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Abstract: 

Malaria is an ancient disease that continues to exert a significant toll on the health of many populations worldwide. 
Since historic times, when its seasonality, recurrent fever and chills, were documented, various methods for its 
control have been implemented based on then-extant scientific knowledge, technological advancement and the 
understanding of its pathogenesis and epidemiology. As knowledge of the disease increased, approaches for its 
control were modified or improved to reduce disease burden and eliminate the disease. Today, our current knowledge 
of malaria has afforded newer approaches for prevention and control, including newer drugs and procedures to 
monitor emerging threats and hence more effective control mechanisms. In this narrative review, we consider a brief 
history of malaria, with insights into malaria pathogenesis and an evolution of prevention and control measures into 
the present day.  
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Résumé: 

Le paludisme est une maladie ancienne qui continue d’avoir un impact considérable sur la santé de nombreuses 
populations à travers le monde. Depuis l'Antiquité, date à laquelle sa saisonnalité, ses épisodes de fièvre récurrente 
et ses frissons ont été documentés, diverses méthodes de lutte contre le paludisme ont été mises en œuvre, 
s'appuyant sur les connaissances scientifiques de l'époque, les progrès technologiques et la compréhension de sa 
pathogénie et de son épidémiologie. À mesure que la connaissance de la maladie s'est approfondie, les approches 
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de lutte ont été modifiées et améliorées afin de réduire la charge de morbidité et d'éradiquer la maladie. Aujourd'hui, 
nos connaissances actuelles sur le paludisme ont permis de développer de nouvelles approches de prévention et de 
lutte, notamment de nouveaux médicaments et des procédures de surveillance des menaces émergentes, et donc 
des mécanismes de lutte plus efficaces. Dans cette revue narrative, nous présentons un bref historique du paludisme, 
en apportant un éclairage sur sa pathogénie et sur l'évolution des mesures de prévention et de lutte jusqu'à nos 
jours. 

Mots-clés: Prévention du paludisme, historique du paludisme, Plasmodium 

Introduction: A brief history of mal- 

aria 

 Malaria is an ancient disease with an 
early history as far back as 500 BC. The first 
reference to the disease mentioned its chara- 
cteristic recurrent fever and chills, and was 

documented in the early Chaldean, Chinese, and 

Hindu writings (1). Ancient philosophers such as 
Hippocrates and Celsus alluded to malaria in 
their writings (2,3). Others mentioned its sea- 
sonality, the disease being more frequent dur- 
ing the late summer and early autumn (1). In 
the sacred Vedas of the Indians, it was referred 
to as the “king of diseases” and was associated 

with spleen enlargement, and its symptoms 
were attributed to supernatural forces (4,5). 
Malaria holds an important place in the annals 
of history, being infamous as the infectious dis- 
ease that has had the most devastating impact 
on man. It is believed to have contributed to the 

fall and conquest of nations, as soldiers fell and 
were subdued, not just by the enemy’s bullet, 

but by the scourge of the disease (6). As Brabin 
(7) noted, it attacked all combatants during 
World War I, causing epidemics and severe con- 
sequences for troops and civilians. In the Desert 
Mounted Corps, a British Army group composed 

of three divisions of military men, about 19,652 
of 40,000 soldiers were ejected due to Plasmo- 
dium falciparum malaria (8). In addition, immi- 
grant troops from Africa and India brought in a 
large pool of malaria parasites, serving as a 
mobile reservoir that further worsened the land- 
scape of the malaria scourge during the war (7). 

 Plasmodium ovale and P. vivax, capable 
of causing malaria relapse, played important 
roles in the war scenes by triggering persistent 

difficult-to-treat infections, hence causing the 
evacuation of a large number of sick troops from 
combat zones (8). As soldiers in malaria-pla- 

gued war zones wore out, they were replaced 
by non-immune troops, with far-reaching con- 
sequences. Furthermore, malaria epidemics ab- 
oard voyage ships were of note during the war 
(9). This play-out of events affected military 
planning and war strategies, consequently fact- 
oring into war outcomes. Sometimes, military 

operations provided the conditions that fostered 
the advancement of the disease. For example, 

soldiers were often disposed to construct under- 
ground channels, an environment conducive to 
water-logging, and that provided the ambience 
required for mosquito breeding (8). Towards the 
end of the war in 1918, the concurrent outbreak 

of influenza and malaria resulted in over 1000 
deaths, with a disease-to-combat casualty ratio 
of about 37 to 1 (7). The impact of malaria was 

also seen in World War II, Korean and Vietnam 
wars where malaria drug scarcity was a bottle- 
neck.     
 Due to frequent military personnel en- 

counters with the scourge of malaria (and infec- 
tious diseases in general), they are regularly 
involved in infectious disease research, as these   
diseases often play a role in determining the out 
-come of wars. In 1880, Charles Louis Alphonse 
Laveran, a French Army surgeon, discovered 

the parasite, as he examined the blood of a feb- 
rile soldier in Algeria (4). He described the para- 
site as transparent, often crescent-shaped, or 
ovoid, and having darkly stained pigment gran- 
ules towards the center (10). He named this 

parasite Oscillaria malariae (11), now called 
Plasmodium. Further research led him to iden- 

tify four distinct forms of the parasite, later 
recognized as the parasite in different develop- 
mental stages. His discovery was phenomenal 
in light of the pervasive knowledge of his day; 
firstly, that malaria was caused by foul smears, 
and then, the more scientific proposition of a so-
called Bacillus malariae aetiology (11).  

 In 1897, seven years after Laveran’s 
initial discovery, Sir Ronald Ross of Britain, ano- 
ther Army surgeon, discovered the parasite in 
the intestine of mosquitoes and subsequently 
demonstrated its lifecycle through a series of 
experiments involving avian-infecting species of 

Plasmodium (4). Ross received the Nobel Prize 
in medicine in 1902, while Laveran received it in 
1907 for their discovery of the parasite and the 
vector that transmits it. Moreover, further 
details of the parasite lifecycle, particularly of 
the exoerythrocytic phase of infection, were 
elucidated by Shortt and Garnham in 1947, 

while the identification and characterization of 
the dormant hypnozoite form was made by 
Krotoski in 1982 (11–13). Today, we now know 
that human malaria is caused by six species of 
Plasmodium, namely, P. falciparum, P. vivax, P. 
malariae, P. ovale curtisi, P. ovale wallikeri and 
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P. knowlesi (14–16), and is transmitted by sev- 
eral species of the female Anopheles mosquito, 
notably by Anopheles gambiae and Anopheles 
funestus in West Africa. 

Human malaria parasites: 

Human malaria is caused by six species 
of Plasmodium. These parasites vary slightly in 
biochemical/molecular attributes, as well as the 
diseases they cause. 

Plasmodium falciparum:   
 Plasmodium falciparum causes the most 
severe form of malaria. Following liver-stage 
infection, the parasites are released into the 

bloodstream, where they infect red blood cells 
(RBC) and produce high levels of blood-stage 

parasites (17). These parasites cause changes 
in the physiology of the red cells, modifying the 
red cell surface such that they stick to the wall 
of blood vessels, a phenomenon known as seq- 
uestration, and that contributes to disease path- 
ology. Sequestration inhibits splenic clearance 
of the parasite, damages host cell endothelia 

and obstructs host microvasculature. These 
features are characteristic hallmarks of severe 
malaria caused by P. falciparum. 

Plasmodium vivax:    
 Next to P. falciparum, P. vivax causes 

the highest number of malaria (18). It is the 
most widespread and significantly contributes to 
malaria morbidity, especially in Southeast Asia 
and South America, where it is prevalent. Plas- 
modium vivax has a dormant parasite stage, the 
hypnozoite, which can remain in the liver for 

months or years without causing symptomatic 
disease until it eventually re-enters the blood- 
stream to cause a relapse (19). Plasmodium 
vivax merozoites only infect reticulocytes, the 
juvenile form of the red blood cell. Furthermore, 
they require the Duffy antigen on the surface of 
red blood cells for invasion. This attribute is 

thought to contribute to a much lower prevale- 
nce of P. vivax in Africa, as majority of the popu- 

lation have no Duffy antigen on the red cell (20). 
Plasmodium vivax malaria is characterized by 
recurring fevers that occur every third day (app- 
roximately every 42-56 hours), called ‘tertian 
fever’. 

Plasmodium ovale wallikeri and Plasmo- 
dium ovale curtisi:   
 Plasmodium ovale has traditionally been 
considered a single species and afterwards as 

members of the ovale subspecies; however, 
recent evidence has shown that these are two 
distinct species (21,22). Although both are iden- 

tical in morphology and geographical distribu- 
tion, they are genetically distinct (23,24). Both 
parasites are known to have the same course of 
infection: sporozoites can develop into dormant 

hypnozoites; they infect reticulocytes, and infe- 
cted cells appear more prominent than usual 
(15,25). However, a study has highlighted slight 
differences in hypnozoite latency period in tra- 
velers’ malaria (26), as well as higher thrombo- 
cytopenia in infection due to Plasmodium ovale 
wallikeri (27). 

Plasmodium malariae:   
 Plasmodium malariae causes mild mala- 
ria symptoms, with recurrent fevers in a quartan 
manner, and tends  to infect patients chronically 

(14). Chronic infection results from a slow para- 
site lifecycle (erythrocytic cycle every 72 hours) 
and result in lower parasitemia that the immune 
system can manage for long periods (15). Infec- 
tion with P. malariae is associated with neph- 
rotic syndrome with consequences for long-term 
kidney failure (28). Although, they have a limi- 

ted geographical range than P. falciparum and 
P. vivax, P. malariae infection, transmission 
may persist undetected in unsuspecting geogra- 
phical locations (28).    

Plasmodium knowlesi:  
 Plasmodium knowlesi is a zoonotic mal- 
aria parasite that preferentially infects young 

red blood cells, but with time, can adapt to 
infect older cells (15). The disease presents with 
the classic symptoms of malaria, such as fever, 
chills and headache, and additional signs such 

as myalgia/arthralgia, nausea and vomiting, 
anorexia and jaundice (29). It is primarily a 
parasite of long-tailed and pig-tailed macaques, 
from which the parasite is transmitted to man; 
no human-human transmission has been recor- 
ded (15,16). Although, there is as yet no evi- 

dence of human-mosquito-human transmission 
of the parasite, studies have shown the biolo- 
gical possibility of this occurrence (30,31), and 
with increasing prevalence of Knowlesi malaria 
in parts of Asia, human-human transmission is 

feared to contribute to disease distribution (32).  

Pathogenesis of malaria 

The malaria lifecycle involves an alter- 

nation of parasite stages between the mosquito 
vector and humans (Fig 1). The different para- 
site developmental stages in humans involve 
the asexual sporozoite, merozoite, trophozoite, 
schizont and the gametocyte, while in the mos- 
quito, the gametocyte, gametes, zygote, ooki- 

nete, oocyst and sporozoite are the different 
stages involved.  
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Pre-erythrocytic infection:   
 The lifecycle begins when an infected 
mosquito takes a human blood meal. As the 
infected mosquito takes the blood meal, it rele- 

ases a hundred or more sporozoites into the 
blood stream (33). Blood feeding and sporozoite 
injection is facilitated by the mosquito saliva 
which contains several proteins, vasodilators, 
anticoagulants and immunomodulatory com- 
pounds, that prevent the otherwise formidable 
skin barrier from halting sporozoite entry and 

survival (34).    
 Our scientific understanding of the fate 

of injected sporozoites has improved greatly in 
the past few years, largely through studies on 
murine models of malaria. Approximately 50 % 
of injected sporozoites are arrested at the skin 

site of inoculation, where they exhibit a classical 
gliding locomotion with average speed decrea- 
sing over time (35). Of the remaining sporo- 
zoites, others are transported via the lymph to 
the skin-draining lymph nodes, where partial 
differentiation into parasite exoerythrocytic 
stage occur (35), while others penetrate blood 

vessel endothelia and are transported to the 
liver (36).

 

 

Fig 1: The Malaria Lifecycle. (Source: Center for Disease Control and Prevention) 
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In a recent study employing humanized 
mouse model of infection, P. falciparum sporo- 
zoite motility and penetration of blood vessels 
appear similar to those of the rodent parasites, 

P. berhei and P. yoelii (37). The study high- 
lighted some interesting features of similarity at 
the initial phase of infection between the rod- 
ent- and human-infecting species of Plasmo- 
dium. In addition, parasite motility decreases 
upon close proximity and contact with blood 
vessels, a move thought to improve their intera- 

ction and possibly their penetration of blood 
vessels (38) for subsequent dissemination to 
the liver predilection site.   
 The migration from the loci of sporo- 
zoite inoculation to the liver is faced with several 

hurdles. First, sporozoites have to deal with the 

influx of immune cells, polymorphonuclear leu- 
kocytes, lymphocytes and monocytes due to 
mast cell degranulation (39). Phagocytic immu- 
ne cells such as the macrophages, neutrophils 
and dendritic cells also play roles in interfering 
with sporozoites’ migration. Likewise, immuno- 
globulins specific to the circumsporozoite pro- 

tein (CSP) neutralize free sporozoites and imp- 
ede their migration (40). Howbeit, the stealth 
mechanisms in Plasmodium prevent absolute 
neutralization by the effector activities of the 
immune system (36).  
 Moreover, as free sporozoites migrate 
to the liver, they bypass the immunologic act- 

ivity of Kupffer cells using a mechanism known 
as cell traversal. Simply, the sporozoites enter 
a Kupffer cell at one end and exits at the other 
end, altering the plasma membrane integrity 
and destroying the cell in the process (41). As 
Kupffer cells line the sinusoidal covering of the 

liver, sporozoites have to do a lot of Kupffer cell 
traversing before eventually settling in a final 
host liver cell (34). In the hepatocyte, sporo- 
zoites are enclosed in a parasitophorous vacu- 
ole, where they multiply and are transformed 
into schizonts. For each infected hepatocyte, 
several thousands of merozoites are produced 

(15), and released as merosomes (41), a form 
of the parasite enclosed in host cell membrane. 

This enclosure in host cell membrane is thought 
to contribute to the ability of Plasmodium to 
evade the host immune system. As merosomes 
are released and escape the liver, they shed this 
enclosure and become free merozoites, ready to 

infect red blood cells.  

Intraerythrocytic infection:    
 Invasion of erythrocytes by a merozoite 
is initiated by the merozoite surface proteins 

through direct interaction with the red blood cell 
(RBC) surface. The invasion is further facilitated 
by the merozoite’s micronemes and rhoptries, 

organellar structures present in the merozoite, 
which also aid the formation of the parasito- 
phorous vacuole where the parasite grows and 
multiplies (16). In addition, the parasite condi- 

tions the internal environment of the erythro- 
cyte for its survival by exploiting RBC nutrients 
and exporting parasite-derived proteins that 
further drives the disease pathogenesis. RBC 
remodeling is anchored on parasite-induced 
protein targeting networks that sort and target 
proteins to specific subcellular locations in the 

host cell, including on the RBC membrane (42). 
This network includes Maurer’s clefts and J-
dots, membranous structures that are seen 
independent of the parasitophorous vacuole, 
and that contribute to protein transport to the 

RBC surface. In addition, the parasite degrades 

red cell haemoglobin within its digestive vacuole 
resulting in heme, a toxic by-product which is 
further metabolized into hemozoin (43). As RBC 
nutrients are utilized, the merozoite grows and 
develops into schizonts which are formed by 
multiple nuclear asexual divisions, thus produc- 
ing 15-40 merozoites per infected red cell (16, 

44).     
 This stage of the disease eventually pro- 
duces the fevers, chills and rigors of clinical 
malaria as mature schizonts in multiple infected 
RBC synchronously rupture and release their 
constituent merozoites and pathogen-associa- 
ted molecular patterns (PAMPs). The resulting 

sequelae often occur in varying degrees, depen- 
dent on the host immune response. The rele- 
ased merozoites are now ready to infect other 
red blood cells. Moreover, commitment to the 
production of sexual stage parasite occurs in 
some merozoites during blood stage infection. 

Simply, merozoites differentiate into gameto- 
cytes and are released as the schizont ruptures 
(45). This process in P. falciparum takes app- 
roximately 10-12 days during which the parasite 
undergoes different developmental stages in the 
spleen and bone marrow before the matured 
forms are released into blood circulation. These 

gametocytes circulate in the blood and are 
picked up by the mosquito during a blood meal. 

Mosquito-stage infection:    
 Within the mosquito, gametocytes egress 

from infected red cells and develop into game- 
tes. Exflagellation of male gametocytes results 
in eight microgametes whereas a female game- 
tocyte develops to form one immotile macro- 
gamete (45,46). The microgamete fertilizes the 
macrogamete, resulting in the production of a 
zygote, which then transforms into a motile 

ookinete. The ookinete penetrates the mosquito 
midgut wall by utilizing its lectin molecules and 
mosquito-derived sugars (40) and is afterward 
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transformed into an oocyst on the outer surface 
of the mosquito midgut. The oocyst generates 
thousands of sporozoites which penetrate the 
mosquito salivary gland, ready to be released 

into a human host during the mosquito’s next 
blood meal.  

Obstacles to malaria elimination as 

a public health problem: 

The vaccine imbroglio:    

 The malaria parasite is complex, with a 
genome size of 23.3Megabases and over 5400 
genes (47). This repertoire of genetic informa- 
tion (including several multigene families) inf- 

orms the plethora of variant proteins/antigens 
expressed by the parasite during, and between 
each developmental stage. For example, the var 

family of genes encode up to 60 variants of a 
single protein, the P. falciparum erythrocyte 
membrane protein 1 (PfEMP1), in a single para- 
site, which contributes to antigenic variation 
and immune evasion (48).   
 This polymorphism in protein biology 
and attendant antigenic variation serves as a 

formidable obstacle to vaccine development. In 
addition, the variation in parasite gene expres- 
sion between lifecycle stages contributes to the 
complexity. This complexity and dynamism in 
protein expression contributes to parasite com- 
plexity, phasic availability of antigens during 

infection, and provide stealthy cover from imm- 
une defense mechanisms (49). These complexi- 
ties cause difficulty in mounting a sterilizing 
immunity against the parasite. The wide range 
of Plasmodium antigens exposed to the immune 
system, make it difficult to identify the best 
antigen vaccine candidates, and an immune 

system response directed at one stage of the 
parasite is rendered ineffective during another 
stage of the parasite (50). 

Parasite drug resistance:    

 Plasmodium species resist antimalarials 
through changes to the genes encoding various 
transport proteins that transport various solute 

molecules within the parasite. Solute transport 
typically involves nutrients, metabolic by-prod- 
ucts and xenobiotics, including substances that 
could potentially harm the parasite. Two key 

cellular compartments are target solute destina- 
tion sites; the parasite digestive vacuole and the 
cytosol. The digestive vacuole is the primary 
site for haemoglobin digestion, and contains 
various hydrolytic enzymes of diverse classes 
that help accomplish hemoglobin digestion, 
heme detoxification and oxygen radical neura- 

lization (43). Serving various purposes including 
the detoxification of harmful substances, the 

digestive vacuole is thus akin to the lysosome 
of other eukaryotic cells, where potentially toxic 
substances are shipped for processing (51). 
 PfMDR1 is an ATP-binding cassette tran- 

sporter composed of 1,419 amino acids resi- 
dues, with 12 putative transmembrane dom- 
ains, present on the parasite’s digestive vacuole 
(52). Its particular location on the lysosomal-
type compartment of the digestive vacuole 
membrane makes it implicated in the transport 
of solutes, including antimalarial drugs (53). 

Although, the nature of single nucleotide poly- 
morphisms (SNPs) in this gene will have diffe- 
ring effect on how antimalarials are transported, 
the general mechanism of action involves drug 
trafficking away from their target sites. This 

factor impacts on drug efficacy, offering the 

parasite resistance to the implicated drug. 
 There are five prevalent amino acid 
mutations in the pfmdr1 gene, namely the N86Y 
and Y184F which according to epidemiological 
studies, are more prevalent in Asian and African 
parasites (52), and involves the substitution of 
asparagine for tyrosine in N86Y and tyrosine for 

phenylalanine in Y184F (51). The S1034C, 
N1042D and D1246Y mutations are more com- 
monly found in South American parasites, and 
involve substitution of serine for cysteine, asp- 
aragine for aspartate, and aspartate for tyrosine 
at their respective codons (51). The N86Y and 
N1042D reduce parasite susceptibility to chloro- 

quine and quinine respectively, and concomi- 
tantly increase susceptibility to lumefantrine 
and mefloquine, ACT partner drugs (53). Simi- 
larly, amodiaquine resistance is associated with 
86Y, Y184 and 1246Y resistance alleles (54,55). 
Increased copy number of the gene is associa- 

ted with mefloquine resistance and reduced 
lumefantrine susceptibility (56). 
 The PfCRT is composed of 424 amino 
acid residues arranged into 10 transmembrane 
domains. This transporter also sits on the para- 
site’s digestive vacuole membrane, where it 
mediates drug trafficking from the parasite’s 

intravacuolar compartment to the cytosol, pot- 
entially shuffling away drugs from their active 

site, for example shuffling chloroquine away from 
its heme target (57). Mutations in Pfcrt gene has 
been implicated in antimalarial drug resistance; 
the (Pfcrt-K76T) mutation, where lysine is sub- 
stituted for threonine confers concomitant chlo- 

roquine and amodiaquine resistance (54,55); 
SVMNT allele for amodiaquine resistance; and 
Pfcrt-C101F for piperaquine resistance (58). 
The 7G8 isoform of the parasite contains five 
point mutations viz; C72S, K76T, A220S, 
N326D, and I356L, which are all revealed to line 

the central drug-binding cavity. Four of these 
mutations are required to confer chloroquine 
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resistance, although the K76T appears to be a 
key mutation (57), being conserved in chloro- 
quine-resistant parasites, (59), and along with 
pfmdr1 mutations, employed as a molecular 

marker in determining chloroquine resistance 
(60,61). Furthermore, levels of expression of 
the PfCRT determine chloroquine resistance, as 
low expression levels do not confer resistance to 
the drug.    
 PfCRT is opined to play roles in the traf- 
ficking of other metabolites; for example amino 

acids arising from haemoglobin breakdown, 
glutathione, iron, chloride and hydrogen ions, 
alkaloids, and acting as a non-specific cation 
channel (51,62). This transporter is therefore 
important to the normal physiological function- 

ing of the parasite, being recently confirmed to 

play roles in the export of host-derived peptides 
of 4–11 residue length, with tendencies not 
congruent as a non-specific transporter of other 
metabolites and/or ions (63). In addition, other 
antimalarials such as primaquine, quinacrine, 
mefloquine, and low-weight peptides containing 
aromatic amino acids are able to competitively 

inhibit chloroquine from interaction with mutant 
PfCRT, indicating the role of this transporter in 
transporting additional antimalarial drugs and 
peptides outside the digestive vacuole (43). 
 Mutation in the P. falciparum Kelch 13 
gene (pfkelch13) mediates resistance to artemi- 
sinin antimalarials, a discovery feared to sabo- 

tage the recent gains in malaria morbidity and 
mortality worldwide. PfKelch13 has a single 
exon, and is located on chromosome 13 of P. 
falciparum (64). The gene encodes a protein of 
726 amino acid residues, which is structurally 
configured into three protein domains: a seq- 

uence specific to Plasmodium; a BTB or POZ 
domain (a recognized signature for protein-
protein interaction, also present in other pro- 
teins); and six repeats of the kelch motif, called 
the beta-propeller domain (65). Artemisinin 
resistance occurs due to mutations in this beta-
propeller domain of kelch 13 (66). Over 100 of 

these mutations have been identified, with maj- 
ority of the significant mutations occurring in 

Asia. C580Y, R539T, I543, and Y493H, are the 
most frequent of the mutations (67). Drug 
resistance (if not checked) will increase morbi- 
dity and mortality of the disease, serving as 
obstacles to malaria elimination/eradication. 

Asymptomatic malaria reservoir pool:  
 Nigeria continues to bear a significant 
toll of the worldwide malaria burden. In 2021, 
Nigeria accounted for 27% of all malaria cases, 

the highest of any country in the world (68). 
Aju-Ameh (60) presents a unique perspective 
on asymptomatic malaria as a major challenge 

to malaria elimination. This author described a 
study in which 272 humans and 214 mos- 
quitoes were investigated for the malaria para- 
site. This study revealed that humans had more 

parasite biomass (36.8%) compared to engor- 
ged anthropophagic female Anopheles mosqui- 
toes (0.5%). This finding illustrates a higher 
prevalence of Plasmodium-infected humans than 
mosquitoes, and this is believed to be “the exi- 
sting phenomenon in most scenarios” (69). 
These human parasite reservoirs are a potential 

source of continuous parasite transmission within 
the population.    
 As gametocytes are the parasite forms 
infective to mosquitoes, the presence of mature 
gametocyte in blood is crucial for a sustained 

parasite transmission (70). Moreover, establish- 

ing and quantifying gametocyte presence in 
blood is important to monitor transmission patt- 
erns and the potential infectiousness of asymp- 
tomatic individuals (71). Detection may be ach- 
ieved by microscopy. However, very low game- 
tocyte densities will require more sensitive app- 
roaches for their detection (72), especially in 

low transmission settings where gametocyte 
detection by microscopy is elusive. However, 
failure to detect gametocytes by microscopy or 
molecular methods does not exclude the pos- 
sibility of malaria transmission, provided that 
other parasites forms are present. This is true 
because all malaria have the capacity to pro- 

duce gametocytes (71). Evidently, in endemic 
settings, asymptomatic infections usually per- 
sist through the dry season, perpetuating dis- 
ease transmission into the wet season (70,73, 
74). Generally, the higher the circulating game- 
tocyte numbers, the higher the infectiousness of 

an individual. And, although, higher gametocyte 
densities tends to higher infectiousness, sub- 
microscopic gametocyte levels still efficiently 
transmits parasites to mosquitoes (74,75). 

Deletions in P. falciparum Histidine-Rich 

Protein 2 and Protein 3 Genes:  
 The majority of rapid malaria testing for 
P. falciparum leverages the detection of histi- 

dine-rich protein 2 (68), a biomolecule produced 
in prolific amounts during asexual stage growth, 
with highest numbers occurring during the ring 

stage, and reduced accumulation during tropho- 
zoite and schizont stages of development (76). 
Its implementation in malaria rapid diagnostic 
testing has transformed the malaria diagnosis 
landscape, allowing for a more rapid diagnosis 
in community surveys and in malaria-endemic 
regions with a poor health-care infrastructure 

(77).     
 The occurrence of P. falciparum HRP-2 
gene deletions was first observed in 2010 in 



Narrative review of historical malaria prevention and control efforts   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 247-262 

 

254 
 

Peru, where samples positive for microscopy but 
negative by malaria rapid diagnostic test 
(mRDT) were scrutinized (78). In the study by 
Gamboa et al., in 2010 (79), 41% of retrospect- 

ively tested samples lacked the HRP-2 gene, 
and 21.6% of the samples lacked the HRP-3 
gene, a closely related gene to the former, that 
produces a protein of similar structure and sha- 
red epitopes (79). The deletions have since then 
been detected in other regions such as in Ghana 
(80), Ethiopia (81), Nigeria (82), and in other 

regions of the world (83–85).  
 Parasites that do not express the HRP-2 
gene or having HRP-2/3 gene deletions under- 
mine the effectiveness of the HRP-2 based rapid 
testing, and interfere with prompt diagnosis and 

treatment, which are essential elements in the 

malaria response and elimination race. As HRP-
3 can still be detected in HRP-based mRDT 
assays, this protein provides some usefulness in 
testing. However, concomitant deletion of both 
genes in parasite strains worsens case detection 
and paralyzes the usefulness of rapid testing 
employing the histidine-rich proteins. 

Climate change and vector expansion:  
 Climate change and global warming is 
believed to be a driving factor in vector expan- 
sion to regions they are traditionally not pre- 

sent. For malaria, this is true for Anopheles 
stephensi, originally native to the Indian sub-

continent, parts of the Middle East and south 
Asia regions, but now found in Africa. Anopheles 
stephensi, a malaria vector primarily found in 
parts of Southeast Asia, the Arabian Peninsula 
and the Middle East has recently arrived in 

Africa, reversing previous gains in selected 
regions and threatening to worsen the malaria 

crisis in new parts.     
 The first report of A. stephensi in Africa 
was in Djibouti in 2012, where the vector trig- 
gered an epidemic of P. falciparum (86). Before 

the vector’s invasion of Djibouti, malaria was at 
the verge of elimination in the country, with only 
27 cases reported in 2012. However, with the 
two epidemics of malaria in the country, over 
3000 cases were recorded between 2013 and 
2014; in the early 2013 epidemic, 1228 cases 
were reported, and in a second more severe 

epidemic spanning from late 2013 to early 
2014, over 2017 cases were reported (86). 
Since then, malaria cases have increased in the 
region (Fig 2),  with over 73000 cases reported 
in 2020 (87), as well as recorded yearly deaths 

(68). Since 2012 when A. stephensi entered 

Africa, it has spread to other countries, notably 
Ethiopia, Sudan and Somalia (88–90), and more 
recently Nigeria (91) and Kenya (92).   
 In Ethiopia, invasion of the vector has 
been linked to at least one outbreak of the dis- 
ease (93), and reports of insecticide resistance 
(pyrethroids, organophosphates and carbama- 

tes) in all regions (68,94,95). Although it is gen- 
erally unclear and somewhat variable what the 
overall role of A. stephensi is to malaria trans- 
mission in some of these regions, the Ethiopia 
epidemic, and the identification of circumsporo- 
zoite proteins in female A. stephensi mosquitoes 
through vector surveillance studies have indica- 

ted blood feeding on humans and some role in 
malaria transmission (86,88,95,96). Further- 
more, it is feared that due to the unique invasive 
properties of this vector and the rapid urbaniza- 
tion in Africa cities, the recent gains in malaria 
control efforts could be sabotaged (97–99). 

 

 

Fig 2: Impact of Anopheles stephensi’s invasion of Djibouti: From near elimination in 2012 to geometric increase in reported 

malaria through subsequent years [Source: WHO (116)] 
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Malaria control: Global targets and 

current efforts 

Historical background of malaria control: 
 From the earliest times, malaria has 
been associated with stagnant water in swampy 

environments. In fact, the name “malaria” (mal-
aria: Bad air) is the result of such association, 
when the Italians attributed the disease to the 
ill-smelling vapours from swamps (3). Although 
such attribution lacked precision, it reveals the 
appreciation of stagnant water as a factor in the 
cause of seasonal febrile illnesses, a distinctive 

feature of malaria. Ancient practices therefore 
included to a large degree, the control of mala- 

ria by draining/eliminating water from swamps, 
marshes, ponds or other body of stagnant water 
(2,100). This practice also occurred during war- 
fare when soldiers fell to malaria (8), and still 

remains, as health education programmes often 
advice to clear and remove stagnant water aro- 
und living premises, since these water enclosure 
serve as breeding sites for mosquito vectors. 
 As the etiology and lifecycle of the para- 
site were discovered in late 19th century, sub- 
sequent efforts in malaria control involved the 

use of larva-eliminating strategies and quinine 
administration in the early 20th Century, alth- 
ough quinine itself had been discovered earlier 
and used in the general treatment of intermit- 
tent fevers (4). The use of anti-larva strategies 

involved the larvicide Paris Green (copper ace- 
toarsenite) and larvivorous fish (101).   

 In the 1950s, the WHO initiated the 
Global Malaria Elimination Programme (GMEP), 
which was intended to eradicate malaria glo- 
bally (102). The initiative was based upon the 
discovery and the effectiveness of dichlorodi- 
phenyltrichlorethane (DDT), an insecticide that 

found wide spread use during the World War II. 
However, the GMEP initiative failed to achieve 
its ultimate goal, although substantial malaria 
elimination was recorded in many countries. It 
came to an end in 1969, with the realization that 
sub-Saharan Africa, the seat of the malaria pla- 
gue was not responsive to a large-scale eradica- 

tion program such as GMEP (103). Moreover, 
due to a highly rigid approach, the use of a 
single elimination tool, and inadequate foresight 
and planning, the GMEP failed to deliver on its 
goal (102).    
 The next programme targeted towards 
malaria was the Roll Back Malaria (RBM) cam- 

paign, initiated in 1998 at the debut of Gro 
Brundtland’s term as the Director-General of the 
World Health Organization (104). It was a joint 
effort of the WHO, United Nations International 

Children's Emergency Fund (UNICEF), the Uni- 
ted Nations Development Programme (UNDP) 
and the World Bank (105), born in the face of 
the high burden of malaria in sub-Sahara Africa, 

a region that then accounted for 90 % of the 
global malaria mortality. The initiative had a 
goal to reduce malaria morbidity and mortality 
by half in 2010 (106), through resource mobil- 
zation and concerted partner efforts (103). The 
campaign failed for a number of reasons; leader 
ship, inadequate funding and drug resistance, 

amongst others (105,107–109). 

Current goals/objectives of the WHO and 
associated World Organizations: 
 When the RBM campaign came to an 

end, 10 years after it began, the key UN agen- 
cies involved converged to discuss and imple- 
ment a wider and more robust strategy for mal- 
aria elimination, the Global Malaria Action Plan 
(GMAP) (110). The GMAP was a recommenda- 
tion from the RMB board, and was developed 
based on agreement between all participating 

bodies, and the collective input of international 
institutions and experts (111). Key intervention 
strategies included prophylactic treatment for 
pregnant women, use of ACT, use of insecticide 
treated nets, and indoor insecticide spraying 
(110).     

 In 2015 during the 68th World Health 
Assembly (Geneva), key stakeholders endorsed 

the Global Technical Strategy for Malaria 2016–
2030 (GTS), the current strategy that outlines 
current milestones and goals for malaria con- 
trol. These goals, with an overarching aim to 
reduce disease burden and eliminate malaria, 

are closely linked to specific goals of the United 
Nation’s Sustainable Development Goals. 

World Health Organization Global Technical 
Strategy (GTS) for Malaria:    

 The Global Technical Strategy (GTS) of 
the WHO (112) for malaria is anchored on five 

principles targeted at reducing disease burden 
and ultimately eliminating and eradicating the 
disease. The first strategy focuses on the use of 
combined intervention approaches that are ada- 

pted to the local context; the second is focused 
on leadership and community participation; the 
third is surveillance, monitoring and evaluation; 

the fourth is equity of access to health services, 
particularly for the most vulnerable; the fifth is 
innovation in intervention tools and approaches. 
These principles are intended to guide imple- 
mentation of the strategy to achieve its vision, 
goals and milestones. The vision is a world free 

of malaria. 
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Table 1: Goals, Milestones and Targets of the World Health Organization Global Technical Strategy 

Goals Milestones Targets 

 

2020 2025 2030 

 

To reduce malaria mortality 

rates globally compared with 

2015 

 

At least 40% 

 

At least 75% 

 

At least 90% 

 

To reduce malaria case 

incidence globally compared 
with 2015 

 

At least 40% 

 

At least 75% 

 

At least 90% 

 

To eliminate malaria in 

countries where it was 

transmitted in 2015 

 

At least 10 countries 

 

At least 25 countries 

 

At least 35 countries 

 

To prevent re-establishment 

of malaria in all countries that 

are malaria-free 

 

Re-establishment prevented 

 

Re-establishment prevented 

 

Re-establishment prevented 

 

 The goals, milestones and targets are 
highlighted as follows; (1) To reduce malaria 

mortality rates globally compared with 2015. 
The specific milestones are to reduce malaria 
mortality by at least 40% by 2020, and by at 
least 75% by 2025. The 2030 target is to reduce 
the mortality by at least 90%; (2) To reduce 
malaria case incidence globally compared with 
2015. The specific milestones are to reduce 

malaria case incidence by at least 40% by 2020, 
and by at least 75% by 2025. The 2030 target 
is to reduce mortality by at least 90%; (3) To 

eliminate malaria from countries in which mala- 
ria was transmitted in 2015. The specific mile- 
stones are to eliminate malaria in at least 10 
countries by 2020, and at least 20 countries by 

2025. The 2030 target is to eliminate the dis- 
ease in at least 25 countries; and (4) To prevent 
re-establishment of malaria in all countries that 
are malaria-free. The specific milestones and 
2030 target are to prevent re-establishment of 
malaria in all malaria-free countries. Within the 

context of the WHO’s goals, elimination is defi- 
ned as the interruption of the local transmission 
of a specified malaria parasite in a defined geo- 
graphical area because of deliberate activities. 
The goals and targets of the GTS are summa- 
rized in Table 1. 

United Nation’s Sustainable Development Goals: 

 The Sustainable Development Goals are 
a shared scheme of the United Nations that is 
geared towards development and cuts across 
various strata, including education, environ- 
ment and ecosystems, economic development 

and gender equality. Included in this multiface- 
ted scheme is also the healthcare infrastructure 
(113). The SDGs are composed of 17 goals, 169 
targets and 248 indicators; Goal 3, target 3.3 
specifically addresses the scourge of malaria 

and other infectious diseases. It aims by 2030 
to “…end the epidemics of AIDS, tuberculosis, 

malaria, neglected tropical disease and combat 
hepatitis, water-borne diseases, and other com- 
municable diseases.” (113).  
 Ending the malaria epidemic is also in- 
directly targeted by other goals of the SDGs; for 
example, goals 1, 2, 6, 9 address poverty, hun- 
ger, clean water and sanitation, and climate 

change respectively. These also address the sc- 
ourge of malaria. Concerted efforts by partners 
and agencies will help achieve this feat. 

Current efforts in achieving global targets: 

Surveillance and monitoring:   

 Surveillance for vector distribution, drug 
efficacy and parasite resistance patterns are key 
approaches in driving the current global targets. 
As the malaria parasite and their vectors keep 
evolving, studies on their distribution and biolo- 

gical characteristics will keep the scientific and 
global malaria community abreast of the newest 
trends and effective strategies in intervention 
programs. For WHO, vector surveillance should 
entail the continued assessment of vector spe- 
cies present in particular geographical locations, 
their abundance and seasonality. For example, 

surveillance studies helped identify Anopheles 
stephensi in Africa and particularly in Nigeria 
(91). Anopheles stephensi is an efficient malaria 
vector traditionally native to regions of South 
Asia and the Arabian Peninsula, but now spread- 
ing in parts of Africa (99,114). In addition, rele- 

vant vector binomics such as host preference, 
place and time of bite, indoor and outdoor biting 
preferences, and susceptibility to currently used 
insecticides are monitored (112).  
 Regular monitoring such as this is nece- 
ssary to keep abreast of the dynamics of vector 
distribution and their potential to transmit dis- 
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ease. In the face of environmental changes, 
such as global warming, and rapid urbanization, 
the landscape of malaria epidemiology is like- 
wise changing, and hence the need for contin- 

uous monitoring. The likelihood of renewed mal- 
aria transmission in “malaria-free” regions is 
now feared as a subtle possibility. For example, 
the US, which has not recorded any indigenous 
malaria transmission in the last two decades 
recently experienced incidence of malaria (115), 
thus reemphasizing the need for a continuous 

monitoring even in regions that have eliminated 
the disease.    
 The WHO in 2022 launched a strategic 
plan to address the menace of antimalarial drug 
resistance in Africa (68,116). This strategy is 

composed of three objectives: first, to facilitate 

the detection of antimalarial drug resistance 
thereby ensuring a timely response; second, to 
slow down the emergence of resistance to arte- 
misinin and artemisinin combination therapy 
(ACT) partner drugs; and third, to reduce the 
evolution and spread of drug-resistant parasites 
where resistance has been confirmed (116). The 

overall goal is to minimize the threat and impact 
of antimalarial drug resistance due to P. falci- 
parum in Africa. Further, four pillars are outlined 
in the strategy as the pivot for implementation 
of the objectives: Pillar I seeks to strengthen the 
surveillance of antimalarial drug efficacy and 
resistance; pillar II seeks to limit drug pressure 

through judicious use of malaria diagnostics and 
therapeutics; pillar III undertakes to limit the 
spread of antimalarial drug-resistant parasites; 
and pillar IV looks to stimulate research and 
innovation into the effective utilization of exist- 
ing tools in the fight against resistance, as well 

as to develop novel tools.   
 Efforts in the surveillance of antimalarial 
drug resistance are often carried out through 
population-wide screening or as part of clinical 
trials. Nyunt et al., (2015), showed the presen- 
ce of resistance in Myanmar, a malaria endemic 
area in the Greater Mekong subregion of South- 

east Asia (117). The study revealed the diver- 
sity of P. falciparum antimalarial drug resistance 

genes among local residents in the study region. 
Mutations in K13, pfarps10, pffd, and pfmdr2 
were identified in the study. Further, mutations 
in the propeller region of K13 (C580Y) were ass- 
ociated with artemisinin resistance and delayed 

parasite clearance lasting more than 72 hours 
after drug administration. Similarly, the V127M, 
D195Y and T484I mutations were found in the 
pfarps10, pffd, and pfmdr2 genes respectively. 
In other studies, mutations in pfcrt and pfmdr1 
genes were found to be associated with chloro- 

quine resistance in malaria-endemic regions 
(59,118). In Northern Nigeria, polymorphisms 

in pfmdr1 gene were associated with reduced 
sensitivity to the partner drug lumefantrine, a 
component of a key ACT drug adopted for use 
(119). This occurrence was corroborated in 

Southwest Nigeria, giving hints of parasite drug 
resistance due to single nucleotide polymor- 
phisms (SNPs) in the pfmdr1 gene (120). 

Prompt diagnosis and treatment:  
 The WHO GTS (112) advises diagnosis 

of all suspected malaria cases before administe- 
ring treatment. Diagnosis through quality-ass- 
ured microscopy or rapid testing is advised to 
confirm malaria and thus reduce the over-use of 
ACTs and the possibility of parasite drug resis- 
tance. This practice will especially be useful in 

malaria endemic settings where a clinical pre- 

sentation of fever is almost always presumed to 
be malaria.      
 Furthermore, prompt and effective trea- 
tment of confirmed cases will reduce morbidity 
and prevent disease progression. P. vivax and 
P. ovale spp. confirmed uncomplicated cases 

should receive a 14-day course of primaquine in 
addition to ACT, provided they are not pregnant 
women and are not glucose-6-phosphate de- 
hydrogenase (G6PD) deficient. Parenteral admi- 
nistration of artesunate or artemether should be 
done in complicated malaria cases, followed by 
an oral course of ACT. In all treatment cases, 

oral based monotherapy is discouraged. Inter- 

mittent preventive treatment (IPT) of malaria is 
recommended for pregnant women and infants 
as these groups are especially vulnerable to 
malaria. Chemoprophylaxis is likewise recomm- 
ended for travelers who visit areas of malaria 
transmission. 

Research and development:    
 Research and development are ongoing 
for several innovative applications in malaria 
prophylaxis, diagnosis, and treatment. These 
include procedures that detect G6PD deficiency 

to guide primaquine-administered radical cure, 
vaccines for the most vulnerable, HRP-2 RDT 
alternatives, and new drugs, among others. In 
October 2021, the WHO approved use of the 

RTS,S malaria vaccine for children in moderate 
to high malaria transmission areas (121). The 
RTS,S malaria vaccine is an effort of 30 years of 

research and development by GlaxoSmithKline, 
supported by various partners. The vaccine roll 
out is approved for children from 5 months of 
age, to be received in four doses (122). In 
addition, the R21/Matrix-M malaria vaccine with 
over 75% efficacy was recently approved for 

use in Nigeria (123).  
 Hemozoin-based assays for diagnosis of 
malaria are underway with several field tests 
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carried out (124,125), although none has reach- 
ed full scale implementation. Similarly, other 
applications such as saliva and urine-based spe- 
cimens are currently being explored for the non-

invasive diagnosis of malaria (126,127). 
 New bioactive agents for the treatment 
of malaria are also in development to cushion 
the effect of widespread resistance to currently 
available drugs. Some of these combinations 
have been dubbed ‘Next-generation antimala- 
rials’, and include novel products exploring new 

mechanisms of anti-plasmodial action, and others 

to be used in combination with current partner 
drugs. The most currently advanced Next-gene- 
ration antimalarial agent is the Ganaplacide-
lumefantrine combination, which was found to 

be effective and well tolerated in adult and ado- 

lescent patients with uncomplicated P. falcipa- 
rum, following a phase 2 trial (128). In addition, 
Cipargamin is a phase 2 clinical trial drug that 
disrupts parasite sodium homeostasis by inter- 
fering with the P. falciparum ATPase4 (129).  
 Another Next-generation agent is the 
M5717-pyronaridine combination which explo- 

res the anti-hemozoin activity of pyronaridine, 
and protein synthesis inhibitory activity of 
M5717 to achieve anti-plasmodial activity. While 
pyronaridine (Pyramax) is currently approved 
for use in an antimalarial regimen, M5717 is a 
novel agent that targets elongation factor 2 in 
the protein synthesis pathway of the parasite 

(130). The M5717-pyronaridine combination is 
nearing phase 2 clinical trial. Furthermore, ade- 
nosine sulfamates, a novel class of nucleoside 
analogs that inhibit the tyrosine tRNA synthase 
of the parasite are in preclinical development 
(131,132). Concerted efforts by the research 

community, donors and partner agencies will be 
needed to accelerate research and development 
towards achieving the 2030 goals of the WHO 
and associated world organizations. 
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Abstract:  

Background: In Burkina Faso, the emergence of resistance within the Mycobacterium tuberculosis complex (MTBC) 
represents a growing public health challenge, threatening the progress made toward tuberculosis (TB) control. This 
study aimed to estimate the prevalence of rifampicin- and isoniazid-resistant TB and to identify factors associated 
with multidrug-resistant TB (MDR-TB) among patients managed at the National Tuberculosis Control Center (CNLAT). 
Methodology: A cross-sectional study was conducted using samples from 3,485 presumptive and confirmed TB 
patients received at CNLAT from January 2020 to December 2023. MTBC detection and rifampicin resistance 
screening were performed using the Xpert MTB/RIF assay. Samples testing rifampicin-resistant were further analyzed 
with the GenoType MDRplus v2.0 assay to assess concurrent resistance to isoniazid and rifampicin.              
Results: The overall prevalence of rifampicin-resistant TB (RR-TB) among 3,485 TB patients was 2.7% (95% CI: 
2.2–3.3), 1.9% among new cases and 11.7% among previously treated cases. Of 60 RR-TB cases identified by Xpert 
MTB/RIF assay tested by GenoType MDRplus, 73.3% (44/60) were confirmed multidrug-resistant (MDR-TB). 
Significant associations were observed between MDR/RR-TB and age (p=0.044) and previous TB treatment history 
(p<0.001).                                  
Conclusion: This study reveals a notable burden of MDR/RR-TB (2.7%) in Burkina Faso, emphasizing the need for 
systematic molecular testing and robust patient monitoring throughout treatment. Strengthening early diagnosis, 
treatment adherence, and molecular surveillance will be critical to limiting the spread of drug-resistant TB and 
achieving national TB elimination targets. 
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Résumé: 

Contexte: Au Burkina Faso, l’émergence de résistances au sein du complexe Mycobacterium tuberculosis (MTBC) 
représente un défi croissant de santé publique, menaçant les progrès réalisés dans la lutte contre la tuberculose 
(TB). Cette étude visait à estimer la prévalence de la TB résistante à la rifampicine et à l’isoniazide et à identifier les 
facteurs associés à la tuberculose multirésistante (TB-MR) chez les patients pris en charge au Centre national de 
lutte contre la tuberculose (CNLAT).                                     
Méthodologie: Une étude transversale a été menée à partir d’échantillons prélevés chez 3 485 patients présentant 
une tuberculose présumée ou confirmée, admis au CNLAT entre janvier 2020 et décembre 2023. La détection du 
MTBC et le dépistage de la résistance à la rifampicine ont été réalisés à l’aide du test Xpert MTB/RIF. Les échantillons 
résistants à la rifampicine ont ensuite été analysés par le test GenoType MDRplus v2.0 afin d’évaluer la résistance 
concomitante à l’isoniazide et à la rifampicine.                            
Résultats: La prévalence globale de la tuberculose résistante à la rifampicine (TB-RR) parmi 3485 patients 
tuberculeux était de 2,7% (IC à 95%: 2,2–3,3), soit 1,9% parmi les nouveaux cas et 11,7% parmi les cas déjà 
traités. Sur 60 cas de TB-RR identifiés par le test Xpert MTB/RIF et confirmés par GenoType MDRplus, 73,3% (44/60) 
étaient des cas confirmés de tuberculose multirésistante (TB-MR). Des associations significatives ont été observées 
entre la TB-MR/RR et l’âge (p=0,044) ainsi que les antécédents de traitement antituberculeux (p<0,001). 
Conclusion: Cette étude révèle une prévalence importante de TB-MR/RR (2,7%) au Burkina Faso, soulignant la 
nécessité de tests moléculaires systématiques et d’un suivi rigoureux des patients tout au long du traitement. Le 
renforcement du diagnostic précoce, de l’observance thérapeutique et de la surveillance moléculaire sera essentiel 
pour limiter la propagation de la tuberculose résistante aux médicaments et atteindre les objectifs nationaux 
d’élimination de la tuberculose.  

Mots-clés: Tuberculose multirésistante, résistance à la rifampicine, diagnostic moléculaire, surveillance, Burkina Faso 

Introduction: 

 Tuberculosis (TB) remains one of the 

leading causes of infectious morbidity and mor- 
tality worldwide, despite significant advances in 
diagnosis and treatment. The emergence and 
spread of drug-resistant forms of the Mycobac- 
terium tuberculosis complex (MTBC) represent 
a major threat to global public health and a 
critical obstacle to achieving the World Health 

Organization (WHO) End TB Strategy targets for 
2035 (1). Resistance to first-line anti-tubercu- 
losis drugs, particularly rifampicin and isoniazid, 
compromises the efficacy of standard treatment 

regimens and increases the risk of treatment 
failure, relapse, and community transmission of 
resistant strains (2-5).    

 Globally, the WHO estimates that more 
than 10 million people continue to fall ill with TB 
each year, resulting in over one million deaths 
(5). Between 2020 and 2023, the annual num- 
ber of individuals who developed rifampicin-res- 
istant (RR-TB) or multidrug-resistant TB (MDR-

TB) remained relatively stable, representing ap- 
proximately 3–4% of new TB cases and 16–17% 
of previously treated cases (1,5). The highest 
proportions of MDR- and XDR-TB cases were 

reported in the Russian Federation and in seve- 
ral countries across Eastern Europe and Central 
Asia (5). According to the five most recent WHO 
global TB reports, Africa remains one of the 

three WHO regions most heavily affected by the 
disease (1,5). Within the continent, Nigeria, the 
Republic of the Congo, and South Africa are 
among the 30 countries with the highest TB 
burden (1,5).    
 In Burkina Faso, TB continues to pose a 
serious public health concern. The latest natio- 

nal drug resistance surveillance survey, conduc- 
ted in 2019, reported rifampicin resistance in 
2.0% of new cases and 14.5% of previously 

treated cases, 83% of which were classified as 
MDR-TB(6). However, since this survey, limited 
updated data have been available, and disrupt- 

ions related to the COVID-19 pandemic may 
have further impacted TB detection, treatment 
adherence, and resistance dynamics.  
 Given the clinical and epidemiological 
implications of multidrug-resistant TB, continuous 
and up-to-date surveillance is essential to in- 
form diagnostic and therapeutic strategies. This 

study, therefore aimed to estimate the preva- 
lence of rifampicin-resistant and multi-drug-re- 
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sistant TB (RR/MDR-TB) among patients’ mana- 
ged at the National Tuberculosis Control Center 
(CNLAT) in Burkina Faso between 2020 and 
2023, thereby contributing to the national 

update of anti-TB drug resistance surveillance 
data. 

Materials and method: 

Study setting:      

 This study was conducted at the Natio- 
nal Tuberculosis Control Center (CNLAT), loca- 

ted in Ouagadougou, in the central region of 
Burkina Faso. The CNLAT hosts the National 
Reference Laboratory for Mycobacteria (LNR-
M), which serves as the country’s main facility 

for TB diagnosis, drug susceptibility testing, and 
molecular surveillance. 

Study design and period:    

 A descriptive cross-sectional study was 
carried out over four years, from January 1, 
2020, to December 31, 2023. This timeframe 
was selected to capture a representative over- 
view of the evolution of drug resistance patterns 
in the MTBC during the post-COVID-19 period. 

Study population:     

 The study included all patients with sus- 

pected or confirmed tuberculosis whose biologi- 
cal samples were received at the CNLAT for 
bacteriological confirmation and drug resistance 
testing. Patients originated from multiple reg- 

ions across Burkina Faso, encompassing both 
new TB cases and previously treated cases. 

Ethical considerations:     

 The study received approval from the 
Burkina Faso Health Research Ethics Committee 
(deliberation n° 2015-6-080). Patient confiden- 
tiality and anonymity were strictly maintained 
throughout the study in accordance with ethical 
standards for biomedical research.  

Collection of biological samples:  

 Biological samples varied according to 

the suspected form of TB. For pulmonary TB, 
early-morning sputum specimens (≥5 mL) were 
collected by patients into sterile containers 

while for extrapulmonary TB, ascitic fluid, lymph 
node pus, pleural fluid, gastric aspirates, or 
bronchoalveolar lavage were collected aseptic- 

ally by trained medical personnel. 
 Samples were transported to the LNR-M 
either by patients, accompanying staff, or thr- 
ough the Integrated Biological Sample Trans- 
port System (SITEB) within 48 hours. When 
immediate transport was not feasible, samples 

were refrigerated at +2°C to +8°C and shipped 
within a maximum of 48 hours. 

Detection of the Mycobacterium tuberculosis 
complex and rifampicin resistance:   

 Detection of MTBC and rifampicin resis- 
tance was performed simultaneously using the 

Xpert MTB/RIF assay (Cepheid®, Sunnyvale, 
USA). This real-time PCR-based test targets the 
rpoB gene, identifying mutations within the Rif- 
ampicin Resistance Determining Region (RRDR, 
codons 505–533). Results were interpreted 
according to the manufacturer’s guidelines and 

the National Tuberculosis Control Programme 
(PNLT) standards. 

Detection of isoniazid resistance:  

 Isoniazid resistance testing was conduc- 
ted on samples showing rifampicin resistance 
using the GenoType® MDRplus v2.0 Line Probe 
Assay (Hain Lifescience GmbH, Germany), fol- 
lowing WHO-recommended protocols. This rev- 

erse hybridization assay detects mutations in 
rpoB gene (codons 505–533) for rifampicin res- 
istance, and katG gene (codon 315) and inhA 
promoter for isoniazid resistance. Resistance 
profiles were determined based on the hybridi- 
zation pattern of amplified DNA fragments to 

mutation-specific probes. 

Data analysis:     

 Data were entered and cleaned using 
Microsoft Excel 2016, then analyzed with R soft- 

ware version 4.4.1. Descriptive statistics sum- 
marized baseline characteristics. Associations 
between independent variables (age, sex, treat- 
ment history, TB type) and resistance outcomes 

were assessed using Chi-square tests and uni- 
variate and multivariate logistic regression ana- 
lyses. A p value < 0.05 was considered statisti- 
cally significant. 

Results: 

Sociodemographic and clinical characteristics of 
the study population:     

 A total of 3,485 tuberculosis patients 
were included in the study, of whom 92.1% 
(n=3,211) were new cases, and 7.9% (n=274) 

had been previously treated. The participants’ 
ages ranged from 1 to 99 years, with a mean 
age of 38 ± 5.8 years. Males accounted for the 

majority of cases (77.4%) compared with fe- 
males (22.6%), with a male-to-female ratio of 
approximately 3.4:1. The most represented age 
group was 25–44 years, comprising 51.7% of 
the patients.
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Table 1: Socio-demographic characteristics of the patients with suspected or confirmed tuberculosis at the National Tuberculosis 

Control Center (CNLAT), Ouagadougou, Burkina Faso 

Characteristics Number (n = 3,485) Percentage (%) 

  
Gender 

  

Male 2,698 77.4 

Female 787 22.6 
 

Age group (years) 

  

0–14 90 2.6 

15–24 437 12.5 

25–34 904 25.9 

35–44 899 25.8 

45–54 561 16.1 

55–64 325 9.3 

≥ 65 269 7.7 

 
Treatment history 

  

New cases 3,211 92.1 

Previously treated 274 7.9 

 

Type of tuberculosis 

  

Pulmonary 3,388 97.2 

Extrapulmonary 97 2.8 

  

 

 Most cases were pulmonary tuberculosis 
(97.2%), while extrapulmonary forms represen- 
ted only 2.8% of diagnoses (Table 1). This 
demographic pattern reflects the typical profile 

of TB patients in high-burden settings, where 
young adult males, the most economically ac- 
tive segment of the population, are dispropor- 
tionately affected.  

Prevalence and risk factors associated with 
rifampicin resistance:    

 Among 3,485 tuberculosis cases confir- 
med by the Xpert MTB/RIF test, 94 rifampicin-

resistant TB (RR-TB) cases were detected, corr- 
esponding to an overall prevalence of 2.7%. Of 
these, 1.9% (62/3,211) occurred among new 
cases, and 11.7% (32/274) among previously 
treated patients.   

 In univariate analysis, age group and 
treatment history were significantly associated 
with RR-TB. Adult patients aged 25–44 years 
had a higher likelihood of developing RR-TB (OR 

= 2.47; 95% CI: 1.25–5.60; p = 0.017), which 
remained significant in multivariate analysis 
(adjusted OR = 2.18; 95% CI: 1.08–5.01; p = 
0.044).      
 Similarly, patients with a history of TB 

treatment showed a strong association with RR-

TB (adjusted OR = 6.33; 95% CI: 3.99–9.87; p 
< 0.001). No significant association was found 
with sex (p = 0.633) or other age categories 
(Table 2). These findings indicate that previous 
TB treatment and adult age (25–44 years) are 
major determinants of rifampicin resistance in 
this population. 

 

 

Table 2: Prevalence and risk factors associated with rifampicin resistance in the tuberculosis  

Variable Total (n) RR-TB prevalence (%) Univariate OR (95% CI) p value Multivariate OR (95% CI) p value 

  

Gender 
      

Male 2,698 2.78 1.16 (0.71–1.98) 0.578 0.88 (0.53–1.53) 0.633 

Female 787 2.41 Ref — Ref — 

 

Age group (years) 

      

0–24 904 3.2 Ref — Ref — 

25–44 899 4.1 2.47 (1.25–5.60) 0.017 2.18 (1.08–5.01) 0.044 

45–64 561 1.8 1.35 (0.60–3.30) 0.489 1.25 (0.55–3.09) 0.614 

≥ 65 269 0.7 0.49 (0.07–1.96) 0.363 0.48 (0.07–1.94) 0.354 

 

Treatment history 

      

New cases 3,211 1.93 Ref — Ref — 

Previously treated 274 11.68 6.72 (4.25–10.42) <0.001 6.33 (3.99–9.87) 0.001 
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Table 3: Proportion of Mycobacterium tuberculosis complex resistant to rifampicin and isoniazid using Xpert MTB/RIF and GenoType 

MDRplus v2.0 

Tests  Drug  Total (N)  New cases 

(Resistant/Total)  

%  Previously treated 

(Resistant/Total) 

%  Overall 

resistance (%)  
Xpert MTB/RIF RIF 3,485 62/3,211 1.9 32/274 11.68 2.7 

 

GenoType MDRplus v2.0 

 

INH 

 

60 

 

34/46 

 

73.9 

 

10/14 

 

71.4 

 

73.3 
 

GenoType MDRplus v2.0 

 

RIF 

 

60 

 

46/46 

 

100 

 

14/14 

 

100 

 

100 

 

Combined (INH + RIF) 

 

— 

 

60 

 

34/46 

 

73.9 

 

10/14 

 

71.4 

 

73.3  
RIF = Rifampicin; INH = Isoniazid 

Resistance profile of the Mycobacterium tuber- 
culosis complex:     

 Among 60 RR isolates from Xpert MTB/ 
RIF assay tested with GenoType MDRplus v2.0, 
all were confirmed resistant to rifampicin, and 

44 (73.3%) were also resistant to isoniazid, 

meeting the definition of multidrug-resistant TB 
(MDR-TB). The MDR-TB prevalence was compa- 
rable between new (73.9%) and previously trea- 
ted cases (71.4%) (Table 3). 

Discussion: 

 This study aimed to estimate the preva- 
lence and associated factors of multidrug-
resistant and extensively drug-resistant tuber- 
culosis (MDR/XDR-TB) among patients diagno- 
sed at the National Tuberculosis Control Center 
(CNLAT) in Burkina Faso. The overall prevalence 
of MDR/XDR-TB was 2.7%, including 1.9% am- 

ong new cases and 11.7% among previously 

treated cases. Among rifampicin-resistant isola- 
tes, 73.3% also exhibited isoniazid resistance, 
confirming MDR-TB.   
 The prevalence observed in this study is 
comparable to that reported in Ghana (2.4%) 

(7), but lower than that documented in Ethiopia 
(5.3%) (11), Botswana (5.4%) (9), and Nigeria 
(5.8%) (10), illustrating the heterogeneous 
geographical distribution of MDR/XDR-TB across 
Africa. These results place Burkina Faso among 
countries with a relatively low prevalence (<3%), 
consistent with the WHO 2024 global estimate 

of 3.2% (6). The similarity between our findings 
and those of the 2019 national resistance sur- 
vey (2.0%) (7) suggests a stable trend in drug 

resistance in Burkina Faso over the past five 
years.     
 However, the higher prevalence of MDR/ 
XDR-TB among previously treated patients 

(11.7%) underscores the need to strengthen 
treatment adherence and follow-up. This pre- 
valence is slightly lower than that reported in 
Burkina Faso (14.5%) in 2019 (7) and below the 
global prevalence (16%) reported by WHO in 
2024 (6). Similar findings have been observed 

in other African countries such as Ghana (1.3% 
vs 25%) (8), Ethiopia (2.3% vs 14.36%) (11), 
Nigeria (6.0% vs 32%) (10), and Botswana 

(1.3% vs 7.7%) (9). These differences confirm 
that previous treatment remains a major deter- 
minant of drug resistance, as shown by our res- 
ults (aOR=6.33; 95% CI: 3.99–9.87; p<0.001), 

consistent with earlier studies in Burkina Faso 

(14,15).   
 Inadequate drug regimens, poor-quality 
medications, suboptimal prescription practices, 
and poor adherence (2,5,14) contribute to the 
development of resistance through selective 
pressure on M. tuberculosis strains. In addition, 

the study revealed that patients aged 25–44 
years were more likely to develop MDR/XDR-TB 
(aOR=2.18; 95% CI: 1.08–5.01; p=0.044). 
This association was not observed in the 2019 
national survey (7) but could be related to beha- 
vioural and occupational factors, as this age 
group represents the most active and mobile 

segment of the population. Frequent work-rela- 
ted mobility may compromise treatment adhe- 

rence, favouring the emergence of resistant 
forms. Further studies are needed to explore 
socio-behavioural determinants of resistance in 
this group. Conversely, no significant associa- 

tion was found between gender and MDR/XDR-
TB, consistent with previous studies conducted 
in Burkina Faso (8,15).    
 Regarding the resistance profile, 73.3% 
of rifampicin-resistant strains were also resis- 
tant to isoniazid, which aligns with previous 
national data from 2017 showing approximately 

83% dual resistance (7). This observation con- 
firms that in Burkina Faso, the majority of RR-
TB cases correspond to MDR-TB. Globally, 
several studies have reported that rifampicin 

monoresistance is rare, as resistance to rifampi- 
cin is frequently associated with isoniazid resis- 
tance in about 75% of cases (2,3,16). For this 

reason, rifampicin resistance is widely used as a 
surrogate marker for MDR-TB, justifying the 
immediate initiation of MDR-TB treatment upon 
RR-TB detection (13). 

Conclusion:  

 This study provides updated insights 
into the burden and determinants of drug-resi- 
stant tuberculosis in Burkina Faso, revealing a 
moderate but persistent prevalence of MDR/ 
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XDR-TB. The findings show that resistance rem- 
ains significantly associated with previous TB 
treatment and with the 25–44-year-old age 
group, suggesting that both therapeutic history 

and population mobility play a crucial role in the 
emergence of resistant forms.   
 To effectively contain the spread of 
MDR/XDR-TB, it is crucial to strengthen mole- 
cular diagnostic capacity and ensure the rapid 
and decentralized detection of resistant cases. 
Continuous monitoring of treatment adherence 

and improvement of directly observed therapy 
are essential to prevent therapeutic failure and 
relapse. Furthermore, expanding surveillance of 
drug resistance and integrating genomic tools 
such as whole genome sequencing will improve 

the early detection of transmission clusters and 

the understanding of circulating resistant str- 
ains.    
 Sustained investment in diagnostic inf- 
rastructure, health worker training, and patient 
education is indispensable to improving thera- 
peutic outcomes and interrupting transmission 
chains. These actions are vital for achieving the 

WHO End TB Strategy targets for 2035 and for 
preventing the further expansion of drug-resi- 
stant tuberculosis in Burkina Faso and across 
the region.   
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Abstract:  
 
Background: Drug-resistant tuberculosis (DR-TB) poses a significant challenge to global TB control efforts, 
particularly in low- and middle-income countries (LMICs) where diagnostic resources are limited, thereby widening 
treatment gap. This has increased morbidity and mortality due to TB in Sub-Saharan Africa. We sought to evaluate 
the role of clinical diagnosis in identifying DR-TB in pulmonary TB cases missed by the sputum GeneXpert MTB/RIF 
assay in Ekiti State, Nigeria. 
Methodology: A secondary data analysis was conducted using the 2024 National Tuberculosis, Leprosy and Buruli 
Ulcer Control Programme (NTBLCP) register in Ekiti State. Data on demographics, diagnostic methods, and 
resistance patterns were extracted and analyzed using descriptive statistics.                                   
Results: Among 28 DR-TB cases identified, GeneXpert MTB/RIF assay detected only 53.6% (n=15), missing 
46.4% (n=13) which were subsequently identified through clinical suspicion followed by Line Probe Assay. MDR-TB 
accounted for 46.4% (n=13), rifampicin mono-resistance for 39.3% (n=11), and isoniazid mono-resistance for 
14.3% (n=4). Two cases of pre-XDR TB were observed among people living with HIV, both of whom had false-
negative GeneXpert results. The average diagnostic delay from GeneXpert testing to LPA-based diagnosis was 16 
days.                                                     
Conclusion: Clinical evaluation is critical in bridging diagnostic gaps created by false-negative GeneXpert results, 
ensuring timely identification and treatment of DR-TB. 
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Résumé: 

Contexte: La tuberculose pharmacorésistante (TB-DR) représente un défi majeur pour la lutte mondiale contre la 
tuberculose, en particulier dans les pays à revenu faible et intermédiaire (PRFI) où les ressources diagnostiques 
sont limitées, ce qui creuse l’écart de traitement. Cette situation a entraîné une augmentation de la morbidité et de 
la mortalité liées à la tuberculose en Afrique subsaharienne. Nous avons cherché à évaluer le rôle du diagnostic 
clinique dans l’identification de la TB-DR chez les patients atteints de tuberculose pulmonaire non détectés par le 
test GeneXpert MTB/RIF sur expectorations dans l’État d’Ekiti, au Nigéria.                   
Méthodologie: Une analyse secondaire des données a été réalisée à partir du registre 2024 du Programme 
national de lutte contre la tuberculose, la lèpre et l’ulcère de Buruli (NTBLCP) de l’État d’Ekiti. Les données 
démographiques, les méthodes diagnostiques et les profils de résistance ont été extraits et analysés à l’aide de 
statistiques descriptives.                                         
Résultats: Parmi les 28 cas de tuberculose pharmacorésistante (TB-DR) identifiés, le test GeneXpert MTB/RIF n’en 
a détecté que 53,6 % (n = 15), manquant ainsi 46,4 % des cas (n = 13), qui ont été ultérieurement identifiés 
grâce à la suspicion clinique, suivie d’un test de génotypage par sonde linéaire (LPA). La tuberculose 
multirésistante (TB-MR) représentait 46,4 % des cas (n = 13), la monorésistance à la rifampicine 39,3 % (n = 11) 
et la monorésistance à l’isoniazide 14,3 % (n = 4). Deux cas de tuberculose pré-ultrarésistante (pré-TB-XDR) ont 
été observés chez des personnes vivant avec le VIH ; ces deux cas présentaient des résultats GeneXpert 
faussement négatifs. Le délai diagnostique moyen entre le test GeneXpert et le diagnostic par LPA était de 
16 jours.                                             
Conclusion: L’évaluation clinique est essentielle pour pallier les lacunes diagnostiques dues aux résultats 
faussement négatifs du test GeneXpert, garantissant ainsi une identification et un traitement précoces de la TB-DR. 

Mots-clés: Lacunes diagnostiques, Nigéria, GeneXpert, Tuberculose 

Introduction:   

 Drug-resistant tuberculosis (DR-TB) is 
drug-resistance of Mycobacterium tuberculosis 
to any of the most effective medications used 
in treatment regimens of TB. DR-TB can be 
grouped as secondary drug resistance when it 
results from an on-going resistance acquisition 

or primary drug resistance when it is from 
person-to-person transmission in a treatment-
naive (new) patient (1). It can also be catego- 
rized as mono-drug resistance, in which there 
is resistance to only one drug used for treat- 
ment. Poly-drug resistance is resistance to at 
least two drugs used for TB treatment but not 

isoniazid and rifampicin. Multidrug-resistance 
(MDR-TB) is resistance to at least isoniazid and 
rifampicin, the most effective first-line TB treat- 
ment drugs. Another form of DR-TB is pre-
extensively drug-resistant TB (pre-XDR TB) 
where M. tuberculosis is resistant to isoniazid, 
rifampicin and a fluoroquinolone. The last form 

of DR-TB is extensively drug-resistant TB (XDR 

TB) which has a resistance profile to isoniazid 
and rifampicin, a fluoroquinolone, and either 
bedaquiline or linezolid (1–3).    
 The initiative for eliminating TB cannot 
be successful until DR-TB is adequately stem- 

med (4). DR-TB is part of the broader frame- 
work of global antimicrobial resistance (AMR) 
occurrence which is estimated to accrue more 
morbidity and mortality in Africa (5). DR-TB is 
estimated to cause 13% of all AMR-attributable 
deaths worldwide (6). Nigeria is recently rank- 
ed 6th among 30 high-burden TB countries 

globally and 14th among countries with DR-TB 

based on estimated incidence of MDR-TB while 
the national MDR-TB burden is estimated to be 
21,000 annually (7). Further, the prevalence of 
MDR-TB in Nigeria is estimated at 4.3% among 
new TB cases (treatment-naive) and 25% 

among previously treated cases (8). A pooled 
Southwestern region prevalence in Nigeria of 
MDR-TB in 2023 was about 13.8% (9) despite 

the pragmatic approach of combating DR-TB in 
Ekiti State with early identification and mana- 
gement of DR-TB cases.  

 Diagnostic and treatment gaps appear 
to worsen the present situation, deterring the 
achievement of the end TB strategy (4). Initial 
diagnosis of pulmonary TB (PTB) is majorly by 
sputum GeneXpert MTB/RIF assay (7). Alth- 
ough this diagnostic has an impressive predic- 
tive value, it could still present with false-neg- 

ative results in some circumstances (10). This 
would require heightened clinical evidence to 
bridge the apparent diagnostic gap to achieve 
a good clinical outcome. We therefore identi- 
fied the relevance of clinical diagnoses in supp- 
lementing diagnostic gaps of DR-TB in Ekiti 

State, Nigeria.   

Materials and method:   

 A secondary data analysis was con- 
ducted using the 2024 register of the National 
Tuberculosis, Leprosy and Buruli Ulcer Control 
Programme (NTBLCP) in Ekiti State, Nigeria. 
The register included patients diagnosed with 
DR-TB across various local government areas 

within the State. Data extracted from the regi- 
ster included patient demographics (age, sex), 
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HIV status, mode of TB diagnosis (GeneXpert 
MTB/RIF assay, line probe assay [LPA], and/or 
culture), drug-resistant patterns, TB treatment 
category (new or previously treated), and dia- 

gnostic timelines. Only confirmed DR-TB cases 
recorded in the 2024 register were included. 
Incomplete entries or unverified diagnoses were 
excluded from analysis.   
 Ethical approval for this study was 
obtained from the Ekiti State Ministry of Health 
and Human service Ethics Committee. Approval 

number MOH/EKHREC/EA/P/139. No individual 
identifiers were collected. Dataset was stored a 
pass-worded computer and could only be acces- 
sed by authors for analysis. 
 Descriptive statistics, including frequen- 

cies and percentages were used to summarize 

the data. Trends in diagnostic outcomes and 
resistance patterns were also described. Gra- 
phical representations were generated for geo- 
graphic distribution and DR-TB categories.  

Results:   

 A total of 28 people were diagnosed 
with drug-resistant TB in 2024, with female to 

male ratio of 9 to 19 and mean age of 38±13.8 
years. Only four patients (14.3%) were people 
living with HIV/AIDS (PLWHA) and were on 
anti-retroviral medications as at DR-TB diag- 
nosis. Of these, 1 was a new case, while the 

other 3 were previously treated TB cases (rela- 
pse or treatment after follow-up). Further- 

more, 2 of the 4 (50%) PLWHA had false-neg- 
ative sputum GeneXpert MTB/RIF assay.   
 Sputum GeneXpert MTB/RIF assay iden- 
tified 15 (53.6%) of the 28 patients as DR-TB 
and missed 13 (46.4%). These 13 sputum 
GeneXpert MTB/RIF assay-negative cases were 
evaluated on clinical premise with(out) radio- 

logy, which necessitated further sputum analy- 

sis using line probe assay (LPA). LPA was posi- 
tive in all the 28 DR-TB cases (sputum Gene- 
Xpert MTB/RIF assay positive and negative) 
with highest identification as MDR-TB (13/28, 

46.4%), followed by rifampicin mono-resistant 
TB (11/ 28, 39.3%) and isoniazid mono-resis- 
tant TB (4/28, 14.3%) (Fig 2). In addition, LPA 
identified the second line anti-TB drug resis- 
tance in 2 HIV-positive patients showing inter- 
mediate susceptibility to both fluoroquinolones 
and aminoglycosides in one and only fluoro- 

quinolones in another, indicating pre-XDR.  
 For those with false-negative sputum 
GeneXpert MTB/RIF assay, the timeline diffe- 
rence between a negative sputum GeneXpert 
MTB/RIF assay and a positive LPA, which neces- 

sitated initiation of DR-TB medications, was 

averagely 16±23 days. Of the 9 (32.1%) pati- 
ents who had subsequent culture of sputum for 
further analysis, only 4 (44.4%) were culture 
positive. Only one patient (3.6%) died from this 
pool of patients managed as DR-TB in 2024.   
 Fig 1 displayed the distribution of the 
DR-TB cases by Local Government Areas in 

Ekiti State, with Ado-Ekiti having the highest 
frequency of cases (35.7%, n=10) in the 
State. Fig 2 displayed the frequency of the DR-
TB patients’ category with drug-resistance pat- 
terns using LPA, with MDR-TB mostly seen in 
persons who has been previously treated for 
TB. Fig 3 displayed the distribution of sputum 

GeneXpert MTB/RIF assay results among DR-
TB patients’ category, with false-negative spu- 
tum GeneXpert MTB/RIF assay prevalent in 
previously treated TB cases (61.5%, n=8/13). 
 Fig 4 presented the prevalence of DR-
TB in Ekiti State over the three-year period of 

the study, which showed an initial high rate of 
5.1% (n=23/450) in 2022, followed by a dec- 
line to 2.9% (n=15/515) in 2023 and a rise to 
3.5% (n=28/781) in 2024. 

  
 Fig 1: Distribution of drug-resistant tuberculosis (DR-TB) cases by Local Government Areas in Ekiti State, Nigeria, 2024. 
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Fig 2: Distribution of drug-resistant tuberculosis (DR-TB) patients with drug-resistance patterns using LPA in Ekiti State, 2024 

 

 

 

Fig 3: Distribution of sputum GeneXpert results among drug-resistant tuberculosis (DR-TB) patients’ category 
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Fig 4: Frequency of pulmonary and drug-resistant tuberculosis in Ekiti State, Nigeria, over a 3-year period 

Discussion:   

 The occurrence of DR-TB is a global 
challenge, and its burden is more observed in 

Sub-Saharan Africa due to many factors such 
as inadequate TB diagnostics, limited access to 
quality healthcare and relative inaccessibility to 
anti-TB medications amidst other social factors 

(9,10).  This has contributed to ineffective drug 
uptake of DR-TB medication by about 40% 
(11). Clinical diagnosis of TB has apparently 
increased presumptive cases of TB where diag- 
nostic gap exists. Further confirmation with 
more specific TB diagnostics such as line probe 
assay and or culture would be helpful in early 

identification and commencement of anti-TB 
medications. Hence, diagnostic and treatment 
gaps ensue when the initial TB diagnostics fail.  
 In our study, Ado-Ekiti had the highest 

number of DR-TB cases (n=10, 35.7%) in the 
State. Being the state capital and urban area 
with population density estimated about 1,100/ 

km2 (12), Ado-Ekiti may be over-crowded acc- 
ording to the minimum density for such a land- 
scape (13). Over-crowding is a known factor 
for person-to-person transmission of pulmo- 
nary TB (9). DR-TB was identified mostly in 
TB-relapse patients and secondarily in new pa- 

tients (treatment–naive). The global proportion 
trend of DR-TB shows similar occurrence where 
DR-TB is seen in previously treated patients 
than in new patients (2). While the TB-relapse 

patient had a high rate of MDR-TB (i. e. resis- 
tance to both isoniazid and rifampicin), the 
new patients had rifampicin mono-resistance 
(RMR) as most prevalent drug-resistant pat- 

tern. MDR-TB still remains the major drug-

resistant pattern observed in TB (2,14) and 
their occurrence in previously TB treated pati- 
ents is not unexpected due to inadequate drug 
compliance, or drug pharmacokinetics in the 
individuals (1,5).    
 The diagnosis of RMR is usually done 

with LPA which was adopted by the WHO for 
testing DR-TB (6,15). This increasing RMR is 
gaining global attention, although studies are 
sparse on its occurrence, it has been noted to 
be associated with HIV and with poorer clinical 
outcomes (15–17). A recent study in south- 
western region of Nigeria identified a propor- 

tion of 6.7% among DR-TB patients (8). This 

rate is lower than our findings of 39.3% (11/ 
28).  This may require more extensive studies 
on a larger premise to further evaluate these 
discrepancies.     
 The only mortality recorded in our 
study was identified as RMR which concurs 

with poor clinical outcomes as noted by afore- 
mentioned studies. PLWHA in our study were 
not identified with RMR, contrary to prevalent 
studies (16,17) where a quarter of PLWHA 
were diagnosed with RMR in South Africa (17). 
Our negative finding from PLWHA may be due 

to the small sample of PLWHA in our pool of 

0

100

200

300

400

500

600

700

800

2022 2023 2024

23 15 28

Frequency

Year

Pulmonary TB

DR-TB



Clinical diagnosis of drug-resistant pulmonary tuberculosis   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 269-276 
 

274 

 

dataset analysis. Isoniazid-resistant TB in our 
dataset was less than a quarter of all DR-TB 
patients. Global rate of this resistant pattern is 
about 17%, with 7.1% as new cases and about 

10% in previously treated TB cases (2), which 
is in tandem with our study. Olabiyi et al., (8) 
reported a prevalence of isoniazid-resistant TB 
among DR-TB of about 4%. In Taiwan, the 
total proportion of isoniazid-resistant TB was 
about 1:20 persons (18). These figures are 
notwithstanding lower than rate obtained in 

our study. Therefore, Ekiti State may be har- 
bouring more isoniazid-resistant TB than pre- 
sently identified if extensively studied. Inapp- 
ropriate use of isoniazid preventive therapy as 
TB preventive treatment among contacts of 

pulmonary TB or TB prophylaxis for PLWHA 

might be a reason for the occurrence of such 
resistance pattern (19).      
 HIV has been a duet with TB in com- 
mon occurrence (10). Less than 1 in 20 of the 
DR-TB patients in our dataset were PLWHA. 
These patients were nonetheless on anti-retro- 
virals and were judged to be adherent on 

medications. Only one of PLWHA was a new 
case. This patient was likely to have had a 
lower CD4+ count at the commencement of 
anti-retrovirals and perhaps not placed on 
tuberculosis preventive therapy. Two of PLWHA 
had false-negative sputum GeneXpert MTB/RIF 
assay results and were both identified to be 

Pre-XDR TB on LPA. False-negative sputum 
GeneXpert MTB/RIF assay in PLWHA is quite 
common (6,10) and they are predisposed to 
worse forms of DR-TB due to relative immune 
anergy (20). From Southeast (21) to South- 
western Nigeria (22), the prevalence of pre-

XDR has ranged from 7.1% to 16.7% respec- 
tively whereas our dataset just identified two 
(2/28, 0.07%).       
 The discrepancies noted with false-
negative TB have been a global problem and 
have perpetuated diagnostic and treatment 
gaps (10). About half of the patients in our 

dataset diagnosed of DR-TB had a false-nega- 
tive sputum GeneXpert MTB/RIF assay. 

GeneXpert MTB/RIF assay is the mainstay of 
diagnosis of TB in Nigeria (7) hence, thorough 
clinical evaluation with (out) radiologic evide- 
nce of pulmonary TB (24) can supplement for 
patients with false-negative sputum GeneXpert 

MTB/RIF assay result to further investigate the 
patient with either LPA with/out culture. Tradi- 
tional symptoms such as chronic cough with 
(out) haemoptysis, weight loss, night sweats 
are not exclusive of pulmonary tuberculosis. 
Therefore, identifying this constellation of sym- 

ptoms especially in patients who have pre- 
viously been treated for TB or in PLWHA should 

heighten clinical suspicion of DR-TB as right- 
fully highlighted in the national guidelines (7,8).

 Unfortunately, diagnostic gap in a very 
contagious disease such as Pulmonary TB could 

lead to rapid person-to-person transmission. 
As these patients with false-negative results 
could infect close contacts leading to an overt 
community transmission. In this study, it took 
an average of 16 days to make up for the 
diagnostic gap and commence DR-TB medica- 
tion. Since one active untreated pulmonary TB 

patient have the capacity of infecting 15-20 
persons per year (2), it can be deduced from 
our study that an average of one contact each 
of the initial missed cases could have been 
infected during the 16-day diagnostic gap. This 

is alarming based on the estimation of the 

reduction proportion of the end TB strategy (4)
.    A three-year assessment of the preva- 
lence of pulmonary TB with DR-TB in Ekiti from 
2022 to 2024 shows an increase in total pul- 
monary TB in the state, however, there was an 
initial reduction of DR-TB from 2022 to 2023, 
while 2024 saw a gradual increase in preva- 

lence compared to 2023. This might be due to 
the added clinical diagnosis that bridged the 
diagnostic gap as was seen in a study in Nige- 
ria by Oga-Omenka et al., (25). Nigeria has 
been experiencing a gradual but constant rise 
in incidence of DR-TB (26) whereas global 
trend of DR-TB observed a plateau of incidence 

within 2020-2023 (2). This global trend could 
change if low-and middle-income countries inc- 
rease clinical suspicion to further identify DR-
TB.        
 Our study has some limitations. First, 
the small dataset limits generalizability and sta- 

tistical inference. Second, there are inadequate 
important clinical and socioeconomic variables 
in the dataset, precluding multivariate analysis 
of risk factors for specific drug-resistant pat- 
terns. Third, reliance on programmatic data as 
with ours may have introduced reporting bia- 
ses. Lastly, the absence of long-term treat- 

ment outcome data limits assessment of clini- 
cal effectiveness and mortality trends. 

Conclusion:  

 Nigeria remains a high-burden country 
for DR-TB with diagnostic limitations potenti- 
ally leading to underreporting and delayed 
treatment. This study highlights the importan- 

ce of integrating clinical judgment supported 
by radiologic evaluation and confirmatory 
assays such as LPA to obtund diagnostic and 
treatment gaps especially in previously treated 
TB patients and PLWHA with false-negative 
sputum GeneXpert MTB/RIF assay. This is imp- 
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ortant to reduce diagnostic timeline and curb 
community transmission to finally enable nat- 
ional and global targets for DR-TB control and 
elimination. 
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Abstract: 
 
Background: Tuberculosis (TB) culture is the ‘gold standard’ test for detecting Mycobacterium tuberculosis and 
enables comprehensive drug susceptibility testing. However, culture contamination remains a challenge in TB culture, 
resulting in significant loss of time and resources, and potentially leading to poor treatment outcomes due to incorrect 
clinical decision-making. The objective of this study is to assess the effect of sputum transit time on contamination 
rate and the yield of M. tuberculosis.  
Methodology: We conducted a prospective analysis of all samples received for TB culture at a Reference Laboratory 
from January to December 2021. Samples were decontaminated by the standard N-Acetyl L-cysteine (NALC)/Sodium 
Hydroxide (NaOH) method and inoculated on Lowenstein-Jensen (LJ) solid media. The number of days from sample 
collection to processing was documented for all 988 valid samples received within the study period. A univariable 
analysis was used to explore the relationship between transit time and contamination rate. Percentages and Odds 
ratios with associated 95% confidence intervals were reported.                              
Results: Of 988 diagnoses and follow-up samples received, 508 (58.7%) were from males, while 14 (1.4%) were from 
children ≤ 14 years of age. Overall, 56 (5.7%) samples were contaminated, of which 17 (30.4%) were positive for 
AFB. A contamination rate of 4.1%, 7.1%, and 8.3% was recorded for Optimal (0-7 days), Delayed (8-14 days), and 
Extended delay (>15 days) samples, respectively. Compared to samples analyzed within optimal transit time, those 
with Delayed and Extended delay transit times had greater odds of being contaminated, with OR of 1.811 (95% 
CI=0.997-3.290) and 2.148 (95% CI=0.983-4.688), respectively.                             
Conclusion: The study revealed that TB culture contamination rate tends to increase with the number of days taken 
for sample movement from collection to processing. However, the association detected fell slightly short of achieving 
statistical significance. It is also instructive that about one in three contaminated samples were positive for AFB, which 
could have far-reaching implications for the clinical decision-making and management of persons being treated for 

various forms of TB. Investment in innovative approaches to ensure that all samples for TB culture reach the testing 
laboratories within the optimal period is likely to save time, resources, and lives. 

Keywords: Mycobacterium tuberculosis, Tuberculosis-culture, contamination-rate, transit-time. 
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Résumé: 

Contexte: La culture de la tuberculose (TB) est la méthode de référence pour la détection de Mycobacterium 
tuberculosis et permet de réaliser des tests complets de sensibilité aux médicaments. Cependant, la contamination des 
cultures reste un défi majeur pour la recherche de la tuberculose, entraînant des pertes importantes de temps et de 
ressources, et pouvant potentiellement compromettre l'efficacité du traitement en raison d'erreurs de jugement 
clinique. L'objectif de cette étude est d'évaluer l'influence du temps de transit des expectorations sur le taux de 
contamination et le rendement en mycobactéries tuberculeuses (M. tuberculosis).                              
Méthodologie: Nous avons mené une analyse prospective de tous les échantillons reçus pour la recherche de la 
tuberculose dans un laboratoire de référence, de janvier à décembre 2021. Les échantillons ont été décontaminés par 
la méthode standard à la N-acétyl-L-cystéine (NALC)/hydroxyde de sodium (NaOH) et ensemencés sur milieu solide 
de Löwenstein-Jensen (LJ). Le délai entre le prélèvement et le traitement des échantillons a été enregistré pour les 
988 échantillons valides reçus pendant la période d'étude. Une analyse univariée a été utilisée pour explorer la relation 
entre le temps de transit et le taux de contamination. Les pourcentages et les rapports de cotes avec leurs intervalles 
de confiance à 95% ont été rapportés.                              
Résultats: Sur 988 diagnostics et échantillons de suivi reçus, 508 (58,7%) provenaient de garçons et 14 (1,4%) 
d’enfants de 14 ans ou moins. Au total, 56 échantillons (5,7%) étaient contaminés, dont 17 (30,4%) étaient positifs 
pour les BAAR. Les taux de contamination étaient respectivement de 4,1%, 7,1% et 8,3% pour les échantillons ayant 
bénéficié d’un délai de transit optimal (0 à 7 jours), retardé (8 à 14 jours) et prolongé (> 15 jours). Comparativement 
aux échantillons analysés dans les délais de transit optimaux, ceux ayant bénéficié d’un délai de transit retardé ou 
prolongé présentaient un risque de contamination plus élevé, avec un OR de 1,811 (IC à 95%: 0,997-3,290) et de 
2,148 (IC à 95%: 0,983-4,688), respectivement.                                                    

Conclusion: L’étude a révélé que le taux de contamination des cultures de tuberculose tend à augmenter avec le 
nombre de jours nécessaires pour acheminer l’échantillon, du prélèvement à l’analyse. Cependant, l’association 
observée n’a pas tout à fait atteint le seuil de signification statistique. Il est également important de noter qu’environ 
un tiers des échantillons contaminés étaient positifs pour les BAAR, ce qui pourrait avoir des conséquences majeures 
sur la prise de décision clinique et la prise en charge des personnes traitées pour différentes formes de tuberculose. 
Investir dans des approches innovantes pour garantir que tous les échantillons destinés à la culture de tuberculose 
parviennent aux laboratoires d’analyse dans les délais optimaux permettra probablement de gagner du temps, 
d’économiser des ressources et de sauver des vies. 

Mots-clés: Mycobacterium tuberculosis, culture de tuberculose, taux de contamination, délai de transit. 

Introduction: 

  Tuberculosis (TB) continues to pose a 
formidable challenge to global public health, par- 
ticularly in developing countries where health- 

care infrastructure and resources remain limited 
(1). Despite significant strides in diagnosis and 
treatment, the disease persists with alarming 
prevalence (1,2). It is estimated that nearly one-
third of the world’s population harbors latent 
infection with Mycobacterium tuberculosis (MTB), 
the causative agent of TB (3). Each year, between 

8 and 9 million new cases are reported, and app- 
roximately 3 million people succumb to the dise- 
ase (4). These statistics underscore the urgent 
need for reliable diagnostic methods that can 
support early detection and effective treatment. 

  While molecular diagnostic tools have 

revolutionized TB detection by significantly reduc- 
ing the time to diagnosis, culture remains the 
gold standard for confirming infection and con- 
ducting comprehensive drug susceptibility testing 
(DST) (5). Culture methods not only enhance 
diagnostic yield but also provide critical insights 
into the viability and resistance profile of MTB 

strains (6). Among the various culture techni- 
ques, the BACTEC MGIT 960 system has demon- 
strated superior performance, isolating mycobac- 
teria 7–10 days faster than traditional methods 
such as Lowenstein-Jensen (LJ) and Middlebrook 

7H10 culture media (7). In terms of both isolation 
rate and number of isolates, BACTEC MGIT 960 

has proven to be more efficient and reliable (7). 
  However, the success of TB culture is 

influenced by several pre-analytical factors, one 
of the most critical being the transit time of 
sputum specimens from collection to processing. 
In remote or resource-limited settings, delays in 
transportation and lack of refrigeration can com- 
promise specimen integrity, leading to increased 

contamination rates and reduced culture positi- 
vity (8). Interestingly, studies (9,10) have shown 
that sputum samples stored at −20°C for ext- 
ended periods can still yield high recovery rates 
of MTB, even without the use of preservatives. 
This finding presents a cost-effective alternative 
for sputum storage in epidemiological and drug 

resistance studies, especially in low-resource 
environments.     
  A study by David et al., (11) reported a 
median transit time of 18 days between specimen 
collection and processing. Remarkably, MTB was 
successfully isolated from 94.4% of the samples, 
with only 3.7% failing to grow any mycobacteria 

(12). Even specimens that experienced break- 
through contamination were salvaged through a 
second decontamination procedure. These results 
suggest that single morning sputum specimens, 
even when refrigerated for extended periods 
without preservatives and transported without 
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refrigeration, can maintain diagnostic integrity. 
  Innovative transportation methods such 
as drone delivery, have also been explored to 
address logistical challenges in specimen trans- 

port. One study evaluating the impact of drone 
transportation on sputum quality found accepta- 
ble agreement between drone-transported sam- 
ples and controls, indicating that drone delivery 
did not compromise specimen quality (13). The 
authors advocate for further research to validate 
this method over longer durations, potentially 

paving the way for its broader adoption in TB 
control programs.    
  The choice of sputum preservation 
method also plays a crucial role in culture out- 
comes. OMNIgene-Sputum (OM-S) treatment has 

been shown to reduce contamination rates com- 

pared to standard decontamination procedures 
(SDP) (14). In same-day and 5-day transit arms, 
contamination rates were 2% and 12% for OM-S-
treated cultures, respectively, compared to 15% 
and 27% for SDP-treated cultures. Moreover, 
MTB recovery in OM-S-treated LJ cultures was 
significantly higher, and more in same-day and 5-

day arms, respectively, than in SDP-treated cul- 
tures (15,16,17). However, OM-S-treated sam- 
ples showed lower recovery rates in MGIT cul- 
tures and a 1-log reduction in viable MTB count 
after five days, suggesting that while OM-S 
improves culture quality, extended transit times 
may still affect bacterial viability (16,18). 

  Culture positivity tends to decline with 
increased transit time, with week 2 and week 3 
specimens showing higher contamination and 
negativity rates compared to day-one samples 
(19). This trend likely reflects the diminishing 
viability of MTB and the proliferation of contami- 

nating organisms over time. In a study involving 
816 sputum samples preserved in cetylpyridinium 
chloride (CPC), 84.7% yielded MTB, while 11.9% 
showed no growth, 2.6% were contaminated, and 
0.8% grew non-tuberculous mycobacteria (20). 
Notably, samples processed within two weeks 
showed 88.6% culture positivity, whereas those 

processed beyond two weeks experienced a sig- 
nificant decline.     

  OM-S has also demonstrated the ability 
to maintain MTB viability for up to three weeks 
without refrigeration, resulting in contamination 
rates below 0.5% (21). However, samples stored 
for more than two weeks exhibited delayed cul- 

ture positivity, indicating that prolonged storage, 
even with preservatives, can affect diagnostic 
timelines. For sputum specimens requiring transit 
times of up to seven or eight days, the CPC-NaCl 
method has shown advantages over the standard 
NaOH method, reducing contamination and en- 

hancing culture positivity on solid media within 1–
2 weeks of collection (22).   

  Given these findings, this study seeks to 
evaluate the impact of sputum transit time on TB 
culture contamination rates. Specifically, it aims 
to estimate the average duration from specimen 

collection to arrival at the reference laboratory in 
north central Nigeria, and to assess how this 
transit time influences both contamination rates 
and the yield of M. tuberculosis. Understanding 
these dynamics is essential for optimizing speci- 
men handling protocols and improving diagnostic 
outcomes, particularly in settings where timely 

transportation and refrigeration are not guaran- 
teed. 

Materials and method:  

Study Setting:     

  The study was conducted in Zankli Res- 
earch Center and health facilities located across 
the North Central region of Nigeria, a zone com- 
prising both urban and rural communities with 
varying levels of access to tuberculosis diagnostic 
services. Participants were recruited from the 

period of 21st May – 30th October 2025 in selected 
primary, secondary, and tertiary health facilities 
where individuals presenting with symptoms 
suggestive of TB were undergoing routine scree- 
ning. Rifampicin-resistant cases were then refer- 
red for TB culture and drug susceptibility testing 

at Zankli Research Center, as the zonal TB Refe- 
rence laboratory. Sputum samples collected at 

these facilities were transported to the Zankli 
Research Centre, located within Bingham Univer- 
sity, Karu, Nasarawa State, for TB culture and 
further laboratory analysis.    
  Zankli Research Centre is a specialized 

diagnostic and research laboratory equipped with 
biosafety level 2+ (BSL-2+) facilities, and it ser- 
ves as a referral laboratory for TB diagnostics, 
including culture, drug susceptibility testing, and 
molecular assays. The centralization of TB culture 
testing at Zankli Research Centre ensured the 
application of standardized laboratory procedu- 

res, minimized inter-laboratory variability, and 
enabled accurate determination of culture out- 
comes. This setting allowed for the assessment of 
sputum transit times from peripheral health faci- 

lities to the central laboratory, which was a key 
variable in the study. 

Ethical considerations:    
  Ethical approval was obtained (NHREC/ 
21/05/2005/01501) from the Bingham University 
Institutional Review Board (IRB) before commen- 

cement. Eligible participants were informed about 
the study objectives, procedures, potential bene- 
fits, and risks in a language they understood. 
Written informed consent was obtained from all 
participants before enrolment. For participants 
under 18 years of age, assent was obtained along 
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with parental or guardian consent.  
  All sputum samples were collected as 
part of routine TB diagnostic services, with no 
additional invasive procedures performed for 

research purposes. Demographic and clinical data 
were obtained using a structured data collection 
form, and each participant was assigned a unique 
identification code to ensure anonymity. No per- 
sonal identifiers (e.g., names, addresses, or 
phone numbers) appeared in any database or 
publication. The study adhered to ethical princi- 

ples. All data were stored securely in password-
protected electronic databases and locked filing 
cabinets for physical forms, accessible only to 
authorized study personnel. Participants were 
informed of their right to withdraw from the study 

at any time without any impact on their access to 

routine medical care.    
  Potential risks were minimal and related 
mainly to the collection of sputum samples, which 
is standard for TB diagnosis and may cause mild 
discomfort. The potential benefits included imp- 
roved understanding of the effect of sputum 
transit time on culture contamination rates, which 

could inform national TB diagnostic guidelines, 
improve laboratory efficiency, and enhance pat- 
ient outcomes. Results were disseminated in agg- 
regate form only, with no possibility of linking 
findings to individual participants or facilities. 

Study design:     

  This study utilized a prospective appr- 
oach to determine the period in days from the 
collection of sputum samples, their arrival in the 
laboratory, and their processing, and to further 

assess the impact of the transportation period in 
days on the TB culture contamination rate and the 
yield of M. tuberculosis complex 

Study population and sampling strategy:  

  The study population comprised indivi- 
duals of all genders and age groups who pre- 
sented to participating health facilities in north- 
central Nigeria with confirmed TB-positive results 
on the GeneXpert platform, as the baseline test- 

ing in Nigeria, and were referred for TB culture. 
The facilities included primary, secondary, and 

tertiary healthcare centers across urban, peri-
urban, and rural areas. 

Inclusion and exclusion criteria:   

  Inclusion criteria included individuals 
with confirmed TB-positive, rifampicin-resistant 
results on the GeneXpert platform, who could 
provide adequate sputum specimens for TB cul- 
ture (at least 3mls), and willingness to provide 

written informed consent (or assent with paren- 
tal/guardian consent for participants under 18 
years). Exclusion criteria included inability or 
unwillingness to provide informed consent, un- 

able to provide adequate sputum volume and TB 
positive but rifampicin susceptible cases. 

Sample size and justification:    

  A total of 980 participants were targeted 
for enrolment based on the laboratory’s annual 
TB culture testing capacity and the average 
monthly number of samples received from North 

Central facilities. This sample size was considered 
adequate to allow meaningful statistical analysis 
of the association between sputum transit time 
and culture contamination rates, assuming an 
estimated contamination prevalence of 13.5% 
from a previous study (23), a confidence level of 
95%, and a margin of error of 5%. 

Sampling strategy:     

  A consecutive sampling approach was 
used. All eligible patients presenting to the par- 

ticipating health facilities during the study period 
and meeting the inclusion criteria were invited to 
participate until the end of the recruitment period 
from 21st May to 30th October 2025.  

Sample and data collection: 

Biological sample collection:    

  The biological samples collected in this 
study were expectorated sputum specimens from 
participants bacteriologically confirmed with drug 
resistant TB on the GeneXpert platform, which 
were identified by trained health workers at each 

facility. Each participant was instructed in proper 

sputum production, following the National TB and 
Leprosy Control Programme (NTBLCP) Guidelines 
(24), to ensure collection of high-quality, mucoid 
or purulent specimens rather than saliva. For 
each participant, one sputum sample was collec- 
ted at the time of the participant’s enrollment.  
  The sample was collected in a sterile, 

leak-proof, screw-cap container (Falcon 50 mL 
conical tubes) containing no preservatives. The 
target volume per sample was 3–5 mL of sputum. 
After collection, sputum specimens were immed- 
iately labeled with a unique participant identifi- 
cation code and placed in a triple-packaging sys- 
tem compliant with WHO biosafety requirements 

(25). Samples were stored in a cooler box con- 

taining ice packs, maintaining a temperature 
between 2–8°C during temporary storage at the 
health facility and throughout transportation to 
the Zankli Research Centre, Karu, Nasarawa 
State. Transit time was recorded from sample 

collection to arrival at the laboratory.   
  Upon receipt at the BSL-2+ laboratory 
of Zankli Research Centre, samples were logged 
and processed promptly for TB culture. If imme- 
diate processing was not possible, they were 
stored at 4°C for a maximum of 48 hours before 
culture. 
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Data collection tools:     

  Demographic and clinical data were 
collected using a structured case report form 
(CRF) developed specifically for this study. The 
CRF captured the following variables: Participant 

demographics (age, sex, address), Clinical history 
(symptoms, HIV status, prior TB history), Sample 
collection details (date, time, facility), and lab- 
oratory results. The CRF was pretested with a 
small subset of participants (n=10) to assess 
clarity, relevance, and ease of use in the local 

context. Feedback was used to refine the wording 
and sequence of questions. For HIV status, data 
were cross-checked with facility HIV registers 
when available. 

Data collection procedure:   

  Trained health workers conducted in-
person interviews with consented participants in 
private spaces at the health facilities, using 
English or local languages (Hausa, Tiv, Idoma) 
depending on participant preference. Where nec- 

essary, a trained interpreter assisted to ensure 
accuracy and cultural sensitivity. Completed CRFs 
were reviewed daily by field supervisors for com- 
pleteness and accuracy before sample dispatch. 

Decontamination and culture procedure:   

  The N-acetyl L-cysteine (NALC)/sodium 
hydroxide (NaOH) standard method was used to 
process the sputum samples in the BSL-2+ lab 
(26). To prevent the loss of mycobacterial viabi- 

lity, NaOH was neutralized by adding phosphate 

buffer after 15 min. The mixture was centrifuged 
at 3000_g for 15 min, and the supernatant was 
discarded. The sediment was used for concen- 
trated AFB smear and Solid culture inoculation on 
solid media. The Ziehl-Neelsen (ZN) acid-fast 
staining was carried out on the smear, and the 
AFB smears were graded as scanty (1-9 AFB/100 

fields), 1+ (10-99/100 fields), 2+ (1-10 AFB/ 
field), or 3+ (more than 10 AFB/field) (27).  
  About 0.5 ml of processed sample was 
inoculated onto prepared L-J slants and incubated 
aerobically. Weekly observation for 8 weeks was 
made to check for growth. ZN staining was per- 

formed on the isolates of the positive cultures to 

detect the presence of acid-fast bacilli 

BIO-LINE SD Ag MPT64 TB test:   

  A loop full of the culture colonies was 
emulsified in 100 μl sample buffer of BIO-LINE SD 
Ag MPT64 TB (SD Biosensor, Gyeonggbuk-do, 
Korea) in a cryovial, and the content was added 
to the well of the rapid kit cassette. Inoculated 
immunochromatographic cassettes were kept at 
room temperature for 15 min in a Class II Bio- 

safety cabinet and examined for the presence of 
the control and test bands. The appearance of the 
band in the “C” region confirmed the validity of 

the test. The additional appearance of the band in 
the “T” region was interpreted as positive for the 
presence of MPT64 Ag antigen in the test culture. 
No band in the “C” region was interpreted as an 

invalid test. Standard reference strain M. tuber- 
culosis complex was used as a positive control 
(28). 

Data analysis:      

  Data were initially captured using Micro- 
soft Excel 2010 (Microsoft Corporation, Redmond, 
WA, USA) and subjected to double-entry verifi- 
cation to minimize transcription errors. Cleaning 
procedures included screening for missing or 
inconsistent values, verifying dates of sample 

collection and receipt, and ensuring correct cod- 

ing of categorical variables. The cleaned dataset 
was exported to IBM SPSS Statistics for Windows, 
Version 20.0 (IBM Corp., Armonk, NY, USA) for 
statistical analysis.    
  Descriptive statistics were used to sum- 

marize demographic, clinical, and laboratory cha- 
racteristics. Categorical variables (e.g., sex, age 
category, HIV status, transit time category, and 
contamination status) were presented as freq- 
uencies and percentages. Continuous variables 
(e.g., transit time in days) were also analyzed. To 
determine the association between sputum tran- 

sit time and culture contamination rate, samples 
were categorized into three groups: Optimal (0–
7 days), Delayed (8–14 days), and Extended 

Delay (>15 days). Bivariate analysis was per- 
formed to estimate odds ratios (OR) with 95% 
confidence intervals (CI), using the Optimal tran- 
sit time category as the reference group. This 

allowed for quantification of the relative odds of 
contamination for Delayed and Extended Delay 
samples. 

Results: 

Socio-demographic characteristics and HIV status 
of the study participants with respect to sputum 
culture results:      

  Table 1 presents the distribution of solid 
TB culture results, including contaminated sam- 
ples, stratified by age, gender, and HIV status. 

Among participants aged 0–14 years, 28.6% 
(4/14) had culture-positive results, while 71.4% 

(10/14) were negative, and no contaminated 
samples were recorded. In contrast, participants 
aged 15 years and above had a lower proportion 
of culture positivity (16.8%, 164/974), 77.4% 
(754/974) were negative, and a contamination 
rate of 5.7% (56/974). The difference in culture 

positivity and contamination rate was not statis- 
tically significant with respect to age group (p= 
0.3704). With respect to gender, males showed a 
slightly higher culture positivity rate (19.0%, 
110/580) compared to females (14.2%, 58/408). 
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Table 1: Sociodemographic distribution of participants and HIV status with respect to solid TB culture results and contamination rate 

 

Characteristics Result of solid culture (%) 

 

Total x2 p value 

Positive Negative Contaminated 

 
Age group (years)       

0-14  4 (28.6) 10 (71.4) 0 14 1.986 0.3704 

 > 14 164 (16.8) 754 (77.4) 56 (5.7) 974   

 

Gender 

      

Male 110 (19.0) 430 (74.1) 40 (6.9) 580 8.766 0.0125* 

Female 58 (14.2) 334 (81.9) 16 (3.9) 408   

 

HIV status 

      

Positive 20 (15.7) 102 (80.3) 5 (3.9) 127 2.393 0.6639 
Negative 130 (16.7) 600 (77.2) 47 (6.0) 777   

Unknown 18 (21.4) 62 (73.8) 4 (4.8) 84 

 

  

* = statistically significant at p<0.05 

 

Contamination was also more frequent among 
males (6.9%) than females (3.9%). Culture posi- 
tivity and contamination rates were significantly 
higher in males than females (p= 0.0125).  
  When stratified by HIV status, culture 

positivity was observed in 15.7% (20/127) of 
HIV-positive participants, 16.7% (130/777) of 
HIV-negative participants, and 21.4% (18/84) of 
those with unknown HIV status. Contamination 
rates were highest among HIV-negative partici- 
pants (6.0%), followed by those with unknown 
status (4.8%), and lowest among HIV-positive 

participants (3.9%). The difference in culture 
positivity and contamination rates was not signi- 

ficantly different with respect to HIV status (p= 
0.6639). 

Sputum transit time in relation to solid culture 
positivity and culture contamination:   

  Table 2 shows the distribution of solid 
TB culture results according to the number of 
days between sputum sample collection and labo- 
ratory processing. Samples processed within the 

optimal transit time of 0–7 days had the highest 
proportion of culture positivity (19.3%, 100/517) 
and the lowest contamination rate (4.1%, 21/ 
517). For samples processed after a delay of 8–
14 days, culture positivity declined to 14.2% 
(50/351), while contamination rates increased to 
7.1% (25/351). Similarly, samples with extended 

delays of more than 14 days showed a culture 
positivity rate of 15.0% (18 /120) and the highest 
contamination rate 8.3% (10/120).  
  Bivariate analysis, using the Optimal 
category as the reference, indicated that Delayed 
samples (8–14 days) had 1.81 times higher odds 
of contamination (95% CI: 0.997–3.290), while 

Extended delays (>14 days) were associated with 
2.15 times higher odds of contamination (95% 
CI: 0.983–4.688). Although both categories sho- 
wed a trend toward increased contamination risk 
with longer transit times, the associations narr- 

owly missed conventional statistical significance 
(x2=8.084, df=4, p=0.0662) 

Smear microscopy results with solid culture out- 
comes and contamination rate:    

 Table 3 compares Acid-Fast Bacilli (AFB) smear 
microscopy results with solid TB culture out- 
comes, highlighting the proportion of smear-posi- 
tive but culture-contaminated samples. Among 

AFB-negative samples, culture positivity was 
7.3% (56/762), with the majority yielding nega- 
tive culture results (87.5%) and a contamination 

rate of 5.1% (39/762).    
  In smear-positive categories, culture 
positivity increased progressively with higher sm- 
ear grades. Samples graded as “scanty” on AFB 
microscopy had 24.2% (8/33) solid culture posi- 
tivity and a 6.0% contamination rate, while those 

graded as 1+ showed 40.2% (33/82) culture pos- 
itivity and 7.3% contamination. Samples graded 
2+ demonstrated 52.0% (26/50) culture posi- 
tivity and 8.0% contamination, while those with 
the highest smear grade (3+) yielded 75.0% (45/ 
60) culture positivity and 8.3% contamination.  
  Notably, contamination was present ac- 

ross all smear categories, including high-grade 
smear positives, with 17 out of 56 contaminated 
samples being smear positive. The association 
between AFB microscopy with culture positivity 
and contamination rate was statistically signifi- 
cant (x2=279.99, df=8, p<0.0001).
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Table 2: Bivariate analysis of sputum transit time in relation to solid culture positivity and culture contamination 

  

Days from sample 

collection to processing 

Result of Solid Culture (%) 

 

OR (95% CI) x2 p value 

Positive Negative Contaminated 

 

Optimal (0-7) 100 (19.3) 396 (76.6) 21 (4.1) 1.521 (1.089-378) 8.084 0.662 

Delayed (8-14) 50 (14.2) 276 (78.6) 25 (7.1) 1.811 (0.997-3.290) 

Extended Delayed (>14) 18 (15.0) 92 (76.7) 10 (8.3) 2.148 (0.983-4.688) 

Total 168 (17.0) 764 (77.3) 56 (5.7)  

OR=Odd Ratio; CI=Confidence Interval; x2 = Chi square 

 
Table 3: Bivariate analysis of AFB smear results with solid culture positivity and contamination rate 

  

AFB Result Solid Culture Result (%) 

 

x2 p value 

Positive Negative Contaminated 

 

Negative 56 (7.3) 667 (87.5) 39 (5.1) 279.99 <0.0001* 

Scanty 8 (24.2) 24 (69.0) 2 (6.0)   

1+ 33 (40.2) 43 (52.4) 6 (7.3)   

2+ 26 (52.0) 20 (40.0) 4 (8.0)   

3+ 45 (75.0) 10 (16.7) 5 (8.3)   

Total 168 (17.0) 764 (77.3) 56 (5.7)   

x2=Chi square 279.99, * = statistically significant at p<0.05  

 

Discussion: 
 
 This study assessed the impact of spu- 
tum sample transit time on the positivity of TB 

culture and contamination rates among patients 
with drug-resistant TB in northcentral Nigeria. 

The key findings show that shorter transit times 
(0–7 days) were associated with higher culture 
positivity (19.3%) and lower contamination rate 
(4.1%), whereas delays of more than 7 days 
were linked to reduced positivity and increased 

contamination rates. Although bivariate analysis 
indicated increased odds of contamination with 
delays (OR: 1.81 for 8–14 days; OR: 2.15 for 
>14 days), the associations narrowly missed 
statistical significance (p=0.0662). Additionally, 
contamination was observed across all smear 

grades, including high-grade positives, with 17 
of 56 contaminated samples being smear-posi- 
tive. 
 Our findings reinforce existing evidence 
(12,13) that prolonged transit times compro- 

mise TB culture integrity. Similar studies (9, 
10,13) in high-burden settings have reported 

that delays facilitate the overgrowth of conta- 
minating flora, reduce MTBC viability, and dimi- 
nish diagnostic yield. The trend of increasing 
contamination with longer delays, even without 
statistical significance, is operationally impor- 
tant, as culture loss directly affects drug susce- 
ptibility testing (DST) capacity (29). The obser- 

vation that a third of contaminated samples 
were smear-positive echoes earlier reports 
(30), highlighting that even samples with high 

bacillary load are vulnerable to contamination if 
processing is delayed. 
 The demographic patterns showing hig- 
her culture positivity in children (28.6%) com- 
pared to adults (16.8%) may reflect sample pri- 
oritization or differences in clinical presentation. 

The slightly but significantly higher positivity 
and contamination among males may be linked 
to higher TB burden or occupational exposure 
risks in this group as reported by a study (31). 
In HIV-positive participants, lower positivity 
rates (15.7%) are consistent with the lower 

bacillary load seen in immunocompromised 
hosts, while lower contamination (3.9%) might 
reflect more cautious laboratory handling. 
 The correlation between smear grading 
and culture positivity observed here follows 
well-documented (32) trends; higher smear 
grades correspond with higher culture yields. 

However, the occurrence of contamination even 
in 3+ smear samples underscores that sample 
quality is not the only part of the equation; 

timely and proper handling remains crucial. 
These findings have operational and policy imp- 
lications. Delays in sputum transport should be 
minimized by strengthening specimen referral 

networks, using dedicated transport systems, 
and considering innovations such as same-day 
courier services or molecular testing closer to 
the point of care. Where culture remains essen- 
tial, especially for DST, the introduction of sam- 
ple-preserving media could help mitigate conta- 

mination risk during extended transit.  
 From research perspective, further stu- 
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dies are needed to quantify the impact of envi- 
ronmental and transport conditions, as well as 
to evaluate cost-effective interventions to redu- 
ce delays. For policy, our findings support the 

integration of rapid molecular diagnostics at 
peripheral health facilities to reduce reliance on 
central laboratories for initial diagnosis. 
 This study had some limitations. First, 
as a prospective observational design, it cannot 
establish causality between transit time and 
contamination. Second, environmental factors 

during transport, such as temperature and sto- 
rage conditions, were not systematically recor- 
ded, limiting the ability to directly link them to 
culture outcomes. Third, the relatively small 
number of pediatric samples constrained sub- 

group analyses. Additionally, while logistic reg- 

ression trends were consistent, some associa- 
tions narrowly missed statistical significance, 
likely due to sample size limitations in the 
Delayed categories. 
 

Conclusion: 
 

 In summary, the study demonstrates 
that longer sputum transit times are associated 
with lower TB culture positivity and higher con- 
tamination rates, with potentially significant 
implications for TB diagnosis and treatment 
decision-making. Contamination in smear-posi- 
tive samples represents a lost opportunity for 

DST and optimal patient management. Addres- 
sing transport delays through improved logis- 
tics, sample preservation methods, and expan- 
ded access to rapid diagnostics will be essential 
for improving TB diagnostic performance and 
reducing missed opportunities in care. 
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Abstract: 
 
Background: Globally, methicillin-resistant Staphylococcus aureus (MRSA) infections are associated with increased 
morbidity and mortality amongst patients; however, reports on MRSA infections in Ghana are mostly from tertiary 
healthcare facilities. This study determined the prevalence of methicillin and multiple efflux resistance mechanisms 
in S. aureus isolates from five selected primary and tertiary healthcare facilities in Ghana. 
Methodology: Different clinical samples (nasal, urine and wound) were collected from patients in four primary and 
one tertiary hospitals in Ghana. Staphylococcus aureus was isolated on mannitol salt agar and preliminarily identified 
using conventional biochemical tests and confirmed by PCR amplification of Spa1113 gene and Matrix Assisted Laser 
Desorption Ionisation–Time of Flight Mass Spectrometry (MALDI-TOF). Antibiotic susceptibility test for each isolate 
to selected antibiotics was determined by the Kirby-Bauer disk diffusion method, and multi-drug resistance (MDR) 
was defined as resistance to three or more antibiotic classes. The mecA and mecC genes were detected by polymerase 
chain reaction (PCR). Multiple efflux-pump activity of multidrug resistant isolates was assessed against ampicillin and 
ciprofloxacin by microbroth dilution assay with reserpine, an efflux pump inhibitor. 
Results: From a total of 626 clinical samples, S. aureus was confirmed in 68 (10.9%). MDR was detected in 46 
(67.6%) of the 68 isolates, and 28 (41.2%) were phenotypic MRSA, with mecA gene confirmed in 9 (32.1%) of the 
MRSA isolates while mecC gene was absent in all the isolates. MRSA isolates were more susceptible to trimethoprim-
sulfamethoxazole (50.0%) compared to other selected antibiotics. Multiple efflux-pump activity was detected as 
contributing to resistance in 6 of 25 (24.0%) S. aureus isolates. 
Conclusion: The high prevalence of MRSA in clinical samples mediated by mecA gene and possible efflux pump 
activity call for re-evaluation of treatment protocols of S. aureus infections at both primary and tertiary healthcare 
facilities in Ghana.  
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Résumé: 
 
Contexte: À l’échelle mondiale, les infections à Staphylococcus aureus résistant à la méthicilline (SARM) sont 
associées à une augmentation de la morbidité et de la mortalité chez les patients. Cependant, au Ghana, les données 
relatives aux infections à SARM proviennent principalement d’établissements de soins tertiaires. Cette étude a 
déterminé la prévalence de la résistance à la méthicilline et des mécanismes de résistance à de multiples antibiotiques 

chez des isolats de S. aureus provenant de cinq établissements de soins primaires et tertiaires sélectionnés au Ghana. 
Méthodologie: Différents prélèvements cliniques (nasaux, urinaires et de plaies) ont été collectés auprès de patients 
dans quatre hôpitaux primaires et un hôpital tertiaire au Ghana. Staphylococcus aureus a été isolé sur gélose au 
mannitol et au sel et identifié préliminairement par des tests biochimiques conventionnels, puis confirmé par 
amplification PCR du gène Spa1113 et par spectrométrie de masse MALDI-TOF. La sensibilité aux antibiotiques de 
chaque isolat a été déterminée par la méthode de diffusion sur disque de Kirby-Bauer. La multirésistance (MDR) a 
été définie comme une résistance à trois classes d'antibiotiques ou plus. Les gènes mecA et mecC ont été détectés 
par réaction en chaîne par polymérase (PCR). L'activité des pompes d'efflux des isolats multirésistants a été évaluée 
vis-à-vis de l'ampicilline et de la ciprofloxacine par un test de microdilution en bouillon avec la réserpine, un inhibiteur 
des pompes d'efflux.                                
Résultats: Sur un total de 626 échantillons cliniques, Staphylococcus aureus a été confirmé dans 68 cas (10,9%). 
Une MDR a été détectée dans 46 de ces 68 isolats (67,6%), et 28 d'entre eux (41,2%) présentaient un phénotype 
de SARM. Le gène mecA a été confirmé dans 9 de ces isolats de SARM (32,1%), tandis que le gène mecC était absent 
dans tous les isolats. Les souches de SARM étaient plus sensibles au triméthoprime-sulfaméthoxazole (50,0%) qu'aux 
autres antibiotiques testés. Une activité de pompes d'efflux multiples a été détectée, contribuant à la résistance chez 
6 des 25 souches de S. aureus (24,0%).                        
Conclusion: La forte prévalence du SARM dans les échantillons cliniques, liée au gène mecA et à une possible activité 
de pompes d'efflux, justifie une réévaluation des protocoles de traitement des infections à S. aureus dans les 
établissements de soins primaires et spécialisés du Ghana. 
Mots-clés: SARM, gène mecA, gène mecC, Staphylococcus aureus, pompe d'efflux 
 

Introduction: 
 

 Bacterial infections are a major cause of 

morbidity and mortality worldwide. For several 
decades, antibiotics have increased the survival 
rate of patients. However, emergence of resis- 

tant bacteria has become a significant problem 
within the health sector (1). Staphylococcus 
aureus infection is reported as a menace in hos- 
pitals in most parts of the world (2). In Ghana, 

it has been reported as one of the most occur- 
ring MDR pathogen amongst patients reporting 
to regional and teaching hospitals for clinical 
care (3). The anterior nares and external skin 
surfaces of humans are frequently colonized by 
staphylococci causing skin, soft tissue and inva- 

sive infections (4).  
 The occurrence and spread of methicillin 
resistant Staphylococcus aureus (MRSA), a str- 
ain resistant to methicillin and/or oxacillin (5) in 
communities and health facilities is particularly 
worrisome (1). Synthesis of altered penicillin-

binding protein (PBP) in MRSA lowers binding 

affinity to β-lactam antibiotics (6). Until the dis- 
covery of mecC gene, detection of mecA was the 
‘gold standard’ in identification of MRSA (7). 
Although the sequence of mecC gene is about 
70% identical to mecA, the strain could be mis- 
sed during phenotypic testing because it con- 
tains a type XI staphylococcal-cassette-chromo- 

some with genetic makeup similar to oxacillin-
susceptible MRSA (8), hence its detection req- 
uires genetic/molecular testings.  
 Studies have also reported MRSA geno- 

types that possess neither mecA nor mecC 
genes suggesting involvement of other mecha- 
nisms, including mutation in the PBP genes, 
hyper production of β-lactamases and multidrug 

efflux pump activity, in resistance to oxacillin 
and MRSA expression (9). In Ghana, very few 
studies have reported prevalence of MRSA and 

possible mechanisms of their resistance. Conti- 
nuous monitoring of prevalence and antibio- 
grams of MRSA in healthcare facilities is essen- 
tial for effective management and infections 

control. This study aimed to determine the pre- 
valence and susceptibility patterns of S. aureus 
isolates and identify possible mechanisms res- 
ponsible for the resistance among the isolates in 
selected healthcare facilities in Ghana.  
 

Materials and method:  
 
Study sites:    

 The study sites were four primary hospi- 
tals and a tertiary hospital in Ghana; Kwame 

Nkrumah University of Science and Technology 
(KNUST) Hospital, Manhyia Government Hospi- 
tal, Suntreso Government Hospital, Agogo Pres- 

byterian Hospital, and Komfo Anokye Teaching 
Hospital.  
 
Ethical consideration:    

 The study was approved by the Commi- 
ttee on Human Research, Publication, and Ethics 
(CHRPE) of Kwame Nkrumah University of Sci- 
ence and Technology (KNUST), Kumasi, with 

approval number CHRPE/AP/354/17.    
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 Permissions for the study were granted 
by the authorities of the selected hospitals, and 
informed consent of selected participants and 
their caregivers were obtained. The study was 

performed in accordance with the Declaration of 
Helsinki (10). 
 
Sample collection and identification:  

 Clinical samples (333 urine, 119 wound 
and 174 nasal swabs) were collected from a 
total of 626 patients in the five primary and 
tertiary hospitals in Ghana, who were selected 

by systematic random sampling from patients 
with suspected cases of infection for which 
microbiological assessment had been request- 
ed. The samples were inoculated into 10 mL 

nutrient broth and incubated at 37oC for 24 
hours. A loopful was streaked on mannitol salt 
agar (MSA) and incubated at 37oC.  

 Golden-yellow colonies from MSA plates 
were further sub-cultured on nutrient agar and 
incubated at 37oC, followed by Gram staining 
and conventional biochemical tests on the colo- 
nies, including haemolysis on blood agar, cata- 
lase and coagulase tests, for presumptive iden- 
tification of S. aureus, with S. aureus ATCC 

25923 used as positive control (11). Preliminary 
confirmation of the S. aureus isolates was per- 
formed using Matrix Assisted Laser Desorption 
Ionisation–Time of Flight (MALDI-TOF) mass 
spectrometry. 

 
Molecular confirmation of S. aureus and detec- 
tion of mecA and mecC genes:  

 Isolates were further confirmed by PCR 
amplification of Spa1113 gene (F: 5’-TAA AGA 
CGA TCC TTC GGT GAGC-3’, R: 5’-CAG CAG TAG 
TGC CGT TTG CTT-3). A simplex PCR reaction 
was carried out in thermal cycler (Gene Amp, 
ThermoFisher Scientific, Waltham, MA, USA 
USA), with PCR reaction in a final volume of 

25µL containing 2µL of DNA template, 12.5µL of 
OneTaq master mix, 2µL (0.8µM) each of for- 
ward and reverse primers and 6.5µL of nuc- 
lease-free water. The PCR consisted of an initial 
denaturation at 94oC for 5 min, followed by 35 
cycles of denaturation at 94oC for 30 sec, 

annealing at 60oC for 1 min and extension at 
72oC for 1 min and a final extension at 72oC for 
10 min. Amplicon size ranged from 180 to 600 
bp.     

 PCR amplifications of mecA and mecC 
genes were performed following the procedure 
described by Boamah et al., (13), using the 

primers mecA (F: 5‘-ACG GTA ACA TTG ATC 
GCA ACG-3‘, R: 5‘-GGC CAA TTC CAC ATT GTT 
TCG-3’) and mecC (F: 5‘-GAA AAA AAG GCT TAG 
AAC GCC TC-3’, R: 5‘-GAA GAT CTT TTC CGT 
TTT CAG C-3’). The PCR reaction was carried out 

in a final volume of 25µL containing 2µL DNA 
template, 12.5µL OneTaq master mix, 2µL (0.8 
µM) of each primer and 6.5µL nuclease-free 
water. The PCR reaction consisted of an initial 

denaturation at 94oC for 5 min, followed by 35 
cycles of denaturation at 94oC for 30 sec, ann- 
ealing at 59oC and 55oC for 1 min for mecA and 
mecC genes, respectively and extension at 72oC 
for 1 min and a final extension at 72oC for 10 
min. The PCR products for were separated using 
a 1.5% w/v agarose gel at 100 V and visualized 

under UV light. Amplicon sizes were detected at 
176 and 138 bp, respectively (12). 
 
Antibiotic sensitivity testing:    

 Antibiotic susceptibility of the S. aureus 

isolates was determined following the guidelines 
of Clinical and Laboratory Standards Institute 

(CLSI). The inoculum of S. aureus isolate was 
prepared by suspending 5 to 7 well-isolated co- 
lonies in sterile normal saline and standardized 
to the density of 0.5 McFarland standard. Eight 
antibiotic disks (Oxoid Ltd, Basingstoke, UK) in 
eight antibiotic classes including erythromycin 
(ERY-15µg), oxacillin (OXA-1µg), ciprofloxacin 

(CIP-5µg), chloramphenicol (CHL-30µg), trime- 
thoprim-sulfamethoxazole (SXT-25µg), tetracy- 
cline (TET-30µg), gentamicin (CN-10µg), and 
cefoxitin (FOX-100µg), were placed on the sur- 
face of inoculated Mueller-Hinton agar plates 
and incubated at 37°C for 24 hours. Zones of 

growth inhibition were measured, and break- 
points for sensitive or resistant estimated acc- 
ording to CLSI guideline (13). 
 
Detection of multiple efflux pump activity by 
microdilution assay:     

 The efflux pump activity of 25 MDR S. 
aureus isolates was assessed using the efflux 
pump inhibition assay utilising the microdilution 
method. The MICs of ampicillin and ciprofloxacin 

were determined in the presence and absence 
of reserpine (an efflux pump inhibitor) using 96-
well microtiter plates. The inoculum was prepa- 
red by suspending 5 to 7 well-isolated colonies 
in sterile normal saline to the density of 0.5 
McFarland standard. Using a dilution factor of 2, 

different concentrations of the antibiotics were 
prepared from 0.8 to 12.8µg/mL. One hundred 
microliters (100µL) of double strength nutrient 
broth were dispensed into 5 wells. This was 
followed by the addition of appropriate volumes 
of ciprofloxacin for a given concentration (500 
µg/mL) which was serially diluted by 2-fold into 

each well, followed by the introduction of 20 µL 
of the inoculum. Sterile water was then added 
to make a final volume of 200 µL.  
 The plates were incubated for 24 hours 
at 37oC after which 20µL of 1.25mg/mL 3-(4,5 
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dimethylthiazol-2-yl)-2, 5 -diphenyltetrazolium 
bromide (MTT) was added to the wells. Wells 
that showed purple colour after 30 min incu- 
bation at 37oC indicated bacteria growth and 

those that remained yellowish indicated inhibi- 
tory activity. The MICs of ampicillin and cipro- 
floxacin were re-determined in the presence of 
50µg/mL concentration of the plant alkaloid 
reserpine (reserpine stock solution was prepa- 
red to 500µg/mL) (14,15). A two-fold reduction 
in the MICs of ampicillin and ciprofloxacin for the 

MDR isolates indicates presence of multiple 
efflux pump activity. 
 
Statistical analysis:     

 The data generated was extracted into 

an MS-office Excel software Version 1908 
(Microsoft Corporation Copyright 2016). Data 

was later analyzed using Statistical Package for 
the Social Sciences Version 22 (SPSS, SPSS 
Inc., Chicago, IL, USA) Susceptibility data were 
compared by using Chi-square analysis with 
GraphPad Prism version 5.0 (GraphPad Soft- 

ware, San Diego, CA, USA). A level of signifi- 
cance (p value) less than 0.05 was considered 
statistically significant. 
 

Results: 
 
Distribution of S. aureus and MDR isolates in the 
hospitals:     

 Based on phenotypic growth character- 
istics on culture media, biochemical properties, 
Spa gene detection (Fig 1) and MALDI-TOF 
analysis, a total of 68 (10.9%) S. aureus isola- 

tes were confirmed. S. aureus was more frequ- 
ently isolated from urine (14.7%, n=49/333) 
than from nasal (10.3%, n=18/174) and wound 
swabs (0.8%, n=1/119) (x2=17.496, p=0.0002) 

(Table 1). S. aureus was also more frequently 
isolated from Agogo Presbyterian Hospital (15.3%, 

n=25/163) than KNUST (14.7%, n=16/109), 

KATH (12.0%, n=12/184), Suntreso (5.7%, 
n=3/53) and Manhyia (1.7%, n=2/117) (x2= 
16.843, p=0.0021) (Table 1). 

 
 

 

 

L: DNA ladder; +ve: S. aureus 25923, -ve: RNase free water, number 1 to 11: representative S. aureus isolates 

Fig 1: Gel image showing a 180-600 bp PCR amplicons of Spa gene in Staphylococcus aureus isolates
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Table 1: Distribution of multi-drug and methicillin resistant Staphylococcus aureus isolates in clinical samples from primary and tertiary care hospitals in Ghana 

 
Sources/Samples Total 

(n=626) 

KATH 

(n=184) 

Agogo 

 (n=163) 

KNUST 

 (n=109) 

Suntreso 

(n=53) 

Manhyia  

(n=117)  
Total S. aureus isolates 68 (10.9) % 22 (12.0) % 25 (15.3) % 16 (14.7) % 3 (5.7) % 2 (1.7) 

 

MDR S. aureus 46 67.6 14 63.6 17 68.0 13 84.0 1 33.3 1 50.0 

MRSA 28 41.2 7 31.8 12 48.0 9 56.3 0 0 0 0 

 

Urine samples 

 

333 

   

63 

 
 

125 

   

0 

   

47 

   

98 

 

S. aureus isolates 49 (14.7)  19 (30.2) 
 

25 (20.0) 
 

0 
 

3 (6.4) 
 

2 (2.0) 
 

MDR S. aureus 31 63.2 12 63.1 17 68.0 0 0 1 33.3 1 50.0 

MRSA 18 36.7 6 31.5 12 48.0 0 0 0 
 

0 0 

 

Nasal swab samples 

 

174 

   

66 

   

22 

   

86 

   

0 

   

0 

  

S. aureus isolates 18 (10.3) 
 

3 (4.5) 
 

0 
 

15 (17.4) 
 

0 
 

0 
 

MDR S. aureus 15 83.3 2 66.6 0 
 

13 86.6 0 0 0 0 

MRSA 10 55.6 1 33.3 0 
 

9 60.0 0 0 0 0 

 
Wound swab samples 

 
119 

   
55 

   
16 

   
23 

   
6 

   
19 

  

S. aureus isolates 1 (0.8) 
 

0 
 

0 
 

1 (4.3) 
 

0 
 

0 0 
KATH: Komfo Anokye Teaching Hospital; Agogo:  Agogo Presbyterian Hospital; KNUST: Kwame Nkrumah University of Science and Technology Hospital; Suntreso Government Hospital; Manhyia Government Hospital. n; number of samples. 

 
Table 2: Susceptibility and resistance profiles of Staphylococcus aureus isolates from primary and tertiary healthcare facilities in Ghana 

 

Isolate ID Source ERY-15 OXA -1 CIP-15 CHL -30 SXT -25 TE-30 CN-10 FOX-30 MDR 

N106 Nasal R R S S S S S R MDR      

N112 Nasal S S S S S R S S - 

N114 Nasal R R S R R R R R MDR 

N116 Nasal R R R S S S S R MDR 
N119 Nasal R R S R R R S R MDR 

N126 Nasal R S R R S I S S MDR 

N134 Nasal S S S S S S S S - 

N138 Nasal R R R S S R R R MDR 

N139 Nasal R R S S S I R S MDR 

N141 Nasal R R R R S R R R MDR 

N145 Nasal R R R R R R R R MDR 

N149 Nasal S R R S S R S S MDR 

N153 Nasal R R R R S R R R MDR 

N169 Nasal S S S S S S S S - 
N175 Nasal R R R S R R R R MDR 

N34 Nasal R S S S S S S S 
 

N42 Nasal S S R S S R S S 
 

N47 Nasal S R S R S R S R MDR 

S02 Urine I R S S R S S S - 

S03 Urine S S R S S R S S - 

S28 Urine S R S R S R S R MDR 

S29 Urine R S S R S R R S MDR 

S30 Urine R S R R S R S S MDR 
S32 Urine R R R S R R R R MDR 

S40 Urine S S S R S R S S 
 

S42 Urine R R R R R R R R MDR 

S44 Urine R S S R S S S S MDR 

S48 Urine S R S R S R S R MDR 



MDR MRSA with mecA/mecC from Ghanaian hospitals                      Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 286-296 

291 
 

S49 Urine S S S S S S S S - 

S50 Urine S R S R R R R R MDR 

S54 Urine R S S R S R S S MDR 

S55 Urine R S S S S R S S MDR 

S56 Urine S R S R R R R R MDR 

S59 Urine S S S R S I S S - 
S60 Urine S S S S S S S S - 

S79 Urine S S S S S S S S - 

Sa01 Urine S R S R S S S S MDR 

Sa03 Urine S S S S S S S S - 

Sa25 Urine S S S S S S S S - 

Sa29 Urine S S S R S R S S - 

Sa30 Urine S S S R S R S S MDR 

Sa35 Urine S S S R S R S S MDR 

Sa36 Urine S R R R R R R R MDR 
Sa40 Urine S R S R S R S S MDR 

Sa41 Urine S R S R S R S R MDR 

Sa43 Urine R S S R S S S S MDR 

Sa44 Urine R S S R S S S S MDR 

Sa48 Urine R R R R R R R R MDR 

Sa49 Urine S R R R S R R R MDR 

Sa54 Urine R R S R R R S S MDR 

Sa55 Urine S S S S S R S S - 

Sa77 Urine S S S R S S S S - 

Sa79 Urine S S S S S S S S - 
U01 Urine R R R R R R R R MDR 

U02 Urine R R R R R R R R MDR 

U09 Urine S R S S S R S S - 

U21 Urine R R S R R R R R MDR 

U24 Urine S S S S S R S S - 

U26 Urine S S S R S R S S - 

U29 Urine R R R R S R R R MDR 

U38 Urine S R S S S S S S - 

U42 Urine R R R S S I R R MDR 
U45 Urine R R S S S I R R MDR 

U49 Urine R R S S S R R R MDR 

U50 Urine R R R S S R R S MDR 

U52 Urine S R S R S S S R MDR 

U59 Urine S R S S S R S S - 

W119 Wound S S S R S S S S - 

Number of resistant isolates (%) 31 (45.5) 38 (55.8) 21 (30.9) 38 (55.8) 15 (22.1) 43 (63.2) 23 (33.8) 28 (41.2) 46 (67.6) 

ERY-15: Erythromycin 15 μg; OXA-1: Oxacillin 1 μg; CIP-5: Ciprofloxacin 5 μg; CHL-30: Chloramphenicol 30 μg; SXT-25 Trimethoprim-sulphamethoxazole 25ug; TET-30: Tetracycline 30ug; CN-10: Gentamicin 10ug; FOX-30: Cefoxitin-30 
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Antibiogram profile of MSSA and MRSA isolates 
from the healthcare facilities:   

 Of the 68 S. aureus isolates confirmed, 
28 (41.2%) were MRSA while 40 (58.8%) were 
MSSA. The MRSA isolates were more prevalent 
in the samples from KNUST Teaching hospital 

(56.3%, n=9/16) compared to the others (x2= 
6.277, p=0.1794) and they were more preva- 
lent in nasal samples (55.6%, n=10/18) compa- 
red to urine samples (36.7%, n=18/49) (OR= 
0.4645, 95% CI = 0.1552 - 1.391, p = 0.2635) 
(Table 1). However, the MRSA prevalence diffe- 

rences between the hospitals and the samples 
were not statistically significant.  
 The susceptibility rates of the S. aureus 
to antibiotics tested were in the range of 28 to 

84% while resistance ranged from 16 to 72% 
(Table 2). Most of the S. aureus isolates were 
resistant to tetracycline (63.0%, n=43/68) 

while the isolates showed least resistant to 

trimethoprim-sulfamethoxazole (22.0%, n= 15/ 
68). Forty-six (67.6%) of the S. aureus isolates 
were multi-drug resistant (Table 2).  
 The MRSA isolates were resistant to all 

selected antibiotics, ranging between 60 to 
100.0%, but were susceptible to trimethoprim-
sulfamethoxazole (50.0%, n=14/28) (Fig 2a). 
MRSA isolates from KATH showed relatively low 
resistance to the different antibiotics compared 
to those from Agogo and KNUST hospitals (Fig 
2a). Six (21.4%) of the MRSA isolates were 

resistant to all the eight antibiotics tested (Table 
3). Erythromycin and ciprofloxacin showed rela- 
tively higher activity against the MRSA isolates 
from KATH while trimethoprim-sulfamethoxa- 
zole was comparatively more active against iso- 

lates from KNUST and Agogo (Fig 2a). Compar- 

ed to the methicillin sensitive S. aureus, MRSA 
isolates exhibited higher resistance rates to all 
the antibiotics tested (Fig 2b).

   
     

Table 3: Antibiotic resistance profiles of MRSA isolates from the five selected primary and tertiary care hospitals in Ghana 

 

Resistance pattern Clinical MRSA isolates (ID)+  Number of MRSA (%) 

  
ERY-OXA-FOX N106 1 (3.6) 

OXA-CHL-FOX U52+ 1 (3.6) 

ERY-OXA-CIP-FOX N116 1 (3.6) 

ERY-OXA-CN-FOX U45 1 (3.6) 

OXA-CHL-TET-FOX S28+, N47, Sa41, S48 4 (14.3) 
ERY-OXA-CIP-CN-FOX U42 1 (3.6) 

ERY-OXA-TET-CN-FOX U49 1 (3.6) 

ERY-OXA-CHL-SXT-TET-FOX N119+ 1 (3.6) 

OXA-CIP-CHL-TET-CN-FOX S49 1 (3.6) 
OXA-CHL-SXT-TET-CN-FOX S50+, S56 2 (7.1) 

OXA-CIP-CHL-SXT-TET-CN-FOX Sa36 1 (3.6) 

ERY-OXA-CHL-SXT-TET-CN-FOX U21, N114 2 (7.1) 

ERY-OXA-CIP-CHL-TET-CN-FOX U29, N141+ 2 (7.1) 
ERY-OXA-CIP-SXT-TET-CN-FOX S32, N138, N175 3 (10.7) 

ERY-OXA-CIP-CHL-SXT-TET-CN-FOX Sa48+, N153+, N145, U02, S42+, U01 6 (21.4) 

 

Total 

  

28 (100.0) 
ERY: Erythromycin 15 μg; OXA: Oxacillin 1 μg; CIP: Ciprofloxacin 5 μg; CHL: Chloramphenicol 30 μg; SXT: Trimethoprim-sulphamethoxazole 23.75ug;                           
TET: Tetracycline 30ug; CN: Gentamycin 10ug; FOX: Cefoxitin-30ug; + presence of mecA gene. 

 

 
 ERY-15: Erythromycin 15 μg; OXA-1: Oxacillin 1 μg; CIP-5: Ciprofloxacin 5 μg; CHL-30: Chloramphenicol 30 μg; SXT-25 Trimethoprim-sulphamethoxazole 25ug;     
 TET-30: Tetracycline 30ug; CN-10: Gentamycin 10ug; FOX-30: Cefoxitin-30ug; Agogo:  Agogo Presbyterian Hospital; KNUST: Kwame Nkrumah University of Science and 
 Technology Hospital; KATH: Komfo Anokye Teaching Hospital.  

 

Fig 2a: Antibiotic susceptibility of methicillin resistant Staphylococcus aureus isolates from three healthcare facilities in Ghana 

10.5

25

12.5

28.6 28.5
30.4

20

25

42.1 42.9

50
47.6

42.9
39.1

50

42.9

47.4

32.1

37.5

23.8

28.6
30.4 30

32.1

0

10

20

30

40

50

60

ERY-15 OXA-1 CIP-5 CHL-30 SXT-25 TE-30 CN-10 FOX-30

P
e
r
c
e
n

ta
g

e
 r

e
s
is

ta
n

c
e
 o

f 
M

R
S

A
 

is
o

la
te

s

Antibiotics

KATH (n=7) AGOGO (n=12) KNUST (n=9)



MDR MRSA with mecA/mecC from Ghanaian hospitals                 Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 286-296 

 

 

293 
 

 

   
 ERY-15: Erythromycin 15 μg; OXA-1: Oxacillin 1 μg; CIP-5: Ciprofloxacin 5 μg; CHL-30: Chloramphenicol 30 μg; SXT-25 Trimethoprim-sulphamethoxazole 25ug;  
 TET-30: Tetracycline 30ug; CN-10: Gentamycin 10ug; FOX-30: Cefoxitin-30ug; MRSA: Methicillin  resistant S. aureus. MSSA: Methicillin sensitive S. aureus. 

 

Fig 2b: Comparative antibiotic resistance of methicillin-resistant and methicillin-susceptible Staphylococcus aureus isolates from 

healthcare facilities in Ghana 
 
 
 

 
L: 100 bp DNA ladder; +ve:  Positive control (S. aureus USA 300); -ve: RNase-free water; 4 to 38; mec A positive S. aureus isolates 

 

Fig 3: Gel image confirming the 176 bp PCR amplicon of the mecA gene in MRSA isolates 
 
Prevalence of resistant genes in multi-drug-
resistant S. aureus strains:    

 Of the 68 S. aureus isolates, 9 (13.0%) 
contained mec A gene but none possessed mec 
C gene (Fig 3). All the 9 isolates were among 

the 28 (32.1%) phenotypic MRSA isolates. 
 
Efflux pump activity amongst MDR S. aureus 
isolates:      

 The MICs of ciprofloxacin and ampicillin 
for the 25 MDR S. aureus tested ranged from 
0.8 to 12.8 μg/mL. In the presence of reserpine 

(an efflux pump inhibitor), a two-fold reduction 
in the MIC was recorded in 10 of the MDR S. 
aureus isolates and this occurred in 28.6% (n= 
8/28) of the MRSA isolates. This reduction in 

MIC was observed in 10 of 25 (40.0%) isolates 
tested against ciprofloxacin, 6 of 25 (24.0%) 
isolates tested against ampicillin, and 6 of 25 
(24.0%) isolates tested against both ciprofloxa- 
cin and ampicillin, indicating multiple efflux 
pump activity (Table 4).
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Table 4: Effect of efflux pump inhibition (reserpine) on the minimum inhibitory concentration of Staphylococcus aureus isolates 

 

MDR S. aureus 

isolate    

Minimum inhibitory concentration (µg/mL) 

Cip 

alone 

Cip+ 

reserpine 

Fold change in 

MIC 

Amp 

alone 

Amp + 

reserpine 

Fold change in 

MIC 

S1 6.4 6.4 1 12.8 12.8 1 

S2 6.4 6.4 1 12.8 12.8 1 

S3 0.8 0.8 1 12.8 12.8 1 

S4 1.6 0.8 2↓ 3.2 1.6 2↓ 

S5 3.2 1.6 2↓ 3.2 1.6 2↓ 

S6 6.4 6.4 1 12.8 12.8 1 

S7 3.2 1.6 2↓ 6.4 3.2 2↓ 

S8 1.6 0.8 2↓ 6.4 3.2 2↓ 

S9 0.8 0.8 1 6.4 6.4 1 

S10 0.8 0.8 1 12.8 12.8 1 

S11 1.6 0.8 2↓ 6.4 3.2 2↓ 

S12 0.8 0.8 1 3.2 3.2 1 

S13 0.8 0.8 1 6.4 6.4 1 

S14 1.6 0.8 2↓ 0.8 0.8 1 

S15 6.4 6.4 1 3.2 3.2 1 

S16 3.2 3.2 1 3.2 3.2 1 

S17 6.4 3.2 2↓ 3.2 3.2 1 

S18 1.6 1.6 1 6.4 6.4 1 

S19 1.6 0.8 2↓ 3.2 3.2 1 

S20 0.8 0.8 1 6.4 6.4 1 

S21 1.6 1.6 1 6.4 6.4 1 

S22 3.2 1.6 2↓ 12.8 6.4 2↓ 

S23 0.8 0.8 1 12.8 12.8 1 

S24 12.8 12.8 1 12.8 12.8 1 

S25 1.6 0.8 2↓ 0.8 0.8 1 

↓: Reduction in MIC; MIC: minimum inhibitory concentration 

 

Discussion: 
 

 Increasing antibiotic resistance among 
pathogenic bacteria calls for more studies on the 

prevalence and resistance mechanisms among 

these bacteria. Continuous monitoring of preva- 
lence, susceptibility patterns and resistance 
mechanisms of pathogenic bacteria, including 
MRSA in health facilities is also necessary for 
effective management and control of bacterial 
infections (1). Most of the reported surveillance 
on antimicrobial resistance of pathogens world- 

wide and in Ghana often involve samples obtai- 
ned from tertiary or large regional healthcare 
facilities and teaching hospitals (3,16,17-22) 
with very few from secondary and primary 

healthcare facilities. In this study, samples were 
collected from one regional/teaching hospital 
and four secondary healthcare facilities includ- 

ing one university hospital and three district 

hospitals in order to report on antimicrobial 
resistance at the district levels as well.  
 In this study, 41.2% of S. aureus were 
identified as MRSA by the cefoxitin disk diffusion 
test. This value is higher than 28-34.8% pre- 
viously reported in Ghana (3,16,18). Most stu- 

dies define MRSA as S. aureus isolates resistant 
to oxacillin, possession of either mecA or mecC 
gene or a latex agglutination test for detection 
of PBP2a (19,20). These could account for the 
differences seen between these studies. How- 
ever, in agreement , a review (17)  has reported 
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MRSA prevalence of 23-73% from clinical sam- 
ples across Europe. 
 A high number of the MDR-MRSA isola- 
tes were identified in the nasal samples (n=10, 

35.7%). This relatively high prevalence in nasal 
samples (nasal carriage of MRSA) could lead to 
transmission to other individuals visiting the 
healthcare facilities and within communities 
(1,22,23). The antibiograms of the S. aureus 
isolates revealed an appreciable level of resis- 
tance to the selected antibiotics mostly to oxa- 
cillin and cefoxitin (100.0%), tetracycline (82.1%) 

and chloramphenicol (75.0%). Similarly, high 
resistance of S. aureus to β-lactams (oxacillin) 
have been reported in Ghana (16,18,20). Half 
of the isolates tested were however susceptible, 

to a large extent, to trimethoprim-sulfameth- 
oxazole (50.0%), which is comparable to pre- 

viously reported studies (21,24). 
 In this study, mecA gene was detected 
in 9 (32.1%) of the 28 MRSA isolates, repre- 
senting 13.2% of the total S. aureus isolates. A 
previous study in Ghana reported 28.0% preva- 
lence of mecA genes in S. aureus isolated from 

samples from patients at the burns unit of a 
teaching hospital (22), higher than that observ- 
ed in our study. The difference could be due to 
the fact that patients with burns and those on 
admission in intensive care units tend to be 
more susceptible to MRSA infections (25). mecC 
genes were not detected in any of the S. aureus 

strains in our study. Globally, the prevalence of 
mecC genes in S. aureus is quite low; between 
0.4% and 0.7% (24,26,27). mecC genes have 
not yet been reported among clinical S. aureus 
isolates in Ghana. 
 Aside mecA and mecC genes, factors 
such as the presence of multiple efflux pumps 

have also been identified to contribute to resis- 
tance development in S. aureus (26,28,29,30), 
hence the MICs of ciprofloxacin and ampicillin in 
the presence and absence of an efflux pump 
inhibitor (reserpine) was used to assess the pre- 
sence of efflux pump activities among selected 

isolates not possessing mecA. The MICs of amp- 
icillin and ciprofloxacin in the presence of an 

efflux pump inhibitor (reserpine), reduced by a 
factor of two in 24.0% and 40.0% of isolates 
respectively. Similar results of a two-fold reduc- 
tion in MIC values for norfloxacin in the pre- 
sence of reserpine has been reported by Dang 

et al., (27). The reduction in MIC values obtain- 
ed may signify the presence of multidrug efflux 
pumps in the MRSA isolates. Efflux pump genes 
have been found in MRSA isolates from clinical 
samples in Iran (28,29). 
 Among the 28 MRSA isolates, 19 (67.9%) 

had neither mecA, mecC nor exhibited active 

efflux pump activity, indicating other mecha- 

nisms are responsible for resistance evolution in 
those MRSA isolates. Studies suggest mutations 
in the PBP genes and polymorphisms in the mec 
genes could account for such resistance exp- 

ression. Also, hyper-production/overexpression 
of β-lactamase antibiotic degrading enzymes 
could enhance resistance in the MRSA strains 
(9,27,28). Identification of other possible mec- 
hanisms responsible for the multidrug resis- 
tance in the S. aureus isolates especially in 
MRSA strains could improve infection manage- 

ment (1). 
 

Conclusion: 
 

 The prevalence of S. aureus isolates 
from clinical samples in our study was 10.9%, 
with 41.2% being phenotypic MRSA isolates. 
The isolates were least resistant to trimethop- 
rim-sulfamethoxazole among the selected anti- 
biotics. mecA gene-mediated-resistance was 
identified as one of the mechanisms responsible 

for multidrug resistance in 32.1% of MRSA iso- 
lates while mecC genes were not detected in the 
isolates. Active efflux was also identified to be 
partly responsible for resistance in the isolates.  
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Abstract:  
 
Background: Infection caused by methicillin-resistant Staphylococcus aureus (MRSA) remains a big health 
challenge around the world because it is associated with increase morbidity, mortality and healthcare costs. This 
study aimed to determine the prevalence and antibiotic susceptibility profiles of MRSA isolated from apparently 
healthy school pupils and students in Enugu and Ebonyi States, Nigeria. 
Methodology: This was a descriptive cross-sectional study of apparently healthy pupils and students from the 
three Senatorial districts in each of Enugu and Ebonyi States, recruited by multi-stage random sampling technique. 
Urine and swab samples of nose, armpit and groin were collected from the participants and cultured for 
Staphylococcus aureus using standard microbiological methods. MRSA isolates were detected by the Kirby-Bauer 
disc diffusion method using cefoxitin 30µg disc. Statistical analysis of data was done using Chi-square and Fisher’s 
exact tests, and binary logistic regression analysis to compare the prevalence of S. aureus and MRSA with respect 
to gender, schools, senatorial districts, and States. P value less than 0.5 was considered statistical significance.  
Results: A total of 441 participants were recruited with 234 (53.1%) males and 207 (46.9%) females. Samples of 
206 (46.7%) participants yielded S. aureus, and 140 (31.7%) were confirmed as MRSA. Gender distribution 
showed comparable S. aureus colonization rate between males (47.0%, n=110) and females (46.4%, n=96), while 
the prevalence of MRSA colonization was higher in females (35.3%, n=73) than males (28.6%, n=67). State-
specific prevalence of MRSA colonization was 30.7% (n=71/231) in Enugu and 32.9% (n=69/210) in Ebonyi. There 
was no statistically significant association between MRSA colonization prevalence and sex (χ²=2.89, p=0.089) or 
State (χ²=0.46, p=0.50). However, prevalence of MRSA colonization was higher among secondary school students 
compared to primary school pupils, with borderline statistical significance (χ²=3.84, p=0.050). The overall 
antibiotic resistance profile of MRSA isolates revealed resistance rates ranging from 15.1% for gentamicin to 97.9% 
for penicillin. 
Conclusion: This study reported high prevalence of MRSA colonization among apparently healthy pupils and 
students in both Enugu and Ebonyi States, southeast Nigeria. Government should strengthen infection prevention 
efforts in schools and enforce surveillance policies for antimicrobial resistance in the States. Antibiotics such as 
ciprofloxacin and gentamicin may still be effective for therapy of MRSA infections in the region. 
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Résumé: 
 
Contexte: L’infection à Staphylococcus aureus résistant à la méthicilline (SARM) demeure un problème de santé 
publique majeur à l’échelle mondiale, car elle est associée à une augmentation de la morbidité, de la mortalité et 
des coûts des soins de santé. Cette étude visait à déterminer la prévalence et les profils de sensibilité aux 
antibiotiques du SARM isolé chez des élèves et étudiants apparemment en bonne santé dans les États d’Enugu et 
d’Ebonyi, au Nigéria.                                     
Méthodologie: Il s’agit d’une étude descriptive transversale menée auprès d’élèves et étudiants apparemment en 
bonne santé issus des trois districts sénatoriaux de chacun des États d’Enugu et d’Ebonyi, recrutés par 
échantillonnage aléatoire à plusieurs degrés. Des échantillons d’urine et des prélèvements nasaux, axillaires et 
inguinaux ont été collectés chez les participants et mis en culture pour la recherche de Staphylococcus aureus 
selon les méthodes microbiologiques standard. Les isolats de SARM ont été détectés par la méthode de diffusion 
sur disque de Kirby-Bauer, en utilisant un disque de céfoxitine 30µg. L'analyse statistique des données a été 
réalisée à l'aide des tests du χ² et de Fisher, ainsi que d'une régression logistique binaire, afin de comparer la 
prévalence de S. aureus et du SARM en fonction du sexe, de l'établissement scolaire, de la circonscription 
sénatoriale et de l'État. Un seuil de signification statistique de p<0,05 a été retenu.                                      
Résultats: Au total, 441 participants ont été recrutés, dont 234 hommes (53,1%) et 207 femmes (46,9%). Des 
prélèvements ont révélé la présence de S. aureus chez 206 participants (46,7%), et 140 (31,7%) ont été 
confirmés comme porteurs du SARM. La répartition par sexe a montré un taux de colonisation par S. aureus 
comparable entre les hommes (47,0%, n=110) et les femmes (46,4%, n=96), tandis que la prévalence de la 
colonisation par le SARM était plus élevée chez les femmes (35,3%, n=73) que chez les hommes (28,6%, n=67). 
La prévalence de la colonisation par le SARM était de 30,7% (n=71/231) à Enugu et de 32,9% (n=69/210) à 
Ebonyi. Aucune association statistiquement significative n'a été observée entre la prévalence de la colonisation par 
le SARM et le sexe (χ²=2,89, p=0,089) ou l'État (χ²=0,46, p=0,50). Cependant, la prévalence de la colonisation 
par le SARM était plus élevée chez les élèves du secondaire que chez ceux du primaire, avec une signification 
statistique limite (χ²=3,84, p=0,050). Le profil global de résistance aux antibiotiques des isolats de SARM a révélé 
des taux de résistance allant de 15,1% pour la gentamicine à 97,9% pour la pénicilline.                      
Conclusion: Cette étude a mis en évidence une forte prévalence de la colonisation par le SARM chez des élèves et 
étudiants apparemment en bonne santé dans les États d'Enugu et d'Ebonyi, au sud-est du Nigéria. Les autorités 
devraient renforcer les efforts de prévention des infections dans les écoles et appliquer des politiques de 
surveillance de la résistance aux antimicrobiens dans ces États. Des antibiotiques comme la ciprofloxacine et la 
gentamicine peuvent encore être efficaces pour le traitement des infections à SARM dans la région. 

 
Mots-clés: Prévalence; Sensibilité aux antibiotiques; SARM; Colonisation; Élèves; Étudiants 
 

Introduction: 
 

 Staphylococcus aureus remains one of 
the most clinically important bacterial patho- 
gens worldwide due to its remarkable capacity 
to colonize humans, cause a wide range of inf- 

ections, and rapidly acquire antimicrobial resi- 
stance (1,2). The emergence and global spread 
of methicillin-resistant S. aureus (MRSA) have 
significantly altered the epidemiology and clini- 
cal management of S. aureus infections over 
the last five decades. Initially confined to hos- 
pital settings in the 1960s and 1970s, MRSA 

evolved into a major cause of healthcare-asso- 
ciated infections (HA-MRSA), particularly among 
hospitalized and immunocompromised indivi- 
duals (3,4). However, a major epidemiological 
shift occurred in the mid-1990s when MRSA st- 

rains began to emerge in individuals with no 
prior healthcare exposure, giving rise to MRSA 
in settings outside healthcare (5-8).  
 Staphylococcus aureus commonly exists 
as a normal flora on the skin and in the nasal 
passages of healthy individuals, yet it possess-

es the capacity to cause infections ranging from 

minor skin conditions to serious systemic dise- 
ases (6-8). Its silent colonization makes it a 
major source of transmission within communi- 
ties. This is especially heightened among child- 
ren and adolescents, who often interact closely 
in crowded settings like schools, promoting its 

spread (9-12). Although it is not a typical cau- 
se of urinary tract infections, its presence in 
urine especially among apparently healthy indi- 
viduals may indicate colonization or transient 
carriage with potential clinical and epidemiolo- 
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gical significance (13).   
 In Africa, MRSA epidemiology is comp- 
lex and underreported, with significant regional 
variations. Studies across West, East, and Sou- 

thern Africa consistently reveal increasing pre- 
valence of MRSA in both hospitals and comm- 
unity settings, fueled by widespread antibiotic 
misuse, poor infection control practices, over- 
crowding, and limited surveillance systems (14, 

15). Nigeria, in particular, bears a substantial 
burden of S. aureus infections and has repor- 

ted high and rising MRSA prevalence across 
various States and population groups. Previ- 
ous research from southeastern Nigeria shows 
that MRSA colonization is widespread among 
school children, adults, hospital outpatients, 

livestock handlers, and apparently healthy co- 

mmunity members (16-17). This highlights the 
expanding reservoir of MRSA and the increas- 
ing risk of transmission within public institut- 
ions, including schools.   
 School environments represent one of 
the most important settings for MRSA trans- 
mission due to overcrowding, frequent skin-to-

skin contact, limited access to hygiene facili- 
ties, and behavioral factors common among 
children and adolescents such as sharing of 
personal belongings (11,18-20). Several stu- 
dies indicate that primary school pupils may be 
more vulnerable to MRSA colonization because 
of poor hygiene practices, increased physical 

interaction, and susceptibility to minor skin inj- 
uries that facilitate bacterial colonization (6). 
Gender-related differences also exist, with some 

research reporting higher MRSA colonization 
among females, possibly due to grooming hab- 
its, sharing of personal items, or cultural prac- 

tices that enhance bacterial dissemination (21, 
22). The occurrence of S. aureus in urine sam- 
ples of asymptomatic individuals is increasing- 
ly recognized as an important public health 
concern (18,23). Such carriage may serve as a 
silent reservoir for transmission and may pre- 
dispose individuals to future infections under 

favorable conditions (24,25). Hence, surveil- 
lance in this population is essential for timely 

detection and outbreak prevention. 
 The detection of MRSA in urine, groin, 
armpit anterior nares and wound samples from 
apparently healthy school pupils and students 
raises concerns about the hidden burden of 

antimicrobial resistance within the community. 

The southeastern region of Nigeria, particularly 
Enugu and Ebonyi States, has experienced ris- 
ing incidences of antibiotic-resistant infections 
over the last decade. Despite this, data speci- 

fically focusing on urinary carriage among asy- 
mptomatic school populations, particularly in 
Enugu and Ebonyi States, remain limited. Gen- 
erating such data is crucial for understanding 
local epidemiology and informing control stra- 
tegies.     
 This study therefore aimed to deter- 

mine the prevalence and antibiotic susceptibi- 
lity patterns of methicillin-resistant S. aureus 
isolated from samples of apparently healthy 
school pupils and students in Enugu and Ebon- 
yi States, Nigeria. The findings are expected to 

contribute to existing knowledge and support 

the development of effective infection preven- 
tion measures and rational antibiotic use poli- 
cies. 
 

Materials and method:  
 
Study design and setting:    

 This was a descriptive cross-sectional 

study of apparently healthy selected pupils and 
students carried out in Enugu and Ebonyi Sta- 
tes, located in the southeastern region of Nig- 
eria (Fig 1a and b). Enugu State lies between 
5°56′N–7°06′N and 6°53′E–7°55′E. It has a 
tropical climate with wet and dry seasons that 

support microbial persistence. The State is lar- 
gely urban, especially in Enugu, with high pop- 
ulation density and frequent interpersonal con- 
tact, facilitating S. aureus and MRSA transmis- 
sion. Numerous schools and healthcare facilit- 
es, including the University of Nigeria Teaching 
Hospital, provide a suitable setting for studying 

bacterial colonization and antimicrobial resist- 
ance patterns (27). 
 Ebonyi State lies between 5°40′N–
6°45′N and 7°30′E–8°30′E. It has a tropical 
climate with significant rainfall supporting agri- 
culture. The State is predominantly rural, with 
Abakaliki as the main urban center. Farming 

and livestock rearing increase human–animal 

contact, influencing S. aureus transmission. Li- 
mited healthcare access and variable sanitation 
may affect resistance patterns. Facilities such 
as the Alex Ekwueme Federal University Teach- 
ing Hospital support healthcare delivery and 

research (28). 
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    (a)         (b) 

 

Fig 1: Geographical Map of Enugu State (1a) and Ebonyi State (1b) showing the study locations in the three different senatorial 

study location zones (26) 

 
Study participants and inclusion criteria: 

 For this study, participants were appa- 
rently healthy pupils and students aged 8-12 
years and 12-18 years, respectively. Apparent- 
ly healthy individuals were defined as partici- 
pants who, upon brief clinical assessment, ex- 
hibited no signs of active infection (e. g. no 

fever ≥38°C, no pain or disability, abscesses, 
or nasal discharge), had no recent (≤3 mon- 
ths) hospitalization, surgery, or invasive medi- 
cal procedures, no antibiotic use within the pr- 
eceding 2–4 weeks, and no known immuno- 
compromising conditions.  

 Eligibility was further supported by par- 
ticipant self-report and, where applicable, re- 
view of medical history. Participants were sel- 
ected from representative schools (primary and 
secondary) from each of the three senatorial 
districts in both States i. e. three primary and 
three secondary schools from each State.  

Ethical consideration:    

 Informed consent was obtained from 

the parents or legal guardians of all partici- 

pants below 18 years of age after providing 
detailed information about the study objecti- 
ves, procedures, potential risks, and benefits. 
In addition to parental/guardian consent, ass- 
ent was obtained from adolescents aged 12–17 
years after the study was explained in age-
appropriate language. These participants were 

informed that their participation was voluntary 
and that they could decline participation or 
withdraw at any stage without penalty.  
 For younger children below 12 years of 

age, the study procedures were explained in 
simple and understandable terms, and verbal 
assent was obtained where appropriate before 
sample collection. Every fundamental study was 
done in line with the World Medical Association 
(WMA) declaration of Helsinki on the principles 

for medical research involving human subjects 

and identifiable human material or data (29). 
 
Determination of sample size:   

 The sample size for the study was cal- 
culated using the single population proportion 
formula, n = Z2p(1-p)/d2 where, n = required 
sample size, Z=95% confidence level (=1.96), 

p = estimated prevalence of 45.6% (=0.456) 
from a previous study (8), and d=margin of 
error of 5% (0.05). Thus, applying these para- 
meters, the minimum sample size required for 
this study was calculated as 381. However, a 
sample size of 441 was considered adequate to 
compensate for non-response or sample loss 

and to improve statistical power. 
 
Sampling technique:    

 The study area covers two States (En- 
ugu and Ebonyi) hence, a multistage sampling 
method was applied to systematically select 
participants in stages. Stage 1 involved selec- 
tion of senatorial districts or local government 

areas (LGAs) within each State; stage 2 invol- 
ved selection of schools (primary and second- 
ary) within each selected LGA; and stage 3 
involved selection of pupils and students within 
the selected schools. This approach was to en- 
sure a good geographical coverage and to 
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make the study more practical and cost-effec- 
tive.      
 Secondly, within the selected schools, 
stratified random sampling was used to stratify 

participants based on factors including age 
group (8–12 years and 12–18 years), educa- 
tional level (primary vs secondary school) and 
gender. A simple random sampling was applied 
within each stratified group to select partici- 
pants, which ensured that all relevant sub- 
groups were adequately represented in the study. 
 
Sample and data collection:    

 Clinical samples were randomly collec- 
ted from a total of 441 pupils and students 
(234 males, and 207 females), with urine (n= 

398), wound swab (n=15), armpit swab (n= 
11), nasal swab (n=11), and groin swab (n= 
6). The demographic data (age, sex) of the 

participants were collected using a designed 
proforma.  
 Clean-catch midstream freshly voided 
urine specimens were collected into sterile pla- 
stic specimen bottles. The samples were trans- 
ported to the Department of Applied Micro- 
biology Laboratory unit, Faculty of Science, 

Ebonyi State University, Abakaliki within two 
hours of collection for bacteriological analysis.  
 
Isolation and identification of Staphylococcus 
aureus isolates:     

 Samples were aseptically inoculated on 
Mannitol Salt Agar (Oxoid, United Kingdom) 
and incubated aerobically at 37°C for 18–24 
hours. Discrete colonies were sub-cultured on 

fresh MSA plates to obtain pure isolates. Pre- 
sumptive S. aureus isolates were identified 
based on the appearance of yellow or golden 
colonies with mannitol fermentation on MSA. 
Further confirmation was carried out using 
standard microbiological procedures, including 
Gram staining, catalase test, coagulase test, 

haemolysis on blood agar, and assessment of 
colony morphology (30,31).  
 Isolation of S. aureus and MRSA from 
urine samples was considered clinically signifi- 
cant only when recovered as a pure culture at 

≥10⁵ CFU/ml, or at ≥10⁴ CFU/mL with supp- 
ortive evidence such as pyuria or repeat isola- 

tion, to minimize the inclusion of contaminants 
from skin flora.  
 
Antibiotic susceptibility test of Staphylococcus 
aureus isolates:     

 The antibiotic susceptibility test of the 
identified isolates was performed by the disc 
diffusion method as recommended by the Cli- 
nical Laboratory Standards Institute (CLSI) gui- 

   

delines. Inoculum of the test isolate was pre- 
pared from pure colonies on the sub-culture 
plate and standardized to 0.5 McFarland stan- 
dard equivalent, which was then inoculated on 

the surface of Mueller Hinton agar (Oxoid, UK) 
plates using sterile swab stick.  
 Antibiotic discs (Oxoid UK); ceftazidime 
(CAZ, 30µg), ciprofloxacin (CIP, 5µg), clinda- 
mycin (DA, 2µg), penicillin (P, 10µg), erythro- 
mycin (E, 15µg), nitrofurantoin (F200, 300µg), 
gentamicin (CN, 5µg), sulphamethoxazole (RL, 

25µg), and tetracycline (TE, 30µg) were placed 
on the surface of the inoculated agar plates 
30mm apart using a sterile forcep. The anti- 
biotics were allowed to diffuse for about 10 
minutes and the plates incubated at 37oC for 

18-24 hours. The diameters of inhibition zones 

were measured in millimeter with a meter rule, 
recorded and interpreted as sensitive or resis- 
tant according to the Clinical Laboratory Stan- 
dard Institute (CLSI) guidelines (32). 
 
Detection of methicillin resistant S. aureus: 

 This was done using the disc diffusion 
method according to Clinical and Laboratory 
Standards Institute (CLSI) guidelines. Pure co- 

lonies of the isolated bacteria were inoculated 
into 5 ml nutrient broth. The turbidity of the 
broth was adjusted to 0.5 McFarland standards 
and inoculated on Mueller-Hinton agar plate 
with a sterile swab. Cefoxitin (FOX, 30µg) disc 

was placed on the inoculated agar plates to 

detect MRSA. The plates were incubated at 
37oC for full 24 hours. Diameter of zone of in- 
hibition was measured, recorded and interpre- 
ted as resistant if the inhibition zone diameter 
was ≤ 21 mm, according to the CLSI guide- 
lines (32). 
 
Determination of multiple antibiotic resistance 
index (MARI) of MRSA isolates:   

 Multiple antibiotic resistance index (MA 
RI) of each S. aureus isolate was calculated as 
the number of antibiotics to which the isolate 
was resistant to, divided by the total number 
of antibiotics that was tested on the isolate, as 
previously described by Ukpai et al., (31).  
 
Statistical analysis of data:    

 The prevalence of S. aureus and MRSA 

colonization across the States, schools, and 
gender was compared using the Chi-square 
test of independence. Fisher’s exact test was 
applied where expected cell counts were less 
than five. A p-value<0.05 was considered sta- 
tistically significant. Additionally, binary logistic 

regression analysis was performed to identify 
factors associated with MRSA colonization. 
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Results  
 
Prevalence of Staphylococcus aureus and MRSA 
colonization among the study participants:  

 Table 1 shows the distribution of S. au- 

reus and MRSA isolates among the participants 
across the senatorial districts in both Enugu 
and Ebonyi States. The overall prevalence of S. 
aureus colonization is 46.7%, while the overall 
prevalence for MRSA is 31.7%. Ebonyi State 
showed a higher prevalence of both S. aureus 

(49.5%) and MRSA (32.9%) compared to Enu- 
gu, with 44.2% and 30.7%, respectively, indi- 
cating a marginally higher but insignificant col- 
onization rate of pupils and students in Ebonyi 
State by S. aureus and MRSA (p=0.3017 and 

p=0.7073).    
 Although S. aureus colonization rate 

was similar between males and females in both 
States (p=0.9916 for Ebonyi, p=0.9849 for 
Enugu, and p=0.9704 for both States), MRSA 
prevalence was consistently but insignificantly 
higher among females in both States (p= 
0.2849 for Ebonyi, p=0.4424 for Enugu, and 
p=0.1642 for both States), suggesting possible 

gender-related exposure and behavioral factors 
influencing transmission.  
 
Comparative prevalence of S. aureus and MRSA 
colonization among the study participants:  

 The prevalence distribution of S. aur- 

eus and MRSA colonization among the partici- 
pants across school types is shown in Table 2. 
In Enugu, secondary school students had sig- 
nificantly higher prevalence of S. aureus (57.8%) 
and MRSA (42.0%) colonization than primary 
school pupils (34.8% and 18.8%) (p=0.0083 
and p=0.0002, respectively), whereas in Ebon- 

yi, primary school pupils had higher but insig- 
nificant S. aureus (53.3%) and MRSA (38.1%) 
colonization compared to secondary school stu- 

dents (45.7% and 27.6%) (p=0.3340 and p= 
0.1418, respectively).    
 Overall, secondary school students had 
higher but insignificant MRSA colonization rate 

(35.3%) than primary schools (28.1%) (p= 
0.1305). These differences suggest that envi- 
ronmental factors, hygiene practices, or age-
related behaviors may influence MRSA trans- 
mission differently in each State. 

 
 

 

Table 1: Prevalence of Staphylococcus aureus and methicillin resistant Staphylococcus aureus colonization among apparently 

healthy pupils and students in Enugu and Ebonyi States, Nigeria 

States Total no examined No +ve for S. aureus (%) No +ve for MRSA (%) 

 

M F M F M F 

Enugu State       

SENE 26 14 9 (34.6) 6 (42.8) 2 (7.6) 4 (28.6) 

PENE 18 24 8 (44.4) 2 (8.3) 4 (22.2) 1 (4.2) 

SENN 28 12 11 (39.3) 8 (66.7) 11 (39.3) 8 (66.7) 
PENN 15 12 5 (33.3) 1 (8.3) 5 (33.3) 1 (8.3) 

SENS 13 26 11 (84.6) 18 (69.2) 8 (61.5) 17 (65.3) 

PENS 21 22 10 (47.6) 13 (59.1) 4 (19.0) 6 (27.3) 

Sub-Total 121 110 54 (44.6) 48 (43.6) 34 (28.1) 37 (33.6) 

231 102 (44.2) 71 (30.7) 

Ebonyi State       

SEBN 14 10 4 (28.6) 2 (20.0) 0 1 (10.0) 

PEBN 22 18 7 (31.8) 6 (33.3) 5 (22.7) 5 (35.7) 

SEBC 33 19 21 (63.6) 11 (57.9) 12 (36.4) 9 (47.4) 
PEBC 17 13 10 (58.8) 7 (53.9) 5 (29.4) 3 (23.1) 

SEBS 9 20 2 (22.2) 8 (40.0) 1 (11.1) 6 (30.0) 

PEBS 18 17 12 (66.7) 14 (82.4) 10 (55.6) 12 (70.6) 

Sub-Total 113 97 56 (49.6) 48 (49.5) 33 (29.2) 36 (37.1) 

210 104 (49.5) 69 (32.9) 

 

Total 

 

234 

 

207 

 

110 (47.0) 

 

96 (46.4) 

 

67 (28.6) 

 

73 (35.3) 

 

441 206 (46.7) 140 (31.7) 
SENE- Secondary school Enugu East Senatorial Zone   PENE- Primary school Enugu East Senatorial Zone 
SENN- Primary school Enugu North Senatorial Zone.   PENN- Primary school Enugu North Senatorial Zone 
SENS- Secondary school Enugu South Senatorial Zone. PENS-Primary school Enugu South Senatorial Zone 
SEBN- Secondary school Ebonyi North Senatorial Zone. PEBN- Primary school Ebonyi North Senatorial Zone 
SEBC- Secondary school Ebonyi North Senatorial Zone. PEBC- Primary school Ebonyi North Senatorial Zone 
SEBS -Secondary school Ebonyi North Senatorial Zone. PEBS- Primary school Ebonyi North Senatorial Zone 
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Table 2: Comparative prevalence distribution of Staphylococcus aureus and MRSA colonization among apparently healthy pupils and 

students in Enugu and Ebonyi States, Nigeria 

 
Location Total no examined No positive for S. aureus (%) No positive for MRSA (%) 

Primary Secondary Primary Secondary Primary Secondary 

Enugu 112 119 39 (34.8) 63 (57.8) 21 (18.8) 50 (42.0) 

Ebonyi 105 105 56 (53.3) 48 (45.7) 40 (38.1) 29 (27.6) 

Total 217 224 95 (43.8) 111 (49.6) 61 (28.1) 79 (35.3) 

  
Antibiotic resistance profile of MRSA isolates: 

 The antibiotic resistance profile (Table 
3, Fig 2 and Fig 3), supported by the MARI dis- 
tribution (Table 4), indicates widespread multi- 

drug resistance among the MRSA isolates. Very 
high resistance rates were observed for peni- 
cillin (97.9%), ceftazidime (93.0%), and sulph 
amethoxazole (90.7%), while moderate resis- 

tance was seen with erythromycin (76.8%), 
tetracycline (75.7%), and clindamycin (68.7%). 
In contrast, lower resistance rates were recor- 
ded for gentamicin (15.1%) and ciprofloxacin 
(23.3%).     
 The predominance of high MARI values 

(≥0.6) in both States, especially in Ebonyi indi- 
cates high antimicrobial consumption in the 
community. 

 

Table 4: Multiple Antibiotic Resistance Index (MARI) of MRSA 

isolates from apparently healthy pupils and students in 

Enugu and Ebonyi States, Nigeria 

 

No (%) = Number and percentage of MRSA with specified MARI value 

 

 

Table 3: Antibiotic resistance (%) of MRSA isolates from apparently healthy pupils and students in Enugu and Ebonyi States, Nigeria 

 

 

 

MARI value Enugu Ebonyi 

No of MRSA (%) No of MRSA (%) 
0.1 3 (4.2) 2 (2.9) 

0.2 2 (2.8) 2 (2.9) 

0.3 3 (4.2) 6 (8.5) 

0.4 12 (16.9) 5 (7.3) 

0.5 5 (7.0) 6 (8.5) 

0.6 11 (15.5) 10 (14.5) 

0.7 11 (15.5) 16 (23.2) 

0.8 12 (16.9) 17 (24.6) 

0.9 12 (16.9) 5 (7.3) 
1.0 0  0  

Total 71 (100) 69 (100) 

Antibiotics      MRSA isolates 

Enugu (%) Ebonyi (%) Average of both States (%) 

Penicillin 95.6 100.0 97.9 

Ceftazidime  87.7 98.3 93.0 

Sulphamethoxazole  89.7 91.7 90.7 

Erythromycin 76.8 76.7 76.8 

Clindamycin  76.6 60.8 68.7 

Nitrofurantoin  48.4 43.0 45.7 

Ciprofloxacin  27.1 19.5 23.3 

Gentamicin  28.7 1.5 15.1 

Tetracycline  84.5 66.9 75.7 
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SENE- Secondary school Enugu East Senatorial Zone; PENE- Primary school Enugu East Senatorial Zone 
SENN- Primary school Enugu North Senatorial Zone; PENN- Primary school Enugu North Senatorial Zone 
SENS- Secondary school Enugu South Senatorial Zone; PENS-Primary school Enugu South Senatorial Zone 
DA=Clindamycin; P=Penicillin; E= Erythromycin; CAZ= Ceftazidime; CN= Gentamicin; F200 = Nitrofurantoin;                                         
RL=Sulphamethoxazole; CIP= Ciprofloxacin; TE= Tetracyline 

                                          

 Fig 2:  Percentage antibiotic resistance pattern of MRSA isolated from schools (secondary and primary) in Enugu State, Nigeria 
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SEBN- Secondary school Ebonyi North Senatorial Zone. PEBN- Primary school Ebonyi North Senatorial Zone 
SEBC- Secondary school Ebonyi North Senatorial Zone. PEBC- Primary school Ebonyi North Senatorial Zone 
SEBS -Secondary school Ebonyi North Senatorial Zone. PEBS- Primary school Ebonyi North Senatorial Zone 
DA=Clindamycin; P=Penicillin; E= Erythromycin; CAZ= Ceftazidime; CN= Gentamicin; F200 = Nitrofurantoin;                                         
RL=Sulphamethoxazole; CIP= Ciprofloxacin; TE= Tetracyline 

 
Fig 3: Percentage antibiotic resistance pattern of MRSA isolated from schools (secondary and primary) in Ebonyi State, Nigeria 
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Discussion: 
 

 The burden of MRSA has been on the incr- 

ease over the years despite several efforts. Al- 
though the overall prevalence of MRSA colonization 
is 31.7% in this study, the distribution varied sig- 
nificantly across senatorial zones in both Enugu 
and Ebonyi States. In Enugu State, MRSA preva- 
lence was lowest in Enugu East (13.4%) and mark- 
edly higher in Enugu North (37.3%) and Enugu 

South (42.7%), and this difference was statistically 
significant (p<0.001). Similarly, in Ebonyi State, 
MRSA prevalence differed significantly across sen- 
atorial zones, with the lowest prevalence in Ebonyi 
North (17.2%), compared to Ebonyi Central (35.4%) 
and Ebonyi South (45.3%) (p=0.002). Overall, 

these findings indicate a significant geographical 

variation in MRSA colonization across senatorial 
zones, with consistently higher prevalence obser- 
ved in southern zones of both States.  
 The results of this study demonstrate a 
high overall comparative prevalence of MRSA in 
both Enugu and Ebonyi States. However, the find- 

ings consistently reveal a greater burden in Ebonyi 
State compared to Enugu. Specifically, Ebonyi Sta- 
te recorded a prevalence of 32.9%, which exc- 
eeds the 30.7% reported in Enugu State. Ebonyi 
also had a higher S. aureus carriage rate (49.5%) 
compared with Enugu (44.2%), which expands the 
reservoir from which MRSA emerges. Similar S. 

aureus carriage rates have been reported by 

Abdullahi et al., (33) (31.5%) Rosal et al., (34) 
(33.0%); Ogefere et al., (35) (42.3%) and Akerele 
et al., (36) (49.5%).     
 The prevalence of MRSA reported in some 
previous studies by Okwu et al., (37) 6.0%; Rosal 
et al., (34) 4.4%; and Akerele et al., (36) 22.2% 

are lower than the rate reported in this study. In 
contrast, higher prevalence rates have been rep- 
orted by Morufat et al., (18) 45.6%; Azzam et al., 
(38) 42.2%; Abdullahi et al., (33) 23.5% and 
Ogefere et al., (35) 37.2%. Furthermore, this pat- 
tern aligns with research suggesting that rural and 

peri-urban populations with limited hygiene infra- 
structure and reduced access to regulated hea- 
lthcare practices often experience higher commu- 

nity MRSA transmission (39,40). Thus, the data 
indicate that Ebonyi State bears a heavier overall 
burden.     
 Gender-based analysis revealed notable di- 

fferences in MRSA colonization, with females exhi- 
biting higher carriage rates than males in both Sta- 
tes. In Enugu State, MRSA prevalence was 33.6% 
among females compared to 28.1% among males, 
while in Ebonyi State, females had a prevalence of 
37.1% versus 29.2% in males. These findings are 
consistent with previous reports indicating higher 

MRSA colonization among females, which have been 

attributed to behavioral factors such as sharing of 

personal items, close interpersonal contact and fre- 
quent grooming-related practices that enhance 
transmission (21,22,35,41).   
 However, some studies have reported male 

predominance in MRSA colonization in other sett- 
ings, including those by Kodde et al., (42) in Iran, 
Rosal et al., (34) in Spain, and Akerele et al., (36) 
in Edo State, Nigeria. In this study, there was a 
statistically significant association of the prevalen- 
ce of S. aureus and the female gender of the parti- 
cipants (p=0.02). However, there was no statistic- 

ally significant association in the prevalence of 
MRSA between males and females in Enugu and 
Ebonyi States (p=0.051). The observed pattern in 
southeastern Nigeria may reflect the prevailing so- 
cial and behavioral interactions among female pu- 

pils and adolescents within school environments. 

 Educational level comparisons further re- 
veal important distinctions in MRSA colonization 
rate among the participants between the States. In 
Enugu, secondary school students had significantly 
higher MRSA colonization rate (42.0%) than pri- 
mary pupils (18.8%) (p=0.0002), indicating that 
older students were the more affected educational 

group in that State. In contrast, a reverse pattern 
was seen in Ebonyi State, with primary school pu- 
pils showing higher but insignificant MRSA coloni- 
zation rate of 38.1% compared to 27.6% in secon- 
dary school students (p=0.1418). These contrast- 
ing patterns suggest that younger children in 
Ebonyi State are the most vulnerable educational 

group, likely due to poorer personal hygiene practi- 
ces, close-contact play behavior, overcrowding, 
and limited ability of school sanitation facilities fac- 
tors documented to drive MRSA transmission in 
younger age groups (34). However, in line with the 
findings from Enugu State, a higher prevalence 

among age group 10-29 years where secondary 
school students fall within in another study has 
also been reported (21). The higher rates among 
older students in Enugu State may reflect greater 
mobility, wider social networks, and increased par- 
ticipation in peer-group activities.  
 Methicillin-resistant S. aureus isolates were 

highly resistant to several commonly used antibio- 
tics in both Enugu and Ebonyi States. Markedly, 

elevated resistance levels of MRSA isolates were 
evident for against penicillin (97.9%), sulphameth- 
oxazole (90.7%), erythromycin (76.8%), tetracy- 
cline (75.7%), and clindamycin (68.7%), reflecting 
broad decreased susceptibility to both β-lactam 

and various non-β-lactam antibiotics. The near uni- 
versal resistance to penicillin observed in this study 

agrees with international findings that S. aureus 
exhibits widespread resistance to β-lactam antibio- 
tics due to β-lactamase production and mecA-med- 
iated alterations in penicillin-binding proteins. Com- 

parable researches have also reported elevated 
MRSA resistance to erythromycin, clindamycin, and 
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tetracycline, indicating the persistent challenge of 
resistance to these commonly administered anti- 
biotics across various regions, including Africa (14, 
33,36,37,38). These trends clearly imply that mis- 

use of antibiotics and unrestricted access to anti- 
microbial agents in community settings may pro- 
mote the continued presence and proliferation of 
resistant MRSA strains.    
 Contrastingly in this study, MRSA isolates 
displayed relatively low resistance to gentamicin 
and ciprofloxacin suggesting these antibiotics may 

still be partially effective against MRSA isolates in 
the region. These results are consistent with pre- 
vious records where S. aureus isolates exhibited 
lower resistance to gentamicin and ciprofloxacin 
compared to β-lactam antibiotics and tetracycline 

(35,36,43). Despite this, widespread multidrug-

resistance reported in MRSA emphasize the urgent 
need for sustained antimicrobial surveillance and 
implementation of antibiotic stewardship programs. 
Infection control strategies need to be reinforced 
together with the adoption of evidence-based anti- 
biotic policies is crucial to curb the spread of resis- 
tant strains and optimize treatment effectiveness. 

The MARI further reinforce that Ebonyi State is at 
higher risk for antimicrobial resistance emergence 
as more MRSA isolates clustered in the upper MARI 
categories (0.7–0.8), suggesting higher antibiotic 
pressure and more sustained transmission environ- 
ments compared with Enugu.  
 

Conclusion: 
 

 In conclusion, the findings from this study 
highlights the need for state-specific infection con- 
trol strategies, with priority attention directed tow- 
ards female pupils and primary school children in 

Ebonyi, as well as older students in Enugu. Cipro- 
floxacin and gentamicin may still be effective for 
the treatment of MRSA infections in this setting. 
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Abstract: 

Background: Failure of antimicrobial therapy may give an insight into carriage of resistance genes among microbial 
pathogens. The ease of spread of these genes including beta-lactamase genes such as blaNDM, blaKPC, and blaOXA-48 is a 
major public health challenge worldwide. The study aimed to detect New Delhi metallo-β-lactamase (blaNDM) gene 
carriage among multidrug-resistant (MDR) Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa 
isolates from clinical specimens at the University College Hospital, Ibadan (UCH), Ibadan, Nigeria.                             
Methodology:  This was a laboratory-based study of 110 presumptively identified Gram-negative bacterial isolates 
at the routine microbiology laboratory of UCH Ibadan, Nigeria between May and August 2021. The isolates were re-
identified and confirmed as E. coli, K. pneumoniae and P. aeruginosa using biochemical tests, including oxidase test, 
cetrimide agar test, and Analytical Profile Index (API) system. Antibiotic susceptibility test of confirmed isolates to 
selected antibiotics was done using the modified Kirby-Bauer disk diffusion method and multi-drug resistance was 
defined as resistance to 3 or more antibiotic classes. The blaNDM was detected among the MDR isolates by conventional 
polymerase chain reaction using specific primers. Descriptive statistics were used to summarize variables, and Chi-
square was used to compare categorical variables, with p value ≤ 0.05 taken to be statistically significant.                
Results: Of the total 110 Gram-negative bacilli collected from the routine microbiology laboratory, 90 were confirmed 
as the Gram-negative bacilli of interest, with K. pneumoniae (58.9%, n=53), E. coli (31.1%, n=28) and P. aeruginosa 
(10.0%, n=9). Majority of the isolates (n=77, 85.6%) were susceptible to ertapenem, while most were resistant to 
ciprofloxacin (n=75, 83.3%), and 64 (71.1%) were multidrug-resistant. Among the MDR isolates, NDM carriage rate 
was 12.5% (n=8/64), with the carriage rate highest in P. aeruginosa (50.0%, n=1/2), followed by K. pneumoniae 
(13.6%, n=6/44) and E. coli (5.6%, n=1/18) but no significant difference in the carriage rate (x2=3.417, p=0.1811). 
Conclusion: This study shows a high prevalence of MDR Gram-negative bacilli, with K. pneumoniae being the 
highest. Resistance was mostly observed to ciprofloxacin, while most isolates were susceptible to ertapenem. blaNDM 
gene was detected in all the three MDR bacterial pathogens. Emphasis should be placed on rational antibiotic use 
and routine susceptibility testing, including resistance gene detection, to guide therapy, and prevent emergence of 
multidrug resistance in microbial population.  

Keywords: Multi-drug resistance; New Delhi metallo-β-lactamase; Carriage; Gram-negative bacilli 
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Résumé: 

Contexte: L’échec d’un traitement antimicrobien peut révéler la présence de gènes de résistance chez les agents 
pathogènes microbiens. La facilité de propagation de ces gènes, notamment les gènes de bêta-lactamases tels que 
blaNDM, blaKPC et blaOXA-48, constitue un enjeu majeur de santé publique à l’échelle mondiale. Cette étude visait à 
détecter la présence du gène de la métallo-β-lactamase de New Delhi (blaNDM) chez des isolats d’Escherichia coli, 
Klebsiella pneumoniae et Pseudomonas aeruginosa multirésistants (MDR) provenant d’échantillons cliniques prélevés 
au Centre Hospitalier Universitaire d’Ibadan (UCH), à Ibadan, au Nigéria.                                
Méthodologie: Cette étude de laboratoire a porté sur 110 isolats bactériens à Gram négatif présumés, identifiés au 
laboratoire de microbiologie de routine du CHU d’Ibadan, au Nigéria, entre mai et août 2021. Ces isolats ont été 
réidentifiés et confirmés comme étant des espèces d’E. coli, K. pneumoniae et P. aeruginosa par des tests 
biochimiques, notamment le test de l’oxydase, le test sur gélose au cétrimide et le système API (Index du Profil 
Analytique). La sensibilité aux antibiotiques des isolats confirmés a été déterminée par la méthode de diffusion sur 
disque de Kirby-Bauer modifiée. La multirésistance a été définie comme une résistance à au moins trois classes 
d’antibiotiques. Le gène blaNDM a été recherché parmi les isolats multirésistants par PCR conventionnelle à l’aide 
d’amorces spécifiques. Des statistiques descriptives ont été utilisées pour résumer les variables, et le test du χ² a 
permis de comparer les variables catégorielles. Un seuil de signification statistique de p≤0,05 a été retenu.  
Résultats: Sur un total de 110 bacilles Gram négatifs collectés au laboratoire de microbiologie de routine, 90 ont 
été confirmés comme étant les bacilles Gram négatifs d'intérêt, avec K. pneumoniae (58,9%, n=53), E. coli (31,1%, 
n=28) et P. aeruginosa (10,0%, n=9). La majorité des isolats (n=77, 85,6%) étaient sensibles à l’ertapénem, tandis 
que la plupart étaient résistants à la ciprofloxacine (n=75, 83,3%) et 64 (71,1%) étaient multirésistants. Parmi les 
isolats multirésistants (MDR), le taux de portage de NDM était de 12,5% (n=8/64), avec le taux le plus élevé chez 

P. aeruginosa (50,0%, n=1/2), suivi de K. pneumoniae (13,6%, n=6/44) et d'E. coli (5,6%, n=1/18). Cependant, 
aucune différence significative n'a été observée entre les taux de portage (χ²=3,417, p=0,1811).                   
Conclusion: Cette étude révèle une forte prévalence de bacilles Gram négatifs multirésistants, K. pneumoniae 
présentant le taux le plus élevé. La résistance était principalement observée à la ciprofloxacine, tandis que la plupart 
des isolats étaient sensibles à l'ertapénem. Le gène blaNDM a été détecté chez les trois bactéries pathogènes 
multirésistantes. Il convient de privilégier un usage rationnel des antibiotiques et la réalisation systématique de tests 
de sensibilité, incluant la détection des gènes de résistance, afin d'orienter le traitement et de prévenir l'émergence 
de la multirésistance au sein des populations microbiennes. 

Mots-clés: Multirésistance; Métallo-β-lactamase de New Delhi; Portage; Bacilles Gram négatifs 

Introduction: 

 Infections caused by multidrug resistant 
(MDR) organisms result in prolonged hospital 
stays, increased healthcare costs, and increased 

mortality and morbidity due to limited treat- 
ment options (1). The increasing prevalence of 
MDR pathogens has become a major public 
health challenge worldwide (2,3). In Nigeria, 

studies have reported high prevalence of 70- 
90% multidrug resistance among clinical isola- 
tes (4,5). Several factors have contributed to 

the increasing trend in microbial drug resistan- 
ce. The ease of spread of resistance genes is a 
major challenge coupled with their enhanced 
selection as a result of drug misuse and abuse 
by patients and individuals (6).   
 Over-the-counter availability of antibio- 

tics, lack of surveillance and routine suscepti- 
bility testing in resource-limited countries have 
contributed immensely to irrational antimicro- 

bial drug usage, thus compounding the present 
challenge of antimicrobial resistance (AMR) (7, 
8). Other factors such as overuse of antibiotics 
for treatment and growth promotion in animals 

have been noted to contribute to the develop- 
ment and spread of resistance (9,10). The limit- 
ed scientific strategies to develop new classes of 
antibiotics have also partly contributed to the 
proliferation of resistance in MDR organisms 

(11).    

 Resistance of microbes to antimicrobial 
agents is attributed to their ability to produce 
enzymes such as extended-spectrum beta-lac- 
tamase (ESBL) that inhibit the effect of these 
agents (12). Of great concern are MDR organ- 
isms resistant to the carbapenems, which are 
considered the drugs of ‘last resort’ for treating 

infections caused by these pathogens (13). 
Organisms resistant to carbapenems have been 
isolated from various sources, including human 
and animal populations and the environment 

mailto:christianaokiyi25@gmail.com


NDM gene carriage by multi-drug-resistant Gram-negative bacteria   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 309-319 

311 
 

(14). Outbreaks caused by carbapenemase-pro- 
ducing Enterobacteriaceae have also been rep- 
orted from patient samples (15).  
 The horizontal transmission of carbape- 

nemase genes, mediated by mobile genetic ele- 
ments carrying additional resistance elements, 
confers resistance to various groups of antibio- 
tics, resulting in MDR (16,17). Carbapenemases 
belong to molecular class A (KPC), class B (MBL 
including NDM, IMP and VIM) and class D (OXA-
48-like carbapenemase) according to the Ambler 

classification system (18,19). The production of 
carbapenemase has been shown to be the main 
mechanism of carbapenem resistance in epide- 
miological studies (20,21). MDR isolates catego- 
rized as being susceptible to carbapenem by 

phenotypic tests can still carry carbapenemase 

resistance gene on molecular testing (22).  
 The occurrence of multiple resistance 
determinants including more than two carbape- 
nemases in one isolate has also been frequently 
reported (23,24). Decreased permeability, ESBL 
production and efflux pump over-expression are 
noted to play a role in carbapenem resistance 

(25,26). Antibiotics such as ceftazidime/avibac- 
tam, aztreonam/ avibactam, colistin, tigecycline 
and fosfomycin have been recommended for the 
treatment of infections caused by carbapenem-
resistant Enterobacterales (CRE) (27).  
 Two-thirds of all healthcare associated 
infections have been reported to originate from 

just six MDR organisms, including Enterobacter 
species, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, Staphy- 
lococcus aureus (methicillin-resistant S. aureus 
-MRSA, vancomycin-resistant S. aureus-VRSA) 
and Enterococcus species (vancomycin resistant 

enterococci-VRE). These organisms are collec- 
tively known as the ESKAPE pathogens due to 
their ability to evade the mechanism of action of 
several antibiotics (28). Escherichia coli, Klebsi- 
ella spp and P. aeruginosa, identified as priority 
pathogens by the World Health Organization 
(WHO), are among the most common patho- 

gens responsible for nosocomial infections, and 
their emerging resistance to a wide range of 

antibiotics poses a major challenge to patient 
treatment and public health at large (29,30). 
 Although there are extensive records on 
the phenotypic resistance patterns of these org- 
anisms, very little is known about the genes 

responsible for resistance in most MDR isolates 
in Nigeria (31). Local studies have reported sus- 
ceptibility profiles of many of these organisms 
against antimicrobial agents without indicating 
the resistance genes responsible (32). Despite 
the existence of MDR among enteric bacteria in 

Nigeria, there is limited information regarding 
the genes responsible for resistance (33,34). 

This study therefore aimed to detect the pre- 
sence of NDM resistance gene in three common 
MDR Gram-negative bacilli of medical importan- 
ce (E. coli, K. pneumoniae, and P. aeruginosa). 

Materials and method: 
 
Study design and site:    
 This laboratory-based study of selected 
Gram-negative bacterial isolates (E. coli, K. 
pneumoniae, and P. aeruginosa) was carried out 
at the University College Hospital (UCH), Iba- 
dan, from May to August 2021. UCH is a major 
tertiary healthcare and referral centre in south- 

western Nigeria, providing specialized medical 
services and serving as a training and research 

institution for healthcare professionals. 
 
Ethical approval:     

 The study was approved by the Ethics 
and Research Committee (UI/EC/21/0179) of 
the University College Hospital and University of 

Ibadan, Nigeria. 
 
Source of bacterial isolates:  
 The bacterial isolates (E. coli, K. pneu- 
moniae, and P. aeruginosa) presumptively iden- 
tified from clinical samples (urine, sputum, 
wound swabs, biopsy materials, body fluids, and 
blood cultures) submitted for routine diagnostic 

testing, were obtained by consecutive sampling 
from the Medical Microbiology and Parasitology 

Laboratory in UCH, Ibadan.  
 
Re-identification and phenotypic confirmation of 
selected bacterial isolates:   

 A total of 110 collected Gram-negative 
bacterial isolates were re-characterised to con- 
firm their identity. Gram staining technique was 
done for confirmation of Gram-negative bacilli. 

Identification of species of the Gram-negative 
bacilli was carried out using oxidase test, cetri- 
mide agar test, and the Analytical Profile Index 
(API) system.  
 
Oxidase test:  
 The oxidase test was carried out using 

impregnated oxidase strips. A sterile loop was 

used to pick a pure inoculum and smeared on 
the strip. A purple colour change observed with- 
in 10 seconds was recorded as positive (36). 
This test was used to differentiate oxidase-
positive bacteria such as Pseudomonas spp from 
oxidase-negative bacteria, including E. coli and 
Klebsiella spp, among the selected bacterial iso- 

lates. 
 
Cetrimide agar test:    

 Cetrimide agar (Oxoid, UK) was used to 
selectively isolate and identify P. aeruginosa. A 
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loopful of the oxidase positive isolate was strea- 
ked on the surface of the agar and incubated at 
37 °C for 24–48 hours. The presence of greenish 
pigment (pyocyanin) and characteristic grape-

like odor was considered indicative for P. aeru- 
ginosa growth (37). 
 
Analytical profile index (API) system (API-20E): 

 The species of the presumptive fermen- 
tative Gram-negative bacteria isolates were 
identified using the API-20E test. A suspension 
of each pure isolate from 24-hour growth was 

prepared using normal saline and adjusted to 
0.5 MacFarland standard. The bacterial suspen- 
sion was used to rehydrate each of the wells on 
the API strip, which was then incubated for 24 

hours. Colour changes were observed after inc- 
ubation following manufacturer’s instructions.  
 The positive and negative results were 

compiled to obtain a profile number, which was 
interpreted online to determine the identity of 
the isolate (38). This test was used to confirm 
the identity of members of the family Entero- 
bacteriaceae, including E. coli and Klebsiella spp 
among the selected bacterial isolates. 
 

Antibiotic susceptibility testing of the selected 
isolates:     

 The antibiotic susceptibility of the con- 
firmed isolates was tested on Muller-Hinton agar 
using the modified Kirby-Bauer disc diffusion 

method. Seven antibiotics (Oxoid, UK); amoxi- 
cillin-clavulanic acid (30μg), gentamicin (10μg), 
ciprofloxacin (5μg), piperacillin-tazobactam 
(100/10μg), ceftazidime (30μg), aztreonam (30 

μg) and ertapenem (10μg) were tested. Inocu- 
lum of each confirmed isolate was prepared and 
standardized to 0.5 MacFarland (~1.5 x 108 CFU 
/ml) and then inoculated on Mueller-Hinton agar 
plates. Antibiotic discs were applied, and plates 
were incubated at 37ºC overnight. The inhibi- 

tion zone diameters were measured and inter- 
preted as susceptible or resistant according to 
the Clinical and Laboratory Standards Institute 
(CLSI) 2020 guidelines (39). Escherichia coli 
ATCC 25922 was used as control strain.  
 Isolates resistant to at least three 

antibiotics classes were regarded as multidrug 

resistant. MDR isolates were sub-cultured into 
Tryptic Soy Broth (TSB) and then stored at -20 
ºC to ensure preservation of viable cells for 
molecular analysis (36).  
 
Resistance gene detection by PCR:  

 The stored isolates were retrieved for 
molecular analysis, which was carried out in the 

Biorepository and Clinical Virology Laboratory, 
College of Medicine, UCH, Ibadan. 
 

DNA extraction by chemical method:  

 Bacterial broth from pure culture was 
transferred into 2ml microtubes and centrifuged 
at 10,000 rpm for 5 minutes. Pellets were re- 
suspended in 520 μL of Tris-EDTA (TE) buffer 

and vortexed. Fifteen microliters of 20% sodi- 
um dodecyl sulphate (SDS) were added, and the 
mixture was incubated at 37ºC for 1 hour. A 
solution of 100μL of 5 M NaCl and 80 μL of 10% 
cetyltrimethylammonium bromide (CTAB) in 0.7 
M NaCl was added and vortexed, followed by 

incubation at 65ºC for 10 minutes and cooling 
on ice for 15 minutes. An equal volume of 
phenol:chloroform:isoamyl alcohol (25:24:1) 
was added, vortexed, incubated on ice for 5 
minutes, and centrifuged at 10,000 rpm for 10 

minutes. The aqueous phase was transferred to 
a new tube, and isopropanol (1:0:6) was added 

to precipitate DNA, followed by incubation at -
20ºC for 1 hour.    
 The DNA was collected by centrifugation 
at 12,000 rpm for 10 minutes, washed with 500 
μL of 70% ethanol, centrifuged for 5 minutes at 
10,000 rpm, air-dried at room temperature for 
3 hours, and dissolved in 50 μL of distilled water 

(35) 
 
Amplification by conventional PCR:  

 The NDM gene was detected by PCR 
assay using specific primer targeting blaNDM in 
the MDR isolates. Specific primers for PCR (NDM 

forward: CCAATATTATGCACCCGGTCG; reverse: 
ATGCGGGCCGTATGAGTGATTG) used have been 

previously documented by Handal et al., (40). 
Reaction cocktail used for the PCR primer set 
included 5 x PCR SYBR Green buffer (2.5µl), 
MgCl2 (0.75µl), 10pM dNTP (0.25µl), 10pM each 
forward and reverse primers (0.25µl), 8000 U of 
Taq DNA polymerase (0.06µl) which was made 
up to 10.5µl with sterile distilled water to which 

2µl template was added. The primer mix, mas- 
ter mix, and water were added to the well plate, 
after which the DNA template was added to the 
plate.      
 The PCR conditions include initial dena- 
turation at 94⁰C for 5 minutes, followed by 30 

cycles consisting of denaturation at 95⁰C for 30 

seconds, annealing at 51⁰C for 40 seconds, 
extension at 72⁰C for 40 seconds and final 
extension of 72⁰C for 5 minutes. The PCR set up 
was allowed to run for at least 1 hour 45 minu- 
tes for completion of the PCR. The PCR was car- 
ried out in GeneAmp 9700 PCR system thermal 

cycler (Applied Biosystem Inc., USA) using the 
appropriate profile as designed for the primer 
pair. 
 
Gel electrophoresis of amplified products: 

 The PCR amplicons were resolved on 
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2% agarose gel prepared in Tris-acetate-EDTA 
(TAE) buffer. Electrophoresis was carried out at 
a constant voltage for approximately 1 hour. 
DNA bands were visualized under ultraviolet 

light and compared with a molecular weight 
marker (DNA ladder). Bands corresponding to 
the expected size of the target gene, as obser- 
ved in the positive control, were recorded as 
positive, while absence of such bands was re- 
corded as negative. A Klebsiella pneumoniae 
isolate harboring the blaNDM-1 gene was used as 

the positive control. 
 
Statistical analysis:    

 Data were sorted, coded, and cleaned. 
Descriptive statistics (percentages) were used 

to summarize variables. Chi-square test was 
used to assess the association between bacterial 
species (E. coli, K. pneumoniae, and P. aerugi- 

nosa) and multidrug resistance, as well as the 
relationship between bacterial species and NDM 
gene carriage. A p value ≤ 0.05 was considered 

significant. Analysis was performed using SPSS 
version 26.0. 
 

Results: 
 
Frequency distribution of the selected bacterial 
isolates:     

 Of a total of 110 Gram-negative isolates 
collected from the routine laboratory, 90 were 
biochemically confirmed, with K. pneumoniae 
(n= 53; 58.9%), E. coli (n=28; 31.1%), and P. 
aeruginosa (n=9; 10.0%) (Fig 1). The highest 

frequency of Gram-negative isolates was from 
urine samples (n=25, 27.8%), followed by 
wound swab/biopsy (n=23, 25.6%), sputum 
(n=13, 14.4%), and blood culture (n=12, 

13.3%). Klebsiella pneumoniae (n=13, 24.5%) 
and E. coli (n=11, 39.3%) were most frequently 
isolated from urine, while P. aeruginosa (n=3, 

33.3%) was predominantly obtained from ear 
swabs (Table 1).

 
 
 
 

 

Fig 1: Frequency distribution of selected Gram-negative clinical bacterial isolates  
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Table 1: Distribution of Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa isolates according to clinical samples  

Sample Escherichia coli (%) Klebsiella pneumoniae (%) Pseudomonas aeruginosa (%) Total (%) 

Sputum 1 (3.6) 11 (20.8) 1 (11.1) 13 (14.4) 

Wound swab/biopsy 9 (32.1) 12 (22.6) 2 (22.2) 23 (25.6) 

Tracheal aspirate 1 (3.6) 2 (3.8) 1 (11.1) 4 (4.4) 

Blood culture 4 (14.3) 9 (17.0) 0 13 (14.4) 

Ear swab 0 2 (3.8) 3 (33.3) 5 (5.6) 

Intracervical fluid 0 1 (1.9) 0 1 (1.1) 

Pleural biopsy/fluid 1 (3.6) 1 (1.9) 1 (11.1) 3 (3.3) 

Pus 0 1 (1.9) 0 1 (1.1) 

Tissue biopsy 1 (3.6) 1 (1.9) 0 2 (2.2) 

Urine 11 (39.3) 13 (24.5) 1 (11.1) 25 (27.8) 

Total 28 (31.1) 53 (58.9) 9 (10.0) 90 (100.0) 

 

 

Susceptibility patterns of isolates to antibiotics: 

 Table 2 presents the antibiotic suscep- 

tibility of the bacterial isolates. Among E. coli 

isolates, resistance was highest to ciprofloxacin 

(n=25/28, 89.3%), followed by aztreonam (n= 

18/28, 64.3%) and amoxicillin-clavulanic acid 

(n=17/28; 60.7%).    

 Most of the K. pneumoniae isolates were 

resistant to ciprofloxacin (n=47/53, 88.7%), ce- 

ftazidime (n=42/53; 79.3%), aztreonam (n=39/ 

53, 73.6%) and gentamicin (n=39/53; 73.6%). 

In contrast, P. aeruginosa isolates showed hig- 

her susceptibility to most antibiotics tested com- 

pared to E. coli and K. pneumoniae.  

 Most of the isolates tested were suscep- 

tible to ertapenem with E. coli (n=27, 96.4%), 

K. pneumoniae (n=43, 81.3%) and P. aerugi- 

nosa (n=7, 77.8%). 

 

Table 2: Antibiotic susceptibility of Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa clinical isolates in 

University College Hospital, Ibadan, Nigeria 
 

 

S=sensitive; I=Intermediate; R=Resistant 

  

Antimicrobial category 

(Antibiotics) 

Escherichia coli (n=28) Pseudomonas aeruginosa (n=9) Klebsiella pneumoniae (n=53) 

 

S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%) 

 

Aminoglycoside (Gentamicin) 14 (50) 0 14 (50) 6 (66.7) 0 3 (33.3) 13 (24.5) 1 (1.9) 39 (73.6) 

 

Fluoroquinolone (Ciprofloxacin) 1 (3.6) 2 (7.1) 25 (89.3) 6 (66.7) 0 3 (33.3) 4 (7.6) 2 (3.8) 47 (88.7) 

 

Monobactam (Aztreonam) 4 (14.3) 6 (21.4) 18 (64.3) 6 (66.7) 2 (22.2) 1 (11.1) 11 (20.8) 4 (7.6) 39 (73.6) 
 

Third generation cephalosporin 

(Ceftazidime) 

 

8 (28.6) 5 (17.9) 15 (53.6) 7 (77.8) 0 2 (22.2) 7 (13.2) 4 (7.6) 42 (79.3) 

Penicillin + β-lactamase inhibitors 

(Amoxicillin-clavulanic acid) 

(Piperacillin-tazobactam) 

 

 

5 (17.8) 

 

6 (21.4) 

 

17 (60.7) 

 

- 

 

- 

 

- 

 

9 (17) 

 

10 (18.9) 

 

34 (64.2) 

- - - 5 (55.6) 2 (2.2) 2 (22.2) - - - 

Carbapenem (Ertapenem) 27 (96.4) 0 1 (3.6) 7 (77.8) 0 2 (22.2) 43 (81.1) 3 (5.7) 7 (13.2) 
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Multidrug resistant pattern of the isolates:  
 Of the 90 Gram-negative bacilli tested, 

64 (71.1%) were multidrug resistant (MDR), 
with resistance to at least three classes of anti- 
biotics. The prevalence of MDR was highest in 
K. pneumoniae (44/53; 83.0%), followed by E. 
coli (18/28; 64.3%), and P. aeruginosa (2/9; 
22.2%) (x2=14.764, p=0.0006) (Table 3). 

Resistance genes in clinical isolates:  
 Fig 2 shows the representative image of 

the NDM gene detected among the MDR clinical 
isolates on agarose gel electrophoresis with a 
band size of 1500bp. Positive samples were run 
alongside a positive control and a 100 bp mole- 

cular weight marker (MK).  
 Of the 64 MDR isolates, 8 (12.5%) har- 
bored the NDM gene; 6 (9.4%) K. pneumoniae 
and 1 (1.6%) each of P. aeruginosa and E. coli 
(Table 4).

 

Table 3: Multidrug resistance among Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa clinical isolates in 

University College Hospital, Ibadan, Nigeria 

Isolates  Number of isolates Number of 

MDR isolates 

Percentage of 

MDR isolates 

X2 p value 

Escherichia coli 28 18 64.3 14.764 0.0006* 

Pseudomonas aeruginosa 9 2 22.2 

Klebsiella pneumoniae 53 44 83.0 

Total 90 64 71.1 
*=statistically significant  

 

MK= Marker; = Positive samples 

Fig 2: Representative agarose gel electropherogram showing PCR amplified NDM gene products   

 

Table 4:  Carriage of NDM gene among multidrug Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa clinical 

isolates in University College Hospital, Ibadan, Nigeria 

Bacterial isolate Number of MDR isolates Number of MDR isolates 

with NDM gene (%) 
 

x2 p value 

Escherichia coli (n=28) 18 1 (5.6) 
 

3.417 0.1811 

Pseudomonas aeruginosa (n=9) 2 1 (50.0) 

 

Klebsiella pneumoniae (n=53) 44 6 (13.6) 

 

Total (n=90) 64 8 (12.5) 
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Discussion: 

 The identification of the AMR patterns of 
bacterial isolates plays an important role in 
guiding rational prescription of antibiotics and 

management of bacterial infections. The report- 
ed organisms in this study have similarities with 
other studies that have been conducted on MDR 
organisms. From this study, K. pneumoniae was 
the most predominant, followed by E. coli, and 
P. aeruginosa, which agrees with the findings of 
Mushi et al., (41) and Aly and Balkhy (42), that 

reported these three bacteria as the prevalent 
MDR organisms. The 44.0% prevalence of E. coli 
reported by Aly and Balkhy (42) is comparable 
with the trend observed in the study, while their 

reported prevalence rates of 20.0% for K. pneu- 
moniae and 18.7% for P. aeruginosa also supp- 
ort the dominance of these organisms. Other 

studies likewise reported P. aeruginosa, K. pne- 
umoniae, E. coli and Enterobacter species as 
frequently isolated MDR organisms. The consis- 
tent isolation of these organisms across diffe- 
rent studies confirm their importance in multi- 
drug-resistant infections (41-44).   

 The predominance of K. pneumoniae 
and E. coli in urine samples in this study is 
similar to findings reported in other studies 
(41). Although some studies reported blood as 
the commonest site of infection, variations in 
infection sites may be influenced by differences 

in study settings and geographical locations (44, 

45). The widespread occurrence of MDR organ- 
isms across different clinical samples further 
highlights the growing challenge of antimicro- 
bial resistance in healthcare settings (46,47). 
 From this study, both E. coli and K. pne- 
umoniae were resistant to ciprofloxacin, which 
agrees with the report of Gurung et al., (48). 

Klebsiella pneumoniae showed high resistance 
to ciprofloxacin, ceftazidime, aztreonam and 
gentamicin, which is similar to the findings of 
Chen et al., (49), where K. pneumoniae was re- 
ported to show high resistance to ciprofloxacin, 
ceftazidime, aztreonam, ertapenem and genta- 

micin among others. Ertapenem was selected as 

the antibiotic of choice for testing carbapenem 
resistance because it is the most sensitive car- 
bapenem indicator for detecting the production 
of carbapenemase in Enterobacteriaceae. Unlike 
other carbapenems such as imipenem and mer- 
openem, ertapenem has reduced affinity for 

AmpC beta-lactamases and porin mutations, 
which makes it suitable for differentiating carba- 
penemase-mediated resistance (50).  
 Over 70% of the isolates were multidrug 
resistant, indicating a high prevalence of MDR 
among the organisms investigated. This preva- 
lence is comparable to the 69.6% MDR rate 

reported by Adenipekun et al., (5), but higher 
than the 42.1% reported among Enterobacte- 
riaceae isolates by Bitew and Tsige (51), and 
lower than the 87.4% MDR rate reported by 

Eshetie et al., (52). The variation in MDR preva- 
lence across studies may be influenced by diffe- 
rences in study populations, sample size, anti- 
microbial usage patterns, infection control prac- 
tices, and geographical settings.   
 Klebsiella pneumoniae accounted for 
the largest proportion of MDR isolates in this 

study, constituting 68.8% of the total MDR iso- 
lates, indicating its major contribution to multi- 
drug resistance. Furthermore, 83.0% of K. pne- 
umoniae isolates were MDR, which was signifi- 
cantly higher than 64.3% observed in E. coli and 

22.2% in P. aeruginosa. This finding supports 

reports that have identified K. pneumoniae as a 
predominant MDR organism, followed by E. coli 
(48). Multidrug resistance has been attributed 
to the accumulation and expression of multiple 
resistance genes on R plasmids or increased 
expression of genes encoding multidrug efflux 
pumps, which may result in complex MDR phe- 

notypes and sometimes pan-resistance (48,53). 
Other studies have also reported MDR E. coli 
from drinking water sources and MDR Pseudo- 
monas isolates, further confirming the wide- 
spread nature of multidrug resistance among 
Gram-negative bacteria (54,55). 
 In this study, 8 of the 64 MDR isolates 

(12.5%) were positive for the NDM gene, indica- 
ting the presence of potential carbapenemase-
producing strains among the MDR isolates. This 
finding is of clinical importance because the 
NDM gene confers resistance to carbapenems, 
which are considered drugs of ‘last resort’ for 

the treatment of severe Gram-negative infec- 
tions (13). The detection of NDM among MDR 
isolates suggests limited therapeutic options 
and highlights the risk of treatment failure and 
rapid dissemination of resistance within health- 
care settings. The detection of the NDM gene 
among multidrug-resistant isolates in this study 

highlights the presence of carbapenem resis- 
tance across the studied organisms. However, 

the NDM carriage rate was highest in P. aeru- 
ginosa (50.0%), followed by K. pneumoniae 
(13.6%) and E. coli (5.6%), although this diffe- 
rence was not statistically significant.   
 The overall prevalence of NDM observed 

in this study is comparable to previous reports, 
including the 10.2% carbapenemase resistance 
reported by Mohammed et al. and the 14.3% 
NDM prevalence reported by Tsai et al., (56,57). 
However, higher NDM prevalence of about 25% 
has been reported in studies from Kano and 

Yenagoa, Nigeria, which may be attributed to 
differences in antibiotic usage patterns, infec- 
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tion control practices, and study populations 
(58,59). These findings suggest that NDM-med- 
iated resistance is present across multiple Gram 
negative organisms rather than being restricted 

to a single predominant species. The high resis- 
tance trend is indicative of high antibiotic selec- 
tion pressure largely due to relatively cheap cost 
and easy availability of these agents, mostly 
used as first line or common choice of treatment 
in many healthcare settings in these regions 
(43,44). 

Conclusion: 

 This study showed a high level of multi- 

drug resistance, including the emergence of 

carbapenem resistance among clinical isolates, 
as reported in other studies. The highest preva- 
lence of MDR was observed among K. pneum- 
oniae isolates. Resistance was mostly to cipro- 
floxacin, while ertapenem was the antibiotic to 
which these bacteria were most susceptible.  

 The NDM gene was detected in K. pneu- 
moniae, E. coli, and P. aeruginosa, with no sta- 
tistically significant difference in carriage rates 
among the bacteria. Emphasis should be placed 
on rational antibiotic use and routine suscepti- 
bility testing, including resistance gene detec- 
tion and sequencing, to guide treatment and 

curb multidrug resistance.  
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Abstract: 

Background: Aquaculture environments are increasingly recognized as reservoirs for antimicrobial-resistant bacteria 
due to the routine use of antibiotics such as tetracyclines. Members of the family Enterobacteriaceae readily acquire 
and disseminate resistance determinants, posing risks to food safety and public health. In Nigeria, molecular data 
on tetracycline resistance in aquaculture systems remain limited. This study investigated the occurrence and 
molecular basis of tetracycline resistance among Enterobacteriaceae isolated from earthen catfish ponds in Akure, 
Nigeria.                                   
Methodology: Composite samples were collected from five different locations within each of two randomly selected 
commercial-scale earthen catfish ponds and pooled for analysis. The resulting samples were cultured on selective 
media. Antibiotic susceptibility of four representative isolates was performed by the Kirby–Bauer disc diffusion 
method against ampicillin, cefuroxime, ciprofloxacin and tetracycline. The isolate exhibiting phenotypic tetracycline 
resistance was further characterized by 16S rRNA gene sequencing and phylogenetic analysis. Polymerase chain 
reaction (PCR) assay was used to detect tetracycline resistance genes (tetA and tetM) in the isolate.       
Results: All four representative isolates were fully resistant to ampicillin and cefuroxime but susceptible to 
ciprofloxacin. One isolate (EP9) displayed complete resistance to tetracycline. Molecular identification revealed EP9 
as Escherichia albertii, confirmed by phylogenetic clustering within a distinct E. albertii clade. PCR analysis detected 
the presence of the tetA gene (210 bp) in EP9, while tetM was not detected.                    

Conclusion: This study provides molecular evidence that earthen catfish ponds in Akure harbour tetracycline-
resistant Escherichia albertii. The detection of the plasmid-mediated tetA gene underscores the role of aquaculture 
systems as reservoirs and dissemination hubs for clinically relevant antimicrobial resistance genes, highlighting the 
need for strengthened antibiotic stewardship and routine AMR surveillance in aquaculture. 

Keywords: Escherichia albertii, Enterobacteriaceae, Aquaculture tetracycline resistance, Nigeria 
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Résumé: 

Contexte: Les environnements aquacoles sont de plus en plus reconnus comme des réservoirs de bactéries 
résistantes aux antimicrobiens en raison de l’utilisation courante d’antibiotiques tels que les tétracyclines. Les 
membres de la famille des Enterobacteriaceae acquièrent et disséminent facilement des déterminants de résistance, 
ce qui pose des risques pour la sécurité alimentaire et la santé publique. Au Nigeria, les données moléculaires sur la 
résistance aux tétracyclines dans les systèmes aquacoles restent limitées. Cette étude a examiné la présence et la 
base moléculaire de la résistance à la tétracycline chez des Enterobacteriaceae isolées d’étangs piscicoles de 
poissons-chats à fond de terre à Akure, au Nigeria.                   
Méthodologie: Des échantillons composites ont été prélevés à partir de cinq emplacements différents dans chacun 
de deux étangs piscicoles commerciaux à fond de terre sélectionnés au hasard et regroupés pour analyse. Les 
échantillons obtenus ont été cultivés sur des milieux sélectifs. La sensibilité aux antibiotiques de quatre isolats 
représentatifs a été déterminée par la méthode de diffusion sur disque de Kirby–Bauer contre l’ampicilline, le 
céfuroxime, la ciprofloxacine et la tétracycline. L’isolat présentant une résistance phénotypique à la tétracycline a 
ensuite été caractérisé par le séquençage du gène de l’ARNr 16S et une analyse phylogénétique. Une réaction en 
chaîne par polymérase (PCR) a été utilisée pour détecter les gènes de résistance à la tétracycline (tetA et tetM). 
Résultats : Les quatre isolats représentatifs étaient entièrement résistants à l’ampicilline et au céfuroxime, mais 
sensibles à la ciprofloxacine. Un isolat (EP9) a montré une résistance complète à la tétracycline. L’identification 
moléculaire a révélé que l’isolat EP9 correspondait à Escherichia albertii, confirmé par son regroupement 
phylogénétique au sein d’un clade distinct de E. albertii. L’analyse PCR a détecté la présence du gène tetA (210 pb) 
chez EP9, tandis que le gène tetM n’a pas été détecté.                     
Conclusion: Cette étude fournit des preuves moléculaires indiquant que les étangs piscicoles à fond de terre d’Akure 

abritent Escherichia albertii résistante à la tétracycline. La détection du gène tetA médié par plasmide souligne le 
rôle des systèmes aquacoles comme réservoirs et centres de dissémination de gènes de résistance aux antimicrobiens 
cliniquement pertinents, mettant en évidence la nécessité de renforcer la gestion des antibiotiques et la surveillance 
régulière de la RAM dans l’aquaculture. 

Mots-clés: Escherichia albertii, Enterobacteriaceae, aquaculture, résistance à la tétracycline, Nigeria. 

Introduction: 

 Antimicrobial resistance (AMR) is one of 
the most urgent global public health threats of 
the 21st century, undermining the effectiveness 

of antibiotics and compromising the treatment 

of infectious diseases in both humans and ani- 
mals. In 2019 alone, bacterial AMR was estima- 
ted to have caused approximately 1.27 million 
deaths worldwide (1), with projections suggest- 
ing that annual mortality could rise to 10 million 
by 2050 if current trends persist. Among bacte- 

rial groups of concern, members of the family 
Enterobacteriaceae are notable for their capa- 
city to acquire and disseminate resistance det- 
erminants, often through mobile genetic ele- 
ments such as plasmids and integrons. 
 The global escalation of multidrug-resis- 
tant Enterobacteriaceae has been reported in 

diverse environments, including clinical settings 
(2), agricultural areas (3), and aquatic ecosys- 

tems (4), where antibiotic use and environmen- 
tal exposure contribute to resistance selection 
and propagation. Aquaculture, particularly in 
low- and middle-income countries, often emp- 
loys antibiotics such as oxytetracycline for dise- 

ase control and growth promotion. This practice 
exerts strong selective pressure on indigenous 
bacterial communities, thereby enhancing the 
persistence of antibiotic resistance genes (ARGs) 

in pond water, sediments, and cultured fish.  
 Tetracyclines are widely used in aqua- 

culture due to their broad-spectrum activity and 

low cost; however, extensive application has 
been strongly linked to the emergence of tetra- 
cycline resistance and the widespread occur- 
rence of tet genes in aquaculture environments, 

as evidenced by molecular studies using PCR-

based detection methods (5).   
 Studies in fish farms and aquaculture 
environments have reported the occurrence of 
multiple tet genes among diverse bacterial taxa, 
including Aeromonas, Pseudomonas and Entero- 
bacteriaceae, highlighting aquaculture systems 

as reservoirs and hotspots for tetracycline res- 
istance determinants (6,7). Furthermore, the 
persistence of tetracycline resistance genes in 
pond environments appears to be influenced not 
only by ongoing antibiotic use but also by the 
intrinsic stability of resistance gene pools and 

horizontal gene transfer mechanisms (8). In 
Nigeria, investigations into antibiotic resistance 
among bacteria isolated from aquaculture env- 
ironments remain limited, despite documented 

resistance to multiple antibiotics in related set- 
tings such as water distribution systems and 
animal production environments (9).   

 Given the economic and nutritional im- 
portance of catfish farming in southwestern Nig- 
eria, understanding the molecular epidemiology 
of tetracycline resistance in Enterobacteriaceae 
from earthen ponds is essential for informing 
antibiotic stewardship, food safety, and public 
health risk assessments. This study, therefore, 

aimed to detect and characterize tetracycline 
resistance genes among Enterobacteriaceae 
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isolates from earthen catfish ponds in Akure, 
Nigeria, using PCR methodologies. 

Materials and method: 

Study area and sample collection:   

 Two commercial-scale earthen ponds 
used for catfish culture in Akure, Ondo State, 
Nigeria, were randomly selected for this study 

in May 2025. Water samples were collected from 
five different points within each pond to obtain 
representative coverage of the pond environ- 
ment and minimize sampling bias caused by 
spatial variation in microbial distribution. Equal 
volumes of water from the five locations in each 
pond were pooled to form a composite sample 

and collected aseptically into sterile sampling 
bottles. The composite sampling approach was 
adopted to provide an overall representation of 
the microbial quality of each pond rather than 
conditions at a single point.   
 Immediately after collection, the sam- 
ples were placed in an insulated container con- 

taining ice packs to maintain low temperature 
and limit changes in microbial composition dur- 
ing transport. The samples were transported 
promptly to the laboratory and processed within 
two hours of collection to ensure the reliability 
and integrity of the microbiological analysis. 

Culture isolation and biochemical identification 
of Enterobacteriaceae:    

 Water samples were serially diluted up 
to 10-8 using sterile physiological saline, and 

100 µl of each dilution was inoculated onto 
Chromogenic Coliform Agar (Oxoid, UK). Plates 
were incubated at 35°C and examined after 24 
and 48 hours. The medium enables the presum- 
ptive differentiation of members of the Entero- 
bacteriaceae based on chromogenic substrates 
that detect β-galactosidase and β-glucuronidase 

enzyme activities. After incubation, colonies were 

examined for characteristic colour reactions and 
morphological features. According to the manu- 
facturer’s colour chart for Chromogenic Coliform 
Agar, Escherichia coli colonies appeared dark 
blue to violet, while other coliform bacteria pro- 

duced pink to red or Salmon red colonies. Non-

coliform members of the Enterobacteriaceae 
appeared as colourless or pale colonies. Colony 
characteristics including size, shape, elevation, 
margin and surface appearance were also 
noted. From each plate, four colonies with dis- 
tinct colour and morphological characteristics 

were randomly selected and purified by repea- 
ted streaking on nutrient agar to obtain pure 
cultures. 
 The purified isolates were Gram stained 
to confirm that the isolates were Gram-negative 
rods, consistent with members of the Entero- 

bacteriaceae family. Further phenotypic identifi- 
cation was carried out using standard bioche- 
mical tests, including oxidase, catalase, indole 
production, methyl red (MR), Voges–Proskauer 

(VP), citrate utilization, urease, and motility 
tests as well as Triple Sugar Iron (TSI) agar test 
for carbohydrate fermentation and hydrogen 
sulphide production. 

Antimicrobial susceptibility testing of isolates:  

 The antibiotic susceptibility of the puri- 
fied isolates was performed by the Kirby–Bauer 
disc diffusion method on Mueller–Hinton agar 
(Oxoid, UK) in triplicate, following CLSI guide- 
lines. The antibiotics tested included tetra- 

cycline (30µg), cefuroxime (30µg), ciprofloxacin 

(5µg), and ampicillin (10µg). After incubation at 
37°C for 24 hours, inhibition zone diameters 
were measured, and each isolate was categori- 
zed as susceptible, intermediate, or resistant 
based on CLSI interpretative criteria supplied 

with the antibiotic discs (Himedia). The isolate 
that was fully resistant to tetracycline was selec- 
ted for further study. 
 
16S rRNA gene sequencing and phylogenetic 
analysis:      

 Molecular identification of the tetracy- 
cline-resistant isolate was carried out through 
16S rRNA gene sequencing. Genomic DNA was 

extracted and used as the template for PCR 

amplification. The PCR reaction was prepared 
using the Solis Biodyne 5X HOT FIREPol® Blend 
Master Mix. Each 25 µl reaction contained 1X 
Blend Master Mix buffer, 1.5 mM MgCl₂, 200 µM 
of each dNTP (Solis Biodyne), 25 pmol of each 

primer (BIOMERS, Germany), 2 units of HOT 
FIREPol® DNA polymerase with proofreading 
activity, 5 µl of template DNA, and sterile dis- 
tilled water to volume. Amplification was perfor- 
med in a Techne (3Prime series) thermal cycler 
with an initial denaturation at 95°C for 15 min, 
followed by 35 cycles of 95°C for 30 s, 61°C for 

1 min, and 72°C for 1 min 30 s, and a final ex- 
tension at 72°C for 10 min. The resulting ampli- 
cons were sequenced using the Nimagen 
BrilliantDye™ Terminator v3.1 Cycle Sequencing 

Kit (BRD3-100/1000) following the manufac- 
turer’s instructions. Sequence chromatograms 
were examined and edited using FinchTV soft- 

ware.  
 Taxonomic identification of the isolate 
was carried out by comparative analysis of its 
16S rRNA gene sequence using the Basic Local 
Alignment Search Tool (BLAST) against the 
National Center for Biotechnology Information 

(NCBI) GenBank database (https://blast.ncbi. 
nlm.nih.gov/Blast.cgi). The phylogenetic analy- 
sis was performed using homologous sequences 
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retrieved from the NCBI Gene/Nucleotide data- 
base and inferred in MEGA version 12.1 using 
the Maximum Likelihood method. The tree was 
constructed using 1,000 bootstrap replicates, 

with bootstrap values indicating the robustness 
of the inferred relationships.  

Detection of tetA and tetM:   

 PCR assays targeted tetracycline resis- 
tance genes using specific primers (Table 1). 
Conditions included an initial denaturation at 
95°C for 5 min, 35 cycles of 95°C for 30 s, 55°C 
for 30 s, 72°C for 45 s, and a final extension at 
72°C for 7 min. Products were analyzed on 
1.5% agarose gels stained with ethidium bro- 

mide. 

Results: 

Frequency of Enterobacteriaceae isolated from 
earthen pond:      

 A total of two commercial-scale earthen 
catfish ponds were sampled in this study. From 
each pond, water samples were collected from 
five different locations and pooled to obtain one 
composite sample per pond. Microbiological 

analysis of the composite samples yielded a 
total of 103 colonies on Chromogenic Coliform 
Agar at a dilution factor of 10−7 (Table 2). From 

Pond 1, a total of 55 colonies were recovered. 

Among these, 15 colonies appeared dark blue to 
violet, presumptively indicating Escherichia coli, 
while 17 colonies appeared pink to red, repre- 
senting other coliform bacteria. In addition, 11 
colonies displayed salmon to red pigmentation, 
whereas 12 colonies appeared colourless or 
pale, suggesting non-coliform members of the 

Enterobacteriaceae.  

 Similarly, 48 colonies were recovered 
from Pond 2. Of these, 11 colonies were dark 
blue to violet (presumptive E. coli), 12 colonies 
were pink to red (other coliform bacteria), 15 

colonies appeared salmon to red, and 10 colo- 
nies were colourless or pale, consistent with 

non-coliform Enterobacteriaceae. Overall, the 
chromogenic reactions observed across both 
ponds indicate the presence and distribution of 
different Enterobacteriaceae groups in the ear-           
then pond water, with coliform bacteria repres- 
enting the predominant colony types.

 

 

Table 1: PCR primers used in this study 

Target Primer sequence (5′–3′) Annealing temp (°C) Product size (bp) 

tetA F: GCTACATCCTGCTTGCCTTC 55 210 

 R: CATAGATCGCCGTGAAGAGG   

tetM F: CGAGGTCCGTCTGAACTTTGC 55 583 

 R: GCGGCACTTCGATGTGAATGGT   

 

 

 

Table 2: Chromogenic colony distribution of Enterobacteriaceae isolates from earthen catfish pond water 

*Colonies recovered from dilution factor of 10−7 

  

Pond ID Number of sampling 

points  

Composite samples 

collected 

  

*Number of colonies Colony type 

Pond 1 5 1 55 15 dark blue/violet, 17 pink/red, 

11 Salmon to red, 12 

colourless/pale ((non-coliform) 

Pond 2 5 1 48 11 dark blue/violet, 12 pink/red, 

15 Salmon to red, 10 

colourless/pale ((non-coliform) 
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Table 3: Mean zone of inhibition and antibiotic sensitivity pattern of the selected bacterial isolates 

 Mean Zones of inhibition (mm) ± SD 

Antibiotics EP1 EP2 EP3 EP9 

Ciprofloxacin (5 µg) 30.4 ± 1.3 (S) 24.5 ± 1.9 (S) 25.2 ± 1.1 (S) 32.4 ± 1.6 (S) 

Ampicillin (10 µg) 0.0 ± 0.0 (R) 0.0 ± 0.0 (R) 0.0 ± 0.0 (R) 0.0 ± 0.0 (R) 

Tetracycline (30 µg) 15.4 ± 1.4 (I) 16.3 ± 1.2 (I) 12.4 ± 1.2 (I) 0.0 ± 0.0 (R) 

Cefuroxime (30 µg) 0.0 ± 0.0 (R) 0.0 ± 0.0 (R) 0.0 ± 0.0 (R) 0.0 ± 0.0 (R) 

Values are presented as mean ± standard deviation of triplicate determinations (n = 3). Antibiotic susceptibility interpretation was performed according to the Clinical and Laboratory 
Standards Institute (CLSI). Key: S = Sensitive; I = Intermediate; R = Resistant. 

 

Antibiotic susceptibility of isolates:   

 The antibiotic susceptibility of the four 
selected bacterial isolates (EP1, EP2, EP3, and 
EP9), as shown in Table 3, indicated significant 
differences in their responses to the tested 
antibiotics. All the four isolates were sensitive to 
ciprofloxacin with isolate EP9 having highest 

mean zone diameter of inhibition and isolate 
EP2 with the lowest.    
 All four isolates, however, were resistant 
to ampicillin and cefuroxime, as shown by the 
absence of inhibitory zones. Isolate EP9 was 
resistant to tetracycline with no zone of inhibi- 

tion, while isolates EP1, EP2, and EP3 showed 

intermediate sensitivity to tetracycline. 

Culture isolation and biochemical identification 
of representative Enterobacteriaceae:  

 The biochemical and sugar fermentation 
profiles of the four representative isolates are 
presented in Table 4. The motility test for the 
isolate designated EP9 did not show visible 
growth radiating from the point of inoculation, 
unlike the other isolates, and was therefore 

considered negative. 

 

 

Table 4: Sugar fermentation and biochemical characteristics of selected bacterial isolates from earthen catfish ponds 

Test EP1  EP2  EP3  EP9 

Gram reaction – (rod) – (rod) – (rod) – (rod) 

Oxidase + – – – 

Catalase + + + + 

Motility + + + – 

Indole – + – + 

Citrate utilization – – + – 

Urease – – – – 

Methyl red + + + + 

Voges–Proskauer – – – – 

TSI (slant/butt) A/A A/A K/A + H₂S A/A 

Gas production + + – – 

H₂S production – – + – 

 
Sugar fermentation 

    

      Glucose + + + + 

      Lactose  – + – – 

      Sucrose  + + – – 

Mannitol fermentation + + + + 

 

Presumptive identity 

 

Aeromonas spp. 

 

Escherichia coli 

 

Salmonella spp. 

 

Escherichia spp  
Key: A/A = Acid slant / Acid butt (sugar fermentation); K/A = Alkaline slant / Acid butt; + = Positive reaction; – = Negative reaction H₂S = Hydrogen sulphide production 
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Molecular identification and phylogenetic rela- 
tionship of the tetracycline-resistant isolate:

 The isolate designated EP9 was identi- 

fied based on the highest sequence similarity 
and alignment score with reference sequences 
in the database. BLAST analysis revealed that 
isolate EP9 showed the closest phylogenetic affi- 
liation with Escherichia albertii. The 16S rRNA 
gene sequence of isolate EP9 has been depo- 
sited in the NCBI nucleotide sequence database 

(GenBank) under the accession number 
PX312839.1.     
 The resulting phylogenetic tree (Fig. 2) 
resolved the analyzed sequences into two well-

defined major clades corresponding to Esche- 
richia albertii and Escherichia coli lineages. The 
Maximum Likelihood phylogenetic tree showed 
that isolate EP9 PX312839.1 clustered within 
the Escherichia albertii clade, grouping closely 
with reference E. albertii strains and clearly sep- 
arated from Escherichia coli sequences. This 

confirms the taxonomic placement of the isolate 
as Escherichia albertii.

 

Fig 1: Phylogenetic tree illustrating the evolutionary relationship between the Escherichia albertii EP9 sequence identified in this 

study and closely related Escherichia spp. sequences retrieved from the NCBI GenBank database. 
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Fig 2: Agarose gel electrophoresis of PCR products for tetracycline resistance genes. M: DNA marker; –ve: negative control; EP9: 

test isolate. (a) shows absence of the tetM gene (583 bp), (b) shows presence of the tetA gene (210 bp) 

PCR detection of tetracycline resistance genes: 

 Agarose gel electrophoresis of the PCR 

amplified products showed no detectable ampli- 
con corresponding to the tetM gene, indicating 
a negative result for this determinant. In con- 
trast, PCR amplification targeting the tetA gene 
produced a clear and distinct band at approxi- 
mately 210 bp, consistent with the expected 

amplicon size for tetA (Fig. 2). These results 
confirm the presence of the tetA gene and the 
absence of tetM in the tested isolate. 

Discussion: 

 The emergence and dissemination of 
antimicrobial resistance (AMR) in environmental 
and clinical bacteria constitute a major global 
public health concern. In this study, a tetra- 
cycline-resistant isolate (EP9) was recovered 
from an earthen fish pond in Akure, Ondo State, 

Nigeria, an aquaculture setting recognized as a 
potential hotspot for resistant bacteria due to 
routine antibiotic application. Molecular analysis 
identified the isolate as Escherichia albertii, an 
emerging zoonotic pathogen.    
 The antibiotic susceptibility profile of 

isolate EP9 reveals a classical multidrug-resis- 
tant (MDR) phenotype, defined by resistance to 
three or more antimicrobial classes (10), which 

in this case included ampicillin, cefuroxime and 
tetracycline. Complete resistance to ampicillin 
and cefuroxime, alongside acquired tetracycline 
resistance, mirrors patterns commonly reported 

among members of the family Enterobacteria- 
ceae from aquatic and environmental sources 
(11,12). The universal resistance to ampicillin 
(a penicillin) and cefuroxime (a second-gene- 
ration cephalosporin) strongly suggests the pro- 
duction of broad-spectrum β-lactamases, most 
plausibly TEM-1 or SHV-1 enzymes, which rem- 

ain among the most prevalent β-lactamases in 
Enterobacteriaceae worldwide (13,14).   
 In contrast, the retained susceptibility 
of EP9 to ciprofloxacin, a fluoroquinolone, is not- 

able but potentially transient. Fluoroquinolone 
resistance is increasingly mediated by plasmid-

encoded determinants such as qnr genes, 
aac(6′)-Ib-cr, and efflux systems, which often 
co-localize with β-lactam and tetracycline resis- 
tance genes on mobile genetic elements (15, 
16). The coexistence of ciprofloxacin suscepti- 
bility with an otherwise MDR phenotype may 
therefore represent an intermediate evolution- 

ary stage preceding the acquisition of full fluoro- 
quinolone resistance. This observation reinfor- 
ces the need for sustained AMR surveillance and 
prudent fluoroquinolone use in both clinical and 

agricultural contexts to preserve the efficacy of 

this critical antimicrobial class (17,18). 
 A key strength of this study lies in the 
precise taxonomic resolution of the tetracycline-
resistant isolate. Using 16S rRNA gene sequen- 
cing and robust phylogenetic analysis, EP9 (acc- 
ession number PX312839.1) clustered within a 

distinct monophyletic E. albertii clade, clearly 
separated from E. coli. This distinction elevates 
the significance of the findings beyond the com- 
monly studied E. coli framework. Although E. 
albertii is increasingly recognized as an emerg- 
ing enteropathogen responsible for human gas- 

trointestinal disease (19,20), its role in environ- 

mental reservoirs of antimicrobial resistance 
remains poorly defined. Traditionally, E. albertii 
has been associated with clinical and foodborne 
contexts, but recent genomic investigations 
have begun to uncover its presence beyond cli- 
nical settings. A recent study reported the first 
genomic characterization of multidrug-resistant 

E. albertii isolated from retail fish, highlighting 
its occurrence in aquaculture-associated food 
sources and raising concerns about fish as a 
vector for the dissemination of pathogenic and 
resistant strains (21). The isolate exhibited 
phenotypic resistance to multiple antibiotics and 

harboured mobile genetic elements such as 
plasmids and transposons that facilitate gene 

exchange, suggesting potential for ARG transfer 
in food-related environments.   
 In addition to aquatic food sources, 
other studies have documented widespread 
multidrug resistance and ARG carriage in E. 

albertii from non-aquatic food products; for 
instance, poultry meat isolates exhibited high 
levels of resistance to clinically relevant anti- 
biotics and harboured corresponding resistance 
genes identified by whole-genome sequencing 
(22). Older work on E. albertii from clinical and 
environmental sources similarly observed resis- 

tance to tetracycline and other antibiotics, indi- 
cating that this species is capable of acquiring 
and maintaining diverse resistance determi- 

nants (23). Collectively, these findings support 
the notion that E. albertii, like other members of 
Enterobacteriaceae, is not only a potential zoo- 

notic pathogen but also a carrier of ARGs, inc- 
luding determinants for tetracyclines, β-lactams 
and other antimicrobial classes.   
 Molecular analysis identified the tetA 
gene as the detected determinant associated 
with tetracycline resistance in E. albertii EP9, 
while tetM was not observed. This resistance 

profile is consistent with the farmer’s reported 
reliance on oxytetracycline as the primary anti- 
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microbial used in the pond, suggesting antibio- 
tic-driven selection pressure in the aquaculture 
environment. Although the present analysis was 
limited to a subset of tetracycline resistance 

genes and does not exclude the possible pre- 
sence of additional tet determinants, the targe- 
ted detection of tetA, one of the most prevalent 
and epidemiologically relevant tetracycline res- 
istance genes in aquatic systems, represents a 
key strength of the study. Previous studies have 
shown that aquaculture systems with a history 

of oxytetracycline application exhibit significan- 
tly higher detection frequencies of tetracycline 
resistance genes, particularly tetA, than facili- 
ties without recent tetracycline exposure (5), 
underscoring the strong selective pressure ex- 

erted by antibiotic use in such environments. 

The tetA gene is a plasmid-encoded efflux pump 
that confers significant resistance to tetracy- 
cline. This gene, along with tetB are the most 
prevalent among tetracycline-resistant Entero- 
bacteriaceae (24), allowing promiscuous disse- 
mination between cells, often alongside other 
resistance genes, and contributing significantly 

to antibiotic resistance.    
 Within the context of this study conduc- 
ted in Akure, the detection of tetA in the abs- 
ence of tetM likely reflects both sustained oxy- 
tetracycline-driven selection and the ecological 
characteristics of earthen pond systems. These 
environments promote close interactions bet- 

ween bacterial communities in water and sedi- 
ments, thereby facilitating horizontal gene tran- 
sfer of mobile resistance determinants, espe- 
cially plasmid-borne genes such as tetA. Nota- 
bly, previous reports have emphasized that 
aquaculture settings can support the persist- 

ence and dissemination of antibiotic resistance 
genes even in the absence of detectable antibio- 
tic residues, owing to the stability of environ- 
mental resistance gene pools and continuous 
microbial exchange (10). 
 Globally, investigations of freshwater 
aquaculture systems consistently identify tetra- 

cycline resistance genes among the most preva- 
lent AMR determinants. A meta-analysis has re- 

vealed strong association between environmen- 
tal tetracycline concentrations and the abun- 
dance of tet genes, including tetA, reinforcing 
the role of ponds as long-term reservoirs of res- 
istance elements (25). Similarly, studies from 

commercial fin-fish culture systems in India rep- 
orted tetA as the dominant resistance gene 
among heterotrophic bacteria isolated from 
water, sediment, and fish tissues, further sup- 
porting the widespread distribution of this 
efflux-mediated resistance mechanism in aqua- 

culture settings subjected to tetracycline expo- 
sure (26). Earthen aquaculture ponds provide 

conditions conducive to the persistence and 
horizontal dissemination of resistance genes, 
owing to high organic load, dense microbial 
populations, and sustained environmental expo- 

sure.      
 The tetA gene encodes an energy-dep- 
endent efflux pump that actively exports tetra- 
cycline from the bacterial cell, thereby reducing 
intracellular drug accumulation. This gene is 
typically plasmid-borne, facilitating horizontal 
gene transfer among diverse bacterial taxa. In 

contrast, tetM encodes a ribosomal protection 
protein commonly associated with conjugative 
transposons. The absence of tetM in EP9 sugg- 
ests selective enrichment of plasmid-mediated 
efflux mechanisms within this ecological niche, 

potentially driven by co-selection with other 

plasmid-encoded resistance determinants. Coll- 
ectively, these findings indicate that aquaculture 
environments not only select for tetracycline 
resistance but also favour genetic platforms that 
enhance the dissemination of multidrug resis- 
tance within environmental bacterial commu- 
nities. 

Conclusion: 

 This study demonstrates that earthen 
catfish ponds in Akure, Nigeria, serve as envi- 

ronmental reservoirs of multidrug-resistant Ent- 
erobacteriaceae and harbour clinically relevant 

tetracycline resistance determinants. The reco- 
very and molecular characterization of a tetra- 
cycline-resistant E. albertii isolate carrying the 
plasmid-mediated tetA gene highlight the exp- 

anding ecological niche of this emerging zoono- 
tic pathogen beyond clinical and foodborne 
settings into aquaculture environments. The 
absence of tetM alongside the presence of tetA 
suggests selective enrichment of efflux-media- 
ted resistance mechanisms, likely driven by 
sustained oxytetracycline use and facilitated by 

horizontal gene transfer within pond microbial 
communities.     
 The detection of multidrug resistance in 
an aquaculture-associated E. albertii strain rai- 

ses important public health concerns, given the 
potential for transmission through fish consum- 
ption, occupational exposure, and environmen- 

tal dissemination. These findings reinforce the 
role of aquaculture systems as interfaces linking 
environmental, animal, and human reservoirs of 
antimicrobial resistance. Collectively, this work 
provides molecular evidence that underscores 
the need for routine surveillance of resistance 

genes in aquaculture settings, stricter regula- 
tion of antibiotic use, and the adoption of alter- 
native disease management strategies such as 
vaccination, probiotics, and improved farm hyg- 
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iene. Strengthening antimicrobial stewardship 
in aquaculture is essential to limit the persis- 
tence and spread of resistance determinants 
and to safeguard both food safety and public 

health. 
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Abstract: 

Background: The importance of RAPD in revealing genetic diversity among ochratoxigenic strains of Aspergillus 
carbonarius lies in its ability to provide critical information that can support the development of effective strategies 
to limit ochratoxin A contamination in agricultural produce. This study therefore focused on evaluating the genetic 
diversity of 20 A. carbonarius strains previously isolated in an earlier investigation.                
Methodology: This study focused on evaluating the genetic diversity of 20 A. carbonarius strains previously isolated 
in an earlier investigation. A total of 26 RAPD primers were initially screened to determine optimal annealing 
temperatures and to identify those that produced clear, consistent, and reproducible banding patterns. Primers 
meeting these criteria were subsequently employed in genetic analysis, following standard RAPD protocols.             
Results: The obtained results revealed that 7 RAPD primers gave clear and good polymorphisms at the optimal PCR 
amplification conditions between 36oC and 40oC. These 7 primers generated 18 distinctive RAPD loci from the 20 A. 
carbonarius isolates. The analysis of population structure at the geopolitical region of Ogun State revealed that the 
intra-site genetic variation (range=0.02 to 0.33) made up most of the genetic variation observed (82.0%). The 
magnitude of the overall variation arising from site-level divergence (GST) ranged from 0.01 to 0.42, suggesting 
minimal site-level population structure. The phylogenetic relationships among the 20 A. carbonarius isolates revealed 
that none of the isolates exhibited genetically distinct clusters.                      
Conclusion: The high genetic variation detected among ochratoxigenic A. carbonarius strains underscores the 
biotechnological importance of RAPD-based molecular characterization for strain-level discrimination, biosafety 

assessment, and targeted ochratoxin A risk management, thereby supporting informed strain selection and 
application in fungal biotechnology. 
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Résumé: 

Contexte: L’importance de la technique RAPD pour révéler la diversité génétique des souches ochratoxigènes 
d’Aspergillus carbonarius réside dans sa capacité à fournir des informations cruciales pour l’élaboration de stratégies 
efficaces de limitation de la contamination des produits agricoles par l’ochratoxine A. Cette étude s’est donc 
concentrée sur l’évaluation de la diversité génétique de 20 souches d’A. carbonarius isolées lors d’une précédente 
étude.                           
Méthodologie: Cette étude a porté sur l’évaluation de la diversité génétique de 20 souches d’A. carbonarius isolées 
lors d’une précédente étude. Au total, 26 amorces RAPD ont été initialement testées afin de déterminer les 
températures d’hybridation optimales et d’identifier celles produisant des profils de bandes clairs, cohérents et 
reproductibles. Les amorces répondant à ces critères ont ensuite été utilisées pour l'analyse génétique, selon les 
protocoles RAPD standard.                                 
Résultats: Les résultats obtenus ont révélé que 7 amorces RAPD présentaient des polymorphismes clairs et 
satisfaisants dans des conditions d'amplification PCR optimales, entre 36°C et 40°C. Ces 7 amorces ont généré 18 
loci RAPD distincts à partir des 20 isolats d'A. carbonarius. L'analyse de la structure de la population dans la région 
géopolitique de l'État d'Ogun a révélé que la variation génétique intra-site (de 0,02 à 0,33) représentait la majeure 
partie de la variation génétique observée (82,0%). L'amplitude de la variation globale due à la divergence au niveau 
du site (GST) variait de 0,01 à 0,42, suggérant une structure de population minimale au niveau du site. Les relations 
phylogénétiques entre les 20 isolats d'A. carbonarius ont révélé qu'aucun des isolats ne présentait de groupe 
génétiquement distinct.                           
Conclusion: La forte variation génétique observée chez les souches d’A. carbonarius ochratoxigènes souligne 
l’importance biotechnologique de la caractérisation moléculaire par RAPD pour la discrimination des souches, 

l’évaluation de la biosécurité et la gestion ciblée des risques liés à l’ochratoxine A, contribuant ainsi à une sélection 
et une application éclairée des souches en biotechnologie fongique. 

Mots-clés: Aspergillus carbonarius; Ochratoxine; Diversité génétique; RAPD 

Introduction: 

 Aspergillus carbonarius is a species of 
filamentous fungus considered one of the most 
economically important members of the black 
Aspergilli due to its frequent occurrence in food, 

plant, and soil environments (1). The predilect- 

ion of A.  carbonarius for different pre- and post-
harvest food commodities as well as their known 
ability for producing ochratoxins including och- 
ratoxin A has been well emphasized (2,3). This 
ochratoxin A (OTA) which is classified as a group 
2B human carcinogen by the International Age- 

ncy for Cancer Research in 2002, is known to be 
hepatotoxic, cytotoxic, teratogenic, neurotoxic, 
mutagenic, and carcinogenic in addition to inhi- 
biting DNA and RNA synthesis (4,5).   
 Despite the widespread presence of this 
significant fungal pathogen and its impact on 

various food products, including ready-to-eat 
foods (3,6), studies focused on understanding 
its genetic diversity which is crucial for manag- 

ing its extensive epidemiological distribution (7) 
remain limited. Traditionally, phenotypic meth- 
ods such as the assessment of morphological 
characteristics, including colony diameter, color, 

conidial size and texture, and hyphal structure, 
have been employed (8). Additionally, investi- 
gating somatic cell fusion among isolates by 
screening for vegetative compatibility has also 
served as a method to examine fungal diversity 
(9).     
 These morphological parameters exhibit 

high variability (10), which limits their resolut- 
ion and reduces their effectiveness in accurately 

distinguishing genetic diversity among isolates 
(11,12) of this fungus. It is therefore important 
to note that the application of reliable analytical 
procedures alongside sound quantitative analy- 

ses is essential for fungal diversity research (13) 
to preclude downward bias of genetic variation 
scores (12). One method that is increasingly 

gaining recognition is the application of random 
amplified polymorphic DNA (RAPD) marker ana- 
lysis because of their documented efficiencies in 
deciphering the genetic diversities of different 

biological specimens (14,15). This molecular 
marker has not only revolutionized and simpli- 
fied microbial diversity studies (16,17,18), but 
has also circumvented previous limitations ass- 
ociated with pedigree-based analyses and mor- 
phological characterization.  
 However, despite its advantages such as 

being cost-effective, rapid, and not requiring 
prior genomic information, RAPD also presents 
certain limitations. These include low reprodu- 
cibility due to sensitivity to reaction conditions, 

difficulty in distinguishing homologous from 
non-homologous bands, and challenges in data 

standardization across laboratories, which can 
affect the reliability of inter-study comparisons. 
(18), thereby enhancing the fine resolution req- 
uired to score appropriate diversity of organisms 
(12,19). This high throughput technique which 
is contingent upon amplification of nucleic acid 
(19,20) is a well understood in vitro process 

(21) with several tools aimed at optimizing their 
products (22) and thus simplifying the highly 
complex fungal taxonomy through the determi- 
nation of the level of polymorphism and simila- 
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rity amongst fungal strains. This technique has 
shed light on both the detection of fungal isola- 
tes and their genetic relationships (23).  
 The significant recent advancements in 

molecular biology tools and technologies have 
impacted genetic diversity studies (24) and 
RAPDs, which are random 10-bp primers (deca- 
mers) are used in PCR to detect polymorphisms 
when the DNA sequence is unknown (25). How- 
ever, there may be variation in the capability of 
different RAPD markers in the resolution of dif- 

ferent fungal isolates. Therefore, the RAPD mar- 
kers need to be optimized for different fungal 
isolates.  Generally, the RAPD technique is com- 
monly employed in ecological genetics to iden- 
tify fungal species, estimate genetic patterns of 

association, analyse composite DNA samples, 

and develop targeted probe. Therefore, this 
study aimed to determine the genetic diversity 
of A. carbonarius strains isolated from different 
sources using the RAPD technique. 

Materials and method:  

Source of Aspergillus carbonarius isolates:  

 Aspergillus carbonarius isolates utilized 
in this study were obtained from one of our pre- 
vious studies (26). The source of the isolates, 
the code, and the geopolitical zones from which 

they were isolated in Ogun State, Nigeria, are 
properly noted in Table 1. The climate of Ogun 

State is tropically wet and dry with average ann- 
ual rainfall of 1,340 mm across a total cropland 
area of 693.21k ha.    
 All the isolates were obtained between 
2018 and 2022 and were appropriately stored 

at 4°C in a refrigerator (Haier Thermocool, Mod- 
el HTF-610DM7, Indonesia) in a 50% glycerol 
stock for future use. These A. carbonarius isola- 
tes from ‘garri’ samples, were identified through 
both phenotypic characterization and molecular 
analysis, were preserved on Sabouraud Dext- 
rose Agar (SDA) slants and stored at 4 °C under 

refrigerated conditions for long-term mainten- 
ance. 

Random amplified polymorphic DNA analysis 
(RAPD):      

 Genomic DNA was extracted from the 
ochratoxigenic A. carbonarius isolates using the 
DNeasy Plant Mini Kit (Qiagen GmbH, Hilden, 
Germany), following the manufacturer’s recom- 
mended protocol. To ensure reproducibility and 
generate clear, polymorphic DNA banding patt- 

erns, RAPD-PCR conditions were systematically 
optimized. A total of 26 decamer primers (Ope- 
ron Technologies, USA) were initially screened 
using the extracted genomic DNA. Each primer 
was tested under a range of reaction conditions 
to evaluate its amplification efficiency and rep- 

roducibility. Optimization involved systematic 
variation of key PCR parameters, including pri- 
mer concentration (0.2–1.0 µM), MgCl₂ concen- 
tration (1.5–3.0 mM), and template DNA quan- 

tity (20–80 ng per reaction). A temperature 
gradient PCR was used to identify the optimal 
annealing temperature for each primer, ranging 
from 36 °C to 40 °C, given the low-stringency 
binding characteristics of decamer RAPD pri- 
mers.     
 Amplification reactions were performed 

in a total volume of 25 µL, following standard 
RAPD protocols, with 40 amplification cycles. 
Primers that consistently produced distinct, rep- 
roducible, and polymorphic banding patterns 
were selected for further analysis. Based on 

these criteria, 7 primers; OPX07 (GAGCGAGGCT), 

OPR16 (CTCTGCGCGT), OPR19 (CCTCCTCATC), 
OPR11 (GTAGCCGTCT), OPV06 (GAACGGACTC), 
OPA01 (CAGGCCCTTC), and OPA04 (AATCGGG 
CTG), yielded clear and scorable polymorphic 
bands. Optimal annealing temperatures for the 
primers ranged from 36°C to 40°C, with repro- 
ducibility confirmed across independent replica- 

tes. The final PCR reaction mix (25 µL) cont- 
ained 12.5 µL of 2×PCR master mix [0.0545 
U/µL Taq DNA polymerase in reaction buffer 
containing 4 mM MgCl₂, 0.4 mM each dNTP 
(dATP, dCTP, dGTP, dTTP)], 40 pmol of a single 
decamer primer, and 1 µg of template DNA. The 
thermal cycling profile was as follows; initial 

denaturation at 95°C for 2 min, 40 cycles of de- 
naturation at 95°C for 15 sec, annealing starting 
at 40°C and gradually reduced to 35°C in 4-
cycle increments (1 min each), and extension at 
72°C for 2 min.   
 Amplification products were resolved by 

electrophoresis on 3% agarose gels prepared in 
1× TBE buffer, stained with ethidium bromide 
(0.5 µg/mL), and visualized under UV light using 
a gel documentation system. Banding patterns 
were manually analyzed following the criteria of 
Roodt et al., (27), based on the total number of 
bands and amplification consistency. Each lane 

was scored by recording the presence (+) or 
absence (–) of bands.     

 All RAPD-PCR reactions were performed 
in duplicate to assess reproducibility. For each 
primer and DNA sample, two independent PCR 
amplifications were carried out under the opti- 
mized conditions. Banding patterns were visual- 

ly compared across replicates, and only bands 
that were consistently present in all the replica- 
tes were scored as true positives. This approach 
ensured that only reproducible and reliable 
polymorphic markers were considered for down- 
stream analysis. No numerical averaging of 

band intensities was performed, as RAPD data 
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were scored qualitatively based on the presence 
(1) or absence (0) of bands. 

Statistical analysis of data:    

 All statistical analyses of data were per- 
formed using GenAlEx version 6.5. Genetic data 
were summarized using frequencies, percenta- 
ges, and diversity indices. RAPD markers were 

scored as binary data (presence/absence), and 
allele frequencies were computed for each locus 
across populations. Genetic diversity parame- 
ters (HS, HT, and GST) were estimated following 
Nei’s method. Mean genetic variation was exp- 
ressed as mean ± SEM.    
 Analysis of molecular variance (AMOVA) 

was used to partition genetic variation among 

and within populations. Chi-square (χ²) test of 
independence was used to assess whether the 
distribution of variable loci and unique geno- 
types differed significantly among populations 
from Yewa, Egba, Remo, and Ijebu. Observed 

frequencies were organized into contingency 
tables, and expected frequencies were calcula- 
ted under the null hypothesis of no association 
between population and genetic category. The 
degrees of freedom were determined as (r−1) x 
(c−1), where r represents the number of popu- 
lations and c represents the number of cate- 

gories. Statistical significance was set at p < 
0.05.  

Results:  

 Seven primers yielded 18 distinct RAPD 
loci from the studied A. carbonarius isolates. 
The proportion of variable loci observed among 

the isolates differed across the four populations; 
Egba (14.3%), Yewa (21.4%), Ijebu (28.6%), 
and Remo (35.7%) (Table 1). This indicates an 
increasing trend in genetic variability from Egba 
to Remo. Similarly, the proportion of unique 
genotypes identified at these loci also varied 
among populations, with Egba showing 16.6%, 

Yewa 22.2%, Ijebu 27.8%, and Remo 33.3% 
(Table 1). These percentages represent the pro- 
portion of genotypes that were exclusive to each 
population, suggesting increasing genotypic di- 

versity from Egba to Remo. The Simpson’s mea- 
sure of diversity and genotypic evenness for the 
isolates were all at equilibrium at 0.95 and 1.00, 

respectively (Table 1).     
 The allele frequencies of most loci var- 
ied significantly (p<0.05) among the four popu- 
lations, with the exception of OPX 07:100 and 
OPA04:700, which showed no significant varia- 
tion. Intrapopulation genetic diversity (HS) ran- 

ged from 0.02 to 0.33 across loci, while total 
genetic diversity (HT) ranged from 0.02 to 0.49. 
The coefficient of genetic differentiation (GST) 
ranged from 0.01 to 0.42 across all loci (Table 
2).

             

 

Table 1: Genetic characteristics of Aspergillus carbonarius isolates across four regions of Ogun State, Nigeria 

Characteristics  Sample collection sited 

YEWA EGBA REMO IJEBU 

Number of isolates 5 5 5 5 

Number of loci 4 3 6 5 

Percentage of variable loci 21.4 14.3 35.7 28.6 

Percentage of unique genotypes 22.2 16.6 33.3 27.8 

Simpson’s Index of Diversity 0.95 0.95 0.95 0.95 

Genotype evenness 1.00 1.00 1.00 1.00 

Using Chi square test of independence, no significant differences were observed among populations for the proportion of variable loci (χ²=1.905, df=3, p=0.59) and unique genotypes 
(χ²=1.60, df=3, p=0.66) 
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Table 2: RAPD-based genetic diversity of twenty Aspergillus carbonarius isolates from Ogun State, Nigeria 

 

Locus number Frequency of the marker allele Genetic Diversity 

 

 YEWA=5 EGBA=5 REMO=5 IJEBU=5 HS HT GST 

 

OPX 07:100   
 

1.00 
 

1.00 
 

1.00 
 

1.00ns 
 

0.02 
 

0.02 
 

0.03 
 

OPX 07:150   

 

0.80 

 

0.80 

 

0.00 

 

0.00* 

 

0.12 0.20 0.02 

 

OPX 07:200   

 

0.20 0.20 1.00 0.80* 0.31 0.34 0.05 

 

OPX 07:220   

 

0.20 0.20 1.00 0.80* 0.31 0.34 0.05 

 

OPX 07:290   

 

0.80 

 

0.80 

 

0.00 

 

0.00* 

 

0.12 0.20 0.02 

 

OPX 07:310   
 

0.00 
 

0.20 1.00 0.80* 0.16 0.19 0.01 

OPX 07:500   

 

0.20 0.20 1.00 0.80* 0.31 0.34 0.05 

 

OPX 07:520   

 

0.80 

 

0.80 

 

0.00 

 

0.00* 

 

0.12 0.20 0.02 

 

OPX 07:700   

 

0.00 

 

0.00 0.00 1.00* 0.11 0.12 0.01 

OPX 07:710   

 

0.00 

 

0.00 0.00 1.00* 0.11 0.12 0.01 

OPX 07:980   

 

0.20 0.20 1.00 0.80* 0.31 0.34 0.05 

 

OPX 07:1100   

 

0.20 0.20 1.00 0.80* 0.31 0.34 0.05 

 

OPR16:100 0.20 0.20 0.20 0.40* 0.13 0.24 0.01 

OPR16:150 0.80 

 

0.80 0.80 0.60* 0.12 0.25 0.42 

OPR16:200 0.20 0.20 0.20 0.40* 0.32 0.41 0.01 

 
OPR16:210 0.80 

 

0.80 0.80 0.60* 0.12 0.25 0.42 

OPR16:220 0.80 

 

0.80 0.80 1.00* 0.12 0.20 0.02 

OPR16:290 0.80 

 

0.80 0.80 0.60* 0.12 0.20 0.02 

OPR16:310 0.80 

 

0.80 0.80 0.60* 0.12 0.20 0.02 

OPR16:400 0.20 0.20 

 

0.20 0.40* 0.13 0.24 0.01 

OPR16:450 0.80 

 

0.80 

 

0.80 

 

0.60* 0.12 0.20 0.02 

 

OPR16:555 0.20 

 

0.20 0.20 0.40* 0.32 0.41 0.01 

OPR16:560 0.80 

 

0.80 0.80 0.60* 0.12 0.20 0.02 

OPR16:700 0.20 

 

0.20 0.20 0.40* 0.13 0.24 0.01 

OPR16:900 0.20 
 

0.20 0.20 0.40* 0.13 0.24 0.01 

OPR16:1000 0.20 

 

0.20 0.20 0.40* 0.13 0.24 0.01 

OPR16:1300 0.20 

 

0.20 0.20 0.60* 0.13 0.24 0.01 

OPR16:1600 0.20 

 

0.20 0.20 0.60* 0.13 0.24 0.01 

OPR11:270 0.20 0.40 0.20 0.60* 0.13 0.24 0.02 

 

OPR11:290 0.40 0.20 0.20 0.20* 0.26 0.31 0.07 
 

OPR11:350 0.20 

 

0.40 0.20 0.60* 0.13 0.24 0.02 

OPR11:400 0.20 

 

0.40 0.20 0.60* 0.13 0.24 0.02 

OPR11:450 0.80 

 

0.80 0.80 0.60* 0.12 0.20 0.02 

OPR11:500 0.20 

 

0.20 0.20 0.40* 0.13 0.24 0.01 

OPR19:300 0.20 

 

0.40 0.20 0.60* 0.13 0.24 0.02 
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OPR19:375 0.20 

 

0.40 0.20 0.60* 0.13 0.24 0.02 

OPR19:500 0.80 

 

0.80 0.20 0.60* 0.12 0.18 0.03 

OPR19:800 0.20 

 

0.20 0.20 0.60* 0.13 0.24 0.01 

OPR19:900 0.40 

 

0.60 0.20 0.60* 0.19 0.34 0.09 

OPV06:500 0.20 0.80 0.20 0.60* 0.33 0.49 0.33 

 

OPV06:550 0.80 

 

0.60 0.20 0.60* 0.21 0.44 0.41 

OPV06:600 0.80 

 

0.20 0.20 0.20* 0.19 0.39 0.13 

OPV06:700 0.60 
 

1.00 0.20 0.60* 0.15 0.46 0.17 

OPV06:750 0.40 1.00 0.20 0.60* 0.13 0.24 0.01 

 

OPA01:400 0.20 1.00 

 

0.20 0.60* 0.18 0.31 0.18 

OPA01:450 0.20 0.60 

 

0.20 0.20* 0.24 0.41 0.05 

OPA01:560 0.20 

 

0.40 0.20 0.60* 0.13 0.24 0.02 

OPA01:700 0.20 
 

0.40 0.20 0.60* 0.13 0.24 0.02 

OPA01:800 0.80 

 

0.60 0.20 0.60* 0.21 0.44 0.41 

OPA04:380 0.80 

 

0.60 0.20 0.60* 0.21 0.44 0.41 

OPA04:390 0.40 

 

0.20 0.20 0.20* 0.26 0.31 0.07 

OPA04:700 0.20 

 

0.20 0.20 0.20ns 0.20 0.20 0.03 

OPA04:750 0.60 

 

0.60 0.60 0.20* 0.13 0.29 0.44 

OPA04:800 0.40 

 

0.80 0.20 0.20* 0.04 0.05 0.09 

OPA04:825 0.00 

 

0.00 0.00 0.60* 0.14 0.17 0.01 

HS = intrapopulation genetic diversity; HT = total genetic diversity; GST= coefficient of genetic differentiation; ns = not statistically significant; * = statistically significant 

  
 

 Table 3 shows the mean genetic diver- 
sity indices of the studied A. carbonarius isola- 
tes across the four geopolitical zones. The mean 
intrapopulation genetic diversity (HS) values 
were 0.28±0.01, 0.21±0.00, 0.27±0.00, and 
0.31±0.02 for isolates from Yewa, Egba, Remo, 

and Ijebu, respectively. The corresponding total 
genetic diversity (HT) values were 0.32±0.00, 

0.28±0.03, 0.36±0.01, and 0.45±0.00.  
 The proportion of total genetic diversity 
within populations (HS/HT) was approximately 
88%, 75%, 75%, and 69% for Yewa, Egba, 
Remo, and Ijebu, respectively. The mean GST 
values were 0.21±0.01 (Yewa), 0.12±0.01 

(Egba), 0.17±0.01 (Remo), and 0.23±0.00 
(Ijebu). 

 

 

 

Table 3: Mean genetic variation of the studied Aspergillus carbonarius isolates 

 

GEPZ/OS Number of loci Mean ± SEM 

HS HT GST 

YEWA 22 0.28 ± 0.01 0.32 ± 0.00 0.21 ± 0.01 

EGBA 23 0.21 ± 0.00 0.28 ± 0.03 0.12 ± 0.01 

REMO 35 0.27 ± 0.00 0.36 ± 0.01 0.17 ± 0.01 

IJEBU 30 0.31 ± 0.02 0.45 ± 0.00 0.23 ± 0.00 

GEPZ/OS=Geopolitical Zones of Ogun State, SEM=Standard Error of Mean 
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Table 4: Analysis of Molecular Variance (AMOVA) for the loci of Aspergillus carbonarius isolates 

Sources of variation df SS MS F 

Between-treatments 3 10.2727 3.4242 0.81178 

Within-treatments 40 168.7273 4.2182  

Total  43  179     

F-ratio of 0.81178; p-value of 0.494904; result not statistically significant at p<0.05 

 

AC1-AC5 = Yewa isolates, AC6-10 = Egba isolates, AC11-15 = Remo isolates, AC16-AC20 = Ijebu Isolates 

Fig 1: Phylogenetic characterization of ochratoxigenic Aspergillus carbonarius 

 

 The analysis of molecular variance vali- 

dated that even though the genetic diversity of 
isolates within samples from specific geopolitical 
zones accounted for majority of the total genetic 
diversity, the observations when compared bet- 
ween different zones were not statistically signi- 
ficant at p<0.05 (Table 4).   

 The phylogenetic relationships among 
the 20 A. carbonarius isolates are depicted in Fig 
1. None of the isolates formed location-designa- 
ted genetic clusters, while 3 of the 5 isolates 

from the Yewa zone formed a cluster with 99% 
similarity, while the remaining 2 Yewa isolates 
grouped with isolates from Egba, Remo, and 

Ijebu, showing 84% similarity. Similarly, 3 of 
the 5 isolates from Egba formed clusters with 
Remo and Ijebu at a 100% level of similarity, 
but both Remo and Ijebu are interspersed by 
isolates sharing different levels of similarities 
with isolates from all the geopolitical zones (84-
100%).  

 

Discussion:  

 The importance of RAPD in deciphering 
the genetic characterization of living organisms 
has been well documented (28,29,30). In this 
study, the strains of ochratoxigenic A. carbo- 
narius are between 14.3% to 35.7% of variable 
loci, 16.6 to 33.3% of unique genotypes, Sim- 
pson’s diversity index of 0.95 and genotypic 

evenness of 1 to highlights extensive genetic 
diversity within and between the isolates (7).   

 The genotypic evenness of 1 could fur- 
ther delineate that the population of the isolates 
yielded equally abundant genotypes. The obser- 
ved values for total gene diversity (HT), within-
subpopulation diversity (HS), and genetic diffe- 

rentiation among subpopulations (GST) are con- 
sistent with those reported for fungi possessing 
known sexual reproduction cycles. This is beca- 
use several studies have documented that fungi 
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that reproduce through sexual means demonst- 
rate wider genetic diversity than those with ase- 
xual means of reproduction (7,31,32). In ano- 
ther vein, it has been reported that some fungal 

isolates known to reproduce asexually have a 
genetic diversity index higher than expected, 
while the importance of parasexuality of some 
fungi in influencing diversity under controlled 
field conditions has also been emphasized (7).  
 Genotypic diversity analysis, nested an- 
alysis of molecular variance, and phylogenetic 

analysis consistently indicated that majority of 
the genetic differences within the organisms is 
attributable to differences across unique isola- 
tes. These analyses also revealed significant 
differentiation among isolates from each of the 

geopolitical zones, and such spatial community 

arrangement is possible through gene flow (33, 
34). The occurrence of this type of gene flow 
within and between geographic populations of 
A. carbonarius can be accomplished by wind-
aided spore dispersal, sexual and asexual repro- 
duction (34). Most of the RAPD allele frequen- 
cies of the studied A. carbonarius except for two 

strains, shows apparent variation within the stu- 
died populations, to further connote that there 
might be frequent interbreeding events among 
these strains of A. carbonarius (35)   
 The comparatively low genetic diverge- 
nce among the studied isolates (GST) suggests 
that genetic material (alleles) is being exchang- 

ed between and within populations across a 
broad spatial range, resulting in increased gene- 
tic similarity.  There may be a need to do more 
intensive sampling of A. carbonarius at the geo- 
political zones to examine if the aforementioned 
inter-collection sites variation reflects the actual 

disparities affecting how populations exchanged 
genetic material.    
 The fact that none of the isolates formed 
site-specific genetic clusters is an indication that 
allele frequencies among the studied A. carbon- 
arius populations are very similar (34). It is thus 
imperative to note that any efforts aimed at 

controlling the ochratoxigenic A. carbonarius 
should take into account their extensive genetic 

diversities as well as factors prompting such 
high levels of diversity.  

Conclusion:  

 In conclusion, the detection of high gen- 
etic variation among ochratoxigenic A. carbona- 
rius strains emphasizes the biotechnological 
relevance of RAPD marker analysis as a rapid 

and effective tool for strain differentiation. In 
biotechnology, such genetic information is criti- 
cal for biosafety evaluation, the identification of 
highly toxigenic genotypes, and the selection of 

appropriate strains for industrial, agricultural, or 
environmental applications. The findings, there-
fore, provide a molecular framework that sup- 
ports informed decision-making in fungal bio- 

technology and mycotoxin risk management.   
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Abstract: 

Background: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), when disseminated to the 
gastrointestinal tract (GIT), can cause alterations in the composition and diversity of the gastrointestinal tract 
microbiota. However, there is a paucity of data linking SARS-CoV-2 fecal negativity with the GI microbial balance. 
This study investigated the association between the GI bacterial composition and clinically defined asymptomatic, 
mild/moderate COVID-19 fecal-negative individuals.                   
Methodology: This was a cross sectional, comparative study of GI bacterial composition in COVID-19 
nasopharyngeal (NP) -positive (n=7) and negative (n=5) participants at the testing facility of the Nigerian Institute 
of Medical Research between 6th July and 8th August 2022. Faecal samples were collected from the 12 participants. 
The RNA extracted from the NP-positive samples was used for RT‒qPCR detection of the nucleocapsid and open 
reading frame (ORF1ab) genes, while DNA from all the faecal samples was used for 16S rRNA metataxonomic 
analysis.                                
Results: The participants comprised males (n=4) and females (n=8), ages 17-74 years. The NP-positive participants 
reported no (n=2, 28.5%), mild (n=4, 57.1%) and moderate (n=1, 14.3%) clinical symptoms. The viral genes were 
undetected with uniform or rich bacterial species in the fecal samples. The most abundant bacterial phyla were the 
Firmicutes, Bacteroidota, and Proteobacteria while Prevotella copri, Phocaeicola vulgatus, and the immuno- 
modulatory, anti-inflammatory bacterium, Faecalibacterium prausnitzii, were the dominant species. There were no 
significant differences in alpha diversity, Pielou evenness (p=0.223) and Shannon richness index (p=0.062), or beta 
taxonomic diversity (PERMANOVA p=0.357) between NP-positive and negative participants.                 
Conclusion: This study did not reveal any differences in the gut bacterial community between asymptomatic and 
mild/moderate COVID-19 patients, and apparently healthy controls. The asymptomatic, mild, and moderate COVID-
19 patients in this study maintained balanced gut bacterial diversity, with undetected viral gene in their stool, which 
may pose little or no threats to the public health in terms of SARS-CoV-2 shedding to the environment. This may 
however not be generalizable given the small sample size.  

Keywords: Gastrointestinal, eubiosis, microbiome, SARS-CoV-2, fecal, RT‒PCR. 
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Résumé: 

Contexte: Le coronavirus 2 du syndrome respiratoire aigu sévère (SARS-CoV-2), lorsqu’il se dissémine dans le 
tractus gastro-intestinal (TGI), peut entraîner des altérations de la composition et de la diversité du microbiote 
intestinal. Cependant, les données liant la négativité fécale au SARS-CoV-2 à l’équilibre microbien gastro-intestinal 
sont rares. Cette étude a examiné l’association entre la composition bactérienne gastro-intestinale et les individus 
asymptomatiques, présentant une forme légère à modérée de COVID-19 et dont les selles sont négatives. 
Méthodologie: Il s’agit d’une étude transversale comparative de la composition bactérienne gastro-intestinale chez 
des participants positifs (n=7) et négatifs (n=5) au test nasopharyngé (NP) de dépistage de la COVID-19, recrutés 
au centre de dépistage de l’Institut nigérian de recherche médicale entre le 6 juillet et le 8 août 2022. Des 
échantillons de selles ont été prélevés chez les 12 participants. L’ARN extrait des échantillons NP positifs a été utilisé 
pour la détection par RT-qPCR des gènes de la nucléocapside et du cadre de lecture ouvert (ORF1ab), tandis que 
l’ADN de tous les échantillons de selles a été utilisé pour l’analyse métataxonomique de l’ARNr 16S.  
Résultats: Les participants étaient composés de 4 hommes et 8 femmes, âgés de 17 à 74 ans. Les participants NP 
positifs ont rapporté des symptômes cliniques absents (n=2, 28,5%), légers (n=4, 57,1%) et modérés (n=1, 14,3%). 
Les gènes viraux étaient indétectables, malgré une composition bactérienne homogène ou abondante dans les 
échantillons fécaux. Les phyla bactériens les plus abondants étaient les Firmicutes, les Bacteroidota et les Proteo- 
bacteria, tandis que Prevotella copri, Phocaeicola vulgatus et la bactérie immunomodulatrice et anti-inflammatoire 
Faecalibacterium prausnitzii étaient les espèces dominantes. Aucune différence significative n'a été observée 
concernant la diversité alpha, l'équitabilité de Pielou (p=0,223), l'indice de richesse de Shannon (p=0,062) ou la 
diversité taxonomique bêta (PERMANOVA p=0,357) entre les participants positifs et négatifs au test NP.                    
Conclusion: Cette étude n'a révélé aucune différence dans la composition du microbiote intestinal entre les patients 

asymptomatiques et ceux atteints d'une forme légère à modérée de COVID-19, et les sujets témoins apparemment 
sains. Les patients atteints de COVID-19 asymptomatiques, légères ou modérées inclus dans cette étude ont conservé 
une diversité bactérienne intestinale équilibrée, sans détection de gène viral dans leurs selles. Ceci suggère que le 
risque de propagation du SARS-CoV-2 dans l'environnement pourrait être faible, voire nul. Toutefois, ces résultats 
ne sont pas généralisables compte tenu de la petite taille de l'échantillon. 

Mots-clés: Système gastro-intestinal, eubiose, microbiome, SARS-CoV-2, selles, RT-PCR. 

Introduction: 

 The 2019 coronavirus disease (COVID-
19) pandemic resulted in an unprecedented 

global crisis; a large number of disease-associa- 

ted deaths occurred on different scales in coun- 
tries across the world. This prompted research 
directed towards both pharmaceutical and non- 
pharmaceutical interventions, while testing was 
also encouraged to increase. The Nigerian Insti- 
tute of Medical Research, Nigeria, initiated a 
modified drive-through testing platform where 

the largest number of patients were tested in 
the country (1,2). Severe acute respiratory syn- 
drome coronavirus-2 (SARS-CoV-2), the aetio- 
logy of the disease (COVID-19), is transmitted 
through respiratory droplets, aerosols, and some- 

times the faeco-oral route (3).    
 Despite the primary involvement of the 

upper respiratory tract, substantial viral infec- 

tion has been reported in the gastrointestinal 
tract (GIT) of patients with moderate to severe 
COVID-19 and viral stool shedding even weeks 
after disease resolution (4-9). However, little or 
no viral stool clearance has been reported in 

patients with mild to moderate disease, which 
comprises up to 81% of those who contract 
COVID-19 (10,11).   
 The pathophysiology of SARS-CoV-2 and 

its link with the GIT have been well reported. 
After contact, the virus binds to angiotensin-
converting enzyme 2 (ACE-2) receptors in the 

lungs. The viral spike glycoprotein attached to 
ACE-2 enables viral entry into cells, which leads 
to replication and dissemination to other parts 
of the body. The intestinal epithelium, which 

highly expresses ACE-2 receptors, can harbor 
SARS-CoV-2 after swallowing viral-laden spu- 
tum (gut-lung cross talk); this serves as a site 
of extrapulmonary viral infection, as evidenced 
by the presence of SARS-CoV-2 RNA in the feces 
of patients with COVID-19 (7,12-15).  
 The role of the gut microbiota in the 

development of many diseases, including immu- 
ne-mediated, metabolic, neurodegenerative, and 
psychiatric diseases, is becoming increasingly 
clear (16-18). An imbalance in the intestinal 
microbial community/diversity that can be asso- 
ciated with disease is referred to as dysbiosis. 

The most typical characteristics are a depletion 
in the richness and diversity of the microbiota, 
a loss of probiotics/beneficial microbiota or an 

overgrowth of harmful ones.  
 Additionally, host-specific factors such 
as lifestyle habits, hygiene, infections, inflam- 
mation, high sugar intake, low fiber intake, and 

drugs can cause dysbiosis (19-21). Several hu- 
man observational studies have reported dys- 
biosis of the gut microbiota composition in 
COVID-19 patients at the time of diagnosis and 
during the course of the disease, with decreased 
bacterial diversity observed in COVID-19 pati- 
ents (13,22,23). These studies documented 

cases in populations in China, the USA, Japan, 
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Bangladesh, the UAE, Portugal, Germany, and 
Hungary. In Africa and Nigeria, there is a pau- 
city of data connecting the gut microbiome with 
mild and asymptomatic COVID-19. Many other 

studies have linked the composition of the gut 
microbiota to severe COVID-19 and GI symp- 
toms. Therefore, this study was designed to 
investigate the diversity of the gut microbiota 
and extent of viral shedding in patients with 
clinically defined asymptomatic, mild, or mode- 
rate COVID-19. 

Materials and method: 

Study site:      

 This study was carried out on drive-in 

and walk-through COVID-19 testing facilities at 
the Nigerian Institute of Medical Research 
(NIMR) Lagos, Nigeria. The NIMR is a leading 
medical research institute located in the com- 
mercial capital (Lagos) of Nigeria. Lagos is the 
most populous city in Nigeria, with approxi- 
mately 24 million inhabitants (https://lagos 

state.gov.ng/about-lagos/). During the COVID-
19 pandemic, the COVID-19 testing facilities in 
NIMR received more than 50,000 people, mak- 
ing it one of the largest in the country. 

Ethical considerations:     

 The conduct of this study was approved 
(IRB/21/069) by the institutional review board 
of the Nigerian Institute of Medical Research 

(NIMR-IRB), while social approval was given by 
the Lagos State Ministry of Health. The written 

informed consent obtained from the participants 
after they understood the research and are 
locked up in a cabinet that is only accessible to 
the Principal Investigator. The electronic copies 
of all data (questionnaire and result sheets) are 
anonymized using unique codes and saved on a 

passworded computer.  

Study design:      

 This was a cross-sectional comparative 

study of SARS-CoV-2-infected patients and app- 
arently healthy Nigerians (negative control) in 
Lagos. For the purpose of this study, N refers to 

nasopharyngeal (NP) negative while P refers to 
nasopharyngeal (NP) positive participants. 

Sample size calculation:    

 Using a two-sided t-test, a significance 
level (α) of 0.05, and assuming an effect size 
(Cohen’s d) of 0.8 (a large effect size), the 
required sample size for 80% power was estim- 

ated to be 26 participants. However, our study 
included less than half of this required number, 
this implies a key limitation of our study, high- 
lighting the need for future research with a 
larger sample size to validate our findings and  

improve the robustness of statistical inferences.  

Data capture:     

 Sociodemographic data of participants, 
including hospital admission history, symptoms, 
presence/absence of comorbidities, and treat- 
ment/drug intake, were collected via a short 
questionnaire administered by the research ass- 
istant after consent form was signed. 

Sample collection and nucleic acid extraction:  

 Stool samples were collected from the 
consenting participants visiting the NIMR walk-
in and drive-through testing facilities following 

standard procedures. The selection of partici- 
pants was not in a particular format but rather 

at convenience. They were recruited into the 
study as they visited the facilities, irrespective 
of their demographics. Stool samples were 
collected from 6th July 2022 till 8th August 2022 
in an OMNIgene GUT microbiome device (DNA 

Genotech Inc., Ottawa, Canada) and stored in a 
freezer until processing.   
 Viral RNA extraction was performed on 
10th August 2022 on all samples from particip- 
ants who tested positive for nasopharyngeal 
RT‒qPCR (NP) using Qiagen kits (QIAamp Viral 
RNA, Germany), while total DNA was extracted 

from all stool samples on 12th of August 2022 
using ZymoBiomics DNA Miniprep metageno- 
mics kits (Zymo Research, USA). All the nucleic 

acid extraction was done according to the manu 
facturer’s instructions. The extracts were quan- 
titated, and the purity was evaluated using a 

Nanodrop One/One spectrophotometer (Thermo 
Scientific, UK). 

Gene amplification and metagenomic analysis:  

 The viral nucleocapsid (N) and open 
reading frame (ORF1ab) genes were detected 
on 10th of August 2022 by RT‒qPCR (Applied 
Biosystems) using the SARS‒CoV-2 Detection 
Assay (SCODA) workflow. Briefly, 5µl of extract- 
ed RNA was added to 20µl of Mastermix to make 
a 25µl reaction mixture with the viral synthetic 

genes and RNase-free water as positive and ne- 
gative controls, respectively. The PCR condi- 

tions included a cycle of reverse transcription at 
52°C for 10 min; inactivation at 95°C for 10 
seconds; 40 cycles of denaturation at 95°C for 
5 seconds; and annealing and extension at 56°C 
for 30 seconds. The cutoff cycle threshold for 

the target genes was 38. 
 Amplification of the V4 region was car- 
ried out using the 16S V4 updated primer seq- 
uence 515F/806R, forward barcoded: FWD: 
GTGYCAGCMGCCGCGGTAA; REV: GGACTACNV 
GGGTWTCTAAT (24,25), in a 25µl reaction mix- 

ture containing 0.8X PCR master mix (Platinum 
Hot Start PCR Master Mix (2x)), 0.2 µM of each 
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primer, 1µl of template DNA, and PCR grade 
water (Sigma). The thermocycling condition inc- 
luded an initial denaturation at 94°C for 3 min, 
followed by 35 amplification cycles at 94°C for 

45 s, 50°C for 60 s, and 72°C for 90 s. This was 
followed by a final extension cycle at 72°C for 
10 min. All the samples were amplified in tripli- 
cate and pooled into single 75µl volumes.  
 Amplicons were tested on a Bioanalyzer 
to confirm the presence of the PCR product. The 
amplicons were also run on a 1.5% agarose gel, 

and a single band of approximately 360 bp was 
used to confirm successful amplification. Sub- 
sequently, the amplicons were quantified with 
the Quant-iT PicoGreen dsDNA Assay Kit (Ther- 
moFisher/Invitrogen) following the manufactu- 

rer's instructions.    

 The pooled amplicons were cleaned 
using the MoBio UltraClean PCR Clean-Up Kit 
following the manufacturer's instructions. The 
purity and concentration of the PCR products 
were subsequently measured. Samples with an 
A260/A280 ratio between 1.8 and 2.0 were ali- 
quoted and used for library preparation and meta- 

genomics sequencing (Laragen, Inc., USA). 

Metagenomic sequencing:   

 The pure library was pooled and denatu- 

red into single strand, further diluted to concen- 
tration suitable for loading on the P1 flow cell of 
the Illumina NextSeq 2000 sequencing instru- 

ment with 15% PhiX control spike-in. The raw 
data (FASTQ files) were analyzed and annotated 
on One Codex database involving k-mer based 
classification, artifact filtering and species-level 

abundance estimation.  

Taxonomic classification and data analysis:  

 Alpha diversity of the microbial commu- 
nity in the two groups of participants (positive-
P, negative-N) was assessed by Pielou and 
Shannon indices using Kruskal‒Walli’s test of 

significance. The Pielou diversity index was used 
to determine the uniformity of the microbial 
community, while the Shannon index was used 
to determine the richness of the microbial 
community.     

 Beta taxonomic diversity was assessed 

with the Bray‒Curtis’ diversity index using per- 
mutational multivariate analysis of variance 
(PERMANOVA) for the test of significance and 
principal component analysis calculator (26) was 
used to determine variation in the microbiota of 

the participants. The taxonomic classification 
was performed using the Greengenes2 database 

trained for hypervariable 4 of the 16S rRNA 
(gg_2022_10_backbone.v4.nb). 

Results: 

 The participants comprised males (n=4) 
and females (n=8), ages 17-74years. The NP-
positive participants reported no (n=2, 28.5%), 
mild (n=4, 57.1%) and moderate (n=1, 14.3%) 
clinical symptoms. Of the 12 participants whose 
stool samples were analyzed, 7 presented with 

various degrees of symptoms; asymptomatic 
(n=2), mild (n=4) or moderate (n=1), while the 

others (n=5) were negative for NP-related 
COVID-19 from RT‒PCR assay (Table 1).

   

Table 1: Symptomatology and demographics of COVID-19 study participants 

Study ID Symptoms Sex Age (years)  

16-P Asymptomatic F 74 

17-P Asymptomatic F 37 

12-P Mild F 27 

31-P Mild F 27 

4-P Mild F 17 

ME-P Mild F 58 

3-P Moderate F 44 

7-N Negative M 38 

8-N Negative M 31 

13-N Negative F 36 

20-N Negative M 28 

24-N Negative M 22 

M = Male; F = Female; ID = Identification 
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Table 2: Bray‒Curtis distance matrix of the samples 

Sample Species similarity 

12-P 13-N 16-P 17-P 20-N 24-N 3-P 31-P 4-P 7-N 8-N ME-P 

12-P 0 0.8814 0.7842 0.8395 0.8379 0.742 0.7435 0.7087 0.8831 0.8072 0.7548 0.7589 

13-N 0.8814 0 0.7893 0.9595 0.9579 0.8998 0.7269 0.7736 0.7436 0.889 0.9013 0.8953 

16-P 0.7842 0.7893 0 0.8107 0.909 0.758 0.7041 0.7171 0.7861 0.8272 0.8586 0.8195 

17-P 0.8395 0.9595 0.8107 0 0.5215 0.7554 0.7463 0.8003 0.9177 0.6325 0.8562 0.859 

20-N 0.8379 0.9579 0.909 0.5215 0 0.8501 0.7759 0.8734 0.9554 0.4443 0.8 0.8729 

24-N 0.742 0.8998 0.758 0.7554 0.8501 0 0.8317 0.6636 0.881 0.8201 0.8353 0.5227 

3-P 0.7435 0.7269 0.7041 0.7463 0.7759 0.8317 0 0.7101 0.6378 0.6371 0.9075 0.8414 

31-P 0.7087 0.7736 0.7171 0.8003 0.8734 0.6636 0.7101 0 0.6573 0.7651 0.873 0.7548 

4-P 0.8831 0.7436 0.7861 0.9177 0.9554 0.881 0.6378 0.6573 0 0.8304 0.9357 0.9324 

7-N 0.8072 0.889 0.8272 0.6325 0.4443 0.8201 0.6371 0.7651 0.8304 0 0.8234 0.8317 

8-N 0.7548 0.9013 0.8586 0.8562 0.8 0.8353 0.9075 0.873 0.9357 0.8234 0 0.8712 

ME-P 0.7589 0.8953 0.8195 0.859 0.8729 0.5227 0.8414 0.7548 0.9324 0.8317 0.8712 0 

Values from 0 to 1 indicate identical composition to distinct species, where 0 represents similarity. The higher the figure, the greater the distance and dissimilarity 
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 SARS-CoV-2 RNA was not detected in 
any stool sample by RT‒qPCR. Sequencing of 
the 16S rRNA v4 amplicon yielded 747,917 seq- 
uences for all the analyzed samples. After qua- 

lity control, 585,356 sequences belonging to 
806 features were used for further analysis. The 
Pielou diversity did not significantly differ bet- 
ween the P and N groups (Kruska-Wallis p= 
0.22). Similarly, the Shannon index was not sig- 
nificantly different between the two groups 
(Kruska-Wallis p=0.062).   

 The Bray‒Curtis beta diversity was also 

not significantly different between the two 
groups (PERMANOVA p=0.357) and this is dep- 
icted in Table 2. However, the bacterial commu- 
nity of the microbiota of some of the partici- 

pants who tested positive and negative for 
COVID-19 showed close clustering (3-P, 4-P, 
16-P, and 13-N; 7-N, 20-N, and 17-P) and high 
divergence, as in the case of sample 8-N, as de- 
picted in Fig 1. Sample ME-P, which was posi- 
tive, had a bacterial community that clustered 
with and overlapped that of sample 24-N, which 

was negative for COVID-19 (Fig 2).

           

 

Fig 1: Relative abundance of bacterial phyla in the gut microbiota of COVID-19 positive and negative participants 

 

 

 

Fig 2: Principal Component Analysis (PCA) of the bacterial species in the gut microbiota of COVID-19 positive and negative participants. 
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 Ten major phyla were identified among 
others in the 12 samples. Firmicutes and Bac- 
teriodota were the most abundant phyla in the 
samples, with relative abundances of 82.2%, 

54.6%, 46.3%, and 27.7% (Firmicutes) and 
13.2%, 41.2%, and 41.7% 69.6% (Bacterio- 
dota) in samples 8 N, 12-P, 16-P, and 20-N, 
respectively, as shown in Fig 1. At the genus 
level, four genera, namely, Faecalibacterium, 
Phocaeicola, Prevotella, and Bacteroides, were 
the most dominant. The genus Phocaeicola was 

more dominant in samples 16-P and 4-P, with 
relative abundances of 15.9% and 19.2%, 
respectively. Faecalibacterium was more domi- 
nant in sample 8-N, with a relative abundance 
of 47.7%.    

 Akkermansia was only present in 
samples 12-P, 16-P, 24-N, 7-N, and ME-P, with 
relative abundances of 0.03%, 8.0%, 2.2%, 
0.1% and 1.2%, respectively (Fig 3). Prevotella 

copri, Phocaeicola vulgatus, and Faecalibacte 
rium prausnitzii were the most dominant among 
the other species identified. Although Faecali- 
bacterium prausnitzii was the dominant species 
identified, this bacterium was not detected in 
the 13 N subgroup. Similarly, Prevotella copri 
was absent in 12-P, 13-N, and 16-P. Among the 

other identified dominant species, Bacteroides 
stercoris (23.1%) and Gemmiger qucibialis 
(16.7%) were more dominant in sample 4 (Fig 
4).

 

 

Fig 3: Relative abundance of bacteria genera in the gut microbiota of COVID-19 positive and negative participants. 

 

Fig 4: Relative abundance of bacteria species in the gut microbiota of COVID-19 positive and negative participants. 
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Discussion: 

 The asymptomatic, mild and moderate 
COVID-19 patients in this study maintained bal- 
anced gut bacterial diversity, with undetected 

viral genes in their stool. This poses no threats 
to the public health in terms of SARS-CoV-2 
shedding to the environment, although this may 
not be generalizable given the small sample 
size. The small sample size is attributed to the 
transient nature of the disease as at the time 
the samples were being collected. The visit to 

the testing platform was already waning and as 
such, we set out to recruit as many as would 
give written informed consent without minding 
the sex, age group. The symptoms were extrac- 

ted from their self-completed online question- 
naire and as confirmed after clinical examina- 
tion at the site by medical doctors. Many of the 

participants just wanted to confirm their status 
and were not ready to provide any stool samples 
while a few others who collected the sample 
containers gave the excuse of distance from the 
facility.     
 There have been conflicting reports on 

intestinal microbial diversity in patients with 
COVID-19; a lower intestinal diversity has been 
reported in these patients than in healthy 
controls in China and Bangladesh respectively 
(27,28), while a different pattern was demons- 
trated in another study in a Christian hospital, 

Hong Kong (29). It has also been reported in 

studies from China that higher intestinal micro- 
bial richness is observed in asymptomatic pati- 
ents than in symptomatic patients and during 
disease progression (30-32). Although we were 
unable to collect severe or hospitalized cases in 
the present study, intestinal microbial evenness 
(p=0.22) and richness (p=0.06) were not asso- 

ciated with asymptomatic, mild, or moderate 
cases compared to COVID-19 negative control. 
In contrast, Kim et al., (33) reported intestinal 
dysbiosis after infection in patients with asym- 
ptomatic or mild COVID-19 in Korea.  
 The classification of asymptomatic or 

mild COVID-19 was performed according to the 

severity criteria of the Korea Centers for Disease 
Control and Prevention (http://ncov.mohw.go. 
ks/en/); age younger than 60 years, no under- 
lying chronic diseases, an alert mentality, a 
body temperature less than 37.5°C, and no 
radiological evidence of pneumonia. In our 

study, the World Health Organization (WHO) 
severity criteria, which are slightly different, 
were used (34). These findings may be attribu- 
ted to the fact that SARS-CoV-2 has not crossed 
the gut-lung axis of infected participants at the 
time of sample collection or because host imm- 
unity has taken care of it. This finding supports 

the report that severe cases are associated with 
a disruption of gut microbial diversity/richness. 
This is corroborated by the lack of detection of 
viral RNA in the stool samples of all NP-positive 

study participants.     
 The viability of the nucleic acid (viral 
RNA and metagenomic DNA) in the stool collec- 
tion device (OMNIgene GUT) was preserved, as 
it was stored frozen at -80°C. This needs to be 
mentioned given the ‘unstable’ nature of RNA 
which is delicate to handle compared to DNA. 

Also, the device is formulated to preserve nuc- 
leic acid (DNA at room temperature and RNA at 
ultra-low temperature of -80oC). 
 Taxonomically, bacteria are classified 
according to seven levels; kingdom, phylum, 

class, order, family, genus, and species. How- 

ever, only a few phyla are represented, and they 
account for more than 160 species (35). The 
phyla Firmicutes, Bacteroidetes, Actinobacteria, 
Proteobacteria, Fusobacteria, and Verrucomic- 
robia are dominant in the healthy gut, with 
Firmicutes and Bacteroidetes representing 90% 
of the gut microbiota (36). This was also obser- 

ved in our study, in which more than 90% of the 
samples were from one of the 2 phyla. Addi- 
tionally, in our study, Campylobacterota, Meth- 
anobacteriota, Desulfobacterota, and Cyano- 
bacteria were present in some of the samples, 
while the others were almost invisible. Within 
the Firmicutes in this study, the obligately ana- 

erobic, Gram positive, spore-forming Clostri- 
dium fessum was only present in the 7- N, 4-P, 
17A-P, and 12-P. This bacterium was isolated 
for the first time in 2021 by Seo et al., (37) from 
the faeces of a healthy Korean subject.                
 The balance in microbial diversity in the 

gut of the study participants is in tandem with 
the findings of some reports (29,38-41), alth- 
ough some were in mice (40,41), the microbial 
species that negatively correlate with COVID-19 
severity, such as the anti-inflammatory agent, 
immune modulatory bacteria, Faecalibacterium 
prausnitzii, Bifidobacterium bifidum, Bifidobac- 

terium adolescentis and Eubacterium rectale, 
were richly abundant, as reported by other 

studies (29,38). Notably, all participants were 
predominantly infected with Prevotella copri in 
the intestinal tract, regardless of the status of 
COVID-19. This bacterium, prevalent in non-
Westernized populations, has been shown to act 

as a ‘double edged sword’ in health and disease 
(39-41).    
 This study has some limitations. Alth- 
ough the small sample size (n=12) is a limita- 
tion, which was due to the transient nature of 
the pandemic as at the time of this study, our 

data are similar to those of Yeoh et al., (29), 
Kim et al., (33), and Mesoraca et al., (42). The 

http://ncov.mohw.go.ks/en/
http://ncov.mohw.go.ks/en/
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study however offers preliminary evidence that 
may inform future investigations into the rela- 
tionship between SARS-CoV-2 faecal negativity 
and gastrointestinal eubiosis in non-severe 

COVID-19 cases. Also, the sex disparity obser- 
ved in this study was due to the fact that more 
females were reporting for testing than the 
males. There seems to be discordant reports on 
the association of sex, age and geographic 
origin with gut microbiota in two studies (43, 
44), conducted among donors from different 

regions including France, Denmark, Germany, 
Italy, Netherlands, UK and Sweden, although 
these studies employed fluorescence in-situ 
hybridization and flow cytometry in their micro- 
biota analysis. 

Conclusion:  

 The gut microbial diversity in asympto- 
matic, mild or moderate COVID-19 individuals 
in this study was not disrupted with beneficial 

bacteria such as Prevotella copri, Phocaeicola 
vulgatus, and Faecalibacterium prausnitzii being 
predominant. The viral RNA was undetected in 
their stool samples and therefore would not be 
able to shed the pathogen to the environment 
through the stool. 
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Abstract: 
 
Background: Lactic acid bacteria (LAB) from dairy sources are known to produce bacteriocins with promising 
antimicrobial properties. The variations in their preservative effectiveness and stability under different environ- 
mental conditions create a gap in knowledge. This study aimed to produce bacteriocin and determine their stability 
properties of bacteriocin isolated from lactic acid bacteria indigenous to selected fermented diary (cheese and 
‘Nunu’) within Ilorin metropolis.  
Methodology: Isolation and identification of bacteriocin-producing lactic acid bacteria (LAB) from fermented dairy 
products and bacteriocin purification, were carried out by standard methods. Bacteriocin stability tests were 
performed and characterized by heat resistance, sensitivity to pH and proteolytic enzyme by the method described 
by Gautam and Sharma. Bio-preservation efficacy of bacteriocin was evaluated through microbial load determina- 
tion of the food products after treatment with purified bacteriocin, with and without refrigeration. Molecular 
identification of the bacteriocin-producing LAB was determined by 16S rRNA sequencing.  
Results: Four LAB were isolated from the food products and phenotypically identified as Lactobacillus spp and 
Streptococcus spp. The bacteriocin-producing LAB were identified by 16s RNA sequencing as Lactobacillus 
fermentum strain TSGB1241, Lactococcus fermentum strain DMF18, Lactococcus lactis subsp cremoris and 
Pediococcus pentosaceus SL4. The antibacterial activity of bacteriocin produced by the LAB was affected by an 
increase temperature and maximum activity was recorded at acidic pH (2.0-4.0), which indicates its potential use 
in acidic food. The antibacterial activity was completely lost during treatment with proteolytic enzyme (pepsin). The 
preservative test showed the potential of refrigerated bacteriocin to reduce microbial load that may contaminate 
stored food products.  
Conclusion: Bacteriocin produced from cheese and ‘Nunu’ offer bio-preservative efficacy and provide stability to 
intrinsic and extrinsic factors that can affect food spoilage. This bacteriocin offers natural and safe and effective 
preservation to foods products. 
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Résumé: 

Contexte: Les bactéries lactiques (BAL) d'origine laitière sont connues pour produire des bactériocines aux 
propriétés antimicrobiennes prometteuses. Les variations de leur efficacité et de leur stabilité en tant que 
conservateurs dans différentes conditions environnementales créent un manque de connaissances. Cette étude 
visait à produire des bactériocines et à déterminer leurs propriétés de stabilité. Ces bactériocines ont été isolées de 
bactéries lactiques indigènes de certains produits laitiers fermentés (fromage et «Nunu») de la métropole d’Ilorin.               
Méthodologie: L’isolement et l’identification des bactéries lactiques (BAL) productrices de bactériocines à partir de 
produits laitiers fermentés, ainsi que la purification des bactériocines, ont été réalisés selon des méthodes 
standard. Des tests de stabilité des bactériocines ont été effectués et caractérisés par leur thermorésistance, leur 
sensibilité au pH et leur activité enzymatique protéolytique, selon la méthode décrite par Gautam et Sharma. 
L’efficacité de la bactériocine en tant que biopréservatrice a été évaluée par la détermination de la charge 
microbienne des produits alimentaires après traitement avec la bactériocine purifiée, avec et sans réfrigération. 
L’identification moléculaire des BAL productrices de bactériocines a été déterminée par séquençage de l’ARNr 16S.                      
Résultats: Quatre bactéries lactiques (BAL) ont été isolées des produits alimentaires et identifiées phénotypi- 
quement comme appartenant aux genres Lactobacillus et Streptococcus. Les BAL productrices de bactériocine ont 
été identifiées par séquençage de l’ARN 16S comme étant Lactobacillus fermentum souche TSGB1241, Lactococcus 
fermentum souche DMF18, Lactococcus lactis subsp. cremoris et Pediococcus pentosaceus SL4. L’activité 
antibactérienne de la bactériocine produite par les BAL était influencée par l’augmentation de la température et une 
activité maximale a été observée à pH acide (2,0-4,0), ce qui indique son potentiel d’utilisation dans les aliments 

acides. L’activité antibactérienne était totalement abolie lors d’un traitement à la pepsine. Le test de conservation a 
démontré le potentiel de la bactériocine réfrigérée pour réduire la charge microbienne susceptible de contaminer 
les produits alimentaires stockés.                                                   
Conclusion: La bactériocine produite à partir de fromage et de «Nunu» présente une efficacité de biopréservation 
et assure une stabilité face aux facteurs intrinsèques et extrinsèques susceptibles d’altérer les aliments. Cette 
bactériocine offre une conservation naturelle, sûre et efficace des produits alimentaires. 

Mots-clés: Produits laitiers fermentés; Bactéries lactiques; Conservateurs; Stabilité; Bactériocine 

Introduction: 
 

 Antimicrobial peptides (AMPs) are imp- 
ortant component that serve as one of the ear- 
liest defense mechanisms against invading pat- 
hogens (1). These peptides exhibit strong pot- 
ential as antimicrobial against a wide range of 

microorganisms, which make them a promising 
option for the development of novel therapeu- 
tic agents. In contrast to most conventional 
antibiotics, AMPs commonly act by disrupting 
microbial cell membranes, forming transmem- 
brane pores, and in some cases enhancing host 
immune responses through immunomodulatory 

functions (2). 
 Among AMPs, bacteriocin are the most 
studied group. Their preservative potentials as 

antimicrobial largely depends on their ability to 
associate with and destabilize bacterial cell 
membranes or cell walls. Typically, AMPs poss- 
ess an overall positive charge and a high pro- 

portion of hydrophobic amino acids, which ena- 
bles selective attraction to the negatively char- 
ged surfaces of bacterial membranes. Once 
bound, AMPs disrupt membrane integrity thro- 
ugh non-enzymatic mechanisms (3).  
 A major advantage of AMPs is their sel- 

ective toxicity, as effective antimicrobial pepti- 
des must exhibit minimal harm to host mam- 
malian cells. Structural and functional differen- 

ces between microbial and mammalian mem- 
branes including lipid composition, membrane 

potential, polarity, and organization and contri- 
bute to this selectivity and influence the diver- 
se mechanisms of action observed among AMP 
classes (4). Also, several AMPs demonstrate 
diverse antimicrobial and immunological activi- 
ties, suggesting their importance as tools in 

biomedical applications.   
 Beyond their direct antimicrobial eff- 
ects, AMPs can modulate immune responses, 
which further enhances their therapeutic poten- 
tial. These peptides offer multiple advantages 
over traditional antibiotics, including broad-
spectrum activity, low propensity for resistance 

development, synergistic effects with existing 
antibiotics, and the ability to neutralize endo- 

toxins and regulate immune function (5). AMPs 
can also interfere with various intracellular pro- 
cesses such as cell wall synthesis, protein pro- 
duction, and nucleic acid replication (6) as well 
as inhibit formation of bacterial biofilms (7). 

Additionally, their immunomodulatory roles 
allow them to regulate inflammation and miti- 
gate septic responses during infection.  
 Lactic acid bacteria (LAB) are group of 
Gram-positive, non-spore-forming rods, cocci, 
and cocco-bacilli, that produces lactic acid as a 

major product while making use of carbohydra- 
tes during fermentation process. LAB are lar- 
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gely employed for the processing of many fer- 
mented food products and beverages. It is well 
known that LAB, which contribute more to the 
properties of foods, mediate the fermentation 

process and may also exhibit antibacterial acti- 
vity against clinical pathogens. These bacteria 
not only produce lactic acid as an end product 
of carbohydrate catabolism but can also pro- 
duce organic substances that contribute to the 
flavor and aroma; aiding unique organoleptic 
characteristics to the products (8). LAB exo- 

polysaccharide (EPS) is economically important 
because it can impart functional effect to foods 
and confer beneficial health effects to the 
consumer.    
 Lactic acid bacteria are normal, physio- 

logical flora of the mouth, intestines and fe- 

male genital tract. The Lactobacillus genus is 
one of the most important genera in the group 
of LAB. Lactobacillus strains are Gram-positive, 
catalase-negative, non-spore-forming and non-
motile bacilli (9). Traditional and molecular 
techniques have successfully been used to divi- 
de bacteria belonging to the LAB family into 

the following genera; Lactobacillus, Streptoco- 
ccus, Lactococcus, Enterococcus, Melissococ- 
cus, Tetragenococcus, Vagococcus, Trichococ- 
cus, Carnobacterium, Desemzia, Leuconostoc, 
Weisella and Pediococcus (10). Gram-positive 
bacteria belonging to the phylum Actinobacte- 
ria, such as the genera Aerococcus, Microbac- 

terium, Propionibacterium and Bifidobacterium 
also produce lactic acid. 
 The antibacterial peptides/bacteriocin 
produced by Bacillus safensis strain MK-12 iso- 
lated from waste dump soil have been charac- 
terized and optimized by Sajid et al., (11). 

These bacterial isolates were screened for anta- 
gonistic activity against a set of American Type 
Culture Collections (ATCC) and local multi-
drug-resistant human pathogenic bacterial str- 
ains and discovered that the soil were reservoir 
of these strains exhibiting antibacterial activi- 
ties and could be a promising source of anti- 

microbial compounds to tackle against resis- 
tant bacteria in future. Therefore, this study 

aimed to identify bacteriocin from locally selec- 
ted fermented diary (‘Nunu’ and cheese) and 
evaluate their stability and bio-preservative ef-
ficacies against some selected drug-resistant 
pathogens and food spoilage bacteria. 

Materials and method: 

Study setting:      

 The study is conducted in the Depart- 
ment of Microbiology, Faculty of Life Sciences, 
University of Ilorin, Ilorin, Nigeria. The study 
area is located at approximately latitude 8.479 

9° N and longitude 4.5418° E within the Uni- 
versity.  

Collection and isolation of Lactic Acid Bacteria 
from selected dairy samples:   

 Fermented dairy products (‘Nunu’ and 
cheese) were purchased at the University 
kiosk, in the early hour of the day, transported 
in ice-bag and preserved in the refrigerator 
before microbial analysis. Samples were serial- 
ly diluted in sterile distilled water up to 10-5 

folds, and 0.5ml from 10-3 and 10-5dilution 
factors were plated on MRS agar using the 
pour plating method. The plates were then inc- 
ubated anaerobically in air-tight anaerobic jar 
at 370C for 48 hours. Colonies were randomly 

picked and sub-cultured on MRS agar and incu- 
bated anaerobically to obtain pure culture. 

Preliminary screening for the identification of 
the lactic acid bacteria:    

 The isolated lactic acid bacteria were 
screened by their microscopic, morphological 
and biochemical features carried out according 
to the descriptions in the Bergey’s Manual of 

Determinative Bacteriology (12). 

Tests organisms:    

 The test bacteria used to evaluate the 
microbial effects of the LAB include Klebsiella 
pneumoniae, methicillin-resistant Staphylococ- 

cus aureus, Escherichia coli ATC 25922, methi- 

cillin-sensitive Staphylococcus aureus 25923, 
Salmonella Typhi, Enterococcus faecalis, Bacil- 
lus megaterium, Serratia marcescens, Citro- 
bacter freundii and Staphylococcus aureus 
ATCC 25913, which were obtained from the 
Department of Microbiology, University of Ilo- 

rin, Nigeria. 

Stability tests for LAB producing bacteriocin: 

 Bacteriocin from the LAB was purified 
by precipitation of the bacteria supernatants in 
ammonium sulphate followed by dialysis to re- 
move excess salt. The stability test of the bac- 
teriocin for heat resistance, sensitivity to pH 

and proteolytic enzymes was performed accor- 

ding to the method described by Gautam and 
Sharma (13).  

Heat resistance:     

 Aliquots (5ml) of partially purified bac- 
teriocin were heated at 500C, 750C, 1000C in a 

water bath and at 1210C in an autoclave for 15 
minutes. The treated samples were tested for 
antibacterial activity against the indicator bac- 
terial strains. 
 
pH sensitivity:      
 Two and a half (2.5ml) ml aliquots of 
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the partially purified bacteriocin was taken in a 
sample bottle and the pH of the contents were 
adjusted to pH 2, 4, 7 and 9 separately, using 
either diluted NaOH or HCl (1M NaOH solu- 

tion). After allowing the samples to stand at 
room temperature for 2 hours, the antimicro- 
bial activity was assayed according to Fugaban 
et al., (14).  
 
Sensitivity to proteolytic enzymes:   

 The LAB supernatant fluid was treated 
for 1 hour at 370C in Pepsin (Sigma) at final 

concentration of 1 mg/ml. The mixtures were 
heated in boiling water for 3 minutes to dena- 
ture the enzymes, before testing the bacterio- 
cin activity. 

 
Bio-preservation potential bacteriocin for food 
products  
 
Enumeration and isolation of microorganisms 
at different preservation method: 

 The microbial loads of the food pro- 

ducts (meat and cheese) obtained fresh from 
the University of Ilorin kiosk were evaluated by 
four different forms of treatment at 24 hours 
interval; (i) samples of food products were trea 
ted with 5% bacteriocin (obtained by diluting 5 
ml of the purified bacteriocin in 100 ml of 
distilled water); (ii) samples were treated with 

5% bacteriocin and refrigerated; (iii) samples 
of the food products were refrigerated only; 

and (iv) samples of food products had no form 
of treatment. Enumeration and isolation of the 
microbial load were carried out at an interval 
of 24 hours.  

Determination of microbial load:  

 The microbial load of the food products 
at 24 hours interval on every stage and treat- 
ment was carried out by the serial dilution of 
the food samples from 10-1 to 10-6 using 1ml of 
meat and cheese samples for the various treat- 

ment and 200μl of samples plated unto nut- 
rient agar plates and incubated at 37°C for 24 
hours. The numbers of colonies in duplicate 
were counted using a digital colony counter to 

determine the mean (±SD) microbial loads in 
the sample. The microbial loads of bacteriocin-
treated samples were compared with non-
treated control samples.  

Characterization of bacterial isolates by 16S 
rRNA sequencing:     

 Further characterization of the isolates 
by molecular techniques for better taxonomical 
data was done using 16s rRNA amplification 
and Sanger’s sequencing, followed by bioinfor- 
matic analysis and phylogenetic tree construc- 

tion. Using the sequence alignment generated, 
the phylogenetic tree was constructed using 

the neighbor joining method while maximum 
composite likelihood method was used to com- 
pute evolutionary distance with the bioinforma- 
tics software Mega X (15). 

Data analysis:     

 Results were analyzed by analysis of 
variance (ANOVA) followed by Dunnett’s t-test. 

The Statistical Package for the Social Sciences 
(SPSS, version 26.0) was used to determine 
the mean and standard deviation of the micro- 
bial loads for each sample and probability was 
accepted at p≤ 0.05 significance. 

Results: 

Isolation and identification of lactic acid bacte- 
ria (LAB):     

 A total of four LAB were isolated based 
on their morphological characteristics from the 
‘Nunu’ and cheese samples. They were Gram-
positive, rod and cocci shaped. The microsco- 
pic, morphological and biochemical features of 
the LAB isolates are presented in Table 1. 
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Table 1: Microscopic morphology and biochemical characteristics of isolated Lactic Acid Bacteria 

 

TSI = triple sugar iron test (1- gas production, 2- H2S production, 3- glucose-sucrose and lactose), +/+ = Acid and Gas producer; +/- = Acid producer only; -/- = No Acid and Gas produced; A= Acid producer only; - =Negative 
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1 2 3 

                     

M1 +ve Rod, cream, 

circular dull, entire 

+/+ +/+ +/- +/- +/- +/+ - - - + - + - FA L, G, S - A Lactobacillus sp 

M2 +ve Rod, cream, 

irregular, dull, 

undulate 

+/- +/- +/- +/- +/- +/+ - - - - - - - FA L - A Lactobacillus sp 

M3 +ve Cocci, cream, 

circular, dull, 

undulate 

+/+ +/+ -/- +/- +/- +/+ - - - + - - - FA L, G, S - A Streptococcus 

 

M4 +ve Cocci, white, 

circular, glistering, 

entire 

+/+ +/- +/- +/- +/- +/+ - - - - - + - FA L & G - A Streptococcus 
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Fig 1:  Antibacterial activity of heat-treated partially purified bacteriocins against resistant pathogenic bacteria 

 

 

Stability testing of bacteriocin-producing LAB: 
 
Effect of heat treatment on bacteriocin: 

 The results showed that bacteriocins 
produced by the LAB (M1, M2, M3 and M4) exhi- 
bited heat stability at different temperature 
with the highest at 500C, and also exhibited 
potent antimicrobial activity against Serratia 
marcescens. However, it was observed that 

there was a reduction in the antimicrobial acti- 
vity as the temperature increased (Fig 1).  
 

Effect of pH treatment on bacteriocin: 

 Results show that bacteriocins produc- 
ed by LAB are more potent at low pH with little 
or no activity as the pH increased. High anti- 
bacterial activity was recorded at pH 2 and pH 
4 with no antibacterial activity at pH 9 (Fig 2). 
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Fig 2:  Antibacterial activity of partially purified bacteriocins at different pH against resistant pathogenic bacteria 

 

 
Sensitivity profile of bacteriocin-producing LAB 
to proteolytic enzyme (pepsin):   

 As a result of protein nature of bacteri- 
ocin, all purified bacteriocin obtained was fully 
inactivated (fully sensitive) by proteolytic en- 
zyme, pepsin, hence all the test bacteria were 
not inhibited (Table 2). 

Preservative effect of bacteriocin produced by 
LAB on cheese and meat:   

 There was a fairly reduction in micro- 
bial load of the food samples subjected to the 
treatment A (bacteriocin) when compared to 
other treatment regimen. Treatment B (bacte- 
riocin and refrigeration) showed the lowest 

microbial load. There was an increase in micro- 
bial load in the food products subjected to the 
treatment of refrigeration only (Treatment C). 

The food samples in group D (no treatment) 
had the highest in microbial load as presented 
in Table 3 

Molecular identification of bacteriocin-produc- 

ing LAB:     

 Plate 1 shows the amplified 16s rRNA 
and DNA molecular ladder, and Fig 1 shows the 

phylogenetic tree of the isolates. The results 
from the molecular characterization of the bac- 
teriocin-producing LAB (M1, M2, M3 and M4) are 
shown in Table 4.    
 The four isolates were identified as La- 

ctobacillus fermentum strain TSGB1241 for M1, 
Lactobacillus fermentum strainDMF18 for M2, 
Lactococcus lactis subsp. cremoris C4 DNA for 
M3 and Pediococcus pentosaceus SL4 for M4. 
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Table 2: Sensitivity of bacteriocin-producing LAB to pepsin 

 

Test isolate Treated isolated lactic acid bacteria 

 M1 M2 M3 M4 

Salmonella Typhi Sensitive Sensitive Sensitive Sensitive 

Citrobacter freundii Sensitive Sensitive Sensitive Sensitive 

Methicillin resistant Staphylococcus aureus Sensitive Sensitive Sensitive Sensitive 

Escherichia coli ATCC 25922 Sensitive Sensitive Sensitive  

Bacillus megaterium Sensitive Sensitive Sensitive Sensitive 

Enterococcus faecalis  Sensitive Sensitive Sensitive Sensitive 

Serratia marcescens Sensitive Sensitive Sensitive Sensitive 

Klebsiella pneumoniae  Sensitive Sensitive Sensitive Sensitive 

MSSA ATCC 25923 Sensitive Sensitive Sensitive Sensitive 

 

 

 
M=Molecular DNA ladder; 1,2,3,4 = LAB isolates   

 

Plate 1: Gel electrophoresis picture of amplified 16 sRNA of isolated lactic acid bacteria strains with DNA ladder 

 

 

 

 

 
Fig 1: Phylogenetic relationship of identified lactic acid bacteria with those on NCBI 

 

M               1              2              3                 4 
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Table 3: Evaluation of microbial loads of food products from preservative effect of LAB bacteriocin on cheese and meat samples 

 

A = Treatment with bacteriocin only; B = Bacteriocin and refrigeration; C = Refrigeration only; D = Without bacteriocin and refrigeration; TNTC = Too numerous to count 
Note: Alphabets in the superscript are statistically different at 0.05 probability level 

 

 

 
Table 4: Molecular identification of lactic acid bacteria (M1, M2, M3 and M4) 

Organism name Maximum score E-value Identity (%) Accession number 

Lactobacillus fermentum strain TSGB1241 1646 0.0 95.75 MN255729.1 

Lactobacillus fermentum   strain DMF18 1105 0.0 92.08 MH782089.1 

Lactococcus lactis subsp. cremoris C4 DNA 728 0.0 81.38 AP018499.1 

Pediococcus pentosaceus SL4 710 0.0 83.82 CP006854.1 

Exposure 

time 

(hours) 

Mean (±SD) microbial load (x107 CFU/ml) in meat after treatment Mean (±SD) microbial load (x107 CFU/ml) in cheese after treatment 

A B C D A B C D 

24 15±1.41a 40±0.00b 135.5±2.12c 140.5±2.12 32±0.71b 15±1.41bc 50±7.07b 30±0.00 

48 30±2.82a 16±2.83a 120.5±2.12c 4±1.41 40±7.07c 3.5±2.12a 30±14.14ab 25±4.24 

72 20±7.07a 50±2.83c 80.5±7.78b 250.5±28.99 25±2.83b 20.5±3.54c 8±5.66a 80±8.49 

96 31±0.00a 43±1.41b 50±0.00a 125.5±0.71 20±0.00ab 12.5±0.71abc 11±1.41a 115±0.00 

110 30±7.07a 17±1.41a 84.5±13.44b TNTC 10±4.24a 8±4.24ab 16.5±0.71a TNTC 
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Discussion: 
 

 The use of antimicrobial peptide produ- 
ced by lactic acid bacteria for bio-preservation 
is a relatively new concept to eliminate or con- 
trol the spread of pathogenic or spoilage bac- 
teria in food (16). This study has successfully 
isolated bacteriocin-producing LAB from lactic 
acid bacteria isolated from dairy products with 

potential for bio-preservation. Lactobacillus and 
Streptococcus represent the genera of bacte- 
ria capable of producing bacteriocin. The mor- 
phological and biochemical features of the LAB 
demonstrated in this study are in line with the 
previous study by Soltan et al., (9) who also 

identified these genera of bacteria capable of 
producing bacteriocin. 
 Heat stability suggested that bacterio- 
cins produced by LAB in this study are able to 
tolerate different heat treatment (temperatu- 
re). This is similar to the observation made by 
Wu et al., (17) who purified and characterize 

bacteriocin produced by a strain of Lacticasei- 
bacillus rhamnosus ZFM216 and also observed 
stability of the bacteriocin at different tempe- 
rature (17). However, the observation that 
antibacterial activity reduced with increase in 
temperature may be attributed to the fact that 
high temperature partially affects some comp- 

onents of bacteriocin. Bacteriocin are proteina- 
ceous in nature and protein are denatured by 

high temperature. The antimicrobial activity of 
the bacterial isolates studied were observed to 
have maximum activity at acidic pH (2.0–4.0) 
and a reduction in antibacterial activity at pH 7 

and no activity at pH 9. This result suggests 
that such bacteriocins could be used in acidic 
food products like fruit juices and food pro- 
ducts that has neutral pH. This result is in con- 
sonance with the findings of Singh et al., (8), 
whose study showed maximum bactericocin 
activity at pH 2-6. High antimicrobial activity 

was detected at low pH in this study, as also 
shown by Araújo et al., (19), but contrast the 
study of Abanoz and Kundholu (20), who rep- 
orted in a study that bacteriocin activity are 

maintained over a wide range of temperature. 
 Also, the bacteriocin treated with pro- 
teolytic enzyme (pepsin) lost antibacterial pot- 

ential, implying that proteolytic enzyme was 
able to degrade the bacteriocin. Soltani et al., 
(21) reported similarly that bacteriocin from 
Gram-positive and Gram-negative bacteria have 
tendency of degrading bacteriocin (21). This 
indicates that bacteriocins are proteins. The 

food products (cheese and meat) treated with 
bacteriocin had a reduced microbial load when 
compared to the food products that were refri- 
gerated alone. This is because food spoilage 

organism such as mesophilic bacteria can be 
inhibited by refrigeration.   
 The molecular analysis of the LAB iso- 
lated from the food products revealed M1 to be 

Lactobacillus fermentum strain TSGB 1241, M2 
to be Lactococcus fermentum strain DMF 18, 
M2 to be Lactococcus lactis subsp. cremoris 
and M4 to be Pediococcus pentosaceus SL4. 
The four LAB strains isolated were identified 
using 16S rRNA sequencing followed by BLAST 
analyzing. Sanger sequencing by 16S rRNA is a 

good option due to the possession of proper 
gene size and availability of a large number of 
sequences in databases for comparison. The 
phylogenetic tree of the characterized bacterio- 
cin producing LAB constructed revealed the 

closest identity to those in the GenBank thro- 

ugh neighbour-joining method (22). 
 

Conclusion: 
 

 This study identified bacteriocins from 
four LAB which exhibited stability and preser- 
vative potential against resistant bacterial pat- 

hogens in meat and cheese. it is recommended 
that bacteriocin-producing LAB be considered 
as alternative to combat resistant pathogenic 
bacteria in addition being used as natural, safe 
and effective bio-preservatives. 
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Abstract: 

Background: The increasing prevalence of biofilm-associated infections caused by multidrug-resistant organisms 
has intensified the search for alternative antimicrobial agents. This study investigated the antibiofilm activity of lectins 
isolated from Treculia africana leaves (TAL), Moringa oleifera leaves (MOL), and Allium sativum bulbs (ASL) against 
selected clinical bacterial isolates.                                  
Methodology: Lectins were extracted from the three plant parts using modified conventional crude extraction 
methods. The antibiofilm activities against clinical Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus 
aureus, and Bacillus subtilis isolates were evaluated at extract concentrations of 500µg/ml, 100µg/ml and 10µg/ml 
in a 96-well U-bottom microtitre plates for 4 hours and 24 hours, by biofilm inhibition and quantification assays. The 
antibiofilm activity, performed in triplicates, was expressed as percentage inhibition, and classified as weak (<40%), 
moderate (40–60%), or strong (>60%).                              
Results: The result showed that 500µg/ml TAL lectin extract at 4-hour incubation showed moderate anti-biofilm 
activity against S. aureus (41% inhibition), but minimal or no activity against other isolates. At 24-hour incubation, 
TAL extract produced moderate anti-biofilm activity against K. pneumoniae (43%) and B. subtilis (43.3%), with weak 
activity against S. aureus (19%) and P. aeruginosa (17.3%). MOL lectin extract produced stronger activity than TAL 
extract, reducing biofilm adhesion at 500µg/ml by 35–66% across all isolates after 4 hours and up to 57% after 24 
hours, particularly against K. pneumoniae and B. subtilis. ASL extract produced selective antibi-biofilm activity, 
mainly against S. aureus (37% at 4 h; 22.3% at 24 h) and P. aeruginosa (42.3% at 24 h), with little or no effect on 
other isolates. Across all lectins, antibiofilm activity decreased with lower concentrations, and none completely 
inhibited bacterial adhesion.                        
Conclusion: The result indicates the promise of these plant-based lectins as a natural agent for controlling biofilm-
associated infections.                        

Keywords: Plant lectins; Antibiofilm; Multidrug-resistant; Moringa oleifera; Treculia africana; Allium sativum 
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Résumé: 

Contexte: La prévalence croissante des infections associées aux biofilms causées par des organismes multirésistants 
a intensifié la recherche d'agents antimicrobiens alternatifs. Cette étude a examiné l'activité antibiofilm de lectines 
isolées de feuilles de Treculia africana (TAL), de feuilles de Moringa oleifera (MOL) et de bulbes d'Allium sativum 
(ASL) contre des souches bactériennes cliniques sélectionnées.                   
Méthodologie: Les lectines ont été extraites des trois parties de la plante par une méthode d'extraction brute 
conventionnelle modifiée. L'activité antibiofilm contre des souches cliniques de Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Staphylococcus aureus et Bacillus subtilis a été évaluée à des concentrations d'extrait de 500µg/ml, 
100µg/ml et 10µg/ml dans des plaques de microtitration à 96 puits à fond en U, pendant 4 heures et 24 heures, par 
des tests d'inhibition et de quantification du biofilm. L'activité antibiofilm, réalisée en triplicata, a été exprimée en 
pourcentage d'inhibition et classée comme faible (<40%), modérée (40–60%) ou forte (> 60%).                     
Résultats: Après 4 heures d’incubation, l’extrait de lectine TAL (500µg/ml) a présenté une activité anti-biofilm 
modérée contre S. aureus (41% d’inhibition), mais une activité minimale, voire nulle, contre les autres souches. 
Après 24 heures d’incubation, l’extrait TAL a induit une activité anti-biofilm modérée contre K. pneumoniae (43%) 
et B. subtilis (43,3%), et une faible activité contre S. aureus (19%) et P. aeruginosa (17,3%). L’extrait de lectine 
MOL a présenté une activité supérieure à celle de l’extrait TAL, réduisant l’adhérence du biofilm de 35 à 66% pour 
toutes les souches après 4 heures et jusqu’à 57% après 24 heures à la concentration de 500µg/ml, notamment 
contre K. pneumoniae et B. subtilis. L'extrait d'ASL a présenté une activité antibiofilm sélective, principalement contre 
S. aureus (37% à 4 h; 22,3% à 24 h) et P. aeruginosa (42,3% à 24 h), avec peu ou pas d'effet sur les autres isolats. 
Pour toutes les lectines testées, l'activité antibiofilm a diminué avec la concentration, et aucune n'a inhibé 
complètement l'adhésion bactérienne.                                      
Conclusion: Ces résultats suggèrent le potentiel de ces lectines d'origine végétale comme agent naturel pour lutter 
contre les infections associées aux biofilms. 

Mots-clés: Lectines végétales; Antibiofilm; Multirésistance; Moringa oleifera; Treculia africana; Allium sativum 

Introduction: 
 

 Biofilms are common in nature because 
they represent a survival strategy used by bact- 
eria (1). Microbial biofilms represent a major 
challenge in both clinical and industrial settings 
due to their exceptional resistance to antimicro- 
bial agents and disinfectants (2,3). Biofilms are 
structured communities of microbial cells enclo- 

sed in a self-produced extracellular polymeric 
matrix that adheres to biotic or abiotic surfaces 
(4). Clusters of bacteria embedded in a self-
produced matrix and affixed to a surface or one 
another are known as bacterial biofilms (1). This 
sessile mode of growth provides microorgani- 

sms with enhanced tolerance to hostile environ- 
mental conditions, antibiotics, and host immune 

responses, contributing to persistent infections 

and increased morbidity and mortality rates (5). 
In clinical environments, biofilm-associated in- 
fections are implicated in up to 80% of chronic 
microbial diseases, including those involving 
indwelling medical devices such as catheters, 
prostheses, and implants (6).   
 The expression levels of many genes 

linked to the maturation and generation of exo- 
polysaccharide (EPS), commonly referred to as 
"slime" or bacterial EPS, rapidly alter when bac- 
teria adhere to the surface (7). The existence of 
a self-produced EPS and limited motility make 
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the adhesion stable, irreversible, and perman- 
ent if cells stay on the substrate surface for a 
long time without any physical or chemical int- 
erference (8,9). Therefore, preventing bacterial 

attachment has emerged as a promising strate- 
gy for controlling biofilm development, offering 
an advantage over conventional antimicrobial 
therapies that primarily target planktonic cells. 
This has spurred interest in identifying natural 
anti-adhesion agents capable of disrupting bact- 
erial colonization without exerting selective pre- 

ssure for resistance.    
 Compounds and extracts derived from 
this plant exhibit a wide range of biological act- 
ivities, including oxytocic effects, modulation of 
the central nervous system, anti-inflammatory 

action, anti-tubercular properties, anti-ulcer ac- 

tivity, hepato-renal protective effects, as well as 
anti-trypanosomal, anticancer, and antidiabetic 
potentials (10,11). Plant-derived lectins, a div- 
erse group of carbohydrate-binding proteins, 
have attracted attention as potential antibiofilm 
and anti-adhesion agents due to their ability to 
recognize and bind specific sugar moieties on 

microbial cell surfaces (12). These interactions 
can block key receptors involved in adhesion, 
interfere with biofilm matrix synthesis, and inhi- 
bit cell-to-cell communication (quorum sensing) 
(13,14).  
 Several studies have demonstrated that 
lectins from various plant sources exhibit inhi- 

bitory effects on pathogenic bacteria by preven- 
ting their attachment to epithelial cells or abiotic 
surfaces (15,16). Widely prevalent throughout 
West and Central Africa, Treculia africana (Afri- 
can breadfruit) yields 20–30 pods of edible 
seeds annually and is a delicacy but underutili- 

zed food security crop among the Igbo people 
of southeast Nigeria (17). Moringa oleifera 
(drumstick or horseradish tree) is native to 
India but grows well in tropical and subtropical 
climates because it can withstand drought and 
moderate winter. All parts of the plant have 
nutritional and commercial value (18). Allium 

sativum is a highly prized culinary and thera- 
peutic herb with a variety of pharmacological 

qualities, such as anti-inflammatory, anti-can- 
cer, antioxidant, and antibacterial activities. 
This study investigates the anti-adhesion acti- 
vities of lectins extracted from T. africana, M. 
oleifera, and A. sativum against selected bact- 

erial pathogens. 
 

Materials and method:  
 
Culture media and antibiotics:    

 Culture media used were Trypton Soy 
broth (Oxoid, UK), Mueller-Hinton (MH) agar 

(Oxoid, UK), nutrient agar, and Trypton soy 

agar powder (Oxoid, UK). All culture media were 
prepared aseptically in line with the manufac- 
turers’ instructions.  The antibiotic powder used 
in this work was ciprofloxacin which was a gift 

from Juhel Nigeria ltd. 
 
Microorganisms:     

 The bacterial strains used in this study 
comprised two Gram-positive species (Staphy- 
lococcus aureus and Bacillus subtilis) and two 
Gram-negative species (Klebsiella pneumoniae 
and Pseudomonas aeruginosa). These clinical 

isolates were sourced from the laboratory of the 
Department of Pharmaceutical Microbiology and 
Biotechnology, Nnamdi Azikiwe University, Awka, 
Nigeria. Each isolate was initially grown in 

Tryptone Soy broth and subsequently sub-cul- 
tured onto Tryptone Soy agar chosen for its sui- 
tability in supporting biofilm formation. Stock 

cultures were maintained on Tryptone Soy agar 
slants and refrigerated at 4–6 °C. 
 
Plant materials: 

 Fresh, mature Moringa oleifera leaves 
were sourced from the Abakpa Nike community 
in Enugu State, and Allium sativum (garlic) 
bulbs together with Treculia africana (African 

breadfruit) seeds were purchased at Ogbete 
Main Market, Enugu State, Nigeria. All plant sp- 
ecimens were taxonomically identified by Dr. C. 
S. Eze of the Department of Applied Biology and 

Biotechnology, Enugu State University of Scien- 
ce and Technology, Enugu, Nigeria. 
 
Extraction of lectins from plant materials: 

 Using modified conventional methods, 

crude lectin proteins were isolated from T. afri- 
cana, A. sativum, and M. oleifera. With modifi- 
cations, the extraction procedure for M. oleifera 
was carried out in accordance with Khatun et 
al., (19). A 0.2 M NaCl solution (pH 6.5) con- 
taining polyvinylpyrrolidone (PVP) was combin- 

ed with dried leaf powder, left overnight at 4°C, 
centrifuged, and the supernatant precipitated 
with 100% saturated ammonium sulfate. After 
dialyzing the precipitate against Tris-HCl buffer 
(pH 8.4) and distilled water, it was lyophilized.  

 The extraction process for T. africana 
was carried out using the modified approach 

proposed by Laija et al., (20). Seed flour that 
had been defatted was extracted at 4°C in pho- 
sphate-buffered saline (PBS, pH 7.2). Proteins 
were dialyzed, lyophilized, and separated using 
ammonium sulfate precipitation (40% and 60% 
saturation). Ground bulbs of A. sativum were 
mixed with NaCl in PBS (pH 7.4), centrifuged, 

and the resulting supernatant precipitated with 
70% ammonium sulfate. The protein pellet was 
dialyzed and lyophilized.  
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Preparation of stock solution and standardiza- 
tion of test bacteria:    

 For antibiofilm and anti-adhesion assay, 
stock solution of the lectin extracts were prepa- 
red by dissolving 1000mg of each extract in 5ml 
of sterile Tryptone Soy broth to obtain a concen- 

tration of 200 mg/ml. A 0.5 McFarland turbidity 
standard, equivalent to 1.5 × 10⁸ CFU/ml, was 
prepared from barium chloride and sulfuric acid 
solutions and used to standardize bacterial ino- 
cula. Test bacteria were adjusted to match the 
0.5 McFarland standard by suspending over- 

night cultures in sterile saline to achieve a final 
population of approximately 10⁸ CFU/ml before 
use in antimicrobial assays. 
 
Determination of antibiofilm activity of the plant 
lectin extracts:    

 For the determination of anti-adhesion 
properties, different concentrations of the three 
plant lectin extracts were prepared from the 

stock solution at 50mg/ml, 10mg/ml, and 1mg/ 
ml. Following the addition of 100µl of each ext- 
ract to the 96-well U-bottom microtitre plates, 
each well received an equivalent volume of 100 
µl of standardized culture (1.0×106 CFU/ml) of 
every test bacterium, resulting in a final volume 
of 200µl and final concentrations of 500µg/ml, 

100µg/ml and 10µg/ml. Approximately 2.5µg/ 
ml of ciprofloxacin served as the positive con- 
trol, while 2.5µg/ml of TSB and the test bacteria 

served as the negative control. Three duplicates 
of each procedure were performed.  
 To promote cell attachment and biofilm 
formation, the plates were sealed with sterile 

sealant and incubated at 37oC for 4 and 24 hrs, 
respectively, in a humidified container without 
shaking. The quantification of biofilm biomass 
was evaluated using the crystal violet staining 
method after incubation.  
 
Assessment of biofilm biomass using crystal 
violet quantification assay:   

 Using modified crystal violet (CV) stain- 

ing test as described by Stepanovic et al., (21), 
cell attachment was indirectly evaluated. To get 
rid of weakly attached cells, the plates were 

rinsed three times with sterile distilled water 
after incubation. After 30 minutes of air drying, 
200µl of methanol was applied to each well to 
fix the remaining attached cells for 15 minutes.  

 The staining was done for five minutes 
using 200µl of 1% crystal violet after the plates 
had been emptied and allowed to air dry. Plates 
were oven-dried at 60OC for 45 minutes after 
excess stains were removed with a running tap. 
Once the cells had dried, 200µl of 33% glacial 

acetic acid was used to resolubilize the dyes that 

had stuck to them.     
 The optical density of each destained 
well was then measured at 640 nm using an 
ELISA microtitre plate reader after 100µl of each 

well had been transferred to a fresh plate. The 
percentage inhibition was classified as weak 
(<40%), moderate (40–60%), or strong (>60 %) 
reduction, and calculated using the formula; % 
inhibition = (OD of experimental / OD of nega- 
tive control) × 100, where OD is optical density, 
and % reduction = 100 – % inhibition.  
 
Statistical analysis:  
 Data on antibiofilm activity were prese- 
nted as percentage inhibition, and graphs were 
generated using Origin software.          
 

Results  
 
Antiadhesion property of Treculia africana leaf 
(TAL) lectins at 4 and 24 hours:  

 The result of the anti-adhesion activity 
of TAL lectin after 4 hours exposure is shown in 
Fig 1a. Complete inhibition of biofilm formation 
was not achieved by any treatment, including 
the positive control (ciprofloxacin, 2.5µg/ml), 
with some samples showing no detectable inhi- 

bition activity. At 500µg/ml, TAL produced per- 
centage reductions in biofilm adhesion of K. pn- 
eumoniae (0%), B. subtilis (11%), S. aureus 
(41%), and P. aeruginosa (19%). At 100µg/ml, 

inhibition was absent (0%) in K. pneumoniae 
and P. aeruginosa, while B. subtilis and S. aur- 
eus showed reductions of 6% and 28%, res- 

pectively. At 10µg/ml, no inhibition (0%) was 
observed in any of the isolates except S. aureus, 
which exhibited 20% reduction. The positive 
control demonstrated weak anti-adhesion acti- 
vity (<40% reduction). 
 The result of anti-adhesion activity of 
TAL after 24 hours exposure is shown in Fig 1b. 

None of the tested lectins completely inhibited 
bacterial attachment, including the positive con- 
trol (ciprofloxacin), and some samples exhibit- 
ed no detectable anti-adhesion effect. At con- 
centration of 500µg/ml, TAL produced percen- 
tage reductions in biofilm adhesion as follows; 

K. pneumoniae (43%), B. subtilis (43.3%), S. 
aureus (19%), and P. aeruginosa (17.3%). 
When the concentration was reduced to 100µg/ 
ml, inhibition levels were 8.3% for K. pneumo- 
niae, 25% for B. subtilis, and 21% for P. aeru- 
ginosa, while S. aureus showed no measurable 
activity. At the lowest concentration (10µg/ml), 

reductions were observed in K. pneumoniae 
(14%) and P. aeruginosa (12%), with no anti-
adhesion effect detected against B. subtilis or S. 
aureus.
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Fig 1a: Anti-adhesion property of Treculia africana (seeds) lectins at 4 hours exposure 

 

Fig 1b: Antiadhesion property of Treculia africana (seeds) lectins at 24 hours exposure 
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Anti-adhesion property of Moringa oleifera leaf 
(TAL) lectins at 4 and 24 hours:  

 The anti-adhesion potential of MOL 
lectin after 4 hours of exposure is shown in Fig 
2a. Complete inhibition of biofilm attachment 
was not achieved by any of the treatments, inc- 

luding the positive control (ciprofloxacin, 2.5µg/ 
ml), while certain samples exhibited no detec- 
table anti-adhesion activity. At a concentration 
of 500µg/ml, MOL lectin reduced bacterial adhe- 
sion by 35% for K. pneumoniae, 36.4% for B. 
subtilis, 27% for S. aureus, and 66% for P. ae- 

ruginosa. When the concentration was reduced 
to 100µg/ml, K. pneumoniae and S. aureus 
showed no inhibition, whereas B. subtilis and P. 
aeruginosa exhibited 16% and 40% reductions, 

respectively. At the lowest concentration (10µg/ 
ml), MOL lectin decreased adhesion by 27% in 
K. pneumoniae, 39% in B. subtilis, and 36% in 

P. aeruginosa, but had no observable effect on 

S. aureus.     
 The anti-adhesion effect of MOL lectin 
after 24 hours of treatment is as shown in Fig 
2b. At a concentration of 500µg/ml, MOL lectin 

produced percentage reductions in biofilm adhe- 
sion as follows; K. pneumoniae (57%), B. sub- 
tilis (50%), S. aureus (39%), and P. aeruginosa 
(3%). At 100µg/ml, inhibition levels were K. 
pneumoniae (29%), B. subtilis (7.3%), S. aur- 
eus (19.3%), and P. aeruginosa (8.3%). At the 
lowest concentration of 10µg/ml, the reductions 

recorded were K. pneumoniae (35%), B. subtilis 
(15%), and S. aureus (16%), while P. aerugi- 
nosa showed no detectable anti-adhesion acti- 
vity. None of the lectin extracts, including the 
positive control (ciprofloxacin, 2.5µg/ml), was 

able to completely prevent bacterial attach- 

ment, and in some cases, certain lectins appear- 
ed to promote cell adhesion rather than inhibit 
it. 

 

 

Figure 2a: Antiadhesion property of Moringa oleifera (leaves) lectins (in % reduction) at 4 hours exposure 
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Figure 2b: Antiadhesion property of Moringa oleifera (leaves) lectins at 24 hours exposure 

 
Anti-adhesion property of Allium sativum bulbs 
(ASL) lectins at 4 and 24 hours:   

 The effect of ASL lectin in inhibition of 
biofilm cell adhesion (at 4 hours) is shown in Fig 
3. At a concentration of 500µg/ml and after 4 
hours of exposure, the following anti-adhesion 
effects on the tested bacterial isolates were; K. 
pneumoniae (0%), B. subtilis (0%), P. aerugi- 

nosa (0%), and S. aureus (37%) (Fig. 3a). 
When the concentration was reduced to 100µg/ 
ml, no inhibitory activity was observed against 
any of the isolates except S. aureus, which 
showed a 19% decrease in biofilm adhesion. At 
10µg/ml, ASL lectin displayed no detectable 
anti-adhesion effect on any of the bacterial spe- 

cies. Notably, none of the plant lectins, including 

the positive control, ciprofloxacin (2.5µg/ml) 
completely prevented bacterial cell attachment. 
 The antibiofilm activity of ASL lectin 
after 24 hours of exposure is as shown in Fig 3b. 
At concentration of 500µg/ml, ASL lectin exhibi- 
ted percentage reductions in biofilm adhesion as 

follows; no inhibition in K. pneumoniae (0%), 
6.0% in B. subtilis, 22.3% in S. aureus, and 
42.3% in P. aeruginosa. When tested at 100µg/ 
ml, no inhibitory activity was detected in K. pn- 
eumoniae, B. subtilis, or S. aureus, while P. ae- 
                

ruginosa showed a 19% reduction. At the lowest 
concentration (10µg/ml), K. pneumoniae and B. 
subtilis exhibited no inhibition, whereas S. aur- 
eus and P. aeruginosa showed reductions of 
2.4% and 20%, respectively. 
 

Discussion: 
 

 Bacterial clumps known as biofilms are 
typically resistant to broad-spectrum antibiotics 
at normal therapeutic or even at higher dosa- 
ges. Multi-drug resistance in biofilms, which 
cause the emergence of potentially fatal noso- 

comial infections, is on the rise and is becoming 
a major issue (5). From this study, the anti-
adhesion effect of T. africana lectin extract indi- 

cates that it is limited at 4 hours but improved 
after 24 hours, without achieving complete inhi- 
bition. At 4 hours, the relatively higher reduc- 
tion in biofilm observed in S. aureus compared 

to other isolates suggests that TAL lectin had a 
modest ability to interfere with early adhesion, 
whereas its negligible effect on K. pneumoniae 
and weak activity on P. aeruginosa reflect poor 
disruption of initial attachment. However, by 24 
hours, the increased inhibition in K. pneumoniae 
and   B. subtilis  demonstrates   that   prolonged 
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Fig 3a: Antiadhesion property of Allium sativum (bulbs) lectins at 4 hours exposure 

 

Fig 3b: Result showing antiadhesion property of Allium sativum (bulb) lectins at 24 hours exposure 

exposure enhanced lectin interaction with bact- 
erial surfaces, possibly affecting extracellular 
polymeric substance formation and cell signal- 
ing mechanisms essential for biofilm develop- 
ment (4,7,9).    

 Although this time-dependent improve- 

ment is partial, it supports the understanding 
that biofilm-associated bacteria possess adap- 
tive resistance that limits complete inhibition 
(5). Furthermore, the differential response am- 
ong the tested bacteria suggests that the acti- 

vity of TAL is strongly influenced by bacterial cell 
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wall architecture. The relatively higher biofilm 
reduction in S. aureus and B. subtilis compared 
to K. pneumoniae and P. aeruginosa implies that 
structural accessibility of binding sites plays a 

role in lectin efficacy. In this context, the outer 
membrane of Gram-negative bacteria may rest- 
rict lectin penetration, whereas the exposed 
surface components in Gram-positive bacteria 
may facilitate stronger interactions, thereby 
explaining the observed variation in inhibition 
patterns.     
 Similarly, the results for M. oleifera lec- 
tin show a moderate but inconsistent anti-adhe- 
sion effect that varied with both time and bact- 
erial species. At 4 hours, the strong inhibition 
observed in P. aeruginosa indicates that MOL 

lectin effectively interfered with early adhesion 

in this organism; however, the marked decline 
in activity at 24 hours suggests that this effect 
was not sustained as the biofilm matured. In 
contrast, the increased inhibition recorded for K. 
pneumoniae and B. subtilis at 24 hours compa- 
red to 4 hours indicates that prolonged expo- 
sure enhanced lectin–cell interactions in these 

species. Meanwhile, the relatively stable but 
moderate inhibition of S. aureus across both 
time points reflect partial susceptibility and ada- 
ptive resilience.  Moreover, the inability of MOL 
lectin to completely prevent adhesion and the 
occasional reduction in effectiveness over time, 
reinforce the complexity of lectin–bacteria inter- 

actions and the adaptive capacity of biofilms. 
This observation aligns with earlier reports that 
disrupting initial adhesion is often more effec- 
tive than targeting mature biofilms (22). Addi- 
tionally, the variability in response among the 
isolates further supports the role of bacterial 

surface composition and biofilm-forming ability 
in determining lectin activity, consistent with 
the growing recognition of plant lectins as mod- 
ulators of microbial attachment (23).  
 Meanwhile, the results for A. sativum 
lectin demonstrate comparatively weak and hig- 
hly selective anti-adhesion activity. At 4 hours, 

the inhibition observed primarily in S. aureus 
indicates limited effectiveness in disrupting ear- 

ly adhesion in most organisms, while the absen- 
ce of activity against K. pneumoniae, B. subtilis, 
and P. aeruginosa suggests minimal interaction 
with their cell surfaces. However, at 24 hours, 
moderate inhibition in P. aeruginosa indicates a 

delayed and organism-specific response, alth- 
ough the overall activity remained low. This 
restricted effectiveness contrasts with previous 
findings (24), highlighting variability in lectin 
activity across plant sources and bacterial tar- 
gets. Nevertheless, the persistence of biofilm 

formation despite ASL lectin treatment empha- 
sizes the resilience of biofilm-forming bacteria 

and the limited capacity of lectins to achieve 
complete inhibition. The weak performance of 
ciprofloxacin further supports this observation 
and underscores the challenge of biofilm-asso- 

ciated resistance (5). In addition, the possibility 
that lectins may enhance adhesion under cer- 
tain conditions, as reported by Ofek et al., (25), 
provides a plausible explanation for the inconsi- 
stent inhibitory patterns, while the findings 
remain comparable to earlier reports on lectin 
activity against biofilms (26,27). 
 

Conclusion:     
  

 The results of this study are significant 
because plant lectin may be used as a natural 

anti-adhesion agent to reduce early bacterial 

colonization, which is a crucial stage in develop- 
pment of infections.  
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Abstract: 
 
Background: Candida albicans accounts for the most common type of opportunistic fungal infection affecting human 
heath globally, with more than a billion cases annually. The prevalence is reportedly high in resource-limited settings. 
The aim of this study is to determine the prevalence of vaginal C. albicans among women attending Federal Medical 
Centre, Makurdi, Nigeria.  
Methodology: Vaginal swab samples were collected from a total of 698 women attending both the Outpatient 
Department (OPD) and the HIV clinic at Federal Medical Centre, Makurdi. Candida albicans was isolated on Sabouraud 
Dextrose Agar, and confirmed by the germ tube test and growth on CHROMAgar plate.  
Results: The isolation rate of C. albicans among the 698 selected women was 49.0% (n=342). The highest 
prevalence was among women aged 41–50 years (90.7%, n=78/86) and widowed (58.0%, n=29/50). Significant 
associations were observed between C. albicans prevalence and variables such as location (χ²=15.497, p<0.0001), 
age (χ²=207.35, p<0.0001), marital status (χ²=7.833, p=0.0199), occupation (χ²=14.668, p=0.0054), and HIV 
status (χ²=6.578, p=0.0373)  
Conclusion: Public health education programmes should be implemented to raise awareness about Candida albicans 
infections. 
 
Keywords: Candida albicans, vagina, HIV status, occupation, age, gender, location 
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Résumé: 

Contexte: Candida albicans représente le type d'infection fongique opportuniste le plus fréquent à l'échelle mondiale, 
avec plus d'un milliard de cas par an. Sa prévalence est particulièrement élevée dans les pays à ressources limitées. 

Cette étude vise à déterminer la prévalence des candidoses vaginales à C. albicans chez les femmes consultant au 
Centre Médical Fédéral de Makurdi, au Nigéria.                                 
Méthodologie: Des prélèvements vaginaux ont été effectués chez 698 femmes consultant au service de 
consultations externes et à la clinique VIH du Centre médical fédéral de Makurdi. Candida albicans a été isolé sur 
gélose Sabouraud dextrose et confirmé par le test de germination et la culture sur milieu CHROMAgar.                    
Résultats: Le taux d’isolement de C. albicans parmi les 698 femmes sélectionnées était de 49,0% (n=342). La 
prévalence la plus élevée a été observée chez les femmes âgées de 41 à 50 ans (90,7%, n=78/86) et chez les veuves 
(58,0%, n=29/50). Des associations significatives ont été observées entre la prévalence de C. albicans et des 
variables telles que la localisation (x²=15,497, p<0,0001), l'âge (x²=207,35, p<0,0001), la situation matrimoniale 
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(x²=7,833, p=0,0199), la profession (x²=14,668, p=0,0054) et le statut VIH (x²=6,578, p=0,0373).                 
Conclusion: Des programmes d'éducation à la santé publique devraient être mis en œuvre afin de sensibiliser la 
population aux infections à Candida albicans. 

Mots-clés: Candida albicans, vagin, statut VIH, profession, âge, sexe, lieu de résidence. 

Introduction:  
 

 Candidiasis is an infection caused by the 
overgrowth of pathogenic yeast from the Can- 
dida genus (1). Its prevalence accounts for the 
most common type of opportunistic fungal inf- 
ection affecting human heath globally, with more 

than a billion cases annually (2,3). Typically, 
yeast can live harmlessly on the host’s mucosal 
tissues, such as in the oral cavity, gastrointes- 

tinal mucosa and vaginal mucosa, unless bal- 
ance is disrupted (4,5). The immunosuppres- 
sed, elderly population and palliative patients 
are highly susceptible to Candida infections (6). 

Oral candidiasis results in local oral pain and 
discomfort, enhanced oral dryness, loss of taste 
and aversion to food and may lead to secondary 
complications (7).    
 The distribution of Candida species in 
women can vary depending on geographical 

location, population demographics and other 
factors (8). Candida species are commonly 
found in the genital tract of women. Historically, 
Candida albicans has been the most prevalent 
Candida species in vaginal infections (9) and is 
a natural inhabitant of the human body, inclu- 

ding the genital tract (10). It is typically res- 

ponsible for uncomplicated vulvovaginal candi- 
diasis (VVC) (2,10,11). It is important to note 
that the distribution of Candida species can 
change over time due to factors such as anti-
microbial use, changes in sexual practices and 
the emergence of antifungal resistance (8). 
 Accurate identification of the causative 

Candida species is crucial for effective treat- 
ment, as different species may exhibit varying 
susceptibilities to antifungal medications (12). 
Additionally, the presence of non-albicans Can- 
dida species, which may be less responsive to 
standard treatments, underscores the impor- 

tance of proper diagnosis and tailored therapy 

in the management of vaginal candidiasis (13, 
14). The study was aimed at determining the 
prevalence of Candida species from women att- 
ending Federal Medical Centre, Makurdi, Nigeria  
 

Materials and method: 
 
Study area:     

 The study was carried out in Makurdi. 
Makurdi is the capital of Benue State. Makurdi 
lies between latitude 7o 43’ 50” N and longitude 
8o 32’ 10” E. The town is divided into two major 
blocks by River Benue, hence, the North and 

South bank. Makurdi is inhabited predominantly 

by the Tiv and Jukun people. Makurdi being the 
State capital, has become a cosmopolitan city 
with people of different tribes as Idoma, Igede, 
Agatu, Etulo, Igbo, Hausa and Igala (15). Mak- 
urdi have an estimated population of 500,797 
with a landmass of 16km radius (16).  
 
Study participants:     

 The study participants include both 
symptomatic and asymptomatic women attend- 

ing outpatient department (OPD) and HIV clinic 
of the Federal Medical Centre, Makurdi. A total 
of 698 women were enrolled in the study. Par- 
ticipants included both symptomatic and asym- 
ptomatic women.   

 Symptomatic participants were those 
presenting with clinical features suggestive of 
vulvovaginal candidiasis such as vaginal itching, 
discharge, irritation, and discomfort while asym 
ptomatic participants showed no obvious signs 
of infection due Candida albicans among diffe- 
rent clinical categories. 

 
Sample size determination:    

 Sample size was determined using this 

formula (17); S= X2 NP (1-P)/d2 (N-1) + X2P (1-
P), where S= Sample size being sought, X2 = 
table value for Chi-square at 1 degree of 
freedom at the desired alpha level (0.05=3.84), 

N = Population size, P = the population pro- 
portion (usually 0.05 as this provides the 
maximum sample size) and d = degree of 
accuracy desired, expressed as a proportion 
(usually 0.05). 
 
Inclusion and exclusion criteria:   

 The study included women within the 
reproductive age group, who were symptomatic 

or asymptomatic for vaginal infections, and who 
gave consent to participate in the study. The 
following individuals were excluded from the 

study; women below the age of childbearing and 
women who did not provide consent. 
 
Sampling technique:     

 A combination of purposive and random 

sampling techniques was employed. Purposive 
sampling was initially used to select eligible par- 
ticipants attending the OPD and HIV clinic based 
on the study criteria. Thereafter, random samp- 
ling was applied to ensure that participants were 
selected without bias, thereby improving the 
representativeness of the study population. 
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Data and sample collection:    

 Vaginal samples were collected from 
698 women attending OPD and HIV clinic at 
Federal Medical Centre, Makurdi. The samples 
collected were appropriately labeled and were 

transported to the laboratory for inoculation and 
identification. In addition, data were collected 
directly from participants using a structured 
questionnaire.     
 The data included socio-demographic 
data (age, marital status, educational level, 

occupation), clinical data (presence or absence 
of symptom such as itching, discharge, irrita- 
tion) and potential risk factors (antibiotic use, 
contraceptive use, hygiene practices, under- 
lying disease conditions such as HIV).  
 
Microbiological analysis and identification of 
Candida:     

 The samples were inoculated onto 
Sabouraud Dextrose agar and incubated at 370C 

for 24h. The colonies obtained were purified by 
sub-culturing onto ChromAgar Candida medium 
and incubated at 370C for 24 hours. The colonies 
obtained were sub-cultured repeatedly to obtain 
pure isolates. The presumptive isolates were 

identified using Gram stain and germ tube test 
as described by (18). 
 
Statistical analysis:     

 Statistical analyses were performed 

using the Statistical Package for Social Sciences 
(SPSS) version 29.0. Pearson’s Chi-square test 
was used to determine associations between 
variables at 95% confidence level. A p value less 
than or equal to 0.05 was considered to be 
indicative of a statistically significant relation-

ship. 
 

Results: 
 

 The isolation rate of Candida albicans in 

the study population was 49.0% (n=342/698), 
while 51.0% (n=356/698) were negative. The 

HIV clinic had a higher prevalence rate (61.0%, 
n=122/200) than the outpatient department 
(44.2%, n=220/498). Isolation rate of C. albi- 
cans with respect to location is as presented in 
Fig 1. The difference in isolation rate of C. albi- 
cans with respect to location was statistically 

significant (2=15.497, p<0.0001).

  

 

 
Fig 1: Frequency of Candida albicans with respect to location 

  

122

220

78

278

0

50

100

150

200

250

300

HIV Clinic FMC Makurdi

Positive Negative



Prevalence of symptomatic and asymptomatic vaginal Candidiasis   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 371-377   

 

374 
 

Table 1: Bivariate analysis of prevalence of Candida albicans and socio-demographic and risk factors among women attending 

outpatient department and HIV clinic of Federal Medical Centre, Makurdi, Nigeria 

Variables No positive (%) No negative (%) Total x2 p value 
 

Age group (years)      

≤20 27 (72.9) 10 (27.1) 37 207.35 <0.0001* 

21-30 43 (20.7) 165 (79.3) 208   

31-40 106 (70.7) 44 (29.3) 150   

41-50 78 (90.7) 8 (9.3) 86   

51-60 76 (57.1) 57 (42.9) 133   

>60 12 (14.3) 72 (85.7) 84   

 

Marital status 

     

Single 90 (41.5) 127 (58.5) 217 7.833 0.0199* 
Married 223 (51.7) 208 (48.3) 431   

Widowed 29 (58.0) 21 (42.0) 50   

 

Educational status 

     

Primary 21 (41.2) 30 (58.8) 51 2.854 0.4148 

Secondary 114 (50.4) 112 (49.6) 226   

Tertiary 202 (48.8) 212 (51.2) 414   

None 5 (71.4) 2 (28.6) 7   

 
Occupation 

     

Civil service 138 (54.5) 115 (45.5) 253 14.668 0.0054* 

Trading 137 (50.7) 133 (49.3) 270   

Farming 3 (75.0) 1 (25.0) 4   

Students 35 (34.3) 67 (65.7) 102   

Housewife 29 (42.0) 40 (58.0) 69   

 

Underwear type 

     

Pant 176 (49.7) 178 (50.3) 354 0.4359 0.8041 

Short 85 (49.7) 86 (50.3) 171   
Tight 81 (46.8) 92 (53.2) 173   

 

HIV status 

     

Positive < 5 years 46 (52.9) 41 (47.1) 87 6.578 0.0373* 

Positive ≥ 5 years 67 (58.8) 47 (41.2) 114   

Negative 229 (46.1) 268 (53.9) 497   

 

Symptoms 

     

Itching 49 (57.6) 36 (42.4) 85 3.798 0.2841 
Discharge 5 (35.7) 9 (64.3) 14   

Itching + Discharge 123 (47.5) 136 (52.5) 259   

No symptoms 165 (48.5) 175 (51.5) 340   

 

Drug use history 

     

Prescribed drugs 154 (48.1) 166 (51.9) 320 2.875 0.4113 

Over-the-counter drug 45 (56.3) 35 (43.7) 80   

Contraceptive drugs 19 (41.3) 27 (58.7) 46   

No drugs 124 (49.2) 128 (50.8) 252   

 
Total 

 
342 (49.0) 

 
356 (51.0) 

 
698 

  

x2 = Chi square; * = statistically significant at p<0.05 

 
 

 The prevalence of C. albicans across the 
socio-demographic and risk factors is shown in 

Table 1. The highest prevalence was in the age 
group 41-50 years with 90.7% (n=78/86) while 
the age group >60 years had the lowest pre- 
valence of 14.3% (n=12/84). This difference in 
prevalence was statistically significant (2=207.4, 

p<0.0001). The prevalence of C. albicans with 
respect to marital status showed that women 
who are widowed had the highest prevalence 
(58.0%, n=29/50) while the single women had 
the lowest prevalence (41.5%, n=90/217). The 
difference in prevalence was statistically signifi- 

cant (2=7.833, p=0.0199).   

 The isolation rate of C. albicans with 
respect to educational status showed that wom- 

en with no education had the highest isolation 
rate (71.4%, n=5/7) while those with primary 
education had the least prevalence (41.2%, 
n=21/51). The difference in isolation rate is, 

however, not statistically significant (2=2.834, 
p=0.415). The prevalence of C. albicans with 
respect to occupation showed that women who 

are farmers had the highest rate of isolation 
(75.0%, n=3/4), followed by civil servants 
(54.5%, n=138/253), and traders (50.7%, 
n=137/270). In contrast, students had the low- 
est isolation rate of 34.3% (n=35/102). The 
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difference in isolation rates across the occupa- 

tional groups was statistically significant (2= 
14.668, p=0.0054). 
 The prevalence of C. albicans with res- 
pect to nature of underwear showed that the 
highest isolation rate was among women who 

wear pants (49.7%, n=176/354) and shorts 
(49.7%, n=85/171) while the least isolation 
was among women who wear tights (46.8%, 
n=81/173).  The difference in isolation rate with 
respect to underwear was not statistically signi- 

ficant (2=0.4359, p=0.804). The isolation rate 
of C. albicans in relation to HIV status showed 
that those with HIV infection for ≥5 years had 

the highest isolation rate of 58.5% (n=67/114), 
followed by individuals with HIV infection for <5 

years with 52.9% (n=46/87). HIV-negative ind- 
ividuals had the lowest isolation rate of 46.1% 
(n=229/497). The difference in isolation rates 
with respect to HIV status was statistically sig- 
nificant (χ²=6.578, p= 0.0373).   

 The prevalence of C. albicans in relation 
to reported symptoms showed that highest 
isolation rate was observed among individuals 
experiencing itching (57.6%, n=49/85), while 
those with discharge had the lowest rate 
(35.7%, n=5/14). However, the difference in 

isolation rate across symptom types was not 

statistically significant (2=3.798, p=0.284).  
 The prevalence of C. albicans in relation 
to drug use showed that patients who used 

over-the-counter drugs had the highest isola- 
tion rate (56.3%, n=45/80), while those who 
used contraceptive pills had the lowest isolation 
rate at 41.3% (n=19/46). The difference in 
isolation rate was, however, not statistically sig- 

nificant (2=2.875, p=0.4113).  
 

Discussion: 
 

 The study was aimed at determining the 
prevalence of vaginal C. albicans among women 
attending the Federal Medical Centre, Makurdi, 
Benue State. The findings revealed C. albicans 

isolation rate of 49.0%, indicating a significant 
public health challenge in the study area. The 

prevalence observed in this study is comparable 
to a previous study conducted in Owerri, Imo 
State, Nigeria, which reported rate as high as 
57% among women (19). Oral candidiasis pre- 
valence of approximately 20.5% has been rep- 

orted among patients with haematological mali- 
gnancies (20), while vulvovaginal candidiasis 
prevalence of up to 50.2% has been documen- 
ted in Egypt (21). However, some studies focu- 
sed primarily on antifungal resistance and mole- 
cular characteristics rather than prevalence (22, 
23). The variations in rates could be attributed 

to differences in population characteristics, hea- 

lthcare practices, or local antibiotic and contra- 
ceptive usage patterns.  The public health impli- 
cation of the high prevalence of C. albicans ob- 
served in this study suggests the need for hei- 

ghtened awareness and preventive measures in 
the region.     
 According to reports of World Health 
Organization, the majority of C. albicans cases 
occur in Asia, Africa and Latin America where 
abuse of antibiotics and oral contraceptives are 
highly prevalent (24). Patients that attended 

the HIV clinic had a higher prevalence of C. 
albicans compared to patients at the OPD. This 
disparity is likely attributable to immunosuppre- 
ssive effects of HIV/AIDS, which predispose 
individuals to opportunistic infections such as 

candidiasis. These results emphasize the impor- 

tance of targeted interventions, particularly 
among immunocompromised populations, to 
lessen the spread and impact of C. albicans. 
Regular screening, judicious use of antibiotics, 
and public health campaigns emphasizing pre- 
ventive measures could play a crucial role in 
reducing the burden of candidiasis in the study 

area.      
 Patients in the age group 41-50 years 
had the highest prevalence of 90% (n=78/86), 
followed by age group <20 years (72.9%, n=27 
/37), 31-40 years (70.7%, n=106/150) and 
least prevalence in >60 years (14.3%, n=12/ 
84). This pattern of indicates that infection is 

not strictly confined to younger reproductive-
age women but may extend into late repro- 
ductive and perimenopausal age groups. This 
finding is partially consistent with the observa- 
tions reported in Edo state that higher burden 
of infection among sexually active age groups, 

although their peak prevalence was observed in 
younger women. The similarity lies in the fact 
that sexually active and hormonally dynamic 
age groups remain the most affected, even 
though the exact peak age differs. The higher 
prevalence in the 41-50 age group in this study 
may reflect prolonged exposure to risk factor, 

including repeated antimicrobial use, chronic 
underlying conditions, hormonal fluctuations 

associated with the perimenopausal transition 
(22). Similarly, the findings align with previous 
reports which indicate that middle-age women 
maintain substantial susceptibility to Candida 
infections, particularly in the predisposing fac- 

tors such as diabetes, antibiotic misuse, and 
immunological changes. This supports the obs- 
ervation that susceptibility may extend beyond 
peak reproductive years, especially in popula- 
tions experiencing high antimicrobial pressure 
or comorbidities (19).  

 Furthermore, the observed pattern is 
consistent with studies demonstrating that age-



Prevalence of symptomatic and asymptomatic vaginal Candidiasis   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 371-377   

 

376 
 

related physiological changes, including oestro- 
gen levels, alterations in vaginal microbiota, and 
reduced immune efficiency, significantly influ- 
ence infection dynamics. These factors may 

explain the elevated prevalence observed in the 
41-50 years age group, as this stage is often 
characterized by hormonal instability, which dis- 
rupts normal vaginal flora and promotes Can- 
dida overgrowth (25). The relatively high pre- 
valence among individuals <20 years may be 
attributed to poor hygiene practices, immature 

immune responses, and early sexual exposure, 
while the low prevalence in those >60 years 
could be due to reduced sexual activity and 
lower estrogen-dependent glycogen availability, 
which claims Candida proliferation. 

 The findings of this study revealed seve- 

ral important demographic factors associated 
with the prevalence of C. albicans. Concerning 
marital status, the widow and married groups 
had significantly higher C. albicans isolation rate 
of 58.0% and 51.7% respectively, compared to 
single women with 41.5% (p=0.0199). This 
observation is consistent with previous reports, 

although variations in prevalence have been 
documented across different populations. For 
instance, a study conducted in Owerri reported 
a prevalence of 53.34%, while another study in 
Kano documented a prevalence of 45.7%, indi- 
cating a relatively high burden of infection 
among women of reproductive age (19,26). Si- 

milar trends have also been reported in other 
settings, although the magnitude of prevalence 
varies depending on geographical location, stu- 
dy population, and methodological differences. 
 Patients who frequently patronized over 
the counter medications had the highest rate of 

isolation rates of C. albicans. This is consistent 
with previous reports indicating that the misuse 
and overuse of antibiotics, as well as the use of 
oral contraceptives, are significant predisposing 
factors for Candida infection (19,26,27). 

Conclusion: 

 In conclusion, the findings of the study 

revealed a high Candida albicans isolation rate 
of 49.0%, indicating a significant public health 
challenge from vaginal candidiasis.  The rate of 

C. albicans infection showed preponderance of 
HIV clinic over OPD attendees. The study has 
also highlighted a statistically significant assoc- 
iation between prevalence of C. albicans and 
demographic factors such as the age groups, 
marital status, location and occupation in the 

study area, with the highest prevalence occur- 
ring among women aged 41-50 years and 
among widowed and married women. However, 
no statistically significant association was obs- 

erved between C. albicans isolation rate and 
educational status, type of underwear, symp- 
toms and history of drug use. A synergistic 
(combination) therapeutic approach should be 

taken into consideration in the treatment of inf- 
ection caused by Candida albicans. 

Acknowledgements: 

 The authors acknowledge Prof. (Mrs.) 
Umeh Ebelle Uchenna and Prof. Amali Okwoli for 
their guidance. The authors also appreciate the 
support of their colleagues and the enabling 
environment provided by the University.  

Contributions of authors: 

 OOS, UEU and AO conceived and desig- 
ned the study; OOS and AP carried out sample 
collection and laboratory analyses; AAA and AP 

performed data analysis and interpretation; 
OOS drafted the manuscript; UEU, AO and OIO 
critically revised the manuscript for important 
intellectual content; and AAA served as the 
corresponding author. All authors read and app- 
roved the final version of the manuscript and 
agreed to be accountable for all aspects of the 

work. 

Source of funding: 

 No funding was received for the study  

Conflict of interest: 
 
 Authors declare no conflict of interest. 
 

References: 
 
1.  Bhattacharya, S., Sae-Tia, S., and Fries, B. C. 

 Candidiasis and mechanisms of antifungal 
 resistance. Antibiotics. 2020; 9: 312.                              

 doi: 10.3390/antibiotics9060312 

2.  Bunetel, L., Tamanai-Shacoori, Z., Martin, B., 

 Autier, B., Guiller, A., and Bonnaure-Mallet, M. 

 Interactions between oral commensal Candida and 

 oral bacterial communities in immunocompromised 

 and healthy children. J Med Mycol. 2019; 29 (3): 

 223–232. doi: 10.1016/j.mycmed.2019.06.004 

3.  Fisher, M. C., Gow, N. A. R., and Gurr, S. J. Tackling 
 emerging fungal threats to animal health, food 

 security and ecosystem resilience. Philos Trans R 

 Soc B Biol Sci. 2016; 371 (1709): 20160332.                                   

 doi: 10.1098/rstb.2016.0332. 

4.  Kourkoumpetis, T. K., Velmahos, G. C., Ziakas, P. 

 D., et al. The effect of cumulative length of hospital 

 stays on antifungal resistance of Candida strains. 

 Mycopathologia. 2011; 171: 85–91.                                      

  doi: 10.1007/s11046-010-9369-3. 

5.  Dąbrowska, M., Sienkiewicz, M., Kwiatkowski, P., 
 zielińska-Bliźniewska, H., and Dąbrowski, M. 

 Diagnosis and treatment of mucosa Candida spp. 

 infections—A review article. Ann Univ Mariae Curie 

 Sklodowska Sect C.  2018; LXXIII (1): 61–68. 

 doi: 10.17951/c.2018.73.1.61-68  

                     



Prevalence of symptomatic and asymptomatic vaginal Candidiasis   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 371-377   

 

377 
 

6.  Gonsalves, W. C., Wrightson, A. S., and Henry, R. 

 G. Common oral conditions in older persons. Am 

 Fam Physician. 2008;78(7):845–852.                                   

7.  Lalla, R. V., Latortue, M. C., Hong, C. H., et al. A 
 systematic review of oral fungal infections in 

 patients receiving cancer therapy. Support Care 

 Cancer. 2010; 18: 985–992.                           

 doi: 10.1007/s00520-010-0892-z 

8.  Jayachandran, A. L., Katragadda, R., Thyagarajan, 

 R., Vajravelu, L., Manikesi, S., and Kaliappan, S. 

 Candidiasis among cancer patients attending a 

 tertiary care hospital in Chennai, South India. Can 

 J Infect Dis Med Microbiol. 2016; 2016: 875–881.                                   

 doi: 10.1155/2016/8758461 
9.  Ramla, S., Sharma, V., and Patel, M. Influence of 

 cancer treatment on Candida albicans. Support 

 Care Cancer. 2016; 24 (6): 2429–2436.  

 doi: 10.1007/s00520-015-3035-8. 

10.  Lee, C. H., Lin, C., Ho, C. L., and Lin, J. C. Primary 

 fungal prophylaxis in hematological malignancy. 

 Antimicrob Agents Chemother. 2018; 62 (8): 
 e00355-18. doi: 10.1128/AAC.00355-18 

11.  Lotfali, E., Mardani, M., Abolghasemi, S., et al. 
 Isolation of Candida africana in oral candidiasis: 

 First report among cancer patients in Iran. Curr 

 Med Mycol. 2020; 6: 1076–1083. 

 doi: 10.18502/CMM.6.2.2695 

12.  Ziba, A. N., Shirin, F. M. F., Mahtab, A. K., et al. 

 Molecular identification of non-albicans Candida. 

 Iran Biomed J. 2018;22(1):33–41. 

 doi: 10.22034/ibj.22.1.33 

13.  Nejat, Z. A., Farahyar, N., Falahati, M., et al. 

 Molecular identification and antifungal susceptibility 
 of non-albicans Candida. Iran Biomed J.  2018; 22 

 (1): 33–41. doi: 10.22034/ibj.22.1.33. 

14.  Mohammadi, F., Hemmat, N., Bajalan, Z., and 

 Javadi, A. Analysis of biofilm-related genes and 

 antifungal susceptibility pattern. Biomed Res Int. 

 2021; 2021: 237–342.                                   

 doi: 10.1155/2021/5598907.                                 

15.  Benue State Ministry of Lands, Survey and Solid 

 Minerals 2015                                                          

16.  National Population Commission. Federal Republic 

 of Nigeria Official Gazette. 2009; 96 (2): 12–13.                 

17.  Rosie, C. Statistics: An introduction to sample size 

 calculations. 2006.                       

18.  Ochei, J. O., and Kolhatkar, A. Medical laboratory 

 science and practice. New Delhi: Tata McGraw-Hill; 

 2008.                                    

19.  Nwachukwu, M. O., Azorji, J. N., Onyebuagu, P. C., 

 Adjeroh, L. A., and Nmezi, S. N. Prevalence of 

 Candida albicans among female patients in Owerri. 

 Int J Trop Dis Health. 2020;41(9):1–8.                                                   

 doi: 10.9734/ijtdh/2020/v41i930313                     

20.  Mardani, M., Abolghasemi, S., Darvishnia, D., et al. 

 Oral candidiasis in hematological malignancy 

 patients. Jundishapur J Microbiol. 2020; 13 (8): 

 e103290. doi: 10.5812/jjm.103290                   

21.  ElFeky, D. S., Gohar, N. M., El-Seidi, E. M., Ezzat, 

 M. M., and AboElew, S. H. Species identification and 

 antifungal susceptibility pattern of Candida isolates 

 in cases of vulvovaginal candidiasis. Alex J Med. 

 2016; 52: 269–277.                        

 doi: 10.1016/j.ajme.2015.10.001                       

22.  Odiba, A. S., Durojaye, O. A., Ezeonu, I. M., 

 Mgbeahuruike, A. C., and Nwanguma, B. C. 

 Mutational signatures in ERG11 gene of 

 fluconazole-resistant Candida albicans. Infect Drug 

 Resist. 2022; 15: 3111–3133.                    

 doi: 10.2147/IDR.S360973                    

23.  Jabeen, G., Naz, S. A., Rangel, D. E. N., Jabeen, N., 

 Shafique, M., and Yasmeen, K. In-vitro evaluation 

 of virulence markers and antifungal resistance of 

 clinical Candida albicans strains isolated from 

 Karachi, Pakistan. Fungal Biol. 2023; 127: 1241–

 1249.doi:10.1016/j.funbio.2023.04.003                     

24.  World Health Organization. WHO fungal priority 

 pathogens list. Geneva: WHO; 2022.                        

25.  Shi, Y., Zhu, Y., Fan, S., Liu, X., Liang, Y., and 

 Shan, Y. Molecular identification and antifungal 

 susceptibility of yeast. BMC Infect Dis. 2020; 20: 

 287. doi: 10.1186/s12879-020-04985-w                     

26.  Sule, H., Kumurya, A. S., and Muhammad, B. K. 

 Candidiasis among single and married women in 

 Kano. World J Biol Pharm Health Sci. 2020; 2 (3): 

 01–07.doi:10.30574/wjbphs.2020.2.3.0031               

27.  Agbedo, E. S., Osumah, O. R., Woghiren, E. P., 

 and Omusi, I. P. Prevalence of Candida albicans

 among pregnant and non-pregnant women attend- 

 ing a medical facility in Oredo, Edo State, Nigeria. 

 J Appl Sci Environ Manage. 2023; 7 (1): 345-358. 

 doi:10.4314/jasem.v27i1.15                          

                                                  

                       

                    

 

https://doi.org/10.9734/ijtdh/2020/v41i930313
https://doi.org/10.5812/jjm.103290
https://doi.org/10.1016/j.ajme.2015.10.001
https://doi.org/10.30574/wjbphs.2020.2.3.0031
https://doi.org/10.4314/jasem.v27i1.15


Pulmonary mycoses and pulmonary tuberculosis co-infection   Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 378-384 

378 
 

Salim & Nabila. Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 378 - 384                                                                                     https://www.afrjcem.org 

African Journal of Clinical and Experimental Microbiology. ISSN 1595-689X                                                    Jul 2026; Vol.27 No.3 

AJCEM/2484. https://www.ajol.info/index.php/ajcem                                                                            

Copyright AJCEM 2026: https://dx.doi.org/10.4314/ajcem.v27i3.14                                                                                                

Short Communication                                          Open Access 

Prevalence of pulmonary mycoses among patients with 
suspected pulmonary tuberculosis at the Infectious 

Disease Hospital, Kano, Nigeria 

*Salim, A. B., and Nabila, M. I. 

Department of Microbiology, Faculty of Life Sciences, Bayero University, Kano, PMB 3011, Kano, Nigeria 
*Correspondence to: ahmadbsalim@gmail.com; +2348033731917 

Abstract: 

Background: Opportunistic fungal infections have been implicated among patients with tuberculosis (TB). 
Coexistence of pulmonary mycoses and pulmonary TB is of public health concern as they exhibit similar clinical 
manifestations among infected patients, which contributes to increased misdiagnosis and makes management 
difficult, especially in TB-prone regions like Kano, Nigeria. Thus, this study was aimed at determining the 
prevalence of pulmonary mycoses among patients with suspected pulmonary TB attending the Infectious Disease 
Hospital (IDH), Kano State, Nigeria.                                                
Methodology: Sputum samples were collected from a total of 155 patients with clinically suspected TB. The 
samples were analysed for the detection of Mycobacterium tuberculosis (MTB) using GeneXpert in line with the 
National Tuberculosis and Leprosy Control Program (NTBLCP) standard operating procedures and for the isolation 
and identification of pulmonary mycoses using cultural methods on Sabouraud Dextrose Agar (SDA) and 
microscopy techniques including lactophenol cotton blue stain, Gram stain, 10% KOH wet mount and germ tube 
tests.                                             
Results: Of the total of 155 study participants recruited into the study, 67 (43.2%) were males and 88 (56.8%) 
were females. Of these, 88 (56.8%) and 31 (20.0%) were positive for pulmonary mycoses by culture and PTB by 
GeneXpert assay, respectively, while 9.0% (n=16) had pulmonary mycoses-PTB co-infection. Aspergillus spp was 
the most frequent fungus (n=76, 86.4%) identified while Cryptococcus neoformans and Histoplasma capsulatum 
were the least frequent, each with 2.3% (n=2).                     
Conclusion: The high rate of fungal infection (56.8%) among patients with suspected pulmonary TB is a 
significant public health challenge. There is need for routine screening of all patients with suspected TB for 
pulmonary mycoses, especially in high TB-burden regions, as this will contribute to improved management and 
reduction in morbidity. 

Keywords: Pulmonary mycoses, pulmonary tuberculosis, GeneXpert, fungal culture, co-infection  
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La coexistence de mycoses pulmonaires et de tuberculose pulmonaire constitue un problème de santé publique, car 
ces deux affections présentent des manifestations cliniques similaires chez les patients infectés, ce qui contribue à 
l'augmentation des erreurs de diagnostic et complique la prise en charge, notamment dans les régions à forte 
prévalence de tuberculose comme Kano, au Nigéria. Cette étude visait donc à déterminer la prévalence des 
mycoses pulmonaires chez les patients présentant une suspicion de tuberculose pulmonaire et consultant à l'hôpital 
des maladies infectieuses (IDH) de l'État de Kano, au Nigéria.                     
Méthodologie: Des échantillons d'expectorations ont été prélevés chez 155 patients présentant une suspicion 
clinique de tuberculose. Ces échantillons ont été analysés pour la détection de Mycobacterium tuberculosis (MTB) 
par la technique GeneXpert, conformément aux procédures opératoires standard du Programme national de lutte 
contre la tuberculose et la lèpre (NTBLCP), et pour l'isolement et l'identification des mycoses pulmonaires par 
culture sur gélose Sabouraud dextrose (SDA) et par microscopie (coloration au bleu coton lactophénol, coloration 
de Gram, examen microscopique direct après coloration au KOH à 10% et test de germination).                        
Résultats: Sur les 155 participants inclus dans l'étude, 67 (43,2%) étaient des hommes et 88 (56,8%) des 
femmes. Parmi ces patients, 88 (56,8%) et 31 (20,0%) étaient positifs respectivement pour les mycoses 
pulmonaires (culture) et la tuberculose pulmonaire (test GeneXpert), tandis que 9,0% (n=16) présentaient une co-
infection mycoses pulmonaires-tuberculose pulmonaire. Aspergillus spp était le champignon le plus fréquemment 
identifié (n=76, 86,4%), tandis que Cryptococcus neoformans et Histoplasma capsulatum étaient les moins 
fréquents, chacun représentant 2,3% des cas (n=2).                                      
Conclusion: La forte prévalence d’infections fongiques (56,8%) chez les patients présentant une suspicion de 
tuberculose pulmonaire constitue un enjeu majeur de santé publique. Un dépistage systématique des mycoses 
pulmonaires chez tous les patients suspects de tuberculose est nécessaire, en particulier dans les régions à forte 
prévalence de tuberculose, afin d’améliorer la prise en charge et de réduire la morbidité. 

Mots-clés: Mycoses pulmonaires, tuberculose pulmonaire, GeneXpert, culture fongique, co-infection 

Introduction: 

 Pulmonary mycoses are fungal infect- 
ions of the lungs that resemble pulmonary tub- 
erculosis (PTB). Opportunistic fungal infections 
have been implicated in the rise of pulmonary 

mycoses among patients with TB, which poses 
a diagnostic challenge. Many other factors are 

also implicated in the increase of these fungal 
infections, but the most common causes rem- 
ain PTB, HIV/AIDS, and extensive use of imm- 
unosuppressive drugs (1). Extensive use of an- 
tibiotics and steroids has also resulted in incre- 

asing trends of these fungal infections globally. 
 In the environment, there is a signifi- 
cant number of fungi and their spores which 
colonize the lung parenchyma by various mod- 
es such as inhalation, blood route, or by reacti- 
vation of a dormant infection and as such pose 
a major challenge in patients with PTB (2). 

Common fungal pathogens associated with pul- 
monary mycoses isolated from patients with 
PTB, include Aspergillus spp such as Aspergil- 
lus niger and Aspergillus fumigatus, Histoplas- 

ma capsulatum and Cryptococcus neoformans 
(3).    

 Tuberculosis is a potentially serious ch- 
ronic lung disease that is caused by Mycobac- 
terium tuberculosis and characterized by injury 
to the lung parenchyma with a granulomatous 
lesion along with epithelioid macrophages and 
Langhans giant cells with fibroblasts and coll- 
agenous tissue, as well as hallmark caseous 

necrosis in the centre (4). There have been 
studies that suggest that the chronic nature of 
tuberculosis tends to be more lethal when it is 

associated with annexation by parasitic fungi, 
as not only does it make the TB more virulent, 
but it also adds to various complications and 

even death (5).   
 Coexistence of pulmonary mycoses and 
PTB contribute to increased misdiagnosis, mis- 
management and mistreatment by physicians 
because they do not show specific clinical mani- 
festations, and as such leads to high morbidity 

and considerable mortality (6). Identification 
and characterization of fungal pulmonary path- 
ogens among TB suspects would be of imme- 
nse importance because it will lead to impro- 
ved proper diagnosis where pulmonary myco- 
ses are diagnosed and/or excluded. Thus, pro- 
per medications and managements can be ad- 

justed accordingly, enhancing adherence and 
good treatment outcomes, especially in TB-
prone regions such as Kano, Nigeria.  
 This study therefore was aimed at det- 
ermining the prevalence of pulmonary mycoses 
among patients with suspected PTB attending 
the Infectious Disease Hospital (IDH), Kano, 

Nigeria. 

Materials and method: 

Study area:     

 The study was conducted at the Infec- 
tious Diseases Hospital (IDH), Kano, Nigeria. 
Located along France road within Kano metro- 
polis, IDH is the main hospital that is designa- 
ted by Kano State Government for treatment 

of infectious diseases such as TB, HIV/AIDS 
malaria, meningitis etc.   
 Kano city is located between longitude 
8.500°E and latitude 11.500°N. It consists pri- 
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marily of Sudan savanna type vegetation, with 
mean annual rainfall of 800-900 mm, and tem- 
perature that ranges between 25–40°C. The 
hospital receives patients from the whole of 

northern parts of Nigeria, and serves as refer- 
ral centre for TB and HIV/AIDS control acti- 
vities and other infectious diseases, not only 
for Kano and other neighbouring States but 
also for Niger and Cameroon Republics. 

Study design and period:   
 This was a cross sectional, hospital-ba- 
sed study of 155 patients with suspected pul- 
monary TB aged 10 years and above in Jan- 
uary and February 2024, to determine the pre- 
valence of pulmonary mycoses and to detect 

M. tuberculosis (by GeneXpert) among them.  

Ethical approval, patient consent and question- 
naire:      

 Ethical approval was obtained from the 
Health Research Ethics Committee of Kano 
State Ministry of Health (NHREC/17/03/2018). 
Prior to specimen collection, informed consent 

form was designed and signed by all recruited 
patients. A structured questionnaire capturing 
socio-demographic data (age, sex, etc) and 
risk factors for pulmonary mycoses (cigarette 
smoking, HIV etc) was administered to all con- 
sented participants. 

Sample size determination:   

 The Fischer formula, N=Z2pq/d2 was 
used to determine the sample size of partici- 
pants, where N=sample size, Z=standard nor- 
mal distribution at 95% confidence interval 
(=1.96), p=prevalence of 9.7% (0.097) from 

the study of Ocansey et al., (7), q=1–p, and 
d=allowable error of 5% (0.05). This gave a 
calculated sample size of 134.6, which was ad- 
justed to 155. 

Inclusion and exclusion Criteria:   

 This included both male and female 
participants 10 years and above who presented 
with clinical symptoms and signs of PTB (chr- 
onic cough, night sweats, weight loss, fever, 

and history of contact with person with chronic 
cough etc) irrespective of HIV status, and con- 
sented to participate in the study. Patients with 

chronic conditions such as diabetes mellitus, 
chronic obstructive pulmonary diseases, and 
patients with a history of smoking or alcohol 
use, were also included.  
 Patients with extrapulmonary compli- 
cations or miliary TB, those on antifungal drugs 
and those who did not consent to participate in 

the study, were excluded. 

Sample collection:    

 About 4 ml of early morning sputum 
sample was collected from each study partici- 
pant into a sterile, wide-neck, transparent 
plastic leak-proof container in line with NTBLCP 

standard operating procedures (8), and trans- 
ported to the medical microbiology unit of the 
laboratory department of IDH for processing on 
the same day of collection. Samples not pro- 
cessed on the same day were stored in the ref- 
rigerator at 4–8°C until processed.  

Detection of M. tuberculosis in sputum sample 
by GeneXpert assay:    

 Mycobacterium tuberculosis from the 
sputum samples was detected using the Gene- 

Xpert assay machine (Cepheid, Sunnyvale, CA, 
USA) according to the manufacturer’s instruc- 
tions. Briefly, the sputum sample was mixed 

with sample reagent in a ratio of 2:1 and allo- 
wed to settle at room temperature. Subse- 
quently, 2 ml of the mixture was transferred 
into the GeneXpert cartridge and loaded into 
the GeneXpert machine for 2 hours. The res- 
ults were read and recorded as MTB not detec- 

ted, MTB detected, RIF resistance not detec- 
ted, or RIF resistance detected (9). 

Isolation and identification of pulmonary fungal 
pathogens (PFP):     

 All specimens were analysed by direct 
microscopy using KOH 10% mount, Gram stain 

and culture for isolation and detection of fungi. 
Fungal identification was done by microscopic 
examination of lactophenol cotton blue (LPCB) 
stain slides and by germ tube test. 

Potassium hydroxide (KOH) 10% wet mounts:  

 With the aid of Pasteur pipette, a large 

drop of KOH 10% was placed on the centre of 
a clean glass slide. A small portion of the puru- 
lent part of sputum sample was transferred 
into the KOH drop with a sterile wire loop and 
was mixed well, covered with cover slip and 
placed in a moist chamber at room tempera- 

ture for 30 minutes. The preparation was then 
examined under a compound light microscope 

using low power (10x and 40x objectives) for 
the presence of fungal elements (10). 

Gram stain for yeast identification:   

 Briefly, a smear was made from the 

sputum samples on a clean glass slide. The 
cells and cell fragments were dried on the slide 
and stained with standard Gram stain as des- 
cribed in Cheesbrough (10). The presence of 
pseudo hyphae in the sputum was seen as 
Gram-positive yeast-like cells.    
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 For differential staining, the slide was 
treated for 5 min with 1% phosphomolybdic 
acid, washed, and stained for 0.5 min with 1% 
aqueous methyl green. Whole or intact yeast 

cells appeared dark purple or black, while bro- 
ken yeast cells with exposed cytoplasm were 
stained light purple. 

Fungal culture:      

 Sputum samples were streaked onto 

Sabouraud Dextrose Agar (SDA) supplemented 
with and without antibiotic (gentamicin 40 mg/ 
L) to isolate pure culture. The plates were inv- 
erted and incubated at 25–30 °C. The fungal 
growth on SDA plates was examined after 7 
days and held for 4 weeks before being repor- 

ted as negative. The morphology, texture, gro- 

wth rate, colony/cottony surface, and pigmen- 
tation on the surface of SDA tubes were recor- 
ded. The fungal isolates on culture were identi- 
fied using standard mycological procedures. A 
routine examination of the culture plates was 
done to exclude any fungal growth at least 3 

times a week (10). 

Lactophenol cotton blue (LPCB) stain:   

 A section of small fragment of fungal 
growth was transferred on to a drop of ethanol 
placed on a clean, grease-free glass slides. 
Few drops of LPCB were then added and the 

slide covered with cover slip. Excess LPCB stain 

was removed with blotting paper. The prepara- 
tion was then placed in a moist chamber and 
kept at room temperature for 30 minutes. The 
slide was viewed under the microscope using 
10x and 40x objectives. The features and cha- 

racteristics of fungal pathogens seen under the 
microscope were compared with established 
characteristic fungal features using mycology 
atlases. 

Germ tube test:     

 Candida albicans was identified by the 

germ tube test. Briefly, yeast colonies from the 
SDA plates were suspended in human serum in 
a test tube and incubated at 37°C for 3 hours. 
After observing a faintly turbid suspension, the 

suspension was examined under the light mic- 
roscope using 10x and 40x objectives to detect 

the presence or absence of germ tubes. The 
result was positive for C. albicans if germ tubes 
arose from the yeast cell and showed matching 
walls without any narrowing at their point of 
origin (10). 

Statistical analysis of data:   

 The OpenEPI (version 3.01) statistical 
online tool was used for data analysis. Chi squ- 
      

            
are test and Odds ratio at 95% confidence in- 
terval were used to determine association bet- 
ween categorical variables. A p value < 0.05 

was considered statistically significant. 

Results: 

Prevalence of pulmonary mycoses in the study 
population:      

 Table 1 shows the prevalence of pul- 
monary mycoses among the study population 
with respect to socio-demographic characteris- 
tics (sex and age group). Of the total 155 
study participants, 67 (43.2%) were males and 

88 (56.8%) were females. A total of 88 (56.8%) 

participants’ sputum samples were positive for 
pulmonary fungal pathogen (PFP). Females had 
a higher PFP prevalence of 59.1% (n=52/88) 
compared to males with 53.7% (n=36/67), but 
the PFP prevalence difference was not statisti- 

cally significant (x2=0.4452, p=0.5046).  
 Participants in the age groups 20-29 
years and 50-59 years had higher PFP preva- 
lence of 67.6% (n=23/34) and 63.0% (n=17/ 
27) respectively, while age groups 10-19 years 
and ≥60 years had lower PFP prevalence of 
50.0% (n=15/30) and 46.7% (n=7/15), resp- 

ectively. However, the difference in PFP preva- 
lence with respect to age was not statistically 
significant (x2=3.534, p=0.6183).  

 
Frequency distribution of fungi isolates among 
population with pulmonary mycoses:   

 Among the participants with pulmonary 
mycoses, Aspergillus spp accounted for the 

highest frequency (n=76, 86.4%) while C. neo 
formans and H. capsulatum had the lowest fre- 
quencies, each with 2.3% (n=2). The frequen- 
cy of Aspergillus spp was higher in females (n= 
47, 90.4%) compared to males (n=29, 80.6%) 
but the difference was not statistically signifi- 
cant (OR=0.4407, 95% CI=0.1278-1.520, p= 

0.2176). However, higher frequency of C. albi- 
cans was recorded among male (n=5, 13.9%) 
than female (n=3, 5.8%) participants, althou- 
gh the difference was also not statistically sig- 

nificant (OR=2.634, 95% CI=0.5874-11.815, 
p=0.2637).  
 
Prevalence of co-infection of pulmonary myco 

ses and PTB in the study population:  

 Of the sputum samples of 155 particip-                
ants analyzed, 88 (56.8%) and 31 (20.0%) 
were positive for pulmonary mycoses (by cult- 
ure) and PTB (by GeneXpert) respectively. In 
all, 14 (9.0%) were positive for both pulmo- 
nary mycoses and PTB, of which males accoun- 
ted for 6 (8.9%) and females 8 (9.1%).  
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Table 1: Prevalence of pulmonary mycoses among patients with presumptive pulmonary tuberculosis with respect to 

sociodemographic characteristics 

Characteristics Fungi culture 

 

Total x2 p value 

No positive (%) No Negative (%) 

Sex      

Male 36 (53.7) 31 (46.3) 67 0.4452 0.5046 

Female 52 (59.1) 36 (40.9) 88 

Age group (years)      

10-19 15 (50.0) 15 (50.0) 30 3.534 0.6183 

20-29 23 (67.6) 11 (32.4) 34 

30-39 14 (53.8) 12 (46.2) 26 

40-49 12 (52.2) 11 (47.8) 23 

50-59 17 (63.0) 10 (37.0) 27 

>60 7 (46.7) 8 (53.3) 15 

Total 88 (56.8) 67 (43.2) 155 
x2 = Chi square 

 

Table 2: Frequency distribution of fungi isolates among patients with pulmonary mycoses in the study population 

Fungi isolate Number of patients 

 

Total (%) OR (95% CI) P value 

Male Female 

 

Aspergillus spp 29 (80.6) 47 (90.4) 76 (86.4) 0.4407 (0.1278 - 1.520) 0.2176 

Candida albicans 5 (13.9) 3 (5.8) 8 (9.1) 2.634 (0.5874 - 11.815) 0.2637 

Cryptococcus neoformans 1 (2.8) 1 (1.9) 2 (2.3) 1.457 (0.08811 - 24.099 1.0000 

Histoplasma capsulatum 1 (2.8) 1 (1.9) 2 (2.3) 1.457 (0.08811 – 24.099) 1.000 

Total 36 (40.9) 52 (50.1) 88 (100.0)   
OR = Odd ratio; CI=Confidence interval 

 

Table 3: Prevalence of pulmonary mycoses and pulmonary tuberculosis co-infection among the study population 

Gender  No of pulmonary mycoses by 

culture (%) 

No of pulmonary TB 

by GeneXpert (%) 

No of pulmonary mycoses-

pulmonary TB co-infection (%) 

 

Male (n=67) 36 (53.7) 16 (23.9) 6 (8.9) 

Female (n=88) 52 (59.1) 15 (28.8) 8 (9.1) 

Total (n=155) 88 (56.8) 31 (20.0) 14 (9.0) 

 

Discussion:  
 
 The respiratory tract is the most com- 
mon site for developing fungal infection and in 
most cases, colonization is the first step in the 
progression to pulmonary fungal infection. In 
this study, sputum samples collected from a 

total of 155 patients with suspected pulmonary 
TB were examined, in which 56.8% were posi- 
tive for pulmonary mycoses, which is similar 
but slightly lower than the 73.6% reported by 
Sani et al., (11) among presumptive TB cases 
in Gombe, Nigeria. Similarly, an Egyptian study 
also showed that the prevalence of fungal pneu 

monia in respiratory intensive care unit was 
66.7% (12). The slightly lower prevalence rate 

obtained, might be due to the smaller sample 
size of this study (samples were collected for a 

period of 1 month only) when compared to the 
other two. In all cases, the prevalence of pul- 
monary mycoses was high.  
 The male-to-female ratio of 36/52 am- 
ong the 88 patients with pulmonary mycoses in 
this study agrees with 60/90 male-to-female 

ratio reported by Jahromi and Khaksar (13). 
Sex-related distribution of fungal infections, 
according to Hidalgo and Vazquez (14), as 
cited by Ndukwu et al., (15) are equal. Other 
studies such as that of Yahaya et al., (16) and 
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Bansod and Rai (3), have reported higher pre- 
valence among males than females, attributing 
that males are more vulnerable to fungal inf- 
ections because they are more exposed to ex- 

ternal environment where fungi and their 
spores are in significant numbers. It could also 
be due to the higher number of female patients 
in the overall study population, since females 
generally have higher hospital attendance than 
males.      
 Fungal infections of the respiratory 

tract by large are considered to be identical 
with invasive pulmonary infections caused by 
Aspergillus spp (2). Our findings are in consis- 
tent with this report because out of 155 myce- 
lial fungi recovered in the present study, Asp- 

ergillus spp accounted for the highest (n=76, 

86.4%) proportion while C. neoformans and H. 
capsulatum had the lowest, each with 2.3%. 
Among species of Aspergillus, A. fumigatus, A. 
flavus, A. niger, and A. terreus are pathogenic 
species to man. Most previous studies reported 
that A. fumigatus is the most common cause of 
pulmonary mycosis (11,17,18).   

 Candida albicans was the second-most 
common fungal pathogen isolated in this study, 
accounting for 9.1%. This is similar to the 
study of Sani et al., (11) in which C. albicans 
was also reported to be the second-most pre- 
valent fungal isolate and common in co-infec- 
tion with pulmonary TB. Candida albicans is an 

opportunistic fungal pathogen that affects indi- 
viduals with a prior history of pathogenic infec- 
tious disease with prolonged treatment therapy 
(19). The high occurrence of this species 
among pulmonary TB patients indicates fungal 
colonization due to the extended use of anti- 

biotics. Candida albicans was previously repor- 
ted and has remained the most frequently 
isolated Candida species in the clinical setting 
(20).       
 While the prevalence of 56.8% of pul- 
monary mycosis in presumptive PTB patients in 
this study is quite similar to the prevalence of 

50.0% for chronic pulmonary aspergillosis in 
patients with presumptive pulmonary TB in 

Ghana (7), the prevalence of pulmonary myco- 
ses in confirmed pulmonary TB patients is con- 
siderably lower. For example, the prevalence of 
pulmonary fungal pathogen in patients with 
confirmed pulmonary TB at the Federal Teach- 

ing Hospital, Gombe, Nigeria was 6.0% (11), 
similar to 9.0% that was obtained in our cur- 
rent study. The similarity in the prevalence of 
co-infection might be due to the study area 
and study population, where both locations are 
in northern part of Nigeria having similar clim- 

ates and environmental conditions with popula- 
tion of same or similar cultural practices. As 

emphasized by Sule et al., (21), the prevalen- 
ce of pulmonary mycoses among patients with 
confirmed pulmonary TB (co-infection) progre-
ssively increases, majorly, as a result of anti-

TB drugs with non-specific action and depres- 
sed immunity, which enable fungi to prolifera- 
te. 
 

Conclusion: 
 

 From the findings of this study, TB pat- 

ients are in many cases co-infected with oppor- 
tunistic pulmonary mycotic agents with Asper- 
gillus spp being the most frequent fungal path- 
ogen but also by C. albicans, C. neoformans 
and H. capsulatum. There is need for routine 

screening of all patients with suspected pulmo- 

nary TB for pulmonary mycoses, especially in 
high TB-burden regions, as this will contribute 
to improved management, and reduction in 
mortality and morbidity. 
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Abstract 

Background: Chronic hepatitis C virus (HCV) infection is a major cause of chronic liver disease worldwide and 
remains a significant contributor to liver-related morbidity and mortality. Hepatic fibrosis is the key determinant of 
long-term clinical outcomes. Although viral replication is central to HCV pathogenesis, the association between 
serum HCV load and the severity of hepatic fibrosis remain controversial. The objective of this study is to evaluate 
the relationship between serum HCV load and hepatic fibrosis severity, using Transient Elastography (FibroScan), 
among patients with chronic HCV infection.                   
Methodology: A descriptive cross-sectional study with longitudinal follow up of confirmed cases was conducted 
among 40 adults with confirmed chronic HCV infection (HCV-RNA positive). Serum viral load was quantified using 
real-time reverse-transcription polymerase chain reaction (rt RT-PCR) assay. Hepatic fibrosis was assessed non-
invasively using FibroScan, and liver stiffness measurements (LSM) were categorized according to METAVIR-
equivalent cut-offs of F0 (<5.5 kPa), F1 (5.5–7.0 kPa), F2 (7.1–9.5 kPa), F3 (9.6–12.5 kPa), and F4 (>12.5 kPa). 
Spearman’s correlation coefficient was used to determine the association between viral load and fibrosis severity as 
the data deviated significantly from the normality.                             
Results: The mean age of participants was 56.10±15.73 years with a male-to-female ratio of 4:1. Liver stiffness 
values ranged from 4.7 to 35.8 kPa, while serum viral load varied widely (20,100 to 680,000 IU/mL). Most 
participants had early-stage fibrosis (F0–F1, 70%). A weak positive correlation was observed between serum viral 
load and liver stiffness measurements (r=0.139), that was not statistically significant (p=0.391).                  
Conclusion: Serum HCV load showed no significant association with hepatic fibrosis severity. These findings 
indicate that viral load alone is a poor predictor of fibrosis progression and underscore the clinical value of 
Transient Elastography for routine assessment of liver disease in patients with chronic HCV infection. 
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Résumé: 

Contexte: L'infection chronique par le virus de l'hépatite C (VHC) est une cause majeure de maladie hépatique 
chronique dans le monde et contribue de manière significative à la morbidité et à la mortalité liées au foie. La 
fibrose hépatique est le principal déterminant des résultats cliniques à long terme. Bien que la réplication virale soit 
essentielle à la pathogenèse du VHC, l'association entre la charge virale sérique du VHC et la sévérité de la fibrose 
hépatique reste controversée. L'objectif de cette étude est d'évaluer la relation entre la charge virale sérique du 
VHC et la sévérité de la fibrose hépatique, par élastographie impulsionnelle (FibroScan), chez des patients atteints 
d'une infection chronique par le VHC.                       
Méthodologie: Une étude descriptive transversale avec suivi longitudinal des cas confirmés a été menée auprès 
de 40 adultes atteints d'une infection chronique confirmée par le VHC (ARN du VHC positif). La charge virale 
sérique a été quantifiée par RT-PCR en temps réel. La fibrose hépatique a été évaluée de manière non invasive par 
FibroScan, et les mesures de rigidité hépatique (MRH) ont été classées selon les seuils équivalents à ceux de 
METAVIR: F0 (< 5,5 kPa), F1 (5,5–7,0 kPa), F2 (7,1–9,5 kPa), F3 (9,6–12,5 kPa) et F4 (> 12,5 kPa). Le coefficient 
de corrélation de Spearman a été utilisé pour déterminer l’association entre la charge virale et la gravité de la 
fibrose, car les données s’écartaient significativement de la normalité.                          
Résultats: L’âge moyen des participants était de 56,10±15,73 ans, avec un ratio hommes/femmes de 4/1. Les 
valeurs de rigidité hépatique variaient de 4,7 à 35,8 kPa, tandis que la charge virale sérique présentait une grande 
variabilité (de 20 100 à 680 000 UI/mL). La plupart des participants présentaient une fibrose à un stade précoce 
(F0–F1, 70%). Une faible corrélation positive a été observée entre la charge virale sérique et les mesures de 

rigidité hépatique (r=0,139), mais cette corrélation n'était pas statistiquement significative (p=0,391).                 
Conclusion: La charge virale sérique du VHC n'a montré aucune association significative avec la sévérité de la 
fibrose hépatique. Ces résultats indiquent que la charge virale seule est un mauvais prédicteur de la progression de 
la fibrose et soulignent l'intérêt clinique de l'élastographie impulsionnelle pour l'évaluation de routine des maladies 
hépatiques chez les patients atteints d'une infection chronique par le VHC. 

Mots-clés: VHC; charge virale; fibrose hépatique; FibroScan 

Introduction: 

 Hepatitis C virus (HCV) infection is a lea- 

ding cause of chronic liver disease worldwide, 
which may progress to liver fibrosis, cirrhosis, 
and hepatocellular carcinoma if untreated (1,2, 

3,4). The extent of hepatic fibrosis is a critical 
determinant of prognosis, therapeutic decision-
making, and long-term patient monitoring (2, 
5). Historically, liver biopsy served as the ‘gold 
standard’ for fibrosis assessment, however, its 
invasive nature, sampling variability and poten- 
tial complications have limited its routine use 

(6,7). Consequently, non-invasive methods such 
as Transient Elastography (FibroScan), have 
gained widespread acceptance due to their saf- 
ety, reproducibility, and strong correlation with 
histological fibrosis stages (5,8,9). Also, liver 

stiffness can be quantified as a continuous var- 

iable and can help physicians in grading the 
severity of hepatic fibrosis in order to estimate 
the likelihood of developing liver related comp- 
lications including hepatocellular carcinoma 
(10,11,12).      
 The clinical relevance of quantitative 
serum HCV-RNA levels in predicting severity of 

hepatic fibrosis remains uncertain (4). While 
viral replication is essential for disease initia- 
tion and persistence, studies have reported in- 
consistent associations between viral load and 

fibrosis progression (13,14). There is increasing 
evidence to suggest that host-related factors, 

including immune response, duration of infect- 

ion, metabolic comorbidities, alcohol consump- 
tion, and age, may exert a greater influence on 
fibrogenesis than circulating viral RNA levels 
alone (13,15).    
 In resource-limited settings, clinicians 

often rely on readily available laboratory para- 
meters such as viral load for risk stratification. 
Clarifying the relationship between serum viral 
load and hepatic fibrosis is therefore of prac- 
tical clinical importance. This study aimed to 
evaluate the association of serum HCV load on 
hepatic fibrosis severity using FibroScan as a 

non-invasive assessment tool. 

Materials and method:  

Study design and setting:   

 This was a descriptive cross-sectional 
study of adult patients (18 years and above) 
with suspected hepatitis, and a longitudinal fol- 

low up of confirmed cases, in 9 selected Prim- 
ary Healthcare Centers (PHCs) within the 3 
senatorial districts of Plateau State, Nigeria.  

Ethical consideration:     

 Ethical approval was obtained from the 
Health Research Ethics Committee of Plateau 
State Specialist Hospital (NHREC/09/23/2010b), 
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Jos, Nigeria. Written informed consent was ob- 
tained from all participants prior to enrollment, 
and the study was conducted in accordance 
with the Declaration of Helsinki 
 
Study population and sample size 

 The study population were adult patients 
(18 years and above) with suspected hepatitis 
attending the general outpatient departments 
(GOPD) of the selected PHCs. The minimum 
sample size was calculated using the formula 
described by Araoye (16), n=Z2pq/d2 where 
N=minimum sample size, Z= standard normal 

deviation corresponding to 95% levels of sig- 
nificance (=1.96), p=prevalence rate of HCV of 
18.4% (0.184) in the study by Uchendu et al., 

(17), q=1-p and d is the degree of accuracy 
desired, set at 5% (0.05). This gave a calcul- 
ated sample size of 231, which was adjusted 

for 15% attrition to 266, but a total of 461 par- 
ticipants were recruited to increase the power 
of the study.    
 
Selection criteria and method of sampling: 

 The inclusion criteria included patients 
aged 18 years and above who consented to 
participate in the study and without prior know- 
ledge of their HCV status. Patients less than 18 

years of age and those with history of confirm- 
ed HCV infection were excluded.  
 The local government areas and PHCs 

within each of the senatorial zones were selec- 
ted by simple random sampling. The patients 
presenting to GOPD of the PHCs who consent- 

ed to participate in the study were recruited by 
simple random sampling technique until the 
sample size was reached. 

Data and sample collection:    

 Data on socio-demographic characteri- 
stics from each participant were collected using 
a structured, interviewer-administered quest- 
ionnaire. Five milliliters of venous blood were 

collected aseptically from each participant into 
EDTA vacutainer. Plasma was separated by 
centrifugation at 2000 rpm for 5 minutes and 
stored at −20°C until laboratory analysis. 

Preliminary screening for HCV by ELISA and 
confirmation by PCR:     

 Preliminary screening of all 461 partici- 
pants for HCV antibodies was done by the 

Enzyme Linked Immunosorbent Assay (ELISA 
kit, DIAPRO Diagnostics, Italy). Forty-nine par- 
ticipants positive for HCV antibodies were con- 
firmed HCV-RNA positive using HCV-RNA PCR 
(Luna PCR kit, New England BioLabs, Germany), 
      
      

             

and after a minimum follow-up period of six 
months, 40 participants were successfully en- 
rolled for quantitative viral load analysis and 
fibrosis assessment. 

 
Quantitative HCV load testing:    

 HCV-RNA quantification was performed 
using the Bosphore® HCV Quantification Kit on 
the Bio-Rad CFX96 Real-Time PCR system in 
accordance with the manufacturer’s instruc- 
tions. Viral RNA extraction was carried out us- 

ing the Quick Viral RNA Extraction Spin Kit. 
Results were expressed in IU/mL. 

 
Hepatic fibrosis assessment:    

 Hepatic fibrosis was assessed using Tran- 

sient Elastography (FibroScan). Liver stiffness 
measurements were recorded in kilopascals (kPa) 
and categorized according to METAVIR-equiva- 
lent cut-offs: F0 (<5.5 kPa), F1 (5.5–7.0 kPa), 
F2 (7.1–9.5 kPa), F3 (9.6–12.5 kPa), and F4 
(>12.5 kPa) (18). 

 
Statistical analysis:     

 Data were analyzed using descriptive 

statistics. Normality test was assessed using 
Kolmogorov-Smirnov and Shapiro–Wilk tests. 
Spearman’s rank correlation coefficient was 
applied to evaluate the relationship between 
serum viral load and liver stiffness measure- 
ments since the variables were not normally 

distributed. Statistical significance was set at 
p<0.05. 

Results: 

Socio-demographic and clinical characteristics 
of the study participants:    

 Table 1 shows the sociodemographic 
and clinical characteristics of the 40 enrolled 

study participants. The mean age of the parti- 
cipants was 56.10±15.73 years, with 80% males 
and 20% females. Majority of the participants 
were in the age groups 40–49 years and 50-59 
years, accounting for 40% each of the study 
population.     
 The liver fibrosis assessment using 

FibroScan showed that the highest frequency 
of participants had stage F1 fibrosis (40.0%), 
followed by stage F0 (30.0%), while the lowest 
frequencies of the participants were classified 
as F2, F3 and F4, accounting for 10% each. The 
FibroScan scores ranged from 4.7 to 38.8 Kpa 

(Kilopascal). The HCV load ranged from 20,100 
to 680,000 IU/mL. 
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Table 1: Socio-demographic and clinical characteristics  

 of the study participants 

  
Variables  Frequency Percentage 

 

Age group (years)   

40-49 16 40.0 

50-59 16 40.0 

≥60 8 20.0 

Mean age (± SD)  56.10 ± 15.73 
 

Gender 

  

Male 32 80.0 

Female 8 20.0 

 

FibroScan stage 

  

F0 12 30.0 

F1 16 40.0 

F2 4 10.0 
F3 4 10.0 

F4 4 10.0 

 

 

 Table 2 shows association between age, 
gender and hepatic fibrosis among the partici- 

pants. There was a statistically significant ass- 
ociation between age and stages of hepatic 

fibrosis (x2=34.164, p=0.001) with early-stage 
fibrosis (F0, F1) being significantly commoner 
in middle age (40-49 years age group) while 
late-stage fibrosis (F2, F3, F4) was commoner 

in older adults (>50 years of age). However, 
there was no significant association between 
gender and stages of hepatic fibrosis (x2=4.58, 
p=0.333).        
 Table 3 shows the assessment result of 
the normality distribution of the variables (Fib- 
roScan scores and HCV load) using Kolmogo 

rov–Smirnov and Shapiro wilk tests. Both Fib- 
roScan scores and HCV load significantly devi- 
ated from normal distribution (p=0.001 for both), 
which necessitated the use of Spearman’s cor- 
relation. 

 Table 4 shows the Spearman’s correla- 

tion between HCV load and stages of hepatic 
fibrosis. A weak positive correlation was obser- 
ved between HCV load and stages of hepatic 
fibrosis (r=0.139), which was not statistically 
significant (p=0.391). 

 

 

Table 2: Relationship between stages of hepatic fibrosis and demographic characteristics of the participants  

 
Demographic characteristics Stages of hepatic fibrosis 

 

Total χ2 p value 

F0 F1 F2 F3 F4 

 

Age group (years) 

        

40-49 8 (50.0) 8 (50.0) 0 0 0 16 34.167 0.001 

50-59 4 (25.0) 4 (25.0) 0 4 (25.0) 4 (25.0) 16   

≥60 0 4 (50.0) 4 (50.0) 0 0 8   

 

Gender 

        

Male 8 (25.0) 12 (37.5) 4 (12.5) 4 (12.5) 4 (12.5) 32 4.583 0.333 

Female 4 (50.0) 4 (50.0) 0 0 0 8   

 
  

Table 3: Tests of normality for HCV load and liver stiffness measurement 
 

Parameter Kolmogorov-Smirnov Shapiro-Wilk 

Statistic df p value Statistic Df p value 

HCV load 0.200 40 0.001 0.864 40 0.001 

FibroScan score 0.360 40 0.001 0.478 40 0.001 

df = degree of freedom; HCV = Hepatitis C virus 

 

 Table 4: Spearman correlation analysis between serum HCV load and hepatic FibroScan score 

 HCV load FibroScan score 

Spearman’s rho HCV load Correlation coefficient 1 0.139 

p value  0.391 

Number 40 40 

 
FibroScan score 

 
Correlation coefficient 

 
0.139 

1 

p value 0.391  

Number 40 40 
HCV = Hepatitis C virus 
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Discussion: 

 The study evaluated the correlation 
between serum HCV load and hepatic fibrosis 
severity assessed using transient Elastography 
(FibroScan) among the participants with confir- 
med chronic HCV infection. The findings show- 
ed that there was no statistically significant 

association between HCV load and the severity 
of hepatic fibrosis. Although, a weak positive 
correlation was observed between HCV load and 

liver stiffness measurement (FibroScan score), 
the correlation was not statistically significant, 
suggesting that serum HCV load alone may not 

be a reliable predictor for progression of liver 

fibrosis in chronic HCV infected patients. 
 The sociodemographic characteristics 
of the study participants revealed that most 
were middle-aged aged (40-49 years) and 
older adults (50-59 years), indicating that pre- 
valence of HCV infections are higher in middle 

age and older adults in the study population. 
This finding is consistent with the natural 
history of chronic HCV infection in which the 
fibrosis of the liver develops progressively over 
many years before clinical manifestation occurs 
(7,19). This finding is similar to previous rep- 
orts by other researchers (7,20). The predo- 

minance of male participants in this study may 
be related to increased exposure to occupatio- 
nal and behavioral risk factors associated with 

bloodborne viral infections.  
 Notably, 10% of the participants alrea- 
dy had stage 4 (F4) fibrosis despite having no 

prior knowledge of their HCV status. This sugg- 
ests that many individuals in the community in 
Plateau State remains unaware of their HCV 
status and may eventually presents with seve- 
re complication in healthcare facilities. This 
finding is in tandem with previous reports by 
Pandey and co-workers (21) that many indivi- 

duals in the community are unaware of their 
HCV status and remain undiagnosed until com- 
plications become evident. Forty percent of the 
participants were found with mild fibrosis (F1) 
which may be due to early detection or varia- 

tion in the progression of HCV infection among 
the participants.    

 The serum HCV load and liver stiffness 
measurement values (FibroScan scores) both 
shows wide variability among the study popu- 
lation reflecting heterogeneity in viral replica- 
tion activity and the severity of the HCV infec- 
tion. A statistically significant association was 

observed between age and stages of fibrosis, 
with higher frequency of advanced fibrosis ob- 
served among older age group (50-59 years) 
compared to younger age group (40-49 years). 
This finding agrees with previous reports by 

Zeremski et al., (2) and Arshad & coworkers 
(7), and may be attributed to prolong duration 
of infection, cumulative hepatic injury over 
time and/or decline in hepatic regenerative 

activity with advancing age. The association 
between gender and stages of hepatic fibrosis 
was not statistically significant although males 
were more represented across the fibrosis sta- 
ges compared to female participants. The lack 
of significance may be due to relatively small 
sample size.    

 The normality tests revealed that both 
FibroScan scores and HCV load were not nor- 
mally distributed. The significant deviation from 
normality could be attributed to the wide varia- 
tion in HCV load and FibroScan scores seen 

among the participants. By Spearman’s rank 

correlation analysis, there was weak correla- 
tion coefficient (r=0.139) between HCV load 
and severity of liver fibrosis, which was not 
statistically significant (p=0.391). This implies 
that increasing HCV load does not necessarily 
correspond to worsening of liver fibrosis. HCV 
load reflects viral replication activities and not 

necessarily the degree of hepatic structural 
damage. This finding suggests that hepatic 
injury and fibrogenesis in chronic HCV infection 
may be influenced by host immune responses 
and other clinical or metabolic factors than by 
circulating RNA level alone (13,14). The predo- 
minance of early-stage fibrosis observed in this 

study despite markedly elevated viral load in 
some patients further strengthens this obser- 
vation.      
 These findings agree with those of other 
studies that reported no significant correlation 
between serum HCV load and severity of hepa- 

tic fibrosis (13,14). However, some studies 
have reported contrasting findings of signifi- 
cant correlation between serum HCV load and 
hepatic fibrosis severity (4,7). The discrepan- 
cies across studies may be explained by diffe- 
rences in study design, population characteris- 
tics, viral genotypes, duration of infection and 

environmental or genetic factors such as obe- 
sity, alcohol use, viral coinfection and insulin 

resistance.    
 The finding of this study has important 
clinical implications especially in resource-limi- 
ted settings where HCV load determination 
may often be interpreted as indicator of HCV 

disease severity. While the HCV load remains 
an important aspect in confirming active infec- 
tion and monitoring treatment, this study sug- 
gest that it should not be used independently 
to predict severity of hepatic fibrosis. Asses- 
sing hepatic fibrosis using FibroScan remains 

an important tool for the evaluation of hepatic 
fibrosis and guiding clinical management in 
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patients with chronic HCV infection.       
 This study is limited by relatively small 
sample size, which limits the generalizability of 
the findings. The cross-sectional design also 

precludes causal inference between viral load 
and fibrosis progression. Additionally, liver bio- 
psy, the histological ‘gold standard’ was not 
performed; however, the FibroScan used is a 
validated and widely accepted non-invasive alt- 
ernative. Furthermore, information on viral geno- 

type, duration of infection, alcohol consump- 

tion, and metabolic comorbidities was limited 
and may have influenced fibrosis severity. 

Conclusion:  

 In this study, serum HCV load was not 
significantly associated with hepatic fibrosis se- 
verity and should therefore not be used in iso- 
lation to predict fibrosis progression. Transient 

Elastography (FibroScan) remains a valuable 
non-invasive tool for fibrosis assessment, par- 
ticularly in resource-limited settings. Future stu-

dies incorporating intrahepatic viral replication 
and immunologic markers are recommended to 
further elucidate determinants of fibrosis prog- 

ression in chronic HCV infection. 
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Abstract: 

Background: Integrons are genetic platforms that facilitate acquisition and expression of antimicrobial resistance 
gene cassettes. Their contribution to multidrug resistance (MDR) among intensive care unit (ICU) uropathogenic 
Escherichia coli (UPEC) is of increasing concern. This study determined the prevalence of class 1 and class 2 integrons 
among ICU UPEC isolates and examined their association with resistance phenotypes.  
Methodology: A total of 100 UPEC isolated from ICU patients were identified using standard microbiological 
techniques. Antimicrobial susceptibility testing against ampicillin, ciprofloxacin and trimethoprim-sulfamethoxazole 
was performed according to CLSI guidelines. MDR was defined as resistance to the 3 antimicrobial classes. 
Polymerase chain reaction (PCR) assays targeted intI1 and intI2 genes. Association of MDR with integron carriage 
was analyzed using Chi-square test with p<0.05 considered significant.  
Results: Resistance rates were highest for ampicillin (40.0%, n=40) and trimethoprim-sulfamethoxazole (40.0%, 
n=40), while ciprofloxacin resistance was 32.0%. MDR was observed in 56.0% of the isolates. Class 1 integrons were 
detected in 62.0% and class 2 integrons in 18.0% of the isolates. Class 1 integron carriage was significantly 
associated with MDR phenotype (p<0.05).  
Conclusion: These findings underscore the importance of molecular surveillance in ICU settings to guide infection 
control and antimicrobial stewardship. 

Keywords: Integrons; multidrug resistance; uropathogenic Escherichia coli; ICU 
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Résumé: 

Contexte: Les intégrons sont des plateformes génétiques qui facilitent l'acquisition et l'expression de cassettes de 
gènes de résistance aux antimicrobiens. Leur contribution à la multirésistance (MDR) chez Escherichia coli 
uropathogène (UPEC) en unités de soins intensifs (USI) est une préoccupation croissante. Cette étude a déterminé 
la prévalence des intégrons de classe 1 et de classe 2 parmi les isolats d'UPEC en USI et a examiné leur association 
avec les phénotypes de résistance.                                   
Méthodologie: Au total, 100 isolats d'UPEC provenant de patients en USI ont été identifiés à l'aide de techniques 
microbiologiques standard. Des tests de sensibilité aux antimicrobiens (ampicilline, ciprofloxacine et triméthoprime-
sulfaméthoxazole) ont été réalisés conformément aux recommandations du CLSI. La multirésistance (MDR) a été 
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définie comme une résistance aux trois classes d'antimicrobiens. Les tests de réaction en chaîne par polymérase 
(PCR) ont ciblé les gènes intI1 et intI2. L'association entre la MDR et le portage d'intégrons a été analysée par le test 
du χ² (p<0,05 étant considéré comme significatif).                                    
Résultats: Les taux de résistance les plus élevés ont été observés pour l'ampicilline (40,0%, n=40) et le 
triméthoprime-sulfaméthoxazole (40,0%, n=40), tandis que la résistance à la ciprofloxacine était de 32,0%. Une 
MDR a été observée chez 56,0% des isolats. Des intégrons de classe 1 ont été détectés chez 62,0% des isolats et 
des intégrons de classe 2 chez 18,0% d'entre eux. Le portage d'intégrons de classe 1 était significativement associé 
au phénotype MDR (p<0,05).                                     
Conclusion: Ces résultats soulignent l’importance de la surveillance moléculaire en soins intensifs pour orienter la 
lutte contre les infections et l’utilisation judicieuse des antibiotiques. 

Mots-clés: Intégrines; multirésistance; Escherichia coli uropathogène; soins intensifs 

Introduction: 

 Urinary tract infections (UTIs) are amo- 
ng the most common healthcare-associated inf- 

ections, particularly in intensive care units (ICUs). 
Uropathogenic Escherichia coli (UPEC) remains 
the leading causative agent. The global rise of 
antimicrobial resistance represents a major pu- 

blic health concern (1-3).   
 Integrons, particularly class 1 integrons, 
play a crucial role in capturing and dissemina- 
ting resistance gene cassettes, contributing sig- 
nificantly to the emergence of multidrug-resi- 
stant organisms (4). The objective of this study 
is to determine the prevalence of class 1 and 

class 2 integrons among ICU UPEC isolates and 
examined their association with resistance phe- 
notypes.  

Materials and method: 

Study setting and design:   
 This laboratory-based study was cond- 
ucted at Alzahra Hospital, Isfahan, Iran, bet- 
ween January and June 2023. 

Clinical samples, bacterial isolation and identi- 
fication:     

 A total of 100 non-duplicate ICU isolates 
were collected after urine samples were cultu- 
red on MacConkey and CLED agar, and isolates 
were identified using standard biochemical tests. 

Antimicrobial susceptibility testing:  

 The Kirby–Bauer disk diffusion method 
was performed on each isolate according to the 

2022 Clinical and Laboratory Standards Institu- 
te (CLSI) guidelines (5). The antibiotics tested 
included ampicillin, ciprofloxacin, and trimetho- 
prim–sulfamethoxazole.  

 Multidrug resistance (MDR) was defined 
as resistance to at least one agent in three or 
more antimicrobial classes. 

Detection of integrons by PCR assay:  

 DNA was extracted from each isolate 
using the boiling method. The integrase genes 
intI1 (280 bp) and intI2 (233 bp) were amplified 
by conventional PCR using IntI1 (F 5’-CCTCCC 
GCACGATGATC-3’ and R 5-TCCACGCATCGTCA 
GGC-3’) and IntI2 (F 5’-TTATTGCTGGGATTAG 

GC-3’ and R 5’-ACGGCTACCCTCTGTTATC-3’) pri- 
mers (6).     
 The PCR conditions included initial den- 
aturation at 95°C for 5 minutes, followed by 35 
cycles of denaturation at 94°C for 30 seconds, 
annealing at 55°C for 30 seconds, extension at 

72°C for 45 seconds, and a final extension at 
72°C for 5 minutes. Amplified products were 

analyzed by agarose gel electrophoresis. 

Statistical analysis:  

 Data were analyzed on SPSS and assoc- 
iation of MDR with integron carriage was deter- 
mined using Chi-square test, with p<0.05 con- 
sidered statistically significant. 

Results: 

 Of the 100 UPEC isolates, 40 (40.0%) 
were resistant to ampicillin, 40 (40.0%) to tri- 
methoprim–sulfamethoxazole and 32 (32.0%) 
to ciprofloxacin. A total of 56 (56.0%) were 

multidrug resistant.    

 Class 1 integrons were identified in 62 
(62.0%) isolates, while class 2 integrons were 
detected in 18 (18.0%) isolates. The prevalence 
of class 1 integrons was significantly associated 
with MDR isolates compared to non-MDR isola- 
tes (p<0.05).
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Table 1: Antibiotic resistance among uropathogenic Escherichia coli isolates from ICU patients 

Antibiotic No of isolates No resistant (%) 

Ampicillin 100 40 (40.0) 

Trimethoprim–sulfamethoxazole 100 40 (40.0) 

Ciprofloxacin 

 

100 32 (32.0) 

All three antibiotics (MDR) 100 56 (56.0) 

 

 
Lane M: DNA ladder; Lanes 1–10: ICU UPEC isolates 

Fig 1: Agarose gel electrophoresis showing amplification of integron genes intI1 (280 bp) and intI2 (233 bp).  

Discussion: 

 The present study demonstrates a high 
prevalence of class 1 integrons (62%) among 
ICU-associated UPEC isolates, highlighting their 

critical role in the acquisition and dissemination 
of antimicrobial resistance. Integrons function 
as efficient genetic platforms capable of cap- 
turing, integrating, and expressing gene cass- 
ettes, thereby facilitating rapid bacterial adap- 
tation under antibiotic selective pressure (7,8, 
9). The significant association observed bet- 

ween class 1 integrons and multidrug resistance 
(MDR) (p<0.05) further supports their contri- 
bution to the emergence of resistant pheno- 
types in clinical settings.   
 The MDR rate of 56% identified in this 

study is consistent with recent global reports 
indicating a rising burden of antimicrobial resis- 

tance among Enterobacteriaceae. This trend is 
driven by a combination of horizontal gene tran- 
sfer and chromosomal mutations, often media- 
ted by mobile genetic elements such as plas- 
mids, transposons, and integrons (10,11,12). 
The ICU settings represent high-risk environ- 

ments due to prolonged hospitalization, exten- 
sive antibiotic use, invasive procedures, and 
immunocompromised patients, all of which pro- 
mote the selection of resistant strains.  
 Global surveillance reports indicate that 

integron-mediated resistance is widely distribu- 
ted across healthcare settings worldwide (13, 
14), highlighting the importance of molecular 

monitoring. The lower prevalence of class 2 int- 

egrons (18%) suggests a secondary but still rel- 
evant role in resistance dissemination. This find- 
ing reinforces the clinical significance of integ- 
ron screening as part of routine antimicrobial 
resistance surveillance in high-risk hospital env- 
ironments.    

 This study was limited to a single hospi- 
tal and a defined sample size. Additionally, seq- 
uencing of integron gene cassettes was not per- 
formed. Future studies should include gene cas- 
sette sequencing and multi-centre surveillance 
to better understand resistance dissemination. 

Conclusion: 

 Class 1 integrons are highly prevalent 
and significantly associated with multidrug resi- 
stance among ICU UPEC isolates. Continuous 

molecular surveillance is essential for effective 
infection control and antimicrobial stewardship. 
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Abstract: 

Background: Chronic kidney disease (CKD) is increasingly recognized as a global public health problem. CKD 
patients are prone to comorbidities, such as diabetes mellitus, urinary tract infection (UTI), hypertension, immune-
suppression, anaemia, malnutrition, inflammation, and vitamin deficiencies. However, UTI is known to be the most 
significant cause of morbidity and mortality in CKD patients. Therefore, this study aimed to identify the spectrum of 
uropathogenic bacteria in patients with CKD at the University of Ilorin Teaching Hospital (UITH), Ilorin, and determine 
their susceptibility to selected antibiotics.                                             
Methodology: The study is a descriptive cross-sectional design conducted among 157 patients with CKD recruited 
from the renal clinic of UITH between January and June, 2024.  Clean-catch voided midstream urine samples were 
collected for culture on CLED and blood agar plates and incubated at 37°C for 24 hours. Microbial identification and 
antimicrobial susceptibility were performed on the pure colonies of isolated bacteria using the VITEK 2 Compact 
system. The data were analyzed for descriptive statistics.                                                
Results: This study reported 22.9% (n=36) prevalence of bacterial uropathogens, with Escherichia coli (22.2%, 
n=8) being the most frequently isolated pathogen among the CKD patients. Antimicrobial susceptibility of the Gram-
negative isolates showed high sensitivity to imipenem (85.7%, n=24), ceftazidime (64.3%, n=18), ceftriaxone 
(63.0%, n=17), piperacillin-tazobactam (57.1%, n=16), and nitrofurantoin (55.6%, n=15), but high resistance to 
gentamicin (53.6%, n=15), augmentin (51.9%, n=14), and ciprofloxacin (50.0%, n=14). Antimicrobial susceptibility 
of the Gram-positive isolates showed 100% sensitivity to linezolid and vancomycin, but high resistance to cefoxitin 
(60.0%, n=3) and clindamycin (42.9%, n=3).                                                
Conclusion: This study showed a relatively high prevalence of UTI among CKD patients, and the implicated 
uropathogens show high susceptibility to the common antibiotics that are clinically accessible. 

Keywords: Chronic Kidney Disease, Urinary Tract Infection, Uropathogens, Antimicrobials 
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Résumé:                                        

                               
Contexte: L'insuffisance rénale chronique (IRC) est de plus en plus reconnue comme un problème de santé publique 
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mondial. Les patients atteints d'insuffisance rénale chronique (IRC) sont sujets à des comorbidités telles que le 
diabète, les infections urinaires, l'hypertension, l'immunosuppression, l'anémie, la malnutrition, l'inflammation et les 
carences vitaminiques. Cependant, les infections urinaires constituent la principale cause de morbidité et de mortalité 
chez ces patients. Cette étude visait donc à identifier le spectre des bactéries uropathogènes chez les patients atteints 
d'IRC au Centre hospitalier universitaire d'Ilorin (UITH) et à déterminer leur sensibilité à certains antibiotiques. 
Méthodologie: Il s'agit d'une étude descriptive transversale menée auprès de 157 patients atteints d'IRC recrutés 
à la clinique de néphrologie de l'UITH entre janvier et juin 2024. Des échantillons d'urine du milieu de jet, recueillis 
par la méthode du jet moyen, ont été mis en culture sur gélose CLED et gélose au sang, puis incubés à 37 °C pendant 
24 heures. L'identification microbienne et l'antibiogramme ont été réalisés sur les colonies pures de bactéries isolées 
à l'aide du système VITEK 2 Compact. Les données ont été analysées statistiquement.                     
Résultats: Cette étude a rapporté une prévalence de 22,9% (n=36) d’uropathogènes bactériens, Escherichia coli 
(22,2%, n=8) étant le pathogène le plus fréquemment isolé chez les patients atteints d’IRC. La sensibilité aux 
antimicrobiens des isolats à Gram négatif a montré une forte sensibilité à l’imipénem (85,7%, n=24), à la ceftazidime 
(64,3%, n=18), à la ceftriaxone (63,0%, n=17), à la pipéracilline-tazobactam (57,1%, n=16) et à la nitrofurantoïne 
(55,6%, n=15), mais une forte résistance à la gentamicine (53,6%, n=15), à l’augmentin (51,9%, n=14) et à la 
ciprofloxacine (50,0%, n=14). L’étude de la sensibilité aux antimicrobiens des isolats à Gram positif a révélé une 
sensibilité de 100.0% au linézolide et à la vancomycine, mais une forte résistance à la céfoxitine (60,0%, n=3) et à 
la clindamycine (42,9%, n=3).                                        
Conclusion: Cette étude a mis en évidence une prévalence relativement élevée d’infections urinaires chez les 
patients atteints d’insuffisance rénale chronique, et les uropathogènes impliqués présentent une forte sensibilité aux 
antibiotiques couramment utilisés en pratique clinique. 

Mots-clés: Insuffisance rénale chronique, Infection urinaire, Uropathogènes, Antimicrobiens 

Introduction: 

 The prevalence of CKD is estimated to 
be 13.4%, resulting in a major global health 
concern (1,2). Its rise to prominence as a signi- 
ficant global cause of disease and mortality 
underscores the importance of thorough study 
and intervention across populations (1,3). Dia- 

betes mellitus, hypertension, obesity, and an 
aging population are all contributing causes to 

the global increase in CKD (4). However, there 
are regional differences in the frequency of CKD, 
with certain factors, including exposure to 
environmental chemicals and infections, playing 

a role (5).   
 According to recent comprehensive eva- 
luations, the prevalence in sub-Saharan Africa 
(SSA) was between 10.1% and 13.9% (6,7). 
Additionally, West Africa was found to have the 
highest pooled frequency on the continent, at 
16% (8). In Africa, CKD is typified by young 

patients, high morbidity, and early mortality. 
Ninety percent of CKD patients pass away within 
ninety days after beginning dialysis. Nigeria has 
a population of 180 million, yet little is known 

about the epidemiology of CKD in the general 
population (8). However, the prevalence of CKD 
in Nigeria varied from 2.5 to 26%, indicating a 

high prevalence of CKD overall and the need for 
additional research to determine the actual bur- 
den of CKD in Nigerians (8,9).  
 Nevertheless, due to the lack of afforda- 
bility of the life-saving treatments of renal rep- 
lacement therapies, which have been available 

for the past thirty years, the disease is silently 
killing a large number of Nigerians (10). Mean-
while, the majority of patients with CKD arrive 
late to nephrologists in Nigeria, already uremic 

and in need of renal replacement therapy (RRT) 
(11).     
 Similar to patients with other acquired 
immune deficits or those receiving immuno- 
suppressive medication, patients with CKD and 

renal failure are at increased risk for infectious 
complications (12). Because metabolic diseases 
cause secondary immunological changes that 
impact numerous resistance components, chro- 
nic renal failure is therefore a risk factor for 

urinary tract infections (UTIs) (13,14). Haemo- 
dialysis may also weaken the immune system of 

CKD patients, leaving them more susceptible to 
illnesses like UTIs. Consequently, this could 
result in recurrent UTIs and kidney infections in 
the past (13,14).   
 Therefore, CKD could be a risk factor for 
UTIs, which can manifest as asymptomatic bac- 

teriuria or symptomatic infection that requires 
treatment. A study in Nepal reported the pre- 
valence of bacteria causing UTIs among CKD 
patients to be 15.8%, which was significantly 
high in the setting (15). UTI in CKD patients can 
occur as a mild case of cystitis, which can be 
treated with oral antibiotics, or a serious case of 

sepsis and multiple organ failures, and usually 
severe or potentially fatal infections manifest as 
complex UTI cases (16). If left undiagnosed or 
untreated, a UTI could result in significant dete- 
rioration in renal function with progress to adv- 
anced stages of CKD and death (15).  
 The prevalence of CKD in Nigeria is an 

indication for the investigation of UTI as a com- 
plication associated with CKD, in order to imp- 
rove the quality of life of CKD patients. With 
paucity of data on the distribution of bacterial 
uropathogens and their susceptibility to com- 
monly used antimicrobials among CKD patients 
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in Nigeria, this study aimed to determine the 
spectrum of bacterial uropathogens and their 
antibiotic susceptibility among CKD patients att- 
ending the University of Ilorin Teaching Hospi- 

tal, Ilorin, Nigeria. 

Materials and method:  
 
Study setting: 
 The study was conducted at the Univer- 
sity of Ilorin Teaching Hospital (UITH). The 
hospital was selected because it is the only ter- 
tiary healthcare facility in Ilorin serving large 
population with advanced health challenges and 

a referral centre for hospitals in Kwara, Oyo, 
Osun, Niger, Kogi, and Ekiti States in Nigeria. 
 
Study design, sample size, and method of samp- 
ling: 

 The study was a descriptive cross-sec- 
tional design to determine the prevalence of ba- 
cterial uropathogens among patients with CKD 
and determine their antibiotic susceptibility. To 

determine the sample size, the prevalence of 
10.1% of CKD reported in a study conducted in 
Sub-Saharan Africa (7) was incorporated into 
the formula (17); N=Z2 PQ(1-P)/d2, where N = 
minimum desired sample size, Z= normal 
standard deviation at 95% confidence interval 
(= 1.96), Q = 1-P, and d= precision (allowable 

error) of 5% (0.05), which gave a sample size 

of 138.     
 However, a total of 157 CKD patients 
were selected using consecutive sampling tech- 
nique to recruit patients who satisfied the inclu- 
sion criteria and showed signs of a UTI during 

the period of January and June 2024, whether 
they were hospitalized in the nephrology unit or 
attended the renal clinic. 
 
Inclusion and exclusion criteria: 

 Consenting CKD patients who willingly 
provided their urine samples and who had not 
been placed on antibiotics were included in the 
study. Patients’ prescription history was assess- 

ed, and information on patients’ medication his-
tory were further obtained to identify those who 

have not been on antibiotics. However, patients 
who have not been clinically diagnosed with 
CKD, CKD patients on antibiotics, and those who 
did not give consent to participate were exclud- 

ed from the study. 
 

Ethical consideration: 
 Ethical approval was obtained from the 
University of Ilorin Teaching Hospital Ethical Re-
view Committee with the ERC approval number 
of ERC PAN/2023/05/0361 before commencing 
the project. All participants were informed about 

the purpose of the research, benefits, and risks, 

with certainty that their participation was vol- 
untary and guaranteeing the confidentiality of 
data and their right to partake or withdraw from 
the study. All participants included in the study 

provided written informed consent to participate 
in the study.  

Sample and data collection:    

 A midstream voided urine specimen of 
each CKD patient was collected into a sterile 
leak-proof universal bottle. Patients were pro- 
perly instructed on how to collect clean catch 
urine. Samples were transported immediately 
for processing and analysis. Bio data of the sam- 
ple, including specimen types, clinical diagno- 

sis, gender, hospital unit, and age, was record- 

ed in a format created especially for the rese- 
arch. 
 

Laboratory analysis of urine samples: 

 Each urine sample was properly mixed 
and aseptically inoculated onto the CLED and 
blood agar plates to aid the growth of bacteria 
owing to the availability of the nutrient on the 

media. The inoculated agar plates were incu- 
bated at 37°C for 24 hours. Bacterial growth 
colonies were Gram-stained following standard 
procedure (18), and microbial identification and 
antimicrobial susceptibility testing were perfor- 
med using the VITEK 2 Compact system. 
 

Data analysis:      

 Data were analyzed using SPSS version 

25.0. Descriptive statistics (chart, frequency, 
and percentage) were used to summarize the 
data.  
 

Results: 
 

Demographic characteristics of the participants: 

 Majority of the participants were fema- 
les (54.8%, n=86), and in the age group above 

60 years (37.6%, n=59), while the age group 
1-10 years (1.3%, n=2) was the least frequent 
(Table 1). 

Table 1: Socio-demographic characteristics of patients                          

with chronic kidney disease in UITH Ilorin 

Variables Frequency Percentage 

Gender   

Male 71 45.2 

Female 86 54.8 

 
Age group (years) 

  

1-10  2 1.3 

11-20 8 5.1 

21-30  16 10.2 

31-40  17 10.8 

41-50  23 14.6 

51-60  32 20.4 

Above 60  59 37.6 

 

Total 157 100.00 
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Prevalence of bacterial pathogens:   

 Of the total samples from 157 CKD par- 
ticipants, a prevalence of 22.9% (n=36) of bac- 
terial uropathogens was reported (Fig 1). Esch- 
erichia coli was the most frequently isolated ba- 

cterium among the participants (22.2%, n=8), 
followed by Klebsiella pneumoniae (19.4%, 
n=7). Staphylococcus lentus, Staphylococcus 
lugdunensis, Streptococcus mutans, Acineto- 
bacter species, and Enterococcus faecalis were 
the least frequently isolated pathogens, with 

2.8% (n=1) each (Table 2). 

Antimicrobial susceptibility of bacterial uropath- 
ogens:     

 The antimicrobial susceptibility of the  

Gram-positive isolates showed 100% sensitivity 
to linezolid and vancomycin, but high resistance 
of 60.0% (n=3) and 42.9% (n=3) to cefoxitin 
and clindamycin, respectively (Table 3). The 

antimicrobial susceptibility of the Gram-nega- 
tive bacteria showed sensitivity to imipenem  
(85.7%, n=24), ceftazidime (64.3%, n=18), 
ceftriaxone (63.0%, n=17), piperacillin-tazo- 
bactam (57.1%, n=16), and nitrofurantoin 
(55.6%, n=15), but the isolates were resistant 
to gentamicin (53.6%, n=15), augmentin 

(51.9%, n=14), and ciprofloxacin (50.0%, 
n=14) (Table 4 ).  

 

Fig 1: Prevalence of uropathogens among patients with chronic kidney disease in UITH Ilorin 

 

Table 2: Frequency Distribution of bacterial uropathogens isolated from patients with chronic kidney disease in UITH Ilorin 

Bacterial isolates Frequency Percentage 
 

Gram-negative  29 82.6 

Escherichia coli 8 22.2 

Klebsiella pneumoniae 7 19.4 

Klebsiella oxytoca 3 8.3 

Enterobacter cloacae 3 8.3 

Proteus mirabilis 3 8.3 

Serratia ficaria 2 5.6 

Pseudomonas aeruginosa 2 5.6 

Acinetobacter specie 1 2.8 

 
Gram-positive  7 17.4 

Staphylococcus saprophyticus 2 5.6 

Staphylococcus lugdunensis 1 2.8 

Staphylococcus hominis 1 2.8 

Staphylococcus lentus 1 2.8 

Streptococcus mutans 1 2.8 

Enterococcus faecalis 1 2.8 

 

Total 36 100.0 

 

22.9%

70.7%

6.4%

Percentage

Uropathogens No Growth Mixed Growth
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Table 3: Antimicrobial susceptibility of Gram-positive isolates from patients with chronic kidney disease in UITH Ilorin  

Antibiotics No of isolates tested No sensitive (%) No intermediate (%) No resistant (%) 

 

Cefoxitin 5 2 (40) 0 3 (60) 

Linezolid 7 7 (100) 0 0 

Erythromycin 7 4 (57.1) 2 (28.6) 1 (14.3) 

Clindamycin 7 4 (57.1) 0 3 (42.9) 

Gentamicin 5 3 (60) 1 (20) 1 (20) 

Tetracycline 5 4 (80) 0 1 (20) 

Levofloxacin 5 3 (60) 2 (40) 0 

Nitrofurantoin 7 6 (85.7) 0 1 (14.3) 
Vancomycin 7 7 (100) 0 0 

 

Table 4: Antimicrobial susceptibility of Gram-negative bacterial isolates from patients with chronic kidney disease in UITH Ilorin 

Antibiotics No of isolates tested No sensitive (%) No intermediate (%) No resistant (%) 

 

Ceftazidime 28 18 (64.3) 2 (7.1) 8 (28.6) 

Augmentin 27 10 (37.0) 3 (11.1) 14 (51.9) 
Ceftriaxone 27 17 (63.0) 0 10 (37.0) 

Piperacillin-Tazobactam 28 16 (57.1) 0 12 (42.9) 

Gentamicin 28 12 (42.9) 1 (3.6) 15 (53.6) 

Ciprofloxacin 28 13 (46.4) 1 (3.6) 14 (50) 

Imipenem 28 24 (85.7) 1 (3.6) 3 (10.7) 

Nitrofurantoin 27 15 (55.6) 5 (18.5) 7 (25.9) 

 

Discussion: 

 This study reported the prevalence of 
bacterial uropathogens to be 22.9%, which agr- 
ees with 26% rate reported by Chaudary et al., 
(19) but contrast the 70.6% rate reported by 

Raphael and Udo (20). This difference in rates 

may be due to differences in the regions and 
hospital settings of the studies. In patients with 
CKD, infectious complications are much higher, 
similar to individuals on immunosuppressive 
medications or those with other forms of acqui- 
red immune deficiency (12). The risk of infection 

in CKD patients has been reported to be three 
times higher than the general population (21). 
Also, the vulnerability of CKD patients to disea- 
ses such as UTI is due to prolonged haemodia- 
lysis, compromising their immune system func- 
tion, resulting in recurrent UTIs and ascending 
renal infection. More so, chronic renal failure 

serves as a contributing factor for the develop- 
ment of UTIs due to secondary immunological 
changes brought on by metabolic diseases that 

impact several resistance components (13,14). 
 In this study, E. coli is the most frequ- 
ently isolated bacterium in the CKD patients, 

contributing to about 22.2% of the total isola- 
tes, followed by K. pneumoniae (19.4%) and K. 
oxytoca (8.3%). This is similar to the studies of 
Pugalendhi et al., (22) and Shankar et al., (23), 
who both reported E. coli (47.7%) and K. pneu- 
moniae (15.4%), and E. coli (61.8%) and K. 
pneumoniae (13.7%), respectively, as the most 

frequent bacterial isolates with a lower frequen- 
cy of other bacteria uropathogen in CKD pati- 

ents. This finding may be because E. coli is a 
ubiquitous bacterium and is the most predomi- 
nant bacterium in UTI, hence a high tendency 
for E. coli to be reported in CKD patients. Also, 
numerous virulence factors, such as flagella, 

lipopolysaccharides, toxins, surface vesicles, 
polysaccharide capsules, fimbrial and non-fim- 

brial adhesins, and iron acquisition system, ena- 
ble E. coli to survive and cause infection in the 
urinary tract. Thus, E. coli frequently targets the 
urethra, bladder, and kidneys (24). 

 Assessing the antibiotic susceptibility of 
the bacterial uropathogens, Gram-positive bac- 
teria had higher susceptibility to linezolid and 
vancomycin compared to other antibiotics, while 
60% and 42.9% of the isolates were resistant 
to cefoxitin and clindamycin, respectively. This 
finding is similar to that reported by Shankar et 

al., (23), with higher susceptibility of Gram-
positive cocci to linezolid and vancomycin. This 
indicates the continued efficacy of these anti-
biotics against Gram-positive bacteria. This may 
partly be because these drugs cannot be bought 

easily over the counter, as they are mainly used 
in hospitals.      

 In this study, most of the Gram-nega- 
tive bacteria showed high sensitivity to ceftazi- 
dime, ceftriaxone, piperacillin-tazobactam, imi- 
penem, and nitrofurantoin, but were resistant to 
augmentin, gentamicin, and ciprofloxacin. This 
finding contrast that of Thapa et al., (25), who 

reported higher resistance of Gram-negative 
bacteria to ceftazidime and ceftriaxone, but agr- 
ees with their findings of high susceptibility to 
meropenem and nitrofurantoin. Our study rep- 
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ort absence of multi-drug resistance among the 
uropathogens from the CKD patients, which 
may be an important factor in management of 
the patients, with potential improved outcomes 

as resistance appears not to be a challenge. 
 This study has some limitations. We 
could not determine the distribution of isolated 
bacterial pathogens across the 5 stages of CKD, 
which would be beneficial in determining the 
stages that are most at risk of UTI. Additionally, 
the study did not take into account the risk 

factors that influence the prevalence of UTI. 
However, the study leverages the strength of 
the automated method (Vitek 2 system) used 
for bacteria identification and susceptibility test- 
ing.  

Conclusion: 
 

 This study reported 22.9% prevalence 

of uropathogenic bacteria, with E. coli being the 
predominant pathogen among CKD patients. 
Bacterial uropathogens isolated from CKD pati- 
ents in this study show high susceptibility to the 
common antibiotics that are clinically accessi- 
ble, indicating that antimicrobial resistance is 

not significantly high among CKD patients. Fut- 
ure research should explore the association 
between the stages of CKD and UTIs, and other 
risk factors should be considered. 
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Abstract 
 
Background: Reusable plastic containers are widely used in informal food vending sites in developing countries like 
Nigeria, posing potential risks for microbial contamination and foodborne illnesses. This study determined the 
prevalence and identify microbial contaminants in 350 reusable plastic containers sampled from selected sites 
(markets, schools, roadside sellers, hawkers, and motor parks) in Calabar, Nigeria. 
Methodology:  The study applied standard swab and culture method to collect and analyze samples, which involved 
sampling 350 different containers from the 5 randomly selected sampling sites in Calabar. Chi-square test was used 
to assess the differences in contamination rates of containers between the sampling sites with p<0.05 considered as 
statistical significance level. 
Results: Overall, 288 (82.3%) containers were contaminated, predominantly with bacteria (81.7%, n=286), which 
includes Escherichia coli (56.6%, n=163), Staphylococcus aureus (37.4%, n=108), Enterococcus faecalis (4.2%, 
n=12), and Pseudomonas aeruginosa (1.1%, n=3). Fungal contaminants were minimal (0.6%, n=2), with no 
parasites detected. Contamination rates varied by sites but showed no significant differences between sampling sites 
(χ²=7.40, p=0.116).  
Conclusion: These findings highlight significant public health risks, comparable to high contamination levels in other 
African contexts but exceeding those in developed nations. Interventions focusing on hygiene education and 
regulation are recommended to mitigate foodborne disease burdens in Nigeria. 
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Résumé: 

Contexte: Les contenants en plastique réutilisables sont largement utilisés dans les points de vente alimentaires 
informels des pays en développement comme le Nigéria, ce qui représente un risque potentiel de contamination 
microbienne et de maladies d’origine alimentaire. Cette étude a déterminé la prévalence et identifié les contaminants 
microbiens présents dans 350 contenants en plastique réutilisables prélevés dans différents sites (marchés, écoles, 
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vendeurs ambulants, colporteurs et gares routières) à Calabar, au Nigéria.                  
Méthodologie: L’étude a utilisé la méthode standard de prélèvement et de culture pour collecter et analyser les 
échantillons. L’échantillonnage a porté sur 350 récipients différents provenant de 5 sites sélectionnés aléatoirement 
à Calabar. Le test du χ² a été utilisé pour évaluer les différences de taux de contamination des récipients entre les 
sites d’échantillonnage, le seuil de signification statistique étant fixé à p<0,05.                        
Résultats: Au total, 288 récipients (82,3%) étaient contaminés, principalement par des bactéries (81,7%, n=286), 
notamment Escherichia coli (56,6%, n=163), Staphylococcus aureus (37,4%, n=108), Enterococcus faecalis (4,2%, 
n=12) et Pseudomonas aeruginosa (1,1%, n=3). La contamination fongique était minime (0,6%, n=2) et aucun 
parasite n’a été détecté. Les taux de contamination variaient selon les sites, mais aucune différence significative n'a 
été observée entre les sites d'échantillonnage (χ²=7,40, p=0,116).                                             
Conclusion: Ces résultats mettent en évidence des risques importants pour la santé publique, comparables aux 
niveaux de contamination élevés observés dans d'autres contextes africains, mais supérieurs à ceux des pays 
développés. Des interventions axées sur l'éducation et la réglementation en matière d'hygiène sont recommandées 
afin de réduire la charge des maladies d'origine alimentaire au Nigéria. 

Mots-clés: Contamination microbienne, contenants en plastique réutilisables, vente ambulante d'aliments, agents 
pathogènes, Nigéria 

Introduction: 
 

 Food safety remains a critical public 
health challenge in developing countries, where 
informal food vending contributes significantly 

to dietary intake but often lacks stringent hyg- 
iene standards (1). In Nigeria, street-vended 
foods are a staple for urban populations, yet 
they are frequently associated with microbial 
contamination due to poor handling practices, 
inadequate sanitation, and reuse of containers 
without proper cleaning (2). Reusable plastic 

containers, common in informal settings, can 
harbor pathogenic bacteria such as Escherichia 
coli and Staphylococcus aureus, leading to food- 

borne illnesses that account for over 200,000 
deaths annually in Nigeria (3).  
 Globally, the World Health Organization 

estimates 600 million cases of foodborne dise- 
ases yearly, with sub-Saharan Africa bearing a 
disproportionate burden (4). In Calabar, a bust- 
ling city in southern Nigeria, informal vending 
sites like markets and motor parks serve as 
hubs for food distribution, exacerbating conta- 
mination risks through environmental exposure 

and cross-contamination (5). Previous studies in 
Nigeria have reported high bacterial loads in 
food contact surfaces, but data specific to re- 
usable containers in Calabar is limited (6).  
 The objectives of this study are to det- 

ermine the prevalence of microbial contami- 
nants, identify bacterial and fungi isolates, and 

assess variations across vending sites, with the 
aim of providing insights for targeted interven- 
tions.  
 

Materials and method: 
 

Study design, sampling sites and collection: 

 A cross-sectional study was conducted 
in Calabar, Nigeria, from January to June 2025. 
A total of 350 reusable plastic containers were 
randomly sampled from five informal food vend- 

ing sites; markets (n=126), schools (n=74), 
roadside sellers (n=84), hawkers (n=52), and 
motor parks/garages (n=14). Containers were 
selected based on active use for food storage or 
serving.     
 Sterile swabs moistened with buffered 

peptone water were used to sample inner sur- 
faces, following standard protocols (ISO 18593: 
2018). Swabs were transported in cool boxes to 
the laboratory within 2 hours for analysis.  
 
Microbial culture, isolation and identification:  

 Swabs were inoculated into enrichment 
broth (tryptic soy broth) and incubated at 37°C 

for 24 hours. For bacterial isolation, serial dilu- 

tions were plated on selective media; MacCon- 
key agar for E. coli, mannitol salt agar for S. 
aureus, Pseudomonas cetrimide agar for P. ae- 
ruginosa, and bile esculin azide agar for Entero- 
coccus (7).     

 Colonies were enumerated as colony-

forming units (CFU/ml) and identified by Gram 
stain reaction and biochemical tests (API 20E 
systems) (8). Fungal isolation involved culture 
on Sabouraud dextrose agar (with chloramphe- 
nicol), incubation at 25°C for 5-7 days, followed 
by microscopic identification. Parasites were 
identified in urine samples by wet mounts and 

concentration techniques (9).  
 
Statistical analysis: 

 Data obtained from the laboratory cul- 
ture, isolation and identification were analyzed 
using SPSS version 26.0. Contamination rates 
were expressed as percentages. Chi-square test 
was used to determine associations between 

sites and contamination rates, with p<0.05 con- 
sidered statistical significance.  
 

Results 
 

 Of the 350 containers sampled, 288 
(82.3%) were contaminated with microbial pa- 

thogens (Table 1). There is no significant diffe- 
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rence in contamination rates between the five 
different sampling sites (χ²=7.40, df=4, p= 
0.116) (Table 2).   
 Bacterial contamination predominated, 

in 286 containers (81.7%), fungal in 2 (0.6%), 
with 2 overlaps (0.6%), but no parasite was 
detected in any container (Table 3). Bacterial 
isolates included E. coli (56.6%, n=163), S. aur- 
eus (37.4%, n=108), E. faecalis (4.2%, n=12), 
and P. aeruginosa (1.1%, n=3) (Table 4).  
 

Table 1: Contamination rate of food vending plastic 
containers in Calabar, Nigeria 

 

Parameter Number Percentage (%) 

No of containers sampled  350 - 

No of containers contaminated 288 82.3 

No of containers uncontaminated 62 17.7 

 
Table 4: Contamination by sites 

 

Site 
No 

sampled 
No contaminated % 

Markets 126 105 83.3 

Schools 74 64 86.5 

Roadside sellers 84 67 79.8 

Hawkers 52 38 73.1 

Motor parks 14 14 100.0 

Total 350 288 82.3 
No significant site differences (χ²=7.40, df=4, p=0.116) 

 

Table 3: Contamination of containers by microbial types in 

Calabar, Nigeria 

 

Type Number Percentage (%) 

Bacterial 286 81.7 

Fungal 2 0.6 

Parasitic 0 0 

Bacterial + Fungal 2 0.6 

 
Table 3: Frequency of bacterial isolates contaminating food 

vending plastic containers in Calabar, Nigeria 

Species 
Number of 

isolates  

Percentage (%) 

Escherichia coli 163 56.6 

Staphylococcus aureus 108 37.4 

Enterococcus faecalis 12 4.19 

Pseudomonas aeruginosa 3 1.05 

Total 286 100.0 

 

Discussion: 
 

 The high contamination rate (82.3%) 
observed underscores the vulnerability of re- 
usable plastic containers in informal vending, 
aligning with studies in Nigeria reporting 70%-
90% bacterial loads in similar surfaces (6,9). 
This high contamination rate can be attributed 

to poor quality water used in these informal food 
vending areas (10,11). Escherichia coli and S. 
aureus dominance reflects fecal and human skin 
sources, common in unhygienic handling (2), 
contrary to the study reporting S. aureus as the 

most prevalent bacteria isolated (12).   
 In Africa, comparable rates include 
54.3% E. coli in Ethiopian street foods (13) and 
37.6% in raw foods across the continent 

(14). Motor parks showed 100% contamination, 
likely due to high traffic and poor sanitation, 
similar to Mozambican vendors (15). Globally, 
developed countries report lower rates (e.g. 
<20% in U.S. food surfaces) due to strict regu- 
lations and advanced cleaning (7). In contrast, 
developing nations face higher burdens from 

inadequate infrastructure (1).  
 Microbial contamination in reusable food 

containers leads to economic losses through 
three main effects, which include creating un- 
necessary food waste and harming street ven- 

dor businesses and raising medical expenses 

and control expenses (16). This study's findings 
imply potential for outbreaks, contributing to 
Nigeria's $3.6 billion annual foodborne illness 
costs (3). Compared to Africa with 91 million 
cases/year, figures are lower in Europe/Asia due 
to better surveillance (4). Recommendations 
include vendor training, as in Ghanaian inter- 

ventions reducing contamination by 40% (5). 
Limitation of this study include lack of molecular 
typing. Future research should incorporate AMR 
profiling. 
 

Conclusion:  
 

 This study showed that reusable plastic 
containers used by informal food vendors sho- 
wed high contamination rate of 82.3% probably 
due to unsatisfactory hygiene standards and 
unsafe water sources. The presence of the bac- 
teria contaminants such as E. coli signifies fecal 

contamination from human excretions which 
poses high risk of foodborne diseases to people 
who live in high-density regions such as motor 
parks. The contamination of the containers 
sampled presents significant threats to public 
health that call for urgent measures to improve 
hygiene practices, vendor education program- 

mes and effective food safety regulations. 
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