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Abstract

Purpose: Our study focused on Pied Grow and Cattle Egret, two commensal
and ubiquitous birds feeding in dumps and frequenting our homes. Our aim
was to identify the bacteria that birds bring to our homes and could be a po-
tential risk to Congolese health. Method: We have done bacteriological ana-
lyses of bird feces for to explore its gut microbiota composition. The feces
were collected in the uricotelic cloaca by using a swab in 52 Cattle Egrets
(Bubulcus ibis) and 23 Pied Crows (Corvus albus) captured from January
2019 to January 2020 in the same dumps from the city of Kinshasa. Results:
The findings reveal the presence of following microorganisms, namely Pro-
teus vulgaris, Klebsiella pneumoniae, Salmonella sp., Pseudomonas aerugi-
nosa, Citrobacter spp, Escherichia coli in the feces of birds. It should be noted
that these birds are contaminated when they frequent and feed in landfills
around our residences or hospitals. The bacterial composition of the intestin-
al flora estimated from feces is different from one bird to another and from
the bird species to another in the same catch site. Conclusion: Commensal
birds constitute the potential sources of infectious diseases transmission if
hygienic conditions are not respected, including the regular disposal and
treatment of waste in the city. Molecular studies are required in order to de-
termine the antibiotic resistance gene of these microorganisms and the im-
pact of these bacteria on avian diversity in this region.
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1. Introduction

In Kinshasa, the capital of the Democratic Republic of Congo (DRC), recent stu-
dies by Punga and Ifuta (Kisasa and Aloni, 2011 [1]; Punga and Ifuta, 2015 [2])
documented about 131 species of birds grouped into 40 families, representing
11% of species of the all country. Despite this avian diversity, rare studies carried
out throughout the country concern only their systematics and habitats (Kisasa
and Aloni, 2011) [1]. Information about the role of these birds in the emergence
of epidemics in the region is lacking. A preliminary study by Kisasa et al re-
vealed the presence of lice mallophages (Phthiraptera) Myrsidea balati, Colum-
bicola columbae and Menacanthus stramineus, Ardeicola ciconiae, Goniodes sp.,
Ciconiphilus decimfasciatus, Ardeicola ciconiae and Cuculiphilus sp on some
birds from seven bird species of Kinshasa city (Kisasa et al. 2020) [3].

M. stramineus, in domestic hens, Gallus domesticus can cause the death of
wild turkey chicks, Meleagris gallopavo (Djelil, 2012) [4]. It is also implicated in
the transmission of encephalomyelitis viruses (Amir, A. (2006) [5]. The role of
birds as vectors of pathogenic germs to humans has been amply documented.
This is the case, for example, with some waterbirds. Potential pathogenic gen-
era were identified in the gut microbiota of the different species, suggesting
that waterbirds may disseminate pathogenic species like Clostridium, Helico-
bacter, Campylobacter, Vibrio, etc., between waterbodies (Laviad-Shitrit,
2019) [6].

The gut microbiota of an organism is established immediately after birth and
changes due to the host life-style, diet, environmental conditions, genome, etc.
(Nicholson, 2012 [7]; Sommer, 2013 [8]; Punga and Ifuta, 2015 [2]).

The aim of this study is to estimate the impact of environmental conditions
on the composition of microbiota of the birds. We chose the Cattle Egret and
Pied Crow, two commensal birds feeding in dumps and in our immediate envi-
ronment. We hypothesized that the bacteriological composition of the gut mi-
crobiota of these two birds is a good indicator of the potential risk to public

health and bacteria distribution on its hosts is random in the dumps explored.

2. Materials and Methods
2.1. Study Area

This study was conducted in five dumps of Kinshasa city, DRC: Home X (A),
Home XX (B), Home Village Maluku (C), Triangle of market gardeners, and
University clinics (E). The geographic data for these five dumps are presented in
Table 1.

Birds have been captured in these unsanitary dumps as shown in Figure 1.
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Table 1. Geographic coordinates of five dumps.

Dumps South Longitude East Latitude Altitude
A: Home X 04°42'497" 015°31225" 441 m
B: Home XX 04°2522.7" 015°18'48.1" 418 m
C: Home Village Maluku 04°25'18.9" 015°1826.6" 449 m
D: triangle of market gardeners 04°23'53.5" 015°1826.2" 311 m
E: University Clinics 04°24'43.8" 015°18'31.4" 324m

Figure 1. Triangle of market gardeners’ dump (D).

2.2. Sample Collection

A total of 52 Cattle Egrets (Bubulcus ibis) and 23 Pied Crows (Corvus albus)
were captured from January 2019 to January 2020. We used the self-made traps;
a noose of nylon wire attached to a piece of wood. The birds were attracted to
each trap by palm oil-soaked pouches and pieces of fish.

To collect feces, sterile cotton swabs wetted with sterile normal saline water
were inserted in the cloacae of 75 birds, and placed in sterile vials. After collec-
tion of cloacal swabs, the birds were then freed. The samples were transported
immediately to the laboratory in an ice box. The difference in the size of the fecal
samples analyzed was related to the bird capture technique. However, at least
one specimen of each bird species was captured in each dump. This did not pre-
vent us from having a rough idea of the composition of gut microbiota of these

two species of birds very close to human residences.

2.2.1. Isolation of Microorganisms

Swab samples were enriched in buffered peptone water at 37°C for 24 h. Subse-
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quently, the cultures were streaked on MacConkey agar and incubated at 37°C

overnight. Different single colonies were then collected and purified.

2.2.2. Purification

Gram negative bacilli were identified using microbiological conventional me-
thods including Gram staining, oxidase tests, indole and urease production, ci-
trate utilization, hydrogen sulphide, gas production and fermentation of sugars,
phenylalanine deaminase, lysine decarboxylase (L.D.C.), ornithine decarboxylase
(0.D.C.), arginine dihydrolase (A.D.H.) tests, nitrate reduction, casein hydroly-

sis, methyl red and Voges-Proskauer reactions.

2.2.3. Identification of Microorganisms

The identification of isolated strains involved a series of preliminary tests (mac-
roscopic and microscopic examination) which should enable us to group the
identified microorganisms into different classes, and some biochemical tests
were carried out to enable the identification at the species level. (i) Macroscopic
examination a. Bacteria the examination was based on the search of the follow-
ing characteristics: size, color, pigmentation, shape, surface appearance, colony

edge appearance, consistency and opacity (Iteku et al 2020) [9].

2.2.4. Microscopic Examination

1) Fresh condition

It is a very simple examination of implementation and takes place under an
optical microscope (brand HITACHI) at 40x. This allows: the observation of
living bacteria and the determination of their morphology, their mode of
grouping, their possible motility and the approximate quantity of bacteria (Lad-
raa et al. 2016) [10].

2) Gram staining

Examination of the Gram-stained smear allows the observation of any bacteria
present, differentiating them into Gram positive and Gram negative according to
their morphology and dye affinity. It allows also to assess their abundance,

grouping, homogeneity or morphological heterogeneity (Ladraa et al 2016) [10].

2.2.5. Biochemical Tests

1) Catalase test Catalase

Is an enzyme present in most strict aerobic and facultative anaerobic bacteria.
It breaks down hydrogen peroxide into water and oxygen, which is released in
the following reaction (Ladraa et al 2016) [10].

H,0, —>%OZ+H20 (1)

The release of gas bubbles indicates the presence of catalase ie., the test is
positive.

2) Classical biochemical gallery

In order to identify Enterobacteriaceae, several traits need to be studied.

1) Analysis of carbohydrates and energy metabolism
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This analysis consisted on the use of lactose and sucrose, fermentation with or
without glucose gas, production of H2S. Meanwhile, the use of citrate as a sole
source of carbon and energy: the purpose of this test was to find out whether the
bacteria use citrate as a source of carbon.

2) Analysis of protein metabolism

Here, the focus was on the production of indole (Tryptophan metabolism)
and the one of bacterial decarboxylases ODC (Ornithine decarboxylase), LDC
(Lysine decarboxylase and ADH (amino acid metabolism). Table 2 presents dif-

ferent Enterobacteriaceae identified in the feces of each commensal bird.

3. Results and Discussion

3.1. Gut Composition of Cattle Egrets and Pied Crows in Kinshasa,
DR. of the Congo

A total of 75 feces, including 52 Cattle Egret and 23 Pied Crow captured in the
same dumps, were subjected to bacteriological testing. The different Gram-negative
bacilli identified in both bird species are shown in Table 2.

The test was positive for Eschericha coli and Citrobacter spp in all samples
analyzed. However, Proteus vulgaris was found in all Cattle Egret samples except
those captured in the Home X dump (site A) and in all Pied Crow samples ex-
cept those from the Home X, Home XX (Site B) and Maluku Village (Site C)
dumps. Klebsiella pneunomae was found only in 50% of feces of Cattle Egret
captured in the triangle dump (site D) and negative in all feces of Pied Crow.
The latter appear to be more parasitized than the Cattle Egret because of the ad-
ditional presence of Pseudomonas aeruginosa and Salmonella spp. in samples
collected from the university clinic dump (site E). The gut microbiota composi-
tion of two bird species appears different assets than sharing the same ecological
niche. These results confirm the heterogeneity of each intestinal flora of each of
the 75 bird species studied.

Table 2. Host-gut microbiota interaction with dumps (environmental conditions).

Hosts Bubbulcus ibis (n = 52) Corvus albus (n = 23)
Gut microbiota A(n) B(n) C(n) D(n) E(n) A(n) B C(n) D(n) E(n)

E. coli (Theodor

19 14 12 4 3 5 7 3 3 5
Escherich, 1885)

Citrobacter spp (Werkman et

19 14 12 4 3 5 7 3 3 5
Gillen, 1932)

Proteus vulgaris (Gustsave
Hauser, 1885)

Klebsiella pneumonae
(Friedlander)

Pseudomonas aeruginosa
(Carle gessaed)

Salmonella spp 0 0 0 0 0 0 2 0 0 5

Legend: A(n), B(n), C(n), D(n), E(n) symbolize the number of infected birds by bacteria of the Dump A, B,
C, D, E respectively.
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3.2. Discussion

The importance of wild birds as potential vectors of disease has received recent
renewed empirical interest, especially regarding human health. Understanding
the spread of bacterial pathogens in wild birds may serve as a useful model for
examining the spread of other disease organisms, both amongst birds, and from
birds to other taxa. Information regarding the gut microbiota is limited for the
majority of wild bird species, with the few well-studied examples concentrating
on bacteria that are zoonotic and/or relate to avian species of commercial inter-
est. However, most studies are limited by small sample sizes, the frequent ab-
sence of longitudinal data, and the constraints of using selective techniques to
isolate specific pathogens. The pathogenic genera found in the gut are often
those suspected to exist in the birds’ habitat (Benskin, 2009) [11]. In Kinshasa,
the capital of the DRC, public toilets are almost non-existent, the water from the
septic tanks is discharged into the streets or into urban and guttering rivers. It is
in these unsanitary habitats that Cattle Egrets, Pied Crows and commensal ro-
dents feed and are likely infected with enterobacteriaceae from the human ga-
strointestinal tract (Laudisoit et a/ 2005 [12]; Kisasa et al. 2020) [3]. Human re-
sponsibility for the spread of pathogenic germs has been the subject of numerous
studies. Recent studies by Iteku and his team (Iteku et al. 2020) [9] have shown
that as a result of the exchange of contaminated currency notes between hu-
mans, microorganisms begin to spread, contributing to the spread of antibiotic
resistance and many virulence factors and pose a risk to public health. The dif-
ferent bacteria on the currency notes have also been identified in the feces of our
birds.

Bacteria contained in the feces analyzed appears to vary qualitatively from
sample to sample. In the Cattle Egrets, we identified E. coli, Citrobacter sp and
Proteus vulgaris in all dumps except Klebsiella pneumonae found only in sam-
ples from the Maluku dump (D). However, Pied Crow appears to be the most
infected. In addition to all the enterobacteriaceae identified in the Cattle Egrets,
we identified Pseudomonas aeruginosa and Salmonella spp. Although sharing
the same ecological niches. Nicholson ef a/ 2012 [7] and Sommer and Backhed,
2013 stipulate that due to the influence of a varied diet, genetics, hygiene level,
medical treatments administered and the environment, the composition of the
intestinal microbiota then develops qualitatively and quantitatively during the
first few years of life. The qualitative and quantitative composition of the micro-
biota then remains fairly stable thereafter. Fluctuations in sex hormones—testo-
sterone and estrogens—may nonetheless have an impact on its composition.
Medical treatments (birds feeding on oates soaked in the blood of hospital pa-
tients dumped in dumps for example), changes in lifestyle and various events
can also modify the microbiota, in a more or less durable manner. For instance,
antibiotic treatment reduces the quality and quantity of the microbiota over sev-
eral days to several weeks. The initial species are largely capable of reestablishing

themselves, although differences may persist. Repeated antibiotic therapy during
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a person’s life could thus lead to gradual, permanent, potentially harmful
changes in the microbiota. In humans, however, we do not all appear to be equal
with regard to this risk: some individuals apparently have a more stable micro-
biota than others, when faced with the same disruptive events. Wouldn’t it also
be the case in these two species of birds studied?

The presence of E. coli in all samples does not surprise us in the various
dumps around student residential homes and markets. Indeed, the students of-
ten defecate in the nature where rains facilitate feces dissemination. This bacteria
in mutualist symbiosis in mammalians and birds’ colonists becomes pathogenic
in the environment and responsible for the few pathologies as enteric diseases,
Urinary tract infections (Hooton and Walter, 1997) [13] and Neonatal meningi-
tis (Ku et al 2015) [14]. Molecular study is being considered to determine the
pathogenic E. coli strain.

Other bacteria were more found in birds frequenting the dump of Kinshasa
University Clinics (E) or nearby (Village Maluku). These are Citrobacter spp., P.
vulgaris, Klebisiella pneumonae and Pseudomonas aeruginosa. They are respon-
sible for various known diseases in humans such as Abdominal Sepsis, Urinary
Tract Infection and Bacteremia, Brain Abscess, infection of skin and tissue
(Bryan and Reynolds 1984 [15]; Akihisa ef al 1997 [16]; Doran 1999 [17]; Amir
2006 [4]; Hsiu-Lin Chen et al 2008 [18]; Benskin et al 2009 [11]; Djelil, 2012
[4]; Brouwer et al. 2014 [19]; Iteku et al 2020 [9]), Hospital-Acquired infection,
Chronic Infection in Cystic Fibrosis patients (Konings et al 2013) [20], Sepsis
Form and Epizootic Enteritis, Febrile Form (Hsiu-Lin Chen et al 2008) [18].
Indeed, these bacteria can be spread by direct contact with hospital staff, vertical
mother-to-child transmission, or ingestion of contaminated material, direct
transmission between humans remains widespread (Doran, 1999) [17]. The gut
microbiota of an organism is established immediately after birth and changes
due to the host life-style, diet, environmental conditions, genome, etc. (Sommer,
2013; Punga and Ifuta, 2015 [2]; Nicholson et a/ 2018 [7]). In Canada, for exam-
ple, Tshape et al report that an outbreak of Citrobacter infection was associated
with the consumption of parsley contaminated with pork purin; 8 urinary tract
infections and 1 death were observed (Tschape et al 1995) [21].

All these enterobacteriaceae in the feces of birds were also found on currency
notes (Congolese Francs); in the city of Kinshasa by Iteku and his team, con-
firming their existence in the environment and precarious hygienic conditions of
the region (Iteku et al 2020) [9].

In 2002, Kurt et al. showed that wild birds can acquire entomopathogens, such
as Salmonella and Campylobacter spp., by feeding on raw sewage and garbage,
and can transmit these agents directly to humans or by contaminating commer-
cial poultry farms. Conversely, wild birds can acquire drug-resistant entomopa-
thogens on farms and spread these strains along migration routes. Birds contri-
bute to the global spread of emerging infectious diseases in a man-like manner

on aircraft. A better understanding of avian migration patterns and infectious
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diseases of birds would be useful in predicting future outbreaks of infections due
to new zoonotic pathogens (Kurt et al 2002) [22].

This study corroborates previous studies that show that wild birds are impor-
tant to public health because they carry emerging zoonotic pathogens, either as a
reservoir host or by dispersing infected arthropod vectors (Kisasa et al 2020)
[3]. Birds have been at the heart of the epidemiology of West Nile virus (WNV)
because they are the main amplifying host of the virus in nature, the question

remains whether they can also be vectors of coronavirus (covid-19)?

4. Conclusions

This study aimed at the determination of pathogenic microorganisms found in
the feces of Cattle Egrets and Pied Crows, two species of birds most common in
public dumps and in congolese residences, where the focus was on the dumps of
student’s residences, of the triangle of market gardeners and University Clinics
in Kinshasa. The findings showed that most of the microorganisms found in the
feces of these birds are from bacterial origin.

By feeding in unsanitary dumps and gutters, birds are parasitized and in turn
contaminate humans by defecating on their food or staining cooking utensils.
Thus, the population must avoid throwing household waste, sewage, poop and
urine in public squares.

In this study, we did only bacteriological analyses. Subsequent studies also
report the presence of helminths in the microbiota of some waterfowl. But due
to material constraints, we could not identify the species down to the specific
level. Therefore, future work will allow the determination of all the microorgan-
isms living on the currency notes. Further studies are required in order to de-
termine if these microorganisms have antibiotic resistance genes. This issue is
serious and constitutes a real challenge in the world currently.

Henceforth, evacuating and treating the garbage in Kinshasa, avoiding
dumping sewage and other waste in the gutters, urban rivers remain the most
effective way of prevention to reduce the contamination of birds and humans by

pathogenic microorganisms.
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