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ABSTRACT

Background: Tsetse flies are a cyclical vector of trypanosomiasis. Their
microbiota is involved in their vector competence and may help in
developing novel disease control tools. Pseudomonas aeruginosa is reported
to be ubiquitous in the natural environment, humans, and animals. It has
been used for biocontrol in plants.

Methods: Twenty-five live tsetse flies, collected from Yankari Game
Reserve, Nigeria, were dissected under sterile conditions. The midgut was
incubated successively in standard culture media. Suspected isolates were
then subjected to biochemical tests. The 16S rRNA gene sequence was used
to confirm the genotype. The positive isolate was also tested for
susceptibility to 17 antimicrobials.

Results: Eight (32%) of the 25 flies tested were positive for P. aeruginosa.
They were positive for oxidase, catalase, citrate, and motility tests and
negative for urease, indole, Methyl Red tests. Analysis of 16S rRNA gene
confirmed the identity of the isolate, and the phylogenetic relationship with
other strains was established. The isolate was sensitive to fluoroquinolones
and intermediate to chloramphenicol. Drug resistance was observed against
aminoglycosides, penicillin, erythromycin, clindamycin and imipenem

Conclusion: The presence of P. aeruginosa in tsetse gut contributes to the
repertoire of cultivable tsetse gut bacteria. It is crucial to investigate
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whether it could play a role in modulating the fly vector’s competence.
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I. INTRODUCTION

Tsetse flies are cyclical vectors of African trypanosomes,
responsible for Human African Trypanosomiasis (HAT) and
Animal African Trypanosomiasis (AAT). More than a
surface of 1.18 million km? are still at risk of Trypanosoma
brucei gambiense infection and 56 million people are
estimated to be at different levels of risk of contracting HAT
while the animal form is one of the biggest constraints to
livestock production [1].

Control measures are based on vector control and drug
administration which are associated with numerous
challenges such as cost, toxicity, and resistance [2]. For
vector control, the implementation and field sustainability of
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developed tools remains difficult [3]. Thus, alternative
therapeutic and preventive strategies must be pursued.

The microbiota of tsetse flies is of interest because of their
unique lifestyle and its potential for disease control.
Microbiota can influence the vector competence of their hosts
by means of direct interaction with the parasite. This can
occur through inhibitory bioactivity of secreted enzymes or
toxins. So far, tsetse flies are known to harbour four
symbiotic bacteria: Wigglesworthia glossinidia, Sodalis
glossinidius, Wolbachia, and Spiroplasma [4]. In addition to
the endosymbionts, the tsetse gut also harbours a diversity of
bacteria acquired from the environment. Previous studies
have shown that these bacterial populations vary considerably
depending both on the tsetse species or subspecies and the
geographic origin of the flies [5].
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Pseudomonas sp has been found in the gut of tsetse flies
captured in different localities [6]-[9]. They are ubiquitous in
the natural environment, humans, and animals and are known
to possess complex genetic systems including super integrons
and diverse metabolic and virulence gene cassettes.
Infections caused by Pseudomonas aeruginosa are increasing
both — in hospitals and the general community, and it has been
reported as one of the main causes of nosocomial infections
and an important opportunistic human pathogen that causes
severe infections, particularly among immune-compromised
patients [10], [11]. These infections are difficult to cure and
often require combination therapy due to antibiotic resistance
which has become an increasing problem. A varying degree
of resistance to known antipseudomonal antibiotics has been
reported in different areas of the world [10]-[12].

Pseudomonas sp has been used for biocontrol in plants
[13], [14]. They possess a large number of cell-associated and
extracellular virulence factors including algD genes, exosS,
toxA, lasB, plcH, plcN, and the extracellular neuraminidase
genes [15]. Pseudomonas aeruginosa produces a wide range
of compounds with antimicrobial activity. These compounds
result from secondary metabolism from various pathways
including the polyketide and shikimic-chorismic acid
pathways [16].

These factors and other enzymes and toxins produced by
Pseudomonas sp could interact with the trypanosome in the
tsetse gut, thus affecting the survival of the parasite and,
therefore, influencing the vector competence of the fly.
Studies have shown substances with antimicrobial activity
secreted in the secondary metabolism of microorganisms that
could be applied in the management of human, animal, and
plant diseases [17].

In order to improve our understanding of the colonization
of the tsetse gut by environmental microbes, we attempted to
isolate and characterize Pseudomonas aeruginosa from tsetse
flies in Nigeria.

Il. MATERIALS AND METHODS

A. Study Area

Tsetse flies were captured in Yankari Game Reserve
situated in Bauchi State, Nigeria, within the Sudan savannah
vegetation zone. It covers an area of 2244 km? and is located
between latitude 9° 45.240" N and longitude 10° 30.448" E.
Flies were transported to the bacteriology laboratory of the
Department of Veterinary Public Health and Preventive
Medicine, Faculty of Veterinary Medicine, Ahmadu Bello
University, Zaria, Nigeria.

B. Sample Collection

Biconical traps were used to catch tsetse flies [18], then
transported to the laboratory where they were identified using
entomological identification keys based on morphological
characters [19]. The collected flies were dissected using a
light stereomicroscope under sterile conditions. The
individual insect was surface sterilized by submersion in 5%
bleach for 1 min, then in 70% ethanol for 5 min, and rinsed
in sterile phosphate-buffered saline (PBS) for 5 min. The gut
of each insect was then carefully removed using clean forceps
and homogenised in 200 pl of sterile PBS. Care was taken to
disinfect dissection tools after each use during dissection to
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prevent contamination  successively using  Sodium
hypochlorite (5%), ethanol (70%), and sterile water. A part of
the homogenised gut sample will be preserved in a microtube
containing RNA later for molecular investigations while
another part will be used for bacteria isolation.

A. Inoculation and Culture

One hundred microliters of homogenised gut were mixed
with 3 mL of an enrichment medium: nutrient broth and
incubated overnight at 37 °C in aerobic condition. The
overnight culture was first streaked on a nutrient agar plate
and incubated overnight at 37 °C. The suspected colonies
from each sample characterised by irregular shape, large and
low elevation, greenish-blue pigment production, were
subcultured on selective medium cetrimide agar. The positive
colonies (growth and greenish pigment production) were
subcultured on MacConkey agar. The suspected non-lactose
fermenting and colourless colonies were then subcultured on
blood agar and on Mueller Hinton agar to observe for
haemolysis (beta haemolysis) and pigmentation (greenish)
respectively. All the inoculated plates were incubated at
37 °C for 18-24 hours and growth was evaluated.

Suspected isolates were identified based on colony
morphology, haemolysis, as well as pigment production on
these media, were further identified by their Gram stain
reaction and conventional biochemical tests: oxidase test,
catalase, Urease, citrate utilization, indole production, urea
hydrolysis, gas formation, MR-VP test, Triple Sugar lon test
(TSI), Sulphur Indole Motility test (SIM).

B. Antibiotic Susceptibility

Antibiotic susceptibility tests were performed by Kirby-
Bauer disc diffusion technique [20] on Mueller-Hinton Agar.
Briefly, the inocula was prepared by re-suspending about 3
colonies in 3 mL sterile normal saline and adjusting the
turbidity of bacterial suspension to 0.5 McFarland’s turbidity
standard. A sterile swab was dipped into the inoculum, after
the excess inoculum was removed, the swab was streaked all
over the surface of the medium three times. Finally, the swab
was passed around the edge of the agar surface. The inoculum
was allowed to dry for 3 minutes to 5 minutes at room
temperature with the lid closed. Then the antimicrobial-
impregnated disks were placed on the surface of the agar
using an antibiotic disc dispenser. The plates were incubated
overnight at 37 °C.

The following 17 antibiotics representing various classes
of antimicrobials were tested: gentamicin (CN: 10 png),
norfloxacin (NOR: 10 pg), imipenem (IPM: 10 pg),
chloramphenicol (C: 30 pg), penicillin G (P: 10 pg),
ampicillin (AMP: 10 pg), erythromycin (E: 30 pg),
streptomycin (S: 10 pg), ofloxacin (OFX: 5 pg), kanamycin
(K: 30 pg), enrofloxacin (ENR: 5 ug), nalidixic acid (NA:
30 ng), clindamycin (DA: 2 ug), amoxycillin/clavulanic acid
(AMC: 20/10 pg), cephalothin (KF: 30 pg), trimethroprim
(W: 5 pg), doxycycline (DO: 30 ug).

After incubation, inhibition zones were recorded in
millimetres as the diameter of the clear zones (including the
diameter of the disc) and interpreted as susceptible,
intermediate and resistant according to the antimicrobial
susceptibility interpretation chart.
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C. Molecular Identification

The identity of the isolate was confirmed by amplifying
and sequencing their 16S ribosomal RNA gene. DNA was
extracted from a pure culture by freeze-thaw method. Briefly,
a single colony was resuspended in 30 pL sterile TE buffer
pH 8.0 in a 1.5 mL centrifuge. The solution was freeze-
thawed about 5 times, then heated at 95 °C for 10 min and
allowed to cool at room temperature. The solution was used
as a template for PCR. The amplification was done using
generic primers Bac8uf (5'-
AGAGTTTGATNHTGGYTCAG-3') and Univ1492r (5'-
GGNTCCTTGTTACGACTT-3") as described by authors
[21]. Briefly, in a final volume of 50 uL, 2 pL template with
0.5 pL of DreamTaq Polymerase 5U, 5 pL DreamTaq Buffer
10X, 0.25 pL of 10 mM sterile dNTPs and 0.25 pL of 100
uM of each primer and 41.75 pL of sterile ddH,O were used.
The cycling conditions were as follows: 5 min at 95 °C, 40
cycles of 1 min at 95 °C, 30 seconds at 52 °C and 2 min at
72 °C, final elongation step for 10 min at 72 °C. Successful
gene amplification of about 1500 bp amplicon was
investigated by electrophoresis on a 1.5% agarose gel stained
with Stain-G and visualized on a UV source. The amplicons
were purified using Genelet Gel extraction kit
(ThermoFisher) according to manufacturer instructions and
sent for sequencing to a commercial company (Seglab,
Gottingen, Germany).

D. Phylogeny

The sequence was quality checked using Geneious Pro
Version 5.5.9 and then subjected to BLAST search at the
National Center for Biotechnology Information (NCBI)
database. Related 16S rRNA gene sequences were aligned
using Muscle alignment tool of MEGA X [22] software that
was also used for phylogenetic analysis. Phylogenetic trees
were constructed using the Maximum Likelihood method.
The first tree was based on 16S rRNA gene sequences of P.
aeruginosa isolated over the world, while the second one was
based the isolates from Nigeria. Bootstrap analysis [23] based
on 700 replications was used to estimate the confidence level
of tree topologies.

IIl. RESULTS

A total of 25 flies arrived alive in the laboratory and were
dissected and their gut were inoculated in culture media.
Nineteen were female (76%) and six were male (24%). All
the flies were non-teneral.

From the first culture agar plates (Nutrient agar), a variety
of colonies were observed. Eighteen samples (72%) showed
the presumptive presence of Pseudomonas sp. (pigment
production). Among them were 12 cultures from female flies
and six from male flies. On the cetrimide agar, only 14 out of
18 suspects were able to grow and produce the greenish
pigmentation. All the 14 suspected isolates grew on
MacConkey agar but did not ferment the lactose. On Mueller-
Hinton agar, the suspected isolates produced a characteristic
greenish pigment while on blood agar, one colony produced
a gamma-haemolysis, one produced an alpha-haemolysis and
only 12 produced a beta-haemolysis (Fig. 1). The Gram
staining showed the suspected colonies to having a rod shape.
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Fig. 1. Growth in different culture media. (a): Nutrient agar;
(b.): MacConkey Agar; (c): Blood Agar; (d): Cetrimide agar.

=

The results of the biochemical test vary among some of the
12 suspected colonies (Table I). But all these isolates were
positive for oxidase, catalase, and motility, and negative for
indole, sulphur urease, and then Alkaline/Alkaline for TSI
test (Fig. 2).

‘"b

Lo Wil

Fig. 2. Biochemical tests: (a): TripSugar lon test; (b): Citrate test;
(c): MR-VP test; (d): Catalase test; (e): Oxidase test.

TABLE I: BIOCHEMICAL PROFILE OF P. AERUGINOSA

Tests Results
TSI Alkaline/Alkaline: 12/12
Gas production No: 10/12

H,S production Negative:12/12

Indole Negative: 12/12
Motility Positive: 12/12
Citrate Positive:7/12

MR Negative:7/8

Urease Negative: 12/12
Oxidase Positive:11/12
Catalase Positive: 12/12

Among these suspected isolates, eight colonies that all the
biochemical test results were in accordance with known
characteristics of P. aeruginosa were selected.
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A. Antimicrobial Susceptibility Patterns

Antimicrobial susceptibility patterns of five isolates of P.
aeruginosa (151, 161, 162, 171, 173) to 17 antimicrobials
commonly used was examined (Fig. 3). The results showed
that this P. aeruginosa strains were susceptible to norfloxacin
and ofloxacin. Surprisingly, they were resistant to gentamicin
and imipenem (Table I1).

Flg 3. Antibiotic susceptibility test. Test performed by Kirby-Bauer disc
diffusion technique on Mueller-Hinton Agar.

TABLE II: ANTIMICROBIAL SUSCEPTIBILITY PROFILE

Antimicrobial agent

Classes (code) Potency (ug)  Conclusion
Aminoglycoside Gentamicin 10 Resistant
Kanamycin 30 Resistant
Streptomycin 10 Resistant
Carbapenem Imipenem 10 Resistant
Fluoroguinolone Norfloxacin 10 Susceptible
Ofloxacin 5 Susceptible
Enrofloxacin 5 Resistant
Quinolone Nalixic acid 30 Resistant
Macrolide Erythromycin 30 Resistant
Clindamycin 2 Resistant
Penicillin Ampicillin 10 Resistant
Penicillin 10 Resistant
Amoxi/Clavunic acid 20/10 Resistant
Cephalothin 30 Resistant
Chloramphenicol Chloramphenicol 30 Intermediate
Sulfonamide Trimethroprim 5 Resistant
Tetracycline Doxycycline 30 Resistant

A. Phylogenetic Analysis

The BLAST search with the partial 16S rRNA gene of our
isolate showed a high identity with other Pseudomonas
aeruginosa strains. The phylogenetic tree based on 16S rRNA
gene sequences of P. aeruginosa isolated over the world (Fig.
4) showed its close relatedness with the strain Rlim
(OP522351) from Malaysia. Fig. 5 shows the phylogenetic
relationship with clinical isolates obtained in Nigeria
(OP209787,  ONT738240,  ON721331, MN519592,
MT661526, MZ379421).
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— AJ550306 isolate OK1 (Nigeria)

— MN538935 strain ADO1 (South Africa)

—— KX418482 strain 53136 (Australia)

(~ KM538946 strain AS7 (India)
LN874213.1 P. aeruginosa strain KSG
@ Yankari isolate (Nigeria)
OM665413 strain 3G (China)

OP522351 strain RLimb (Malaysia)

AJ249451 strain AL98 (Germany)

E

JX514422 strain ACC7 (India)

— KP403282 strain IIHR-BDMS (India)
FJ972528 K2 (Korea)

KX461910 strain HX-2 (China)

02 MH788989 strain CPa RR4 (Cameroon)

NZ CP0314489 strain 97 (Ghana)
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D84016.1 P. mendocina
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1P. i strain DSM 8628T
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% FM208264.1 P. saponiphila strain DSM 9751T

0.010

Fig. 4. Phylogenetic tree analysis of 16S rRNA of Yankari’s isolate
(marked by a black circle) with other related strains in the world.
The evolutionary history was inferred by using the Maximum Likelihood
method and Kimura 2-parameter model assuming gamma distribution on
MEGA X. Bootstrap probability values based on 700 replicates are
indicated at branch-points.

HE858283.1 strain ISC7
HEB58284.1 strain NTS1
HE858286.1 strain NTS6
KF420487.1 strain ODE5 EKITI
KU525334.1 strain OCC36
MN519556.1 strain OFQj
MN519592.1 strain OFOBd

65 | MT318155.1 strain CGA1

MT661526.1 strain 104

MZ379421.1 strain TH2

ONG614786.1 strain CUAB-MUSH002

ON721331.1 strain FIIRO-Dw22

ON738240.1 strain CUAB-SHAK001
0OP2098787.1 strain SAUTHC?7

@ P.aeruginosa Yankari

MT459021.1 strain FIIRO-P3

OP320372.1 strain UI-ANSCB-01

MT424780.1 strain XT311

—_—

000050

Fig. 5. Phylogenetic tree analysis of 16S rRNA of Yankari’s isolate
(marked by a black circle) with other related strains in Nigeria.
The evolutionary history was inferred by using the Maximum Likelihood
method and Jukes-Cantor model on MEGA X. Bootstrap probability values
based on 700 replicates are indicated at branch-points.
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The 16S rRNA gene sequence generated in this study have
been deposited into GenBank under accession number
0Q437998.

IV. DISCUSSION

Pseudomonas aeruginosa is one of the most common
bacteria isolated in hospital environments, and a leading
cause of nosocomial infections. Its emergence as a major
opportunistic human pathogen may be in part a consequence
of its resistance to many antibiotics and disinfectants that
eliminate other environmental bacteria. P. aeruginosa is a
significant source of bacteraemia in burn victims, urinary
tract infections in catheterized patients, nosocomial
pneumonia in patients on respirators, and also the
predominant cause of morbidity and mortality in cystic
fibrosis patients [24].

From the 25 dissected guts, eight (32%) were confirmed
harbouring Pseudomonas aeruginosa by biochemical test and
growth characteristics. Nevertheless, some non-selected
colonies in other flies may also belong to Pseudomonas sp.,
since the result of biochemical test may vary from one strain
to another due to the genetic diversity of various populations
of P. aeruginosa strains and its high rate of genetic
recombination [15].

The presence of the genus Pseudomonas has been shown
in other studies [7], [9], [25]. Their role, in the gut of tsetse,
is not yet understood. They may participate in gut metabolism
or the defence system indirectly by activating or enhancing
the host immune system through their excretory and secretory
products. The secondary metabolites of this bacterium could
modulate the fly vector’s competence, as has already been
reported in other insect parasite vectors. It is crucial to
investigate whether it could modulate the fly vector’s
competence. So it can be used in the design of tsetse vector
control strategies using paratransgenic technique which
prevents the survival of trypanosomes within the tsetse fly.

From the antimicrobial susceptibility test, our isolate
showed resistance to many antibiotics confirming the multi-
drug resistance of P. aeruginosa. Among the panel of 17
antimicrobials, the isolate was susceptible to only norfloxacin
and ofloxacin of fluoroguinolone class. However, cases of
resistance to these antibiotics have been reported [10], [12],
[26]. Multidrug resistance of P. aeruginosa particularly the
hospital strains, has been reported in different parts of the
world. The augmentation of resistance to antipseudomonal
drugs is a serious threat to the management of diseases due to
this organism.

Gentamicin is a known frontline antibiotic in the treatment
of bacterial infection by gram-negative bacteria including P.
aeruginosa. However, our isolate showed resistance to
gentamicin as well as imipenem which is also known as a
strong antipseudomonal drug. Other reports also showed an
increased prevalence of resistance to these drugs [12], [26].

This strain is isolated from tsetse fly in a remote area, and
that can be considered as a wild strain. The phylogenetic trees
showed this strain in the same clade as most of the Nigerian
clinical samples. Its resistance to multiple antimicrobials
should call for attention.

DOI: http://dx.doi.org/10.24018/ejmed.2023.5.4.1796

RESEARCH ARTICLE

V. CONCLUSION

A multidrug-resistant Pseudomonas aeruginosa was
isolated from the midgut of tsetse flies in Nigeria. The
presence of P. aeruginosa in tsetse gut contributes to the
repertoire of cultivable tsetse gut bacteria. Its potential in
trypanosomiasis control needs more investigations as a
component in the paratransgenic approach.

ACKNOWLEDGMENTS

The authors would like to thank Ahmadu Adamu from
NITR-Nigeria, Cedric Atoh from ABU-Zaria for their
assistance and contributions during fieldwork. The same goes
to Malam Mahmud Abdulaziz from the bacteriology
laboratory at the Department of Veterinary Public Health and
Preventive Medicine, ABU-Zaria for technical assistance.

FUNDING

This study was supported by a WANIDA (West African
Network of Infectious Diseases ACES) doctoral scholarship
(WAN100629X). This scholarship package is funded by the
Agence Francaise de Développement (AFD), Institut de
Recherche pour le Développement (IRD) and World Bank
under the African Centers of Excellence (ACE) Partner
Project.

COMPETING INTERESTS

The authors declare that they do not have any conflict of
interest.

DATA AVAILABILITY

The 16S rRNA partial gene sequence generated in this
study has been deposited in the NCBI database with accession
number: 0Q437998.

REFERENCES

[1] WHO. Trypanosomiasis, human African (sleeping sickness) 2021.
https://www.who.int/news-room/fact-sheets/detail/trypanosomiasis-
human-african-(sleeping-sickness) (accessed August 9, 2021).

[2] Kasozi KI, MacLeod ET, Ntulume I, Welburn SC. An update on african
trypanocide pharmaceutics and resistance. Front Vet Sci. 2022;9.

[3] Doudoumis V, Alam U, Aksoy E, Abd-Alla AMM, Tsiamis G,
Brelsfoard C, et al. Tsetse-Wolbachia symbiosis: Comes of age and has
great potential for pest and disease control. J Invertebr Pathol.
2013;112:594-103. https://doi.org/10.1016/j.jip.2012.05.010.

[4] DoudoumisV, Blow F, Saridaki A, Augustinos A, Dyer NA, Goodhead
1, et al. Challenging the Wigglesworthia, Sodalis, Wolbachia symbiosis
dogma in tsetse flies: Spiroplasma is present in both laboratory and
natural populations. Sci Rep. 2017;7:4699.
https://doi.org/10.1038/s41598-017-04740-3.

[5] Geiger A, Fardeau M-L, Njiokou F, Ollivier B. Glossina spp. gut
bacterial flora and their putative role in fly-hosted trypanosome
development. Front Cell Infect Microbiol. 2013;3.
https://doi.org/10.3389/fcimb.2013.00034.

[6] Doudoumis V, Augustinos A, Saridaki A, Parker A, Abd-Alla AMM,
Bourtzis K, et al. Different laboratory populations similar bacterial
profile? The case of Glossina palpalis gambiensis. BMC Microbiol.
2018;18:148. https://doi.org/10.1186/512866-018-1290-9.

[7] Geiger A, Fardeau M-L, Njiokou F, Joseph M, Asonganyi T, Ollivier
B, et al. Bacterial Diversity Associated with Populations of Glossina
spp. from Cameroon and Distribution within the Campo Sleeping

Vol 5 | Issue 4 | August 2023 [IEEIN



European Journal of Medical and Health Sciences
www.ejmed.org

(8]

[9]

Sickness Focus. Microb Ecol. 2011,62:632-43.
https://doi.org/10.1007/s00248-011-9830-y.

Griffith BC, Weiss BL, Aksoy E, Mireji PO, Auma JE, Wamwiri FN,
et al. Analysis of the gut-specific microbiome from field-captured
tsetse flies, and its potential relevance to host trypanosome vector
competence. BMC Microbiol. 2018;18:146.
https://doi.org/10.1186/s12866-018-1284-7.

Lindh JM, Lehane MJ. The tsetse fly Glossina fuscipes fuscipes
(Diptera: Glossina) harbours a surprising diversity of bacteria other
than symbionts. Antonie Van Leeuwenhoek. 2011;99:711-20.
https://doi.org/10.1007/s10482-010-9546-X.

[10] Bekele T, Tesfaye A, Sewunet T, Waktola HD. Pseudomonas

aeruginosa isolates and their antimicrobial susceptibility pattern among
catheterized patients at Jimma University Teaching Hospital, Jimma,
Ethiopia. BMC Res Notes. 2015;8:488. https://doi.org/10.1186/s13104-
015-1497-x.

[11] Ezeador CO, Ejikeugwu PC, Ushie SN, Agbakoba NR. Isolation,

Identification And Prevalence Of Pseudomonas Aeruginosa Isolates
From Clinical And Environmental Sources In Onitsha Metropolis,
Anambra  State. Eur J Med Health Sci. 2020;2.
https://doi.org/10.24018/ejmed.2020.2.2.188.

[12] Gad GF, El-Domany RA, Zaki S, Ashour HM. Characterization of

Pseudomonas aeruginosa isolated from clinical and environmental
samples in Minia, Egypt: prevalence, antibiogram and resistance
mechanisms. J  Antimicrob ~ Chemother. ~ 2007;60:1010-7.
https://doi.org/10.1093/jac/dkm348.

[13] Chin-A-Woeng TFC, Bloemberg GV, Mulders IHM, Dekkers LC,

Lugtenberg BJJ. Root colonization by Phenazine-1-Carboxamide-
Producing bacterium Pseudomonas chlororaphis PCL1391 is essential
for Biocontrol of tomato foot and root rot. Mol Plant-Microbe
Interactions®. 2000;13:1340-5.
https://doi.org/10.1094/MPM1.2000.13.12.1340.

[14] Haas D, Défago G. Biological control of soil-borne pathogens by

fluorescent pseudomonads. Nat Rev Microbiol. 2005;3:307-19.
https://doi.org/10.1038/nrmicro1129.

[15] Lanotte P, Watt S, Mereghetti L, Dartiguelongue N, Rastegar-Lari A,

Goudeau A, et al. Genetic features of Pseudomonas aeruginosa isolates
from cystic fibrosis patients compared with those of isolates from other
origins. J Med Microbiol. 2004;53:73-81.
https://doi.org/10.1099/jmm.0.05324-0.

[16] Anayo OF, Scholastica EC, Peter OC, Nneji UG, Obinna A, Mistura

LO. The Beneficial Roles of Pseudomonas in Medicine, Industries, and
Environment: A Review. IntechOpen. 20109.
https://doi.org/10.5772/intechopen.85996.

[17] Vaishnav P, Demain AL. Unexpected applications of secondary

metabolites. Biotechnol Adv. 2011;29:223-9.
https://doi.org/10.1016/j.biotechadv.2010.11.006.

[18] Challier A, Laveissiére C. Un nouveau piége pour la capture des

glossines (Glossina : Diptera, Muscidae) : description et essais sur le
terrain [A new trap for catching tsetse flies (Glossina: Diptera,
Muscidae): description and field trials]. Cah ORSTOMSérie Entomol
Médicale Parasitol. 1973;11:251-62. French.

[19] Pollock JN. Training manual for Tsetse control personnel. Tsetse

biology, systematics and distribution, techniques. VVol. 1. Rome, Italy:
FAO; 1982.

[20] Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic

Susceptibility testing by a standardized single disk method. Am J Clin
Pathol. 1966;45:493-6. https://doi.org/10.1093/ajcp/45.4_ts.493.

[21] Gronemeyer JL, Burbano CS, Hurek T, Reinhold-Hurek B. Isolation

and characterization of root-associated bacteria from agricultural crops
in the Kavango region of Namibia. Plant Soil. 2012;356:67-82.
https://doi.org/10.1007/s11104-011-0798-7.

[22] Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular

evolutionary genetics analysis across computing platforms. Mol Biol
Evol. 2018;35:1547-9. https://doi.org/10.1093/molbev/msy096.

[23] Felsenstein J. Confidence limits on phylogenies: an approach using the

bootstrap. Evol Int J Org Evol. 1985;39:783-91.
https://doi.org/10.1111/j.1558-5646.1985.th00420.x.

[24] Stover CK, Pham XQ, Erwin AL, Mizoguchi SD, Warrener P, Hickey

MJ, et al. Complete genome sequence of Pseudomonas aeruginosa
PAO1, an opportunistic pathogen. Nature. 2000;406:959-64.
https://doi.org/10.1038/35023079.

[25] Gaithuma A, Yamagishi J, Hayashida K, Kawai N, Namangala B,

Sugimoto C. Blood meal sources and bacterial microbiome diversity in
wild-caught tsetse flies. Sci Rep. 2020;10:5005.
https://doi.org/10.1038/s41598-020-61817-2.

[26] Adejobi A, Ojo O, Alaka O, Odetoyin B, Onipede A. Antibiotic

resistance pattern of Pseudomonas spp. from patients in a tertiary
hospital in  South-West  Nigeria. ~ Germs.  2021;11:238.
https://doi.org/10.18683/germs.2021.1260.

DOI: http://dx.doi.org/10.24018/ejmed.2023.5.4.1796

RESEARCH ARTICLE

Vol 5 | Issue 4 | August 2023 [IEEIH



