 Escherichia coli O157:H7 str. Sakai 100 NC_002695.2
S-8 Salmonella enterica subsp. enterica strain LT2 99 NR_074910.1
S-10 Salmonella enterica subsp. enterica strain LT2 99 NR_074910.1
S-11 Salmonella enterica subsp. enterica strain LT2 99 NR_074910.1
S-14 Salmonella enterica subsp. enterica strain LT2 100 NR_074910.1
S-17 Salmonella enterica subsp. enterica strain LT2 100 NR_074910.1
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Kosakonia sacchari SP1(NZ_CP007215.2)
{> Salmonella enterica subsp. enterica serovar Typhi str. CTI18(NC_003198.1)
——5 Salmonella enterica subsp. enterica serovar Typhimurium str. LT2(NC_003197.2)

‘ [ 9 Enterobacter cloacae subsp. cloacae ATCC 13047(NC_014121.1)
[

Enterobacter hormaechei subsp. steigerwaltii(NZ_CP017179.1)

? Kosakonia cowanii JCM 10956 = DSM 18146(NZ_CP019447.1)
> Kosakonia cowanii JCM 10956 = DSM 18146(NZ_CP019445.1)
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Shigella dysenteriae Sd197(NC_007606.1)

[ ? Escherichia coli O104:H4 str. 2011C-3493(NC_018658.1)

o Shigella flexneri 2a str. 301(NC_004337.2)

2 Escherichia coli UMNO26(NC_011751.1)

Fig. 2 In the phylogenetic tree, a
Strain-4 (a) showed similarity
with E.coli, whereas strain-8
(b), showed similarity with
Salmonella enterica
I 0.008 |
b

Strain-8

L9

Ll

| 0.009 |

and Wahid 2014). S. flexneri is generally the most common
species in the region; however, S. sonnei has increased over
the past few decades, recently accounting for 25% or more of
isolates in Bangladesh (Houpt et al. 2021; Ud-Din & Wahid,
2014; Ud-Din et al. 2013). Among 2014 diarrheal stool sam-
ples from pediatric patients of Khyber Pakhtunkhwa, Pakistan,
from January 2016 to May 2017, 7.9% of Shigella species were
detected among the samples. In the isolated strains, the pre-
dominant Shigella spp. was S. flexneri (96.8%), followed by S.
boydii (n=5, 3.1%) (Nisa et al. 2020).

In another study by Pervin et al. (2019) in Bangladesh,
out of two hundred seventeen (217) diarrhoeal stools,
ninety-seven (97) bacterial isolates were isolated. Among
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Atlantibacter hermannii NBRC 105704(NZ_BAFF01000039.1)

Escherichia coli O83:H1 str. NRG 857C(NC_017634.1)

I Escherichia coli O104:H4 str. 2011C-3493(NC_018658.1)

|2 Escherichia coli str. K-12 substr. MG1655(NC_000913.3)
‘ Shigella flexneri 2a str. 301(NC_004337.2)

Enterobacter cloacae subsp. cloacae ATCC 13047(NC_014121.1)
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> Escherichia coli O157:H7 str. Sakai(NC_002695.2)

ninety-seven (97) culture-positive cases, the percentages of
E. coli, Shigella spp., and Salmonella spp. were 51-52.58,
15-15.46, and 8-8.25%, respectively. Salmonella enteritidis
was the utmost common serotype in Europe, Latin America,
and Asia, accounting for 87%, 31%, and 38% of the clinical
isolates, respectively (Pervin et al. 2019). In another study,
126 Salmonella isolates dispersed among seven serotypes
were shown to be multidrug-resistant, with high rates of
AMR to lincomycin (100%), rifampicin (100%), sulfadiazine
(93.7%), erythromycin (89.7%), ciprofloxacin (81.0%), and
gentamicin (75.4%). (Guan et al. 2022)

In a recent study in Somalia, Shigellosis prevalence was
20.6%, where S. flexneri (70.3%) was the prominent species
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Fig. 3 In the phylogenetic tree, a
Strain-10 (a) and Strain-11 (b)
showed similarity with Salmo-
nella enterica 9
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Shigella flexneri 2a str. 301(NC_004337.2)
{ Enterobacter cloacae subsp. cloacae ATCC 13047(NC_014121.1)
—————9Klebsiella pneumoniae subsp. pneumoniae HS11286(NC_016845.1)

Atlantibacter hermannii NBRC 105704(NZ_BAFF01000039.1)
? Escherichia coli O83:H1 str. NRG 857C(NC_017634.1)

Escherichia coli UMNO026(NC_011751.1)

0.009 >
| | |

Escherichia coli str. K-12 substr. MG1655(NC_000913.3)

Escherichia coli O157:H7 str. Sakai(NC_002695.2)

Kluyvera ascorbata ATCC 33433(NZ_JMPL01000225.1)
Q [Enterobacter] lignolyticus SCF1(NC_014618.1)
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Citrobacter freundii CFNIH1(NZ_CP007557.1)

[ “Klebsiella acrogenes KCTC 2190(NC_015663.1)
b 9Klebsiella pneumoniae subsp. pneumoniae HS11286(NC_016845.1)

|0.0l |

(Ali Nor et al. 2021). Our findings demonstrated that the
isolated strains responsible for bacillary dysentery are domi-
nated by S. flexneri and S. sonnei, and S. enterica sub spp. In
a study, five Salmonella isolates were identified in diarrhea-
genic infants, where two (2) were Salmonella typhimurium,
two (2) were S. enteritidis, and one (1) was unidentified
(Yusuf et al. 2018). Furthermore, among fifty (50) samples,
Salmonella spp. was found in 16% of samples (Yusuf et al.
2018), whereas in the present study, Salmonella spp. was
detected in ~44% of isolated strains. In the case of E. coli,
only one (1) species had been identified in this study, which
comprised 5.5% of the total isolated strains (n=18).
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> Salmonella enterica subsp. enterica serovar Typhimurium str. LT2(NC_003197.2)

Antibiotic profiling of all eighteen (18) isolates demon-
strated that 50% of the isolated strains are MDR, and 33%
of isolated strains are drug-resistant. Antibiotic profiling
reveals that three isolates, S-11, S-14, and S-17, were sus-
ceptible to all antibiotics. Isolate S-2 (S. flexneri 2a), S-3 (S.
flexneri 2a), S-5 (S. flexneri 2a), S-7 (S. sonnei) and S-18 (8.
sonnei) were drug resistant while isolate S-10 (S. flexneri
2a), S-4 (E. coli), S-6 (8. flexneri 2a), S-8 (S. enterica) S-9
(S. flexneri 2a), S-13 (S. flexneri 2a), S-15 (S. sonnei), S-16
(S. flexneri 2a) and S-1 (S. sonnei) were multidrug resistant.
The pooled prevalence rates of MDR and extended-spectrum
beta-lactamase (ESBL)-producing Shigella bacteria were
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68.7% and 23.9%, respectively, according to a comprehen-
sive and systematic study done by Salleh et al. (2022). Ali
Ali Nor et al. (2021) reported that all the serogroups were
100% resistant to ampicillin, trimethoprim-sulfamethoxa-
zole, and tetracycline, where ceftriaxone resistance was the
highest among S. sonnei (66.7%). In Somalia, MDR Shigella
strains, including those resistant to ciprofloxacin and cef-
triaxone, have emerged, posing a public health threat (Ali
Nor et al. 2021). Dhaka city in Bangladesh has high rates
of azithromycin-resistant Shigella, particularly among S.

Cronobacter sakazakii(NZ_CP011047.1)
[ Yokenella regensburgei ATCC 49455(NZ_JMPS01000045.1)
’7 ——0 Pseudescherichia vulneris NBRC 102420(NZ_BBMZ01000044.1)
L [ 9Klebsiella aerogenes KCTC 2190(NC_015663.1)
———————9Klebsiclla pneumoniae subsp. pneumoniae HS11286(NC_016845.1)
’ Citrobacter freundii CFNIH1(NZ_CP007557.1)
L ‘ Buttiauxella ferragutiae ATCC 51602(NZ_LXEQ01000068.1)
[ 0 °Kluyveraascorbata ATCC 33433(NZ_JMPL01000225.1)
—— [Enterobacter] lignolyticus SCF1(NC_014618.1)

9 Enterobacter cloacae subsp. cloacae ATCC 13047(NC_014121.1)
[ -~ Enterobacter kobei(NZ_FYBC01000017.1)
———0Klebsiella oxytoca(NZ_CP011636.1)

—© Salmonella enterica subsp. enterica serovar Typhi str. CTIS(NC_003198.1)
9 Strain-17

»Salmonella enterica subsp. enterica serovar Typhimurium str. LT2(NC_003197.2)
» Enterobacter hormaechei subsp. steigerwaltii(NZ_CP017179.1)

sonnei, and the treatment outcomes are poor in these indi-
viduals. (Houpt et al. 2021).

According to the Centers for Disease Control and Pre-
vention (CDC), approximately 77,000 antibiotic-resistant
Shigella infections occur annually in the United States
(Mercante & Winchell, 2015). Recently, high frequency of
trimethoprim/sulfamethoxazole (80%), ampicillin (85%),
cefotaxime (63%), and nalidixic acid (47%) resistant Shi-
gella spp. has been reported in [ran (Mahmoudi et al. 2017).
Furthermore, three subsequent annual reports published by
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Table 6 Antibiotic profiling of isolated strains against ten antibiotics

Name Name of antibiotics Findings
ios{)i}aitees AMP (10u) AML (10u) TE (30w) S (25n) K@0w) CIP (Spg) FEP (30n) NA (30n) CRO (30pg) C (30 pg)

S-1 S S S S R S S R S S DR
S-2 S S S S S S S R S S DR
S-3 S S S S S S S R S S DR
S-4 S S R R R S R R R S MDR
S-5 S S S S S S S R S S DR

S -6 R S R S R S R S R R MDR
S-7 S S S S S S S R S S DR
S-8 S S R R R S R R R S MDR
S-9 S R S R R R S R S R MDR
S-10 S S R R S R R R R R MDR
S-11 S S S S S S S S S S NR
S-12 R R R R R R S R S S MDR
S-13 R S R S R S S R S S MDR
S-14 S S S S S S S S S S NR
S-15 R R S S S S S R S S MDR
S-16 R S R S S S S R S S MDR
S-17 S S S S S S S S S S NR
S-18 S S S S S S S R S S DR

S =Susceptible, R =Resistant, DR =drug resistant, MDR = multi drug resistant, NR =no resistant

Fig.5 Drug-resistant profile
and antibiotic resistance pat-
terns analysis (%) of the isolated
bacteria. a Drug-resistant pro-
file, above the red borderline,
all are MDR; b Antibiotic-wise
resistance patterns. Here, AML-
ampicillin, AMP- amoxicillin,
T-tetracycline, S-streptomycin,
K-kanamycin, CIP-ciproflox-
acin, FEP-cefepime, NA-nali-
dixic acid, CRO-ceftriaxone,
C-chloramphenicol
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the National Salmonella, Shigella & Listeria Reference Lab-
oratory, Ireland (NSSLRL) in 2014, 2015, and 2016 revealed
that the percentages of MDR Shigella were 93%, 91%, and
82.5%, respectively. This organization reported fourteen (14)
ciprofloxacin-resistant and eight (8) azithromycin-resistant
Shigella strains in 2015, while seventeen (17) ciprofloxa-
cin-resistant and six (6) azithromycin-resistant strains were
reported in 2016 (Mahbubur Rahman et al. 2007). Puzari
et al. (2018) recently noticed that Shigella had developed
resistance against fluoroquinolones, cephalosporins, and
azithromycin, but earlier, they were susceptible to ampi-
cillin, chloramphenicol, cotrimoxazole, and nalidixic acid
(Puzari et al. 2018). According to National Salmonella, Shi-
gella & Listeria Reference Laboratory, Ireland (NSSLRL)
(2017), 31.4% of Salmonella isolates (n=122) were MDR
(three or more different classes of antibiotics). Among the
MBDR isolates, 30.3% (n=37) had the profile of resistance to
ampicillin, sulphonamides, and tetracycline and were mainly
monophasic S. typhimurium.

In the current study, kanamycin and tetracycline exhibited
38.89% antibiotic resistance (Fig. 3B). In Spain, one hun-
dred fifty-four (154) tetracycline-resistant isolates of trave-
ler’s diarrhea were recovered as confirmed causes, where
79.2% were more frequent isolates of S. sonnei strains and
S. flexneri (Ranjbar and Farahani 2019). In another study,
Al-Hajj et al. (2020) reported that, among eight isolated
Shigella spp., three species were resistant to kanamycin and
nitrofurantoin. In the current study, ampicillin and chloram-
phenicol showed 16.67% resistance (Al-Hajj et al. 2020).
Antimicrobial susceptibility and resistance mechanisms
were evaluated in one hundred nine (109) Shigella and forty
(40) Salmonella isolates in southern Mozambique. It was
found that 52% and 56% of Shigella isolates were resistant
to chloramphenicol and ampicillin, respectively. Also, S.
flexneri isolates were more resistant than S. sonnei to chlo-
ramphenicol and ampicillin. Besides, only 3% of Salmonella
isolates were resistant to nalidixic acid (Mandomando et al.
2009). However, in the present study, 77.78% of isolated
strains were resistant to nalidixic acid. The MDR pathogen
poses an immediate danger to public health, necessitating
prudent and justifiable responses. Effective antibiotic treat-
ment techniques that may result in improved results for the
control and treatment of shigellosis in Asia are necessary
(Salleh et al. 2022).

Conclusion

The estimated annual mortality toll attributable to diarrheal
illnesses is around two million. Diarrheal diseases rank third
among infectious disease causes of death. Recent observa-
tions indicate that the bacteria causing bacillary dysentery
are growing resistant to an increasing number of drugs. This

is really frightening, and if the majority of antibiotics lose
their sensitivity, we will be unable to stop it. It may progress
from endemic to an epidemic and even pandemic status.
Emerging antibiotic resistance among bacillary dysentery-
causing bacteria is a global public health problem, particu-
larly in underdeveloped nations. Bangladesh is not immune
to the worldwide danger posed by bacillary dysentery. The
paucity of alternative or new antibiotics in development and
research has been regarded uneconomical owing to the short
duration of antibiotics compared to medications used to treat
chronic conditions. Therefore, it is of the utmost need to find
a durable, effective, and drug-resistant alternative therapy for
infectious diseases that safeguards drug-resistant organisms.
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