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A narrative review exploring phage therapy as a sustainable 

alternative solution to combat antimicrobial resistance in 

Africa: Applications, challenges and future directions 
 

1Obidi N. O., and 2Ekpunobi, N. F. 

1Department of Parasitology, Nnamdi Azikiwe University, Awka, Nigeria 
2Department of Pharmaceutical Microbiology and Biotechnology, Nnamdi Azikiwe University, Awka, Nigeria 
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Abstract: 

 

The increasing threat of antimicrobial resistance (AMR) in Africa, coupled with limited access to advanced 
antibiotics and high rates of bacterial infections poses serious public health challenge. Bacteriophages, viruses 

that target and destroy bacteria, present a promising alternative or complementary therapy to traditional 
antibiotics. Phage therapy leverages its unique ability to target specific bacterial strains without affecting the host 

beneficial microbiota. It is an effective tool against multi-drug-resistant (MDR) microbial pathogens, particularly 
in resource-limited settings. This narrative review explores the potentials of phage therapy in Africa, highlighting 

its advantages, such as specificity, minimal side effects, and cost-effectiveness, alongside its capability to tackle 
biofilm-associated and AMR infections. It discusses current research and collaborations, including case studies 

from Nigeria, Benin, and South Africa that demonstrate the efficacy of phage therapy against bacterial pathogens 
such as Escherichia coli, Acinetobacter baumannii and Klebsiella pneumoniae. Furthermore, it discusses the 

challenges to phage therapy implementation such as regulatory hurdles, public skepticism, and infrastructure 
limitations, while emphasizing the importance of developing local production and awareness campaigns. The 

review concludes by recommending the integration of phage therapy into Africa healthcare strategies to address 

AMR. Through strategic partnerships, education and regulatory frameworks, phage therapy could become a 
transformative solution, particularly for neglected diseases and infections common in low-resource settings. As 

Africa seeks innovative approaches to its growing AMR crisis, phage therapy stands out as a viable and adaptable 
option. 

 

Keywords: Bacteriophage; therapy; application; antimicrobial resistance; review; Africa  
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Résumé: 

 
La menace croissante de la résistance aux antimicrobiens (RAM) en Afrique, associée à un accès limité aux 

antibiotiques avancés et à des taux élevés d'infections bactériennes, pose un sérieux problème de santé publique. 
Les bactériophages, des virus qui ciblent et détruisent les bactéries, présentent une alternative prometteuse ou 

une thérapie complémentaire aux antibiotiques traditionnels. La phagothérapie exploite sa capacité unique à 
cibler des souches bactériennes spécifiques sans affecter le microbiote bénéfique de l'hôte. C'est un outil efficace 

contre les agents pathogènes microbiens multirésistants (MDR), en particulier dans les environnements aux 
ressources limitées. Cette revue narrative explore le potentiel de la phagothérapie en Afrique, en soulignant ses 

avantages, tels que la spécificité, les effets secondaires minimes et la rentabilité, ainsi que sa capacité à lutter 
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contre les infections associées aux biofilms et à la RAM. Elle aborde les recherches et collaborations actuelles, 
notamment les études de cas du Nigéria, du Bénin et de l'Afrique du Sud qui démontrent l'efficacité de la 

phagothérapie contre des agents pathogènes bactériens tels qu'Escherichia coli, Acinetobacter baumannii et 
Klebsiella pneumoniae. En outre, elle aborde les défis liés à la mise en œuvre de la phagothérapie, tels que les 

obstacles réglementaires, le scepticisme du public et les limitations des infrastructures, tout en soulignant 
l'importance de développer une production locale et des campagnes de sensibilisation. La revue conclut en 

recommandant l'intégration de la phagothérapie dans les stratégies de santé en Afrique pour lutter contre la RAM. 

Grâce à des partenariats stratégiques, à l'éducation et aux cadres réglementaires, la phagothérapie pourrait 
devenir une solution transformatrice, en particulier pour les maladies négligées et les infections courantes dans 

les milieux à faibles ressources. Alors que l'Afrique cherche des approches innovantes pour faire face à la crise 
croissante de la RAM, la phagothérapie apparaît comme une option viable et adaptable. 

 
Mots-clés: Bactériophage; thérapie; application; résistance aux antimicrobiens; revue; Afrique 

 

Introduction:  
 

 Bacteriophages, often referred to as 
phages, are viruses that target and replicate 
inside bacterial cells. These viruses are incre- 
dibly abundant and diverse, inhabiting environ- 
ments rich in bacterial life, including soil, 
water, and the human microbiome. Each type 
of bacteriophage typically has a high degree of 
specificity, often infecting a specific species of 
bacteria, which allows them to precisely target 
harmful bacteria without affecting beneficial 
microbiota (1,2). Phages combat bacterial inf- 
ections by attaching to bacteria, injecting their 
genetic material, and hijacking the bacteria 
machinery to replicate. The process ultimately 
results in cell lysis, releasing new phage parti- 
cles to infect other bacteria. This selective bac- 
terial killing process is particularly valuable in 
treating infections, as phages reduce the bac- 
terial population while sparing the surrounding 
non-targeted bacteria (3,4). 
 Phage therapy, a treatment that uses 
viruses to combat bacterial infections, was ini- 
tially investigated in the early 20th century. 
However, with the advent and widespread use 
of antibiotics, it was largely abandoned. This 
concept capitalizes on the natural predator-
prey relationship between phages and bacteria. 
After its discovery, phage therapy showed 
early promise as an effective method for trea- 
ting bacterial infections particularly in Eastern 
Europe (5,6). The recent surge in antibiotic-
resistant bacteria has led to a renewed interest 
in phage therapy as a potential alternative or 
complementary approach to conventional anti- 
biotic treatments. Unlike broad-spectrum anti- 
biotics, phages can penetrate biofilms, which 
are dense bacterial communities that protect 
bacteria from many conventional treatments. 
This characteristic makes them especially eff- 
ective against biofilm-associated infections, 
which are often resistant to traditional anti- 
biotics (7). 
 Current studies highlight phages ada- 
ptability in addressing multi-drug-resistant 
(MDR) bacterial infections, which are becom- 
ing increasingly common worldwide. This ada- 
ptability, along with the ability to evolve along- 
side bacterial resistance mechanisms, places 
phages as a valuable tool in combating anti- 

biotic resistance, especially in regions where 
resources and access to advanced antibiotics 
are limited (8,9).  
 The resurgence of phage therapy is 
closely tied to the global rise in antibiotic-res- 
istant infections, which pose a major threat to 
public health. By 2050, it is estimated that anti- 
biotic-resistant infections could cause up to 10 
million deaths annually if left unchecked (10). 
Phage therapy has demonstrated pot- ential in 
addressing MDR bacterial strains and is incr- 
easingly recognized as a viable complement to 
traditional antibiotics. Advances in phage res- 
earch have led to the development of engi- 
neered phages and phage cocktails capable of 
targeting broader spectrum of bacterial patho- 
gens, further increasing the feasibility of 
phage therapy in clinical settings (8,11). 
 Africa faces a growing burden of AMR 
infections, exacerbated by limited healthcare 
resources, high infection rates, and restricted 
access to advanced antibiotics. In regions 
where sanitation and healthcare infrastructure 
are underdeveloped, the incidence of bacterial 
infections and their antibiotic-resistant forms 
is high, contributing to significant morbidity 
and mortality (12,13,14). The World Health 
Organization (WHO) has highlighted antibiotic 
resistance as a critical health concern in Africa, 
particularly with resistant strains of Escheri- 
chia coli, Klebsiella pneumoniae, and Staphy- 
lococcus aureus increasingly detected (15,16). 
 Phage therapy offers an innovative 
solution to the AMR crisis in Africa by providing 
a targeted, adaptable, and cost-effective alter- 
native for treating bacterial infections. Since 
bacteriophages can be isolated from local env- 
ironments and even tailored to specific bacte- 
rial strains, phage therapy could provide a 
viable and accessible treatment for infections 
in African countries (17). In recent years, inter- 
national and local initiatives have sought to 
develop phage therapy in Africa to address 
antibiotic-resistant pathogens. With collabora- 
tions between African research institutions 
and international bodies, phage research and 
application in the African healthcare system 
could become an effective approach to curbing 
resistant infections and reducing the reliance 
on imported antibiotics (18). 
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Antimicrobial resistance in Africa: 

A growing threat 
 

 Antibiotic resistance is a major public 
health issue in Africa, with rising resistance 
rates among many bacterial pathogens. Treat- 
ment for these infections is particularly diffi- 
cult in resource-limited settings due to limited 
access to advanced antibiotics and alternative 
therapies. The major MDR pathogens in Africa, 
such as E. coli, K. pneumoniae, S. aureus, 
Pseudomonas aeruginosa and Acinetobacter 
baumannii, often cause severe infections like 
urinary tract infections (UTIs), bloodstream 
infections, respiratory and wound infections. 
Escherichia coli and K. pneumoniae, which are 
also commonly implicated in UTIs and blood- 
stream infections, have currently demonstra- 
ted increased resistance to crucial antibiotics 
such as fluoroquinolones and third-generation 
cephalosporins due to production of extended 
spectrum β-lactamase (ESBL) enzyme. Staphy- 
lococcus aureus, particularly methicillin-resis- 
tant strains (MRSA) are prevalent in both com-
munity and hospital settings, causing skin and 
soft tissue infections and worsening wound 
infections (12,13,19). 
 According to the World Health Organi- 
zation (WHO), African region faces a particu- 
larly high burden of AMR, which has worsened 
due to inadequate surveillance systems, lack 
of diagnostic capabilities, and poor infection 
prevention and control practices. Reports from 
various African countries indicate that resis- 
tant strains are widespread and that MDR 
bacterial infections have increased mortality 
rates and prolonged hospital stays, straining 
already limited healthcare resources (16,20). 
 

Limited healthcare infrastructure contributes 

to rising AMR in Africa: 

 Africa faces numerous healthcare cha- 
llenges that contribute to the rising antibiotic 
resistance rates across the continent. One 
major issue is the limited healthcare infra- 
structure in many African countries, with shor- 
tages of healthcare facilities, trained medical 
personnel, and diagnostic equipment. Without 
adequate diagnostic capabilities, infections are 
often empirically treated with antibiotics, some- 
times inappropriately, contributing to the dev- 
elopment and spread of resistance (21-23). 
Self-medication is also prevalent in many 
parts of Africa due to easy accessibility to anti- 
biotics without prescriptions. Many people buy 
antibiotics over-the-counter at pharmacies or 
from informal vendors, often using them imp- 
roperly, such as by taking sub-therapeutic do- 
ses or using them to treat viral infections. This 
misuse accelerates the development of resis- 
tance (24,25). 
 Furthermore, poor regulation and over- 
sight of antibiotic sales contribute significantly 
to resistance. In some countries, weak regula- 

tory frameworks allow for unregulated distri- 
bution and sale of antibiotics, including coun- 
terfeit or substandard drugs that may have re- 
duced efficacy. This lack of regulation compli- 
cates efforts to control antibiotic use, as pati- 
ents can easily access antibiotics without med- 
ical authorization, further fueling misuse and 
resistance (26,27). Additionally, limited access 
to clean water, poor sanitation, and over- 
crowded hospitals facilitate the transmission of 
infections, particularly in low-resource settings, 
making it difficult to contain outbreaks of anti- 
biotic-resistant bacteria (28). 
 

Public health implications: Threat of AMR and 
urgent need for alternative treatment options: 

 The escalating crisis of antibiotic resi- 
stance in Africa poses a significant threat to 
public health. The increasing prevalence of 
drug-resistant bacteria, coupled with limited 
access to effective treatments in resource-
constrained settings, makes these infections 
increasingly difficult to manage. The preva- 
lence of MDR infections often results in ex- 
tended hospital stays, limited treatment op- 
tions, and higher healthcare expenses due to 
the need for last-resort antibiotics or alterna- 
tive treatments. These impacts strain already 
limited healthcare resources in many African 
countries (29-31). 
 One of the most significant public 
health impacts of MDR bacteria is the threat 
they pose to vulnerable populations, such as 
neonates, immunocompromised patients, and 
individuals with chronic illnesses, thus, contri- 
buting to a high burden of preventable morta- 
lity in Africa, where limited access to advanced 
treatments exacerbates the impact of resis- 
tant infections (13,32,33). The urgent need for 
alternative therapies is underscored by the 
slow development of new antibiotics and the 
diminishing effectiveness of existing drugs.  
 Bacteriophage therapy, for instance, is 
emerging as a promising alternative for treat- 
ing MDR infections by using viruses that spe- 
cifically target and destroy pathogenic bacteria. 
Phage therapy and other alternatives like anti- 
microbial peptides and probiotics could offer 
valuable options to supplement or replace anti- 
biotics, especially as the continent grapples 
with the severe consequences of antibiotic resi- 
stance (34,35). 
 

The promise of phage therapy in 

tackling AMR in Africa: 
 

 As antimicrobial resistance continues 
to challenge healthcare systems globally, pha- 
ge therapy presents an alternative and promi- 
sing solution, particularly in Africa, where acc- 
ess to effective antibiotics is limited and AMR 
is widespread. Phage therapy unique benefits, 
such as its specificity to pathogens, minimal 
side effects, and effectiveness against drug-
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resistant bacteria, make it a strong candidate 
for tackling AMR on the continent. In addition 
to clinical effectiveness, phage therapy also 
offers cost-effective production and ease of 
storage, making it a practical and accessible 
choice for resource-limited regions (6,8). 
 

Advantages of phage therapy over antibiotics: 

 One primary benefit is its specificity to 
pathogens, which allows for targeted treat- 
ment without harming the host beneficial 
microbiota. Unlike broad-spectrum antibiotics, 
bacteriophages (phages) selectively infect and 
kill specific bacteria, reducing the risk of dis- 
rupting the natural microbial balance and dec- 
reasing the likelihood of secondary infections 
or adverse reactions (36,37). 
 Moreover, phage therapy is particular- 
ly effective against MDR bacteria, providing a 
viable treatment option where antibiotics have 
failed. This feature is essential in Africa, where 
AMR levels are high and last-resort antibiotics 
are scarce. Phages can also evolve alongside 
bacterial pathogens, potentially reducing the 
risk of resistance development and prolonging 
the efficacy of treatment (38,39). 
 Phage therapy generally has fewer 
side effects than antibiotics, as it is less likely 
to trigger allergic reactions or gastrointestinal 
disturbances commonly associated with anti- 
biotic use. Additionally, because phages are 
natural components of the environment, they 
are usually well-tolerated by the human body, 
further enhancing their safety profile (34,40). 
                       

Suitability of phage therapy in the African 
context:    

 In Africa, where infections caused by 
drug-resistant pathogens are increasingly com- 
mon, phage therapy offers a tailored solution 
to combating diseases prevalent on the con- 
tinent. Pathogens such as S. aureus, K. pneu- 
moniae, and those responsible for diarrhoeal 
diseases are common targets of phage thera- 
py. For instance, S. aureus, including MRSA 
strain, is a frequent cause of wound and soft 
tissue infections. Phage therapy has demon- 
strated efficacy against MRSA in various set- 
tings, suggesting it could be valuable in Africa, 
where resistant infections are particularly pro- 
blematic in hospital and community environ- 
ments (41,42). 

 Klebsiella pneumoniae, known for cau- 
sing severe respiratory and urinary tract infec- 
tions, is another target for phage therapy. This 
pathogen is often resistant to multiple anti- 
biotics, especially in African healthcare sett- 
ings where treatment options are limited. 
Phages targeting Klebsiella strains have shown 
promise in experimental studies, providing a 
potential alternative treatment for these inf- 
ections. Additionally, phage therapy could be 
adapted for use against pathogens causing 
diarrhoeal diseases, which are significant con- 

tributors to morbidity and mortality among 
children in Africa. Phages have been success- 
fully used to treat E. coli and Shigella species, 
both major causes of bacterial diarrhoea on 
the continent, highlighting their potential to 
reduce the disease burden (43,44,45). 
 

Cost and accessibility of phage therapy: 

 Phage therapy has the potential to be 
cost-effective and accessible, especially when 
compared to the high development and pro- 
duction costs associated with new antibiotics. 
Phages can be isolated from natural sources 
and adapted for therapeutic use with relatively 
low investment in laboratory infrastructure. 
Local production of phage preparations is feasi- 
ble in many African countries, particularly with 
minimal equipment requirements, as opposed 
to the large-scale industrial facilities needed 
for conventional antibiotics. This adaptability 
is significant for low-resource settings in Africa, 
where healthcare budgets are often constrai- 
ned (46,47). 
 Another advantage is the ease of sto- 
rage and distribution. Phages are stable at a 
wide range of temperatures and can often be 
stored without refrigeration, making them sui- 
table for regions where cold-chain storage is 
difficult. This storage advantage reduces logis- 
tical barriers and makes phage therapy espe- 
cially viable in rural or remote areas with limi- 
ted access to healthcare facilities. With these 
benefits, phage therapy could be implemented 
at a lower cost and with greater accessibility, 
providing a valuable alternative to traditional 
antibiotic treatments (48,49). 
 

Current research and applications 

of phage therapy in Africa 

 

 Research into phage therapy has been 
gaining momentum in Africa as the continent 
grapples with high rates of antibiotic resis- 
tance. Various institutions and partnerships 
are involved in investigating phage therapy 
effectiveness, adaptability, and potential for 
implementation within African healthcare sys- 
tems. This research spans experimental stu- 
dies, clinical trials, and international collabo- 
rations aimed at exploring phage therapy as a 
sustainable solution to the growing crisis of 
AMR on the continent 
 

Case study in Ethiopia:   
  A study in Ethiopia showed that ΦJHS 
and ΦSMK phages demonstrated broad lytic 
spectra on clinical MDR P. aeruginosa strains, 
as all strains tested were lysed by both phages. 
Seven MDR P. aeruginosa strains were infec- 
ted, suggesting that the isolated phages might 
be used as biocontrol agents on abiotic surf- 
aces or as candidates for clinical phage thera- 
py.      
 Additionally, it may be possible to create 
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a phage cocktail using the isolated phages to 
target a specific type of bacterium. Such a 
cocktail that targets only a single rather than 
multiple bacterial species is described as gen- 
erally emphasizing the spectrum of phage 
activity breadth in its design, rather than nec- 
essarily emphasizing the spectrum of phage 
activity depth. The promising outcomes of 
phages being used for both bacterial coloniza- 
tion prevention and bacterial biofilm removal 
are highlighted by the reduction of MDR P. 
aeruginosa biofilm development on catheter 
and endotracheal tube surfaces (50). 
 

Lytic phages against Escherichia coli and Pseu- 
domonas aeruginosa in Nigeria: 

 Another case study in Nigeria explored 
the use of phages to treat E. coli and P. aeru- 
ginosa. Clinical isolates resistant to multiple 
antibiotics were treated with phage cocktails, 
leading to the successful eradication of the 
pathogens. The phages recovered from waste- 
waters were exclusive to E. coli and MDR P. 
aeruginosa. These demonstrate the value of 
using phages as therapeutic agents to lessen 
the threat posed by AMR pathogens (51,52). 
 
Joint initiatives in Benin: 

 From hospital wastewater in Benin, 
scientists discovered and described three new 
A. baumannii phages that belong to the Auto- 
graphiviridae family. The opportunistic bacte- 
rium, A. baumannii is primarily linked to infec- 
tions acquired in hospitals. The isolated phages 

satisfy the specifications needed to be employ- 
ed in phage therapy. Their limited host range, 
however, may restrict their potential for thera- 
peutic use (53). 
 
Compassionate use in South Africa: 

 The South African healthcare settings 
have implemented phage therapy under com- 
passionate use programs. In a study in South 
Africa, a significant log reduction in viable E. 
coli O177 cell counts was observed on beef 
samples upon phage treatment over the 7-day 
incubation period. E. coli cell counts were 
lowered by two single phages and three phage 
cocktails to values below the detection limit 
(1.0 log10 CFU/g).    
 For both individual phages and cock- 
tails, log decrease in viable E. coli cell counts 
varied between 2.10 - 7.81 CFU/g and 2.86 -
7.81 CFU/g, respectively. Both single phage 
and phage cocktails prevented the growth of E. 
coli O177 biofilms, with phage cocktails dem- 
onstrating the highest level of effectiveness. 
Additionally, phage mixtures were more effec- 
tive than single phage at eliminating pre-for- 
med biofilm. These results led to the conclu- 
sion that phage cocktails created in this work 
may be utilized to decrease E. coli O177 inf- 
ection (54). 
 

Challenges of phage therapy imp- 

lementation in Africa: 
 

 Despite the potential benefits of phage 
therapy, implementing it in African healthcare 
systems faces several challenges. These inc- 
lude regulatory hurdles, public and healthcare 
sector skepticism, and infrastructure limita- 
tions for production and storage. 
 

Regulatory hurdles: 

 The lack of clear and standardized 
regulatory frameworks for phage therapy in 
most African countries presents a significant 
barrier to its implementation. Unlike antibiotic 
therapy that has well-established pathways for 
approval, phage therapy lacks formalized pro- 
tocols and guidelines for preclinical and clinical 
trials in Africa. This ambiguity hampers the 
widespread adoption of phage-based treat- 
ments (55).     
 There are global inconsistencies in the 
regulatory frameworks for phage therapy, with 
fragmented regulations. While countries such 
as Georgia and Poland have established sys- 
tems, others, including most African countries, 
have no established regulatory frameworks 
(56). Efforts by the WHO to streamline regula- 
tory processes for novel therapies could help, 
but these measures are still in the early stages.  
 

Public and healthcare sector Skepticism: 

 Phage therapy is often viewed with 
skepticism due to its novelty and historical 
associations with limited regions. Many doc- 
tors and healthcare providers in Africa are 
unfamiliar with phage therapy, leading to un- 
willingness and resistance to adopting it over 
traditional antibiotics (57). Public acceptance 
is low because phages are misunderstood, 
with fears rooted in their association with viru- 
ses and biological warfare.  
 Addressing these misconceptions thr- 
ough education campaigns and showcasing 
successful case studies are essential (58). Cul- 
tural factor is also a challenge. In some com- 
munities, distrust of modern medicine comp- 
licates the introduction of phage therapy, req- 
uiring culturally sensitive awareness campai- 
gns (59). 
 
Production and storage challenges: 

 The practicalities of producing and sto- 
ring bacteriophages present hurdles in regions 
with limited resources. Producing phages req- 
uires advanced laboratory facilities to ensure 
safety, efficacy, and specificity (60). Few Afri- 
can countries have the infrastructure for large-
scale, high-quality phage production. Develo- 
ping formulations suitable for different infec- 
tions e. g., topical, oral, or injectable demands 
significant investment in research and develo- 
pment.      
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 Phages are temperature-sensitive and 
often require cold-chain storage to maintain 
viability (8), which is a challenge in regions 
with unreliable electricity or refrigeration. For 
instance, in rural areas of Africa, phages risk 
degradation due to inadequate cold storage, 
which undermines their effectiveness and 
limits their application in community health- 
care settings. The cost implication of phage 
therapy is also a hurdle.  
 Establishing the necessary infrastruc- 
ture for production and storage can be pro- 
hibitively expensive for many African nations, 
particularly those heavily reliant on interna- 
tional aid for healthcare needs (56,61). 
 

Future prospects of phage therapy 

in Africa:  
 

 Further research is essential to realize 
the full potential of phage therapy in Africa. 
Large-scale, randomized controlled trials are 
needed to establish the safety, efficacy, and 
optimal dosing of phages. Trials focused on 
region-specific infections such as typhoid fever 
or cholera, can validate the relevance of phage 
therapy in African settings (1). Also, integra- 
ting phage therapy into healthcare systems 
requires strategic planning and partnerships. 
Collaborations with pharmaceutical companies 
can address challenges in mass production 
and distribution. Examples from Eastern Euro- 
pe, such as the Eliava Institute, illustrate the 
viability of such models (8).  
 International collaborations such as 
those with WHO and the Africa CDC, aim to 
establish regional guidelines for phage therapy 
trials and usage. Incorporating phage therapy 
into national AMR strategies would promote its 
systematic use and scaling. For example, trai- 
ning hospital microbiologists to isolate and 
produce phages locally could support persona- 
lized therapy initiatives. 
 

Conclusion: 
 

 With the continent burden of infec- 
tious diseases, limited access to new anti- 
biotics, and increasing prevalence of AMR, 
phage therapy represents a transformative 
opportunity. Furthermore, its potential to add- 
ress neglected tropical diseases and its ada- 
ptability to local healthcare needs underscore 
its relevance in improving public health out- 
comes across the region (6,62). 
 To fully harness the potential of phage 
therapy in Africa, coordinated efforts are req- 
uired from policy-makers, researchers and 
healthcare providers. Governments must prio- 
ritize the establishment of regulatory frame- 
works that facilitate phage therapy develop- 
ment and integration into healthcare systems. 
Investing in infrastructure for local phage pro- 

duction and quality assurance is crucial. 
African research institutions should focus on 
conducting clinical trials, optimizing phage for- 
mulations, and studying phage-host interac- 
tions in the context of regional pathogens. 
Training and educating medical professionals 
about phage therapy can foster its acceptance 
and successful implementation in clinical set- 
tings. 
 By adopting phage therapy as part of 
a multi-pronged strategy to address AMR, 
Africa can strengthen its healthcare systems 
and provide innovative, sustainable solutions 
to its pressing public health challenges. The 
continent leadership in advancing phage ther- 
apy could also position it as a global pioneer in 
this promising field. 
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Abstract:  

Background: Antimicrobial stewardship (AMS) is one of the main strategies to stem the global tide of 

antimicrobial resistance (AMR). While developed nations have successfully implemented antimicrobial 
stewardship programmes, such initiatives remain underdeveloped in many Nigerian healthcare institutions. This 

is a report of a project to improve the AMS programme at the Lagos University Teaching Hospital (LUTH), 
Nigeria, by strengthening the antimicrobial stewardship committee (AMSC) and antimicrobial stewardship team 

(AMST) of the hospital.                                                              
Methodology: The Commonwealth Partnerships for Antimicrobial Stewardship (CwPAMS) facility assessment 

tool was used to identify gaps in the AMS programme (ASP) of LUTH, and activities to address the gaps were 

conducted over a 3-year period (2021-2024).                                                       

Results: The results of the activities to address the identified gaps in the ASP were the expansion of AMS 
activities from 3 to 10 departments of the hospital, a strong management commitment and support, consistent 

antibiotic consumption calculations, strategic training of professionals, and increased knowledge and awareness 
of AMS among staff and students. However, major challenges identified included shortage of staff and lack of 

functional electronic medical records.                                    
Conclusion: Continuing pre- and in-service training of staff, AMS activities and monitoring, and incorporation 

of AMS actions and interventions performed with the electronic medical records are recommended for 

sustaining AMS in the hospital. 

Keywords: AMS programme, gaps, activities, interventions, institionalise, resource-constrained 
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Résumé: 

Contexte: La gestion des antimicrobiens (GAM) est l’une des principales stratégies pour endiguer la vague 

mondiale de résistance aux antimicrobiens (RAM). Si les pays développés ont mis en œuvre avec succès des 
programmes de gestion des antimicrobiens, ces initiatives restent peu développées dans de nombreux 

établissements de santé Nigérians. Ce rapport présente un projet visant à améliorer le programme de GAM au 
Centre hospitalier universitaire de Lagos (LUTH), au Nigéria, en renforçant le comité de gestion des anti - 

microbiens (CMGA) et l’équipe de gestion des antimicrobiens (EMGA) de l’hôpital.                               
Méthodologie: L’outil d’évaluation des installations du Commonwealth Partnerships for Antimicrobial 

Stewardship (CwPAMS) a été utilisé pour identifier les lacunes du programme de gestion des antimicrobiens 
(ASP) du LUTH. Des activités visant à combler ces lacunes ont été menées sur une période de trois ans (2021-

2024).                                         
Résultats: Les activités visant à combler les lacunes identifiées dans le ASP ont permis d’étendre les activités 

de gestion des antimicrobiens de trois à dix services de l’hôpital, d’obtenir un engagement et un soutien solides 
de la direction, de calculer la consommation d’antibiotiques de manière cohérente, de former stratégiquement 

les professionnels et de renforcer les connaissances et la sensibilisation au bon usage des antimicrobiens parmi 
le personnel et les étudiants. Cependant, les principaux défis identifiés comprenaient la pénurie de personnel et 

l’absence de dossiers médicaux électroniques fonctionnels.                                     

Conclusion: La poursuite de la formation initiale et continue du personnel, la poursuite des activités et du suivi 
de gestion des antimicrobiens, ainsi que l’intégration des actions et interventions de gestion des antimicrobiens 

réalisées avec les dossiers médicaux électroniques, sont recommandées pour pérenniser le bon usage des 

antimicrobiens à l’hôpital.   

Mots-clés: Programme de gestion des antimicrobiens, lacunes, activités, interventions, institutionnalisation, 

contraintes de ressources 

Introduction:  
 

 Antimicrobial stewardship (AMS) is an 
essential tool used to tackle antimicrobial re- 
sistance (1). In high-resource settings, anti- 
microbial stewardship programmes (ASP) have 
improved rational antibiotic use (2,3). Deve- 
loping countries have an increased burden of 
infectious diseases, thus will face a greater 
impact of antimicrobial resistance (AMR) (3, 
4). Inappropriate antibiotic use and an incr- 
ease in AMR prevalence have been reported 
in Nigeria (5-8). Therefore, ASP in the country 
need strengthening.   

 Stewardship programmes are limited 
across the country. This is evidenced by a 
study conducted across tertiary hospitals in 
Nigeria, which found that just 30% had anti- 
microbial stewardship committees, and only 
35% performed periodic Global-Point Preva- 
lence Survey (G-PPS) to monitor and evalua- 
te antimicrobial use (8). Another study also 
found that only 35% of tertiary hospitals in 
the country had formal stewardship program- 
mes (9).     

 In 2021, only 20% of healthcare faci- 
lities in Lagos, Nigeria, had established steward- 

ship programmes, and out of these facilities, 
only 24.0% performed routine antimicrobial 
pre-authorization while 8% performed pros- 
pective audit, intervention and feedback (PAIF) 

for specific antibiotics used (10). These find- 
ings emphasise the need to establish ASPs in 
facilities where they are non-existent, and 
strengthen them where they are already in 
place.     

 The Antimicrobial Stewardship Com- 
mittee (AMSC) of Lagos University Teaching 
Hospital (LUTH) was inaugurated in 2013. As 
at 2016, ours was one of the few hospitals in 
Nigeria with a functional AMS committee, 
with our medical microbiology laboratory being 
a sentinel site for the AMR surveillance of the 
country. By this time, progress made inclu- 
ded conduct of a baseline Global-point preva- 
lence survey (G-PPS) of antimicrobial use and 
resistance in 2015, after which follow-up PP 
surveys were performed in 2017.  
 Raising awareness and AMS interven- 
tions in some departments improved antibio- 

mailto:ooduyebo@unilag.edu.ng
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tic prescribing practices and by 2017, led to 
the reduction of antibiotic use prevalence 
from 82.5% to 51.1% in the hospital (11). By 
2019, when our ASP was rolled out, the Anti- 
microbial Stewardship Teams (AMSTs) of some 

departments met irregularly, and teams in two 
departments performed prospective audit with 

intervention and feedback as a stewardship 
strategy (11). Although, this progress was 
encouraging, a lot still had to be done to 
strengthen the programme (Fig 1). There 
was the need to institutionalise the ASP by 
extending AMS interventions to all depart- 
ments and bring all stakeholders on board.  
Hence, we were open to opportunities availa- 
ble to us to achieve this.   
 To sustain the national AMS program- 

me, individual hospitals must have strong 
and functional ASPs. This can be achieved by 
identifying the existing gaps and developing a 
plan to address them. Therefore, this project 
sought to identify and address the gaps in 
the ASP in our hospital. The project aimed to 
improve AMS in LUTH by strengthening the 
stewardship committee and teams and to 
build the capacity of the healthcare profes- 
sionals for AMS surveillance and activities. 
 The specific objectives were to; (i) 
identify gaps in the AMS activities and proffer 
solutions, (ii) train the stewardship commit- 
tee and teams on AMS actions and interven- 
tions, (iii) train the healthcare professionals 
on AMS principles and practices, and (iv) 
sustain AMS activities.  

 

 

Fig 1: Steps for implementation of Antimicrobial Stewardship Programme at the Lagos University Teaching Hospital, Nigeria in 

2018 (11) 
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Materials and method: 

Study setting:    

 The setting is the Lagos University 
Teaching Hospital (LUTH), which is one of the 
largest tertiary hospitals in Nigeria. It has a 
well-equipped and functional medical micro- 
biology laboratory, which is also a sentinel 
site for the national AMR surveillance. The 
hospital is one of the few facilities with an 
ASP and provides information for antimicro- 
bial use (AMU) surveillance.  

Methodology:    
 To achieve our aim and objectives, 
the Commonwealth Partnerships for Anti-
microbial Stewardship (CwPAMS) facility ass- 
essment tool was used to identify the gaps 
(CwPAMS AMS Assessment Tool_Oct 2022. docx), 
and the activities on Fig 2 and Box 1 were 
conducted over a 3-year period (2021-2024). 
Patient level data on AMU were collected 
before and during the project with the G-PPS 
tool. (https://www.global-pps.com/project/inpati- 

ent-module/). 

 

 

Fig 2: Flow chart of the Antimicrobial Stewardship Programme Journey in Lagos University Teaching Hospital, Nigeria                    

(2021-2024) 

 

https://commonwealthpharmacy.org/wp-content/uploads/2023/04/Annex-1_CwPAMS-AMS-Assessment-Tool_Oct-2022.docx.pdf
https://www.global-pps.com/project/inpati-%20ent-module/
https://www.global-pps.com/project/inpati-%20ent-module/
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Box 1: Planned activities to institutionalise ASP in Lagos University Teaching Hospital, Nigeria, in 2021 

• Educational programmes to build the capacity of the AMSC, AMSTs, LUTH management and all 
stakeholders for AMS were done onsite. 

 

• Training of the pharmacists on calculation of antibiotic consumption was done onsite and online. 

 
• The roles of healthcare workers in AMSTs in the hospital wards were defined during the online and onsite 

trainings for nurses, pharmacists and prescribers. 
 

• Training of medical students on prospective audit.  
 

• Performance of audit intervention and feedback by AMSTs.  
 

• Developing and updating of relevant policies and training documents. 
 

• Advocacy to management to give protected time for staff AMS activities in departments was done.  
 

• Continuation of AMS activities already in place and extension to more departments: Global-PPS, 
prospective audit with intervention and feedback (as a stewardship strategy), antibiotic consumption 

calculations by pharmacists, and raising awareness on AMS.  

 
• Training of medical undergraduates to perform Global-PPS and pharmacist interns to perform antibiotic 

consumption calculations. 
 

• Behavioural change workshop to encourage behaviour change among the healthcare workers 
 

       

Results: 

Identified gaps:    

 The major gaps identified in the ASP 
following assessment with the CwPAMS tool 
included; (i) no action plan for AMS activities 
and no information technology (IT) and fin- 
ancial support for the ASP, (ii) staff did not 
have training in AMS at induction or in-ser- 

vice level, (iii) antibiotic consumption was not 
being regularly calculated in the hospital, (iv) 
no list of restricted antibiotics, and (v) no 
protected time for routine AMS activities.  

AMS document development/update:  

 Relevant documents for AMS were 
developed and/or updated as shown in Box 2.

 

Box 2: AMS documents developed/updated at Lagos University Teaching Hospital, Nigeria 

• The hospital Antibiotic Policy and Guidelines document (version 1.0) was developed in 2021. It was 

initiated in individual departments and then collated as the hospital document by the AMSC after 
modifying it with the hospital antibiogram. An implementation study to ascertain acceptance and use 

by the prescribers was performed before it was reviewed and updated as version 2.0 in 2024. Four 
clinical departments in the hospital contributed to version 1.0 while all clinical departments in the 

hospital contributed to version 2.0. 
 

• Antibiograms were developed by the Microbiology Department to guide development of antibiotic 
policy and guidelines. 

 

• The hospital’s Microbiology Handbook was updated to serve as a tool for diagnostic stewardship. 
 

• Manuals for induction and in-service AMS training were developed, based on the content of the WHO 
and NCDC training documents. The induction manual guides the training of newly employed healthcare 

professionals, while the in-service manual guides the training of AMSTs, antibiotic champions and the 
continuous training of regular staff. 

 
• Manual of infection control policies and procedures was developed to guide infection prevention and 

control practices in the hospital. This was done in 2021. 
 

• AMS action plan was also developed in 2021 and updated in 2022 and 2024. Development of this 
document and reviews were based on a SWOT analysis performed with the CwPAMS template annex 1 

Annex 1_CwPAMS AMS Assessment Tool_Oct 2022.docx 
 

 

https://commonwealthpharmacy.org/wp-content/uploads/2023/04/Annex-1_CwPAMS-AMS-Assessment-Tool_Oct-2022.docx.pdf
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Advocacy visits to management:  

 The first advocacy visit paid to the 
management by the AMSC ensured the sup- 
port of the hospital management throughout 
the project. The Chief Medical Director gave 
his full support and showed great interest in 
the stewardship programme of the hospital. 
He also emphasized that the ASP and all AMS 
interventions had to be discussed and under- 
stood by all hospital staff. The involvement of 
the management ensured a smooth running 
of the programme and their support during 
the project activities.    
 During this visit, seven requests were 
made, which include among others that mana- 

gement ensures the mandatory use of the 
just formulated antibiotic policy and guide- 
lines by all prescribers of antibiotics in the 
hospital and turn the hospital policy into dir- 
ectives for the departments. Other requests 
are listed in Box 3. 

Trainings:    

 Trainings were conducted both in- 
person and virtually to encourage participa- 
tion of other healthcare professionals in the 

country. The first set of trainings took place 
in 2022 and involved training of all staff on 
the principles and practices of AMS. In atten- 
dance were 79 members of the AMSC and 
AMSTs, prescribers (150 resident doctors and 
house officers, and 105 consultants/medical 
officers), 36 pharmacists, 42 nursing clinical 
tutors and 271 trained nurses. The sharing 
and intense discussions of the developed 
relevant policies and documents enabled the 
members of the AMSC and AMSTs, prescri- 
bers, nurses and pharmacists better under- 
stand their specific roles as antimicrobial 
stewards. While the members of the AMSC 
and AMST had the terms of reference clearly 
explained to them, all healthcare profession- 
als were also able to discuss and accept their 
AMS roles.     
 The trainings were repeated in 2024 
and included 75 members of the AMSC and 
AMST, 52 pharmacists (including interns), 173 

nurses, 122 resident doctors, and 85 house 
officers. The trainings were concluded with a 
two-day behaviour change workshop and the 
inauguration of 50 Antibiotic Champions spread 

across departments. 

 

Box 3: Advocacy requests made by Lagos University Teaching Hospital Antimicrobial Stewardship Committee (AMSC)  

• Ensure the mandatory use of the formulated antibiotic policy and guidelines by all prescribers of 
antibiotics in the hospital. 

 
• Turn the LUTH Antibiotics Policy into directives for the various departments. 

 
• Support the capacity building of LUTH healthcare workers including the AMS committee and AMS 

teams for antimicrobial stewardship. 
 

• Support motivation and information of the stakeholders especially LUTH management for AMS. 
 

• Give authority to our stewardship interventions, especially prospective audit and antibiotic 
consumptions calculations by the Pharmacy Department. 

 

• Approve strategies recommended by the Pharmacy Department to encourage the patronage of LUTH 

Pharmacy by all patients with respect to the purchase of antibiotics. 
 

• Allocate protected time for AMS for LUTH staff in various wards and departments. 
 

During the second advocacy visit to the hospital management, the following requests were made: 
 

• Sign the action plan. The importance of this had been mentioned to the CMD, especially as he is an 
additional partner in the project. This is also in line with the suggestion of the CMD that the action plan 

must be discussed, understood and accepted by the hospital community. 
 

• Convert the policy into administrative directives. This was recognised as needful during the training of 
the AMSTs.  

 
• Address the issue of the cephazolin purchased by the hospital for surgical antibiotic prophylaxis which 

was yet to be used. 

 

• Reports from AMSTs should be through HODs to the AMSC, copying the CMAC, to further point it out to 
HODs that AMS is everybody’s duty in departments. 

 

• Support the Microbiology Laboratory, Pharmacy and AMS unit to iron out issues based on the 
suggestions of the consultants, action plan and antibiotics policy. 
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Box 4: Duties of Lagos University Teaching Hospital Antimicrobial Stewardship Teams (AMSTs) 

• Prospective audit using a checklist prepared from the antibiotic policy/guidelines 
 

• A one-hour weekly meeting for team members to review the findings of audit, interventions and plan 

activities. 

 
• A five- to ten-minutes talk or presentation on rational antibiotic prescribing at every Wednesday clinical 

meeting in clinical departments. 
 

• A monthly report of audit findings and stewardship activities to the departments, antimicrobial 
stewardship committee and office of the CMAC. 

 
• Reports of compliance rates to antibiotic guidelines and AMS interventions in the various clinical 

departments as a means of monitoring and evaluation. 
 

 

Duties of Antimicrobial Stewardship Teams:  

 The AMSTs in 10 departments have 
been performing their roles and conducting 
prospective audit with intervention and feed- 
back (PAIF) in both in-patients and out-
patients (Box 4). Every week, they performed 
reminders at clinical meetings in their various 
departments (a minimum of 5-10 minutes) to 
reinforce AMS principles. To reduce the work 
burden on healthcare professionals, medical 
students who had already been trained dur- 
ing their clinical postings initiated prospective 
audits, while AMST members performed the 
intervention and feedback to the prescribers. 
This also afforded the students early training 
and practice in rational antibiotic use.  

Reports of Antimicrobial Stewardship Teams: 

 The AMSTs in the different depart- 
ments began submitting their periodic rep- 
orts. Monthly reports of activities by the 
AMSTs were sent to the AMSC and ultimately 
to LUTH management and the Nigerian Cen- 
tre for Disease Control (NCDC). These reports 
highlighted the progress the teams had made. 
As at March 2022, the new stewardship teams 

in the departments of Medicine, Surgery, 
Obstetrics and Gynaecology, Family Medicine 
and ICU had their inaugural meetings.  
 Medical students rotating in Medicine, 
Surgery and Obstetrics & Gynaecology were 
trained on prospective audit and feedback. 
Weekly 5-minute presentations on rational 
antibiotics use by members of the team was 
started in the Departments of Paediatrics, 
Medicine and Surgery. Following the conduct 
of the workshop on behaviour change, a 
WhatsApp group chat was created, with more 
than 30 nurses currently on the platform. 
This group consists of nurses in clinical and 
teaching units, LUTH nurses, and nursing 
students. A blog was also created for the 
Antibiotic Champions for new AMS informa- 
tion and participation. 

AMS action plan:    

 The most recent AMS action plan (3.0) 
was developed in January 2025, for a 3-year 
period and is scheduled for update in 2028. It 
was written based on the CwPAMS template 
(Annex 3_CwPAMS AMS action plan template). 
The components include; (i) Objectives, (ii) 
Leadership commitment, accountability and 
responsibility, AMS actions, education and 
training, monitoring and surveillance, repor- 
ting feedback within the healthcare facility, 
(iii) Identified gaps, (iv) Agreed actions, (v) 
How will the actions be carried out? (vi) Who 
is/are responsible? and (vii) Agreed time 
frame to complete the actions.  
 The action plan was based on a situa- 
tion analysis and was developed in discussion 
with the relevant stakeholders. The strengths 
weaknesses, opportunities and threats to the 
locally agreed actions were also considered. 
The action plan was finally presented to the 
AMSC and the hospital management team. 
The AMSC has the responsibility for oversee- 
ing the delivery of the agreed actions. 

Implementation of antibiotic consumption (AMC) 
calculation by pharmacists:   

 The Pharmacy Department began cal- 
culating antibiotic consumption (AMC) as they 
appreciated the importance of this during the 
training sessions, and began collecting anti- 
biotics consumption data in the in-patient 
pharmacy units.    
 A pharmacist who obtained the Africa 
Leadership Fellowship (ALF-A) was able to 
train other pharmacists, including 46 interns, 
on collecting AMC data (12). This facilitated 
improvement and consistency in the process. 
The antibiotics consumption calcula- tion was 
then carried out periodically in all the in-
patient units, to determine the Defined Daily 
Dose (DDD). 

https://commonwealthpharmacy.org/wp-content/uploads/2023/04/Annex-3_CwPAMS-AMS-action-plan-template-.pdf
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Fig 3: Annual Antimicrobial Use Prevalence rates in Lagos University Teaching Hospital, Nigeria (2015 – 2024) 

Impact of Global-Point Prevalence Survey (G-

PPS) and AMS actions in LUTH:   

 The highest antimicrobial use preva- 
lence of 82.52% in LUTH was recorded in 
2015 when there were no AMS actions intro- 
duced after conducting GPPS. By 2017, when 
awareness had been raised about AMS being 
a major strategy to mitigate the challenges of 
AMR, the antimicrobial prescribing rates re- 
duced from 82.52% in 2015 to 65.50% in 
2017. Following this, there has been a steady 
decline in AMU prevalence in subsequent years 

till 2020 after which the rates remained rela- 
tively steady till 2023 (Fig 3).  
 AMS actions started with one depart- 
ment in 2018 and had spread to four other 
departments by 2021. The actions included 
prospective audit with intervention and feed- 
back (PAIF) and writing the hospital antibiotic 
policy. PAIF started in one department and 
gradually spread to five other clinical depart- 
ments. Antibiotic consumption calculation is 
now performed in all in-patient wards. 

Behaviour change workshops and Antibiotic 
Champions:     

 There were three workshops to add- 
ress the issue of resistance to change. One 
was for people on prescribing pathways (pre- 
scribing, dispensing and or administering anti 
microbials). Workshop two was for members 
of AMSTs in all departments while workshop 
three was for appointed Antibiotic champions. 
The stakeholders for training included ward 
nursing leaders, members of the quality imp- 
rovement committee and healthcare profes- 
sionals (doctors, dentists, nurses, pharma- 
cists) voted and appointed AMS Champions 
by their Heads of Departments.  
 Each of the workshops lasted 2.5 hrs 
and were moderated by behaviour change 

experts, who used the Capability, Opportuni- 
ty and Motivation – Behavior (COM-B) model 
of behaviour change to explain the three com- 

ponents (capability, opportunity and motiva- 
tion) to behaviour change (13). They covered 
motivating topics such as changing practice 
(mine and others), why the AMST is hard to 
action/what we can do, and having behaviour 
change conversations about AMS. The last 
workshop ended with a list of AMS actions 
populated by the champions themselves. The 
AMS Champions were inaugurated with bad- 
ges and charged with the responsibility of 
motivating colleagues in their various depart- 
ments to perform AMS. 

Stakeholders engagement:  

 To sustain AMS activities, there was 
continuous advocacy to the hospital manage- 
ment to lead the way in institutionalising AMS 
policies. One key achievement was the app- 
roval of protected time for AMS activities, 
allowing healthcare staff to dedicate time to 
stewardship without compromising clinical 
duties. AMS initiatives were integrated into 
weekly departmental clinical meetings, which 
fostered continuous awareness and discus- 
sion of best practices among prescribers. 
Implementation was further strengthened by 
the 50 Antibiotic Champions appointed across 
departments, serving as focal points for AMS 
advocacy and intervention.  
 The AMS stakeholders meeting in 2022 
had representatives of the Nigeria Centre for 
Disease Control (NCDC), Nigeria Institute of 
Medical Research (NIMR), Nigeria Medical 
Association (NMA), Pharmaceutical Society of 
Nigeria (PSN), and National Association of 
Nurses and Nurse Midwives (NANNM). Stake- 
holders were enlightened on the benefits of 
student involvement in AMS. The constraints 
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laboratory and pharmacy use to AMS were 
also identified, and possible solutions to imp- 
roving these were discussed. Most of these 
stakeholders and organisations were also rep- 

resented at the 2024 research dissemination 
meeting. 

Discussion: 

 Antimicrobial stewardship had started 
in our hospital as far back as 2017, although 
there were challenges noticed mostly as res- 
istance and unacceptability of perceived ‘new’ 
responsibilities by the healthcare profession- 
als in the hospital. The CwPAMS 1.5 project 
enabled us to assess the gaps in our ASP. We 
were able to fill enough gaps to institutiona- 
lise AMS in our hospital, such that by 2022, 
colleagues who had earlier assumed AMS as 
a research project that would soon be com- 
pleted, accepted it as an institutional impro- 
vement program.   
 Essentially, the CwPAMS 2.0 helped 
to ensure AMS activities and actions were 
performed to strengthen AMS activities in the 
hospital, and to build the capacity of the 
healthcare workers in AMS. This prepared the 
hospital for the Global Antimicrobial Steward- 
ship Accreditation Schemes (GAMSAS) of the 
British Society for Chemotherapy (BSAC) at 
level 2, which further entrenched our ASP as 
the global certification was celebrated by all.  

Lessons learnt:     

 Strategic training of staff enabled ori- 
entation of our healthcare professionals tow- 
ards stewardship activities (14). Since the 
inception of our hospital ASP, we have used 
education as an AMS intervention. However, 
these had been done on an ad-hoc basis. To 
keep raising awareness of AMS, it must be 
done continuously and should be included in 
the routine programmes in the yearly plan for 
the hospital.    
 Another step in the right direction was 

the inclusion of presentations on AMS and 
rational antibiotic use in the weekly depart- 
mental ground rounds. Continuous training 
helps healthcare professionals better grasp 
their stewardship responsibilities, and this 
will continue to have a positive impact on 
their prescribing practices.  
 In 2019, we were able to demonstra- 
te that medical students are capable of per- 
forming audits (13). With the hospital curren- 
tly understaffed, medical students could play 
an essential role in AMS activities. They have 
been our auditors for prospective audits with 
intervention and feedback which is our hos- 
pital core AMS strategy. When trained, they 
also participate in the G-PPS as data collec- 
tors. These students have benefited from 
these activities by getting firsthand exposure 
to AMS activities in the hospital setting and 

antibiotics prescribing practices, in addition 
to the training they received. Hence, they 
have become equipped to tackle AMR even 
before they begin their practice. As future 
healthcare professionals, they already have 
the knowledge and good attitude towards 
AMS, therefore putting that into practice will 
be easier.    
 The support of management in hospi- 
tal AMS activities proved to be a very crucial 
step in ensuring successful interventions and 
implementation of ASPs in line with what has 
also been documented (1). The relationship 
built with the hospital administration helped 
improve the acceptance of AMS activities 
throughout our facility.  

Challenges:     

 Prospective audit stopped a few times 
due to industrial action in the hospital that 
affected the students who were the auditors. 
This would necessitate a planned backup for 
periods when students are absent from clini- 
cal postings and from wards where medical 
students do not rotate through during their 
professional training.    
 Calculating antibiotic consumption was 
challenging for the pharmacists before they 
were trained by the ALFA Fellow. Additionally, 
due to the absence of computers for data 
collection in various pharmacy units, the per- 
formance of this activity was slow. A hospital 
electronic medical records (EMR) if available 
would ensure this is done continually. How- 
ever, our hospital EMR is still in development.
 Some AMSTs have not been submit- 
ting reports regularly, making it difficult to 
determine the level of stewardship in their 
units. This is attributed to inadequate man- 
power, which is a complaint common to all 
departments and units of the hospital. Carry- 
ing out AMS activities as stewards is time and 
effort consuming, and if there is inadequate 
manpower, the available personnel could find 
it challenging, despite their best efforts. This 
to a large extent could be remedied by an 
operational EMR. Incorporating AMS data and 
interventions into hospital EMR has been rep- 
orted to improve prescribing practices in hos- 
pitals as checks are put in place when pres- 
cribing antibiotics (15). The Lagos University 
Teaching Hospital and indeed, Nigeria as a 
country will benefit from adopting this as a 
national strategy. 

Way forward:     

 The CwPAMS projects addressed some 
of the gaps we identified in our ASP and we 
performed many AMS interventions that have 
strengthened our programme. To continue in 
this direction, we have concerns that need to 
be resolved in the future. The most recent 
action plan must be diligently executed. To 
build on the success and progress achieved, 
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we need to continually measure the impact of 
the programme. We will continue to report 
this periodically using the Global-PPS, pros- 
pective audit with intervention and feedback, 
and antibiotic consumption calculations corre- 
lated with antibiotic resistance rates (16,17).
 Raising awareness of AMS among pre- 
sent and future healthcare professionals must 
continue by training health workers at induc- 
tion and in-service at regular stipulated inter- 
vals. All medical students should be included 
in AMS activities by incorporating AMS at all 
levels of their preclinical and clinical train- 
ings. Currently, the basic principles of AMS 
are included in the undergraduate curriculum 
for medical students, and this would hope- 
fully be replicated in the curricula of our 
pharmacy and nursing students.  
 Antimicrobial stewardship programme 
is well recognized as a behaviour change pro- 
gramme and the topmost AMS barrier in our 
hospital had been identified as ‘resistance to 
change’, hence our investment in the beha- 
viour change workshops. Subsequent monito- 
ring and evaluation of the champions will 
reveal their success or how we can further 
improve AMS practices (17).   
 Monthly correlations of AMC rates with 

AMR have to be performed and the results 
and implications should be communicated to 
the prescribers to help improve their pres- 
cribing practice. Hijazi et al., (14) in a review 
of the challenges and opportunities of AMS in 
resource-high and resource-limited countries, 
noted that while sustained engagements are 
required for changes in prescribing habits of 
health-care professionals, they advocated for 
population-level stewardship interventions and 

investment in structural factors to aid ASP 
implementation.   

 The CwPAMS 1.5 and 2.0 helped to 
improve the ASP of our hospital. It witnessed 
the support and approval of hospital admini- 
stration and staff, as well as the involvement 
of aspiring medical professionals (students). 
We will keep expanding on these successes 
and be a positive example for other hospitals 
to follow and learn from.  

Conclusion: 

 This is a descriptive report of the 
AMS efforts in our hospital. The CwPAMS 1.5 
project enabled us to assess the gaps in our 
ASP and we were able to fill enough gaps to 
institutionalize AMS in our hospital by 2022. 
The CwPAMS 2.0 project prepared our hos- 
pital for the GAMSAS accreditation and fur- 
ther helped to entrench the programme.
 These projects highlight how struc- 
tured interventions, advocacy, and continu- 
ous training can successfully institutionalize 
AMS in a resource-limited setting. The colla- 
boration between AMS teams, hospital mana- 

gement, and policymakers was instrumental 
in strengthening AMS policy enforcement, 
expanding capacity-building initiatives, and 
integrating stewardship practices into routine 
hospital operations. However, sustained com- 
mitment particularly in IT infrastructure is 
required to retain the gains. By continuing to 
evaluate, refine, and expand AMS interven- 
tions, LUTH can serve as a model for AMS 
implementation in Nigeria and other low-and- 
middle-income-countries (LMICs). 
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Abstract: 

Background: Antibiograms and antibiotic guidelines are important tools for appropriate prescribing practices in 

combating the antimicrobial resistance (AMR) challenge. They serve as a prelude to an evidence-based 
Antimicrobial Stewardship (AMS) program, which is necessary for better Infection Prevention and Control (IPC) 

activities, especially in low-resource settings like Nigeria. This study determined the bacterial profile and 
antibiogram of clinical isolates in a tertiary healthcare facility in Gombe, northeastern Nigeria.                       

Methodology: This was a 4-year retrospective descriptive analysis of bacterial isolates from in and outpatient 
clinical specimens submitted to the Medical Microbiology Laboratory of the hospital between January 2019 to 

December 2022. Specimens were cultured for bacterial isolation and phenotypic identification using conventional 
techniques. Antibiotic susceptibility test was performed on each isolate by the Kirby Bauer disc diffusion method. 

Results: A total of 15,457 bacteria were isolated over the 4-year period and include Staphylococcus aureus 
(6604, 42.72%), Klebsiella species (2382, 15.41%), Escherichia coli (2140, 13.84%), Pseudomonas species 

(1429, 9.25%), Proteus species (469, 3.03%) and Enterococcus species (215, 1.39%). The overall susceptibility 
(antibiogram) of all the bacterial isolates to commonly used antibiotics over the 4-year period was 59.0% for 

gentamicin, 54.5% for levofloxacin, 50.6% to ciprofloxacin, 48.5% to ceftriaxone, 48.5% to ceftazidime, and 

41.9% to amoxicillin/clavulanate. Resistance rate was more than 50.0% for many of the tested antibiotics 

(ceftriaxone, ceftazidime, amoxicillin/clavulanate, and cefoxitin).                      
Conclusion: There was high level of resistance to many routinely used antibiotics tested in our facility.  There is 

need for evidence-based AMS programmes hinged on local antibiotic guidelines for better patient safety and 

improved healthcare quality particularly in resource poor settings.                        
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Résumé: 

Contexte: Les antibiogrammes et les directives sur les antibiotiques sont des outils importants pour des pratiques 
de prescription appropriées dans la lutte contre le défi de la résistance aux antimicrobiens (RAM). Ils servent de 

prélude à un programme de gestion des antimicrobiens (GAM) fondé sur des données probantes, qui est 
nécessaire pour de meilleures activités de prévention et de contrôle des infections (PCI), en particulier dans les 

environnements à faibles ressources comme le Nigéria. Cette étude a déterminé le profil bactérien et 
l'antibiogramme des isolats cliniques dans un établissement de soins de santé tertiaire à Gombe, dans le nord-

est du Nigéria.                            
Méthodologie: Il s'agissait d'une analyse descriptive rétrospective sur 4 ans des isolats bactériens provenant 

d'échantillons cliniques hospitaliers et ambulatoires soumis au laboratoire de microbiologie médicale de l'hôpital 
entre janvier 2019 et décembre 2022. Les échantillons ont été cultivés pour l'isolement bactérien et l'identification 

phénotypique à l'aide de techniques conventionnelles. Un test de sensibilité aux antibiotiques a été effectué sur 

chaque isolat par la méthode de diffusion sur disque de Kirby Bauer.                         

Résultats: Au total, 15 457 bactéries ont été isolées sur la période de 4 ans et comprennent Staphylococcus 

aureus (6604, 42,72%), des espèces de Klebsiella (2382, 15,41%), Escherichia coli (2140, 13,84%), des espèces 
de Pseudomonas (1429, 9,25%), des espèces de Proteus (469, 3,03%) et des espèces d'Enterococcus (215, 

1,39%). La sensibilité globale (antibiogramme) de tous les isolats bactériens aux antibiotiques couramment 
utilisés sur la période de 4 ans était de 59,0% pour la gentamicine, 54,5% pour la lévofloxacine, 50,6% pour la 

ciprofloxacine, 48,5% pour la ceftriaxone, 48,5% pour la ceftazidime et 41,9% pour l'amoxicilline/clavulanate. 
Le taux de résistance était supérieur à 50,0 % pour de nombreux antibiotiques testés (ceftriaxone, ceftazidime, 

amoxicilline/clavulanate et céfoxitine).                           
Conclusion: Il y avait un niveau élevé de résistance à de nombreux antibiotiques couramment utilisés testés 

dans notre établissement. Il est nécessaire de mettre en place des programmes de gestion des antibiotiques 
fondés sur des données probantes et s'appuyant sur des directives locales en matière d'antibiotiques pour 

améliorer la sécurité des patients et la qualité des soins de santé, en particulier dans les milieux pauvres en 

ressources. 

Mots-clés: Antibiogramme; Gestion des antimicrobiens; Directives sur les antibiotiques; Prévention et contrôle 

des infections 

Introduction: 

 Overuse of empirical broad-spectrum 
antibiotics and inadequate antimicrobial stew- 
ardship (AMS) programs at all levels have sig- 
nificantly contributed to the emergence and 
spread of multidrug-resistant organisms 
(MDROs) (1). The global impact of MDROs has 
detrimentally affected worldwide infection pre- 
vention and control (IPC) efforts, patient 
safety, and healthcare quality with severe 
repercussions particularly in low-resource set- 
tings, manifesting in significant healthcare 
challenges. Availability of bacterial profiles 
and their antibiograms from clinical isolates is 
necessary for the control of resistance to anti- 
microbial agents especially in developing coun- 
tries (2,3).     
 Apart from being a component of the 
AMS programme, the antibiogram provides 
important information about the sensitivity/ 
resistance pattern in particular settings, ena- 
bling an evidence-based empirical use of anti- 
biotics. This is especially important in many 
low-and-middle-income-countries (LMICs) where 
patients are unable to afford payment for rou- 
tine microbiological investigations or the facili- 
ties for such are not available (4,5). Results of 
studies on antibiotic stewardship programmes 

in Africa revealed lack of institutional annual 
antibiograms as one deficiency in many count- 
ries (6,7).   
 Antimicrobial Resistance (AMR) com- 
monly results from their misuse and abuse 
across human, agricultural/environmental and 
veterinary healthcare in addition to poor AMS 
programmes/strategies including inadequate 
surveillance and policies/guidelines (8-10). 
Resistance to clinically important Gram-posi- 
tive bacteria such as Staphylococcus aureus 
including methicillin resistant S. aureus (MRSA), 
Streptococcus pneumoniae, Enterococcus spp, 
Corynebacterium spp and Streptococcus aga- 
lactiae, and Gram-negative bacteria such as 
Escherichia coli, Klebsiella spp, Pseudomonas, 
Acinetobacter spp, Proteus, Morganella, Citro- 
bacter spp, Enterobacter spp, Salmonella spp, 
and Shigella spp to commonly available anti- 
biotics have been widely reported in sub-Sah- 
aran African countries (11-13). This constitu- 
tes a major public health challenge with heavy 
financial burden on both patients and health- 
care providers (14,15).   
 In some developed countries, deploy- 
ment of effective IPC measures has led to 
reduction in the prevalence of key MDROs 
such as MRSA in contrast to sub-Saharan 
Africa where the burden of infectious diseases 
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is still unacceptably high (16,17). In Nigeria, a 
2.3-fold increase in MRSA prevalence was rep- 
orted in association with several infections inc- 
luding osteomyelitis, bloodstream, skin/soft 
tissue/wound, surgical sites, respiratory, and 
urinary tract infections over a five-year period 
(18). Antibiograms play a key role in improv- 
ing the appropriateness of empirical antibiotic 
therapy and reducing the emergence and 
spread of AMR in any given society or institu- 
tion (19). This study presents a four-year 
review of bacterial profiles and antibiogram of 
clinical isolates in Federal Teaching Hospital 
Gombe, as a prelude to development of local 
antibiotic policy for evidence-based AMS pro- 
gramme in the hospital.  

Materials and method:  

Study area:     

 This study was conducted in a 555-bed 
Federal Teaching Hospital Gombe (FTHG), a 
tertiary health facility in northeastern Nigeria. 
Gombe State is located at the centre of north-
eastern Nigeria and FTHG receives and mana- 
ges patients from all neighbouring states and 
beyond. The hospital enjoys the complement 
of virtually all common medical/surgical spe- 
cialties.  

Ethical consideration:   

 This study used existing laboratory 
records (secondary data), hence, there was no 
risk of physical harm to the patients. The data 
were de-identified for confidentiality and pri- 
vacy of patients. Ethical approval was obtain- 
ed from the Research and Ethics Committee of 
FTHG, before the commencement of the study. 

Clinical isolates analysed from routine speci- 

mens:     

 Routine clinical specimens (urine, spu- 
tum, blood, aspirates, swabs, and biopsies) 
collected from all in and outpatients of all age 
groups with suspected clinical infections and 
processed in the Medical Microbiology labora- 
tory of FTHG from January 2019 to December 
2022, yielded the isolates analysed in this study.   

Culture isolation and identification:  

 The specimens were routinely collect- 
ed according to standard procedures in appro- 
priate specimen containers, timely transport- 
ed to the laboratory and processed immedia- 
tely by conventional culture isolation methods. 
All urine specimens were inoculated on Cyst- 

eine Lactose Electrolyte Deficient (CLED) and 
Blood Agar (BA) plates, while sputum, blood, 
seminal fluid and swabs/aspirates/biopsies were 
all inoculated on MacConkey, Blood and Cho- 
colate agar plates. All plates were incubated 
aerobically at 37ᴼC for 16-24 hours. Isolates 
were identified by colonial morphology, Gram-
reaction and conventional biochemical test 
schemes.  

Antibiotic susceptibility testing:  

 Antibiotic susceptibility testing (AST) 
of the isolates was done using modified Kirby-
Bauer disc diffusion method on Mueller-Hinton 
(MH) agar plates and results were interpreted 
according to the 2019 Clinical and Laboratory 
Standard Institutes (CLS1) guidelines (16). The 
antibiotic discs (Oxoid UK) include amoxicillin/ 
clavulanate (20/10 µg), ceftriaxone (30µg), 
ceftazidime (30µg), cefoxitin (30µg), genta- 
micin (10µg), levofloxacin (5µg), ciprofloxacin 
(5µg), and erythromycin (15µg). 

Results: 

Bacterial profiles:   
 A total of 15,457 bacteria were isola- 
ted over the 4-year period of the study; 2019 
(n=4,025), 2020 (n=3,978), 2021 (n=3,885) 
and 2022 (n=3,569). Majority were from urine 
(9,504, 61.49%), aspirates/swabs/biopsies 
(3,727, 24.11%), blood (1238, 8.01%) and 
sputum (988, 6.39%). The commonly isolated 
bacteria are S. aureus (6,604, 42.72%), Kleb- 
siella spp (2,382, 15.41%), Escherichia coli 
(2,140, 13.84%), Pseudomonas spp (1,429, 
9.25%), Proteus spp (469, 3.03%) and Enter- 
ococcus spp (215; 1.39%). Other Gram-nega- 
tive and Gram-positive bacteria constituted 
1,330 (8.60%), and 897 (5.80%) respective- 
ly. The distributions of the isolates by year of 
identification and specimens of origin is high- 
lighted in Table 1. 

Antibiogram:     

 The overall susceptibility to common 
antibiotics tested on all the bacteria could be 
summarised as gentamicin (59.0%), levoflo- 
xacin (54.5%), ciprofloxacin (50.6%), ceftria- 
xone (48.5%), ceftazidime (48.5%), and 
amoxicillin/clavulanate (41.9%). The suscep- 
tibility of all S. aureus isolates to cefoxitin was 
44.5%, indicating 55.5% MRSA rate. Of all the 
Gram-positive bacteria tested, only 36.9% were 

susceptible to erythromycin.    
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Table 1: Distributions of isolates by year of identification and specimens of origin 

 

 

 

 The distribution of isolates and their 

percentage susceptibility to common antibio- 

tics and year of isolation is highlighted in Table 

2 and Fig 1. The trend in susceptibility to the 

common antibiotics for E. coli, showed that 

about 70% were susceptible to gentamicin in 

2019. But in the subsequent years (2020, 

2021 and 2022), the susceptibility dropped to 

51%, 47.7% and 50.5% respectively. Suscep- 

tibility of E. coli to ceftriaxone was 64.2% in 

2019, 35.4% in 2020, 43.6% in 2021 and 

33.3% in 2022. However, the susceptibility of 

the bacterium to ciprofloxacin over the years 

was 49.7% (2019), 34.4% (2020), 28.1% 

(2021) and 42.8 (2022).   

 The susceptibility of Pseudomonas spp 

to commonly used antibiotics were; 53.9% 

(2019), 83.3% (2020), 22.2% (2021), and 

38.9% (2022) for ceftazidime; and 63.5% 

(2019), 50.3% (2020), 50.0% (2021), and 

48.4% (2022) for gentamicin, while for cipro- 

floxacin, the susceptibility was 70.3% (2019) 

52.7% (2020), 49.7% (2021) and 45.4% 

(2022).    

 Staphylococcus aureus isolates in the 

study was steadily susceptible to gentamicin 

for the 4-year period, while for ciprofloxacin, 

susceptibility of 38.9%, 24.6%, 40.1% and 

52.8% were observed in 2019, 2020, 2021 

and 2022 respectively. The trends in suscep- 

tibility to other antibiotics were as shown in 

Figs 2, 3 and 4. 

Specimen  Organism  2019 2020 2021 2022 Total (%) 
 

Urine  Staphylococcus aureus  888 1013 1214 973 4088 (43.01) 
Escherichia coli 388 519 288 425 1620 (17.04) 

Klebsiella species 347 352 534 356 1589 (16.71) 
Other Gram negatives 273 171 216 165 825 (8.68) 

Pseudomonas species 206 148 259 183 796 (8.38) 
Other Gram positives 69 64 48 56 237 (2.49) 

Enterococcus species 55 39 47 24 165 (1.74) 
Proteus species  54 63 19 48 184 (1.94) 

 2280 2369 2625 2230 9504 (100.0) 
       

Swabs/ 
Aspirates/ 
Biopsies 

Staphylococcus aureus  457 543 357 343 1700 (45.61) 
Klebsiella species  132 97 55 095 379 (10.17) 
Pseudomonas species  127 108 117 126 478 (12.82) 

Other Gram positives 107 90 41 55 338 (9.07) 
Proteus species  82 89 18 70 259 (6.95) 

Escherichia coli 76 128 76 75 355 (9.53) 
Other Gram negatives 76 37 35 71 219 (5.88) 

Enterococcus species  20 7 1 16 44 (1.18) 
 1077 1099 700 851 3727 (100) 

       
Blood  Staphylococcus aureus 269 136 197 171 773 (62.44) 

Other Gram positives 31 10 24 26 91 (7.35) 

Klebsiella species 11 15 17 10 53 (4.28) 
Proteus species 6 6 1 0 13 (1.05) 

Escherichia coli 4 4 19 23 50 (4.04) 
Other Gram negatives 2 31 65 7 175 (14.14) 

Enterococcus species  0 1 2 2 5 (0.40) 
 337 227 365 309 1238 (100.0) 

       
Sputum  Klebsiella species  132 133 042 54 361 (36.54) 

Other gram positives  76 79 71 50 276 (27.93) 

Pseudomonas species 42 15 20 0 77 (7.79) 
Other Gram negatives 39 14 17 41 111 (11.23) 

Escherichia coli 26 26 30 33 115 (11.64) 
Staphylococcus aureus  15 12 15 1 43 (4.35) 

Enterococcus species  1 0 0 0 1 (0.10) 
Proteus species  0 4 0 0 4 (0.40) 

 331 283 195 179 988 (100.0) 
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Table 2: Antibiogram (Percentage susceptibility) of the bacterial isolates to common antibiotics based on years 

Year  Bacteria  Number Percentage (%) 

CN AMC FOX CRO CIP LEV CAZ E 
2019 19 Staphylococcus aureus 1629 66.5 NA 51.0 NA 38.1 33.2 NA 32 

Klebsiella pneumoniae 622 62.0 45.5 NT 55.4 62.5 29.4 NT NA 
Escherichia coli 494 69.5 45.1 NT 64.2 49.7 25.4 NT NA 

Proteus spp 142 63.2 48.9 NT 76.4 68.3 100 NT NA 
Pseudomonas 
aeruginosa 

389 63.5 NA NA NA 70.3 57.3 53.9 NA 

Enterococcus spp 076 NA AN NT NA 68.8 45.7 NA 50.0 
Other Gram negatives 390 78.8 48.5 NT 76.6 71.2 54.2 NT NA 

Other Gram positives 283 73.0 NT NT NT 65.4 45.7 NT 46.2 
          

202020202020 Staphylococcus aureus 1704 59.5 NA 42.0 NA 24.6 28.4 NA 21.7 
Klebsiella pneumoniae 597 53.8 36.8 NT 38.8 53.5 37.0 NT NA 

Escherichia coli 677 51.2 22.1 NT 35.4 34.4 14.5 NT NA 
Proteus spp 162 66.1 59.1 NT 63.6 53.1 50.5 NT NA 

Pseudomonas spp 295 50.3 NA NA NA 52.7 45.1 83.3 NA 
Enterococcus spp 047 NA NA NA NA 63.2 70.4 NA 33.3 
Other Gram negatives 253 73.8 57.3 NT 66.0 71.7 66.8 NT NA 

Other Gram positives  243 68.2 78.5 NT NT 68.6 72.5 NT 53.2 
          

20212021 Staphylococcus aureus  1783 57.8 NA 37.3 NA 40.1 36.6 NA 26.6 
Klebsiella spp 648 46.6 43.7 NT 23.1 45.4 41.6 NT NA 

Pseudomonas spp 436 50.0 NA NA NA 49.7 53.0 22.2 NA 
Escherichia coli 413 47.7 33.8 NT 43.6 28.1 57.1 NT NA 

Enterococcus spp 050 NA NA NA NA 44.0 45.4 NA 30.7 
Proteus spp 038 63.6 25.0 NT 38.7 40.0 55.5 NT NA 
Other Gram-negatives 333 54.8 32.8 NT 39.2 48.6 56.4 NT NA 

Other Gram-positives  184 60.0 50.0 NT NT 43.3 51.9 NT 22.2 
           

220222022 Staphylococcus aureus 1488 61.5 NA 47.6 NA 46.8 52.8 NA 34.5 
Escherichia coli 556 50.5 25.0 NT 33.3 42.8 46.1 NT NA 

Klebsiella spp 515 52.2 27.6 NT 36.1 41.5 47.8 NT NA 
Pseudomonas spp 309 48.4 NA NA NA 35.9 45.4 38.9 NA 

Proteus spp 118 40.9 39.9 NT 45.0 34.2 45.6 NT NA 
Enterococcus spp 042 NT NA NA NA 56.7 76.2 NA 49.9 
Other Gram-negatives 354 55.3 37.8 NT 40.1 49.2 60.8 NT NA 

Other Gram-positives 187 51.9 NT NT NT 56.3 61.0 NT 47.5 
Total  15457 58.6 41.9 44.5 48.5 50.6 54.5 49.6 36.9 

NA (Not Applicable), NT (Not Tested), AMC (Amoxicillin/Clavulanate), CRO (Ceftriaxone), CAZ (Ceftazidime), FOX (cefoxitin), CN (Gentamycin), LEV 
(Levofloxacin), CIP (Ciprofloxacin), and E (Erythromycin); Other Gram-negatives: Citrobacter species, Enterobacter species, Serratia species, 

Salmonella species, Acinetobacter species, Providentia, Morganella, Yersinia, Achromobacter, Moraxella and Stenotrophomonas species. Other Gram-

positives: Streptococcus species, Bacillus species and Diphtheroids 

 

 

 

Fig 1: Overall percentage susceptibility (antibiogram) of the bacterial isolates to common first line antibiotics in the 4-year 

study period 
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Fig 2: Trend of Escherichia coli isolates susceptibility to common antibiotics 

 

 

 

Fig 3: Trend of Klebsiella spp isolates susceptibility to common antibiotics 
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Fig 4: Trend of Staphylococcus aureus isolates susceptibility to common antibiotics 

 

Discussion: 

 This study identified the most common 

bacterial isolates from clinical samples collect- 
ed from patients with suspected clinical infec- 
tions over a four-year period in our facility and 
their percentage susceptibility (antibiogram) 
to commonly used antibiotics.  Urine (61.49%) 
and aspirates/swabs/biopsies (24.11%) contri- 

buted the highest number of bacterial isolates 
highlighting a similarity with the findings of an 
earlier report from the same centre which 
identified urine and aspirates/swabs/ biopsies 
as the specimens with highest yield of bacteria 
(17). Similar study carried out in Iraq, also 
showed that a significant proportion of the 
isolates (67.1%) and (19.6%) were respect- 
ively reported from urine and swabs/aspirates 
(18). Findings from a recent study conducted 
in Ghana were in keeping with this trend (19). 
Urinary tract infections are among the most 
common infectious diseases which reflect the 
isolates from urine being most predominant in 
most bacteriology laboratories (20).  
 The most isolated bacterium in this 
study was S. aureus (42.72%), which reflects 
the fact that staphylococci generally are asso- 
ciated with variety of infections and are equ- 
ally common cause of infections in low-and-
middle-income-countries (21). Among the first 
line antibiotics tested, S. aureus was most 
susceptible to gentamicin (61.3%) and least 
to erythromycin (28.7%). The susceptibility of 
S. aureus to erythromycin from a recent meta-
analysis of studies conducted in Nigeria was 
about 53% (22). High prevalence of resistance 
to erythromycin in our study may be explained 
by the constitutive nature of the resistance 

expressed by staphylococci to erythromycin as 
previously reported in Gombe (23). Suscepti- 
bility to these antibiotics was low compared to 
that of a study in Asia that reported high sus- 
ceptibility to gentamicin (86.2%) and erythro- 
mycin (83.3%) by staphylococci (24). A simi- 
lar study in Algeria reported significantly high 
susceptibility to gentamicin of 92.3% by sta- 
phylococci isolated from clinical specimens 
(25). These variations in findings might not be 
unconnected with the openly observed ram- 
pant misuse and abuse of such antibiotics in 
our settings.     
 In this study, only 44.5% of the S. 
aureus was susceptible to cefoxitin, indicating 
that more than half of the S. aureus isolates 
were MRSA. Similar studies from different 
parts of Nigeria have reported varying figures 
on phenotypic MRSA prevalence of 65.4% and 
22.6% (26,27). These variations may be due 
to genetic, environmental, methodology, and 
other factors. The prevalence of MRSA was 
80% and 56.2% in studies conducted in Came- 

roon and Afghanistan respectively (28,29). 

The observed trend of susceptibility among 
isolated staphylococci showed that there was 
a steady increase in susceptibility to cefoxitin, 
gentamicin and ciprofloxacin in 2022.  
 Enterococcus spp, another Gram-posi- 
tive bacteria, were observed to be most com- 
monly susceptible to levofloxacin (59.4%), 
which is at variance with the results of a South 
Korean study where Enterococcus spp were 
highly sensitive (90.4%) to levofloxacin (30). 
This may be associated with the high carriage 
of multidrug resistant Enterococcus spp am- 
ong individuals in Nigeria with levofloxacin 

0

10

20

30

40

50

60

70

2019 2020 2021 2022

Cefoxitin Erythromycin Gentamycin Levofloxacin Ciprofloxacin



Bacterial profile and antibiogram in northeast Nigeria        Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 125-134 

 

132 

 

resistance being up to 34% in a study in south- 
western part of the country (31). 
 Klebsiella species were the second 
most prevalent bacteria isolated and the most 
common among the Enterobacterales in this 
study, but with overall low susceptibility to the 
commonly tested antibiotics. Klebsiella spp 
was identified as the second most common 
Gram-negative bacterial pathogen in a similar 
study conducted in Nigeria (32) while it was 
ranked first in another study from Ghana (33). 
The highest susceptibility of 53.7% was recor- 
ded for gentamicin and the least of 38.4% to 
amoxicillin/clavulanate by the Klebsiella isola- 
tes. These results are in keeping with reports 
from a study conducted in northwest Nigeria 
with susceptibility rates of 64.5% and 22.3% 
for Klebsiella spp to gentamicin and amoxi- 
cillin/clavulanate respectively (32). On the 
contrary, a study conducted in Taiwan repor- 
ted susceptibility of Klebsiella spp to genta- 
micin and amoxicillin/clavulanate to be 84.8% 
and 89.1% respectively (34). In our study, 
Klebsiella spp demonstrated a continuous dec- 
line in susceptibility to ciprofloxacin from 2019 
to 2022, while steep decrease to ceftriaxone 
from 2019 to 2021, stabilized and began to 
increase in susceptibility in 2022, with inter- 
mittent decline and increase in susceptibility to 

amoxicillin/clavulanate over the years under 

review.    
 Escherichia coli was the second most 
prevalent member of the order Enterobacte- 
rales in this study. This is not surprising as this 
pathogen is a known common causative agent 
of urinary tract infections and urinary isolates 
were the majority from the samples processed 
in the study. The highest susceptibility rate of 
54.7% was recorded for gentamicin while a 
low rate of 31.5% was to amoxicillin/clavu- 
lanate. The low susceptibility of E. coli to 
amoxicillin/clavulanate may be due to wide- 
spread and non-rational use (availability to 
purchase without prescription) of this anti- 
biotic commonly observed in our communities. 
A study assessing susceptibility of uropatho- 
gens in Africa reported a rate of 48% and 45% 
for E. coli to gentamicin and amoxicillin/cla- 
vulanate respectively (35). The susceptibility 
of E. coli to amoxicillin/clavulanate was 25.5% 
in a study conducted in Saudi Arabia (36). The 
overall trend of susceptibility of E. coli to the 
commonly used antibiotics showed a consider- 
ably high susceptibility to gentamicin, ceftria- 
xone, and ciprofloxacin in 2019, followed by 
steep decline in 2020/2021 and stabilizing in 
2022. This may be linked to the overuse of 
these antibiotics for prophylaxis and empiric 
therapy, leading with the associated wide- 
spread resistance in the community and the 
hospital.   
 Pseudomonas spp showed similar sus- 
ceptibility rates to all tested antibiotics; 53.1% 
to gentamicin, 52.2% to ciprofloxacin, 50.2% 

to levofloxacin and 49.6% to ceftazidime. The 
susceptibility rate to gentamicin has similarity 
to that reported in a study conducted in Saudi 
Arabia of 56.7% (37). However, susceptibility 
rates to ceftazidime (83.3%), levofloxacin 
(70.0%) and ciprofloxacin (76.7%) in the 
Saudi Arabia study were comparatively higher 
than the rates reported in our study. The 
overall trend of susceptibility to gentamicin 
continued to reduce steadily while the suscep- 
tibility to ceftazidime increased in 2020, this 
was immediately followed by a drastic decre- 
ase in 2021 and 2022. There was also associa- 
ted decrease and increase in susceptibility to 
ciprofloxacin creating a zigzag pattern every 
year. This may not be unconnected to the 
difference in potency of the antibiotics used in 
these patients. The low susceptibility of 
Pseudomonas spp to these antibiotics may be 
due to their frequent use for empiric therapy 
and for prophylactic purposes in our facility. 
However, in a study conducted at Antwerp 
University Hospital (UZA), 91.4% sensitivity of 
Pseudomonas spp was reported to piperacillin/ 
tazobactam (which we did not test in our 
study) and ceftazidime (38).   
 We had earlier reported a high level of 
antibiotic prescribing and over-reliance on 
empirical antibiotic therapy among healthcare 
practitioners in our centre and this region of 
the country (39,40). These were considered 
major drivers of AMR and threats to patient 
safety which require urgent attention in form 
of AMS programmes based on local evidence 
and policies/guidelines. Our study established 
a baseline profile of bacterial isolates and their 
antibiogram over a four-year period to serve 
as a prelude for an evidence-based hospital 
antibiotic policy. This will strengthen the AMS 
programme in the hospital and pave way for 
better IPC practices and improved patient 
safety and healthcare quality.   
 Our study is not without some limita- 
tions. It is a single centre study and cannot be 
generalized for the entire country. Additional- 
ly, manual biochemical methods were used for 
the identification of the bacteria. As such, it 
was impossible to completely identify and dis- 
countenance all duplicate isolates in the study 
as the data were retrospectively obtained from 
routine clinical isolates.  

Conclusion: 

 Bacterial profiles and antibiogram of 
clinical isolates are important pre-requisites 
for evidence-based local antibiotic guidelines 
which are necessary for better antimicrobial 
stewardship programmes especially in low- 
resource settings. Findings from this study 
revealed a relatively high level and increasing 
trend of resistance to commonly used antibio- 
tics by most of the tested bacteria. There is 
need to develop functional country-wide and 
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hospital-based antibiotic guidelines that can 
streamline empiric antibiotic therapy to reduce 
antimicrobial resistance and improve patient 
safety and healthcare quality. 
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Abstract: 

Background: Genomics surveillance and characterization of pathogens have enabled prompt and accurate 

diagnosis, for improved management and control of infectious diseases. This study aimed to identify bacteria 
associated with spreading odontogenic infections (SOIs) among patients visiting the Dental Center of the Obafemi 

Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife, Nigeria, by sequencing 16S rRNA gene of the 
bacteria.                                       

Methodology: This was a cross-sectional study of 15 participants with clinically confirmed SOIs. Pus samples 
were obtained from the participants and stored at -800 C until ready for analysis. DNA was extracted from the 

pus samples using the Quick-DNATM Miniprep Plus Kit. Polymerase chain reaction (PCR) was used to amplify the 
V1-V9 regions of the 16S rRNA gene. Successfully amplified samples were cleaned up and next generation 

sequencing (NGS) technique was used to sequence the bacterial 16S rRNA gene. Sequence data were analyzed 
using Geneious Prime version 2021.2.2 which used Ribosomal Database Project Tools to assign genus and higher-

level taxonomy.                                             
Results: Multiple genera of bacteria were detected in individual sample. The detected and identified bacteria 

belonged to Firmicutes, Bacteroidetes, Fusobacteria, Actinobacteria, Proteobacteria, Tenericutes and 
Spirochaetes phyla. Detected predominant bacterial genera were Streptococcus, Prevotella, Peptostreptococcus, 

Parvimonas and Porphyromonas. Some novel bacteria identified include Legionella, Taonella, Ferrovibro, 
Holdemania, and Limnobacter.                               

Conclusion: Bacteria detected in this study include previously reported bacteria associated with SOIs and novel 

bacteria, with preponderance of anaerobes. 

Keywords: Spreading odontogenic infection; 16S rRNA; Next Generation Sequencing (NGS); Oral microbiota  
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Resumé: 

Contexte: La surveillance génomique et la caractérisation des agents pathogènes ont permis d’établir un 
diagnostic rapide et précis, afin d’améliorer la prise en charge et le contrôle des maladies infectieuses. Cette 

étude visait à identifier les bactéries associées à la propagation des infections odontogènes (SOI) chez les patients 
visitant le Centre dentaire du Complexe des hôpitaux universitaires Obafemi Awolowo (OAUTHC), à Ile-Ife, au 

Nigeria, en séquençant le gène de l’ARNr 16S de la bactérie.                           

Méthodologie: Il s’agissait d’une étude transversale portant sur 15 participants présentant des troubles de 
l’information cliniquement confirmés. Des échantillons de pus ont été prélevés chez des participants atteints de 

SOI et stockés à -800C jusqu’à ce qu’ils soient prêts à être analysés. L’ADN a été extrait d’échantillons de pus à 
l’aide du kit Quick-DNA™ Miniprep Plus. La réaction en chaîne par polymérase (PCR) a été utilisée pour amplifier 

les régions V1-V9 du gène de l’ARNr 16S. Les échantillons ont été amplifiés et nettoyés avec succès. Une 
technique de séquençage de nouvelle génération a été utilisée pour séquencer le gène bactérien de l’ARNr 16S. 

Les données de séquence ont été analysées à l’aide de la version 2021.2.2 de Geneious Prime, qui a utilisé les 
outils de projet de base de données ribosomique pour attribuer le genre et la taxonomie de niveau supérieur. 

Résultats: Plusieurs genres de bactéries ont été détectés dans un échantillon individuel. Les bactéries détectées 
et identifiées appartenaient aux embranchements Firmicutes, Bacteroidetes, Fusobacteria, Actinobacteria, 

Proteobacteria, Tenericutes et Spirochaetes. Les genres bactériens prédominants détectés étaient Streptococcus, 
Prevotella, Peptostreptococcus, Parvimonas et Porphyromonas. Parmi les nouvelles bactéries identifiées, citons 

Legionella, Taonella, Ferrovibro, Holdemania et Limnobacter.                      
Conclusion: Les bactéries détectées comprennent des organismes bactériens précédemment signalés associés 

à la SOI et de nouvelles bactéries avec une prépondérance d’anaérobies.  

Mots-clés: Propagation de l’infection odontogène; séquençage du gène de l’ARN 16S; Séquençage de nouvelle 

  génération (NGS); Microbiote buccal 

 

Introduction: 

 Spreading odontogenic infections (SOIs) 

are severe form of odontogenic infections that 
have extended to involve the deeper tissues of 
the head and neck region typically through the 
lateral surface of the alveolar bone (1). Poorly 
treated and untreated dentoalveolar infections 
will almost always progress into SOIs. It is a 
mixed infection involving mostly bacteria of 
the normal oral microbiota that become opp- 
ortunistic pathogens. Common clinical presen- 
tations are swelling and pain over the anato- 
mic space involved in the head and neck reg- 
ion, restricted mouth opening, dysphagia and 
fever (2).     
 Late presentation and/or delayed app- 
ropriate interventions often result in poor out- 
comes such as airway obstruction/respiratory 
distress, prolonged hospitalization with/with- 
out intensive care admission, orbital cellulitis, 
cervicofacial necrotizing fasciitis, cavernous 
sinus thrombosis, brain abscess, sepsis and 
death. Systemic co-morbidities such as diabe- 
tes mellitus, chronic liver disease, malnutrition 
and any condition that impairs host immunity 
are associated with complications and prolon- 
ged hospital stay (2-4).  
 Traditionally, the putative bacterial 
pathogens of SOIs are identified by culture of 
clinical specimens (mostly pus) and usually 
followed by antibiotics sensitivity testing in 
microbiology laboratory. This approach is time 
consuming, especially when fastidious, slow-
growing oral pathogens are involved, and can 
only detect organisms that can be cultured. 
Even with recent advances in culture techni- 
ques, about one third of oral bacteria are                                                       
still uncultured (5).   
 Molecular biology techniques such as 

polymerase chain reaction, cloning and seque- 
nce analysis of bacterial 16S rRNA genes have 
been used to identify some bacteria associated 
with SOIs and detect antibiotic-resistant str- 
ains which could enhance clinical outcomes by 
facilitating development and implementation 
of rational surgical and supportive treatment 
protocols (6,7).    
 Böttger et al., (8) sequenced the 16S 
rRNA gene by next generation sequencing (NGS) 
platform to identify bacterial organisms in the 
pus samples of Caucasian patients with severe 
odontogenic infections. The study concluded 
that 16S rRNA gene metagenomics detected 
more bacteria than the conventional culture 
dependent method and also confirmed bacte- 
ria in previous culture-negative samples. There is 
paucity of published report on molecular iden- 
tification of bacteria associated with SOIs in 
Nigeria. Considering the high diagnostic yield 
of 16S rRNA gene sequencing by high through- 
put NGS platform and its likely clinical benefits 
on the overall management of patients with 
SOIs, this study aimed to identify bacteria 
associated with SOI in Nigerian patients by 
sequencing bacterial 16S rRNA gene using the 
NGS technique. 

Materials and method: 

Study design and participants:  

 This was a cross-sectional study of a 
total of 15 participants with clinically confirm- 
ed spreading odontogenic infections (SOIs) 
who were enrolled into the study, with the aim 
of identifying bacteria associated with SOI 
through 16S rRNA gene sequencing.  

Ethical consideration:    

 The study was approved by the Ethics 
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and Research Committee (Protocol no: ERC/ 
2021/05/12) of the Obafemi Awolowo Univer- 
sity Teaching Hospitals Complex (OAUTHC), 
Ile-Ife Osun State, Nigeria. Written informed 
consents were obtained from all confirmed 
patients with SOI visiting the Dental Center of 
OAUTHC, Ile-Ife before enrollment into the 
study. All procedures in the study were in 
compliance with the ethical standards of the 
institutional and national research committee 
and with the 1964 Helsinki Declaration and its 
later amendments. 

Sample collection:    

 Pus was aseptically collected by sterile 
needle aspiration using disposable 5ml syringe 
with a 21G needle through the povidone iodine 
prepared mucosa (for intraoral swellings) or 
skin overlying facial and upper neck swellings. 
Sampling site was determined by swelling with 
maximum fluctuance intraorally and extra- 
orally. The pus samples were transferred to a 
labelled Eppendorf vial containing 1ml of sterile 

phosphate buffered saline (PBS) and transpor- 
ted to the African Center of Excellence for 
Genomics of Infectious Diseases (ACEGID), 
Redeemer’s University Ede, Osun State Nige- 
ria on ice packs. All samples were stored at                  
–80°C until molecular assay was conducted at 
the ACEGID laboratory. 

DNA extraction from pus samples:  

 DNA was extracted using Quick-DNATM 
Miniprep Plus Kit (Zymo Research Corporation) 
according to the manufacturer’s instructions. 
A final volume of 50 µL of the DNA was eluted 
into a clean labelled microcentrifuge tube and 
store at -20°C until use for the analysis. 

Polymerase chain reaction of 16S rRNA gene: 

 The universal primers used for PCR 
targeted the conserved V1-V9 regions of the 
16S rRNA gene were 27F (5’-AGA GTT TGA 
TCC TGG CTC AG-3’) and 1492R (5’-AAG GAG 
GTG ATC CAG CCG CA-3’) forward and reverse 
primers respectively. This amplification was 
done in a final reaction volume of 20 µL using 
PuReTaq™ Ready-To-Go PCR Beads that were 
reconstituted with 12.5 µL of double distilled 
water, 1.25 µL each of the forward and reverse 
primers (each primer at a concentration of 
0.1µM) and 5 µL of extracted DNA sample (at 
concentration of 5 ng/µL). The amplification 
was done in the Eppendorf Mastercycler PRO S 
6325 Thermal Cycler set at appropriate cycling 
conditions as previously described (7). 

Sequencing of 16S rRNA gene amplicons: 

 Samples of 9 patients with severe SOI 
with or without concomitant systemic disease 
were selected for sequencing of the 16S rRNA 
gene. The amplified products were cleaned up 
using QIAquick® PCR & Gel Cleanup Kit, and 
libraries of the amplicons were prepared accor- 

ding to protocol for PulseNet Nextera XT lib- 

rary prep and run setup for the Illumina MiSeq 
(9). The NGS technique was used to sequence 
the bacterial 16S rRNA gene using the Illumina 
MiSeq (Illumina, San Diego, CA) sequencing 
system (9). The sequence data for this study 
were submitted to the SRA database (accession 
number: PRJNA926479) and are available at: 
https://www.ncbi.nlm.nih.gov/sra/PRJNA926479  
 

Bioinformatics analysis of the sequence data: 

 Illumina MiSeq sequence data were 
uploaded into the Geneious Prime version 
2021.2.2 (https://www.geneious.com) (10). 
Data were cleaned by trimming, merging and 
length filtering to eliminate PCR and sequen- 
cing errors, and chimeric sequences before 
analysis by a web-based 16S Biodiversity tool. 
Merged sequence reads were clustered into 
operational taxonomic units (OTUs) at the 
98% similarity cut off point. The platform uses 
Ribosomal Database Project (RDP) Tools (11) 
version 2.12 which assigned taxonomy (from 
domain to genus) and bootstrap confidence-
estimate to each sequence by comparing them 
to sequences on the 16S rRNA database.  
 The interactive krona chart of bacterial 
diversity based on the assigned bacterial taxo- 
nomy was generated by Krona version 2.0 
(12) for each sequenced sample. Detected 
bacterial genera were compared with the 
expanded Human Oral Microbiome Database 
(13). This was done to ascertain if these orga- 
nisms are previously reported resident oral 
microbiota or exogeneous pathogenic orga- 
nisms. 
 
Statistical analysis:    

 Bacterial diversity in the samples was 
determined by alpha diversity indices such as 
Shannon and Chaol 1 while between sample 
diversity was assessed by Bray-Curtis simila- 
rity index (14,15). 
 

Results: 
 
Demographics and clinical profile of study par- 
ticipants:     

 Overall, 15 participants with clinically 
confirmed SOIs were enrolled into the study. 
The mean age of the study participants was 
51.8 years (range: 27-84 years). Eight of the 
participants were females. Twelve participants 
(80.0%) presented with no underlying co-mor- 
bidity while three participants had hyperten- 
sive heart disease and diabetes mellitus (Table 
1). 
 
Results of PCR, 16S rRNA gene sequencing and 

Bioinformatics analysis: 
 The PCR amplification of the V1-V9 
region of the bacterial 16S rRNA gene was 
successful in 14 (93.3%) of the 15 pus sam- 
ples. Based on the clinical presentations (sev- 
erity of infection and presence of systemic dis- 

https://www.ncbi.nlm.nih.gov/sra/PRJNA926479
https://www.geneious.com/
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ease) of the participants, 9 (64.3%) of the 14 
amplified samples were successfully sequen- 
ced using Illumina MiSeq sequencing platform. 
The total number of sequence reads was 

23,925,665 after trimming, merging and leng- 
th filtering, with a median read of 2,545,659 
(Table 2).

             

 

Table 1: Demographics and clinical profiles of study participants with spreading odontogenic infections 

Patient code Gender Age (years) Systemic disease Sampling site 

01 Female 60 Hypertensive heart disease Maxillary vestibule 

03 Male 38 Nil Submandibular space 

04 Male 45 Nil Submandibular space 

05 Male 31 Nil Buccal space 

06 Male 65 Nil Submandibular space 

07 Male 38 Nil Buccal space 

11 Male 27 Nil Maxillary vestibule 

12 Female 80 Hypertensive heart disease Maxillary vestibule 

15 Female 84 Diabetes mellitus Maxillary vestibule 

02 Female 45 Nil Mandibular vestibule 

08 Female 58 Nil Submandibular space 

09 Female 65 Nil Maxillary vestibule 

10 Female 35 Nil Mandibular vestibule 

13 Female 57 Nil Maxillary vestibule 

14 Male 50 Nil Maxillary vestibule 

 

 

 

Table 2: Valid 16S rRNA gene sequence reads and operational taxonomic units (OTUs) 

Patient code Sample ID Total sequenced read Total OUT 

01 OIF1 4,290,898 43,090 

06 OIF2 4,673,600 7,852 

07 OIF3 4,270,008 53,231 

05 OIF4 2,416,339 1,602 

11 OIF5 4,676,708 12,552 

04 OIF6 1,281,138 86,286 

12 OIF7 2,545,659 13,677 

03 OIF8 2,004,437 1,044,797 

15 OIF9 1,766,878 1,025,678 

ID: Identification code; OTU: Operational Taxonomic Unit 
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 The abundance of detected operational 
taxonomic units (OTUs) is represented by 
radial slices of the Krona charts and the hue 
(red to green) highlights the average confi- 
dence value for each segment. Low confidence 
is shown as red and it increases to green with 
a higher confidence for taxonomic classifica- 
tion.      
 All the nine samples revealed the 
presence of a wide range of bacteria as shown 
in the Krona charts for samples OIF1 (Fig 1) 
and OIF2 to OIF9 (Supplementary Figs 1-8) 
(https://afrjcem.org/supplementary-materials/). 

Detected bacteria and diversity analysis:

 The average number of bacteria found 

in the 9 sequenced samples was 269,209 
(Range: 585-1,154,363). Detected bacteria in 
the 9 samples belonged to at least 7 phyla, 
namely Firmicutes, Bacteroidetes, Fusobacte- 
ria, Actinobacteria, Proteobacteria, Tenericu- 
tes and Spirochaetes phyla.   
 The different abundant bacterial gene- 
ra detected in the samples are presented in Fig 
2 with Streptococcus, Prevotella, Peptostrep- 
tococcus Parvimonas and Porphyromonas gen- 
era as the most predominant bacteria in the 
pus samples. Expectedly, there were more 
anaerobic than aerobic bacteria in the pus 
samples.

 

 

 
Fig 1: Krona chart of sample OIF1 

Full names of truncated legends/labels: Sneathiellaceae, Hyphomicrobiaceae, Sphingomonadaceae, Rhodospirallaceae, Legionellaceae 

 

https://afrjcem.org/supplementary-materials/
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 The Shannon diversity index was high- 
est in sample OIF8 (2.183), followed by OIF1 
(2.097) and lowest in OIF5 (1.770). The 
values of Chao1 index revealed that diversity 
was highest in OIF1 (16.0), followed by OIF2 
and OIF8, and lowest in OIF5 and OIF9 (Table 
3). The mean alpha diversity indices of intra- 
oral samples were 1.9495 (Shannon index) 
and 11.125 (Chao 1 index). Conversely, mean 
alpha diversity indices of extraoral samples 
were 2.0348 (Shannon index) and 10.55 
(Chao 1 index).    
 For beta diversity, bacterial genera 

composition was similar between OIF4 and 
OIF9 (Bray-Curtis similarity index of 0.79), 
followed by OIF5 and OIF6, then OIF1 and 
OIF7 (Fig 3). Pairwise comparison of beta 
diversity indices of extraoral with intraoral 
samples showed 100% similarity between six 
pairs of intraoral and extraoral samples (Supp- 
lementary Table 1). Supplementary Table 2 
showed 15 bacterial genera detected but were 
not known to be associated with SOIs nor part 
of resident oral microbiota when compared 
with publicly available oral microbiome data- 
base (https://afrjcem.org/supplementary-materials/).

 

 

Table 3: Alpha diversity indices of individual sample microbiota 

Sample ID Sampling site Shannon index Chao 1 index 

OIF1 Intraoral/Maxillary vestibule 2.097 16.00 

OIF2 Extraoral/Submandibular space 2.047 11.00 

OIF3 Extraoral/Buccal space 1.903 10.50 

OIF4 Extraoral/Buccal space 1.927 10.25 

OIF5 Intraoral/Maxillary vestibule 1.77 9.00 

OIF6 Extraoral/Submandibular space 2.064 10.00 

OIF7 Intraoral/Maxillary vestibule 2.075 10.50 

OIF8 Extraoral/Submandibular space 2.183 11.00 

OIF9 Intraoral/Maxillary vestibule 1.856 9.00 

 

 

Fig 2: Clustered bar chart showing different abundant bacterial genera in pus samples                                                                
Bacterial genera with less than 1% abundance were excluded 

https://afrjcem.org/supplementary-materials/
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  Fig 3: Dendrogram showing the Bray-Curtis similarity of bacterial genera in nine pus samples* 
      *S1=OIF1; S2=OIF2; S3=OIF3; S4=OIF4; S5=OIF5; S6=OIF6; S7=OIF7; S8=OIF8; S9=OIF9 

Discussion: 

 This study was undertaken to identify 
bacteria associated with SOIs in Southwest 
Nigeria by sequencing 16S rRNA gene in order 
to comprehensively determine the bacterial 
etiology of SOI in the study population. The 
spectrum of bacteria detected and identified in 
this study belonged to seven phyla (Firmicu- 
tes, Bacteroidetes, Fusobacteria, Actinobacte- 
ria, Proteobacteria and Spirochaetes) to which 
previously reported bacteria species associa- 
ted with odontogenic abscesses are classified 
(16). This shows that the phylum level bio- 
diversity of this study is broader than similar 
studies on SOIs that used lower throughput 
molecular methods such as Sanger sequencing 
and nested PCR.   
 Furthermore, Streptococcus, Prevotel- 
la, Peptostreptococcus, Parvimonas and Por- 
phyromonas genera were found to be the most 
predominant bacteria detected in the pus sam- 
ples. This is similar to the reports of Bottger 
and colleagues (8) in Germany where Prevotel- 
la, Porphyromonas, Fusobacterium, Veillonella 
and Parvimonas genera were the most preva- 
lent organisms after 16S rRNA gene sequen- 
cing in 48 patients with severe odontogenic 
infection. This trend is typical of the microbial 
pathogenesis of odontogenic infections. Speci- 
fically, Prevotella intermedia, Prevotella nigre- 
scens, Porphyromonas endodontalis, and Fuso- 
bacterium nucleatum have been reported as 
the most important pathogenic anaerobes im-
plicated in the pathogenesis of orofacial odon- 
togenic infections because of their virulence 
factors and synergistic relationship with other 
bacteria (17).    
 Bacteriology of SOIs involved predo- 

minantly anaerobes, with aerobic bacteria in 
the early phase of infections. Aerobic bacteria 
serve as initiators of the infectious process, 
preparing the local environment for anaerobic 
bacterial invasion as the local tissue condition 
turns to a more hypoxic state that encourages 
anaerobic bacterial growth but inhibits aerobic 
bacterial growth (18,19). This microbial succ- 
ession was validated in the present study as 
anaerobes were prominent among the bacte- 
rial genera detected and identified in all the 
samples. Since the bacterial profile of SOI is 
polymicrobial (with preponderance of anae- 
robes), the first line antibiotic therapy should 
address these organisms with immediate sur- 
gical intervention to drain abscess and/or 
decompress cellulitis.   
 Accurate identification of microrga- 
nisms implicated in SOI is critical in patients’ 
timely and efficient management. This guides 
the prescription of antibiotic therapy as a 
potent adjunct to the surgical management of 
SOI. Appropriate non-surgical treatment along 
with antibiotics therapy is particularly impor- 
tant in immunocompromised and medically 
compromised patients with SOI (20). The 
treatment goal is to prevent or minimize rapid 
spread of infection to contiguous areas and 
septic complication (21). 
 Plethora of bacterial organisms were 
identified at the genus level in this study. This 
is enormously diverse and overwhelming in 
terms of counts compared to the limited num- 
ber of identified bacterial species associated 
with SOIs as reported by Flynn et al., (6) and 
Walia et al., (21) who used Sanger sequencing 
technique and culture method respectively. 
Diagnostic yield of 16S rRNA gene sequencing 
by high throughput NGS technologies have 
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significantly expanded the knowledge of the 
bacterial diversity associated with predomi- 
nantly bacterial odontogenic infections (22). 
 Analysis of bacterial diversity based on 
the metrics of Shannon and Chao1 indices 
showed that pus samples OIF1 and OIF8 have 
high microbial diversity than other samples. 
Intraoral samples had more diversity (Chao 1 
index) than extraoral samples. Conversely, 
intraoral samples had lower mean Shannon 
index, that measured species richness and 
evenness. With regards to beta diversity, 
there were more than 70% similarity in the 
bacterial composition of six out of the nine 
samples. This is probably because most odon- 
togenic infections are caused by opportunistic 
resident oral microbiota (18).    
 There is dearth of normal oral 16S 
rRNA derived microbiome data in Nigeria and 
indeed Africa (23,24). Accordingly, we compa- 
red our data with the expanded Human Oral 
Microbiome Database (13). Following this, 
there were 15 bacterial genera which to the 
best of our knowledge, have not been pre- 
viously associated with SOIs nor are normal 
oral microbiota. The detection of these novel 
organisms may be attributed to the sensitivity 
and wider coverage (deep sequencing of 16S 
rRNA gene) of the molecular technique used in 
this study (22). Furthermore, race and diets of 
study participants could be responsible for this 
finding as reported by Yang et al., (25).
 Apart from the small sample size, this 
study is also limited by the fact that there was 
no oral microbiome analysis from individuals 
with no SOIs as comparative or control group. 
This would have enabled us to objectively det- 
ermine whether detected bacteria were part of 
the resident oral microbiota in the studied 
population or exogenous bacteria. However, 
majority of the detected bacteria in this study 
have been reported to be opportunistic patho- 
gens implicated in SOIs and other odontogenic 
infections (6-8).   
 In conclusion, our study provides imp- 
ortant information on the bacteriology of SOIs 
in the study population using 16S rRNA gene 
NGS technique. We recommend further study 
with adequate sample size, and age and 
gender matched control group to validate our 
findings and assign taxonomy to identified 
organisms up to the species level. 
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Abstract: 
 
Background: Urinary tract infections (UTIs) are common in paediatric environment. The microbial ecology is 

often modified by over-prescription of antibiotics. The aim of this study was to determine the prevalence and 
etiological agents responsible for paediatric UTIs, with a view to improving care for children in Bouaké, Côte 

d'Ivoire. 
Methodology: The study was carried out in the Paediatrics Department and the Microbiology Laboratory of 

Bouaké University Hospital Center over a 30-month period from June 2020 to December 2022. A total of 219 
children were included and urine samples were collected. Bacterial strains were identified using conventional 

bacteriology techniques. Antibiotic susceptibility testing was carried out using the disk diffusion method, and 

interpretation was made according to CASFM/EUCAST recommendations for the current year.  
Results: Among the 219 children included, 28 (12.8%) cases of UTIs were diagnosed and urinary tract anomalies 

in 21.4% of the UTI cases (6/28). The median age of the UTI cases was 96 months, females accounted for 60.7% 
(17/28) with a M/F of 0.65. Fever and urinary symptoms were reported by 47.0% and 17.3% respectively. 

Community acquired UTIs occurred in 25.0% (7/28), while hospital acquired UTIs occurred in 75.0% (21/28). 
Escherichia coli (60.7%) and Klebsiella pneumoniae (17.9%) were the most frequent bacteria isolated. Resistance 

rates to standard beta-lactam antibiotics ranged from 56.3% to 62.3%.  
Conclusion: The epidemiology of paediatric urinary tract infections was dominated by E. coli, with high rates of 

resistance to standard antibiotics at Bouaké University Hospital Center. 
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Résumé: 
 
Contexte: Les infections urinaires (IU) sont fréquentes en milieu pédiatrique. L’écologie microbienne est souvent 

modifiée par la prescription abusive des antibiotiques. L’objectif de cette étude était de déterminer la prévalence 
et les agents étiologiques responsables d’IU pédiatrique pour une meilleure prise en charge des enfants à Bouaké.  

Méthodologie: L’étude a été réalisée dans les services de Pédiatrie et le Laboratoire de Microbiologie du CHU de 
Bouaké durant une période 30 mois allant de Juin 2020 à Décembre 2022. Un total de 219 enfants a été inclus 

et des échantillons d’urines ont été prélevés. Les souches bactériennes ont été identifiées selon les techniques de 
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bactériologie conventionnelle. Le test de sensibilité des bactéries aux antibiotiques a été réalisé par la méthode 
de diffusion en milieu gélosé Mueller-Hinton et l’interprétation a été faite selon les recommandations CASFM/ 

EUCAST de l’année en cours.  
Résultats: Parmi les 219 enfants inclus, 28 cas d’infections urinaires ont été diagnostiqués (12,8%) et les 

anomalies de l’appareil urinaire 21,4% (6/28). L’âge médian=96 mois. Les femmes représentaient 60,7% (17/28) 
avec une sex-ratio H/F=0,65. La fièvre et les signes d’appel urinaire étaient évoqués respectivement 47% et 

17,3%. Par ailleurs, le taux d’infection urinaire d’origine communautaire était de 25,0% (7/28) contre 75,0% 

(21/28) en milieu hospitalier. Escherichia coli (60,7%), Klebsiella pneumoniae (17,9%) étaient les principales 
bactéries isolées. Les taux de résistance aux bêta lactamines usuels étaient variables de 56,3 à 62,3%.  

Conclusion: l’épidémiologie des infections urinaires pédiatrique était dominé par E. coli avec des taux de 
résistances élevés vis-à-vis des antibiotiques usuels au CHU de Bouaké. 

 
Mots-clés: Infections urinaires, Pédiatrie, Résistance aux antibiotiques, Côte d'Ivoire 

 

Introduction: 
 

 After respiratory tract infections (RTI), 
urinary tract infections (UTIs) are the second 
most common clinical conditions for consulta- 
tions and antibiotic prescriptions (1). They can 
affect the urinary tract at any age, but are a 
frequent source of infection in infants and 
young children in particular (2,3). There are 
around 150 million cases of UTIs every year 
worldwide, including almost 2 million in Fran- 
ce, making it a major public health concern 
(4). In developed countries, it accounts for 
around 5% of hospital admissions in general 
paediatric wards (5). In Morocco, Zahir (6) re- 
ported a frequency of UTI of 30.2%.  
 In Burkina Faso, the frequency of UTI 
was 18.7% at the Centre Hospitalier Universi- 
taire pédiatrique de Ouagadougou in 2012 (7). 
At the Paediatrics Department of Yopougon 
University Hospital, Côte d'Ivoire in 2014, the 
frequency of UTI was estimated to be 25%, 
and at Cocody University Hospital, UTI accoun- 
ted for 18.9% of neonatal infections (8).  
 Urinary tract infection in children is 
responsible for serious complications such as 
arterial hypertension and chronic kidney dise- 
ase (9) and therefore requires rapid and effec- 
tive treatment. However, the urine cytobacte- 
riological examination (ECBU), which confirms 
the presence of a UTI and identifies the bacte- 
ria responsible, is rarely carried out as part of 
the management of the infection due to the 
low socio-economic status of most patients 
(8). In this context, treatment is generally em- 
pirical, leading to frequent therapeutic failures 
with antibiotics prescribed as first-line treat- 
ment.   
 The increasing antibiotic resistance of 
bacteria involved in UTIs also limits the choice 
of antibiotics, hence the importance of bacte- 
riological documentation of UTIs and the 
choice of appropriate antibiotic therapy (10). 
The aim of this study was to determine the 
prevalence and aetiological agents responsible 
for paediatric UTIs in order to improve mana- 
gement of children in Bouaké.  
 

 

 

Materials and method: 
 
Study setting, design and duration: 

 This was a descriptive cross-sectional 
study conducted in the Paediatrics Depart- 
ment and the Microbiology Laboratory of the 
University Hospital of Bouaké over a period of 
30 months (June 2020 to December 2022). 
The study population was represented by chil- 
dren aged 0 to 15 years, regardless of sex, 
presenting with fever with or without urinary 
symptoms, or in whom urine cytobacteriolo- 
gical examination (ECBU) had been prescri- 
bed. Patients who had received antibiotic the- 
rapy for more than 48 hours prior to the ECBU 
were excluded. 
 

Ethical considerations: 
 The Scientific Medical Department 
(DMS) of the University Hospital Centre (CHU) 
of Bouaké, acting as the Ethics Committee, 
approved the study. Informed consent was 
obtained from the children's parents or legal 
guardians. 
 
Clinical sample collection:  

 Fresh urine was collected in a sterile 
container. In neonates and infants, samples 
were taken after rigorous asepsis of the peri- 
neal area using Urinicols. These devices were 
left in place for a maximum of 30 minutes until 
urination. In young and older children, urine 
was collected in sterile urine jars using the jet 
medium technique (11). The urine samples 
were transported to the laboratory immedia- 
tely for bacteriological analysis 
 
Bacteriological analysis: 

 The urine collected was analysed using 
conventional bacteriological techniques inclu- 
ding macroscopic examination to assess the 
clarity of the urine and macroscopic haematu- 
ria, and direct microscopic examination after 
Gram staining. Cytological analysis (qualitative 
and quantitative) was performed to assess 
leukocyturia.  
 Urine samples were cultured on Eosin 
Methylene Blue (EMB) and Bromocresol Purple 
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(BCP) media and samples meeting the Kass      
positivity criteria (leucocyturia of > 104 leuco- 
cytes/ml and bacteriuria of >105CFU/ml) were 
identified for further processing.  
 Enterobacteriaceae were identified using 

conventional morphological and biochemical 
test scheme. Gram-positive cocci were tested 
for catalase and sub-cultured on Chapman and 
Bile Esculin Azoture (BEA) media, enabling 
staphylococci strains to be distinguished from 
enterococci. Pastorex Staph-Plus kits were 
used to distinguish Staphylococcus aureus 
from other staphylococci. The Novobiocin disc 
was used to identify Staphylococcus saprophy- 
ticus. 
 

Antibiotic susceptibility testing and resistance 
detection: 

 Antibiotic susceptibility of each isolate 
was determined using the disk diffusion met- 
hod on Mueller-Hinton agar. Inhibition diame- 
ters were interpreted as sensitive, interme- 
diate or resistant according to CASFM/EUCAST 
criteria for the current year.  
 Enterobacteriaceae were tested for ex 
tended-spectrum beta-lactamase (ESBL) pro- 
duction using the double disk synergy test 
with a central disc of amoxicillin + clavulanic 
acid 30 mm from the cefotaxime, ceftriaxone 
and aztreonam discs. The presence of ESBL 
was noted in the presence of a ‘champagne 
cork’ appearance. 
 
Statistical analysis of the data: 

 The variables studied were epidemio- 
logical (sex, age, patient origin), clinical and 
bacteriological data, and the rate of bacterial 
resistance to antibiotics. The data were ana- 
lysed using EPI-INFO 7.2.2.6 software, and 
the Chi² test was used to compare qualitative 
variables with significance level set at p< 
0.05.  
 

Results: 
 

Prevalence of UTI:  

 During the study, urine samples were 
collected from 219 patients, who were hospi- 
talized in paediatric department in 75.3% 
(165/219) and from the community (paedia- 
tric consultation) in 24.7% (54/219). The 
median age of the patients was 6 years, with 
a range of 1 day to 15 years. The 6-15 years 
age group was the most represented (50.7%), 
followed by the 2-5 years age group (28.8%) 
(Table 1).     
 The most frequent symptom for req- 
uesting ECBU was fever (47.0%), followed by 
urinary burning (17.3%) and dysuria (8.2%) 
(Table I). Antibiotic therapy had been initiated 
in 29.6% of patients and for at least 24 hours 

in 78.5% of them (Table 1). The antibiotics 
most frequently prescribed were ceftriaxone 
(41.5%) and amoxicillin-clavulanic acid (24.6%). 

 
   Table 1: Clinical and demographic characteristics                                                                                                                                                                      
     of the study participants  

 
Variable Number (%) 

 

Age group (years)  

 0-2  45 (20.5) 

 2-5  63 (28.8) 
 6-15  111 (50.7) 

 
Sex 

 

 Male 134 (61.2) 

 Female 85 (38.8) 
 

Clinical symptoms  

 

 Fever 103 (47.0) 

 Urinary burning 38 (17.3) 
 Dysuria 18 (8.2) 

 
Antibiotic therapy 

 

 Yes 65 (29.7) 

 No 154 (70.3) 

 
Bacteriological data: 

 Urine cytology revealed leukocyturia 
(> 104 WBC/mm3) in 24.2% (53/219). Gram 
staining revealed the presence of bacteria in 
17.8% (39/219) of cases.  These were Gram-
negative bacilli in 89.7% (35/39) and Gram-
positive cocci in 10.3% (4/39) of cases. The 
bacterial culture positivity rate was 16.34% 
(36/219).  
 According to the Kass criteria, 28 
voided urine samples met the criteria for UTI 
i. e. 12.8% (28/219). These infections were 
community-acquired in 25.0% (7/28), and 
hospital-acquired in 75.0% (21/28) of cases 
(Table 2). The infections also occurred more 
frequently in patients who have not been on 
antibiotic treatment but no significant statis- 
tical relationship (p=0.3).  
 The prevalence of UTI was significantly 
higher in the females (19.5%, 17/85) than the 
males (8.2%, 11/134) (OR 2.8, p=0.01) 
(Table 2). Urinary tract abnormalities were 
observed in 21.4% (6/28). The median age of 
patients presenting with a UTI was 96 months 
with range from 2 to 168 months.    
 The bacterial groups isolated were 
Enterobacteriaceae (89.3%, n=25) followed 
by enterococci (7.1%, n=2) and staphylococci 
(3.6%, n=1). Escherichia coli (60.7%, n=17) 
was the most frequent isolate, followed by 
Klebsiella pneumoniae (17.9%, n=5) and 
Enterobacter spp (7.1%, n=2). Among the 
Gram-positive cocci, Enterococcus faecalis 
(7.1%, n=2) and Staphylococcus saprophy- 
ticus (3.6%, n=1) were isolated (Table 3). 
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Table 2: Epidemiological and clinical characteristics of children with urinary tract infections 

Variable Number (%) x2  OR (95% CI) p value 

 
Kass criteria 

    

Yes 28 (12.8)    
No 191 (87.2)    
 

Origin 

    

Hospital (n=165) 21 (12.7) 0.002 1.0 (0.4-2.5) 1.00 

Community (n=54) 7 (12.9)    
 

Sex 

    

Male (n=134) 11 (8.2) 5.47 2.8 (1.3 - 6.3) 0.01* 

Female (n=85) 17 (19.5)    

 
Age group (years) 

    

0-2 (n=45) 7 (15.6) 1.9  0.39 
2-5 (n=63) 5 (7.9)    
6-15 (n=111) 16 (14.4)    

x2 = Chi square; OR = Odd ratio; CI = Confidence interval; * = statistically significant 
 

 
Table 3: Bacterial isolates of urinary tract infections 
 

Uropathogens Number (%) 

 
Enterobacteriaceae 

 
25 (89.3) 

Escherichia coli 17 (60.7) 
Klebsiella pneumoniae 5 (17.9) 

Enterobacter spp 2 (7.1) 
Salmonella spp 1 (3.6) 

 
Gram-positive cocci 

 
3 (10.7) 

Enterococcus faecalis 2 (7.1) 

Staphylococcus saprophyticus 1 (3.6) 
 

Total 

 

28 (100.0) 

 
Antibiotic sensitivity of isolated bacteria: 

 The rate of resistance of Enterobacte- 
riaceae to beta-lactam antibiotics was over 
50%. The rates for ampicillin and amoxicillin-
clavulanic acid were 88.0% and 48% respec- 
tively. Susceptibility to 3rd generation cephalo- 
sporins was also affected, with resistance 
levels rising to 64.0% for ceftriaxone and cefo-
taxime respectively (Table 4).   
 Resistance to fluoroquinolones (cipro- 
floxacin) and aminoglycosides (gentamycin 
and amikacin) were 52.0%, 52.0% and 32.0% 
respectively. Resistance of Enterobacteriaceae 
to imipenem (16.0%) and meropenem (12%) 
remained low.  
 Escherichia coli, the most frequent En- 
terobacteriaceae isolated, expressed high levels 

of resistance to amino-penicillins (93.8%), amo- 
xicillin-clavulanic acid (56.3%) and cotrimoxa- 
zole (87.5%). Resistance to cefotaxime and 
ceftriaxone were 75.0% and 62.3% respecti- 
vely (Table 5).  
 Thirty-two percent (8/25) of the Ente- 
robacteriaceae were extended-spectrum beta-
lactamase (ESBL) producers. These were E. 
coli (62.5%; n=5/8), Klebsiella pneumoniae 
(25.0%, n= 2/8), Enterobacter spp (12.5%, 
n=1/8).  
 Enterococcus faecalis strains were all 
sensitive to ampicillin, but 50.0% were resis- 
tant to norfloxacin, chloramphenicol and gen- 
tamicin (high level of resistance to aminogly- 
cosides). Resistance to cyclins (minocycline, 

tetracycline) was 100.0%. Staphylococcus sa- 
prophyticus strain was resistant to penicillin G 
(100.0%), sulfamethoxazole-trimethoprim 
(100.0%) and cyclins (100.0%). All Gram-
positive cocci were sensitive to vancomycin 
(Table 4).  
 

Discussion: 
 

 Antibiotic resistance is a growing pub- 
lic health problem, which has an impact on the 
choice of first-line treatments for the most 
common infections, such as paediatric urinary 
tract infections (12). As a result, international 
organizations and associations such as the 
European Centre for Disease Prevention and 
Control (ECDC), the Infectious Diseases Soci- 
ety of America (IDSA) and the American 
Association of Pediatrics (AAP) consider it 
essential to disseminate local information on 
antimicrobial resistance in order to develop 
our own treatment guidelines (12,13).  
 The results of our study show that 
data were obtained from 219 patients, 75.4% 
of whom were hospitalised and 24.6% ambu- 
latory. The most frequent symptoms for ECBU 
request in children was fever (47%), followed 
by urinary burning (17.3%) and dysuria 
(8.2%). Similar data had been reported by 
Cissé et al (14) who, in a study carried out in 
2014 on 202 patients, reported the following 
as the main presenting symptom; fever in 
100% of cases, digestive problems in 80.7% 
of patients and no urinary symptoms (7.05%). 
 Antibiotic therapy has been initiated in 
29.7% of the patients in our study. The 
compliance and appropriateness of these anti- 
biotic prescriptions had not been studied. Our 
rate is lower than that of Mabiala et al., (15) 
in the Congo, who in 2009 found a hospital 
prevalence of antibiotic prescribing in paedia- 
trics of 61.5%, with beta-lactam antibiotics 
accounting for 79.0% of prescriptions (15). 
 Twenty-eight of 219 (12.8%) children 
in our study met the criteria for UTI, with 
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Table 4: Resistance rates of the bacterial isolates against the antibiotics tested 

 
Table 5: Resistance rates of Escherichia coli and Klebsiella pneumoniae isolates to the antibiotics tested 

 

 

 

 

 

 

 

 

 

 

60.7% of them being females. The prevalence 
of UTI in the females (19.5%) was significantly 
higher than that in the males (8.2%) (OR 2.8, 
p=0.01). The prevalence of UTI was also 
higher among infants (1 month to 2 years) 
(15.6%) and children 6-15 years (14.4%) 
compared to children in the age group 2-5 
years (7.9%) but the difference was not sta- 
tistically significant (p=0.39).   
 Our findings are similar to those of 
Ouedraogo et al., (7) in Burkina Faso, who 
reported a frequency of paediatric UTI of 
18.7%, with a predominance of females. 
Bouskraoui et al., in Morocco (16) reported a 
low frequency of paediatric UTIs of 1.33%, 
with a clear predominance of females at 
65.7% (16). The female predominance is in 
line with data in the literature according to 
which 8% of females compared with 2% of 
males are likely to contract a UTI before the 

age of 7 years (17).    
 Furthermore, the higher susceptibility 
of females to UTIs could be explained by the 
relatively shorter length of the female urethra 
and the regular colonisation of the perineum 
by enteric organisms (18). In addition, UTIs 
occurred more frequently in hospitalised child- 
ren (75%), which corroborates a previous 
study that reported UTIs accounting for 40% 
of all nosocomial infections (19).  
 The bacteriological profile of UTI in this 
study was dominated by Enterobacteriaceae in 
89.3% of cases, with E. coli (60.7%) being the 
most frequent bacterium, followed by Klebsi- 
ella pneumoniae (17.9%). Several studies 
throughout the world confirm this trend. 
Bouskraoui (16) and Ferjani (20), from Moro- 
cco and Tunisia respectively, reported Escheri- 
chia coli in 72-80.4% of cases, followed by 
Klebsiella spp (9.8-14%) and Proteus mirabilis 

Antibiotic 

 
 

Bacteria isolates 

Enterobacteriaceae 
n=25 (%) 

Enterococcus faecalis 
n=2 (%) 

Staphylococcus saprophyticus 
n=1 (%) 

 
Chloramphenicol 3 (12.0) 1 (50.0) - 

Minocycline 12 (48,0) 2 (100.0) 1 (100.0) 

Ampicillin 22 (88.0) 0 - 

Amoxicillin-clavulanic acid  12 (48.0) - - 

Cefotaxime 16 (64.0) - - 

Ceftriaxone 16 (64.0) - - 

Imipenem 4 (16.0) 0 - 

Norfloxacin  1 (50.0) - 

Ciprofloxacin 13 (52.0) 1 (50.0)  

Gentamicin 13 (52.0) 1 (50.0)  

Amikacin 8 (32.0) - 0 

Vancomycin - 0 0 

Cotrimoxazole 20 (80.0) 2 (100.0) 1 (100.0) 

Penicillin G - - 1 (100.0) 

Cefoxitin - - 0 

Fusidic acid - - 1 (100.0) 

Antibiotic Escherichia coli [n=16 (%)] Klebsiella pneumoniae [n=5 (%)] 

 

Chloramphenicol 1 (6.3) 1 (20.0) 

Minocycline 9 (56.3) 3 (60.0) 

Ampicillin 15 (93.8) *RN 

Amoxicillin-clavulanic acid 9 (56.3) 2 (40.0) 

Cefotaxime 12 (75.0) 2 (40.0) 

Ceftriaxone 10 (62.3) 3 (60.0) 

Imipenem 3 (18.8) 0 

Ciprofloxacin 8 (50.0) 4 (80.0) 

Gentamicin 7 (43.8) 3 (60.0) 

Amikacin 5 (31.2) 3 (60.0) 

Cotrimoxazole 14 (87.5) 4 (80.0) 
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(5.9%). Similarly in Saudi Arabia, Tahir et al., 
(21) reported E. coli to be the main uropatho- 
gen (75.7%), followed by Klebsiella pneumo- 
niae (9.4%) and Pseudomonas aeruginosa 
(5.9%).    
 Enterococcus spp (3.5%) was the 
main Gram-positive cocci, which agrees with 
studies in the literature (22,23), which repor- 
ted that E. coli accounts for 80-90% of urinary 
tract infections in children. In fact, majority of 
UTIs result from bacteria ascending from the 
periurethral zone, migrating retrograde via the 
urethra to reach the bladder and potentially 
the upper urinary tract.  
 With regard to the sensitivity of the 
bacteria to antibiotics, the Enterobacteriaceae 
were resistant to aminopenicillins (88.0%), 
penicillin+inhibitor combination (48.0%) and 
3rd generation cephalosporins such as cefo- 
taxime and ceftriaxone (64.0%), and 52.0% 
expressed resistance to quinolones. Similar 
data was reported by Boni (5) in Côte d'Ivoire, 
with high rates of resistance to the amoxicillin-
clavulanic acid combination (51-85%) and to 
ciprofloxacin (64-75%).   
 Carbapenems remained the most act- 
ive antibiotics against Enterobacteriaceae. E. 
coli, the main Enterobacteriaceae isolated, 
expressed high levels of resistance to amino-
penicillins (93.8%), amoxicillin-clavulanic acid 
(56.3%) and cotrimoxazole (87.5%). Resis- 
tance of the isolates to cefotaxime, ceftriaxone 
and cefepime remained high. 
 

Conclusion: 
 

 Paediatric UTIs are frequent and parti- 
cularly affect infants and children at Bouaké 
University Hospital. Antibiotics such as ampi- 
cillin, amoxicillin, amoxicillin-clavulanic acid 
and ceftriaxone are no longer effective as first-
line empirical treatment of paediatric UTIs in 
Bouaké. There is need to set up a multi- 
disciplinary antibiotic stewardship team in 
Bouaké University Hospital to promote appro- 
priate use of antimicrobials.  
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Abstract: 
 

Background: Clostridioides difficile is a major contributor to healthcare-associated infections, exhibiting global 
variations in its prevalence and resistance. There is an absence of data on its molecular characteristics and 

antibiotic susceptibility of C. difficile in southeastern Nigeria. This study aims to evaluate its prevalence, molecular 
features, and resistance patterns to enhance treatment and control strategies.   

Methodology: Stool samples were collected from 450 hospitalized adult patients with persistent diarrhoea and 
prolonged antibiotic use from selected public and private healthcare facilities across the five States of south- 

eastern Nigeria. The total anaerobes were enumerated using standard bacteriological methods. Clostridioides 
difficile was cultured on Clostridium difficile differential agar with selective supplements, followed by biochemical 

testing including catalase, oxidase, and reverse CAMP tests. Genomic bacterial DNA was extracted, purified, and 
amplified by polymerase chain reaction (PCR) assay. Sequencing of the DNA amplicon was performed and results 

were blasted on the NCBI database. Virulence (tcdA, tcdB, cdtA, and cdtB) and resistance (tetS, tetA, and ermB) 
genes were detected by conventional PCR assay. Antibiotic susceptibility of each isolate was determined using 

the Kirby-Bauer disc diffusion method. 
Results: The mean anaerobe counts ranged from 5.61±0.11 log10 CFU/g (Ebonyi) to 5.65±0.07 log10 CFU/g 

(Enugu). Antibiotic susceptibility test revealed sensitivity to gentamicin, meropenem, and amoxicillin-clavulanic 
acid, while resistance was observed to tetracycline and erythromycin. The multiple antibiotic resistance (MAR) 

index of isolates was 0.44. All isolates (100%) harbored tcdB gene while 69.56% harbored tcdA gene. 
Additionally, 4.34% of isolates contained cdtA and cdtB genes. 

Conclusions: This study highlights significant antibiotic resistance and presence of virulence genes in C. difficile 
isolates in southeastern Nigeria, emphasizing the need for monitoring and tailored treatment strategies. 
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Résumé: 

Contexte: Clostridioides difficile est un contributeur majeur aux infections associées aux soins de santé, 

présentant des variations mondiales dans sa prévalence et sa résistance. Il n'existe pas de données sur ses 

caractéristiques moléculaires et la sensibilité aux antibiotiques de C. difficile dans le sud-est du Nigéria. Cette 

étude vise à évaluer sa prévalence, ses caractéristiques moléculaires et ses profils de résistance afin d'améliorer 
les stratégies de traitement et de contrôle.                                       

Méthodologie: Des échantillons de selles ont été prélevés auprès de 450 patients adultes hospitalisés souffrant 
de diarrhée persistante et d'une utilisation prolongée d'antibiotiques dans des établissements de santé publics et 

privés sélectionnés dans les cinq États du sud-est du Nigéria. Le nombre total d'anaérobies a été dénombré à 
l'aide de méthodes bactériologiques standard. Clostridioides difficile a été cultivé sur gélose différentielle 

Clostridium difficile avec des suppléments sélectifs, suivi de tests biochimiques comprenant des tests de catalase, 
d'oxydase et de CAMP inverse. L'ADN bactérien génomique a été extrait, purifié et amplifié par un test de réaction 

en chaîne par polymérase (PCR). Le séquençage de l'amplicon d'ADN a été effectué et les résultats ont été 
enregistrés dans la base de données NCBI. Les gènes de virulence (tcdA, tcdB, cdtA et cdtB) et de résistance 

(tetS, tetA et ermB) ont été détectés par un test PCR conventionnel. La sensibilité aux antibiotiques de chaque 
isolat a été déterminée à l'aide de la méthode de diffusion sur disque de Kirby-Bauer.                          

Résultats: Le nombre moyen d'anaérobies variait de 5,61±0,11 log10 UFC/g (Ebonyi) à 5,65±0,07 log10 UFC/g 
(Enugu). Le test de sensibilité aux antibiotiques a révélé une sensibilité à la gentamicine, au méropénème et à 

l'amoxicilline-acide clavulanique, tandis qu'une résistance a été observée à la tétracycline et à l'érythromycine. 
L'indice de résistance multiple aux antibiotiques (MAR) des isolats était de 0,44. Tous les isolats (100 %) abritaient 

le gène tcdB tandis que 69,56% abritaient le gène tcdA. De plus, 4,34% des isolats contenaient les gènes cdtA 

et cdtB.                                             
Conclusions: Cette étude met en évidence une résistance importante aux antibiotiques et la présence de gènes 

de virulence dans les isolats de C. difficile dans le sud-est du Nigéria, soulignant la nécessité d'une surveillance 

et de stratégies de traitement adaptées. 

Mots clés: Prévalence; Moléculaire; Sensibilité aux antibiotiques; Clostridioides difficile; sud-est du Nigéria 

Introduction: 
 

 Standard healthcare facilities are ess- 
ential for survival in a world dominated by 
superbugs, which have also been implicated in 
infections and the re-occurrence of infection 
even after the treatment regimen. Pathogenic 
organisms have recorded unparalleled success 
in their ability to cause diseases as well as ind-
uce therapeutic failure through drug resistance 

(1). Clostridioides difficile has been reported 
as the leading cause of healthcare-associated 
diarrhea (2). Antibiotic exposure, which redu- 
ces the population of non-pathogenic anaero- 
bes that normally inhabit the gut, has been 
pointed out as the most important risk factor 
for C. difficile infection (CDI) (2). Thus, CDI 
occurs when there is a shift in the microbial 
flora of the colon, allowing toxin-producing 
strains of Gram-positive, spore-forming, anae- 
robic bacillus to proliferate (2). Other events 
implicated in gut microbiota disruption include 
proton pump inhibitors (PPI) use and inflam- 
matory bowel diseases (3,4). Researchers 
have attributed the pathogenicity of C. difficile 
to the two major virulence factors produced by 
toxigenic C. difficile strains; enterotoxin A 
(TcdA) and cytotoxin B (TcdB) (3,4). 
 On September 16, 2013, the Centre for 
Disease Control (CDC) declared C. difficile as 
a threat with ‘urgent’ concern to public health 
in the United States due to the identification of 
antimicrobial resistance among human and 
animal-derived C. difficile isolates to drugs 
commonly used in humans and also to their 
increased rates of associated patient mortality 
since the early 2000s (5). In all the studies, 

some strains of C. difficile appear to be spe- 
cies-specific, while other strains were isolated 
from multiple species, including man. The 
organism was initially described as part of the 
normal flora in stool samples from healthy 
infants in 1935 (6) as well as its detection in 
significant numbers in healthy asymptomatic 
children (7). It was afterward identified as a 
pathogen associated with several diseases, 
and even now, in hospitals and long-term care 
facilities, it has become the most common 
cause of diarrhea, causing the loss of billions 
of dollars in health care costs (8).  
 The symptoms of CDI usually appear 
mild in some cases, and in others, they appear 
to be life-threatening or fatal (9). Diarrhea 
associated with C. difficile is accompanied by 
the passage of occult blood or mucus in the 
stool, but hematochezia and melena are other 
rare symptoms (4,10). Certain other symp- 
toms are found in less than 50% of infected 
patients, including abdominal discomfort, fever, 
and peripheral leukocytosis (11). Disease cau- 
sed by C. difficile is linked most commonly to 
nosocomial infections in humans, especially 
after empiric antibiotic treatment. Humans 
develop a spectrum of diseases when infected 
with some strains of C. difficile. It has been 
shown that not all people who are on prolong- 
ed antibiotic medication and above the age of 
60 years are susceptible to C. difficile (12).  
 The advent of some virulent new str- 
ains of C. difficile has triggered an increase in 
CDI rates even in younger populations origi- 
nally thought to be at low risk of developing 
CDI (13). To date, little is known about CDI in 
southeastern Nigeria as inadequate attention 
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has been given to the understanding of the 
molecular epidemiology of CDI in Nigeria, a 
high-burden country. Thus, this research was 
aimed at determining the prevalence, molecu- 
lar characteristics, pathogenicity, and anti- 
microbial susceptibility of C. difficile isolated 
from clinical specimens in the southeastern 
States of Nigeria. 
 

Materials and method: 
 
Study area:    

 This study was conducted at the 
Chukwuemeka Odumegwu Ojukwu University 
Teaching Hospital, Amaku, Awka, Anambra 
State, and hospitals selected from the other 
four neighboring States of southeastern Nigeria.  
 
Ethics approval and consent to participate:  

 The study was conducted in line with 
the principles of the Declaration of Helsinki. 
Ethical approval for this research was obtained 
from Ethical Committee, Chuckwuemeka Odu- 
megwu Ojukwu University Teaching Hospital 
Amaku, Awka, Anambra State, Nigeria. The 
ethics approval number is COOUTH/CMAC/ETH. 

C/VOL.1/0035 and the approval was granted 
on 01/08/2018. The committee reviewed and 
approved all aspects of the study, including 
the study design, recruitment methods, and 
data collection procedures, ensuring that they 
were in compliance with ethical standards and 
guidelines.  
 The consent to participate was obtain- 
ed from all individuals who participated in the 
study. Participants were given detailed infor- 
mation regarding the research objectives, pro- 
cedures, potential risks, and benefits. They 
were informed that participation was volun- 
tary, that they could withdraw from the rese- 
arch at any given time without any punish- 
ment, and their data would be given full con- 
fidentiality.  
 

Study participants and sample size:  

 Participants included a total of 450 hos- 
pitalized patients who exhibited symptoms 
such as watery stools (unformed stools in 24 
hours), abdominal pain, and fever. Stool sam- 
ples were collected from symptomatic patients 
hospitalized in various units, including the 
intensive care unit (ICU), medical, surgical 
and gastroenterology wards. These units were 
selected due to the high prevalence of CDI, 
particularly among patients receiving prolong- 
ed antibiotic therapy or those with underlying 
comorbidities. Additionally, samples were obt- 
ained from patients at the infectious disease 
unit who were undergoing evaluation for sus- 
pected CDI. All participants had diarrhea (un- 
formed stools in 24 hours) and were tested for 
C. difficile based on clinical suspicion.   
 The sample size was determined using 
the sample size formula; N=Z2 p (1-p)/D2 (14) 

where, N is the sample size, Z is the statistic 
for level of confidence (1.96 for 95% confi- 
dence level), p is the prevalence rate of 45% 
(0.45) based on a previous study and D is the 
desired level of precision (0.05). The sample 
size of 384 obtained from the formula was 
increased to 450 to account for environmental 
differences and sampling challenges. 
 
Sample collection:   

 Stool samples were collected in red 
cap universal bottles from the Chukwuemeka 
Odumegwu Ojukwu University Teaching hospi- 
tal, Awka in Anambra, Federal Teaching hospi- 
tal Abakaliki in Ebonyi, Abia State University 
Teaching hospital in Abia, Imo State University 
Teaching hospital in Imo and Enugu State 
Teaching hospital in Enugu. Following initial 
processing, samples were properly stored and 
preserved on ice packs to maintain sample 
integrity until further analysis.  
 
Isolation and identification of Clostridium diffi- 

cile:                   

 For the isolation of C. difficile, all sam- 
ples were pre-treated (heat shocked and alco- 
hol shocked) to reduce competing flora and 
allow the growth of spore-forming bacilli. 
Standard microbiological method was emplo- 
yed using C. difficile differential agar CM 0601 
(Oxoid, UK) supplemented with C. difficile 
selective supplement SR0096 (Oxoid, UK) 
(15).  
 Stock solutions were prepared for the 
samples by weighing 20g of the stool samples 
into 180ml of sterile saline water in a conical 
flask. A ten-fold serial dilution from the stock 
solution was made after mixing. From the fifth 
tube, 2ml of the suspension was added to a 
well-labelled tube containing 2ml of absolute 
ethanol (alcohol/ethanol shock method). The 
mixture was rocked gently to allow for homo- 
genization and left to stand for an hour before 
plating of 100 µL was carried out.  
 Heat treatment, also known as heat 
shocking, was employed by heating the tubes 
containing a mixture of samples to boil for 5 
minutes. The tubes were then allowed to cool 
before plating was carried out on the media. 
Since C. difficile is a strict anaerobe, its growth 
requires an oxygen-free environment. All ino- 
culated plates were incubated in anaerobic 
condition using anaerobic jar with gas-gene- 
rating sachets to create a completely oxygen-
free atmosphere at 37°C for 48–72 hours to 
ensure optimal recovery of C. difficile.  
 The formula employed for the dilution 
factor is given by the equation; final volume/ 
aliquot volume, where final volume is aliquot 
volume (sample volume) plus diluent volume. 
Enumeration of the bacterial isolates was carri- 
ed out using the formula described by Willey 
et al., (16); CFU/g = (number of colonies x 
dilution factor)/volume of inoculum. The cultu- 
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ral, morphological, microscopic and biochemi- 
cal properties of the isolates were evaluated 
after Gram staining, and spore staining was 
done to select the positive isolates for both 
stains. Biochemical tests such as catalase, oxi- 
dase, indole, urease and sugar fermentation 
tests were carried out to identify Clostridium 
species.  
 
Antimicrobial susceptibility test:  

 Antimicrobial susceptibility test (AST) 
was performed on identified C. difficile by the 
disc diffusion method. The antibiotic discs 
(Oxoid, UK) used include meropenem (10µg), 
erythromycin (15µg), metronidazole (50µg), 
amoxicillin-clavulanic acid (20/10µg), clinda- 
mycin (20µg), gentamicin (10µg), ciprofloxa- 
cin (5µg), vancomycin (30µg), and tetracy- 
cline (30µg).  
 Briefly, 18-24 hours bacterial culture 
was cultured on Mueller-Hinton agar (MHA). 
The inoculum was standardized to 0.5 McFar- 
land standard (~1.5x108 cells/ml) was strea- 
ked onto the MHA plate with a sterile loop 
before the antibiotic discs were aseptically pla- 
ced on the plates using a sterile forcep. The 
plates were incubated under strict anaerobic 
conditions (90% N₂, 5% H₂, 5% CO₂) at 35–
37°C for 24–72 hours to ensure proper growth 
for AST. The diameter of zone of inhibition was 
measured and the result was interpreted using 
the Clinical and Laboratory Standards Institute 
(CLSI) breakpoints (17).  

 
Determination of multiple antibiotic resistance 

(MAR) index:     

 The MAR index for an isolate was deter- 
mined by the formula described by Chitanand 
et al., (18); y/nx, where y is the number of 
antibiotics the isolate is resistance to, n is the 
number of isolates tested, and x is the total 
number of antibiotics tested.  

 
DNA extraction:    
 Bacterial DNA was extracted by the 
boiling method (19). A tube containing 2ml of 
a 24-hour broth culture of C. difficile was cen- 
trifuged at high-speed for 5 minutes. After the 
supernatant was removed, 200μL of sterile 
distilled water (SDW) was added to the pellets, 
and the mixture was vortexed for 1 minute. 
After the mixture was heated to 100°C for 15 
minutes, it was centrifuged at high-speed for 
2 minutes. The supernatant from this was con- 
sidered pure DNA, and 10μL of it was used for 
amplification of the 16S rDNA as well as the 
virulence and resistance genes by PCR. 

DNA sequencing:    

 The amplified bacterial 16S rDNA frag- 
ments were sequenced using the Genetic Ana- 
lyzer (Model 3130xl) from Applied Biosystems 
(20). The sequencing reactions were perform- 
ed using the BigDye™ Terminator v3.1 Cycle 

Sequencing Kit, following the manufacturer's 
recommended protocol to ensure optimal seq- 
uencing conditions (21). All procedures were 
conducted according to standard laboratory 
protocols to maintain data accuracy and relia- 
bility and the sequences were blasted on the 
website of National Centre for Biotechnology 
Information (21).  

Phylogenetic analysis:    

 Phylogenetic analysis was performed 
by using the amplified DNA to determine the 
evolutionary relationships among the isolates. 
DNA sequences were initially aligned using 
both ClustalW and MUSCLE to ensure precision 
and accurate comparisons (22). The aligned 
sequences were then used to construct phylo- 
genetic trees, which were visualized and edit- 
ed using MEGA 10 software (23). This software 
also facilitated calculation of bootstrap values, 
providing an assessment of the reliability and 
robustness of the phylogenetic trees. The ana- 
lysis included both Neighbor-Joining and Maxi- 
mum Likelihood methods to confirm the consi- 
stency of the results (24). 

PCR amplification for detection of virulence 

and resistance genes:   

 Using standardized primer sets, viru- 
lence genes (tcdA, tcdB, cdtA, and cdtB) were 
detected in duplicate to ensure that the results 
were accurate using the primers listed in Table 
1. The analysis utilized the extracted bacterial 
genomic DNA as template. The PCR assay was 
performed in tubes containing 50 mM KCl2, 10 
mM Tris-HCl (pH 9.0), 1.5 mM MgCl₂, 200 μM 
dNTPs, and 20 pmol of each primer along with 
2U Taq DNA polymerase in a total volume of 
50μL, using 4μL of the extracted DNA as tem- 
plate (25).     
 To ensure the primers specifically bind 
to the DNA template, the thermocycler was 
optimized to ascertain the correct annealing 
temperature. The PCR protocol consisted of an 
initial denaturation step at 94°C for 5 minutes, 
then 34 cycles involving 30 seconds of denatu- 
ration at 94°C, 1 minute of annealing at 55°C, 
and 1 minute of extension at 72°C. At comple- 
tion of the amplification cycles, a final exten- 
sion at 72°C for 5 minutes was performed. 
Sterile water served as the negative control to 
confirm that no contamination was present 
(3).     
 With conventional PCR assay, the genes 

responsible for erythromycin resistance (ermB) 

and tetracycline resistance (tetA and tetS) 
were detected using primers as shown in Table 
2. The extracted bacterial genomic DNA was 
used as template for the analysis. The PCR 
assay was performed in tubes containing 50 
mM KCl, 10 mM Tris-HCl (pH 9.0), 1.5 mM 
MgCl₂, 200μM dNTPs, and 2U Taq DNA poly- 
merase per 50μL reaction, using 4μL of extrac- 
ted DNA as the template and including 20 pmol 



Molecular characteristics and susceptibility of Clostridioides difficile   Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): xxxx 

 

155 
 

of each primer (26).    
 The thermocycler was set to optimal 
annealing temperature that guaranteed specific 
binding of the primer set to the DNA template. 
The PCR condition included 5-minute pre-
denaturation phase at 94°C, followed by 34 
cycles, consisting of 30 seconds at 94°C (de- 
naturation), 45 seconds at 55°C (annealing), 
and 1 minute at 72°C (extension). After the 
amplification cycles, a final extension step at 
72°C for 5 minutes was performed. Sterile 
water served as a negative control to eliminate 
the possibility of contamination.  

Agarose gel electrophoresis:   

 Agarose gel electrophoresis was used 
to examine the PCR amplicons derived from 
primer sets targeting the virulence genes (27), 
as well those targeting the resistance (ermB, 
tetA, and tetS).  

Statistical analysis:    

 Data were analyzed with infographics 
using Microsoft Excel (Version 2016, 2015, 
Microsoft Corporation, USA) (28). Compari- 
sons of multiple means was done by analysis 

of variance (ANOVA) using Statistical Package 
for the Social Sciences (SPSS) version 21.0 
software. Phylogenetic tree analysis of species 
relatedness was done using Mega 10 software 
(Version 10, 2016, MEGA Limited, Japan)  
 

Results: 
 
 The results of anaerobic stool sample 
counts from southeastern Nigeria are shown in 
Table 3. The total anaerobe counts (log10 

CFU/g) in different States showed that stool 
samples from patients in Anambra, Ebonyi, 
Enugu and Imo had mean counts of 5.63±0.09 
log10CFU/g, 5.61±0.11 log10CFU/g, 5.65±0.07 
log10CFU/g and 5.36±0.19 log10CFU/g respec- 
tively. The identity and phylogenetic related- 
ness of anaerobic bacterial isolates obtained 
from stool samples in southeastern Nigeria are 
shown in Table 4.   
 The prevalence of anaerobes from 
stool samples using standard culture method 
revealed that all stool samples except from 
Imo State (46.0%) had anaerobic counts 
equal  to  or  greater  than  50.0% following a

 

 

 

Table 1: Primer sets for PCR amplification of the virulence genes 

Genes Primer Sequence (5’-3’) Concentration (µM) Product size (bp) 
 

tcdA tcdA-F 
tcdA-R 

GTATGGATAGGTGGAGAAGTCAGTG 
CGGTCTAGTCCAATAGAGCTAGGTC 

0.025 632 
 

 
tcdB tcdB-F 

tcdB-R 

GAAGATTTAGGAAATGAAGAAGGTGA 

AACCACTATATTCAACTGCTTGTCC 

0.01 441 

 
 

cdtA cdtA-F 
cdtA-R 

ATGCACAAGACTTACAAAGCTATAGTG 
CGAGAATTTGCTTCTATTTGATAATC 

0.2 260 
 

 
cdtB cdtB-F 

cdtB-R 
ATTGGCAATAATCTATCTCCTGGA 
CCAAAATTTCCACTTACTTGTGTTG 

0.5 179 
 

 

 

 
 

 
 

 
Table 2: Primer sets for PCR amplification of the resistance genes 

 

Genes Primer Sequence (5’-3’) Concentration (µM) Product size (bp) 
 

erm(B) ermB-F 
ermB-R 

GAAAAGGTACTCAACCAAATA 
AGTAACGGTACTTAAATTGTTTAC 

0.1 639 
 

 
tet(S) tetS-F 

tetS-R 

ATCAAGATATTAAGGAC 

TTCTCTATGTGGTAATC 

0.1 573 

 
 

tet(A) tet(A)-F 
tet(A)-R 

TTGGCATTCTGCATTCACTC 
GTATAGCTTGCCGGAAGTCG 

0.1 494 
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cultural phenotypic standard (Table 5). In 
comparison, a total of 54.0% was obtained in 
the entire study.  
 The prevalence of C. difficile from stool 
samples revealed a total study prevalence of 
3.1%. Stool samples from Ebonyi and Enugu 
States had a prevalence of 2.2% apiece. In 

comparison, Imo and Abia States had a 3.3% 
prevalence of C. difficile from stool samples, 
with Anambra State having the highest pre- 
valence of 4.4%. The rate of C. difficile reco- 
vered by heat treatment method (1.1%) 
shown in Table 5 was lower than the rate 
recovered by alcohol treatment (3.1%).  

 
Table 3: Total anaerobic bacterial count of stool samples obtained from patients in different states 

 

Location Number of Samples Anaerobe count (Log10CFU/g) p-value(s) 
 

Anambra 90 5.63±0.09a 0.168 
 

Ebonyi 90 5.62±0.11ab 0.168 
 

Enugu 90 5.65±0.07a 0.168 
 

Imo 90 5.37±0.19b 0.066 
 

Abia 90 5.45±0.09b 0.066 
 

 
 

Table 4: Identity of anaerobic Clostridioides difficile isolates from stool samples from southeastern Nigeria 

 

Sample code Source Identity Query Cover (%) Homology (%) Accession number 

anStool12 Stool Clostridioides difficile 100 100.00 MH888201.1 

ebstool05 Stool Clostridioides difficile 98 91.4 CP019858.1 

Imstool15 Stool Clostridioides difficile 99 99.8 CP019860.1 

anStool21 Stool Clostridioides difficile 99 96.75 CP025047.1 

anStool22 Stool Clostridioides difficile 97 90.35 CP020424.2 

abstool12 Stool Clostridioides difficile 100 100.00 MH888202.1 

abstool17 Stool Clostridioides difficile 99 99.8 CP019860.1 

imstool83 Stool Clostridioides difficile 91 94.6 CP028361.1 

imstool49 Stool Clostridioides difficile 91 94.6 CP028361.1 

ebstool23 Stool Clostridioides difficile 91 94.6 CP028361.1 

ebstool33 Stool Clostridioides difficile 99 99.8 CP019860.1 

ebstool1 Stool Clostridioides difficile 99 96.75 CP025047.1 

abstool12 Stool Clostridioides difficile 97 90.35 CP020424.2 

anstool70 Stool Clostridioides difficile 100 100.00 MH888202.1 

 
Table 5: Prevalence of anaerobes, Clostridioides difficile and percentage recovery of Clostridioides difficile from stool samples 

 

Prevalence of anaerobes from stool samples using standard cultural methods 

 

Sample Sample Number Anambra Ebonyi Enugu Imo Abia Total Sample Study Total (%) 

 
 90 55 (61) 45 (50) 50 (55) 41 (46) 50 (55) 450 241 (54) 

 

Prevalence of Clostridioides difficile from stool samples in the study 
 

Stool sample 90 4 (44.4) 2 (22.2) 2 (22.2) 3 (33.3) 3 (33.3) 450 14 (3.1) 
 

Percentage recovery of Clostridioides difficile from stool samples using cultural methods 
 

Sample Number Heat Treatment (%) Alcohol Treatment (%) Study Total (%) 
 

Stool sample 450 5 (1.1) 14 (3.1) 14 (3.1) 
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 In Table 6a and 6b, the antimicrobial 
susceptibility test of C. difficile isolates to the 
common antibiotics tested showed sensitivity 
to carbapenems (71.4%), aminoglycosides 
(78.5%) and β-lactam/combination agents 

(57.1%). Notable resistance was observed for 
tetracycline (57.1%), macrolides (57.1%) and 
fluoroquinolones (71.4%).   

 The multiple antibiotic resistance index 
of C. difficile isolates from the clinical samples 
showed that isolates with a MAR index of 0.44 
had the highest resistance phenotypes. In 
contrast, isolates with a MAR index of 0.33 had 
the next highest resistance phenotypes (Table 
7).  

Table 6a: Antibiotic sensitivity profile of Clostridioides difficile to common antibiotics 

 

Code Samples MEM ERY MET AMC CL CN CIP VA TET 

anStool12 Stool S R S R S S S R R 

ebStool05 Stool S S S R S S S R R 

imStool15 Stool S R R S R S R S R 

anStool21 Stool S S S S S S S S R 

anStool22 Stool S R S S S S R S R 

abStool12 Stool R S R S R S S S R 

abStool77 Stool S R R S S S R S R 

imStool83 Stool S R S S R S R S S 

imstool49 Stool S R R S R S R S R 

ebstool23 Stool R R R S S S S S R 

enstool33 Stool S R S S S S S S R 

enstool1 Stool S R S S R S R S R 

abStool14 Stool S S S R S S S R S 

anstool70 Stool S S S S S S R S S 

Meropenem (MEM 10µg), Erythromycin (ERY 15µg), Metronidazole (MET 50µg), Amoxicillin/clavulanic acid (AMC 20/10µg), Clindamycin (CL 20µg), 
Gentamicin (CN 10µg), Ciprofloxacin (CIP 5µg), Vancomycin (VA 30µg), Tetracycline (TET 30µg), S = Sensitive, R = Resistance  

 

Table 6b: Percentage of antibiotic resistance and susceptibility of Clostridioides difficile to common antibiotics 

Antibiotic class Antibiotic Percentage susceptibility/resistance (n=14) 

Sensitive (%) Resistant (%) 

Carbapenems MEM 10 (71.4) 4 (28.5) 

Macrolides ERY 6 (42.8) 8 (57.1) 

Nitroimidazole MET 7 (50.0) 7 (50.0) 

β-lactam/combination agents AMC 8 (57.1) 6 (42.8) 

Lincosamide CL 6 (42.8) 8 (57.1) 

Aminoglycosides CN 11 (78.5) 3 (21.4) 

Fluoroquinolone CIP 4 (28.5) 10 (71.4) 

Glycopeptides VA 7 (50.0) 7 (50.0) 

Tetracyclines TET 6 (42.8) 8 (57.1) 

Meropenem (10 µg), Erythromycin (15 µg), Metronidazole (50 µg), Amoxicillin/clavulanic acid (20/10 µg), Clindamycin (20 µg), Gentamicin (10 µg), 

Ciprofloxacin (5 µg), Vancomycin (30 µg), Tetracycline (30 µg). 
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 Table 7: Multiple antibiotic resistance distribution of C. difficile isolates from clinical sources 

 

Isolate code No of antibacterial 

classes 

No of 

antibiotics 

Resistance phenotypes Number (%) MAR Index 

anBE7, ebstool05 9 9 AMCR, VAR, TETR 2 (8.7) 0.33 

enLV4, ebstool23 9 9 MEMR, ERYR, METR, TETR 2 (8.7) 0.44 

ebLV5 9 9 ERYR, CNR, TETR 1 (4.4) 0.33 

anStool12 9 9 ERYR, AMCR, VAR, TETR 1 (4.4) 0.44 

imstool15, imstool49 9 9 ERYR, METR, CLR, CIPR, TETR, 2 (8.7) 0.55 

anstool21 9 9 TETR 1 (4.4) 0.11 

anstool222 9 9 ERYR, CIPR, TETR 1 (4.4) 0.33 

abstool12 9 9 MEMR, ERYR, METR, CLR, TETR 1 (4.4) 0.55 

enstool33 9 9 ERYR, TETR 1 (4.4) 0.22 

enstool1 9 9 ERYR, CLR, CIPR, TETR 1 (4.4) 0.44 

abstool14 9 9 AMCR, VAR 1 (4.4) 0.22 

anstool70 9 9 CIPR 1 (4.4) 0.11 

Meropenem (MEM 10 µg), Erythromycin (ERY 15 µg), Metronidazole (MET 50 µg), Amoxicillin/clavulanic acid (AMC 20/10 µg), Clindamycin (CL 20 µg), 

Gentamicin (CN 10 µg), Ciprofloxacin (CIP 5 µg), Vancomycin (VA 30 µg), Tetracycline (TET 30 µg) 

 

 All the C. difficile isolates (100.0%) 
possessed tcdB genes, and 10 of 14 (71.4%) 
isolates possessed tcdA genes. Only one of the 
isolated C. difficile strains possessed cdtA and 
cdtB genes, thus giving a percentage of 7.1% 

apiece for the genes. The prevalence of viru- 
lence genes in Table 8 revealed that 3 isolates 
possessed (one of the four) virulence genes 
analyzed in the study, while 11 isolates poss- 
essed two of the four virulence genes.  

  
 

Table 8: Prevalence of virulence genes in isolates of C. difficile obtained from stool samples 

Lanes Code Samples tcdA tcdB cdtA cdtB Total (%) 

1 anStool12 Stool + + - - 2 (50.0) 

2 ebstool05 Stool + + - - 2 (50.0) 

3 Imstool15 Stool + + - - 2 (50.0) 

4 anstool21 Stool - + - - 1 (25.0) 

5 anstool22 Stool + + + + 4 (100.0) 

6 abstool12 Stool + + - - 2 (50.0) 

7 abstool77 Stool + + - - 2 (50.0) 

8 imstool83 Stool - + - - 1 (25.0) 

9 imstool49 Stool + + - - 2 (50.0) 

10 ebstool23 Stool - + - - 1 (50.0) 

11 enstool33 Stool + + - - 2 (50.0) 

12 enstool11 Stool - + - - 1 (25.0) 

13 abstool12 Stool + + - - 2 (50.0) 

14 anstool70 Stool + + - - 2 (50.0) 

Total Study (%) 10 (71.4) 14 (100.0) 1 (7.1) 1 (7.1)  
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 The frequency and distribution of resi- 
stance genes detected in C. difficile obtained 
from stool samples are as shown in Table 9. 
Erythromycin resistance gene (ermB) was 
detected by PCR from C. difficile isolates in 
64.2% of the samples while tetracycline resi- 
stance genes (tetS and tetA) were detected in 
78.5% of the samples. Nine isolates possessed 

all resistance genes analyzed in the study. 
 Agarose gel electrophoresis of the 
amplified 16S rDNA of C. difficile isolated from 
the stool samples is shown in Fig 1 while the 
phylogenetic relatedness of representative C. 
difficile isolates with other anaerobic Clostri- 
dium species is shown in Fig 2.   

 
 

Table 9: Prevalence of resistant genes to erythromycin and tetracycline found in isolates of C. difficile obtained from stool samples 
 

Lanes Code Samples TetA tetS ErmB Total (%) 

1 anStool12 Stool + + + 3 (100.0) 

2 ebstool05 Stool + + - 2 (66.7) 

3 Imstool15 Stool + + + 3 (100.0) 

4 anstool21 Stool + + - 2 (66.7) 

5 anstool22 Stool + + + 3 (100.0) 

6 abstool12 Stool + + + 3 (100.0) 

7 abstool77 Stool + + + 3 (100.0) 

8 imstool83 Stool - - + 1 (33.3) 

9 imstool49 Stool + + + 3 (100.0) 

10 ebstool23 Stool + + + 3 (100.0) 

11 enstool33 Stool + + + 3 (100.0) 

12 enstool1 Stool + + + 3 (100.0) 

13 abstool12 Stool - - - 0 

14 anstool70 Stool 
 

- - - 0 

Total study (%) 

 

11 (78.5) 11 (78.5) 9 (64.2)  

 

 

 
Fig 1: Agarose gel electrophoresis of amplified 16S rDNA of Clostridioides difficile isolated from stool samples 
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Fig 2: Phylogenetic relatedness amongst anaerobes isolates from clinical samples 

Discussion: 
 

 A large portion of bacteria (anaerobes) 
in the stool are commensals, which often do 
not harm humans unless there is an under- 
lying risk factor or the case of a compromised 
immune system. The bacterium of interest in 
this study (C. difficile) is regarded as both a 
commensal organism and a pathogen to dom- 
estic animals (29). Most of these anaerobes in 
the gut that have been isolated from the feces 
are not competitive, and their population can 
only explode, or they can thrive better in the 
gut after an array of antibiotic treatments 
which could destroy much of the intestinal 
normal flora (29). The statistical comparison 
of the total anaerobic count in stool samples 
showed no significant difference (p>0.05) bet- 
ween samples obtained from Ebonyi and other 
southeastern States of Nigeria in the study. 
However, there was a significant difference bet- 

ween samples obtained from Anambra and 
those from Imo and Abia States. 
 The bacterial identity, query cover, 
and percentage homology were written against 
the confirmed blasted identity of the isolates, 
including accession numbers obtained from the 

National Centre for Biotechnology Information 
(NCBI) website. The 3.1% prevalence of C. 
difficile obtained in this study is less than the 
rates reported by several studies in literature. 
This implies that the probability of infection 
due to C. difficile would be present. However, 
the presence of the pathogen (even in its low 

prevalence) in this study is an indication that 
there is a likely chance of a CDI outbreak if 
proper measures are not in place to curtail the 
infection.  
 Following reports of Warriner et al., 
(30), C. difficile was previously thought to be 
only clinically associated. However, with adv- 
anced scientific methods, CDI is now thought 
to be a community-acquired infection. The pro- 
longed survival of spores of C. difficile in the 
environment might also increase the possibi- 
lity of animal and food contamination which is 
a potential source of infection (31). In Europe, 
a higher prevalence had also been reported 
than the one obtained in this study, howbeit 
for hospitalized patients with even higher 
reports of toxigenic strains of C. difficile reco- 
vered from stool samples of patients (32). 
Nevertheless, findings in our study corrobo- 
rated the report of others (33,34), who opined 
that carriage rates of C. difficile in healthy 
adults varied from 0% to 3% in Europe and up 
to 15% in Japan. 
 Following cultural phenotypic methods, 
the recovery rate of C. difficile from stool sam- 
ples revealed that while both treatment methods 

(heat and alcohol treatments) yielded positive 
C. difficile growth, the alcohol shock method 
was better at recovering the bacterial isolates 
from clinical samples. The findings in this 
study about how the spores of the bacterium 
were recovered from both treatment pro- 
cesses agreed with the findings of Lawley et 
al., (35). They reported that spores are diffi- 
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cult to eradicate due to their ability to resist 
radiation, heat and chemicals (such as alco- 
hols), which are usually employed as disinfect- 
ants in both hospital and community settings. 
In this study, alcohol shock samples had a 
better recovery rate of 3.1% than heat shock 
samples rate of 1.1%.  
 The susceptibility to carbapenems and 
aminoglycosides by most isolates of C. difficile 
in this study is at variance with what was 
observed in the study by Jobstl et al., (36), 
which separately reported some levels of resi- 
stance to the antibiotics by this bacterium. It 
is noteworthy that some of these antibiotics 
are commonly used for the treatment of diarr- 
hea illnesses in humans. Invitro resistance of 
C. difficile to several classes of antimicrobial 
agents has been recognized and reported 
(37), thus, there is the possibility of a high risk 
for CDI to occur in healthcare settings and the 
community at large. This finding corroborated 
the report of Freeman et al., (38), who asser- 
ted that the resistance of C. difficile to several 
antibacterial agents may not be essential for 
CDI because the organism is relatively sus- 
ceptible to high-ceiling antimicrobial agents. 
 It has been reported that the major 
pathogenic mechanism of C. difficile is produc- 
tion of cytotoxin B and enterotoxin A, which 
are respectively encoded by tcdB and tcdA 
genes, co-located in a 19.6 kb region of the 
chromosome named pathogenicity loci (Paloc) 
along with other regulatory genes (3,4). Toxin 
A causes diarrhea and Toxin B is cytotoxic to 
the colonic cells. Virtually all studies where C. 
difficile have been successfully recovered have 
screened for the ability of the isolates to have 
had at least one of the three toxins or genes 
(tcdA, tcdB, cdtA/B) needed to fulfill the crite- 
ria for virulence/toxigenicity (39). The findings 
in this study (71.4% and 100.0% for tcdA and 
tcdB genes respectively) agree with the study 
of Shokoohizadeh et al., (40), who opined that 
the genes for enterotoxin production tcdA are 
found in approximately 70% of C. difficile iso- 
lates, while the genes for cytotoxin production 
are found in all strains of C. difficile isolates.  
 The severity of the disease caused by 
the bacterium is conferred by the presence of 
the genes (cdtA and cdtB genes), which code 
for the production of binary toxins (41). The 
pathogenicity of C. difficile is mainly due to the 
presence of two large protein toxins (toxin A 
and toxin B) and the fully described binary 
toxin (42). Toxin A is a potent enterotoxin that 
causes the accumulation of fluid in the gut, is 
cytotoxic to cells in tissue culture, and is 
perhaps lethal to experimental animals (43). 
Toxin B has been reported to be a 1,000-fold 
more potent cytotoxin than toxin A (but is not 
an enterotoxin) in original animal studies. Still, 

there are reports that some strains produce 
toxin B and not toxin A, which causes severe 
diarrhea in humans (44). More so, the reports 
of C. difficile strains are toxin A–negative and 
toxin B–positive, which have been associated 
with human diseases described in certain epi- 
demics around the world (45). The variation in 
the findings in this study could be a function of 
geographical differences and environmental 
conditions with respect to cultural methods 
and methods used for the analysis of the bac- 
terium. 
 The findings in this study are consis- 
tent with the reports from literature, which 
have it that C. difficile from humans or animals 
are commonly resistant to macrolides (eryth- 
romycin) and tetracyclines as well as fluoro- 
quinolones (moxifloxacin) and lincosamides 
(clindamycin) (36). Also, consistent with the 
finding in this study was the report by Knetsch 
et., (46), who opined that the global C. difficile 
population contained a broad array of anti- 
biotic-resistance genes encoding resistance to 
tetracycline and erythromycin. 
 Our study provides baseline data for 
the prevalence of C. difficile in clinical samples 
in southeast Nigeria in the following ways; (i) 
chances of severe infections for this pathogen 
in the studied location would likely to be there 
even were low prevalence and non-possession 
of genes for binary toxin production in most of 
the isolates in the study was reported; (ii) the 
study has re-enacted the idea that the alcohol 
shock method for isolation of C. difficile is 
more effective than the heat-shock method; 
and (iii) pathogenic C. difficile isolates in the 
studied location were multi-drug resistant. 
 

Conclusion: 
 

 This study evaluated the prevalence, 
molecular characteristics and antibiotic susce- 
ptibility patterns of C. difficile in southeastern 
Nigeria, revealing high sensitivity to amoxicil- 
lin-clavulanic acid, gentamicin and merope- 
nem, but high resistance to tetracycline and 
erythromycin, with significant expression of 
tcdB and tcdA virulence genes. 
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Table 10: Bacterial isolates with their accension numbers 

 
Serial numbers Bacterial isolates Accession numbers 

 

1 Lysinibacillus fusiformis PQ462169 

2 Lysinibacillus sphaericus PQ462171 

3 Vagococcus humatus PQ462172 

4 Enterocloster bolteae PQ462174 

5 Clostridium butyricum PQ462175 

6 Clostridium butyricum PQ462176 

7 Clostridium butyricum PQ462177 
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Abstract: 
 

Background: Lassa fever (LF) is a zoonotic acute viral hemorrhagic disease caused by the Lassa virus (LV). It 
has a high case fatality rate of about 5,000 deaths in humans from 300,000-500,000 cases each year globally. 

The high mortality rate from Lassa fever has been associated with abnormal liver enzyme production due to LV 
infiltration of the liver. However, data are sparse on the different enzymes and their proportions associated with 

LF. This study aims to evaluate the effect of LF on the levels of selected liver enzymes.  

Methodology: This was a case-control epidemiological study of 100 participants comprising 70 participants with 
LF attending Federal Medical Centre, Owo between May and September 2023, and 30 healthy controls randomly 

selected within the hospital environs. Demographic information (age and gender) was collected from the 
participants with data collection form. Venous blood samples were collected from the participants into appropriate 

sample bottles and centrifuged to separate plasma for laboratory analyses. Lassa fever was confirmed by 
amplification of LV RNA using reverse transcriptase-polymerase chain reaction (RT-PCR) technique. Specific liver 

enzymes, including alanine transaminase (ALT), aspartate transaminase (AST), and alkaline phosphatase (ALP), 
were assayed from the plasma using Mindray chemistry system with Architect c8000 and Roche Cobas c501 

chemistry analyzers. Data were analysed using SPSS version 20.0. software. Mean values were compared using 
the t-test while categorical variables were compared using the Chi-square test. Statistical significance was set at 

p<0.05 with 95% confidence interval.  
Results: The results showed that among the study participants, the age group 20-39 years had the highest 

frequency of LF (37.1%, 26/70), with a slightly higher frequency in the females (51.4%, 36/70), compared to 
the males (48.6%, 34/70). The mean plasma ALP level of 263.84±50.73 U/L in LF patients was significantly 

higher than 46.80±1.85 U/L in the controls (t=35.740, p<0.0001). Similarly, the mean plasma ALT level of 
158.96±11.46 U/L in LF patients was significantly higher than 10.67±8.55 U/L in the control (t=71.405, 

p<0.0001), and the mean plasma AST level of 283.0±15.71 U/L in LF patients was significantly higher than 
19.26±9.02 U/L in the control (t=105.60, p<0.0001). Elevated plasma levels of ALP, ALT and AST were recorded 

in 45.7%, 70.0% and 85.7% of LF patients, compared to 0%, 6.7% and 6.7% in the controls respectively 
(p<0.0001).  

Conclusion: The study found significantly elevated liver enzymes in LF patients, providing insights into the 
pathological effects of the LV virus on the liver. 
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Résumé: 

Contexte: La fièvre de Lassa (FL) est une maladie hémorragique virale aiguë zoonotique causée par le virus de 

Lassa (VL). Son taux de mortalité est élevé, avec environ 5000 décès chez l’homme, sur 300 000 à 500 000 cas 
chaque année dans le monde. Ce taux élevé de mortalité a été associé à une production anormale d’enzymes 

hépatiques due à une infiltration hépatique par le VL. Cependant, les données sur les différentes enzymes et leurs 
proportions associées à la FL sont rares. Cette étude vise à évaluer l’effet de la FL sur les taux de certaines 

enzymes hépatiques.                               
Méthodologie: Il s’agissait d’une étude épidémiologique cas-témoins portant sur 100 participants, dont 70 

atteints de FL et admis au Centre Médical Fédéral d’Owo entre mai et septembre 2023, et 30 témoins sains 
sélectionnés aléatoirement dans l’environnement hospitalier. Les informations démographiques (âge et sexe) ont 

été recueillies auprès des participants à l’aide d’un formulaire de collecte de données. Des échantillons de sang 
veineux ont été prélevés auprès des participants dans des flacons appropriés, puis centrifugés afin de séparer le 

plasma en vue d'analyses en laboratoire. La fièvre de Lassa a été confirmée par amplification de l'ARN du VG par 
RT-PCR. Des enzymes hépatiques spécifiques, dont l'alanine transaminase (ALAT), l'aspartate transaminase 

(ASAT) et la phosphatase alcaline (PAL), ont été dosées à partir du plasma à l'aide du système de chimie Mindray 
équipé des analyseurs Architect c8000 et Roche Cobas c501. Les données ont été analysées à l'aide du logiciel 

SPSS version 20.0. Les valeurs moyennes ont été comparées à l'aide du test t, tandis que les variables 
catégorielles ont été comparées à l'aide du test du Khi carré. La signification statistique a été fixée à p<0,05 avec 

un intervalle de confiance à 95%.                                       
Résultats: Les résultats ont montré que parmi les participants à l'étude, le groupe d'âge 20-39 ans avait la 

fréquence la plus élevée de FL (37,1%, 26/70), avec une fréquence légèrement plus élevée chez les femmes 
(51,4%, 36/70), par rapport aux hommes (48,6%, 34/70). Le taux plasmatique moyen de PAL de 263,84±50,73 

U/L chez les patients atteints de FL était significativement plus élevé que celui de 46,80±1,85 U/L chez les témoins 
(t=35,740, p<0,0001). Français De même, le taux plasmatique moyen d'ALAT de 158,96±11,46 U/L chez les 

patients atteints de FL était significativement plus élevé que 10,67±8,55 U/L chez le témoin (t=71,405, 
p<0,0001), et le taux plasmatique moyen d'ASAT de 283,0±15,71 U/L chez les patients atteints de FL était 

significativement plus élevé que 19,26±9,02 U/L chez le témoin (t=105,60, p<0,0001). Des taux plasmatiques 
élevés d'ALP, d'ALAT et d'ASAT ont été enregistrés chez 45,7%, 70,0% et 85,7% des patients atteints de FL, 

contre 0%, 6,7% et 6,7% chez les témoins respectivement (p<0,0001).                             
Conclusion: L'étude a révélé une élévation significative des enzymes hépatiques chez les patients atteints de 

FL, ce qui permet de mieux comprendre les effets pathologiques du virus LV sur le foie.  

Mots-clés: Fièvre de Lassa, Foie, Enzymes, Biochimie, Évaluation 

Introduction: 
 

 Lassa fever (LF) presents as an acute 
viral hemorrhagic illness and was first identi- 
fied in 1969 in the town of Lassa, located in 
Borno State, Nigeria, specifically within the 
Yedseram River valley at the southern end of 
Lake Chad (1). The disease is widespread in 
West African nations, with 300,000 - 500,000 
cases each year, resulting in approximately 
5,000 fatalities (2). Outbreaks of Lassa fever 
are endemic to West Africa, specifically occur- 
ring in Nigeria, Liberia, Sierra Leone, Guinea, 
and the Central African Republic (3). Emerging 
evidence suggests that human infections occur 
in the Democratic Republic of Congo, Mali, and 
Senegal. Additionally, cases have been expor- 
ted to other countries by infected travelers (3).  
 The causative agent is the Lassa virus 
(LV), an RNA virus belonging to the Arenaviri- 
dae family. The African soft-furred rat (Masto- 
mys natalensis) serves as the natural reservoir 
for Lassa fever. Widely distributed across West 
Africa, this rodent species closely interacts 
with humans. The virus is excreted in the urine 
of Mastomys spp and contamination of human 
food represents a probable route of transmis- 

sion (4). Human-to-human transmission of the 
virus can occur through contact with bodily 
fluids in healthcare settings, leading to noso- 
comial epidemics with case fatality rates (CFR) 
as high as 65% (5).  
 Illness in humans develops within 3 
weeks after infection with LV (4). The early 
features of LF are general and might include 
fever, fatigue, headache, throat discomfort, 
muscle pain, cough, chest pain, abdominal 
pain, nausea, vomiting, and diarrhoea (6). In 
most cases, symptoms are mild, however, se- 
vere illness complicated by abnormal bleed- 
ing, generalized edema, respiratory distress, 
hypotension, proteinuria, transaminitis, deaf- 
ness, encephalopathy, and/or hypotension de- 
velops in approximately 20% of cases (1). 
 Although the overall mortality rate for 
LF is minimal, it reaches 15 to 20% for hospi- 
talized patients (7). Higher fatality rates have 
been reported during outbreaks and among 
pregnant women, particularly in the third tri- 
mester of pregnancy (8). Furthermore, the 
liver is adversely affected by the LV and this 
may lead to a rise in the production of liver 
enzymes. Lassa fever on the other hand has a 
prevalence of 5% in Nigeria and up to 15% in 
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the study area, as it has been endemic to the 
region in previous years (9). It is seen that LF 
which adversely affects the functionality of the 
liver may lead to an abnormal production of 
liver enzymes, leading to increased mortality.  
 Diagnostic procedures are crucial in 
managing LF outbreak as they enable early 
identification, facilitating prompt antiviral tre- 
atment and minimizing illness and death. They 
also aid in tracing community contacts and 
providing an accurate assessment of the epi- 
demic (10). Based on the classification of the 
virus, the National Institute of Allergy and Inf- 
ectious Diseases has designated the LV as a 
‘Category A’ pathogen, highlighting its signifi- 
cant potential for public health impact. To est- 
ablish a diagnosis, laboratory testing is crucial 
because clinical symptoms alone are inadequ- 
ate for distinguishing LF from other febrile ill- 
nesses (11).  
 A suspect case must be promptly exc- 
luded or confirmed to enable suitable case 
management, which may involve treatment, 
isolation protocols or contact tracing. LF is 
most often diagnosed by serology using enzy- 
me-linked immunosorbent assay (ELISA), which 
detect IgM and IgG antibodies as well as LV 
antigen. During the initial days of illness, only 
a subset of patients exhibits detectable IgM 
and IgG antibodies. Interestingly, patients with 

fatal LF may not produce antibodies at all (12). 
Therefore, reverse transcription-polymerase 
chain reaction (RT-PCR) serves as a valuable 
and prompt diagnostic method for LF, and RT-

PCR is applicable during the initial phase of the 
disease.  
 Nevertheless, in response to the reco- 
mmendation of the World Health Organization 
(WHO) for early diagnostic tests for LF (6) and 
recognizing LV as a high-priority pathogen with 
epidemic potential within the WHO Research 
and Development framework (6), this study 
was necessary. Furthermore, the recent high 
prevalence of LF in Nigeria according to the 
2024 data from the Nigeria Center for Disease 
Control (NCDC), has resulted in its increased 
unpredictable clinical manifestations especial- 
ly in asymptomatic patients thus justifying the 
need to study the potential effect of the virus 
on vital organs of the body such as the liver 
(13). The present study aims to evaluate the 
effects of LF on the functionality of the liver by 
assay of selected liver enzymes in the blood. 
 

Materials and method: 
 

Study area:     

 The study was conducted at the Mole- 
cular Laboratory of the Federal Medical Center, 
Owo, Ondo State, Nigeria, a city located on the 
southern edge of the Yoruba Hills that serves 
as a crossroads for routes from nearby towns 
(Fig 1). Owo had a population of over 220,000 
as of the 2006 census, primarily inhabited by 
the Yoruba ethnic group with influences from 
urbanization and industrialization.

           

 
 

Fig 1 : Map of Ondo State, Nigeria showing the location of the study area  
(https://soluap.com/ondo-map-showing-local-governmen-areas/) 
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Ethical consideration:    

 Ethical clearance for this study was 
obtained from the Ethical Review Board of 
Federal Medical Center, Owo after a successful 
review and consideration with identification 
number FMC/OW/380/VOLCLXX XVII/169. In 
addition, informed consent and/or assent were 
obtained from the study participants as appli- 
cable. The study adhered to the principles 
outlined in the 1964 Helsinki Declaration and 
its current amendments, or equivalent ethical 
standards. 
 
Study design:     

 This study was a case-control design 
with LF patients as the case group and healthy 
persons as the control group.  
 
Sampling technique:    

 A randomized sampling technique was 
used to select 70 LF patients, who were matc- 
hed with 30 controls by age and gender. The 
clinical characteristics of the controls were as- 
sessed, including their health status and pre- 
sence of other diseases. 
 
Sample size determination:   

 The sample size formula proposed by 
Pourhoseingholi et al., (14) was used to calcu- 
late the sample size for the LF patients (case) 
for the study, given as N = t2p(1–p)/m2, where 
N = sample size, p = prevalence rate (5%= 
0.05), m = margin of error (=0.05), and t = 
level confidence at 95% (=1.96).  
 Applying the formula, a sample size of 
73 was calculated using a prevalence rate of 
5% (p=0.05) for LF in Ondo State, Nigeria (9). 
However, only 70 LF patients were recruited 
as case and 30 healthy persons as control. 
 
Inclusion and exclusion criteria: 

 The inclusion criteria for the case are 
patients with symptoms associated with LF 
such as fever, malaise, bleeding, and other sy- 
stemic symptoms, with laboratory confirma- 
tion of LF by RT-PCR or serological evidence of 
recent infection. Individuals with existing co-
morbidities that could influence the outcomes 
or clinical manifestations of LF were excluded. 
 
Data collection:    

 Primary data were collected using str- 
uctured questionnaire and other data were 
collected from the LF surveillance register in 
the study area, with some participants compl- 
eting the questionnaire independently and for 
some, face-to-face interviews were conducted 
while adhering to safety guidelines. 
 
Sample Collection and processing: 

 About 4 ml of venous blood was collec- 
ted from each participant into lithium heparin 
bottle for enzyme analysis. With the sample 
being highly infectious, personal protective 
equipment (PPE) and triple packaging were 

used for prevention and containment. The 
blood samples were centrifuged and plasma 
separated. The plasma was initially stored at             
-20°C before being transferred to -80°C for 
long-term storage. For LV detection, blood 
was collected into EDTA bottle and centrifuged 
at 1500 rpm for 10 minutes. The plasma was 
separated and labelled in a sample tube. 
 
Detection of LV RNA: 

 
Inactivation procedures:   

  The AVL tubes containing lysis buffer 
and other constituents were used for inactiva- 
tion of samples. Approximately 70µL of the 
samples were added to AVL tubes, mixed and 
allowed to stand for 10mins. About 560µL of 
absolute ethanol was then added to the AVL 
tubes with pipette tips being changed at each 
time. The AVL tubes were decontaminated for 
RNA extraction (9). 
 
RNA extraction: 

 Inactivated samples were transferred from 

the tubes to freshly labelled spin columns. The 
columns were subsequently centrifuged for 1 
minute at 8000 rpm and the collection tubes 
were emptied and replaced. Subsequently, a 
series of wash steps were performed; 500μL 
of AW1 was added, followed by centrifugation 
at 8000 rpm; 500μL of AW2 was added, follo- 
wed by centrifugation for 3 minutes at 14000 
rpm. This process was repeated for AW2 and 
14000 rpm centrifugation. Finally, the column 
was centrifuged at 14000 rpm for 10 minutes 
to dry the RNA. The spin column was placed 
on the elution tube, and 60μL of AVE was 
added. After incubating for 1 min, the column 
was centrifuged at 8000rpm for 1min to collect 
the trapped RNA (9). 
 

Master mixing and PCR: 

 The RealStar® Lassa Virus RT-PCR Kit 2.0 
containing 2 different RT-PCR assays with 48 
reactions each was used for the assay. This 
contains two different positive controls; one 
for GPC gene-specific amplification 0.5μM 
primers OWS-1-fwd (GCG CAC CGG GGA TCC 
TAG GC), and one for the L gene-specific amp- 
lification 0.5μM primer OWS-1000-rev (AGC 
ATG TCA CAA AAY TCY TCA TCA TG). About 
20μL each was pipetted into Master G reagent 
into the G labelled tubes and Master L reagent 
into the L labelled tubes. 1μL of internal 
control was added into the tubes. 10μL of the 
sample (extracted RNA) from the elution tube 
was added. Positive control was added to one 
tube of both the G and L tubes.  
 The RT-PCR mixture was subsequently 
incubated at 50°C for 30 minutes for reverse 
transcription, followed by 45 cycles in a ther- 
mocycler (Eppendorf, Germany), which inclu- 
ded the following steps; denaturation at 95°C 
for 15 min, activation at 95°C for 30 sec, ann- 
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ealing at 55°C for 30 sec, elongation at 72°C 
for 30 sec, and extension at 30°C for 30 sec 
(15). 
 

Liver enzymes analytical methods: 

 The levels of the 3 enzymes, alkaline 
phosphatase (ALP), aspartate transaminase 
(AST), and alanine transaminase (ALT) were 
assayed in the plasma using the Mindray Che- 
mistry system, which utilizes the Architect 
c8000 and Roche Cobas c501 chemistry analy- 
zers (16). 
 
Statistical analysis:    

 Data were analysed using SPSS ver- 
sion 20.0 software. Continuous variables (e. g. 
mean) were compared using a t-test, while 
categorical variables (e. g. age and gender) 
were compared using the Chi-square test, with 
Odds ratio (OR) and confidence interval (CI). 
Statistical significance was set at p<0.05 with 
confidence level of 95%. 
 

Results: 
 
Demographic characteristics of participants: 

 Table 1 shows the mean age of the LF 

patients (case) as 38.05±1.83 years while 
that of the controls was 42.03±1.92 years. 
There were 36 (48.6%) males and 34 (51.4%) 
females in the case group, and 16 (53.3%) 
males and 14 (46.7%) females in the control 
group.  
 The age group 20-39 years had the 
highest frequency of LF (case) with 37.1% 
(26/70) and the age group 80-99 years had 
the lowest frequency of 2.9% (2/70). For the 
control group, the age group 40-59 years were 
the most frequently selected control (43.3%, 
13/30) while the age group 20-39 years were 
the least frequently selected control (10.0%, 
3/30).    
 
Comparison of plasma alkaline phosphatase 

(ALP) levels between LF patients (case) and 
controls:  

 The mean ALP level in LF patients 
(case) is 263.84±50.73 U/L while that of the 
control is 46.80±1.85 U/L. A total of 32 out of 
the 70 LF patients (45.7%) had elevated (abo- 
ve normal value) ALP level, while all (100.0%) 
the controls had normal ALP levels (OR= 
51.54, p<0.0001) (Table 2).  

 
 

 
 

Table 1: Demographic characteristics of the study participants (case and control) at Federal Medical Center, Owo, Nigeria 

 
LF patients (n=70) Control patients (n=30) 

 
Variable Frequency Percentage Variable Frequency Percentage 

 

Age group (years) 

0-19 
20-39 

40-59 
60-79 

80-99 

 

10 
26 

25 
7 

2 

 

14.3 
37.1 

35.7 
10.0 

2.9 

Age group (years) 

0-19 
20-39 

40-59 
60-79 

 

 

 
7 

3 
13 

7 
 

 

 
23.3 

10.0 
43.3 

23.3 

Mean age (±SD) 
 
Gender 

Male 
Female 

38.05±1.83 
 
 

34 
36 

 
 
 

48.6 
51.4 

Mean age (±SD) 
 
Gender 

Male 
Female 

42.03±1.92 
 
 

14 
16 

 
 
 

46.7 
53.3 

SD = Standard deviation 

 
 
 

Table 2: Comparison of plasma ALP levels between LF (case) and control patients at Federal Medical Center, Owo, Nigeria 

 
ALP level LF patients (n=70)  Control patients (n=30) OR  

(95% CI) 
p value 

Frequency Percentage Frequency Percentage 

 
Normal value 

 
Above normal 

38 

 
32 

54.3 

 
45.7 

30 

 
0 

 

100 

 
0 

 

51.54 

(3.027 - 875.96) 

<0.0001* 

 

Mean ±SD (U/L) 263.84±50.73 46.80±1.85 t = 35.740 <0.0001* 

 ALP = Alkaline phosphatase; LF=Lassa fever; OR=Odd ratio; CI=confidence interval; SD = Standard deviation; * = statistically significant at p<0.05 
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Table 3: Comparison of plasma ALT levels between LF (case) and control patients at Federal Medical Center, Owo, Nigeria 

 
ALT level  LF patients (n=70) Control patients (n=30) 

 

OR  

(95% CI) 

p value 

Frequency Percentage Frequency Percentage 

 
Normal 

 
Above Normal 

21 

 
49 

30.0 

 
70.0 

28 

 
2 

93.3 

 
6.7 

32.667 

(7.121 - 149.85) 

 

<0.0001* 
 

 
Mean ± SD (U/L) 

 
158.96±11.46 

 
10.67±8.55 

 
t = 71.405 

 
<0.0001* 

 
ALT = Alanine transaminase; LF=Lassa fever; OR=Odd ratio; CI=confidence interval; SD = Standard deviation; * = statistically significant at p<0.05 

 

 

 
Table 4: Comparison of plasma AST levels between LF (case) and control patients at Federal Medical Center, Owo, Nigeria 

 
AST level  LF patients (n=70)  

 
Control patients (n=30) OR  

(95% CI) 
p value 

Frequency Percentage 
 

Frequency Percentage 

Normal 
 

Above Normal 

10 
 

60 

14.3 
 

85.7 

28 
 

2 

93.3 
 

6.7 

84.00 
(17.242 - 409.23) 

<0.0001* 
 

 

Mean ± SD (U/L) 

 

283.0±15.71 

 

19.26±9.02 

 

t = 105.60 

 

<0.0001* 
 

AST = Aspartate transaminase; LF=Lassa fever; OR=Odd ratio; CI=confidence interval; SD = Standard deviation; * = statistically significant at p<0.05 

 
Comparison of plasma alanine transaminase 

(ALT) levels between LF (case) and control 
patients: 

 The mean ALT level in LF patients 
(case) is 158.96±11.46 U/L while that of the 
control is 10.67±8.55 U/L. A total of 49/70 
(70.0%) LF patients had higher than the nor- 
mal ALT levels, compared to only 2/30 (6.7%) 
control patients (OR=32.667, p<0.0001) 
(Table 3). 
 
Comparison of plasma aspartate transaminase 

(AST) levels between LF (case) and control 
patients:    

 The mean AST level in LF patients 
(case) is 158.96±11.46 U/L while that of the 
control is 10.67±8.55 U/L. A total of 60/70 
(85.7%) LF patients had above-normal AST 
levels compared to only 2/30 (6.7%) control 
patients (OR=84.00, p<0.0001) (Table 4). 
 

Discussion: 
 

 Despite the public outcry and efforts 
of international public health agencies to con- 
trol the widespread LF characterized by high 
morbidity and mortality in several areas, the 
disease continues to spread in different com- 
munities from time to time. This highlights the 
need for continuous integrated surveillance 
and indicators including biochemical parame- 
ters for prompt detection of the disease in LF 
patients. In this study, the highest frequency 
LF of 37.1% was recorded within the age 
group 20-39 years which shows that the youth 
are the most vulnerable because they are 
usually exposed to predisposing factors such 
as games hunting, farming, healthcare delive- 
ry, and other cultural activities. This is consi- 
stent with a similar report by Grace et al., (17) 

of the predominant age group affected being 
21-30 years. Additionally, comparable findings 
have been reported in a study conducted in 20 
States in Nigeria by Elimian et al., (18) in 
which the most vulnerable group is between 
the age group 31-40 years. Nevertheless, ano- 
ther study conducted in Nigeria (19) reported 
that individuals in age group 15-34 years were 
the most impacted, with the next highest 
prevalence observed among those in the age 
group 35-54 years. It is noteworthy that those 
mostly affected by LF are the economically 
productive age group, which aligns with the 
previous studies conducted in Jos and the 
neighbouring Bauchi State in Nigeria (20,21).  
 However, in our study, the frequency 
was lower among other age groups, with the 
lowest frequency of 2.9% recorded in the age 
group 80-99 years. This could be partly attri- 
buted to their limited exposure to the LV and 
social activities (20). The observed variability 
in findings may be linked to differences in stu- 
dy location, timeframe, and population chara- 
cteristics. Additionally, our study revealed a 
slightly higher frequency among female com-
pared to male. This disparity could be partly 
attributed to the fact that females are primari- 
ly responsible for household chores, including 
cleaning, cooking, and food storage, as well as 
their involvement in agricultural activities such 
as farming and crop harvesting (22).  
 It is noteworthy that these activities 
increase the likelihood of exposure to infected 
rodents and their excreta, as they often invol- 
ve handling and storing food items that may 
be contaminated. This finding is consistent 
with a previous study conducted in Sierra 
Leone, where females were mostly affected by 
LF (23). The results of our study align with the 
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broader trends observed across West Africa, 
further confirming that LF disproportionately 
affects the female population in endemic regi- 
ons (24). These findings have important impli- 
cations for targeting prevention and control 
efforts to address the underlying social, beha- 
vioural, and biological factors driving this gen- 
der disparity (24, 25).  
 Furthermore, in this study, more than 
70% of the LF patients had elevated liver en- 
zymes, which agrees with the results obtained 
from a previous study by Hassan et al., (9) 
that LF, an acute viral hemorrhagic illness, 
greatly increased the levels of liver enzymes, 
specifically ALT, AST, and ALP, in the body. 
About 45.7% of LF patients had above-normal 
levels of ALP. This may be attributed to the 
direct viral-induced damage to the liver, which 
causes the release of this enzyme into the 
bloodstream. However, specific studies direct- 
ly linking LF to ALP elevation remain limited. 
Further research is needed to understand the 
mechanisms and clinical implications of ALP 
changes in LF patients (26).  
 Moreover, 70.0% of the LF patients had 
above normal ALT levels compared to 2.0% of 
the controls. This may be partly due to the 
high levels of the ALT enzyme, which is prima- 
rily found in the liver, with lower concentra- 
tions observed in the heart, kidneys, skeletal 
muscle, pancreas, lung tissues, and spleen. 
The results of our study align with the findings 
of Gowda et al., (27) who reported that the 
normal concentration levels of ALT in the blood 
are usually low, however, when liver damage 
occurs, the liver releases more ALT into the 
blood causing the level to rise. Measurement 
of ALT is crucial in diagnosing hepatic damage 
and various liver diseases, including viral 
hepatitis and cirrhosis (28). 
 Alanine transaminase is frequently as- 
sessed alongside AST, an enzyme that is pre- 
sent in cells throughout the body and is most 
abundant in the liver and the heart, and to a 
lesser extent, in the muscle tissues and kid- 
neys. In healthy individuals, blood AST levels 
remain low; however, when the liver or mus- 
cles sustain injury, AST is released into the 
bloodstream (29). Our study showed 85.7% of 
the LF patients had above-normal AST levels, 
compared to only 2% of the negative controls. 
The presence of liver damage, as evidenced by 
specific clinical or laboratory findings sugg- 
ests LF. Our study is limited by the inability to 
obtain the cycle threshold (ct) value that is 
useful in classifying the increase of the viral 
load base. This is recommended for further 
study.   
 

Conclusion: 

 This study reports significant elevation 
in liver enzymes (ALT, AST, and ALP) in pati- 
ents with LF. This finding suggests that LF dir- 

ectly contributes to the increased production 
of liver enzymes, indicating potential liver da- 
mage. Adequate therapy will reduce the eff- 
ects of LV on the liver and the observed ele- 
vated levels of liver enzymes (ALT, AST, and 
ALP) in LF patients. 
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Abstract: 

Background: The pervasive presence of filamentous fungi in poultry farming environments has a profound 

impact on the bird health, leading to reduced growth rates, increased mortality, and decreased egg production. 

The objective of this study was to use an avian model to determine the pathogenicity of some filamentous fungal 

isolates from litter, feed, and fecal samples on day-old birds.                               

Methodology:  A total of 300 environmental samples (feed, litter, and droppings) were collected from 10 selected 

poultry farms in six local government areas (LGAs) in Anambra State, and cultured for fungi isolation by 

phenotypic (macroscopic and microscopic) and genotypic methods. Five of the fungi isolates were used for 

pathogenicity study on day-old chicks. A total of 25 day-old-chicks, randomly divided into 5 groups of 5 each, 

were orally infected with 1 ml of the different fungal conidia. A 6th group served as the control and was inoculated 

with the same volume of phosphate-buffered saline. All the birds were observed twice daily for appearance of 

clinical signs for 10 days. Histological examination of the intestinal tissues and stomach of infected birds was 

done. Data were analysed using one-way ANOVA on SPSS version 21.0, with p<0.05 considered significant 

Results: The pathogenic effects of the 5 fungi isolates (Curvularia verruculosa, Aspergillus tubingensis, 

Cunninghamella bertholletiae, Fusarium oxysporum and Aspergillus fumigatus) used for the pathogenicity study 

on the birds include symptoms such as; (i) reduction in food and water intake, fraying of feathers and loss of 

reflex within 5 days of exposure to C. verruculosa, and (ii) discolored and enlarged bursa of Fabricius, obstructed, 

dark, and slightly sloughed intestine, reduction in the sizes of livers and gizzards, and swelling of the rectum with 

exposure to F. oxysporum and A. fumigatus. Histological examination revealed severe destruction of the intestinal 

villi, distortion of the intestinal mucosa, and haemorrhage in all the groups of birds exposed to the 5 fungi isolates. 

Mortality in the groups of birds infected with C. verruculosa and C. bertholletiae (80.0%, 4/5) was significantly 

higher (p<0.001) than in other groups.                       

Conclusion: This study showed that the poultry farms were highly laddened with a variety of filamentous fungi, 

which have a lot of detrimental effects on the health of bird and needs to be controlled through proper hygiene 

practices and the provision of biosecurity for the birds.  
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Résumé: 

Contexte: La présence généralisée de champignons filamenteux dans les élevages avicoles a un impact profond 
sur la santé des oiseaux, entraînant une réduction des taux de croissance, une augmentation de la mortalité et 

une diminution de la ponte. L'objectif de cette étude était d'utiliser un modèle aviaire pour déterminer la 
pathogénicité de certains isolats de champignons filamenteux provenant d'échantillons de litière, d'aliments et de 

matières fécales chez des oiseaux d'un jour.                    

Méthodologie: Un total de 300 échantillons environnementaux (aliments, litière et fientes) ont été collectés 
dans 10 fermes avicoles sélectionnées dans six zones de gouvernement local (LGA) de l'État d'Anambra, et 

cultivés pour l'isolement des champignons par des méthodes phénotypiques (macroscopiques et microscopiques) 
et génotypiques. Cinq des isolats de champignons ont été utilisés pour des études de pathogénicité sur des 

poussins d'un jour. Un total de 25 poussins d'un jour, répartis aléatoirement en 5 groupes de 5 chacun, ont été 
infectés par voie orale avec 1 ml des différentes conidies fongiques. Un 6e groupe a servi de témoin et a été 

inoculé avec le même volume de solution saline tamponnée au phosphate. Tous les oiseaux ont été observés deux 
fois par jour pour l'apparition de signes cliniques pendant 10 jours. Un examen histologique des tissus intestinaux 

et de l'estomac des oiseaux infectés a été effectué. Les données ont été analysées à l'aide d'une ANOVA à un 
facteur sur SPSS version 21.0, avec p<0,05 considéré comme significatif.                         

Résultats: Les effets pathogènes des 5 isolats de champignons (Curvularia verruculosa, Aspergillus tubingensis, 
Cunninghamella bertholletiae, Fusarium oxysporum et Aspergillus fumigatus), utilisés pour l'étude de 

pathogénicité sur les oiseaux, comprennent des symptômes tels que; (i) réduction de la consommation de 
nourriture et d'eau, effilochage des plumes et perte de réflexe dans les 5 jours suivant l'exposition à C. 

verruculosa, et (ii) bourse de Fabricius décolorée et élargie, intestin obstrué, sombre et légèrement desquamé, 
réduction de la taille des foies et des gésiers, et gonflement du rectum avec exposition à F. oxysporum et A. 

fumigatus. L'examen histologique a révélé une destruction sévère des villosités intestinales, une distorsion de la 
muqueuse intestinale et une hémorragie dans tous les groupes d'oiseaux exposés aux 5 isolats de champignons. 

La mortalité dans les groupes d'oiseaux infectés par C. verruculosa et C. bertholletiae (80.0%, 4/5) était 
significativement plus élevée (p<0,001) que dans les autres groupes.                      

Conclusion: Cette étude a montré que les élevages avicoles étaient fortement contaminés par divers 
champignons filamenteux, qui ont de nombreux effets néfastes sur la santé des oiseaux et doivent être contrôlés 

par des pratiques d'hygiène appropriées et la mise en place de mesures de biosécurité pour les oiseaux. 

Mots-clés: Volaille, champignons filamenteux, oiseaux, tractus gastro-intestinal, pathogénicité 

Introduction: 
 

 Among the public health issues caused 
by microbes, fungal diseases are relatively neg- 

lected, owing to the low mortality rate of 1.5% 
globally (1). Filamentous fungi pose significant 
health risks to poultry, particularly through 
their insidious effects on the gastrointestinal 
tract (GIT) of young birds. These fungi impair 
gut health, reduce nutrient absorption, and 
increase susceptibility to secondary infections, 
severely affecting poultry production (2). Fun- 
gal pathogens have gained importance due to 
their wide-ranging impacts, causing infections 
that vary from superficial to life-threatening 
conditions in both animals and humans (3).  
According to the Global Action for Fungal 
Infections (GAFFI), fungal diseases claim app- 
roximately 150 lives per hour worldwide, und- 
erscoring the critical need to address their eff- 
ects in both human and veterinary medicines 
(4).     
 Young birds, particularly day-old chi- 
cks, are highly vulnerable to fungal infections. 
Fungi are frequently associated with high mor- 
bidity and mortality in these birds, especially 
when they are exposed to contaminated envi- 
ronments early in life (5). The most common 
sources of fungal exposure in poultry include 
settled dust, bio-aerosols derived from soil, 
dust, mouldy feed, especially processed ones, 
contaminated litter, droppings and to a lesser 
extent, the birds themselves (6). These subs- 
trates, often found in poultry farms, create 

conducive environment for fungal growth and 
the subsequent spread of infection (7).  
 Fungal genera implicated in poultry 
farm diseases include Acremonium, Fusarium, 
Lichtheimia, Aspergillus, Trichoderma, Penicil- 
lium, Scopulariopsis, Curvularia, Alternaria, 
Histoplasma Microsporium, Trichophyton, and 
yeasts such as Cryptococcus and Candida spp 
(8,9,10,11). Among these, Aspergillus, Penici- 
llium and Fusarium are particularly prevalent 
and have been linked to gastrointestinal infec- 
tions in poultry (12). The avian gastrointes- 
tinal tract (GIT) plays a crucial role in nutrient 
absorption, and its health is vital for optimal 
poultry productivity. A healthy and efficiently 
functioning GIT is essential for sustainable ani- 
mal production, influencing key performance 
indicators such as growth rates, feed efficien- 
cy, and the quality of meat and eggs (13). 
However, the GIT is constantly exposed to a 
range of microorganisms including bacteria, 
viruses, parasites and fungi. Although fungi 
make up a small portion (about 0.1%) of the 
gut microbiome, their presence can disrupt 
microbial balance, leading to the development 
of diseases such as mycosis, particularly when 
immunological defences are compromised (3, 
14).     
 Mycotic infections are often contracted 
through contaminated feed or water, with fun- 
gal spores thriving in poultry litter and drop- 
pings, further increasing the risk of infection in 
farm environments (15). Despite the capacity 
of the avian immune system to combat many 
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pathogens, filamentous fungi have evolved to 
exploit the vulnerabilities of young birds. Their 
thin skin, poor vascularised air sacs, and lack 
of sebaceous and sweat glands make birds 
more susceptible to fungal colonization com- 
pared to other vertebrates (16). Once the fun- 
gi bypass the physiological barriers and coloni- 
ze the GIT, they can enter a commensal rela- 
tionship with the host, sometimes remaining 
asymptomatic until microbial balance is disru- 
pted (17).    
 Among the various genera of filamen- 
tous fungi, Aspergillus species are the most 
prevalent in poultry environments. Oral expo- 
sure to these fungi can lead to gastrointestinal 
symptoms such as diarrhoea, vomiting, and 
abdominal pain, and in severe cases, may res- 
ult in mortality (18). Given the growing recog- 
nition of the impact of fungal infections on 
poultry health and the potential zoonotic risks, 
it is essential to study these pathogens more 
closely.  
 The primary objective of this study is 
to investigate the pathogenic impact of selec- 
ted filamentous fungi isolated from litter, feed, 
and faecal samples in poultry farms located in 
Anambra State, Nigeria, on the gastrointesti- 
nal health of day-old chicks. By understanding 
the effects of these fungal isolates, the study 
aims to provide insights into their role in 
impairing avian GIT health and contribute to 
developing more effective management stra- 
tegies for fungal infections in poultry farming. 
 

Materials and method: 
 

Study setting:    

 This study was conducted on 10 selec- 
ted poultry farms in 6 local government areas 
(LGAs) of Anambra State, southeast Nigeria 
(latitude 6o 20'N and longitude 7o 00'E) from 
October 2014 to September 2015. The LGAs 
and farms include Idemili LGA (Apkaka farm in 
Umuoji, Jospan farm in Nkpor, Osakwe farm in 
Ogidi, Cyroby farm in Ogidi, Volant farm in 
Ogidi), Nnewi North LGA (Agroventures farm), 
Onitsha South LGA (Government farm), Awka 
South LGA (Takilita farm), Oyi LGA (EM farm), 
and Aguata L.G.A, (Eagle farm). The farms, 
housing approximately 227,200 laying birds, 
were examined. Six out of the 10 farms practi- 
ced open (floor) housing system, while the 
other four practiced closed (cage) housing sys- 
tem (19). 
 

Ethical approval and informed consent: 

 Ethical approval was obtained from the 

university ethical committee before conduc- 
ting the research. The permissions of the farm 
managements were obtained before sample 
collection. 
                     
Data collection:    

 A designed questionnaire was used to 

collect data from the poultry farm workers 
about the poultry and the clinical conditions of 
chicks.   

Isolation and identification of fungi isolates:

 A total of 300 samples (feeds, litters, 
and droppings) were collected from the selec- 
ted poultry farms and cultured for isolation 
and identification of fungi isolates as previous- 
ly described by Mba et al., (19), which involved 
comprehensive analyses of macroscopic, mic- 
roscopic and genetic features of the isolates 
(20,21,22).     
 To confirm the identities of the isola- 
tes, a subset was sent to Macrogen, Europe 
(Meibergdreef Amsterdam, Netherlands) for 
further analysis, the findings of which have 
been published by Mba et al., (19). Five of the 
fungal species were selected for pathogenicity 
study; Aspergillus tubingensis, Aspergillus fu- 
migatus, Curvularia verruculosa, Fusarium ox- 
ysporum, and Cunninghamella bertholletiae. 

Pathogenicity testing of the fungal isolates: 

Experimental and control chicks:  

 Thirty-one-day-old chicks were hous- 
ed in cages (divided into 6 groups of 5 chicks 
each) in the animal facility of the Zoology 
Department, University of Nigeria, Nsukka, 
Nigeria. The chicks were provided with com- 
mercial feed and sterile water ad libitum. One 
of the 6 groups served as the control group.            
 

Inoculum preparation:   
 To prepare the fungal inoculum, the 
isolates were grown on Sabouraud Dextrose 
Agar at 25°C for 6 days to induce asexual stru- 
ctures. Fungal spores were harvested by sus- 
pending the cultures in phosphate-buffered 
saline (PBS) containing 0.1% Tween-80. The 
suspension was filtered through two layers of 
sterile gauze to remove hyphal fragments. 
Tween-80 was removed by repeated washing 
with PBS, and the final spore suspension was 
adjusted to a concentration of approximately 
1×106 spores/ml using haemocytometer (23). 
 
Animal inoculation and clinical features: 

 Each experimental chick was adminis- 
tered 1ml of the fungal inoculum orally. The 
control group was administered an equivalent 
volume of PBS. The chicks were monitored 
twice daily for 10 days as previously described 
(11,24,25,26) for clinical signs such as diarr- 
hea, vomiting, tremors, loss of balance, leth- 
argy, weight loss, respiratory distress and 
other morphological and pathological changes 
including mortality (27,28,29) 
 

Necropsy and histopathological examination:

 Any dead bird was immediately sub- 
jected to necropsy, and sick birds were taken 
for further clinical examination. Detailed case 
histories and observed clinical signs were con- 
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sidered before conducting necropsy. Gross 
lesions in organs and tissues were carefully 
recorded. Tissue samples from the intestines 
and stomachs of infected birds were collected 
postmortem and fixed in 10% neutral buffered 
formalin to prevent tissue autolysis. The fixed 
tissue samples were processed, embedded in 
paraffin, sectioned, and stained with haema- 
toxylin and eosin (H & E) following standard 
protocols (30). Histopathological lesions were 
examined under a light microscope at 100× 
magnification. Photomicrographs were captur- 
ed using a Motic camera, and pathological 
changes were documented. 
 
Statistical analysis:   

 Data were analyzed using one-way 
ANOVA on SPSS version 21.0. Values were 
considered significant if p<0.05.  
 

Results: 
 
Clinical features of experimental (infected) 

and control birds: 

 All the birds exposed to fungal isolates 

exhibited common clinical signs, including dia- 

rrhea, vomiting, reduced food and water inta- 

ke, and weight loss within 5 days of exposure. 

Additionally, chicks inoculated with C. verruca- 

losa, A. fumigatus, and A. tubingensis display- 

            

ed signs of lethargy and dehydration, with 

mortality rates of 80.0% (4/5) for C. verruca- 

losa and 60.0% (3/5) for both A. fumigatus 

and A. tubingensis. Infection with F. oxyspo- 

rum also led to tremors and reduced growth 

rate, although the mortality rate was relatively 

low at 20.0% (1/5).    

 Furthermore, infection with C. berthol- 

letiae resulted in high mortality rate of 80.0% 

(4/5), accompanied by signs of lethargy, de- 

hydration, and frayed feathers. Notably, chicks 

exposed to C. verruculosa also exhibited fray- 

ed feathers, loss of balance and reduced reflex 

within 5 days of exposure. In contrast, the 

control group administered with an equivalent 

volume of PBS, which were not exposed to any 

fungal isolate, exhibited normal, healthy mor- 

phological features with no clinical signs and 

symptoms. 

Mortality rate in fungi infected birds:  

 Fig 1 shows mortality rate of day-old 
chicks orally exposed to 1 ml inoculum sus- 
pension of the different fungal isolates. The 
group infected with C. verruculosa and C. ber- 
tholletiae recorded the highest mortality rate 
of 80.0% (4/5) while the group exposed to F. 
oxysporum had the lowest mortality rate of 
20% (1/5).  
 
 

 

 

Fig 1: Mortality rate in infected birds 
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Morphological changes in the intestine of fungi 
infected birds:     

 Gross morphological changes were 
observed in the internal organs of the birds 
orally infected with different fungal isolates 

(Plates 1B, 2B, 3 and 4). In contrast, control 
birds, which were not exposed to any fungal 
isolate, exhibited normal, healthy morphologi- 
cal features (Plates 1A and 2A).

 

 

Plates 1A/2A and 1B/2B: Dissected bird showing various morphological changes in the internal organs, notably discoloured 

bursa of Fabricius (encircled 2B) and intestinal obstruction (encircled 2B) following oral exposure to Curvularia verruculosa 

 

                

  (A)       (B)                                                  

Plate 3: Dissected bird showing different morphological changes in the internal organs especially discoloured bursa of Fabricius 

(encircled) after oral exposure to; (A) Aspergillus tubingensis and (B) Cunninghamella bertholletiae 

Plate 1A Plate 1B 

Plate2B 

Bursa of Fabricius Intestines 

Plate 2A 
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  (A)       (B)                                               

Plate 4: Dissected bird showing different morphological changes in the internal organs [discoloured bursa of Fabricius (1) and 

swollen rectum (2)] after oral exposure to; (A) Fusarium oxysporum, and (B) Aspergillus fumigatus 

Histopathological examination of experiment- 
al (infected) birds:   

 Histological analysis of the stomach 
and intestines of the infected birds revealed 

pathological changes (Plates 5–8), ranging 
from severe distortion of the intestinal mucosa 
to haemorrhages, villi destruction, and ulcera- 
tion. 

         

  (A)       (B)                                               
Plate 5: Photomicrograph of orally infected chick intestine with; (A) Aspergillus tubingensis showing severe distortion of the 

mucosa, and (B) Cunninghamella bertholletiae showing severe intestinal haemorrhage at the luminal surface (H & E 100x). 

 

Plate 6: Photomicrograph of chick intestine orally exposed to Curvularia verruculosa showing severe destruction and reduction 

of the fused intestinal villi indicating mucosal atrophy (H & E 100x and X400x) 

1 

2 

1 
2 

Severe distortion of mucosa 

 

Intestinal haemorrhage 
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  (A)       (B)                                              

Plate 7: Photomicrograph of chick small intestine orally exposed to; (A) Curvularia verruculosa showing minor disintegration of 
the intestinal villi from the base, and (B) Fusarium oxysporum, showing severe ulceration through the muscularis mucosa and 

severe destruction of the villi. (H & E 100x) 

            

  (A)       (B) 

Plate 8: Photomicrograph of Gallus domesticus small intestine orally exposed to; (A) Fusarium oxysporum showing 
predeveloped intestinal walls although the mucosal walls were all intact and no damage observed, and (B) Aspergillus 

fumigatus, showing severe destruction of the villi (H & E 100x) 
 

Discussion: 

 Animal models are invaluable in enh- 

ancing our understanding of pathogen virulen- 

ce, disease pathogenesis, and the feasibility of 

various therapies (31). Previous studies have 

shown that approximately 50.0% of birds can 

serve as reservoirs for fungi, which can be 

pathogenic to both humans and birds (32). 

The present study aimed to assess the health 

risks associated with the oral exposure of day-

old chicks to spores from common filamentous 

fungi; C. verruculosa, A. tubingensis, C. berth- 

olletiae, F. oxysporum and A. fumigatus. The 

results revealed varied clinical signs, symp- 

toms, morphological changes, and mortality 

rates among the exposed birds. 

Pathogenicity of Curvularia verruculosa 

 Historically, Curvularia species were 

considered non-pathogenic, however, recent 

reports suggest their increasing involvement 

in fungal diseases (33,34). In this study, chi- 

cks exposed to C. verruculosa exhibited symp- 

toms such as loss of balance, frayed feathers, 

and reduced reflexes within five days. Addi- 

tionally, necropsy findings showed intestinal 

obstruction and sloughing with oral ingestion 

of C. verruculosa (Plate 2B) consistent with 

Johnston et al., (35), who reported that fungi 

can disintegrate and obstruct the intestines. 

The high mortality rate (80.0%) observed in 

the infected bird supports previous reports 

that C. verruculosa can cause significant mor- 

bidity in birds (36).   

Severely distorted 

intestine 

Disjointed and eroded 

vill 

Severe destruction of 

villi 
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 The immune response in birds plays a 

crucial role in fighting infections, as their ele- 

vated body temperature (>40°C) and specific 

white blood cells help defend against patho- 

gens (37). However as noted by Lowenthal et 

al., (38), the immature immune systems of 

day-old chicks may have contributed to their 

susceptibility to C. verruculosa infection. While 

previous studies suggest immunity in birds is 

linked to their innate and acquired systems 

(39), the present findings highlight the vulne- 

rability of chicks, particularly through the obs- 

erved morphological changes and mortality. 

Pathogenicity of Aspergillus fumigatus and 

Aspergillus tubingensis:  

 Aspergillus fumigatus is the most com- 

monly isolated fungal pathogen from both wild 

and domesticated birds (40), with known pat- 

hogenicity in respiratory and gastrointestinal 

systems. In this study, birds exposed to A. 

fumigatus and A. tubingensis displayed signs 

such as lethargy, diarrhoea, and dehydration, 

with mortality rate of 60.0% (3/5). This aligns 

with previous findings that A. fumigatus can 

cause significant morbidity and mortality in 

young birds (41). While fungal infections of 

the gastrointestinal tract are generally rare 

(42), the results suggest that these fungi can 

indeed induce gastrointestinal pathology, as 

evidenced by the clinical signs and histo- 

pathological findings of severe mucosal dama- 

ge produced by A. tubingensis (Plate 5A) and 

A. fumigatus (Plate 8B).   

 Although study on mycotoxin was not 

carried out in our study, research studies have 

demonstrated that aflatoxin exposure is linked 

to various grades of gastrointestinal disorders 

and reproductive toxicity (6,42). The observed 

pathologies may therefore be associated with 

the presence of mycotoxin and further studies 

on this need to be carried out. 

Pathogenicity of Fusarium oxysporum and 

Cunninghamella bertholletiae:  

 Infection with F. oxysporum led to no- 

table pathologies, including rectal swelling 

(Plate 4A) and severe intestinal ulceration 

(Plates 7B and 8A). Despite these pathologies, 

the birds exposed to F. oxysporum had the 

highest survival rate of 80.0% (4/5) among 

the fungal isolates tested, indicating that while 

the infection was severe, it was less lethal 

compared to C. verruculosa and C. bertholle- 

tiae.      

 Necropsy findings of predeveloped int- 

estinal walls suggest that the severity of the 

infection may have varied across individual 

birds. Similarly, C. bertholletiae caused exten- 

            

sive damage, as evidenced by severe intesti- 

nal haemorrhage and vessel invasion observed 

in the infected birds (Plate 5B). The high 

mortality rate (80.0%) agrees with the study 

by De Lucca (43), who reported that mucor- 

mycosis, often caused by Cunninghamella spp, 

carries a high mortality risk, particularly in 

cases of gastrointestinal involvement. 

Mortality rate of day-old chicks:  

 The one-way ANOVA revealed a statis- 
tically significant difference in mortality rates 
between the different groups (p<0.001). Post-
hoc comparisons indicated that the control 
group had a significantly lower mortality rate 
compared to all other groups. C. verruculosa 
and C. bertholletiae exhibited significantly hig- 
her mortality rates compared to F. oxysporum. 
A. fumigatus and A. tubingensis had mortality 
rates that were not significantly different from 
each other, but were significantly higher than 
F. oxysporum. These findings suggest that 
exposure to different fungal isolates resulted 
in varying levels of mortality in day-old chicks, 
with C. verruculosa and Cunninghamella spp. 
being the most pathogenic. 
 

Role of the bursa of Fabricius:   

 Discolouration and enlargement of the 
bursa of Fabricius in birds exposed to A. tu- 
bingensis, C. bertholletiae, and F. oxysporum 
(Plates 3A, 3B, 4A and 4B) indicate its 
involvement in the immune response to these 
fungi. The bursa of Fabricius is crucial for the 
development of B-lymphocytes, essential for 
antibody production (44,45). Discolouration 
and enlargement of this organ suggest im- 
paired immune function in the infected birds, 
which could have exacerbated the effects of 
the fungal infections. Contrary to these find- 
ings, El-Sharkawy et al., (11) reported no sig- 
nificant impact on the bursa of Fabricius in 
their study of fungal infections in broilers, 
suggesting that the roles of this organ may 
vary depending on the developmental stage of 
the bird or the fungal species involved. 
 
Histopathological findings:   

 Histological analysis revealed signifi- 
cant pathological changes in the intestinal 
tissues of birds exposed to the fungal isolates. 
These ranged from mucosal distortion with A. 
tubingensis exposure (Plate 5A) to severe 
destruction of the villi with A. fumigatus (Plate 
8B) and intestinal haemorrhage with C. ber- 
tholletiae (Plate 5B). These results are in con- 
trast to earlier reports suggesting that the 
high body temperature of birds (>42°C) and 
their macrophage cells provide effective def- 
ence against fungal invasion (35,37). Findings 
of the study suggest that the fungi tested were 
able to bypass these defence mechanisms, 
leading to severe gastrointestinal pathology. 
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Conclusion: 
 

 This study highlights the pathogenic 
potential of several fungal species on day-old 
chicks, with C. verruculosa and C. bertholle- 
tiae posing the highest mortality risks. The 
observed discoloration and enlargement of the 
bursa of Fabricius suggest compromised imm- 
une function, exacerbating the severity of 
these infections. The high mortality rates and 
significant intestinal damage underscore the 
need for improved management of fungal con- 
tamination in poultry environments. These 
findings not only reveal the potential for sub- 
stantial economic losses in poultry farming but 
also suggest possible zoonotic risks. 
 Further research is necessary to under- 

stand the role of fungal toxins in the observed 
pathology and to explore potential mitigation 
strategies, including vaccines, antifungal treat- 
ments, and biosecurity measures. This know- 
ledge is essential for developing targeted int- 
erventions to safeguard poultry health and 
productivity. 
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Abstract: 
 

Background: Salmonellosis persists in Lagos, Nigeria, despite interventions. This study investigated antimicrobial 
resistance patterns of Salmonella species from clinical, food, and environmental samples in Lagos.    

Methodology: From June to December 2018, 276 samples (86 blood, 80 stool, 40 hospital effluents, and 70 food) 
were collected for microbiological analysis. Clinical samples (blood and stool) were collected from patients in 

General Hospital Igando and Lagos State University Teaching Hospital Ikeja. Food samples were collected from 
food vendors in the urban periphery of Lagos State, and hospital effluents were collected from Gbagada General 

Hospital and Ojo Health Centre. The samples were processed using standard microbiological procedures. 
Antimicrobial susceptibility of isolated bacteria was done using the Kirby-Bauer disk diffusion method.                         

Results: Of the 276 samples, an overall prevalence of Salmonella spp from all sources was 9.1% (25/276), with 
7.0% from blood, 17.5% from stool, 10.0% from hospital effluents, and 1.4% from food samples. Salmonella 

strains showed multidrug resistance (MDR) to at least four of nine antibiotics, with 98.0% resistance to ampicillin, 
nitrofurantoin and augmentin, and 99.0% sensitivity to imipenem. Five unique resistance patterns (A1-A5) were 

identified, with pattern A1 (AMP AUG GEN OFX CXM CTZ CIP NIT) observed in 72.0% of the Salmonella isolates, 
followed by A5 (AMP AUG GEN CXM CTZ NIT) in 8.0% of the isolates from two sources (stool and hospital effluent). 

The remaining patterns (A2, A3, and A4) were exhibited by Salmonella isolates from a single source.                                    
Conclusion: The findings of this study suggest potential multi-source transmission dynamics of the investigated 

Salmonella species. It highlights the circulation of MDR Salmonella species from food and environmental sources 
with possible transmission to humans, emphasizing the need for continuous surveillance and control strategies. The 

persistence of Salmonella species and antimicrobial resistance in Lagos underscores the importance of targeted 
public health interventions to mitigate this public health threat. 
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Résumé: 

Contexte: La salmonellose persiste à Lagos, au Nigéria, malgré les interventions. Cette étude a examiné les profils 
de résistance aux antimicrobiens des espèces de Salmonella provenant d'échantillons cliniques, alimentaires et 

environnementaux à Lagos.                                           
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Méthodologie: De juin à décembre 2018, 276 échantillons (86 de sang, 80 de selles, 40 d'effluents hospitaliers et 

70 d'aliments) ont été collectés pour analyse microbiologique. Des échantillons cliniques (sang et selles) ont été 
prélevés auprès de patients de l'hôpital général d'Igando et de l'hôpital universitaire d'État de Lagos d'Ikeja. Des 

échantillons d'aliments ont été prélevés auprès de vendeurs de nourriture dans la périphérie urbaine de l'État de 
Lagos, et des effluents hospitaliers ont été prélevés à l'hôpital général de Gbagada et au centre de santé d'Ojo. Les 

échantillons ont été traités à l'aide de procédures microbiologiques standard. La sensibilité aux antimicrobiens des 
bactéries isolées a été réalisée à l'aide de la méthode de diffusion sur disque de Kirby-Bauer.                                                   

Résultats: Sur les 276 échantillons, la prévalence globale de Salmonella spp de toutes les sources était de 9,1% 
(25/276), avec 7,0% provenant du sang, 17,5% des selles, 10,0% des effluents hospitaliers et 1,4% des 

échantillons alimentaires. Français Les souches de Salmonella ont montré une résistance multidrogue (MDR) à au 
moins quatre des neuf antibiotiques, avec une résistance de 98,0% à l'ampicilline, à la nitrofurantoïne et à 

l'augmentin, et une sensibilité de 99,0% à l'imipénème. Cinq profils de résistance uniques (A1-A5) ont été 
identifiés, le profil A1 (AMP AUG GEN OFX CXM CTZ CIP NIT) étant observé dans 72,0% des isolats de Salmonella, 

suivi de A5 (AMP AUG GEN CXM CTZ NIT) dans 8,0% des isolats provenant de deux sources (selles et effluents 
hospitaliers). Les profils restants (A2, A3 et A4) ont été présentés par des isolats de Salmonella provenant d'une 

seule source.                                                              
Conclusion: Les résultats de cette étude suggèrent une dynamique potentielle de transmission multisource des 

espèces de Salmonella étudiées. Elle met en évidence la circulation des espèces de Salmonella MDR à partir de 
sources alimentaires et environnementales avec une possible transmission à l'homme, soulignant la nécessité de 

stratégies de surveillance et de contrôle continues. La persistance des espèces de Salmonella et de la résistance 
aux antimicrobiens à Lagos souligne l'importance d'interventions de santé publique ciblées pour atténuer cette 

menace pour la santé publique. 

Mots-clés: espèces de Salmonella, résistance aux antibiotiques, acquisition communautaire, dynamique de 

transmission. 

Introduction: 
 

 Salmonella enterica-associated infect- 
ions (salmonellosis) can range in severity in 
humans from self-limiting gastroenteritis such 
as non-typhoidal Salmonella (NTS) to more 
severe typhoid, paratyphoid fever and invasive 
NTS (iNTS). Salmonellosis has a large macro- 
economic impact on the world and causes sign- 
ificant illness and mortality in humans and 
animals (1). However, in Africa, NTS infections 
appear to be endemic, and iNTS is one of the 
major causes of bacteraemia, mostly in child- 
ren, with 4,100 deaths per year (2). This con- 
dition is more prevalent in areas with high 
rates of malaria, malnutrition, and HIV (2). In 
developed countries, iNTS disease primarily af- 
fects young infants, the elderly, and immuno- 
compromised individuals (3).  
 Invasive NTS disease is caused mainly 
by Salmonella enterica serovar Typhimurium 
(S. Typhimurium) and Salmonella enterica ser- 
ovar Enteritidis (S. Enteritidis) (4,5). While S. 
Typhi and S. Paratyphi are exclusively trans- 
mitted through human reservoirs, NTS gastro- 
enteritis, in contrast, is commonly acquired 
from animal sources (6) and occurs through 
multiple routes, including consumption of cont- 
aminated animal products such as eggs, poul- 
try and undercooked meats, contaminated pro- 
duce, contact with animals or their environ- 
ment, vectors such as houseflies, and contami- 
nated water (1). The relative role of animal 
reservoirs and human-to-human transmission 
of strains causing iNTS disease is unclear (7, 
8). Definitive diagnosis of iNTS disease relies 
on blood or bone marrow cultures, although 
these methods often exhibit low sensitivity (9). 

Furthermore, relying solely on clinical symp- 
toms for diagnosis is unreliable due to the abs- 
ence of any pathognomonic features (4,5).  
 Enteric fever, comprising both typhoid 
and paratyphoid fever, is a systemic infection 
caused by the human-specific pathogens S. 
Typhi and S. Paratyphi serotypes A, B, and C 
(10). Enteric fever remains a substantial con- 
tributor to global morbidity and mortality. As of 
2010, an estimated 26.9 million cases and ap- 
proximately 200,000 deaths were directly or 
indirectly attributed to typhoid fever annually 
(10). Low-and-middle-income countries (LMICs) 
are excessively affected by typhoid and para- 
typhoid fever, contributing to nearly half of the 
global morbidity and mortality, with an estima- 
ted 11.9 million cases and 129,000 deaths an- 
nually (6, 11).    
 The Global Burden of Disease (GBD) 
study, conducted by the Institute for Health 
Metrics and Evaluation, provides additional evi- 
dence of the significant global impact of typh- 
oid and paratyphoid fevers. Their 2016 model 
estimated approximately 15.5million cases and 
154,000 deaths attributed to these infections 
(12). However, the true incidence of typhoid 
fever and invasive NTS are difficult to evaluate 
in Nigeria because of the lack of a proper 
coordinated epidemiological surveillance sys- 
tem (6). Nevertheless, prevalence information 
on typhoid fever has been documented by sev- 
eral researchers in some States in Nigeria, 
ranging from 0.071% in Oyo (13), 47.1% in 
Osun (14), 7-18.6% in Lagos (6), 3.9-10.4% 
in Kano (6), and 0.8-2.4% in Abuja (6), over 
23 years period among others.    
     
 Salmonellosis can be treated with app- 
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ropriate antibiotics, however, resistance to the 
first- and second-line antibiotics is a growing 
public health concern (6). Effective preventive 
vaccines for typhoid exist, and new vaccines 
are being developed while none exist for NTS, 
but corresponding investments in portable 
drinking water and sanitation infrastructure, 
food safety, hygiene practice by food handlers, 
environmental sanitation, and improved living 
conditions are insufficient (6,15). In Nigeria, 
both typhoid fever and NTS infections continue 
to pose significant health challenges due to 
factors such as rapid urbanization, insufficient 
access to clean water, the movement of mig- 
rant laborers across regions, and inadequate 
sanitation facilities (6). Other factors are over- 
burdened healthcare delivery systems and over- 
use of antibiotics that contribute to the deve-             
lopment and spread of antibiotic-resistant S. 
Typhi and NTS-causing serotypes such as S. 
Typhimurium, S. Enteritidis, and S. Cholera- 
suis (16,17).    
 Emergence and re-emergence of multi- 
drug-resistance (MDR) strains in Salmonella 
enterica serotypes from clinical and environ- 
mental samples in different parts of the world 
have however been documented in the litera- 
ture (18). This is coupled with the fact that our 
environment has recently been grossly polluted 
with huge refuse dumps (19). This study there- 
fore investigated the occurrence and antimicro- 
bial resistance patterns of Salmonella species 
from environmental samples and compared 
with isolates from fresh cases of Salmonella-
associated diseases, which became necessary, 
in order to determine its transmissibility from 
the environment to humans through the faeco-
oral routes in Lagos, Nigeria. 

Materials and method:  

Study area and sample collection:  

 The study was conducted in Lagos Sta- 
te, Nigeria. Clinical samples (blood and stool) 
were collected from patients at Alimosho Gene- 
ral Hospital in Igando and Lagos State Univer- 
sity Teaching Hospital in Ikeja. Additionally, 
food samples were collected from 35 vendors 
in the urban periphery of Lagos State, and 
hospital effluents were collected from Gbagada 
General Hospital and Ojo Health Centre. 

Ethical consideration:                             

 The Human Research and Ethics Com- 
mittee of the Lagos State University Teaching 
Hospital with reference number LREC/06/10/ 
961 approved the study, which was conducted 
in compliance with the 1964 Helsinki Declara- 
tion and any subsequent revisions or ethical 
standards of the same nature. Written inform- 
ed consent of each particiapant or their legal 

guardian was obtained before samples were 
collected.  

Study participants and clinical samples:  

 The participants for the clinical sampl- 
ing were patients from the two randomly selec- 
ted hospitals in Lagos State who have some or 
all of the symptoms of enteric fever such as 
fever, diarrhoea, abdominal discomfort, nau- 
sea, and vomiting. A total of 166 participants 
were recruited and venous blood samples were 
aseptically collected from 86 participants and 
stool samples from 80 participants.  

Food samples:      
 A total of 35 eateries and food vendors 
from urban and outskirts areas of Lagos were 
selected for food sampling, collecting 2 samp- 
les each (70 samples in total) within 2 weeks. 
Risk factors such as stagnant water, improper 
utensil exposure, protective clothing, and deb- 
ris were collected from the vendors.  

Hospital effluent discharge:    
 A total of 40 hospital effluent samples, 
with 30 samples from Gbagada General Hospi- 
tal (GGH) and 10 samples from Ojo Health    
Centre (OHC), were collected between June 
and December 2018. 

Isolation and identification of Salmonella isola- 

tes:      

 Blood samples were cultured by con- 
ventional method with inoculation of sample 
into 50ml of thioglycollate broth (Oxoid, UK) 
and incubated at 37°C for 7 days, and turbidity 
was observed daily. After incubation, turbid 
tubes were subcultured on MacConkey agar 
(Oxoid, UK) plates. Stool samples were inocu- 
lated into Selenite-F broth (Oxoid, UK) and 
incubated for 24 hours at 37ºC.   
 Food samples were blended in a sterile 
blender jar with 9 ml of peptone water, and 
serial dilutions were carried out using the pour 
plate technique. Molten MacConkey agar (Ox- 
oid, UK) was dispensed over the samples, 
mixed by rotating plates on workbenches, and 
inverted for 24-48 hours. Sterile universal 
bottles containing effluents were flamed before 
transferring 1 ml into 9 ml of peptone water for 
pre-enrichment. Turbid bottles were sub-cul- 
tured on MacConkey agar (Oxoid, UK) and 
eosin methylene blue agar (Oxoid, UK) and 
incubated at 37°C for 24 hours.  
 Colonies on the culture plates were 
further subcultured onto Salmonella-Shigella 
agar (SSA) (Oxoid, UK) and incubated over- 
night at 37°C. Discrete fresh colonies were 
Gram-stained, and biochemical tests were used 
for identification in accordance with Cowan and 
Steel (20). 



MDR Salmonella isolates from clinical, environmental and food sources              Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 182-191 

 

185 

 

Biochemical identification of Salmonella spp:  

 The MicrobactTM (Oxoid, UK) identifica- 
tion kits were used following the manufac- 
turer's instructions to phenotypically confirm 
the species identity of the isolates. The isolated 
bacteria were processed, subcultured onto nut- 
rient agar slants, and stored at -4°C until fur- 
ther use. 

Serotyping Salmonella isolates:   

 Two Salmonella antisera kits™ (SSI 
Diagnostica A/S, Denmark) were used for sero- 
typing of the isolates; Salmonella O–serogroup 
kit was used for the identification of S. Typhi 
and S. Paratyphi, and Salmonella sero-Quick 
ID kit for S. Enteritidis and S. Typhimurium, 
following the manufacturer's instructions.  

Antimicrobial susceptibility testing:   

 Antimicrobial susceptibility was perfor- 
med on all phenotypically confirmed isolates by 
the disc diffusion (Kirby-Bauer) method on 
Mueller-Hinton (MH) agar (Oxoid, UK) accord- 
ing to the guidelines of the Clinical and Labo- 
ratory Standards Institute (21). Briefly, positi- 
ve isolates were tested against 9 antimicrobial 
agents. Test isolates and control strains were 
emulsified in sterile saline using a sterile wire- 
loop, and their turbidity was compared to a 0.5 
McFarland standard solution. The bacterial 
suspension was swabbed onto MH agar, and 
excess moisture was removed before applying 
antimicrobial discs using a sterile forcep. The 
antibiotic discs (Rapid Labs, UK) used include 
amoxicillin/clavulanate (AUG 30𝜇g), nitrofuran- 
toin (NIT, 300𝜇g), ceftazidime (CTZ, 30𝜇g), 
ciprofloxacin (CIP, 5𝜇g), ampicillin (AMP 10𝜇g), 
ofloxacin (OFX 5𝜇g), cefuroxime (CXM 30𝜇g), 
gentamicin (GEN 10𝜇g), and imipenem (IPM 
10𝜇g).      
 The inoculated plates were incubated 
at 37oC aerobically for 18-24 hours. The diam- 

eter of the zone of inhibition was measured (in 
mm) using a caliper and compared to a zone-
interpretation chart of the CLSI to determine 
resistance or sensitivity in the isolates (21). A 
standard culture of E. coli ATCC 25922 was 
used as a quality control strain. 

Statistical analysis:     

 Data analysis was performed using 
SPSS version 20.0. The Chi-square test was 
used to determine associations between quali- 
tative variables, with p-value <0.05 considered 
statistically significant. 

Results:  

 The overall prevalence of Salmonella 
spp isolation from all the samples was 9.1% 
(25/276), with 7.0% (6/86) from blood, 17.5% 
(14/80) from stool, 10.0% (4/40) from hospi- 
tal effluents and 1.4% (1/70) from food sam 
ples (χ²=14.13, p=0.0027) (Table 1). Specifi- 
cally, prevalence of Salmonella isolation from 
stool samples (17.5%) was significantly higher 
(χ²=6.35, p=0.012) than the overall preva- 
lence (7.0%), while the prevalence was signi- 
ficantly lower from food samples (1.43%) (χ²= 
4.55, p=0.033), while there was no significant 
difference in the prevalence of Salmonella from 
blood (χ²=0.41, p=0.51 ) and hospital effluent 
(χ²=0.11, p=0.74) samples, with rates of 6.98% 

and 10.0% respectively (Table 1).   
 Comparative analysis shows that rate 
of Salmonella isolation from the stool samples 
was approximately 2.63 times more than from 
blood samples, 13.33 times more than from 
food samples, and 1.83 times more than from 
hospital effluent samples. Conversely, the rate 
of Salmonella isolation from hospital effluent 
samples was 7.14 times more than from food 
samples.

 

 

 
Table 1: Prevalence of Salmonella isolates from clinical and environmental sources in Lagos, Nigeria 

 
Sample sources The number and percentage of Salmonella Isolates χ² p value  

No. of samples No. of isolates Percentage  

Stool 86 6 6.98 6.35 0.012* 

Blood 80 14 17.5 0.41 0.51 

Hospital effluent 40 4 10 0.11 0.74 

Food 70 1 1.43 4.55 0.033* 

Total 276 25 9.06   

* = statistically significant at p<0.05 
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Table 2: Antibiotic resistance of Salmonella species isolated from different sources to selected antibiotics in Lagos, Nigeria 

Source Number of 
Salmonella 

isolates 

Antibiotics (Percentage resistance) 

AUG GEN CTZ AMP OFX IPM CXM CIP NIT 

Blood 6 6 (100.0) 6 (100.0) 5 (83.3) 6 (100.0) 6 (100.0) 0 6 (100.0) 5 (83.3) 5 (83.3) 

Stool 14 13 (92.9) 14 (100.0) 14 (100.0) 14 (100.0) 12 (86.0) 0 14 (100.0) 12 (86.0) 13 (92.9) 

Hosptal effluent 4 4 (100.0) 4 (100.0) 4 (100.0) 4 (100.0) 3 (75.0) 1 (25.0) 4 (100.0) 3 (75.0) 4 (100.0) 

Food 1 

 

1 (100.0) 1 (100.0) 1 (100.0) 1 (100.0) 1 (100.0) 0 1 (100.0) 1 (100.0) 1 (100.0) 

All sources 25 24 (96.0) 25 (100.0) 25 (100.0) 25 (100.0) 22 (88.0) 1 (4.0) 25 (100.0) 21 (84.0) 23 (92.0) 

AUG: Amoxicillin/Clavulanate, NIT: Nitrofurantoin, AMP: Ampicillin, OFX: Ofloxacin, IPM: Imipenem, CXM: Cefuroxime, GEN: Gentamycin, CIP: 
Ciprofloxacin and CTZ: Ceftazidime. 

 
 All 25 (100.0%) Salmonella isolates 
were multidrug-resistant, with resistance to at 
least three antibiotic classes. For instance, all 6 
(100.0%) Salmonella species from blood were 
resistant to cefuroxime, ofloxacin, gentamicin 
and amoxicillin-clavulanic acid while 5 (83.3%) 
of them were resistant to all the 9 antibiotics 
tested. However, all 14 (100.0%) isolates from 
stool samples were resistant to gentamicin, 
ceftazidime, ampicillin and cefuroxime, while 
12 (86.0%) were resistant to eight antibiotics 
(Table 2).     
 Based on the speciation of 25 Salmo- 
nella isolates and their resistance phenotypes, 
the most frequently identified species was S. 
Typhimurium, accounting for 52.0% (13/ 25) 
of the isolates, followed by S. Typhi, which re- 
presented 32.0% (8/25) while the remaining 
16.0% (4/25) were untypable Salmonella spe- 
cies. Remarkably, all 25 Salmonella species 
displayed resistance to most of the antibiotics 
tested, including third-generation cephalospo- 
rins.     
 The phenotypically typed Salmonella 
species exhibited five distinct resistance patt- 
erns, designated A1 to A5. The A1 resistance 
pattern (AMP AUG GEN OFX CXM CTZ CIP NIT) 
was the most prevalent (72.0%, 18/25) of the 
typed Salmonella species, which included 10 S. 
Typhimurium (8 from hospital effluents, 1 from 
food, and 1 from hospital effluent), 6 S. Typhi 
(4 from blood and 2 from stool), and 2 un- 
typable Salmonella species. The A2 resistance 
pattern (AMP AUG GEN OFX CXM CTZ) was 
exhibited by 2 S. Typhi isolates from blood 
samples. The A3 resistance pattern (AMP AUG 

GEN CXM CTZ) was observed in 2 S. Typhi- 
murium isolates from stool samples. The A5 
resistance pattern (AMP AUG GEN CXM CTZ 

NIT) was displayed by 2 unserotyped Salmo- 
nella species (1 from stool and 1 from hospital 
effluent). The least common resistance patt- 
ern, A4 (AMP AUG GEN OFX IPM CXM CTZ CIP 

NIT), was exhibited by a single S. Typhi- 

murium isolate from hospital effluent (Table 
3). 

Discussion:  

 Salmonellosis has been documented to 
be endemic in Nigeria (22). However, the tran- 
smission dynamics of the causative agent to 
this disease have been sparsely reported. 
Hence, this study investigated the antimicro- 
bial resistance and the transmission dynamics 
of Salmonella species from diverse sources in 
Lagos, Nigeria. In this study, the prevalence of 
Salmonella isolates varied across different sam- 
ple sources, reflecting diverse contamination 
levels and potential exposure risks. The aggre- 
gated prevalence rate of Salmonella across all 
sources was 9.06%, emphasizing its persistent 
circulation in Lagos. These results align with 
previous studies on environmental and clinical 
reservoirs of Salmonella (23), which reported 
MDR Salmonella isolates in similar contexts. 
 Specifically, stool samples yielded sig- 
nificantly higher rate of Salmonella isolation of 
17.5% (χ²=6.35, p=0.012) compared to the 
overall Salmonella isolation rate from all sour- 
ces, indicating an association between stool 
samples and Salmonella isolation. This is not 
unexpected as Salmonella is majorly carried in 
the gastrointesinal tract, with significant pre- 
sence in the stool. Conversely, a significantly 
lower Salmonella isolation rate of 1.43% (χ²= 
4.55, p=0.033) was recorded from food sam- 
ples. Although this rate is low, it underscores 
the importance of foodborne transmission of 
Salmonella (24). Our findings highlight stool 
and food samples as critical surveillance points 
in managing Salmonella outbreaks (24). 
 The Salmonella isolation rate from 
blood samples of 6.98% was not significantly 
different from the overall Salmonella isolation 
rate from all sources (χ²=0.41, p=0.51), and 
this is the same observation with hospital efflu- 
ents, with rate of 10.0% (χ²=0.11, p=0.74).
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Table 3: Antibiotic resistance profile of Salmonella species isolated from different sources in Lagos, Nigeria 

 
Serotypes Sample 

source 
Isolate 
number 

Month of 
isolation 

Antibiotype 
No 

Antibiotic resistance profiles 

Salmonella Typhi Human bld001 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

bld002 July 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

bld003 July 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
bld004 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

bld005 July 2018 A2 AMP AUG GEN OFX CXM CTZ 
bld006 July 2018 A2 AMP AUG GEN OFX CXM CTZ 

stl001 June, 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl002 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

 
Salmonella Typhimurium Food 

 
fds001 July 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

Human stl003 Dec 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl004 Dec 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

stl005 Dec 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl006 July 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

stl007 July 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl008 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

stl009 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl010 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl011 June 2018 A3 AMP AUG GEN CX MCTZ 

stl012 Dec 2018 A3 AMP AUG GEN CXM CTZ 
Hospital 

Effluent 
 

hed001 June 2018 A4 AMP AUG GEN OFX IPM CXM CTZ CIP NIT 

hed002 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 

Untypable Salmonella Human 
 

 

stl013 Dec 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
stl014 June 2018 A5 AMP AUG GEN CXM CTZ NIT 

Hospital 
Effluent 

hed003 June 2018 A1 AMP AUG GEN OFX CXM CTZ CIP NIT 
hed004 June 2018 A5 AMP AUG GEN CXM CTZ NIT 

AUG: Amoxicillin/Clavulanate, NIT: Nitrofurantoin, AMP: Ampicillin, OFX: Ofloxacin, IPM: Imipenem, CXM: Cefuroxime, GEN: Gentamycin, CIP: 
Ciprofloxacin, CTZ: Ceftazidime  

While both blood and hospital effluents contri- 
bute to the overall prevalence of Salmonella, 
our findings may indicate less consistent con- 
tamination or limitations in our study design, 
sample collection and processing (17,22). Over- 
all, these findings underscore the need for tar- 
geted interventions in high-risk areas, particu- 
larly foodborne and stool-related contamina- 
tion routes. Continuous surveillance, robust 
sampling methodologies, and public health stra- 
tegies are crucial to addressing the endemic 
nature of Salmonella in Lagos, Nigeria.  
 The antibiotic resistance profiles in this 
study showed that all Salmonella species 
isolated from clinical samples were resistant to 
4 of the 9 antibiotics evaluated, with all 6 
Salmonella isolates from blood being resistant 
to cefuroxime, ofloxacin, gentamicin and amo- 
xicillin-clavulanate, and 14 isolates from stool 
samples being resistant to gentamicin, cefta- 
zidime, ampicillin, and cefuroxime. This result 
disagrees with the study of Anchau et al., (25), 
who reported that all the Salmonella isolates 
recovered in their study were sensitive to cefu- 
roxime, ciprofloxacin and gentamicin. Contra- 
rily, Gordana et al., (26) reported 2.5% resis- 
tance in Salmonella isolates to ciprofloxacin. In 
addition, 94.73% and 55.6% of Salmonella 
isolates were resistant to cefuroxime in the 
studies by Sivakumar et al., (27) and Ifeanyi 
et al., (28), respectively. The results of our 

study however, agrees with Beyene et al., 
(29), who reported 74.3% resistance in bacte- 
rial enteropathogens against gentamicin and 
cefuroxime. Nevertheless, a 100.0% resistance 
rate was observed against amoxicillin-clavula- 
nate in our study, which was higher than the 
75.0% reported by Nesa et al., (30).  
 Our observation of high antibiotic resis- 
tance in this study might be due to the exten- 
sive use in both human and animal medicine 
(17). It has been reported that extensive and 
indiscriminate use of antibiotics usually disru- 
pts the normal flora of the intestine, resulting 
in the emergence of antibiotic-resistant enteric 
pathogens (including Salmonella) and prolong- 
ed faecal shedding of MDR bacteria into the 
environment (17,31). The progressive increase 
in antibiotic resistance among enteric patho- 
gens is now a global issue, but particularly in 
developing countries. However, antibiotic sus- 
ceptibility patterns vary regionally and geogra- 
phically and have been reported to change 
rapidly over time (32). The source of isolation 
and variability of strains among the same 
serovar may influence antibiotic resistance 
patterns (33). In developing countries, poor or 
inadequate laboratory facilities, empirical pres- 
cription of broad-spectrum antimicrobials by 
clinicians based solely on symptomatology, 
among other factors, have aggravated the em- 
ergence of antibiotic-resistant bacterial patho- 



MDR Salmonella isolates from clinical, environmental and food sources              Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 182-191 

 

188 

 

gens (17,34,35).     
 Furthermore, this study observed that 
all the Salmonella species recovered from hos- 
pital effluents were resistant to 6 antibiotics, 
including gentamicin, amoxicillin-clavulanate, 
ceftazidime, ampicillin, cefuroxime and nitrofu- 
rantoin. This resistance pattern underscores 
the critical role of hospital effluents as reser- 
voirs for MDR pathogens, which can dissemi- 
nate into the environment and pose public 
health risks. Hospital effluents often contain 
high concentrations of antibiotics, creating 
‘selection pressure’ that promotes survival and 
proliferation of resistant bacterial strains (36).  
Salmonella is particularly adept at acquiring 
resistance genes through horizontal gene tran- 
sfer mechanisms, such as plasmids and trans- 
posons (37).     
 The resistance to multiple antibiotics, 
as observed in this study, limits therapeutic 
options and complicates the management of 
Salmonella infections, which can range from 
gastroenteritis to invasive diseases like septi- 
caemia (18). The resistance to broad-spectrum 
antibiotics such as cefotaxime and amoxicillin-
clavulanate is particularly alarming, as these 
are often used as first-line treatments for sev- 
ere infections (37). This trend highlights the 
urgent need for stringent antibiotic steward- 
ship programs in healthcare settings including 
minimizing release of antibiotics into hospital 
effluents (38). Additionally, advanced waste- 
water treatment technologies should be imple- 
mented to mitigate environmental dissemina- 
tion of MDR pathogens (39). It should be noted 
that the observed resistance of Salmonella sp- 
ecies to multiple antibiotics in hospital effluents 
is a stark reminder of the interconnectedness 
of human, environmental, and animal health 
(36). Addressing this issue requires a ‘One 
Health’ approach that integrates efforts across 
disciplines to effectively combat AMR (36). 
 Interestingly, the only Salmonella iso- 
late (S. Typhimurium) recovered from the food 
sample (raw meat) was resistant to 8 of the 9 
antibiotics tested including ampicillin, amoxi- 
cillin-clavulanate, gentamicin, ofloxacin, cefu- 
roxime, ceftazidime, ciprofloxacin and nitrofu- 
rantoin. This result highlights the role of food- 
borne pathogens in spreading MDR bacteria, 
thereby complicating the treatment of infec- 
tions, and increasing the risk of therapeutic 
failure (24). Similarly, Ejo et al., (40) and 
Wolde et al., (41) reported 5.5%, 40.0%, and 
44.8% MDR Salmonella food-animal sources. 
Several other studies have reported similar 
findings (42-45) in livestock production. The 
use of antibiotics in livestock feeds as growth 
promoters and for prophylactic may promote 
in-farm selection of antimicrobial-resistant 
strains and markedly increase the human heal- 

th risks associated with the consumption of 
contaminated food products (17,46).  
 Furthermore, David and Oluyege (47) 
reported high resistance against ampicillin in 
Salmonella isolates of 84.0% (239/284) and 
94.1% (34/97) from food and food handlers, 
respectively. Other studies on similar findings 
include those of Afolabi and Oloyede (48), 
Karshima et al., (49), Smith et al., (50), and 
Olalekan et al., (51). Lack of proper education 
on good hygiene practices (51,52) and lack of 
formal knowledge of food preparation and 
hygiene are some of the factors promoting the 
spread of MDR bacteria in food (51,53,54). 
More importantly, this study underscores the 
need for stricter regulation of antibiotic use in 
livestock production, improved food hygiene 
practices, and alternative approaches to mana- 
ging MDR pathogens.    
 Twenty-five (19.38%) of the Salmon- 
ella isolates, made up of three distinct sero- 
types, S. Typhi (n=8), S. Typhimurium (n= 
13), and 4 untyeable Salmonella, exhibited 5 
distinct antibiotypes (A1 to A5). Out of the 5 
antibiotypes, A1 (AMP AUG GEN OFX CXM CTZ 
CIP NIT) was the most prevalent (72.0%) resi- 
stance pattern, cutting across all the Salmo- 
nella serotypes from each of the sample sour- 
ces. This is an indication that food and hospital 
effluents may serve as vehicles for the trans- 
mission of drug-resistant Salmonella to hum- 
ans. Our study, however, shared some simila- 
rities to the study of Akinyemi et al., (35,55), 
who reported common resistant patterns 
among clinical and environmental Salmonella 
isolates and that well and sachet water were 
likely sources and/or vehicles of transmission 
of MDR Salmonella species to humans. Simi- 
larly, Mechesso et al., (56) in 2017 also repor- 
ted common resistant phenotypes among Sal- 
monella enterica serovars from food-producing 
animals in South Korea. Our study indicates 
the need for comprehensive molecular typing 
and epidemiology of all the Salmonella isolates 
obtained in this study with other circulating 
strains in Nigeria to trace the epidemiological 
link through clonal relatedness and diversity. 

Conclusion:     

     
 This study showed that drug-resistant 
Salmonella are now endemic in our environ- 
ment. Molecular characterization of the isolates 
with emphasis on resistant strains is required 
to identify the mechanisms of resistance. 
Furthermore, our study showed that both 
typhoidal and non-typhoidal Salmonella are 
implicated in community-acquired bacteraemia 
in Nigeria, thus posing a threat to public 
health. Careful and rational use of antimicro- 
bial agents, particularly carbapenem antibiotics 
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such as imipenem, in the treatment of bactera- 
emia is essential to preserve its efficacy. 
Epidemiological surveillance of typhoidal and 
non-typhoidal Salmonella across all the 36 
States of the 6 geopolitical zones in Nigeria by 
the Nigeria Centre for Disease Control and Pre- 
vention (NCDC) is highly recommended. 

Acknowledgments:  

 The assistance rendered the technolo- 
gists in the Department of Microbiology is 
appreciated. We acknowledge with thanks the 
workers and administration of each hospital 
that participated in this study. 

Contributions of authors:  

 ASO and SCO. collected blood samples 
and performed sample analysis. ASO wrote the 
first draft of the manuscript. AKO conceived 
and designed the study, and ASO and FCO 
contributed to sample analysis and manuscript 
writing. ARO, LAO and SWO contributed to the 
manuscript writing, and AKO edited the manu- 
script. All authors approved the final copy of 
the manuscript. 

Source of funding:   

 No external funding support. 

Conflict of interest:  

 Authors declare no conflict of interest. 

References:  

1.  Smith, S., Seriki, A., and Ajayi, A. Typhoidal and 
 non-typhoidal Salmonella infections in Africa. Eur J 

 Clin Microbiol Infect Dis. 2016; 35: 1913-1922. 
 https://doi.org/10.1007/s10096-016-2760-3  

2. Majowicz, S. E., Musto, J., Scallan, E., et al. The 
 global burden of nontyphoidal Salmonella gastro- 

 enteritis. Clin Infect Dis. 2010; 50 (6): 882-889.  
 https://doi.org/10.1086/650733 
3. Balasubramanian, R., Im, J., Lee, J-S., et al. The 

 global burden and epidemiology of invasive non-
 typhoidal Salmonella infections. Hum Vaccin 

 Immunother. 2019; 15 (6): 1421-1426.  
 https://doi.org/10.1080/21645515.2018.1504717 

4. Feasey, N. A., Dougan, G., Kingsley, R. A., 
 Heyderman, R. S., and Gordon, M. A. Invasive 

 non-typhoidal Salmonella disease: an emerging 
 and neglected tropical disease in Africa. Lancet. 
 2012; 379 (9835): 2489-2499.  

 https://doi.org/10.1016/S0140-6736(11)61752-2  
5. MacLennan, C. A., and Levine, M. M. Invasive 

 nontyphoidal Salmonella disease in Africa: current 
 status. Exp Rev Anti-infect Ther. 2013; 11 (5): 

 443-446. https://doi.org/10.1586/eri.13.27  
6. Akinyemi, K. O., Oyefolu, A. O. B., Mutiu, W. B., 

 et al. Typhoid fever: tracking the trend in Nigeria. 
 Am J Trop Med Hyg. 2018; 99 (3): 41.  
 https://doi.org/ 10.4269/ajtmh.18-0045 

7. Kariuki, S., Revathi, G., Kariuki, N., Kiiru, J., 
 Mwituria, J., and Hart, C. A. Characterisation of 

 community acquired non-typhoidal Salmonella 

 from bacteraemia and diarrhoeal infections in 
 children admitted to hospital in Nairobi, Kenya. 
 BMC Microbiol. 2006; 6 (1): 1-10.  

 https://doi.org/10.1186/1471-2180-6-101 
8. Feasey, N. A., Archer, B. N., Heyderman, R. S., et 

 al. Typhoid fever and invasive non-typhoid 
 salmonellosis, Malawi and South Africa. Emerg 

 Infect Dis. 2010; 16 (9): 1448.  
 https://doi.org/10.3201/eid1609.100125 

9. Ao, T. T., Feasey, N. A., Gordon, M. A., Keddy, K. 
 H., Angulo, F. J., and Crump, J. A. Global burden 
 of invasive nontyphoidal Salmonella disease, 

 2010. Emerg Infect Dis. 2015; 21 (6): 941.  
 https://doi.org/ 10.3201/eid2106.140999 

10. Buckle, G. C., Walker, C. L. F., and Black, R. E. 
 Typhoid fever and paratyphoid fever: Systematic 

 review to estimate  global morbidity and mortality 
 for 2010. J Glob Health. 2012; 2 (1): 010401. 

 https://doi.org/10.7189/jogh.02.010401 
11. Mogasale, V., Maskery, B., Ochiai, R. L., et al. 
 Burden of typhoid fever in low-income and middle-

 income countries: a systematic, literature-based 
 update with risk-factor adjustment. Lancet Glob 

 Health. 2014; 2 (10): e570-e580.  
 https://doi.org/10.1016/S2214-109X(14)70301-8 

12. Stanaway, J. D., Reiner, R. C., Blacker, B. F., et 
 al. The global burden of typhoid and paratyphoid 

 fevers: a systematic analysis for the Global 
 Burden of Disease Study 2017. The Lancet Infect 

 Dis. 2019; 19 (4): 369-381.  
 https://doi.org/10.1016/S1473-3099(18)30685-6.  
13. Fashae, K., Ogunsola, F., Aarestrup, F. M., and 

 Hendriksen, R. S. Antimicrobial susceptibility and 
 serovars of Salmonella from chickens and humans 

 in Ibadan, Nigeria. J Infect Dev Ctries. 2010; 4 
 (08): 484-494. 

 https://doi.org/10.3855/jidc.909  
14. Uyigue, P. O., and Anukam, K. Monitoring of 

 enteric fever and diarrhea-causing bacteria in a 
 rural setting in Nigeria. J Bacteriol Res. 2011; 3 
 (5): 88-91. doi:10.1093/ajcp/138.suppl1.278 

15. Als, D., Radhakrishnan, A., Arora, P., et al. Global 
 trends in typhoidal salmonellosis: a systematic 

 review. Am J Trop Med Hyg. 2018; 99 (3 Suppl): 
 doi: 10.10.4269/ajtmh.18-0034 

16. Akinyemi, K., Smith, S., Oyefolu, A. B., and 
 Coker, A. Multidrug resistance in Salmonella 

 enterica serovar Typhi isolated from patients with 
 typhoid fever complications in Lagos, Nigeria. Publ 
 Health. 2005; 119 (4): 321-327.  

 https://doi.org/10.1016/j.puhe.2004.04.009   
17. Akinyemi, K. O., and Ajoseh, S. O. Factors 

 contributing to the emergence and spread of 
 antibiotics resistance in Salmonella species. 

 Current Topics in Salmonella and Salmonellosis. 
 2017: 97-114. doi: 10.5772/67701 

18. Akinyemi, K. O., Ajoseh, S. O., and Fakorede, C. 
 O. A systemic review of literatures on human 
 Salmonella enterica  serovars in Nigeria (1999-

 2018). J Infect Dev Ctries. 2021; 15 (09): 1222-
 1235.https://doi.org/10.3855/jidc.12186                     

19. Aluko, O. E. Environmental Degradation and the 
 Lingering Threat of Refuse and Pollution in Lagos 

 State. J Manag Sustainab. 2012; 2: 217.  
 doi: 10.5539/jms.v2n1p2175 

20. Uttley, A., Collins, C., Cowan and Steel's manual 
 for the identification of medical bacteria. 3rd edn: 

 Barrow, G. I., and Feltham, R. K. A. (Eds.) 
 Cambridge University Press 1993: 331  
21. Weinstein, M. P. Performance standards for 

 antimicrobial susceptibility testing: Clinical and 
 Laboratory Standards Institute; 2021. 

22. Akinkunmi F. M., Ajoseh, S. O., Fakorede, C., 
 et al. Prevalence of Salmonella bloodstream 

 infection and Antimicrobial Resistance in Lagos, 
 Nigeria. Infect Epidemiol Microbiol. 2023; 9 (1): 1-

 14. http://dx.doi.org/10.52547/iem.9.1.1 

https://doi.org/10.1007/s10096-016-2760-3
https://doi.org/10.1086/650733
https://doi.org/10.1080/21645515.2018.1504717
https://doi.org/10.1016/S0140-6736(11)61752-2
https://doi.org/10.1586/eri.13.27
https://doi.org/%2010.4269/ajtmh.18-0045
https://doi.org/10.1186/1471-2180-6-101
https://doi.org/10.3201/eid1609.100125
https://doi.org/%2010.3201/eid2106.140999
https://doi.org/10.7189/jogh.02.010401
https://doi.org/10.1016/S2214-109X(14)70301-8
https://doi.org/10.1016/S1473-3099(18)30685-6
https://doi.org/10.3855/jidc.909
file:///C:/Users/USER/AppData/Local/Microsoft/Windows/INetCache/IE/BH1YWB84/10.1093/ajcp/138.suppl1.278
file:///C:/Users/USER/AppData/Local/Microsoft/Windows/INetCache/IE/BH1YWB84/10.4269/ajtmh.18-0034
file:///C:/Users/USER/AppData/Local/Microsoft/Windows/INetCache/IE/BH1YWB84/10.5772/67701
https://doi.org/10.3855/jidc.12186
file:///C:/Users/USER/AppData/Local/Microsoft/Windows/INetCache/IE/BH1YWB84/10.5539/jms.v2n1p217
http://dx.doi.org/10.52547/iem.9.1.1


MDR Salmonella isolates from clinical, environmental and food sources              Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 182-191 

 

190 

 

23. Jibril, A. H., Okeke, I. N., Dalsgaard, A., et al. 
 Prevalence and risk factors of Salmonella in 
 commercial poultry farms in Nigeria. PLoS One. 

 2020;15(9):e0238190. 
 https://doi.org/10.1371/journal.pone.0238190 

24. Wang, Y., Ge, H., Wei, X., and Zhao, X. Research 
 progress on antibiotic resistance of Salmonella. 

 Food Quality and Safety. 2022; 6: fyac035.  
 https://doi.org/10.1093/fqsafe/fyac035 

25. Anchau, Z., Olonitola, O., and Ella, E. Prevalence 
 and Antibiotic Susceptibility of Salmonella Species 
 isolated from Patients attending Selected Hospitals 

 in Zaria. Annals Exper Biol Biochem. 2016; 4: 1-6. 
 doi:10.14196/sjmi.v5i3.2109 

26. Gordana, M., Bogdanka, A., Dragica, T., Milena, 
 L., and Brankca, D. Antibiotic susceptibility of 

 Salmonella species A comparison of two surveys 
 with 5 years interval. Journal of IMAB-Annual 

 proceeding (Scientific papers). 2012; 18 (1): 243-
 68. doi: 10.5272/jimab.2012181.216  
27. Sivakumar, T., Avinash Saravanavel, N., Prabhu, 

 D., Shankar, T., and Vijayabaskar, P. Characteri- 
 zation of multidrug-resistant patterns of 

 Salmonella sp. World J Med Sci. 2012;7(2):64-7. 
 https://doi.org/10.4102/ajlm.v11i1.1606 

28. Ifeanyi, C. I. C., Bassey, B. E., Ikeneche, N. F., 
 and Al-Gallas, N. Molecular characterization and 

 antibiotic resistance of Salmonella in children with 
 acute gastroenteritis in Abuja, Nigeria.J Infect Dev 

 Ctries. 2014  11;8(6):712-719.  
 doi: 10.3855/jidc.4185.  
 29. Beyene, G., Nair, S., Asrat, D., Mengistu, Y., 

 Engers, H., and Wain, J. Multidrug-resistant 
 Salmonella Concord is a major cause of 

 salmonellosis in children in Ethiopia. J Infect Dev 
 Ctries. 2011; 5 (1): 23-33. doi: 10.3855/jidc.906. 

30. Rahman, M., Rahman, A., Islam, M., and Alam, M. 
 Detection of multi–drug resistant Salmonella from 

 milk and meat in Bangladesh. Bangladesh J Veter 
 Med. 2018;16 (1): 115-120.                               
 https://doi.org/10.3329/bjvm.v16i1.37388 

31. Threlfall, E. J. Antimicrobial drug resistance in 
 Salmonella: problems and perspectives in food-

 and water-borne infections. FEMS Microbiol Rev.  
 2002; 2 6(2): 141-148.   

 doi:10.1111/j.1574-6976.2002.tb00606.x   
32. WHO. Improving infection prevention and control 

 at the health facility: interim practical manual 
 supporting implementation of the WHO guidelines 
 on core components of infection prevention and 

 control programmes. World Health Organization, 
 2018.  

33. Shrivastava, S. R., Shrivastava, P. S., and 
 Ramasamy, J. World health organization releases 

 global priority list of antibiotic-resistant bacteria to 
 guide research, discovery, and development of 

 new antibiotics. J Med Society. 2018; 32 (1): 76.  
 doi: 10.4103/jms.jms_25_17 
34. Okeke, I. N., Aboderin, O. A., Byarugaba, D. K., 

 Ojo, K. K., and Opintan, J. A. Growing problem of 
 multidrug-resistant enteric pathogens in Africa. 

 Emerg Infect Dis. 2007 (11): 1640 - 1646. 
 doi: 10.3201/eid1311.070674.  

35. Akinyemi, K., Ajoseh, S., Iwalokun, B., et al. 
 Antimicrobial resistance and  plasmid profiles of 

 Salmonella enterica serovars from different 
 sources in Lagos, Nigeria. Health. 2018; 10 (6): 

 758-772. doi: 10.4236/health.2018.106058   
36. Talukder, H., Roky, S. A., Debnath, K., Sharma, 
 B., Ahmed, J., and Roy, S. Prevalence and 

 antimicrobial resistance profile of Salmonella 
 isolated from human, animal and environment 

 samples in South Asia: a 10-year meta-analysis. J 
 Epid  Global Health. 2023; 13 (4): 637-652. 

 doi: 10.1007/s44197-023-00160-x 
37. Nazir, J., Manzoor, T., Saleem, A., et al. Combat- 

 ing Salmonella: a focus on antimicrobial resistance 
 and the need for effective vaccination. BMC Infect. 

 Dis. 2025;25 (1): 84.    
 https://doi.org/10.1186/s12879-025-10478-5 
38. Centre for disease Control and Prevention (CDC). 

 Core elements of hospital antibiotic stewardship 
 programs. Atlanta: CDC. 2024: 8-20.                       

 doi: 10.1093/cid/ciu542  
39. Tolkou, A. K., and Kyzas, G. Z. Advanced 

 Technologies of Water and Wastewater Treatment. 
 MDPI; 2024: 270.  

 https://doi.org/10.3390/environments11120270 
40. Ejo, M., Garedew, L., Alebachew, Z., and Worku, 
 W. Prevalence and antimicrobial resistance of 

 Salmonella isolated from animal-origin food items 
 in Gondar, Ethiopia. BioMed Res Int. 2016; 2016. 

 doi: 10.1155/2016/4290506.  
41. Wolde, T., Abate, M., Sileshi, H., and Mekonnen, 

 Y. Prevalence and antimicrobial susceptibility 
 profile of Salmonella species  from ready-to-eat 

 foods from catering establishments in Jigjiga City, 
 Ethiopia. Afr J Microbiol Res. 2016; 10 (37): 1555-
 1660. https://doi.org/10.5897/AJMR2016.7944  

42. Stevens, A., Kaboré, Y., Perrier-Gros-Claude, J. 
 D., et al. Prevalence and antibiotic-resistance of 

 Salmonella isolated from beef sampled from the 
 slaughterhouse and from retailers in Dakar 

 (Senegal).Int J Food Microbiol. 2006 15; 110 (2): 
 178-186. doi: 10.1016/j.ijfoodmicro.2006.04.018.  

43. Khaitsa. M. L, Kegode, R. B., and Doetkott, D. K. 
 Occurrence of antimicrobial-resistant Salmonella 

 species in raw and ready to eat turkey meat 
 products from retail outlets in the midwestern 
 United States. Foodborne Pathog Dis. 2007; 4(4): 

 517-525.  doi: 10.1089/fpd.2007.0010 
44. Elgroud, R., Zerdoumi, F., Benazzouz, M., et al. 

 Characteristics of Salmonella contamination of 
 broilers and slaughterhouses in the region of 

 Constantine (Algeria). Zoonoses Publ Health. 
 2009; 56 (2): 84-93.  

 doi: 10.1111/j.1863-2378.2008.01164.x 
45. Fesseha, H., Aliye, S., Kifle, T., and Mathewos, M.. 
 Isolation and multiple drug resistance patterns of 

 Salmonella isolates from selected dairy farms in 
 Hawassa town, Ethiopia. J Vet Sci Med. 2020; 8 

 (1): 7.    
46. Zewdu, E., and Cornelius, P. Antimicrobial resis- 

 tance pattern of Salmonella serotypes isolated 
 from food items and personnel in Addis Ababa, 

 Ethiopia. Trop Ani health and prod. 2009; 41 (2): 
 241-249.  doi: 10.1007/s11250-008-9181-y 
47. David, O., and Oluyege, A. Antibiotic resistance 

 and plasmid carriage among Salmonella Typhi 
 isolated from food and hands of food handlers in a

 Nigerian University. Int J Curr Microbiol Appl Sci. 
 2015; 4 (3): 906-914.   

48. Afolabi, O., and Oloyede, A. Irrigation water as 
 possible source of food borne pathogens in raw 

 vegetables. ASSET: An International Journal 
 (Series B). 2012; 9 (2): 117-122.    
49. Karshima, N., Pam, V., Bata, S., Dung. P., and 

 Paman, N. Isolation of Salmonella species from 
 milk and locally processed milk products traded 

 for human consumption and associated risk 
 factors in Kanam, Plateau State, Nigeria. J Ani 

 Prod Adv. 2013; 3 (3): 69-74.  
 doi: 10.5455/japa.20130330124355 

50. Smith, S., Opere, B., Fowora, M., et al. Molecular 
 characterization of  Salmonella spp directly from 

 snack and food commonly sold in Lagos, Nigeria.  
 Southeast Asian J Trop Med Publ Health. 2012; 43 
 (3): 718-721.   

51. Olalekan, A. W., Oluwaseun, F. A., and Oladele, H. 
 A. W. Prevale nce and knowledge of Salmonella 

 infections among food handlers: Implications for 
 school health in Southwestern Nigeria. Sahel Med 

 J. 2018; 21 (2): 99.  
 https://doi.org/10.4103/smj.smj_27_16 

52. Esan, C. Molecular studies of resistant Staphylo-  

file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.14196/SJMI.V5I3.2109
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.5272/jimab.2012181.216
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.3855/jidc.4185
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.3855/jidc.906.%2030
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.3855/jidc.906.%2030
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1111/j.1574-6976.2002.tb00606.x%20FEMS%20microbiology%20reviews.%202002;26(2):141-8
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.4103/jms.jms_25_17
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.3201/eid1311.070674
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.4236/health.2018.106058
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1007/s44197-023-00160-x
doi:%2010.1093/cid/ciu542
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1155/2016/4290506
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1016/j.ijfoodmicro.2006.04.018
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1089/fpd.2007.0010
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1111/j.1863-2378.2008.01164.x
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1007/s11250-008-9181-y
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.5455/japa.20130330124355


MDR Salmonella isolates from clinical, environmental and food sources              Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 182-191 

 

191 

 

 coccus aureus in Ekiti and Ondo States, Nigeria: 
 Ph. D Thesis. University of Ado-Ekiti, Nigeria 
53. Omemu, A. M., and Aderoju, S. Food safety 

 knowledge and practices of street food vendors in 
 the city of Abeokuta, Nigeria. Food contr. 2008; 

 19 (4): 396-402.  
 https://doi.org/10.1016/j.foodcont.2007.04.021 

54. Adjrah, Y., Soncy, K., Anani, K., et al. Socio-
 economic profile of street food vendors and 

 microbiological quality of ready-to-eat salads in 
 Lomé. Int. Food Res. J. 2013; 20 (1): 65. 
55. Akinyemi, K., Iwalokun, B., Foli, F., Oshodi, K., and  

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 

 Coker, A. Prevalence of multiple drug resista-
 nce and screening of enterotoxin (stn) gene 
 in Salmonella enterica serovars from water 

 sources in Lagos, Nigeria. Publ Health. 2011; 125 
 (2): 65-71. doi: 10.1016/j.puhe.2010.11.010. 

56. Mechesso, A. F., Moon, D. C., Kim, S. J., et al. 
 Nationwide surveillance on serotype distribution 

 and antimicrobial resistance profiles of non-
 typhoidal Salmonella serovars isolated from food-

 producing animals in South Korea. Int J Food 
 Microbiol. 2020, 16: 335: 108893.  
 doi: 10.1016/j.ijfoodmicro.2020.108893. 

 

file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1016/j.puhe.2010.11.010
file:///C:/Users/SAMUEL%20O%20AJOSEH/AppData/Local/Microsoft/Windows/INetCache/IE/X6X5JBSZ/10.1016/j.ijfoodmicro.2020.108893


Bacteriological quality of Datura stramonium (‘gegemu’) cocktail   Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 192-199 

 

 

192 

 

Onipede et al. Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 192 - 199                                                              https://www.afrjcem.org 

 

African Journal of Clinical and Experimental Microbiology. ISSN 1595-689X                                            Apr 2025; Vol.26 No.2  

AJCEM/2368. https://www.ajol.info/index.php/ajcem                                                                            

Copyright AJCEM 2025: https://dx.doi.org/10.4314/ajcem.v26i2.10                     

 

Original Article                                         Open Access 
 

Bacteriological quality of Datura stramonium cocktail (‘gegemu’) 

and antimicrobial susceptibility of isolated bacterial pathogens 
 

*1Onipede, J. A., 2Morka, E., 1Adeleye, O. R., and 3Onipede, O. M.  
 

1Department of Biology, Centre for Undergraduate Programs, Federal College of Education,                                           
P. M. B. 2096, Abeokuta, Nigeria 

2Department of Microbiology, Delta State University, Abraka 330101, Nigeria   
   3Ogun State Ministry of Health, Ogun State, 110001, Nigeria 

    *Correspondence to: joyonipede@yahoo.com 
 

Abstract: 

 

Background: Datura stramonium, commonly known as Jimson weed, is widely recognized in traditional 
medicine, and is a key ingredient in various herbal concoctions. Aside from the well-known herbal formulation, 

a cocktail made from Datura stramonium, known locally as ‘gegemu’, has become increasingly popular among 

students in our environment, raising concerns about its microbial quality. The fact that this cocktail is not 
commercially available raises the possibility of contamination by pathogenic microorganisms during preparation 

or storage, posing significant health risk. The objective of this study was to assess the microbial quality of this 
cocktail drink and determine the antimicrobial susceptibility of the bacteria isolates.                            

Methodology: Because this cocktail is not commercially available, a purposive sampling technique was 
adopted to collect 10 samples of the ‘gegemu’ cocktail from students in three selected tertiary institutions 

within Abeokuta metropolis, Nigeria. The samples were transported in ice packs to the biology laboratory of the 
Federal College of Education, Abeokuta, Nigeria for microbial analysis. The pH of the samples was determined 

using pH meter. Samples were cultured on plate count, nutrient, Salmonella-Shigella, Eosin Methylene Blue 
(EMB) and MacConkey agar plates using pour plate method for heterotrophic count. Isolated bacteria were 

identified by conventional methods as described in Bergey’s Manual of Systematic Bacteriology. Antimicrobial 
susceptibility test (AST) was performed against 9 antibiotics using the Kirby-Bauer disk diffusion method.                 

Results: The mean pH of the samples was 3.705±0.005 with a range of 3.25±0.02 to 4.11±0.02. All samples 
were contaminated, with heterotrophic count ranging from mean value of 5.8±0.09x105 for sample G4 to 7.9± 

0.24x106 CFU/ml for sample G8, which exceed the acceptable limit of bacteria content of drinks safe for 
consumption. A total of 30 bacteria isolates were recovered from the samples, and this includes Staphylococcus 

aureus (n=6), Staphylococcus epidermidis (n=2), Bacillus cereus (n=3), Shigella flexneri (n=3), Salmonella 

Typhi (n=4), Pseudomonas aeruginosa (n=3), Escherichia coli (n=4), Klebsiella pneumoniae (n=3) and Vibrio 

cholerae (n=2). The AST results indicated that E. coli was 99.4% sensitive to cefixime but only 10.7% to 
tetracycline, S. flexneri was 91.7% sensitive to gentamicin but only 21.6% to cefuroxime, S. Typhi was 100.0% 

sensitive to cefixime but only 19.1% to tetracycline, V. cholerae was 88.3% sensitive to cefixime but only 
32.6% to ampicillin, S. aureus was 85.9% sensitive to cotrimoxazole but only 16.4% to tetracycline, and S. 

epidermidis was 92.4% sensitive to cotrimoxazole but only 23.7% to tetracycline. Other isolates such as K. 
pneumoniae, P. aeruginosa and B. cereus displayed varying levels of resistance to tetracycline and ampicillin. 

Conclusion: Our study indicates that in spite of the acidity of the ‘gegemu’ cocktail, it contains pathogenic 
bacteria that exceeded the acceptable microbial thresholds, rendering it unsafe for consumption. Additionally, 

some of the isolated bacteria showed resistance to tetracycline and ampicillin, which are common antibiotics 
used in our environment. It is essential to enhance public health awareness to address and reduce these risks. 
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Résumé: 
 

Contexte: Datura stramonium, communément appelé Jimson weed, est largement reconnu en médecine 
traditionnelle et est un ingrédient clé dans diverses concoctions à base de plantes. Mis à part la formulation à 

base de plantes bien connue, un cocktail fabriqué à partir de Datura stramonium connu localement sous le nom 
de «Gegemu» est devenu de plus en plus populaire parmi les étudiants dans notre environnement, ce qui 

soulève des préoccupations concernant sa qualité microbienne. Le fait que ce cocktail ne soit pas disponible 
dans le commerce augmente la possibilité de contamination par des micro-organismes pathogènes pendant la 

préparation ou le stockage, posant un risque de santé important. L'objectif de cette étude était d'évaluer la 
qualité microbienne de ce cocktail et de déterminer la sensibilité antimicrobienne des isolats bactéries.   

Méthodologie: Étant donné que ce cocktail n'est pas disponible dans le commerce, une technique 
d'échantillonnage ciblée a été adoptée pour collecter 10 échantillons du cocktail «Gegemu» des étudiants dans 

trois établissements d'enseignement supérieur sélectionnés au sein d'Abeokuta Metropolis, au Nigéria. Les 

échantillons ont été transportés dans des packs de glace au laboratoire de biologie du College d'Education 

Fédéral, Abeokuta, Nigéria pour l'analyse microbienne. Le pH des échantillons a été déterminé à l'aide du pH-
mètre. Les échantillons ont été cultivés sur le nombre de plaques, les nutriments, les Salmonelles-Shigella, le 

bleu méthylène (EMB) et les plaques de gélose MacConkey en utilisant la méthode de la plaque pour le nombre 
hétérotrophique. Les bactéries isolées ont été identifiées par des méthodes conventionnelles telles que décrites 

dans le manuel de Bergey de la bactériologie systématique. Le test de sensibilité aux antimicrobiens (AST) a 

été effectué contre 9 antibiotiques en utilisant la méthode de diffusion du disque de Kirby-Bauer.                     
Résultats: Le pH moyen des échantillons était de 3,705±0,005 avec une plage de 3,25±0,02 à 4,11±0,02. 

Tous les échantillons ont été contaminés, avec un nombre hétérotrophique allant d'une valeur moyenne de 
5,8±0,09x105 pour l'échantillon G4 à 7,9±0,24x106 CFU/ml pour l'échantillon G8, qui dépasse la limite 

acceptable de la teneur en bactéries des boissons sans danger pour la consommation. Au total, 30 isolats de 
bactéries ont été récupérés à partir des échantillons, ce qui comprend Staphylococcus aureus (n=6), 

Staphylococcus epidermidis (n=2), Bacillus cereus (n=3), Shigella flexneri (n=3), Salmonella Typhi (n=4), 
Pseudomonas aeruginosa (n=3), Escherichia coli (n=4), Klebsiella pneumoniae (n=3) et Vibrio cholerae (n=2). 

Les résultats de l'AST ont indiqué que E. coli était sensible à 99,4% au céfixime mais seulement 10,7% à la 
tétracycline, S. flexneri était sensible à 91,7% à la gentamicine mais seulement 21,6% à cefuroxime, S. Typhi 

était sensible à 100,0% au céfixime mais seulement 19,1% À la tétracycline, V. cholerae était sensible à 88,3% 
au céfixime mais seulement 32,6% à l'ampicilline, S. aureus était sensible à 85,9% au cotrimoxazole mais 

seulement 16,4% à la tétracycline, et S. epidermidis était sensible à 92,4% au cotrimoxazole mais seulement 
23,7% à tétracycline. D'autres isolats tels que K. pneumoniae, P. aeruginosa et B. cereus ont montré différents 

niveaux de résistance à la tétracycline et à l'ampicilline.                                                 
Conclusion: Notre étude indique qu'en dépit de l'acidité du cocktail «Gegemu», il contient des bactéries 

pathogènes qui dépassaient les seuils microbiens acceptables, le rendant dangereux pour la consommation. De 
plus, certaines des bactéries isolées ont montré une résistance à la tétracycline et à l'ampicilline, qui sont des 

antibiotiques courants utilisés dans notre environnement. Il est essentiel d'améliorer la sensibilisation à la santé 
publique pour répondre et réduire ces risques. 

 
Mots-clés: bactériologiques; Nombre hétérotrophique; «Gegemu»; cocktail; résistance aux antimicrobiens 
 

Introduction:  
 

 Consumption of locally made cocktails 
produced from mixtures of herbs and chemi- 
cals has become increasingly prevalent in the 
society (1,2). These drinks are made without 
following official regulations pertaining to food 
safety and are sometimes referred to as arti- 
sanal, unrecorded or illegal (2). Consumers 
may be exposed to dangerous ingredients in 
these homemade and adulterated alcoholic 
drinks (3). One of these locally produced 
drinks that lacks regulated processing and 
handling is ‘gegemu’ cocktail. This cocktail is 
produced from a plant called Datura stramo- 
nium, a cosmopolitan plant of worldwide distr

ibution (4).  
 Datura stramonium has been identified 
to contain psychoactive constituents (5,6,7), 
and pharmacologically proven as a hallucino-
genic plant that causes serious poisoning due 
to high toxicity level of the plant parts, with 
the ripe seeds containing highest amounts of 
alkaloids (8). Consumption of plant-based 
psychoactive drinks like ‘gegemu’ cocktail 
among youths implies that restricting their 
abuse is ineffective (9). These psychoactive 
drinks used during adolescence lead to asso- 
ciation with antisocial peer groups, which con- 
tribute to the risk for cognitive impairments 
and psychopathology (4,10).  
 According to Cífková and Krajčovie- 
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chová (11), consuming large amounts of 
alcohol from local drinks can increase the risk 
of stroke, coronary heart disease, and aortic 
aneurysm. It is a problem that poses great 
danger to the lives of many individuals, and 
enormous strain on the economy, healthcare  
system, and society at large (12).  
 Apart from the pharmacological effects 
resulting from ‘gegemu’ intake, the product- 
ion, handling, storage and safety of cocktail 
produced from this plant remain unknown. A 
concern which may lead to the microbial con- 
tamination of unregulated ‘gegemu’ cocktail 
is poor hygiene. Contamination by organisms 
can occur at any point during the production 
or storage of finished products for public con- 
sumption. Around the world, it is known that 
poor hygiene in developing countries contri- 
butes to the proliferation of food pathogens in 
several local beverages. The origin of bacte- 
rial or fungal contaminations during the pro- 
cessing of many local food and beverages in 
Nigeria is unclear and the prevalence of micro- 
organisms needs further characterization (2). 
 Besides, microbial fermentation pro- 
ducts of local drinks in Nigeria are poorly stu- 
died while it has been shown that the micro- 
organisms responsible for the fermentation of 
traditional drinks may produce other com- 
pounds or derivatives, which are harmful to 
health (13). These traditional beverages often 

harbor a diverse array of microorganisms, 
which can have significant implications for 
public health and safety (14,15). 
 Some potential contaminants such as 
Escherichia coli, Salmonella, Staphylococcus 
aureus, and Bacillus cereus have been repor- 
ted as the main causal agents of foodborne 
outbreaks as well as yeasts and molds, which 
can cause spoilage and produce mycotoxins, 
and other foodborne pathogens (16,17,18]. 
Since “gegemu” cocktail has become a popu- 
lar beverage enjoyed at social gatherings and 
celebrations among the youths in the study 
area and because of the potential food safety 
risk posed by its consumption, this informed 
the conduct of this study. The objectives of 
the study are to determine the physicochemi- 
cal property and bacterial contamination of 
‘gegemu’ cocktail, isolate and identify the 
bacteria contaminants using morphological 
and biochemical test schemes, and determine 
the antimicrobial susceptibility of the isolated 
bacteria.  
 

Materials and method: 
 

Study setting and design:  

 This was a descriptive bacteriological 
analysis of ‘gegemu’ cocktail samples prepa- 
red from Datura stramonium. Because this 

cocktail is not commercially available, a pur- 
posive sampling technique was adopted to 
collect 10 samples of the ‘gegemu’ cocktail 
from students in three selected tertiary insti- 
tutions within Abeokuta metropolis, Nigeria. 
The analysis was performed at the biology 
laboratory of the Federal College of Education 
Abeokuta, Nigeria in 2023.  
 

Sample collection:  

 Ten samples of the ‘gegemu’ cocktail 
were obtained from the purposively selected 
students and transported to the laboratory in 
ice packs for analysis. 
 
Determination of pH of collected samples:  

 The pH of the ‘gegemu’ samples was 
measured in triplicates using a standard pH 
meter (Model 3510 Complete pH/Mv) after 
calibrating with buffer solution (pH 7.0). This 
was done at 12 hourly intervals (19). 
 
Preparation of culture media:  

 Culture media used for isolation were 
plate count agar (PCA), nutrient agar (NA), 
Salmonella-Shigella agar (SSA), Eosin Methy- 
lene Blue agar (EMBA), and MacConkey agar 
(MA). All media were prepared according to 
the manufacturers’ instructions and sterilized 
at 121°C for 15 minutes in an autoclave (20). 
 
Enumeration of bacteria:  

 One milliliter of ‘gegemu’ sample was 
introduced into a test tube containing 9.0 ml 
of sterile distilled water. Dilutions were made 
up to 10-6 from the stock solution using serial 
dilution method. One milliliter of the 10-5 and 
10-6 dilution was seeded on the PCA, NA, 
SSA, EMBA and MA using the pour plate 
method. The plates were incubated at 37oC 
for 24 hours. Total colonies on the surface of 
the plates were counted and expressed as 
log10 colony forming unit per milliliter (log10 
CFU/ml) of the sample (21). This procedure 
was done in triplicates and the mean (±SD) 
CFU/ml was determined. 
 
Identification of bacteria:   

 Identification of isolated bacteria was 
done using the test methods described in the 
Bergey’s Manual of Systematic Bacteriology 
(22). The conventional microbiological tests 
used included Gram staining reaction, moti- 
lity, catalase, methyl red, oxidase, Voges-
Proskauer (VP), citrate utilization, indole, coa- 
gulase, and urease tests (23). 
 

Antimicrobial susceptibility testing (AST):  

 The Kirby-Bauer disk diffusion test 
was used to determine the antimicrobial sus- 
ceptibility of the bacterial isolates against 9 
selected antibiotics (chosen to ensure unifor- 
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mity and comparison of susceptibility profiles 
between isolates and not in a clinical context). 
The antibiotics tested include cefixime (5μg), 
tetracycline (10μg), ampicillin (10μg), chlor- 
amphenicol (10μg), gentamicin (10μg), cotri- 
moxazole (25μg), cefotaxime (30μg), ceftria-       
xone (30μg) and cefuroxime (30μg).  
 Mueller Hinton (MH) agar plate was 
inoculated with standardized inoculum (~1x 
108 CFU/ml) of the test isolates. The antibio- 
tic discs were placed on the MH agar surface 
and incubated at 37oC for 18-24 hours (24). 
The diameters of zone of inhibition were 
measured for each isolate and interpreted as 
sensitive or resistant according to the Clinical 
and Laboratory Standard Institutes guideline 
(25).  
 

Statistical analysis:  

 Statistical analysis of data used was 
done using the Statistical Package for the 
Social Sciences (SPSS) version 16.0 (26). 
Means were compared using the Duncan’s 
multiple range test (27) and analysis of vari- 
ance (ANOVA). Significant difference was con- 
sidered at p<0.05. 
 

Results:  
 

 The mean pH of the ‘gegemu’ sam- 
ples was 3.705±0.005 with a range of 3.25± 
0.02 for sample G7 to 4.11±0.02 for sample 
G5 (Table 1).  
 
 

    Table 1: pH values of ‘gegemu’ cocktail samples 
 

Sample Code Mean pH Value 

G1 3.78±0.01c 

G2 3.35±0.02b 

G3 4.08±0.01a 

G4 3.52+0.02d 

G5 4.11±0.02a 

G6 3.63±0.01a 

G7 3.25±0.02d 

G8 3.80±0.01d 

G9 3.52±0.02c 

G10 4.01±0.01a 

Overall mean pH 3.705±0.005 

Superscripts a, b, c, d = mean values are significantly                                                                                                                                           
different between samples 

 
     
     
     
     
     
     
                                                                                              
      

 All the ‘gegemu’ samples were conta- 
minated by bacteria, with total heterotrophic 
counts ranging from mean value of 5.8±0.09 
x105 CFU/ml for sample G4 to 7.9±0.24x106 
CFU/ml for sample G8, which exceeded the 
acceptable level of microbial contents of 
drinks safe for consumption (Table 2).  
 

    
Table 2: Heterotrophic bacterial counts of                                                                                                                                        

‘gegemu’ cocktail samples 

 

Sample code Mean bacterial count (CFU/ml) 

 (x105) (x106) 

G1 

G2 

G3 

G4 

G5 

G6 

G7 

G8 

G9 

G10 

8.1±0.03c 

6.7±0.07a 

7.4±0.11b 

5.8±0.09b 

7.4±0.01c 

7.7±0.11a 

6.8±0.01b 

9.2±0.02a 

8.7±0.01c 

6.0±0.23d 

7.7±0.11b 

5.6±0.02d 

6.2±0.33c 

4.1±0.21a 

5.6±0.03b 

4.9±0.33c 

5.2±0.01b 

7.9±0.24c 

6.6. ±0.03a 

4.8±0.31b 

G= ‘gegemu’; Superscripts a, b, c, d = mean values are significantly                                                                                                                                          
different between samples 

 
 

 A total of 30 bacterial isolates were 
recovered from the ‘gegemu’ samples (Table 
3). The frequency (in %) of bacteria species 
isolated shows that Staphylococcus species 
were the most frequent isolates (26.7%), 
followed by E. coli and S. Typhi (13.3% each), 
K. pneumoniae, P. aeruginosa, S. flexneri and 
B. cereus (10.0% each), and V. cholerae (6.7%) 

was the least frequent. 
 
 

Table 3: Frequency of bacteria isolated from ‘gegemu’ 

cocktail samples 
 

Bacterial isolates Frequency Percentage (%) 

Staphylococcus spp 

Escherichia coli 

Salmonella Typhi 

Klebsiella pneumoniae 

Pseudomonas aeruginosa 

Shigella flexneri 

Bacillus cereus 

Vibrio cholerae 

8 

4 

4 

3 

3 

3 

3 

2 

26.7 

13.3 

13.3 

10 

10 

10 

10 

6.7 

Total 30 100.0 
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Table 4: Antimicrobial susceptibility of the bacterial isolates from ‘gegemu’ cocktail samples 
 

 

CEF: Cefixime (5µg), TET: Tetracycline (10µg), AMP: Ampicillin (10µg), CHL: Chloramphenicol (10µg), GENT: Gentamicin (10µg), COT: Cotrimoxazole (25µg), CFX: Cefotaxime (30µg), CFR: Ceftriaxone (30µg), CRX: Cefuroxime (30µg) 

Bacterial isolate Number (%) of isolates sensitive to antibiotics     

 CEF TET AMP CHL GENT COT CFX CFR CRX 

Escherichia coli (n=4) 4 (99.4) 4 (10.7) 4 (17.3) 4 (93.2) 4 (82.1) 2 (33.5) 3 (73.4) 2 (77.4) 1 (59.3) 

Shigella flexneri (n=3) 2 (87.8) 1 (56.9) 2 (51.1) 3 (78.3) 3 (91.7) 2 (53.8) 1 (62.2) 2 (71.4) 1 (21.6) 

Salmonella Typhi (n=4) 4 (100) 4 (19.1) 3 (73.7) 2 (44.8) 4 (76.1) 4 (80.40) 2 (52.3) 4 (100) 2 (64.2) 

Vibrio cholerae (n=2) 2 (88.3) 2 (84.2) 2 (32.6) 1 (55.1) 1 (73.5) 1 (66.4) 1 (72.8) 1 (68.7) 2 (79.4) 

Staphylococcus aureus (n=6) 5 (83.6) 6 (16.4) 5 (21.2) 5 (31.2) 4 (62.3) 5 (85.9) 5 (84.4) 4 (72.5) 5 (23.1) 

Staphylococcus epidermidis (n=2) 2 (81.9) 2 (23.7) 1 (41.2) 2 (72.4) 2 (81.6) 2 (92.4) 2 (81.2) 1 (83.6) 1 (66.7) 

Klebsiella pneumoniae (n=3) 2 (86.4) 1 (52.6) 3 (19.2) 2 (23.5) 3 (88.4) 2 (79.2) 2 (68.9) 2 (75.2) 3 (88.7) 

Pseudomonas aeruginosa (n=3) 3 (90.4) 3 (13.8) 3 (17.7) 2 (34.6) 3 (74.6) 2 (81.2) 3 (86.4) 2 (81.6) 2 (19.7) 

Bacillus cereus (n=3) 2 (86.9) 3 (70.5) 1 (42.3) 2 (84.5) 3 (90.1) 2 (79.5) 3 (72.7) 3 (88.4) 2 (77.6) 
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 The AST profile of the isolates (Table 
4) shows that more than 50% of the E. coli 
isolates were susceptible to cefixime (99.9%), 

chloramphenicol (93.2%), gentamicin (82.1%), 

cefotaxime (73.4%), ceftriaxone (77.4%), 
and cefuroxime (59.3%) but only 10.7% were 
sensitive to tetracycline, 17.3% to ampicillin 
and 33.5% to cotrimoxazole. Over 50% of S. 
flexneri isolates were sensitive to cefixime 
(87.8%), tetracycline (56.9%), ampicillin 
(51.1%), chloramphenicol (78.3%), gentami- 
cin (91.7%), cotrimoxazole (53.8%), cefota- 
xime (62.2%), ceftriaxone (71.4%), while 
only 21.6% were sensitive to cefuroxime. 
Over 50% of S. Typhi isolates were sensitive 
to cefixime (100%), ampicillin (73.7%), gen- 
tamicin (76.1%), cotrimoxazole (80.4%), ce- 
fotaxime (52.3%), ceftriaxone (100%), and 
cefuroxime (64.2%), but only 19.1% were 
sensitive to tetracycline and 44.8% to chlo- 
ramphenicol. More than 50% of V. cholerae 
isolates were sensitive to cefixime (88.3%), 
tetracycline (84.2%), chloramphenicol (55.1%), 
gentamicin (73.5%), cotrimoxazole (66.4%), 
cefotaxime (72.8%), ceftriaxone (68.7%), 
and cefuroxime (79.4%), while only 32.6% 
were sensitive to ampicillin.   
 Over 50% of the K. pneumoniae iso- 
lates were sensitive to cefixime (86.4%), 
tetracycline (52.6%), gentamicin (88.4%), 
cotrimoxazole (79.2%), cefotaxime (68.9%), 
ceftriaxone (75.2%), and cefuroxime (88.7%), 
but only 19.2% were sensitive to ampicillin 
and 23.5% to chloramphenicol. Pseudomonas 
aeruginosa isolates were sensitive to cefixime 
(90.4%), gentamicin (74.6%), cotrimoxazole 
(81.2%), cefotaxime (86.4%), and ceftria- 
xone (81.6%), but only 13.8% were sensitive 
to tetracycline, 17.7% to ampicillin, 34.6% to 
chloramphenicol, and 19.7% to cefuroxime. 
Bacillus cereus isolates were sensitive to cef- 
ixime (86.9%), tetracycline (70.5%), chloram- 
phenicol (84.5%), gentamicin (90.1%), cotri- 
moxazole (79.5%), cefotaxime (72.7%), cef- 
triaxone (88.4%), and cefuroxime (77.6%), 
but only 42.3% were sensitive to ampicillin.  
 For Gram positive isolates, over 50% 
of S. aureus isolates were sensitive to cefi- 
xime (83.6%), gentamicin (62.3%), cotrimo- 
xazole (85.9%), cefotaxime (84.4%), and 
ceftriaxone (72.5%), but only 16.4% were 
sensitive to tetracycline, 21.2% to ampicillin, 
31.2% to chloramphenicol and 23.1% to cef- 
uroxime (23.1%). Similarly, over 50% of the 
S. epidermidis isolates were sensitive to 
cefixime (81.9%), chloramphenicol (72.4%), 
gentamicin (81.6%), cotrimoxazole (92.4%), 
cefotaxime (81.2%), ceftriaxone (83.6%), 
and cefuroxime (66.7%), but only 23.7% 

were sensitive to tetracycline and 41.2% to 
ampicillin. 
 

Discussion: 
 

 This study focused on the physico- 
chemical property, bacteriological quality and 
antimicrobial susceptibility of bacterial isola- 
tes of ‘gegemu’ cocktail drinks prepared from 
D. stramonium herbal weed and com- monly 
consumed at social gatherings in our setting. 
The low pH values (mean value of 3.705± 
0.005) recorded in the samples showed that 
the samples were acidic (pH<7.0). Although 
this low pH value should reduce the type of 
bacteria that could be isolated from the sam- 
ples, some acidophilic bacteria tend to sur- 
vive (28). Meanwhile, the presence of some 
bacteria in the samples may alter the pH, 
thereby allowing other pathogenic bacteria to 
thrive (29). Aside, the finding of low pH in 
the samples is a concern for the consumer 
health because pH value below the value rec- 
ommended for enamel demineralization (pH 
5.5) could cause dissolution and softening of 
surface tooth structures (erosive potential) of 
consumers (30).  
 The bacteriological analyses of the 
‘gegemu’ samples showed the presence of S. 
aureus, S. epidermis, E. coli, P. aeruginosa, 
S. Typhi, K. pneumoniae, V. cholerae, S. fle- 
xneri and B. cereus. The presence of these 
bacteria in the samples, which exceeded the 
acceptable limits, is a pointer to poor hygiene 
conditions in the preparation, processing or 
post processing of the ‘gegemu’ cocktail. 
These bacteria are potential causative agents 
of food borne diseases and gastrointestinal 
infections (31,32).  
 In this study, most of the bacterial 
isolates were sensitive to the antibiotics tes- 
ted, although this observation must be inter- 
preted with caution and generalization of our 
finding with respect to this cannot be made 
due to the small number of isolates tested. 
However, E. coli, P. aeruginosa and S. aureus 
were largely resistant to tetracycline and 
ampicillin, as reported in the literature (33). 
This is a potential source for transmission of 
antibiotic resistant bacteria, thereby exposing 
the consumers to serious health risk. Simi- 
larly, almost all the bacterial isolates tested 
were resistant to ampicillin as documented in 
the literature (34). Although ampicillin is a 
first line drug for treating infections caused 
by these bacteria because of its safety pro- 
file, low cost and availability (35), antimicro- 
bial resistance has rendered this drug ineff- 
ective. Nevertheless, in combination with other 
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antimicrobials such as aminoglycosides and 
β-lactamase inhibitors, efficacy and extended 
antimicrobial coverage have reduced develo- 
pment of resistance (35,36), and rescued           
ampicillin from being totally ineffective as an 
antimicrobial agent. 
 

Conclusion: 
 

 Our study showed that ‘gegemu’ 
cocktail samples had low pH values and are 
contaminated by potentially pathogenic bac- 
teria above the acceptable limits, thereby 
making them unsafe for consumption. Resis- 
tance of some of these isolated bacteria to 
low cost and most available antibiotic, tetra- 
cycline and ampicillin, is of public health con- 
cern. Hence, the need to regulate the intake 
of ‘gegemu’ cocktail drinks in our setting.  
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