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ABSTRACT : Identification of potentially pathogenic bacteria to human health in the
environment is essential to manage ecosystem health. The study was conducted surrounding a
Lake, in the city of Kandy, a highly urbanized tourist destination in Central Sri Lanka. Fifty
samples of fresh bird droppings from House Crow (15), Little Cormorant (20), Rock Pigeon
(05), Little Egret (05) and Black — crowned Night Heron (05) were collected at five different
points using sterile swabs. After pretreatment with saline, 50 pL from each was spread on LB
and M17 agar media. Plates were incubated at 37 °C for 24 hours. Colony counts were taken.
Different morphotypes were subjected to gram staining. Isolated organisms were identified
through PCR based 16S rDNA sequencing. Highest count (CFU/mL) was obtained from House
Crow (5.5x10°) while the lowest obtained from Rock Pigeon (3.6x10°%). Twenty different bacteria
were isolated with 88% being Gram-negative. Shannon and Margalef’s indices were 2.357 and
2.934, respectively. Enterobacter soli, Enterobacter cloacae, Escherichia coli, Staphylococcus
saprophyticus, Sporosarcina koreensis, Staphylococcus sciuri, Sporosarcina aquimarina were
observed in all bird species. Enterobacter hormaechei and Klebsiella quasipneumoniae were
observed in House Crow. Accordingly, birds can act as reservoirs for pathogenic bacteria and

could transmit them to human through bird droppings.
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INTRODUCTION

With the growing human populations,
cities are expanding rapidly, and urbanization
represents one of the most intense anthropogenic
activities of natural systems, strongly affecting
ecosystems and species including birds
(Rouffaer et al.,, 2017). The urbanization,
induces a number of substantial environmental
modifications such as loss and fragmentation of
natural habitats (Er et al, 2005), increase of the
environmental pollution including soil, water,
air and changes in the food resources in the
environment (Gottdenker er al.,2014; Teyssier
et al., 2018). This can create diverse interfaces
between wildlife and human and these interfaces
are critical points of cross — species transmission
and emergence of pathogenic agents (Hassel et
al., 2017). This led to emergence of zoonotic

pathogens in human as the increased contact
between wildlife and human. However, it
depends on the interactions between humans
and infected animal reservoir, vector hosts or
their environment. The land use change has
a potential impact on disease dynamics by
changing the abundance, demography, behavior,
immune response, movement, and contact
between host species and vectors (Gottdenker
etal.,2014).

Wildlife has existed in urban areas for
as long as humans have lived in settlements
(Soulsbury and White, 2015). As a result of loss
of the natural habitats, wild birds frequently
used the urban and periurban areas as their
habitats (Ebani, 2016). However, this led to
homogenization of urban communities which
resulted a limited number of bird species in a
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high density, such as House Crow, Rock Pigeon,
and House Sparrow (Ebani, 2016; Rouffaer,
2017). Wild birds have been ranked as vectors
for zoonotic pathogens for number of human
and animal diseases through direct or indirect
transmission.

The gastrointestinal tract of birds as well
as other animals facilitates a habitat to large
number of microbes. This community of
microbes harboured within the gastrointestinal
tract of animals — ‘the gut microbiome’ — is an
important determinant of host health, immunity,
and many other physiological functions (Perry
et al. 2017). In this regard, different pathogenic
bacteria and some viruses can be inhabited
within the wild bird gut and can enter to the
environment through bird fecal matter (Tsiodras,
2008; Keesing, 2010). Therefore, fecal samples
are the best approach for sampling the microbial
gut communities of wild birds (Grond, 2017;
Videvall, 2017).

Mostly members of the family
Enterobacteriaceae, including, Salmonella
sp., Escherichia coli, Enterobacter aerogenes
and Enterobacter cloacae, and Klebsiella
pneumoniae in wild bird droppings can act as
direct or opportunistic pathogens to human.
They possess a potential health hazard to the
people who use these contaminated areas such
as school children, tourists, and municipal
workers (Vlahovi,2010).

Many studies have focused on the link
between the human activities and the species
interactions worldwide (Bradley, 2008).
However, there are no published reports
on the composition of the fecal microbial
communities in wild bird species of public
health importance in urban landscape in South
Asian tropical region. The city of Kandy is
the cultural capital in Sri Lanka and is a world
heritage site which consider as a major tourist
and religious destination among locals and
foreigners. The city lies at an elevation of
465 meters (1,526 ft.) above sea level and in
between several mountain regions. About 0.12
million populations reside and about 0.1 million
are move daily within the Kandy Municipal
Council area and more than 100,000 of vehicles
move daily within the area (Premasiri, 2010).
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The selected study site, Kandy Lake s &

artificial lake in the center of the Kandy city 45,4

has the highest attraction of people includin,

tourists. The trees around the Kandy [g.

is occupied by thousands of birds ranging i,

to different species and the surrounding are,

including the walkways are fully covered with

droppings of these birds which has the potentia

to cause severe health issues in human. The air
quality in this area is poor due to the fecal dust.

These particles are easily inhalable to people
who use this area every day. These have the
potential to cause respiratory illnesses such as
Asthma, lung infections and skin allergies etc.
These droppings persist in the environment
especially on trees and adjacent ground areas
for a long period of time there by increasing
the exposure time of the fecal contaminants
to human. When considering about the air
quality in Kandy city including the study site,
a previous study confirmed that there were
number of opportunistic pathogenic bacteria
(Weerasundara et al., 2017) used the habitat for
their survival. The airborne transmission of this
bacteria can cause significant health impact on
people. According to Madamarandawala et al.,
2019, there is a possible effect on the air quality
specially focusing on microbial air quality to
the respiratory health of preschool children in
Kandy city and surrounding area.

Therefore, the aim of this study was to
identify the microbial composition in bird
droppings collected from most common wild
bird species around the Kandy Lake. The
identification and the characterization of the
bacteria were based on the culture and by
DNA sequencing. We mainly focused on the
identification of the potentially pathogenic
bacteria in bird droppings which can cause
health hazards to human and to provide evidence
that bird droppings are a potential health hazard
to the community.

MATERIALS AND METHODS

Study site

The study site was the southern edge of the
Kandy Lake in the Central Province, Sri Lanka-
The area was rich with large trees such as Ficis
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benghalensis, Delonix regia, Tabebuia rosea
that provide habitats for feeding, resting, and
roosting to different bird species. The surrounded
area is highly populated and urbanized with
schools, hospitals, preschools, tourist hotels
and human residences. The sampling sites were
along the walkway and the adjacent roads are
highly traffic congested (Figure 1).
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Sample processing and isolation of bacteria
One gram of fresh droppings was thoroughly
mixed in 10.0 ml of 0.85% w/v saline solution.
The material was homogenized by shaking
and allowed to stand for 30 min. 1.0 mL was
transferred into the next test tube and diluted
serially in one-tenth stepwise to 10~ dilution
(Wambura, 2014). From the dilution of 10+

FIGURE 1: Map indicating the locations where the sample collection carried out along the southern
edge of the Kandy Lake (Source: www.google.com)

Sample collection

A bird survey was carried out from February
to June 2018 in the morning (0630 — 0800 h), in
the afternoon (1330 — 1500 h) and in the evening
(1700 — 1800 h) for the identification of most
common bird species, their nesting and roosting
sites around the Kandy Lake. Fifty samples of
bird droppings from House Crow (15), Little
Cormorant (20), Rock Pigeon (05), Little Egret
(05) and Black — crowned Night Heron (05)
were collected at five different sample collection
points using sterile swabs and transported to the
laboratory as soon as possible for the analysis.
The sample were collected freshly and the
collection, transportation and the processing
were done under the sterile conditions.

of dropping sample, 50 uL aliquot was spread
on LB (Luria-Bertani, H26760, Alfa Aesar,
England) and M17 agar (VK474508, Merck,
Germany) media. Plates were incubated at 37
°C for 24 hours. Colony counts were taken and
different morphotypes were subcultured to be
used in subsequent gram staining, morphological
identifications and molecular analysis.

DNA extraction and amplification

DNA was extracted from the isolated
cultures using the standard CTAB method
(Somerville er al., 2005) and quantified using
the Fluorometer (QuantiFluor® Single-Tube
Fluorometer, Promega, USA). A PCR was
performed using universal bacterial primers 27F
(5’-AGA GTT TGA TCM TGG CTC AG-3")
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and 1492R (5’-GGY TAC CTT GTTACG ACT
T-3’; Macrogen Inc, Seoul, Republic of Korea)
to amplify the 16S rRNA gene (Lan ef al.,
2002). Amplification reactions were performed
in a 25 pL reaction volume containing 5 pL of
dissolved DNA, 0.2 puL of 1 U Taq (Prf)mega,
USA), 5 uL of 5X green GoTaq ® Flexi buffer
(Promega, USA), 2.5 uL of dNTP mixture (1
mM each), and 40 pmol of each primer. _

Reaction mixtures were amplified using
conventional PCR in Rotor-Gene Q (QIAGEN,
USA). PCR conditions consisted of 35 cycles
of: 60 s at 94°C, 60 s at 50°C and 60 s at 72°C,
with an initial denaturing step of 2 min at 94°C,
and followed by a final extension step of 20
min at 72°C. Reactions were verified to contain
visible amplification using 2% agarose gel
electrophoresis. Residual primers were removed
from the PCR product using the Wizard® SV
Gel and PCR Clean-Up System (Promega,
USA) following manufacturer’s instructions
and stored at — 20 ° C until sequenced.

16S rDNA sequencing and sequence analysis
PCR products were sequenced commercially
using the Sanger sequencing (Macrogen
Inc., Seoul, Republic of Korea; Unno, 2015).
Obtained sequences were trimmed and aligned
using BioEdit software (Ibis Theraputics, CA).
Any sequences with uncertainties (chimeric
sequences) were removed from the data set.
The taxonomic affiliation was done by BLAST
using GenBank of the National Center for
Biotechnology Information (NCBI) and the
gene sequences were (accession numbers from

MK000881 to MK000895) deposited in the
NCBL

Data analysis

Microbial richness and the diversity of
the bird fecal samples were calculated using
diversity indices. The relationship between
the host and the microbial community was
statistically analyzed to see whether there is

a significant correlation between microbial
richness and the host species.
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RESULTS
Twenty-one bird species bclong into
families were identified in the Vicinity

most common bird species obseryeg d h
the study were House Crow (23‘73%) lfm;
Cormorant (32.62%), Rock Pigeon “6“4;|$|1
Little Egret (3.53%) and Black — Crowneq \J‘l’w
Heron (14.16%) in which the droPPings w%h
collected. Bacterial counts were calculatzr;
and highest colony count was obtaineg fro(
the House Crow (5.5 x 10° CFU/my) i [:
lowest colony counts were obtained frop, RO(‘;
Pigeon (3.6 x 10> CFU/ml). Total of 2( differen,
bacterial isolates were isolated from collecteg
bird droppings and according to the Gram'
staining results, there were a smaller "Umbe.r
of Gram-positive isolates in comparison ¢, the
Gram-negative isolates of 88%.

Fecal microbial composition and the diversity

Different isolates obtained from the biyg
dropping samples were analyzed by sequencing
the V3 and V4 variable regions of the bacteris|
ribosomal RNA (rRNA) gene. The isolated
strains were classified into 3 distinct phyla i ¢
Proteobacteria, Actinobacteria, and Firmicutes
(Figure 2).

Out of them Firmicutes were the most
common phyla in all bird species and
Actinobacteria were only observed in Little
Egret. When considering the a-diversity,
Shannon diversity index was given the value of
2.357 and the Margalef’s Richness Index was
2.934 for the isolated bacterial strains. Highest
number of organisms were isolated from House
Crows’ droppings (85.71%). Enterobacter
soli, Enterobacter cloacae, Escherichia coli,
Staphylococcus  saprophyticus, Sporosarcina
koreensis, Staphylococcus sciuri, Sporosarcina
aquimarina were observed in dropping sarnp1€§
of all birds. However, Enterobacter hormaechei
and Klebsiella quasipneumoniae Wwere only
observed in House Crow (Figure 3).

The relationship between the host and the
microbial community o the
When considering the host species:
highest number of bacteria were residing ‘in

House Crow while the lowest recorded in BI3¢
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icrobes and can

; Crows number of micro Setaca .
crowned Night Heron (Table 1). House ‘ ]
harbor 85%g:>lf all the isolated cultures and it several human related diseases.
shows that house crow tends to harbor large
er of bacterial isolates among bird species

Ector for

TABLE 1: Comparative analysis of numb

Rock Black - =
Orgaxion g::;e :inotlt'ﬁorant Pigeon c,::vl;e d :Zdttle
Night gret
Heron

Enterobacter soli 4 I 1 = 5
Enterobacter sp. = 3 :: = 2 =

Glutamicibacter protophormiae - = = - 3
Acinetobacter radioresistens 1 - = 2 : =
Staphylococcus saprophyticus 12 3 - 2 3
Sporosarcina koreensis 8 3 = 2 2
Staphylococcus sciuri 2 - 2 1
Enterobacter hormaechei 4 - - = »
Cronobacter sakazakii 4 - 9 5 §
Pseudomonas putida 1 1 - _ n
Enterobacter cloacae 1 1 » 1
Klebsiella quasipneumoniae . 1 = 2 K =
Escherichia coli ? 2 %) = 3 =
Sporosarcina aquimarina 7 1 1 = 5

B Ertercbacter zol
B Acinetsbacter ragicresister

B Staphyloceccus saprophyty

Bl Sporozarcina horeens

B Staphylococcus s

Bl Ertercbacter rormaeche

B Croncbacter takazah:
Preudomonas putica

Il Ertercbacter cloacse

Bl Klebsiella quasipresmaniae

B Exchanchie col

B Sporosarcira agquimanna

FIGURE 4: L
4: The percentage distribution of observed microorganisms in crow’s dropping samples
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According to the results, in the crows’
droppings, S. saprophyticus, S. koreensis and
S. aquimarina were recorded as the highest
prevalent microorganisms. However, the
microbial diversity is comparatively high
and most of them have the potential to cause
health hazards to human such as E. coli, K.
quasipneumoniae, E. cloacae, C. sakazakii and
S. sciuri (Figure 4).

DISCUSSION

Anthropogenic land use changes can
negatively impact ecological integrity and
biodiversity by disrupting the usual stability
of an ecosystem. Disturbing to the food web
structure and function, altering terrestrial
and aquatic biogeochemical cycles, shifting
ecosystem properties, and introducing non-
native species, including pathogens are adverse
effects of the land use changes (Foley et al.,
2005). Pathogen abundance and diversity
show also great geographic variation and even
variation across cities from the same region
(Tietze, 2018). Climate and presence of water
bodies are the two main factors that affect
pathogen abundance and diversity in a city.
However, transmission of disease may be more
rapid in urban areas due to the higher densities
of birds and gathering of birds at feeding tables.

There is a general trend for biotic diversity
in urban areas to decline and this decline
tends to increase as habitats become more
and more urbanized. However, the patterns
of biotic diversity can vary with the degree of
the urbanization (Bradley and Altizer, 2006;
Soulsbury and White, 2015). There are different
complications in this kind of habitats. Species
homogenization is a current issue because
species that are willing to survive in a disturbed
condition can only exist in urban landscape.
Therefore, species that are highly sensitive to
the environment or feed on a special diet cannot
survive in these areas. This reduced diversity
of wildlife can influence the transmission of
vector-borne diseases because in urbanized
areas, a low host species diversity may increase
the proportional abundance of key reservoir
hosts (Keesing et al., 2006).

IMPACT OF MICROBIAL COMMUNITIES OF PUBLIC HEALTH IMPORTANCE
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It is estimated that nearly 80% of emerging
infections are zoonoses and thus are dependent
on an animal for the survival (Hassel et al.,
2017). Meantime, due to the changes in the host
diversity, host density, phylogenetic structure,
immune competence and immune history, an
interface has built up between host species
and human. The relationship between animal
host species diversity and discase prevalence
has been tested using different animal models
including birds (Grond, 2017). As an example,
West Nile Encephalitis, is a recent mosquito-
borne infectious disease where several species
of birds act as intermediate hosts (Keesing et al.,
2010). Based on this association, Ezenwa et al.
(2006) conducted a study to test the relationship
between the diversity of passerine and non-
passerine birds and the West Nile virus (WNV)
infection rates in human. They found that
non-passerine species diversity is significantly
correlated with human infection rates i.e.
communities with low non-passerine bird
diversity tend to be dominated by species that
act as hosts for WNV, inducing high infection
prevalence in people while communities with
high non-passerine bird diversity tend to be
dominated by species which are incompetent
hosts for WNV. This finding suggests that there
may be a strong correlation between low bird
diversity and disease prevalence in humans for
WNV.

Ostfeld and Keesing (2000) studied the effect
of diversity of tick hosts on disease prevalence
for Lyme disease in human populations.
According to their results, increasing species
diversity decreases disease prevalence by
diluting the availability of competent hosts with
increased numbers of incompetent hosts.

Contamination of urban environments by
wild bird droppings and the resultant health risks
for human have been known for a long period
of time (Ebani ef al., 2016). Several wild bird
species inhabiting urban areas act as a source
for several human and animal diseases through
direct or indirect transmission, i.e.by acting as
vectors for zoonotic pathogens (Kozdrun and
Czekaj, 2015). In addition, behavioral habits of
the wild birds in assembling and resting on trees,
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bring them even closer to human. ,"x.ccord(l::Ig1
to the Ebani, 2016 at least 110 organisms A
be found among birds that are pathogenic g
humans, including viruses, bacteria, fungt, an
prOt;)nZ (:;;3 current study, microbial diversity 1n

: : Crow, Rock Pigeon,
bird droppings of House ,
Litle cormorant, Little Egret, and Black
— crowned Night Heron were assessed by
cultivation on LB media and by 16S rDNA
sequencing technique. Using the 'moleculflr
method, 15 different species belonging to SIX
different families were found. Similar to (.)ther
vertebrate hosts, the birds’ gut microbiome
is dominated by members of the phylum
Firmicutes, with other members being from
phyla such as Actinobacteria, Bacteroidetes,
and Proteobacteria (Hird et al., 2015; Waite
and Taylor, 2015). According to our results,
it also showed that the all the collected bird
fecal samples were predominantly represented
by the phylum Firmicutes. However, this
can vary with both extrinsic and intrinsic
factors (Bradley and Altizer, 2007). Extrinsic
factors such as diet, environment, migratory
behavior, social interactions, and intrinsic
factors such as phylogenetic history, age,
and sex, reproduction, physiology: GI tract
morphology, health and fitness are the most
common determinants of the birds’ gut and fecal
microbial communities (Santos et al., 2012).
According to our observations, as the study area
is highly urbanized, these birds have limited
resources for food and habitats which may lead
to the low diversity seen in the gut microflora
(Teyssier et al., 2018). Many of the bacterial
species identified in this study are common in
human and birds but also can be found in soil
and water from the habitats where they usually
use (Santos ez al., 2012).

This study was conducted along the southern
edge of the Kandy Lake, Central Sri Lanka.
Birds have been using large trees along the edge
for different purposes including feeding (House
Crow, Rock Pigeon and Little Egret), nesting
(House Crow, Little Cormorant, Little Egret,
and Black — crowned Night Heron) and for
roosting (Little Cormorant). Therefore, these
birds use both aquatic and terrestrial ecosystems

for the survival which might be the reasop |
the obtained results.

According to 165 rDNA sequeng;
results, we have observed that there are g
potentially patho_genic bacteria in som,
the bird droppings. K quasipneumo"“
which was isolated from House Croy, &
cause pneumonia or inflammation in hum:
lung (Brisse et al., 2014). A. radioresig,,
was isolated from both House Crow apg f
Black-crowned Night Heron, responsib|e f
a range of systemic infections in criticaljy il
and immunocompromised patients but rare|,
colonize in healthy people (Visca et al., 20 )
S. sciuri was isolated from House Crow, Rock
Pigeon and Little Egret, has been associate
with serious infections in human, such 4
endocarditis, peritonitis, septic shock, urip,
infections and wound infections (Jez e 4
2003). We have isolated C. sakazakii from birg
droppings of House Cow and Rock Pigeon.
sakazakii is a rare opportunistic pathogen by
can cause fatal infection in bloodstream ang
central nervous system. Infants with weakened
immune systems, are most likely to contact
Cronobacter infection, although the bacteria
have caused illnesses in all age groups. E.
hormaechei was isolated from House Crow’s
droppings and it can cause blood stream
infections among immunosuppressed infants
and adults (Wenger et al., 1997). Most strains of
E. coli are not harmful but are part of the healthy
bacterial flora in the human gut. However, some
types can cause illness in humans, including
diarrhea, abdominal pain, fever, and sometimes
vomiting (Harrington et al., 2006). In our study,
we have identified E. coli in both House Crow
and Little Cormorants droppings. We have
isolated P. putida that can cause a wide range of
conditions such as pneumonia, catheter-related
blood stream infections, acute cholecystitis,
and cholangitis, tonsillitis, thrombophlebitis,
and skin and soft tissue infections from both
House Crow and Little Cormorants’ droppings
(Cowling et al., 2013). E. cloacae was also
isolated from House Crow, Little Cormorant
and Black-crowned Night Herons’ droppings
which can cause nosocomial urinary tract o
pulmonary infections among burn victims,
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immunocompromised patients, and patients
with malignancy (Annawajhala et al., 2019).

This result suggests that the composition of
the bacterial community associated with the bird
droppings might cause serious illnesses among
humans including school children, general
public, tourists and also the local municipal
council workers who are engaged in city
cleaning as they use this area for a long period
of time. Also, as these birds can harbor those
pathogenic bacteria, probably reflecting the
presence of such isolates in their sources of food
and/or water in the environment. On the other
hand, all the large trees were occupied by birds
for their nesting and roosting sites. Therefore,
the whole area is totally covered with bird
fecal matter and the air is highly polluted with
the fecal dust which may lead to difficulties in
respiratory system such as Asthma and allergic
conditions in the body (Haag-Wackernagel and
Moch, 2004).

The Shannon Wiener diversity for the
microbial community gives a low value and the
reason might be the urbanization which lead
to alterations in the taxonomic composition of
gut microbiome of birds (Teyssier et al., 2018).
These birds are not migratory birds, but they
are often change their habitats within the city,
according to their behaviors. This may lead to
transmission of pathogenic bacteria between
these birds.

According to our results, we observed that
there is a significant increase in the number
of bacterial species in House Crow. Crows are
highly adaptable group of animals to urban
landscapes and can survive on a wide range of
food sources. Considering most of the urbanized
areas in the country the most common bird
species that could be found everywhere is the
House Crow. They are known to roost well in
urbanized areas but they cause public health
hazard and can be a threat to human health as
studies have shown that crows carry Salmonella,
Plesiomonas,  enteropathogenic E.  coli,
Shigella, Aeromonas hydrophila and many other
microorganisms that can cause mild to severe
infection on human (Yong et al., 2008). This is
the first study in which culturable and molecular
approach was used to characterize of the birds’
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intestinal microbiota around the Kandy Lake
area. However, an idea about the total picture of
the microflora of the wild birds can be obtained
using advance molecular techniques such as
Next Generation Sequencing.

CONCLUSION
In conclusion, wild birds, which live in urban
areas are considered a hazard for the human
health, due to the presence of pathogens in their
feces. The result of the present study confirmed
that quite a number of potentially pathogenic
bacteria are present in the droppings of the birds
surrounding the Kandy Lake. Further studies
are necessary to understand the correlation of
the pathogenic agents and the human exposure

by bird droppings in urban cities.
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