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Abstract

Seventy-five fecal, water and soil samples were collected from watering sites of wild migratory
species in district Haripur, Khyberpakhtunkhwa, Pakistan. The samples included fecal, water and
soil samples of the associated environment of wild birds for detection of multi-drug resistant
(MDR) Shigella flexneri. The isolation strains were characterized biochemically and 16srRNA
sequencing was done to confirm its presence. The antibiotic sensitivity test was conducted against
different antibiotics by Kirby-bauer disc diffusion assay. The results obtained indicated that 36%
samples harboured S. flexneri and these strains were 100% resistant to 4 antibiotics including
Penicillin, Vancomycin, Azetreonam, and Ertapenam used. The isolated strain sequence was
submitted to National Center for Biotechnology Information (NCBI) GenBank for accession no.
of LC-521305. These findings compel regular surveillance of pollution of multi-drug resistant
strains in avian environment.
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Introduction

Wild animals are free living animals in
natural habitat. Their interaction with human
environment is rare but human exploration of
natural habitats drives them into contact with
humans.  These interlinkages  have
disseminated the occurrence of human
infectious agents in natural reservoirs. The
occurrence of infections in new reservoirs
has increased the magnitude of emerging
pathogens [1]. Migratory birds have seasonal
wintering movements across the continents.
These birds not only harbor but also
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disseminate potential pathogens across long
distances [2]. Migration requires more
energy, continuous flight and is also stressful.
These factors make the birds more
susceptible to pathogens. The avian species
stay near water and feeding sites and these
sites are points where acquisition or spillover
of pathogens may occur [3]. More often,
there may be residing sites that have been
uninvaded previously and this creates
dispersal of infectious agents to unexplored
locations [4, 5].
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Shigella  sp. belongs to  family
Enterobacteriaceae, are anaerobic
microorganisms [6]. The genus has four
species, Shigella flexneri, Shigella boydii,
Shigella sonnei and Shigella dysenteriae.
Shigella species have several serotypes on
the basis of their biochemical traits and O-
antigen characteristics. Thirteen serotypes of
Shigella flexneri have been characterized.
The human infection of Shigella flexneri
have symptoms like post infectious arithritis,
joints pain, eye irritation and painful
urination in humans [7, 8]. Shigella first
detection in chicken was detected in 2004 and
human dysenteric symptoms were observed
in 3-day old chick [9].

Shigella contaminates drinking water and
food, that are source of epidemic spread [10,
11]. The untamed animals in natural
environment are one of the most important
agents in the dispersal of pathogenic diseases,
wild avian species have been indicated as
significant transportation mean of pathogenic
organisms. Due to mobility over long
distance, birds are considered as potential
vector to spread pathogens [12].

Shigella has acquired multi-drug resistance
in current era, highlighting the importance of
continuous surveillance of the pathogen [13].
Wild birds habitats like forests may be
introduced with anthropogenic
antimicrobial-resistant pathogens. The routes
of causative agents may be waterways, bird
seasonal movements and tourists in the
concerned locality. Yet, scanty information is
available about antimicrobial resistance and
contamination in birds in protected areas [3].
The little information of gut microbiome in
wild avian species and their potential risk to
health needs continuous surveillance. Present
study aimed isolation of seldom reported
Multi-drug resistant (MDR) Shigella flexneri
from water sources of avian environment.
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Materials and Methods

Sample collection

During field study different migratory birds
have been observed near water bodies of
Tarbella and Khanpur Dams. Fecal samples
of wild birds along with water and soil
samples of the site were collected through
sterile swabs containing transport media.
The samples were then taken to
Microbiology Lab, The University of Haripur
for further processing. Samples were kept in
a refrigerator at 4°C until further processing.
Peptone water was used to enrich the samples
and incubated at 37 °C for 24 hours. The
enriched samples were inoculated on
Salmonella-Shigella agar and incubated at
37°C for 24 hours further. Pure cultures of
each isolated colony was obtained on
Salmonella-shigella Agar medium. Colony
morphology, microscopic examination and
various biochemical tests including catalase,
oxidase and Indole were carried out for
Shigella confirmation.

Antibiotic sensitivty testing

Antibiotic Sensitivity was determined on
Muller Hinton agar by using Kirby-Bauer
disc diffusion method. A fresh bacterial
colony was cultured on medium containing
Muller Hinton plate and ten different
antibiotics including ciprofloxacin (5ug),
ceftriaxone  (30pg), ampicillin - (10ug),
erythromycin (15ug), streptomycin (10ug),
vancomycin (10ug), gentamicin (10pg),
imipenam (10ug), meropenam (10ug) and
azetreonam (30ug were placed on the surface
of agar. Plates were incubated for 24 hours at
a temperature of 37°C and zone of inhibition
was measured after incubation. Resistance
and susceptibility profile of each isolate was
determined as described by European
Committee on Antimicrobial Susceptibility
Testing (EUCAST).

DNA extraction

DNA of ceftriaxone and ampicillin resistant
strains were extracted by following these
steps by Phenol-Chloroform Method as
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described by Ausubel et al. [14]. A 18-24 hrs
grown 1 ml bacterial culture broth was
centrifuged for 2 minutes at 8000g. Pellet
was re-suspended after discarding the
supernatant. 400ul STE buffer was used for
pellet suspension and cells were centrifuged
at 8000g for 2 minutes. 200ul TE buffer was
added to the pellet again. Then 100ul Tris-
saturated phenol was poured in tubes and
vortexed for 1 minute. To separate aqueous
phase from organic phase centrifugation was
done at 13,000g for 5minutes at 4°C. Then
40pl TE buffer was added to 160pl upper
aqueous phase and mixed with 2100pl
chloroform and centrifuged at 13,0009 for 5
minutes at 4°C. Again 40ul TE buffer was
added to 160ul upper aqueous phase and
mixed with  100ul  chloroform  and
centrifuged for 5 minutes at 13,0009 at 4°C.
The purified DNA was present in upper
aqueous phase.

16Sr RNA sequencing

16sr RNA sequencing was performed by
Sanger sequencing method for the
confirmation of Shigella flexneri. The
resulted sequences were analyzed by BLAST
(Basic Local Alignment Search Tool)
program to check similarity in sequence
database. The existence of similarity
confirmed the presence of Shigella flexneri.
The sequence data was submitted to NCBI
GenBank.

Results

A total of seventy-five avian fecal, water and
soil samples were collected from different
sites of Tarbella Dam. The birds observed
include common teal, mallard, Eurasian
collard dove, common moorhen, oriental
turtle dove, cattle egret, white wagtail, and
common pochard. Forty-three samples were
found positive for the presence of Shigella
flexneri. The isolation frequency detected in
total environmental and fecal samples of S.
flexnei was 36% (Fig 1). The colonies
appeared on petri plates were Pink, shiny,
smooth and round. Microscopy result shows
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that all the strains were pink in colour and rod
shaped (Fig 2). Biochemical analysis
depicted that all the strains were catalase
positive and oxidase negative for Shigella
flexneri (Table 1; Fig 3).

16srRNA sequences analysis revealed the
molecular identity of the isolated strains was
Shigella flexneri (Fig. 4). The partial
sequence was submitted to NCBI GenBank
with LC521305 accession number.
Antibiotic resistance pattern shows that high
frequency of resistance was observed against
Penicillin  (100%), Vancomycin (100%),
Azetreonam (100%), and Ertapenam (100%)
followed by Ceftriaxone (78%) (Fig. 5).
Discussion

Forty-three  samples harboured MDR
Shigella flexneri showing a high prevalence
rate of the potent pathogen. Tsiodras et al.
[15] identified 58 pathogens for which wild
avian species act as carrier or reservoir. The
zoonotic pathogens transmissions from
animals to man have been discovered for
different viruses and many enteric pathogens
like Salmonella sp., Escherichia coli and
some parasitic infectious agents [15].

Many episodes of different epidemic diseases
may erupt as a result of natural wild bird
migration that may have devastating health
impact on domestic animals, wild animals,
and humans. However, only few
investigations have been carried out to assess
the potential of seasonal avian fauna for
dissemination of pathogenic microbial
agents. Role of water fowls in Africa was
investigated only during outbreak of disease
[16]. Healthy birds and their carrying
capacity of pathogens is rarely investigated.
Present findings showed prevalence of MDR
Shigella flexneri in fecal and oral samples of
migratory birds. These results are similar to
the findings of Mohsin and Raza [17] and
different from the same researchers in the
aspect of the pathogen detected. The
percentage of antibiotic resistance in Shigella
flexneri isolates was also quite high. Hundred
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percent  resistance against  penicillin,
ertapenem, vancomycin and  azetreonam
was detected. These findings are similar to
the outcome of Ranjbar and Farahani [18]
study where they detected MDR Shigella
flexneri and S.sonnei clinical isolates. The
increased incidence of multi-drug resistance
in human pathogens and their spillover in
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natural environment can be attributed to the
extensive use of antimicrobial drugs in
therapies, foods, feeds and veterinary

medicines. The enhanced transport facilities
to remote areas and tourists exploration of
far-flung areas have added to the dispersal of
pathogens [19].

= Positive for S.flexneri

Figure 1.

= Total No. of samples

Isolation frequency of Shigella flexneri isolated from migratory birds

Figure 2. Microscopic view of Shigella flexneri
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Figure 3. Catalase test for Shigella flexneri

Table 1. Biochemical characterization of Shigella flexnei avian isolates

STRAIN COLONY
ID MORPHOLOGY MICROSCOPY | CATALASE | OXIDASE
OS1-FS75 | Circular,Pink on SS agar G-ive , Rods +ive -ive

Subject Score Identities

NR_026331.1

Shigella
flexneri

1488 5 1478 99 2710 0.0  1472/1474 99

T T R T S

Enterobacteriaceae

Bacteria

Shigella

Shigella flexneri

------ Shigella sonnei{gi:NR_104826)

i Shigella flexneri{gi:NR_026331)
=-=====mmmmme= Shigella dysenteriae{gi:NR_026332)

Escherichia fergusonii{gi:NR_114079)
===mmmmmmmmm Escherichia fergusonii{gi:NR_074902)

-I -——--- Escherichia albertii{gi:NR_025569)
------ Shigella boydii(gi:NR_104901)

--—--- Escherichia coli{(gi:LC069032)

~---— Escherichia coli{(gi:NR_114042)

WDSE_contig_1

Escherichia fergusonii{gi:NR_027549)

Figure 4. Phylogenetic tree of Shigella flexneri isolated from fecal samples of avian species
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Figure 5. Antibiotic sensitivity pattern of different antibiotics used against different isolates

of Shigella

Conclusion

These results indicate that antimicrobial

resistance has potential to become a silent

pandemic. It repercussions are beyond our

expectations and must be regularly

monitored.
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