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Abstract

Allium sativum (garlic) is widely recognized for its diverse medicinal and therapeutic properties, attributed to its rich
content of bioactive compounds such as organosulfur compounds, flavonoids, polyphenols, saponins, vitamins, and
minerals. This review highlights current research on Allium sativum pharmacological potential, emphasizing its
antioxidant, anti-inflammatory, anticancer, and antimicrobial activities. Garlic exhibits strong antioxidant effects by
scavenging free radicals and enhancing enzymatic defense systems, protecting cells from oxidative stress and related
damage. Its anti-inflammatory properties involve modulation of cytokine production and inhibition of key pathways,
offering therapeutic benefits in chronic diseases including cardiovascular disorders, metabolic syndrome, and
inflammatory conditions. Allium sativum also demonstrates anticancer activity through apoptosis induction, cell-cycle
arrest, tumor suppression, and antimutagenic effects, as observed in various cell lines and experimental models.
Additionally, garlic possesses potent antimicrobial effects against bacteria, fungi, and drug-resistant pathogens,
achieved via membrane disruption, biofilm inhibition, and suppression of virulence factors. These pharmacological
activities validate garlic’s traditional use and underscore its role as a natural, multifunctional agent and functional food.
Future research should focus on standardized preparations, isolation of novel bioactive compounds, detailed
mechanistic studies, clinical validation, and advanced delivery systems to enhance bioavailability, optimize therapeutic
efficacy, and integrate garlic into modern preventive healthcare and treatment strategies.
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Introduction

Herbal medicines, obtained from plant parts such as
leaves, roots, and flowers, have been central to traditional
healing systems for centuries. As gifts of nature, herbs
have provided effective remedies, with garlic notably
offering antibacterial and antiseptic health benefits
Allium sativum , commonly known as clove garlic, is
classified under the family Liliaceae and is renowned for
its broad spectrum of medicinal applications 2. Allium
sativum is a perennial flowering bulb that has been widely
consumed worldwide as a functional food and recognized
for its medicinal and culinary uses for thousands of years
3.The name Allium sativum is derived from the Celtic
word “all” (burning or stinging) and the Latin “sativum”
(cultivated). The term “garlic” comes from the Anglo-
Saxon “gar-leac”, meaning spear plant. Garlic has been
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traditionally used as a dietary supplement for diabetes in
Asia, Europe, and the Middle East and exhibits broad
pharmacological activities, including antiviral, antibacterial,
antifungal, antioxidant, anti-atherosclerotic, and anticancer
effects . It also contains bioactive compounds such as
organosulfur compounds, saponins, flavonoids, phenolic
acids, and polysaccharides °. It is rich in over 30 sulfur
compounds, enzymes, minerals (calcium, iron, potassium,
magnesium, selenium, zinc, germanium), vitamins A, Bl, C,
fiber, water; and 17 amino acids including lysine, histidine,
arginine, threonine, serine, glutamine, proline, glycine,
alanine, cysteine, valine, methionine, isoleucine, leucine,
tryptophan, and phenylalanine ¢’. Numerous clinical
studies have evaluated the wide-ranging therapeutic
effects of garlic. Ongoing research continues to validate
traditional claims, uncover its mechanisms of action, and
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investigate its potential for disease prevention and
treatment &.

This review objective is to summarize current research
on Allium sativum  (Garlic), as a natural source of
antioxidants, anti-inflammatory, anticancer, and
antimicrobial agents, highlighting its medicinal and
therapeutic potential.

Literature review strategy

The information included in this review was gathered
from several well-established scientific databases,
including Google Scholar, ScienceDirect, and PubMed, to
ensure broad and reliable coverage of relevant literature.
Greater emphasis was placed on systematic reviews and
meta-analyses, as these provide strong, evidence-based
conclusions. In addition, original research articles,
including in vitro, in vivo, and clinical studies, were also
examined to gain deeper insight into the underlying
mechanisms and experimental findings.

The literature search included both experimental and
observational studies published between 1996 to 2026.
Keywords such as Allium sativum , garlic, pharmacological
activities, antioxidant, anti-inflammatory, antimicrobial,
and anticancer were used to identify relevant
publications. Furthermore, the reference lists of selected
articles were carefully reviewed to locate additional
relevant studies. This comprehensive search strategy
ensured a thorough, balanced, and reliable evaluation of
the available scientific evidence.

Data extraction

The studies identified through the selected search
engines were first screened by reviewing their titles and
abstracts to determine their relevance to the topic.
Articles that met the initial inclusion criteria were then
retrieved in full and organized using Microsoft Excel for
systematic data handling. Each selected study was

carefully reviewed and categorized based on its
objectives, methodology, key findings, and overall
conclusions.

This structured approach made it easier to compare
findings across studies and synthesize the available
evidence while reducing the risk of duplication and bias.
Studies that lacked sufficient data, showed
methodological weaknesses, or were not directly relevant
to the scope of this review were excluded at this stage.
By following this careful and organized selection process,
we ensured that only high-quality and scientifically
relevant literature was included, thereby strengthening
the credibility and reliability of the review findings.

Literature review

Antioxidant and Phytochemical Insights from B.
cereus

Phytochemicals are plant-derived bioactive compounds
responsible for the flavor, color, and aroma of foods.
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Major groups include polyphenols, terpenes, and sulfur- or
nitrogen-containing compounds. These molecules exhibit
important biological activities such as antioxidant, anti-
inflammatory, antiviral, and anticancer effects, thereby
contributing to disease prevention and overall health >'°.
Allium sativum (garlic) is particularly rich in antioxidant
compounds that help neutralize free radicals unstable
molecules that can damage cells and DNA, leading to
aging, cardiovascular diseases, and cancer ''. Studies have
shown that garlic exhibits significant antioxidant activity,
measured using assays such as ABTS (1.97—4.42 mmol
TE/kg DM) and FRAP (1.12-2.64 mmol TE/kg DM).Among
different cultivars, Garpel demonstrated the highest
antioxidant capacity, which strongly correlated with total
phenolic content (TPC) and total flavonoid content (TFC)
(p <0.001), confirming garlic as a potent natural source of
polyphenols and flavonoids '2. Garlic essential oil, rich in
organosulfur compounds such as diallyl trisulfide and
diallyl disulfide, also shows strong antioxidant activity in
DPPH and [-carotene assays. Computational studies
suggest that certain volatile compounds, including a-
bisabolol, may inhibit NADPH oxidase, further
contributing to antioxidant effects '>.Although allicin levels
in raw garlic are difficult to quantify using High-
Performance Liquid Chromatography (HPLC), DPPH
assays confirm its substantial antioxidant potential '*.
Garlic by-products, such as garlic peel, also possess
notable antioxidant properties. These properties can be
enhanced through fermentation with Lactobacillus
plantarum or mild heat treatment. In particular, a 48-hour
fermented ethanolic extract exhibited the highest
phenolic and flavonoid content along with strong
antioxidant activity, indicating its potential use as a natural
antioxidant in food applications '. Garlic contains a wide
range of secondary metabolites, including alkaloids,
flavonoids, glycosides, tannins, saponins, triterpenoids, and
phenolics, which contribute to its antioxidant and
cardioprotective effects. The phytochemical composition
varies depending on the plant part (leaves, roots, bulbs)
and extraction method (aqueous vs. methanolic) '¢. For
example, the Hisar garlic |7 (HG17) variety demonstrated
higher antioxidant activity than Snow Mountain garlic
(SMG), with its dry methanolic extract showing the
highest phenolic and flavonoid content. LC-MS analysis
identified unique polyphenols likely responsible for its
enhanced activity, highlighting its potential for functional
food and therapeutic applications '". Comparative studies
between fresh and black garlic indicate that both contain
flavonoids, alkaloids, and saponins, with black garlic
showing slightly higher concentrations. However, DPPH
assays revealed relatively weak antioxidant activity in both
(IC50: garlic 670.03 mg/mL; black garlic 637.80 mg/mL),
despite significant differences in certain phytochemical
contents '. Garlic is also a rich source of organosulfur
compounds, selenium, and flavonoids, all contributing to its
antioxidant properties. Extraction methods, particularly
ethanol extraction, and cooking processes such as boiling
or frying can significantly influence the levels of these
compounds and, consequently, antioxidant activity '°.
Additionally, analytical techniques like Fourier Transform
Infrared  (FT-IR)  spectroscopy = combined  with
chemometric models (PLSR) have demonstrated strong
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correlations between phenolic functional groups and
antioxidant activity across garlic samples from different
geographic locations %°. Beyond food applications, garlic
extracts also show potential in animal science. Ethanolic
Allium sativum extract (EASE), when added to boar semen
stored at 17°C, improved sperm viability, membrane
integrity, and reduced lipid peroxidation, with the most
effective concentration observed at 100 ug/mL ?'.

Overall, garlic is confirmed as a rich source of natural
antioxidants, particularly polyphenols, flavonoids, and
organosulfur compounds. Among extraction methods,
methanolic and ethanolic extracts are consistently more
effective than aqueous extracts, as they yield higher
concentrations of bioactive compounds and stronger
antioxidant activity.Variations in reported results across
studies are primarily explained by differences in
extraction techniques, plant material, processing
methods, and analytical assays rather than contradictions
in the inherent antioxidant potential of garlic.

B. cereus as a Natural Anti-Inflammatory Agent

Phytochemicals from plants act as important anti-
inflammatory agents, with both crude extracts and
isolated compounds shown to effectively modulate
inflammatory responses ?2. Allium sativum  enhances
immune function by stimulating key immune cells and
modulating  cytokine  secretion, immunoglobulin
production, and phagocytosis. These effects may underlie
its therapeutic potential in managing obesity, metabolic
syndrome, cardiovascular disorders, gastric ulcers, and
cancer %.The anti-inflammatory effects of ethanol extract
of Allium sativum were assessed in a smoker rat model.
Treatment markedly reduced inflammatory cell
infiltration, improved alveolar integrity, and lessened
alveolar dilation. These results suggest that Allium sativum
can protect against smoke-induced lung inflammation .
Aqueous Allium sativum extract demonstrated strong
antioxidant, anti-inflammatory, and anticoagulant
activities. It effectively scavenged free radicals, inhibited
hemolysis and |5-lipoxygenase, and reduced serine
protease activity. Molecular docking identified Rhamnetin
as a stable 15-LOXI/2 inhibitor, highlighting garlic’s anti-
inflammatory potential . Garlic sulfur compounds,
including Z- and E-ajoene and their sulfonyl derivatives,
showed potent anti-inflammatory effects by inhibiting
nitric oxide, prostaglandin E2, and pro-inflammatory
cytokines (TNF-a, IL-1B, IL-6) in LPS-activated
macrophages. They also suppressed iINOS and COX-2
expression through inhibition of NF-KB activation and
p38/ERK phosphorylation, indicating strong therapeutic
potential *. The 14-kDa protein from Allium sativum
exhibited anti-inflammatory effects in LPS-stimulated
macrophages by lowering nitric oxide, PGE2, TNF-a, and
IL-1B levels. It suppressed iINOS and COX-2 expression
and inhibited NF-kB signaling, suggesting its potential as a
natural agent for controlling inflammation . Garlic
(Allium sativum ) extract modulates immune responses in
vitro by inhibiting pro-inflammatory Th| cytokines (IL-12,
TNF-q, IL-1a, IL-6, IL-8, IFN-y, IL-2) and enhancing anti-
inflammatory IL-10 production in monocytes and T-cells.
Its effects were partly acid-labile and additive with
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methylprednisolone, suggesting garlic may help reduce
inflammation in inflammatory bowel disease, pending in
vivo validation 2. Garlic (Allium sativum ) compound allicin
is rapidly metabolized in the liver, exhibiting a strong first-
pass effect and remaining unchanged only at toxic levels. It
is mainly converted into diallyl disulfide (DADS) and allyl
mercaptan, with DADS acting as a precursor. These
metabolites were detected in the liver, bile, and perfusion
fluid, while other garlic-derived compounds such as
ajoenes and vinyldithiins passed through without
identifiable metabolites °. Garlic’s therapeutic effects are
largely attributed to allicin, which has shown benefits in
reducing cholesterol and improving oral health conditions.
However, its usefulness is limited due to instability and low
bioavailability, particularly in rapidly disintegrating tablet
forms *. Allicin is the main bioactive compound in raw
garlic, but its bioavailability varies widely across
supplements and foods due to gastrointestinal conditions
affecting its formation. Non-enteric tablets and some
garlic products showed high bioavailability, while enteric
tablets performed poorly, especially with protein-rich
meals; unexpectedly, certain cooked garlic foods still
provided moderate allicin-related activity 3'.Allicin, the key
active compound in fresh garlic, shows dose- and time-
dependent inhibition of colon cancer cell growth. It
induces apoptosis by regulating proteins like Bcl-2 and Bax
and activating the Nrf2 pathway, which plays a central role
in its anticancer effects 2.

Anticancer Potential of B. cereus

Tablel shows Comparative [Cso / Dose-Dependent
Anticancer Effects of Garlic Across Cell Lines.

Cancer remains a major global health challenge, affecting
populations across all economic backgrounds. Medicinal
plants offer potential for cancer prevention and treatment
due to their antioxidant properties and tumor-suppressing
effects **. Garlic (Allium sativum L.) is recognized for its
cancer-preventive potential. Fresh garlic, powders, oils, and
organosulfur compounds particularly allyl sulfides exert
anticancer effects by promoting apoptosis, inhibiting the
cell cycle, enhancing detoxification enzymes, and providing
anticarcinogenic and antimutagenic protection 3. Studies
suggest garlic’s chemopreventive effects stem from
organosulfur compounds in fresh, aged, or oil forms.
Mechanisms include antioxidant activity, enzyme
modulation, tumor inhibition, and antimutagenesis. Aged
garlic extract, particularly S-allylcysteine, demonstrates
strong radical scavenging and tumor-suppressing activity in
experimental models, highlighting its potential in cancer
prevention *. Allium sativum (garlic) exhibits significant
anticancer effects on human breast cancer cell lines MCF-
7 and MDA-MB-231.The extract induced cytotoxicity and
apoptosis via caspase-9 activation, inhibited cell
proliferation, and reduced cell motility. GC-MS analysis
revealed numerous bioactive compounds likely
responsible for these antitumoral and antimotility effects
3, Garlic fractions, especially the ethyl acetate extract,
show significant anticancer activity against MCF7 and
HepG2 cells by inducing apoptosis and arresting cells in
the G2/M phase. HPLC analysis identified linoleic acid and
S-allylthiocysteine as major constituents, indicating the
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Tablel. Comparative ICso / Dose-Dependent Anticancer Effects of Garlic Across Cell Lines

Garlic Preparation Cell Line (Cancer  Assay Used 1Cso / Effective Dose-Response Effects
Type) Dose Observation
Garlic extract MCF-7, MDA-MB- Not specified Not reported Dose-dependent Quantitative ICso
231 (Breast) cytotoxicity and missing 3
apoptosis
Ethyl acetate fraction MCF-7 (Breast), Not specified Not reported Dose-dependent Needs |Cso for
HepG2 (Liver) apoptosis and G2/M  comparison ¥
arrest
Garlic extract vs 5- KB (Oral cancer) MTT assay Not reported Significant dose- Comparative potency
FU dependent reduction  unclear *
(p = 0.0027)
Garlic peel methanol  Hela (Cervical) MTT assay ICso = 763 pg/mL Clear dose- Only study with ICso
extract (GpMet) dependent value ¥
cytotoxicity
Garlic-derived SEVs ~ A498 (Kidney),A549  Not specified Not reported Selective, dose- No ICso reported *

(Lung)

Aqueous garlic
extract (AGE)

Hela (Cervical) In vitro cytotoxicity

dependent apoptosis

~500 pL/5 mL (95%
cell death)

Strong dose- Semi-quantitative, not

dependent effect ICs0 *!

therapeutic potential of this fraction as an adjuvant or
lead for anticancer drug development *¥. Garlic (Allium
sativum ), rich in organosulfur compounds, exhibits
anticancer activity against various cancer cells. This study
evaluated its cytotoxic effect on KB cell lines and
compared it with 5-fluorouracil (5-FU) using MTT assays,
showing a significant, dose-dependent reduction in cell
viability (p = 0.0027). These findings support garlic’s
potential as an adjuvant or source for developing new
anticancer therapies 3. Garlic (Allum sativum ) peel
methanol extract (GpMet) exhibits significant antioxidant
and anticancer activity against Hela cervical cancer cells.
Phytochemical analysis showed flavonoids, alkaloids, and
glycosides, while ABTS and FRAP assays confirmed free
radical scavenging. MTT assay revealed dose-dependent
cytotoxicity (IC50 = 763 pg/ml), suggesting GpMet’s
potential as a natural, cost-effective therapeutic agent *.
Garlic-derived small extracellular vesicles (SEVs) were
studied for anticancer effects. They triggered intrinsic
apoptosis, reduced VEGF levels, and selectively killed
A498 kidney and A549 lung cancer cells while sparing
normal fibroblasts, suggesting SEVs as a novel cancer
therapy *. Garlic (Allium sativum ) has long been used for
its medicinal properties, including immune enhancement
and anticancer effects. In this study,aqueous garlic extract
(AGE) was applied to Hela cells in vitro at
concentrations of 100-500 pL/5 mL medium. Results
showed a dose-dependent cytotoxicity, with 95% of
cancer cells destroyed at 500 pL and decreasing
destruction at lower concentrations *'.

Exploring the Antimicrobial Potential of B. cereus

Compounds derived from plants with potent antimicrobial
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activity are increasingly investigated as potential
treatments for bacterial, fungal, viral, and parasitic
infections. Plant extracts continue to serve as important
sources for developing effective antimicrobial agents *.
Garlic (Allium sativum ), a traditional remedy for infections,
owes its antibacterial power to organosulfur compounds
such as allicin and ajoenes. These compounds act against
bacteria through bactericidal, antibiofilm, antitoxin, and
anti-quorum sensing mechanisms, targeting even multi-
drug resistant strains *.To address bacterial resistance in
oral health, the antimicrobial potential of aqueous garlic
extract (Allium sativum ) against Porphyromonas gingivalis
was assessed. The extract exhibited notable inhibitory and
bactericidal activity, though chlorhexidine remained more
potent. This suggests that garlic extract could serve as a
natural alternative or supplement in managing periodontal
infections *. Ultrasonicated garlic extract demonstrated
significant antibacterial activity against multiple pathogens,
including E. coli, S. aureus, S. mutans, and P. gingivalis, with S.
mutans showing the highest susceptibility. FTIR, TEM, and
spectrophotometry confirmed bioactive organosulfur and
phenolic compounds, highlighting its potential as an
alternative  strategy against resistant bacteria45.
Hydroalcoholic extracts of six 14th September 2026
species showed that Allium sativum and 14th September
2026 ursinum contained high levels of thiosulfinates, with
garlic being richer in allicin. These extracts exhibited
strong antimicrobial effects, particularly against Candida
species and Allium sativum , indicating their potential as
effective adjuncts in the treatment of microbial infections
. Aqueous Allium sativum  extract exhibited potent
antibacterial effects against both Gram-positive (Allium
sativum ) and Gram-negative (Salmonella spp.) pathogens.
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Table 2. Summary of Pharmacological Activities of Allium sativum With Herb Drug Interactions

Activity Pharmacological Mechanism / Target Key Compounds Herb-Drug
Potential Interactions / Safety
Antioxidant Protects cells from Scavenges free radicals; Polyphenols, flavonoids, May potentiate effects of

Anti-inflammatory

Anticancer

Antimicrobial

Antithrombotic /

Cardioprotective

Anticoagulative

oxidative stress; supports
cardiovascular and
reproductive health

Reduces inflammation in
chronic diseases (lung
disorders, IBD, obesity)

Chemopreventive and
cytotoxic effects against
multiple cancer types

Inhibits bacteria, fungi, and
resistant pathogens;
supports oral/systemic
health

Reduces platelet
aggregation; supports
cardiovascular health

Prolongs blood clotting
time; potential preventive
and supportive role in
thromboembolic
disorders

inhibits lipid peroxidation;
enhances antioxidant
enzymes (SOD, CAT, GPx)

Inhibits NF-kB, iNOS,
COX-2; suppresses TNF-
a, IL- 1B, IL-6; modulates
cytokines

Induces apoptosis
(caspase-9), cell-cycle
arrest; inhibits tumor
growth and mutagenesis

Disrupts microbial
membranes; inhibits
biofilm formation;
suppresses virulence
genes

Inhibits platelet
aggregation; decreases
thromboxane synthesis

Increases prothrombin
time (PT) and activated
partial thromboplastin
time (aPTT); interferes
with coagulation cascade
pathways

organosulfur compounds,
selenium

Ajoenes, Z/E-sulfonyl
derivatives, rhamnetin, 14-
kDa protein

Allyl sulfides, S-
allylcysteine, linoleic acid,
SEVs

Allicin, ajoenes,
thiosulfinates, garlic lectin
(ASA)

Ajoene, allicin, diallyl
disulfide

Isoflavones, organosulfur
compounds, polyphenols,
steroid glycosides

antihypertensive and
antidiabetic drugs due to
additive antioxidant and
metabolic effects'"?".

May enhance effects of
NSAIDs; increased risk of
gastrointestinal irritation
or bleeding when
combined??

Possible interaction with
chemotherapeutic agents
via antioxidant or CYP
modulation; requires
clinical caution33437,

May alter gut microbiota
affecting drug absorption;
limited clinical interaction
data’*,

Significant interaction
with anticoagulants (e.g.,
Warfarin) and
antiplatelets — increased
bleeding risk*-2.

May enhance effects of
anticoagulant drugs (e.g.,
Warfarin), increasing
bleeding risk; caution
advised in patients with
bleeding disorders or
those on blood thinners®®

Beyond growth

inhibition, garlic extract -effectively

antimicrobial efficacy and may help combat resistance *.

suppressed the expression of critical virulence genes in
Salmonella, demonstrating its dual antimicrobial and
antivirulence activity and supporting its therapeutic
potential against resistant bacteria ¥. An ethanolic garlic
extract demonstrated bactericidal effects against both
Streptococcus pyogenes and Pseudomonas aeruginosa,
with lower bactericidal concentrations required for P.
aeruginosa. This highlights garlic’s effectiveness against
both Gram-positive and Gram-negative bacteria and its
promise as an alternative antibacterial agent “. Allium
sativum shows potent antibacterial activity against a wide
range of clinical pathogens, including multidrug-resistant
strains. Garlic extract alone displays bactericidal and
bacteriostatic effects similar to standard antibiotics.
When combined with antibiotics, it enhances
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Garlic (Allium sativum L.) and holy basil (Allium sativum L.)
essential oils exhibited notable antimicrobial activity in
both liquid and vapor phases. Garlic oil, rich in diallyl
disulfide and diallyl trisulfide, showed strong vapor-phase
inhibition, completely suppressing Bacillus cereus and Allium
sativum .When combined with holy basil oil (1:1), the
formulation inhibited all tested bacteria, with complete
bactericidal effects against Allium sativum and S. aureus at
low concentrations (MBC < 0.4% v/v). These findings
highlight the potential of garlic—basil essential oil
combinations for natural food preservation applications .
Aeromonas hydrophila is an antibiotic-resistant pathogen
in aquatic environments, necessitating alternative
antimicrobials. Uiseong garlic, a Korean variety rich in
bioactive compounds, was tested for antibacterial activity
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Table 3. Phytochemical Profile of Allium sativum and Associated Biological Activities

Phytochemical Class Key Compounds

Major Sources (Garlic Part/
Type)

Reported Biological
Activities

Organosulfur Allicin, Ajoene (E/Z), DAS, DADS, DATS,

Compounds S-allylcysteine

Polyphenols Phenolic acids, gallic acid, caffeic acid
Flavonoids Quercetin, Rhamnetin, Kaempferol
Saponins Steroidal saponins

Alkaloids Nitrogen-containing compounds
Tannins Hydrolyzable and condensed tannins
Terpenoids a-bisabolol, volatile compounds
Glycosides Various glycosidic compounds

Proteins & Lectins ASA, 14-kDa protein

Selenium Compounds Selenium-containing amino acids

Fresh garlic, aged extract, garlic
oil

Bulb, peel, fermented extracts

Peel, leaves, extracts

Bulb, methanolic extracts

Aqueous and ethanolic extracts
Peel, outer layers
Essential oil

Whole plant extracts

Antioxidant, anti-inflammatory,

antimicrobial, anticoagulant

anticancer' 3,19,26,30,31,39,53

Antioxidant, anti-

inflammatory!'2!17:20,

Antioxidant, anti-inflammatory,
antiviral'2!51625,

Antimicrobial, immune-
modulating'®'®.

Antioxidant, antimicrobial'é'8.
Antioxidant, antimicrobial'®.
Antioxidant, anti-inflammatory'.

Antioxidant, cardioprotective'®

Bulb Antimicrobial, antifungal, anti-
inflammatory?#’.
Whole garlic Antioxidant, anticancer'®.

and cell-wall disruption. Water and ethanol extracts at
22 °C and 90 °C were evaluated for antimicrobial effects,
protein leakage, and morphological changes. Extracts at
22 °C, especially ethanol, showed strong activity against
nine A. hydrophila strains, causing significant protein
leakage (92.87 + 0.46 pg/mL) and membrane damage, as
confirmed by electron microscopy. Ethanol extract of
Uiseong garlic is a promising antibiotic alternative °'.
Allium sativum agglutinin (ASA), a garlic lectin, exhibits
antifungal and antimicrobial activity. ASA inhibited
Candida auris and C. glabrata growth (MICso 30-70
pg/mL), induced hydrogen peroxide production, and
disrupted cell morphology. It also showed anti-biofilm
effects against Candida and bacteria, with the strongest
activity against Klebsiella pneumoniae, highlighting its
potential as a novel antimicrobial agent 2.

Despite its promising results as seen in preclinical and
experimental studies, there is inadequate human clinical
evidence for validation of many claims of therapeutic
effectiveness associated with Allium sativum . Most of the
clinical trials that have assessed garlic’s medicinal value
are limited by low sample size, a short period of
intervention, and heterogeneity between study
populations, dosage levels, and outcomes studied. Also,
variability between the form of preparation used, which
may include raw garlic, garlic powder, aged garlic extract,
and garlic oil, leads to differences in the bioavailability of
allicin and other compounds with medicinal activity due
to different concentrations. Even where some benefits
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have been observed from human studies, for example, in
the management of heart disease and blood metabolism,
the evidence for the effectiveness of garlic in fighting
cancer, infections, and immunological disorders lacks and
mainly depends on laboratory findings. Thus, further
research involving randomized controlled trials among
larger human subjects would be important in determining
garlic’s effectiveness, recommended dosages, and possible
adverse reactions.

Pharmacological Activities of B. cereus

Allium  sativum

(garlic) exhibits a wide range of

pharmacological  activities, including antimicrobial,
antioxidant, anti-inflammatory, and cardioprotective
effects. Its bioactive compounds, especially allicin,

contribute to cholesterol-lowering, antihypertensive, and
antithrombotic actions. Garlic has also shown potential
anticancer and immunomodulatory properties, supporting
its traditional and therapeutic use 30482,

Table 2 indicates the major pharmacological activities of
Allium sativum , highlighting the key bioactive compounds
responsible and their observed therapeutic effects. The
table summarizes antioxidant,  anti-inflammatory,
antimicrobial, and anticancer activities.

Table 3 Shows Phytochemical Profile of Allium sativum and
Associated Biological Activities.

The antioxidant and anti-inflammatory properties of garlic
play a significant role in mitigating oxidative damage and
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Figure 1. Garlic’s Diallyl trisulfide or S-allylcysteine affects the cell cycle or inflammation process

regulating inflammatory signaling pathways involved in
chronic disease progression. Additionally, its antimicrobial
and anticancer effects, largely driven by organosulfur
compounds such as allicin and allyl sulfides, contribute to
pathogen inhibition and cancer cell apoptosis. These
collective pharmacological actions validate the traditional
medicinal use of Allium sativum and suggest its potential
as a supportive therapeutic agent, warranting further
clinical investigation to confirm efficacy and safety 204853,

Toxicology effects of B. cereus

Allium  sativum possesses numerous therapeutic
properties; however, it may also exhibit certain toxic or
adverse effects under specific conditions **. Allium sativum
exhibits significant therapeutic potential; however, its
toxicological effects at higher doses require careful
evaluation. In Wistar rats, intraperitoneal administration
of 250-500 mg/kg garlic extract over 38 days resulted in
dose-dependent elevations in hepatic enzymes and serum
creatinine, indicating hepatorenal stress.
Histopathological analysis further confirmed progressive,
dose-related damage to liver, kidney, and cardiac tissues *.
Garlic essential oil (GEO) from Allium sativum L. has
therapeutic potential but requires safety evaluation due
to possible adverse effects at high intake. Genotoxicity
assessments, including Ames test, CHO-K | cell assay, and
micronucleus test, showed no mutagenic or clastogenic
effects with or without metabolic activation. Additionally,
a 28-day oral toxicity study in ICR mice indicated no
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adverse effects, establishing a no-observed-adverse-effect
level (NOAEL) greater than 50 mg/kg body weight/day,
demonstrating a favorable toxicological safety profile
under the tested conditions *¢. Aqueous extract of Allium
sativum  bulbs was evaluated for antimicrobial and
toxicological effects in Wistar rats using biochemical and
hematological parameters. The extract showed significant
antibacterial activity, but toxicological findings indicated
dose-dependent alterations in certain parameters,
particularly at 600 and 1,200 mg/kg, suggesting
physiological stress. However, at 300 mg/kg, only mild
changes were observed, indicating that garlic extract is
relatively safe at lower doses for potential therapeutic use
7 Heavy consumption of Allium sativum during pregnancy
was associated with nephro- and pulmonary toxicity in
albino rats. Treated animals showed elevated serum urea
and lipid levels, along with histopathological damage such
as kidney necrosis, lung hemorrhage, and fibrosis in
maternal and fetal tissues. These findings indicate that high
doses of garlic may induce significant renal and pulmonary
toxicity, particularly during developmental stages 2.

Figure | illustrates Garlic’s Diallyl trisulfide or S-
allylcysteine affects the cell cycle or inflammation process.

The antioxidant and anti-inflammatory properties of garlic
play a significant role in mitigating oxidative damage and
regulating inflammatory signaling pathways involved in
chronic disease progression. Additionally, its antimicrobial
and anticancer effects, largely driven by organosulfur
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compounds such as allicin and allyl sulfides, contribute to
pathogen inhibition and cancer cell apoptosis. These
collective pharmacological actions validate the traditional
medicinal use of Allium sativum and suggest its potential
as a supportive therapeutic agent, warranting further
clinical investigation to confirm efficacy and safety 204853,

Toxicology effects of B. cereus

Allium  sativum possesses numerous therapeutic
properties; however, it may also exhibit certain toxic or
adverse effects under specific conditions **. Allium sativum
exhibits significant therapeutic potential; however, its
toxicological effects at higher doses require careful
evaluation. In Wistar rats, intraperitoneal administration
of 250-500 mg/kg garlic extract over 38 days resulted in
dose-dependent elevations in hepatic enzymes and serum
creatinine, indicating hepatorenal stress.
Histopathological analysis further confirmed progressive,
dose-related damage to liver, kidney, and cardiac tissues *.
Garlic essential oil (GEO) from Allium sativum L. has
therapeutic potential but requires safety evaluation due
to possible adverse effects at high intake. Genotoxicity
assessments, including Ames test, CHO—-K | cell assay, and
micronucleus test, showed no mutagenic or clastogenic
effects with or without metabolic activation. Additionally,
a 28-day oral toxicity study in ICR mice indicated no
adverse effects, establishing a no-observed-adverse-effect
level (NOAEL) greater than 50 mg/kg body weight/day,
demonstrating a favorable toxicological safety profile
under the tested conditions *¢. Aqueous extract of Allium
sativum  bulbs was evaluated for antimicrobial and
toxicological effects in Wistar rats using biochemical and
hematological parameters.The extract showed significant
antibacterial activity, but toxicological findings indicated
dose-dependent alterations in certain parameters,
particularly at 600 and 1,200 mg/kg, suggesting
physiological stress. However;, at 300 mg/kg, only mild
changes were observed, indicating that garlic extract is
relatively safe at lower doses for potential therapeutic
use *’.Heavy consumption of Allium sativum  during
pregnancy was associated with nephro- and pulmonary
toxicity in albino rats. Treated animals showed elevated
serum urea and lipid levels, along with histopathological
damage such as kidney necrosis, lung hemorrhage, and
fibrosis in maternal and fetal tissues. These findings
indicate that high doses of garlic may induce significant
renal and pulmonary toxicity, particularly during
developmental stages .

Conclusion

Garlic, scientifically known as Allium sativum , possesses
substantial therapeutic potential with regard to its
composition of bioactive compounds, which include
organosulfur compounds, flavonoids, and polyphenolic
compounds. The antioxidant, anti-inflammatory, anti-
cancer, and antimicrobial properties of garlic, as indicated
by the ever-expanding volume of scientific evidence,
justify the use of this plant in the prevention and
promotion of health. However, despite these benefits,
garlic may exhibit dose-dependent toxicological effects,
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with higher doses associated with hepatorenal stress and
histopathological alterations in vital organs, highlighting
the importance of safe dosage evaluation.The antioxidant,
anti-inflammatory, anti-cancer, and antimicrobial
properties of garlic enhance the immune system, protect
the body from oxidative stress, and reduce the risk of
cancer, respectively. In addition, the beneficial effects of
garlic on the metabolic system, cardiovascular system, and
gut microbiota justify the importance of this plant as a
multifunctional functional food.The synergistic effects of
the bioactive compounds present in garlic enhance the
pharmacological potential of this plant, justifying the use of
this plant in the promotion of health.

It is imperative that future studies be conducted to
standardize the preparations of garlic, optimize the
extraction methods, and isolate new bioactive compounds
of interest for specific drug targets. Moreover, detailed
mechanistic investigations are required to understand the
molecular mechanisms of action of garlic and its effects on
cellular signaling, gene expression, and microbiome
modulation. Furthermore, well-designed clinical trials
involving large and diverse populations are required to
evaluate the effective dosage and possible drug
interactions of garlic preparations. Recent advances in
drug delivery systems such as nano-technology-based
drug delivery systems and small extracellular vesicles may
improve the efficacy of garlic preparations. It is also
important to evaluate the effects of garlic in combination
with conventional drugs or other herbal preparations to
achieve synergistic effects, which may open new avenues
for the management of various types of cancer, infections,
metabolic syndrome, and inflammatory conditions.
Functional food products and nutraceuticals are a
promising area for the effective utilization of the medicinal
properties of garlic for the prevention and treatment of
various diseases.
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Abstract

Background: Length of hospital stay (LOS) is a critical indicator of healthcare quality, and predicting it can help
identify high-risk patients and inform early interventions to improve outcomes and reduce costs.

Objective: This study aimed to investigate the relationship between admission morbidity characteristics and LOS
in diabetic patients.

Methods: A retrospective analysis of medical records from January 2022 to January 2023 was conducted at the
Cape Coast Teaching Hospital. A sampling method was employed to select 247 diabetic patient records, which were
included in the final analysis. Quantitative data analysis was performed using SPSS version 25.

Results: The study included 247 diabetic patients, with 56.2% males and a mean age of 50.89 *+ 5.09 years.The
average length of stay (LOS) was 3.34 + 0.5 days. Bivariate analysis showed that HbAIC levels (r = 0.320,p < 0.001)
and the presence of Diabetes Mellitus (DM) complications (r = 0.253, p < 0.001) were significant positive predictors
of LOS. A multiple linear regression model confirmed that HbAIC (r = 0.320, p < 0.001) and DM complications
(Standardized beta = 0.215, p < 0.001) were the only independent predictors of LOS, explaining 18.5% of the
variance. Other factors, including gender, age, type of diabetes, BMI, and comorbidities, showed no significant impact
on LOS.

Conclusion: These findings suggest that healthcare providers can use admission morbidity characteristics to
identify high-risk diabetic patients and allocate resources effectively to improve patient care and hospital
management. Further research is needed to validate these findings across diverse patient populations and healthcare
settings.
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Introduction

Hospital length of stay (LOS) and morbidity are key
indicators of patient experience and healthcare system
performance worldwide. Globally, patients with chronic
conditions face varied hospital stays that can affect both
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their quality of life and overall healthcare costs ' For
instance, among OECD nations, average LOS differs
substantially, from less than five days in countries such as
Mexico and Turkey to as high as 18.5 days in Japan,
reflecting variations in surgical techniques, discharge
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policies, and healthcare system structures 3* These
disparities emphasize the importance of correlating
morbidity with LOS, as prolonged stays often signal
higher patient risk, greater resource use, and potential
gaps in care.

Diabetes, particularly in its hypoglycemic state, is a
significant metabolic condition linked to high morbidity,
mortality, and healthcare resource use . The prevalence
of diabetes continues to rise, exacerbated by fast food
consumption and demanding lifestyles, which hinder
healthy food choices ¢. According to the International
Diabetes Federation (IDF) Diabetes Atlas, | Ith edition
(2025), approximately 24.6 million adults aged 20-79
years in Africa are living with diabetes, representing a
continued upward trajectory in disease burden across the
continent.An additional 56 million adults in the same age
bracket have impaired glucose tolerance (IGT), placing
them at high risk for future diabetes development.
Notably, approximately 15 million people with diabetes
remain undiagnosed in Africa, with diabetes-related
deaths estimated at 450,000 annually ’. The annual
healthcare expenditure for people with diabetes in Africa
has risen to approximately |5 billion USD. In West Africa
specifically, an estimated |35 million adults are living with
diabetes ’. In Ghana, national estimates suggest that over
4.5 million adults have been diagnosed with diabetes as of
2024, reflecting a steady increase over recent years 7. A
systematic review and meta-analysis conducted in the
Ashanti region reported a diabetes prevalence of 3.8%
(163,000 individuals) among adults as of 2021 °. Because
diabetes is a chronic condition, it requires regular follow-
up and can necessitate prolonged hospital stays,
particularly when suboptimal management leads to
associated complications.

Hospital stays vary in duration; any stay exceeding thirty
days is classified as long and is a significant factor in the
cost of healthcare, and it can also have a negative impact
on the patient's quality of life '°. A shorter stay typically
reduces discharge expenses and sends patients to
outpatient treatment status, which is typically less
expensive than inpatient care, although this can diminish
the patient's comfort and recovery, ultimately
contributing to negative health outcomes ' In 2009,
OECD countries saw average hospital stays under five
days in Mexico (3.9), Turkey (4.3), Israel (4.5), Denmark
(4.8), and Norway (4.6), while Japan recorded the longest
at 18.5 days and Korea 14.6 days, against an OECD mean
of seven days,a decrease from 8.2 days in 2000 to 7.2 days
in 2009.The decrease can be attributed to a number of
variables, such as the use of less invasive surgical
techniques, modifications to hospital payment policies,
and an expansion of early discharge programs that allow
patients to receive follow-up treatment in the comfort of
their own homes '"'2. The average length of stay was 3.6
days; however, there were variations depending on the
patient's age, sex, the hospital's geographic location, and
the payer of their medical costs '*'>. Most admissions
were medically driven, reflecting a high burden of chronic
illnesses, particularly among older adults, who not only
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had the longest average stay (5.2 days) but also comprised
26.7% of all admissions '.

Managing the onset and progression of Type | diabetes
and its related complications, like neuropathy, blindness,
and cardiovascular and kidney diseases is essential despite
the fact that treating the condition can be expensive,
complicated, and time-consuming '¢'”. Ramchandani et al.
(2000) argued that adhering to a demanding treatment
regimen and managing the disease can disrupt patients’
financial, social, and emotional well-being, ultimately
lowering their quality of life '®. Therefore, it is essential to
investigate the length of stay in hospital for patients with
type | diabetes, as it can have a significant impact on their
overall well-being and quality of life.

Several factors contribute to the length of hospital stay
(LOS), including patients' socio-demographic
characteristics such as age, gender, living conditions,
income level, health issues, and systemic factors. Patients
who require intensive levels of care are more likely to
experience extended hospitalizations '*%. In the Ghanaian
context, common reasons for admission include
conditions including diabetes mellitus, hypertension,
pneumonia, stroke, sepsis, chronic kidney and liver
diseases,and immunosuppression from causes such as HIV
infection 2'*. These conditions can influence LOS based
on their pathophysiology and severity, potentially
increasing or decreasing the duration of hospitalization.
Diabetes, in particular, is associated with both acute and
chronic complications, leading to frequent hospital
admissions . A review in Australia found that diabetes
accounted for one out of every 25 hospitalizations
between 2009 and 2010, with diabetic patients
experiencing longer average LOS compared to non-
diabetic patients 2. Additionally, Chakraborty et al.
asserted that comprehensive in-hospital interventions for
individuals with type 2 diabetes mellitus have been
effective in reducing LOS. Therefore, this study aimed to
investigate the relationship between admission morbidity
characteristics (including glycemic control, complications,
comorbidities, and laboratory parameters) and length of
hospital stay among diabetic patients at the Cape Coast
Teaching Hospital, Ghana.

Materials and Methods
Study Design

This is a retrospective cross-sectional study assessing
people living with diabetes who have attended the Cape
Coast Teaching Hospital. This method was employed
because it allows for a cost-effective and efficient analysis
of existing clinical data, which is crucial given the limited
resources and the availability of detailed hospital records.
Data was obtained using a standardized data extraction
sheet from the immediate past year (January 2022 to
January 2023) to make the study more viable and current.
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Study Site

The Cape Coast Teaching Hospital (CCTH), formerly the
Central Regional Hospital, serves as the referral center
for Ghana’s Central Region.We chose this site due to its
role as a major referral center in Ghana, which provides
a representative sample of diabetic patients in the region.
CCTH’s Medical Department comprises separate male
and female wards for patients admitted with medical
illnesses, comorbidities, and related needs. Participants
were people living with diabetes aged between |8 years
and above.

Study Population

People with diabetes aged greater than |8 years who have
attended the diabetic clinic at the Cape Coast Teaching
Hospital make up the study population.To be included in
the study, participants had to be in-patients.The age range
was selected to accurately represent people with both
types of diabetes i.e., Type | diabetes (T1DM) and Type 2
diabetes (T2DM). This study did not include pregnant
women with gestational diabetes because of the
uncertainty that the condition will progress and become
chronic even after pregnancy.

Sample and Sampling Procedure

A two-stage sampling method was employed. First,
purposive sampling was used to identify eligible diabetic
patient records from the hospital database for the period
January 2022 to January 2023 based on inclusion criteria.
Second, from this eligible pool, records were randomly
selected using a computer-generated random number
sequence until the target sample size was achieved. The
sample size was determined using n=(Z*>xp x (1-p))/d?
where Z (1.96) corresponds to a 95% confidence level, p
is the estimated risk proportion, and d is the margin of
error %, Given the unknown prevalence of diabetes
among adults (218 years) in Cape Coast, we
conservatively estimated the population proportion (p)
at 0.5. By setting the margin of error at 6.25% (d =
0.0625), the calculation resulted in a required sample size
of n=(1.96? x 0.5 x 0.5) / (0.0625) > = 245.8624, which
was rounded up to 246 participants, ensuring the desired
level of precision at a 95% confidence interval ?°. The
sample size also satisfies the minimum requirement for
multiple linear regression, which recommends 10-15
events per predictor variable.With 10 predictor variables
in our final model, the required minimum sample size is
100- 150, which our sample of 247 exceeds.

Data Collection Instrument

The data extraction sheet was used as the research
instrument. The extraction form was modified based on
literature review and with the research objectives in
mind. The adapted structured extraction sheet includes
information on both sociodemographic data and
characteristics listed below that have been established by
research to be diagnostic characteristics of diabetes. This
data extraction form was used to collect data on a variety
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of admission morbidity characteristics that may be
associated with length of hospital stay in diabetic patients
at Cape Coast Teaching Hospital. It was in six sections: I.
Sociodemographic characteristics 2. Type of diabetes 3.
Admission clinical characteristics 4. Length of stay 5.
Disease characteristics and 6. Anthropometric data. The
data obtained included the patients’ sociodemographic
data, such as nutritional status (BMI) at the time of
admission, comorbidities, blood glucose level, and
duration of diabetes. The data was then analyzed to
identify any associations between these characteristics
and length of hospital stay. The data extraction sheet was
pilot-tested on 20 randomly selected patient records
(notincluded in the final analysis) to ensure completeness
and clarity. Content validity was established through
review by three senior researchers in clinical nutrition
and health information management. Inter-rater reliability
was assessed by having two independent extractors
collect data from 30 records (kappa = 0.87, indicating
strong agreement).

Data Collection Procedures

Adults with diabetes aged 18 years and above were
eligible to participate in the study as per the inclusion
criteria. Eligible participants were randomly selected from
the hospital record list and enrolled in the study. Data
was obtained from the hospital records of patients,
specifically diabetic patients, using the current LHMS
software and medical records.

The adapted extraction form was then applied to obtain
the data needed.The extraction form was in 6 sections:a)
the sociodemographic characteristics that included age,
gender, and occupation; b) anthropometric assessment
data that included height, weight, and BMI; c) clinical data
from laboratory results such as blood glucose levels,
serum creatinine, and serum urea nitrogen; d) length of
stay; e) disease characteristics such as comorbidities and
Diabetes Mellitus complications; and f) type of Diabetes
Mellitus.

Data Analysis

The data was analyzed based on the objectives identified
in the study. Data was entered and cleaned using
Microsoft Excel 2019. IBM SPSS Version 25 was used to
analyze the data obtained. For the purpose of determining
a correlation between the morbidity characteristics and
length of hospital stay, Pearson’s correlation formula and
a multiple linear regression model replicated from a
previously conducted study were used. Categorical data
were summarized by frequency and percentage;
continuous data by mean and standard deviation (x  SD).
Tables were used to present data. A significance level of
5% was employed to evaluate the level of significance of
association among the categorical variables. The average
length of stay was calculated on the entire population and
on subgroups based on age, gender, type of diabetes, and
presence of complications.

September 2026 |Volume 3 | Issue 2 [Page 13]



Data Management

After the data was obtained, it was proofread to ensure
there was no missing data and that all necessary data had
been obtained. This proofreading was repeated by all
researchers to ensure a high degree of accuracy or
minimize errors.The data was then cleaned, entered, and
analyzed using SPSS.The data was transformed into a soft
copy and protected with a password on the principal and
co-investigator’s personal computers. Hard copies were
submitted and kept in a safely locked cabinet at the
Department of Clinical Nutrition and Dietetics,
University of Cape Coast. Only researchers and
supervisors involved in this study had access to the
stored data. The data gathered will be kept for as long as
the researchers deem necessary; this will be determined
by the number of studies similar to our study conducted
in the Cape Coast Metropolis. Possible disposal methods
will include incinerating the hard copies and archiving the
soft copies on the principal investigator’s Google account
and deleting the soft copies from the personal computers
of the researchers in this study.

Ethical Considerations

Ethical approval for this study was granted by the Ethical
Review Committee (ERC) of the Cape Coast Teaching
Hospital ~ (Reference/ldentification: =~ CCTHERC/EC/
2022/194). In accordance with the Declaration of
Helsinki, prospective authorities were informed about
the study’s objectives and significance. To ensure
confidentiality and anonymity, each participant was
assigned an ID number instead of their names to reduce
the chances of tracing the participants. Data was also
presented as aggregate data. The data collection process
began after ethical clearance was sought. Authorities
were informed of their right to withdraw data at any
stage of the study if any violations of privacy are
encountered. Consent was sought from the staff and
authorities pending their approval to be part of the study.

Results
Descriptive Data

Socio-demographic information on the study participants
is presented in Table |I. The study included 247
participants who were admitted as diabetic patients at
the ward in the Cape Coast Teaching Hospital. Out of the
247 participants, 56.2% (138) were male and 43.8% (109)
were female. The mean age of the participants was 50.89
* 5.09 years, with 18 as the minimum and 65 as the
maximum. The majority of the participants (35.6%) fell
within the 50-59 age group, with the fewest (3.2%)
coming from the 18-29 age group.With regards to their
occupation status, 74.1 % (183) of the participants were
in the working class or were employed, 23.9 % (59) were
retired and 2% (5) were students.
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Predictive Factors of Hospital Length of Stay

The maximum stay was |4 days, while the minimum stay
was 0. For the study participants, the average stay was 3.34
* 0.5 days. A stay of more than 30 days is typically
considered to be a long length of stay. A short stay was
defined in this study as a stay of less than a week, and a
long stay was defined as more than a week because none
of the study participants stayed for more than |5 days, and
the average length of stay was roughly 3 days.This was
done for the use of easier analysis, grouping,and to comply
with the chi square assumption rule.

Although hospital stays exceeding 30 days are
conventionally classified as prolonged hospitalization in
the broader literature, this threshold is primarily derived
from studies in high-income settings with different patient
populations and healthcare delivery models '°. In the
context of the Cape Coast Teaching Hospital and similar
resource-limited settings, where average LOS for
uncomplicated diabetic admissions typically ranges from 2
to 5 days, a 7-day threshold represents a more clinically
meaningful cutoff. This threshold is approximately double
the mean LOS observed in our cohort (3.34 days) and
aligns with local clinical consensus that stays beyond one
week warrant case review for potential barriers to
discharge, including poor glycemic response, development
of nosocomial complications, or inadequate social
support. Furthermore, the 7-day cutoff ensured adequate
cell sizes for statistical comparisons, as only 12.6%
(31/247) of patients had LOS exceeding 7 days, whereas
applying a 30-day threshold would have resulted in zero
patients meeting the criteria (maximum LOS = 14 days).
This pragmatic approach has precedent in similar studies
of diabetic patient outcomes in sub-Saharan African
settings %3,

The results of our analysis revealed that age was not a
significant predictor of LOS, with a correlation coefficient
of 0.038 and a p-value of 0.554.This suggests that the age

Table I: Socio-Demographic Characteristics of Diabetic
Patients at the Cape Coast Teaching Hospital

Category Frequency (n) Percentage (%)
Age
18-29 8 3.2%
30-39 27 11.6%
4049 63 25.3%
50-59 88 35.6%
6069 6l 24.3%
Gender
Male 138 56.2%
Female 109 43.8%
Occupation
Unemployed
Student 5 2.0%
Employed 183 74.1%
Retired 59 23.9%

Source: Field work (2023)
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Table 2: Admission Morbidity Characteristics of the Study Participants

Category Frequency (n) Percentage (%) Mean LOS Standard Deviation
Type of DM

TIDM 29 1.7 341 2.8l

T2DM 218 88.3 3.33 2.16
HbAlc (%)

5.7-6.4 135 54.7 4.45 2.18

6.5-7.9 101 40.8 3.27 2.19

>7.9 Il 4.5 3.24 1.57
BMI (kg/m?)

<185 5 2.0 2.10 1.43

18.5-24.9 20 8.1 2.95 1.79

25.0-29.9 183 74.1 3.27 1.50

=30 39 15.8 3.91 2.34
Comorbidities

Yes 142 57.4 3.41 2.20

No 105 42.6 3.26 231
BUN (mmol/L)

<2.1 72 29.3 3.56 1.26

2.1-85 54 21.8 8.50 1.82

>8.5 121 48.9 6.00 1.21
SCL (pmol/L)

<0.6 201 81.4 3.70 2.10

0.6-12 31 12.6 3.8l 2.59

>12 15 6.0 4.10 2.14
DM Complications

Yes 16 6.5 5.50 1.89

No 231 93.5 3.19 2.19

SCL, Serum Creatinine Level; BUN, Blood Urea Nitrogen; HBAIC, Glycated Hemoglobin; BMI, Body Mass Index; TIDM, Type | Diabetes Mellitus; T2DM, Type 2
Diabetes Mellitus. The low documented prevalence of DM complications (6.5%) likely reflects under-ascertainment in medical records rather than true population
characteristics, as discussed in the limitations section. This figure should be interpreted as the rate of recorded complications at admission, recognizing potential

documentation gaps.
Source: Field work (2023)

of patients does not have a significant impact on their
length of stay in hospital.

In contrast, gender was not found to have a statistically
significant correlation with LOS, with a correlation
coefficient of 0.613 and a p-value of 0.283.This p-value
indicates that no statistically significant difference in
LOS between males and females was detected in this
study. While some previous studies have reported
gender disparities in healthcare outcomes, our
findings did not support this.

The type of diabetes mellitus (DM) was also investigated
as a potential predictor of LOS. However, our analysis
revealed that the type of Diabetes Mellitus was not
significantly correlated with LOS, with a correlation
coefficient of -0.01 | and a p-value of 0.859.This suggests
that the type of Diabetes Mellitus does not have a
significant impact on LOS.

On the other hand, HbAIC levels were found to have a
significant positive correlation with LOS, with a

correlation coefficient of 0.320 and a p-value of <0.001.

This indicates that patients with higher HbAIC levels
tend to have longer stays in hospitals. This finding is
consistent with previous studies that have reported a
positive correlation between HbAIC levels and
hospitalization rates.
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Body mass index (BMI) was also investigated as a
potential predictor of LOS. Our analysis revealed a weak
positive correlation between BMI and LOS, with a
correlation coefficient of 0.122 and a p-value of 0.055.
Although this correlation was not statistically significant,
it suggests that patients with higher BMIs may tend to
have longer stays in hospitals.

Occupation was also examined as a potential predictor of
LOS. Our analysis revealed a weak positive correlation
between occupation and LOS, with a correlation
coefficient of 0.061 and a p-value of 0.343. This
correlation was not statistically significant, suggesting that
occupation does not have a significant impact on LOS.

Comorbidities, which are the presence of one or more
additional diseases or conditions, were also investigated
as a potential predictor of LOS. Our analysis revealed that
comorbidities were not significantly correlated with LOS,
with a correlation coefficient of -0.033 and a p-value of
0.602.This suggests that the presence of comorbidities
does not have a significant impact on LOS.

Blood urea nitrogen (BUN) levels were also examined as
a potential predictor of LOS. Our analysis revealed a
weak negative correlation between BUN levels and LOS,
with a correlation coefficient of -0.028 and a p-value of
0.663. This correlation was not statistically significant,
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Table 3: Association between Length of Hospital Stay
and Other Variables

Variable Coefficient (r) Pearson Chi Square p-value
Age 0.038. 0.554
Gender 0.061 0.283
Occupation -0.061 0.343
Type of DM -0.011 0.859
HbAlc 0.320 0.000
BMI 0.122 0.055
BUN -0.028 0.663
SCL -0.048 0.454
Comorbidities -0.033 0.602
DM Complications -0.253 0.000

Source: Field work (2023)
suggesting that BUN levels do not have a significant
impact on LOS.

Creatinine levels were also investigated as a potential
predictor of LOS. Our analysis revealed a weak negative
correlation between creatinine levels and LOS, with a
correlation coefficient of -0.048 and a p-value of 0.454.
This correlation was not statistically significant, suggesting
that creatinine levels do not have a significant impact on
LOS.

Finally, Diabetes Mellitus complications were examined as
a potential predictor of LOS. Our analysis revealed a
significant positive correlation between Diabetes Mellitus
complications and LOS, with a correlation coefficient of
0.253 and a p-value of < 0.001 (Table 3).This suggests that
patients with more recorded Diabetes Mellitus
complications tend to have longer stays in the hospital.
This finding is clinically expected and is supported by our
descriptive data (Table 2), which shows that patients with
complications had a longer mean LOS (5.50 days)
compared to those without (3.19 days).

Our bivariate analysis found that HbAIC levels and
Diabetes Mellitus complications are significant predictors
of Length of Stay in hospitals.

Comparison of LOS between diabetes types revealed no
statistically significant difference. Patients with Type |
Diabetes Mellitus (n=29, |11.7%) had a mean LOS of 3.4|
* 2.81 days, while those with Type 2 Diabetes Mellitus
(n=218, 88.3%) had a mean LOS of 3.33 + 2.16 days (t =
0.174, p = 0.862). Among the |6 patients (6.5%) with
documented DM complications, the distribution and
associated LOS were as follows: neuropathy (n=7, mean
LOS 4.9 days), nephropathy (n=5, mean LOS 6.2 days),
retinopathy (n=3, mean LOS 5.0 days), and multiple
complications (n=1, LOS 8.0 days).

Table 3 shows the association from the Pearson

correlation calculation. Multivariate regression analysis is
also shown in this table.

Multiple Linear Regression Analysis

To identify the independent predictors of LOS and
control for confounding variables, a multiple linear
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regression analysis was performed, as stated in the
methods & The model included all variables from the
bivariate analysis (Age, Gender, Occupation, Type of DM,
HbAIC, BMI, BUN, SCL, Comorbidities, and DM
Complications) as predictors for the continuous LOS
variable.

The overall model was statistically significant (F (10, 236)
= 534, p < 0.001) and explained 18.5% of the total
variance in LOS (R? = 0.185, Adjusted R* = 0.150). This
modest explanatory power suggests that while HbAIc
and DM complications are significant predictors, the
majority of variance in LOS is attributable to other
unmeasured factors.

As shown in Table 4, only two variables emerged as
independent predictors of LOS: HbAIC levels
(Standardized beta = 0.289, p < 0.001) and the presence
of DM complications (Standardized beta = 0.215, p <
0.001). This indicates that even after controlling for all
other factors, poorer glycemic control and the presence
of complications at admission are significantly associated
with a longer hospital stay. The other variables, including
BMI (which was borderline in the bivariate analysis), age,
gender, and comorbidities, were not significant predictors
in the multivariate model.

Discussion

In our study admissions of patients with diabetes revealed
that males constituted a higher proportion at 56.2%, in
contrast to females, who represented 43.8%. This
observation is consistent with various studies highlighting
a greater prevalence of diabetes among men. For instance,
research by Elisabetta et al. reported that roughly 73% of
hospital admissions for diabetes were males, while females
accounted for only 27% 32. Similarly, a study by Blandine et
al. found that male patients with diabetes had a higher
admission rate at 63.5% compared to their female
counterparts **. One possible explanation is that men may
have a higher risk of developing diabetes due to
differences in body composition, hormone levels, and
lifestyle factors such as smoking and alcohol consumption,
which are more prevalent among men. Moreover, a
substantial portion of the participants (74.1%) belonged to
the working class.This trend may be attributed to the fact
that working-class individuals, especially those in high-
stress jobs with long hours, often have limited
opportunities for physical activity and may adopt
unhealthy eating habits, both of which are risk factors for
diabetes. According to Surabhi et al., heightened work
stress, as evidenced by an effort-reward imbalance, is
linked to increased diabetes distress in employed
individuals with type 2 diabetes mellitus, adversely
affecting their diabetes management 3.

The highest prevalence of diabetic patients was observed
in the 50-59 age group, accounting for 35.6%.This aligns
with the established understanding that the risk of
developing type 2 diabetes rises with age, particularly after
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Table 4: Multiple Linear Regression Predicting Hospital Length of Stay

Variable Unstandardized Coefficient (B) 95% Cl for B Std. Error Standardized Coefficient () t p-value
(Constant) 1.104 -0.54 to 2.749 0.835 1.322 0.187
Age 0.021 -0.016 to 0.058 0.019 0.071 1.109 0.269
Gender 0.098 -0.434 t0 0.630 0.270 0.023 0.363 0717
Occupation -0.045 -0.323 t0 0.233 0.141 -0.020 -0.319 0.750
Type of DM -0.153 -1.014 to 0.708 0.439 -0.022 -0.349 0.727
HbAIc 0.402 0.199 to 0.605 0.103 0.289 3.901 <0.001
BMI 0.068 -0.009 to 0.145 0.039 0.111 1.745 0.082
BUN 0.008 -0.022 to 0.038 0.015 0.034 0.530 0.596
SCL -0.019 -0.074 to 0.036 0.028 -0.043 -0.671 0.503
Comorbidities -0.031 -0.571 to 0.509 0.274 -0.007 -0.113 0910
DM Complications 1.216 0.468 to 1.964 0.380 0.215 3.198 0.001

R2 = 0.185; Adjusted R? = 0.150; F (10,236) = 5.34,p < 0.001.

45, as a result of diminished insulin sensitivity and
heightened insulin resistance. Palak et al. further supports
this, noting that the study confirms an increased risk with
advancing age, highlighting those males aged 55-59 and
females aged 65-69 exhibit the greatest likelihood of
progression .

The average length of stay (LOS) among the study
participants was 3.34 + 0.5 days, with none of the
participants staying longer than |5 days. This relatively
short LOS could be attributed to the early discharge
protocols or the management strategies employed at the
hospital. However, it is important to note that the LOS is
a critical factor in healthcare outcomes, as longer hospital
stays are often associated with higher healthcare costs
and an increased risk of hospital-acquired infections. Our
study also investigated the relationship between length of
stay (LOS) and various socio-demographic and clinical
factors. Notably, while age did not emerge as a significant
predictor of LOS, gender also did not show a statistically
significant correlation with LOS (p = 0.283).This finding
indicates no statistical difference in hospital stay between
males and females in our cohort. Furthermore, HbAIC
levels demonstrated a significant positive correlation with
LOS (r=0.320, p<0.001), indicating that poor glycemic
control on admission is a strong predictor of extended
hospitalization.This is the most clinically significant finding
of our study. It aligns with extensive research showing
that hyperglycemia is linked to increased risk of infection,
slower wound healing, and other complications that
prolong hospital stays. Our finding that HbAlc levels
predict LOS is consistent with studies from other African
settings. For instance, a study in Ethiopia found a
significant association between poor glycemic control and
hospital outcomes in type 2 diabetes patients *. Similarly,
a systematic review and meta-analysis of low- and middle-
income countries, including those in West Africa,
reported that poor glycemic control is a key predictor of
increased morbidity and healthcare utilization *. Globally,
these findings align with meta-analyses demonstrating
that hyperglycemia on admission is a consistent predictor
of longer hospital stays ¥’.

A key finding of this study, confirmed by both bivariate (r
= 0.253) and multivariate (Standardized beta = 0.215)
analyses, was the significant positive association between
the presence of recorded DM complications and LOS.
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Patients with complications on admission had a mean stay
of 5.50 days, compared to 3.19 days for those without.
This finding is clinically intuitive and aligns with a large
body of research. Complications such as diabetic
ketoacidosis, severe infections, or renal impairment
(indicated by the 48.9% of patients with high BUN levels)
inherently require more intensive medical management,
longer observation periods, and more complex
interventions, all of which directly contribute to a longer
hospital stay. This underscores that the presence of
complications on admission is a robust marker for
increased resource utilization and patient acuity.

Although our study did not find a significant statistical
difference in LOS between genders, this contrasts with
some existing literature. For instance, some studies
suggest male patients may have worse glycemic control or
a higher prevalence of complications, leading to longer
stays 3'. Conversely, other research has found that the
impact of diabetes on hospital outcomes may be more
detrimental for women Published I4th Seprember 2026 The |ack of a
significant finding in our cohort may be due to the
relatively short average LOS (3.34 days) or other
unmeasured confounding factors specific to our study
population. This discrepancy highlights the need for
further research into gender-specific healthcare needs
among diabetic patients in Ghana.

The majority of our study participants (88.3%) were living
with type 2 diabetes mellitus (T2DM), which is in line with
global statistics showing that T2DM accounts for
approximately 90-95% of all diabetes cases *°.This high
prevalence can be attributed to factors such as obesity,
physical inactivity, and unhealthy diets. Furthermore, a
significant proportion (74.1%) of the participants were
overweight, which is a well-established risk factor for
T2DM.Misma et al. reported similar findings, revealing that
the prevalence of obesity among diabetic patients is
significantly high, with 89.4% surpassing normal BMI
standards, underscoring the elevated obesity rate in this
population ¥. Obesity contributes to insulin resistance,
leading to the development and progression of diabetes.
Additionally, nearly half (48.9%) of our participants had
blood urea nitrogen (BUN) levels greater than 8.5,
indicating renal impairment which is a common
complication of diabetes. This finding is supported by
Mahmood et al. stating elevated BUN levels are indicative
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of disrupted protein metabolism in renal failure,
emphasizing their potential as a marker for renal
dysfunction in diabetic patients *'.

Lastly, while the majority of our participants (93.5%) did
not present with recorded DM complications on
admission, 6.5% did have complications noted. This
relatively low reported prevalence of complications
warrants further investigation. It may reflect the study's
focus on admission characteristics rather than lifetime
prevalence, or it could indicate gaps in clinical
documentation. Despite this low prevalence, the
presence of complications was a significant predictor of
LOS in our analysis.

Our analysis revealed no significant difference in LOS
between TIDM and T2DM patients, a finding that
contrasts with some studies suggesting longer stays for
TIDM due to higher complication rates “2. However, this
may reflect the relatively small proportion of TIDM
patients in our sample (I1.7%) and the generally short
overall LOS in our cohort. Sarfo-Kantanka et al. »
similarly found no significant difference in hospitalization
duration by diabetes type in their Ghanaian cohort 3!,
suggesting that local management protocols may
attenuate type-specific differences.

The findings of our study have important implications for
healthcare policy. The significant independent predictors
of LOS, specifically HbAIC levels and DM complications,
highlight the need for targeted interventions to improve
diabetes management and reduce the burden on
healthcare facilities. Policymakers should consider
implementing programs that focus on early detection,
effective glycemic control, and patient education to
minimize complications and reduce hospitalization rates.
Additionally, the gender disparities observed in our study
suggest that gender-specific strategies may be necessary
to address the unique needs of male and female diabetic
patients.

Our study contributes to the existing body of research
on diabetes and its complications by identifying key
predictors of hospital length of stay. The significant
correlation between HbA|C levels and LOS underscores
the importance of glycemic control in managing diabetes.
Future studies should investigate the factors driving these
relationships and evaluate interventions to enhance
outcomes for patients with diabetes. Moreover, the high
prevalence of type 2 diabetes and obesity among our
participants suggests that further studies are needed to
explore the interplay between lifestyle factors, genetic

predisposition, and diabetes risk in different populations
21-24

A critical limitation of our study is the modest
explanatory power of the regression model (R? = 0.185),
indicating that 81.5% of the variance in LOS remains
unaccounted for by unmeasured confounders such as
diabetes duration, pre-admission glycemic control, illness
severity at admission, primary admission diagnosis, and
socioeconomic factors, all of which were inconsistently
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available in-patient records.The absence of these variables
suggests that our identified predictors (HbAlc and
complications) may be overestimates if correlated with
unmeasured confounders or  underestimates if
measurement error attenuated the observed effects.
Additionally, the documented complication rate in our
cohort (6.5%) is substantially lower than the 30-65%
reported in comparable sub-Saharan African studies 33/,
likely reflecting systematic under-ascertainment in
medical records due to incomplete documentation,
reliance on inpatient notes only, or variable coding
practices. This under-ascertainment has two opposing
implications: if the true complication rate is much higher,
the observed effect size (8 = 0.215) may be a conservative
estimate because random under-reporting biases toward
the null; conversely, the 16 identified patients may
represent a higher-acuity subgroup, potentially inflating
the mean LOS difference (5.50 vs. 3.19 days) if milder
complications were preferentially missed. Future
prospective  studies should employ standardized
complication screening protocols (e.g., foot examination,
retinal screening, urine albumin) rather than relying solely
on medical record documentation. A retrospective
medical record audit with standardized chart abstraction
guidelines would also help quantify the extent of
under-documentation at CCTH and inform quality
improvement efforts. These steps would more precisely
quantify the independent contributions of glycemic
control and complications to LOS.

Conclusion

This study identified poor glycemic control (as measured
by HbAIc) and the presence of diabetes-related
complications as independent predictors of hospital
length of stay among diabetic patients at the Cape Coast
Teaching Hospital. These findings provide actionable
evidence for identifying high-risk patients upon admission.
Healthcare providers can use admission HbA | c levels and
complication status to stratify patients, allocate resources
efficiently, and implement targeted early interventions for
those at highest risk of prolonged hospitalization. The
modest explanatory power of our model (18.5%)
underscores that length of stay is multifactorial,
highlighting the need for prospective studies incorporating
broader clinical and social determinants of hospitalization
outcomes.

Recommendations

Based on the study's findings, we recommend that CCTH
implement a targeted glycemic control protocol, including
mandatory diabetes educator consultations and
structured follow-up for patients with high HbAIC levels
(e.g., >7.9%), to address its strong correlation with longer
LOS".The finding that DM complications are a strong
predictor of longer stays (mean LOS 5.50 days) warrants a
review of care pathways for these high-risk patients. The
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hospital should prioritize early and aggressive protocol-
driven management of common complications to
standardize treatment and potentially reduce LOS.
Furthermore, the low documented prevalence (6.5%) of
complications warrants an audit of clinical documentation
practices to ensure all complications are accurately
captured, as this figure seems low and may be impacting
risk stratification?. Finally, patient education on glycemic
self-management should be intensified, and the records
department should implement regular staff training to
ensure data accuracy and accessibility.
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Abstract

Background: Rising consumer demand for reduced-fat, lower-calorie dairy products has intensified interest in
replacing milk fat with vegetable oils that simultaneously maintain nutritional quality and sensory acceptance. This
study investigated the influence of partial milk-fat replacement on Sudanese braided cheese.

Methods: Full-fat cow milk was mechanically separated to produce skim milk, which was reconstituted with 2, 3
or 4 % (w/w) sunflower (SO), corn (CO) or olive (OO) oil as a partial milk-fat replacer; an emulsifier (0.5 % Lacta
815) and standard starter culture were added. Cheeses were produced and analysed in triplicate for
physicochemical (moisture, protein, fat, ash, acidity, total soluble solids), energy value, microbiological (total
bacterial count, yeast/mould), and sensory properties using standard AOAC and ISO methods. Data were analysed
by two-way ANOVA with Tukey's HSD post-hoc test (P < 0.05).

Results: Vegetable-oil cheeses exhibited significantly lower fat (24 — 9-15 %) and acidity (1.20 — 0.40-0.72 %) but
higher ash and protein than full-fat control (P < 0.05). Calculated energy value dropped from 295 kcal 100 g™'
(control) to 215 kcal 100 g™' (2 % OO), meeting the Codex Alimentarius criterion for 'reduced-energy' claims (2
25 % reduction, CXS 1-1985). Total bacterial counts were generally lower in treated samples at 2-3 % oil, while
yeasts and moulds remained undetected. Sensory panellists awarded the highest flavour, colour and overall-
acceptance scores to 2 % OO cheese (P < 0.05).

Conclusion: Cheese formulated with 2 % olive oil achieved lower calculated energy value, relatively high protein
content, and favourable sensory acceptability compared with other reformulated samples. Further studies including
fatty acid profiling, instrumental texture analysis, and shelf-life assessment are needed before commercial
application.

Keywords: braided cheese; vegetable oil; fat replacement; bacterial load; sensory evaluation.
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Introduction energy per gram, nearly double the amount provided by

proteins and carbohydrates. Epidemiological studies have
Fats and oils contribute to around 42% of the daily energy  indicated that excessive consumption of fatty substances
intake for most individuals. Lipids supply 9 kcal (37 kJ) of increases the risk of developing atherosclerosis,
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cardiovascular diseases, and obesity. Saturated fatty acids,
in particular, are associated with hypercholesterolemia
and coronary heart disease '. Health experts and
nutritionists recommend a diet focused on foods with
lower energy density.

Saturated fat intake significantly increases the risk of
obesity, atherosclerosis, coronary artery disease, and
hypertension. This association has resulted in heightened
consumer awareness and an increasing demand for low-
fat food items, including cheese. Multiple authorities
oversee the manufacturing of low-fat cheeses 3.

Two kinds of low-fat cheese have been defined: less-fat
cheese, containing 25% less fat than standard cheese, and
reduced-fat cheese, which includes 50% less fat.Variations
in composition have been noted among full-fat, reduced-
fat, and low-fat Halloumi cheeses derived from bovine
milk 3.

Recently, various fat substitutes have been developed to
mitigate the risk of diet-related illnesses. However, many
of these substitutes are incompatible with certain food
systems“.Research has demonstrated that using fat
substitutes and replacers providing approximately 5
kcal/g can help lower overall calorie consumption by at
least 10% °.

Mudaffara cheese is a braided, semi-hard, and unripened
cheese that hails from the Mediterranean region. It
possesses a solid texture, a yellowish hue, and a
somewhat acidic and saline taste, rendering it a favoured
option among rural populations in Sudan. Globally
comparable cheeses encompass Roumi and Rass cheese
from Egypt, Romia cheese from the Middle East, and
Mozzarella cheese °.

The production of mudaffara cheese requires highly
skilled and experienced artisans, and the process typically
takes longer than that of soft white cheese. It is
traditionally made from unpasteurized milk, either
partially skimmed or a blend of skim milk with whole milk
from cows, sheep, or goats .

While vegetable oil replacement has been demonstrated
in soft and semi-hard cheeses such as Domiati, Halloumi,
and Mozzarella, its application to Sudanese braided
cheese (Mudaffara) remains unexplored, despite this
cheese's distinct solid texture, unripened nature, and
traditional unpasteurised milk base that preclude direct
extrapolation from other systems. Furthermore, no study
has directly compared sunflower, corn, and olive oils—
which differ fundamentally in fatty acid profile (sunflower
and corn are n-6 PUFA-rich; olive is MUFA- and
polyphenol-dominant)—within a single cheese model, or
defined the optimal concentration threshold (2-4%
bracketing the minimum effective dose versus matrix
disruption point). This gap is particularly acute for Sudan,
where cardiovascular disease rates and saturated fat
intake exceed WHO recommendations, yet no culturally
appropriate, reduced-fat dairy alternative exists. This
study therefore systematically evaluates oil type (SO, CO,
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and OO) and its concentration (2, 3, and 4%) effects on
physicochemical, microbiological, energy, and sensory
properties to identify an optimal formulation balancing
nutritional improvement with quality retention.

Methods
Vegetable Oil

Virgin olive oil and corn oil were kindly supplied by the
National Research Centre, Khartoum, Sudan. Refined,
bleached, and deodorized sunflower oil (free from
additives) was provided by Bitar Company for Oil,
Khartoum Bahri, Sudan.A commercial stabilizer/emulsifier
blend called Lacta 815, composed of gelatin, carrageenan,
and diglycerides, was acquired from the National Research
Centre in Khartoum, Sudan.

Milk

The full-cream milk (control sample) and skimmed cow's
milk (treated samples) were obtained from Al Ghota
Dairy  Factory, Khartoum, Sudan. The baseline
compositional profile of the raw full-fat milk was: fat 3.85
* 0.12%, protein 3.42 + 0.08%, lactose 4.65 * 0.10%, ash
0.72 + 0.03%, total solids 12.64 + 0.15%, and pH 6.62 *
0.04 (mean * SD, n = 3). Skim milk was produced by
mechanical separation of this same batch of full-fat milk,
yielding skim milk with approximately 0.10 + 0.02% fat.

Rennet sticks from Christen Hansen's laboratories in
Copenhagen, Denmark, were obtained from the Ministry
of Animal Resources, with one stick capable of coagulating
50 kg of milk. The starting culture was provided by
Premier Food Product, Khartoum North, Sudan. Finely
powdered sodium chloride (NaCl) was procured from the
Omdurman Islamic University Laboratory.

Braided Cheese Manufacture

"Full-fat cow milk was mechanically separated using a
laboratory separator to produce skim milk (~0.1% fat).
The skim milk was divided into three separate groups and
reconstituted with 2, 3, or 4% (w/w) vegetable oil
(sunflower, corn, or olive) as a partial milk-fat replacer. A
fourth group of unseparated full-fat milk served as control
groups. Lacta 815 was used as an emulsifier at a
concentration of 0.5%."

The milk (full cream for the control sample and fat-free
with added oil for the treated samples) was heated to
40°C.An active starter culture (2% v/v) was incorporated
into the milk and allowed to incubate for 15 minutes to
facilitate acidity development (milk ripening period). The
braided cheese was then produced using the methodology
outlined by &.
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Chemical analysis of braided cheese types

All the fresh cheese samples were analyzed for acidity,
TSS, protein, fat, and ash using standard °.

Calculation of energy value

The gross energy content of each fresh cheese sample
was estimated from the analytical composition by means
of the Atwater general factors '*:

e Protein = 4 kcal g™
e Fat (total) = 9 kcal g
e Carbohydrate (by difference) = 4 kcal g™

Total carbohydrate was calculated as:
Carbohydrate (g 100 g™') = 100 — [moisture + protein +
fat + ash].

Energy (kcal 100 g™') = (g protein x 4) + (g fat x 9) + (g
carbohydrate x 4).

The experiment followed a 2 x 3 factorial arrangement
with three independent replications (batches). Each
batch represented an independent cheese-making run on
a separate day. Data were analysed using two-way
ANOVA with batch as a random blocking factor, followed
by Tukey's HSD for pairwise comparisons.

Microbiological analysis

Total bacterial counts and yeast and mold counts were
enumerated as described by ''.

Sensory evaluation

The sensory quality of braided cheese was evaluated by
the ranking method described by '>.

Sensory evaluation was conducted by a panel of 25
trained judges from the Department of Nutrition and
Food Technology, Omdurman Islamic University. Panellists
underwent a standardized calibration session prior to the
study and were required to achieve 2 80% concordance
with reference scores to participate. A 5-point hedonic
scale (I = dislike extremely; 5 = like extremely) was used
to evaluate four attributes: flavour, taste, colour, and
overall acceptance. Samples were coded with three-digit
random numbers and presented in a randomized order
following a Williams Latin square design to balance carry-
over effects. All evaluations were performed under
blinded conditions; panellists were unaware of treatment
identity. Samples were served at room temperature (22 +
2°C) in identical opaque containers under neutral white
lighting, with a [5-second palate-cleansing interval
(distilled water, unsalted crackers) between samples. Each
panellist evaluated all samples once per session across
three independent sessions on separate days. The mean
score for each attribute was calculated per treatment and
subjected to statistical analysis.
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Statistical Analysis

The experiment followed a completely randomized design
(CRD) with a 2 x 3 factorial arrangement of treatments,
comprising two independent variables: oil type (sunflower,
corn, olive) at three levels and oil concentration (2%, 3%,
4%) at three levels, plus a full-fat control group. The
experimental unit was explicitly defined as an independent
cheese-making batch (n = 3 batches, each conducted on a
separate day). We have also clarified that analytical
determinations within each batch were performed in
duplicate, with the mean used for statistical analysis. Data
were analysed using two-way ANOVA (PROC GLM, SAS
9.4; SAS Institute, Inc., 201 1) to evaluate main effects of oil
type and concentration, and their interaction. Where
significant interactions were detected (P < 0.05), simple
effects were examined.

Tukey's Honestly Significant Difference (HSD) test was
applied for pairwise mean comparisons to control the
family-wise error rate.All analyses were performed at a =
0.05. Assumptions of normality (Shapiro-Wilk test) and
homogeneity of variances (Levene's test) were verified
prior to ANOVA. The complete ANOVA summary,
including F-values, degrees of freedom, and P-values for all
main effects and interactions, is presented in Table Sl
(Supplementary Material).

Results
Physicochemical characteristics of braided cheese

Table | illustrates the impact of substituting milk fat with
vegetable oil on the physicochemical properties of
braided cheese. The analysis revealed that all
physicochemical characteristics of the cheese were
significantly influenced (P < 0.05).

The findings showed significant differences (P < 0.05) in
the total soluble solids (TSS) among the samples.
Specifically, TSS decreased significantly (P < 0.05) as the
oil content increased. The addition of 2% oil resulted in
the highest TSS values, recorded as 70.0%, 66.15%, and
63.35% for (SO), (CO), and (OO), respectively. The
control sample recorded a lower value (62.80) than
treated samples in conc 2%.

These findings are consistent with '7, who noted that
cheeses made with fat replacers, like whey protein
concentrate (WPC), contained more moisture. This
decrease in TSS indicated a reduction in curd syneresis
during cheese production. It was proposed that fat
replacers can directly bind water and disrupt the
contraction of the casein matrix, thereby diminishing the
impetus for water extraction from curd particles.

The reduction in total soluble solids (TSS) with increased

oil concentration indicates better moisture retention,
attributed to the hydrophilic and steric properties of the
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emulsifier system and modified casein matrix.
Carrageenan, present in Lacta 815, binds water through
hydrogen bonding with casein micelles '°, forming a gel
network that reduces syneresis. Replacing fat with
vegetable oil disrupts casein—fat interactions, altering
curd permeability.While full-fat cheeses form tighter gels,
emulsified oils lead to a less contractile matrix with
higher porosity. The study indicates a saturation
threshold for emulsifiers: beyond 4% oil, excess can
cause coalescence and phase separation, paradoxically
increasing free moisture and reducing TSS further '®.

The study also observed a significant (P < 0.05)
reduction in the acidity of cheese made with different
types of vegetable oils compared to the control samples

In contrast, full-fat cheese exhibited increased acidity
levels of 1.2%.The acidity levels of cheese containing 2%
and 4% (SO), (CO),and (OO) ranged from 0.40 to 0.60%,
0.60 to 0.72%, and 0.44 to 0.60%, respectively. The
control sample (full-fat control), however, recorded the
highest acidity at 1.20%. These findings suggest that
acidity levels are influenced by fat concentration, perhaps
attributable to diminished lipolysis in defatted cheese
and the resultant generation of free fatty acids.The These
findings are consistent with '7, who determined that the
acidity of low-fat cheese was inferior to that of full-fat
cheese; however the difference lacked statistical
significance. A reduction in the acid-degree value
corresponding to diminished fat content has been noted
in Cheddar cheese '

The reduction in titratable acidity in vegetable oil-treated
cheeses, from 1.20% in control samples to 0.40-0.72% in
treated cheeses, is attributed to various factors. The
higher moisture content in treated cheeses dilutes lactic
acid concentration %, while reduced lipolytic activity in
defatted systems limits the generation of free fatty acids
that contribute to acidity. Furthermore, the buffering
capacity is affected as vegetable oil emulsions alter casein
micelle structures, leading to changes in pH buffering
around the isoelectric point. Slightly higher acidity in
corn oil samples may be due to their phospholipid
content, which can foster minimal microbial lipolytic

activity, although overall effects are minimal due to the
refined oil used .

Furthermore, a significant (P < 0.05) decline in protein
content was noted with increased oil content. The
addition of 2% oil resulted in the highest protein values of
24.60%, 27.39%, and 27.39% for (SO), (CO), and (OO),
respectively, higher than the value recorded by control
sample 23.8%. These findings are consistent with '°, who
observed that diminished moisture content and
restricted physical alterations in proteins may influence
the texture and flavour of cheese. Conversely, 2 indicated
that elevated protein levels in low-fat cheese could
improve the water-binding capacity of the cheese matrix
and affect the rate of protein degradation, as evidenced
by the concentrations of water-soluble nitrogen.
Additionally, ?' noted that the reduction of fat content
resulted in increased protein and decreased dry matter
levels in low-fat cheeses. Adding fat substitutes to low-fat
cheese makes it hold more water and taste better overall.

The study also showed that when oil levels went up, fat
levels went down significantly (P < 0.05). The control
sample had 24% fat, while the (SO), (CO), and (OO)
samples had 5%, 13%, and 14.67% fat, respectively. The
concentration of vegetable oils in the milk lowers the
milk fat concentration, which in turn lowers the fat
content in braided cheese.

The noted rise in protein levels in cheeses treated with
vegetable oil (Table |) is not only a result of fat reduction,
but indicates significant changes in the structure of the
casein matrix. Milk fat globules in full-fat cheese serve as
structural fillers in the para-casein network, mechanically
interfering with protein—protein interactions and forming
a more porous, permeable matrix 2. The substitution of
milk fat with vegetable oils diminishes the presence of
native fat globules, thereby alleviating steric hindrance and
facilitating closer aggregation of casein micelles, resulting
in 2 more compact protein network. The addition of
vegetable oil droplets, stabilized by the emulsifier Lacta
815 (gelatin, carrageenan, diglycerides), creates
heterogeneous inclusions in the casein matrix. These oil
droplets, in contrast to the indigenous milk fat globules

Table |: Physicochemical characteristics of Sudanese braided cheese formulated with different vegetable oils

Qil % Acidity (Mean £ SD)  Ash (Mean + SD) TSS (Mean £ SD)  Protein (Mean £ SD) Fat (Mean + SD)
Control (Full fat) 0% 1.20c¢ £ 0.200 2.35c £ 0.212 62.80c + 1.979 23.80c + 4.000 24.002 + 1.000
Sunflower oil 2% 0.409 + 0.100 2.500¢ + 0.070 70.002 + 2.262 24.600c + |.607 8.00d + 1.000
3% 0.60cd + 0.200 2.50bc + 0.424 55.40e + 0.565 23.80c + 2.000 10.67¢d £ 0.577
4% 0.60cd + 0.300 2.55bc + 0.070 64.50° + 0.001 22.00¢ £+ 2.000 15.00b £+ 1.000
Corn oil 2% 0.60cd + 0.200 2.60bc + 0.001 66.153b + 1,060 27.392 + 4.000 10.33¢d + 1.528
3% 0.24e £ 0.040 2.652b + 0.212 48.65f + 0.070 24.97°c + 2.000 11.33¢d £ 0.577
4% 0.72bc + 0.020 2.653b + 0.494 44.05f £ 1.202 21.40c + 1.000 13.000c + 1.000
Olive oil 2% 0.44de + 0.220 2.752 £ 0.070 63.350c + 0.784 27.392 £ 2.000 9.00d + 1.000
3% 0.40e £ 0.200 2.652b + 0.212 42.70f + 1.555 19.00c + 2.000 11.33¢d + 0.577
4% 0.60¢d + 0.300 2.852 + 0.070 44.95% + 0.636 21.40c + 1.000 14.67b¢ + 0.577

Two-way ANOVA: Qil type (P < 0.001), Oil concentration (P < 0.001), Type x Concentration interaction (P < 0.01) for all parameters. Mean values within each
column with different superscript letters are significantly different by Tukey's HSD (P < 0.05).TSS=Total Soluble Solids
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encased by the native milk fat globule membrane
(MFGM), exhibit a deficiency in interfacial compatibility
with casein, potentially undermining protein—fat
interactions and resulting in localized matrix
discontinuities .

The varying impacts of sunflower, corn, and olive oils on
protein retention probably stem from differences in oil
droplet size distribution and interfacial protein load,
influenced by oil viscosity and fatty acid composition.
Olive oil, possessing an elevated concentration of
monounsaturated oleic acid (C18:1) and lesser amounts
of surface-active polar lipids, is likely to create more
stable emulsions with reduced droplet dimensions, hence
enhancing incorporation into the casein matrix and
minimizing serum protein loss during syneresis. In
contrast, the increased presence of polyunsaturated
sunflower and corn oils,abundant in linoleic acid (C18:2),
tends to yield less stable emulsions characterized by
larger droplets that are more susceptible to coalescence
and phase separation during curd processing, which
accounts for the marginally reduced protein values noted
at elevated concentrations (4%) for these oils %.

Finally, a slight but significant (P < 0.05) increase in ash
content was observed with higher oil content. The
control sample recorded the lowest ash content at
2.35%, while the addition of 4% oil resulted in the highest
values of 2.55%, 2.65%, and 2.85% for (SO), (CO), and

(OO0), respectively. This increase in ash is unlikely to
reflect direct mineral contribution from the vegetable
oils, as refined sunflower, corn, and olive oils contain
negligible ash (<0.01%). Instead, the observed differences
in ash content may be related to variation in salt (NaCl)
retention during brining, moisture content, or
concentration of solids during cheese manufacture.
Higher oil concentrations may alter the protein matrix
structure, affecting salt penetration and water expulsion
(syneresis), thereby concentrating the mineral fraction.
Additionally, the emulsifier system (Lacta 815, containing
carrageenan and diglycerides) may interact with cations,
influencing ash distribution. These results are consistent
with ¥ who reported similar ash variations in soft cheese
with fat replacers.

Similarly, '* observed slight but significant differences (P <
0.05) in the ash content of soft cheese where fat was
replaced with vegetable oils.

Energy value

Replacement of milk fat with vegetable oil produced a
marked reduction in calculated energy content (Table
2).The full-fat control cheese had 295 kcal per 100 g, but
the 2% olive oil and 2% sunflower oil treatments brought
that down to 215 and 219 kcal per 100 g, respectively, a
drop of 27%.The 3% and 4% oil levels only made small
changes (208-212 kcal 100 g™') because the extra oil

Table 2. Calculated energy content of Sudanese braided cheese (mean + SD, n = 3)

Treatment Qil % Protein (Mean * SD) Fat (Mean * SD) CHO (Mean £ SD) Energy (kcal 100 g7") % Reduction vs. Control
Control (Full fat) 0% 23.80° + 4.000 24.00° + 1.000 12.65 £ 2.152 2952+ 4.70 -

Sunflower oil — 2% 2% 24.60 + 1.607 8.00¢ £ 1.000 34.90 + 2.890 219° + 3.00 25.8%
Sunflower oil — 3% 3% 23.80° + 2.000 10.67<¢ £ 0.577 18.43 + |.85¢ 214° + 6.00 27.5%
Sunflower oil — 4% 4% 22.00° + 2.000 15.00° = 1.000 24.95 + 1.85d 212° +8.05 28.1%

Corn oil - 2% 2% 27.39° + 4.000 10.33<¢ £ 1.528 25.73 + 3.85d 218°+ 6.20 26.1%

Corn oil - 3% 3% 24.97° + 2.000 11.33% + 0.577 9.70 + |.85¢ 213%+3.40 27.8%

Corn oil — 4% 4% 21.40° + 1.000 13.00% + 1.000 7.00 £ |.85e 211°+9.02 28.5%

Olive oil — 2% 2% 27.39° £ 2.000 9.00¢ + 1.000 23.21 + 1.85d 2156 +722 27.1%

Olive oil — 3% 3% 19.00¢ + 2.000 11.33<+ 0.577 9.72 + 1.85¢ 210°+9.20 28.8%

Two-way ANOVA: Qil type (P < 0.001), Oil concentration (P < 0.001), Type x Concentration interaction (P < 0.01) for all parameters. Mean values within each

column with different superscript letters are significantly different by Tukey's HSD (P < 0.05).; CHO by diff = carbohydrate by difference [100 — (moisture + protein

+ fat + ash)].

Table 3. Microbial loads of defatted braided cheese with different vegetable oils (log'® CFU/g)

Treatment Qil % Total Bacterial Count Mold and Yeast
Control 0% 523 ND
Sunflower oil 2% 1.21 ND
3% 1.0l ND
4% I.15 ND
Corn oil 2% 4.30 ND
3% 2.30 ND
4% 4,13 ND
2% 1.23 ND
3% 3.18 ND
4% 4.48 ND

ND = Not Detected. Detection limit: < 10 CFU/g (< 1.00 logio CFU/g)
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Table 4. Sensory evaluation of defatted braided cheese with differences vegetable oil

Treatment Qil % Flavor (Mean + SD) Taste (Mean * SD) Color (Mean % SD) Overall Acceptance (Mean + SD)
Control (Full fat) 0% 4,04 £ 1.207 420+ 0816 4.28" + 0.936 3.88* £ 0.927
Sunflower oil 2% 3.92* + 0.997 3.52% % .122 4.60° + 0.707 4.00" £ 3.491
Sunflower oil 3% 3.92* + 1.274 412+ 1,121 420" £ 1.331 4.12* + 1.258
Sunflower oil 4% 3.00 £ I.115 3.44< £ 1.092 3.20c+ 0913 3.40% £ 1.092
Corn oil 2% 3.24% + 0.663 3.08<+0.812 3.96 + 1.098 3.56 + 0.768
Corn oil 3% 3.64> + 1.128 3.76 + 1.320 3.04< £ 1.331 3.67> £ 1.429
Corn oil 4% 3.24% + 1.319 3.08+ |.164 3.20c+ 1.136 328+ |.164
Olive oil 2% 4.20° + 0.734 4.00® + 1.000 4.60° + 0.707 4.24* + 0.831
Olive oil 3% 3.28 + 1.424 3.44< + 1.338 2769+ 1.491 3.68> + 1.224
Olive oil 4% 2.88 + [.242 2.96°+ 0.1293 2.84<¢ + 1.200 2.80¢ £ 1.356

Two-way ANOVA (Type |, sequential): Oil type X Concentration. Mean values within each column with different superscript letters are significantly different by

Tukey's HSD (P < 0.05). n = 3 replicates.

pushed out more moisture instead of protein or available
carbohydrates.The 2% olive-oil cheese meets the Codex
Alimentarius standard for nutrient claims (CXS [-1985,
amended 2021), which defines 'reduced energy' as a
minimum 25% reduction in energy value compared to
the reference product (full-fat braided cheese), while the
overall nutrient content remains equivalent or enhanced
(higher protein density: 27.4 g 100 g™'). These numbers
back up what the consumer said in the Conclusion:
braided cheese with 2% olive oil is a cheaper, lower-
calorie option than the traditional full-fat version.

The 295 keal 100 g™' we got for full-fat braided cheese is
the same as the 294297 kcal 100 g™' we found for full-
fat Halloumi *and a little lower than the 310 kcal 100 g™
we found for Iranian UF-feta 2. This is because braided
cheese has about 5% less fat and 2% more moisture than
those types. After reducing the fat content by 25% with
vegetable oil, our 215 kcal 100 g™' is very close to the
210-220 kcal 100 g™' found by * in Domiati cheese made
with 2% jojoba oil. It is only slightly higher than the 205
kcal 100 g™' predicted by the '® model for Cheddar with
a similar fat-to-dry-matter ratio.

When the oil content was raised from 2% to 4%, the
energy drop was about 3% more, which is similar to the
plateau that '” found in Macedonian white-brined cheese.
This is because adding more oil also decrease in the TSS
content.

Microbiological analysis

The results indicate that total viable bacterial counts
varied significantly cross treatments. At 2% and 3% oil
concentrations, all vegetable oil treatments substantially
reduced bacterial loads compared to the control (1.01-
4.30 vs. 5.23 logio CFU/g). The microbial loads of the
treated cheese samples were slightly lower than those of
the control samples. This reduction in bacterial counts
may be attributed to antimicrobial properties and
concentration-dependent  lipid-matrix  interactions.
Vegetable oils, particularly sunflower and olive oils,
contain bioactive compounds such as polyphenols,
tocopherols, and free fatty acids that exhibit direct
antimicrobial activity against common dairy spoilage and
pathogenic bacteria. A similar trend was reported by ¥
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vegetable Oils which suppresses bacterial growth. These
findings are consistent with the observations made by %.

Furthermore, yeast and mold counts were not detected
in any of the cheese types, including both the control and
treated samples.

The sensory evaluation

The sensory evaluation (flavour, taste, colour, and overall
acceptance) of fat-substituted braided cheese with
different vegetable oils (SO), (CO), and (OO) at levels of
2%, 3%, and 4% is illustrated in Table 4.

A significant (P £ 0.05) decrease in flavour score was
observed with increasing oil content. The control sample,
along with 2% (O0O), 2% (SO),and 3% (SO), recorded high
flavour scores of 4.04, 4.2, 3.24, and 3.64, respectively.
These variations in flavour could be attributed to
differences in the panellists’ acceptance of the types and
levels of oils added to the braided cheese.

Significant (P < 0.05) differences in taste were also noted
among the cheese samples. The control sample had the
best taste (4.2), followed by the cheese sample with 2%
(OO0), which had scores of 4.0 and 4.2, respectively.

Similarly, significant (P < 0.05) differences in colour scores
were observed among the cheese samples. The control
sample achieved the highest colour score of 4.2, followed
by cheese samples supplemented with 2% (SO), (CO), and
(OO0), which scored 4.2, 3.52, 3.08, and 4.0, respectively.

These changes in colour may be due to the removal of
milk fat, which contains the [3-carotene pigment
responsible for the characteristic colour of braided
cheese. Replacing milk fat with vegetable oils altered the
colour, but the change was minimal at 2% supplementation
and not noticeable to most panelists.

However, at higher oil concentrations (3% and 4%), the
colour differences became more pronounced.*® indicated
that the reduction of fat in mozzarella cheese resulted in
diminished whiteness and increased translucency, whereas
3! noted that fat reduction imparted a greenish hue to
unmelted low-fat mozzarella cheese. The hue of low-fat
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fresh Kashar cheeses with fat replacers varied from that
of the low-fat control cheese.

Overall acceptance scores also differed significantly (P <
0.05) among the cheese samples. Samples with 2% (SO)
and (OO) achieved the highest scores of 4.00 and 4.24,
respectively. Panelists preferred those cheese samples
due to their superior taste, texture, flavour, and
appearance. Despite these differences, all cheese samples
were deemed acceptable by the sensory panellists.

The superior sensory performance of 2% olive oil cheese
is attributed to its unique flavor chemistry and texture
perception. Oleocanthal and oleacein in olive oil activate
TRPVI, adding a mild pungency that enhances dairy
flavours 32. In contrast, sunflower and corn oils lack
bioactive components and can produce off-flavors due to
oxidation of linoleic acid (Frankel, 2005). At higher
concentrations, these oils lead to rancidity and reduced
overall acceptance of the cheese. Moreover, color
differences arise from the 3-carotene loss in milk fat, with
vegetable oil replacement resulting in paler cheese. Olive
oil maintains some pigment at 2%, which is below the
visual detection threshold, aligning with positive panellist
scores .

The sensory characteristics of the braided cheese
samples with vegetable oils differed from those of the
control samples. The sensory panelists scored cheese
samples fortified with 2% (OO) and (SO) more favorably
than other treatments. Full-fat cheese got a much higher
taste score than all of the low-fat cheese types. However,
the evaluators deemed all cheese samples satisfactory.
These findings indicate that substituting dairy fat with
olive oil (OO) and sunflower oil (SO) is viable for
creating a healthier and more functional cheese. These
findings are consistent with '*, who indicated that low-fat
cheeses received a lower overall score compared to the
other cheese samples. This may be because of the
markedly reduced fat content in the low-fat cheese.
Moreover, full-fat cheese samples received far higher
scores than low-fat cheese.

Conclusion

Fortifying skimmed milk with vegetable oils significantly
influenced the composition, microbial quality,and sensory
acceptability of Sudanese braided cheese. Among the
tested formulations, 2% olive oil produced a cheese with
lower calculated energy value (215 kcal 100 g™', 27%
reduction vs. control), reduced fat content (9.0% vs.
24.0%), relatively high protein content (27.39 g 100 g7,
equivalent to 2% corn oil), and favourable sensory
acceptability (highest overall acceptance score: 4.24 *
0.66 on a 5-point scale). However, claims that this product
is definitively healthier; cost-effective, or commercially
ready are not supported by the current data and require
additional analyses including: (a) gas chromatographic
fatty acid profiling to substantiate cardiovascular health
benefits; (b) instrumental texture profile analysis to
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evaluate mechanical properties; (c) shelf-life microbial and
sensory stability testing; (d) economic analysis of
ingredient and production costs; and (e) large-scale
consumer acceptability trials (n > 100) beyond the trained
panel used herein.

Study limitation

Several limitations of the study are highlighted, including
the statistical design, which had limited replication and
lacked individual panellist scores necessary for full
factorial analysis, leading to caution in interpreting the
reported main effects. A recommendation for future
studies is to ensure minimum replication of five per cell
and retain individual observations for robust analysis.
Additionally, fatty acid profiling was not conducted; thus,
cardiovascular health claims regarding replacing saturated
fats with unsaturated oils are based on indirect evidence
rather than direct analysis. Future research should include
complete profiling of saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA). The microbiological
analysis was also limited, focusing on total bacterial counts
without pathogen-specific testing or shelf-life studies,
particularly highlighting concerns with the bacterial load in
the sunflower oil treatment, which needs further
investigation. Moreover, the study tested a narrow range
of oil concentrations (2%, 3%, and 4%), leaving the
possibility that optimal concentrations may lie outside this
range unaddressed.

It should be noted that the present study determined only
total viable bacterial counts and yeast/mold counts.

Pathogen-specific analyses — including screening for
Escherichia coli, Salmonella spp., Listeria monocytogenes,
and Staphylococcus aureus — were not conducted.

Consequently, while the observed reduction in total
bacterial loads in vegetable oil-treated samples is
encouraging, no definitive conclusions regarding food
safety or pathogen absence can be drawn from these data.
This represents a significant limitation of the current
study.”
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Abstract

Background: Climate change is postulated to alter the epidemiology of infectious diseases, particularly in
vulnerable regions like sub-Saharan Africa. The potential impact on central nervous system (CNS) infections and
subsequent neuropsychiatric sequelae remains inadequately characterised in Northwest Nigeria.

Objectives: This study aimed to investigate the associations between climate change indicators (including
temperature, rainfall patterns, extreme heat days, and humidity) and the incidence of CNS infections, including
atypical presentations, and associated neuropsychiatric morbidities.

Methods: A cross-sectional study was conducted involving 20,000 participants from Northwest Nigeria over 24
months (January 2023 to December 2024). Data were collected using pre-validated instruments, including a
structured questionnaire, clinical proforma for CNS infection diagnosis, the Composite International Diagnostic
Interview (CIDI) for neuropsychiatric assessment, and meteorological data from the Nigerian Meteorological Agency
(NiMet). Statistical analyses involved multivariable logistic regression to determine associations, controlling for
confounders (age, sex, education, HIV status). Spearman's correlation coefficients were also calculated.

Results: Among the 20,000 participants, a significant positive association was found between rising average
temperatures and the incidence of CNS infections (aOR: 1.45,95% Cl: 1.32-1.59). Similarly, aberrant rainfall patterns
were linked to an increased incidence of atypical CNS infections (aOR: 1.78, 95% CIl: 1.60-1.98). Extreme heat days
(>40°C) were also associated with CNS infections (aOR: 1.28,95% Cl: |.15-1.42). Participants with a diagnosed CNS
infection had a substantially higher prevalence of subsequent neuropsychiatric morbidities, including depression
(18.5%), anxiety disorders (15.2%), and cognitive impairments (12.8%), compared to those without (p<0.001). In
contrast, non-CNS infections were associated with lower neuropsychiatric prevalence (depression: 8.2%).

Conclusion: Climate change is significantly associated with an increasing burden of CNS infections and related
neuropsychiatric morbidities in Northwest Nigeria. These findings underscore the urgent need for integrated public
health strategies that incorporate climate adaptation measures into neurological and mental health frameworks.
Healthcare professionals should routinely screen post-CNS infection patients for psychiatric sequelae, and
policymakers must invest in climate-resilient surveillance systems.
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Introduction

The profound and accelerating impact of climate change
on global health is one of the defining challenges of the
2lst century . Its effects are not uniformly distributed,
with regions in the Global South, particularly sub-Saharan
Africa, bearing a disproportionate burden due to pre-
existing vulnerabilities, weak health systems, and
socioeconomic pressures 23. Among the myriad health
consequences, the nexus between climate change and
infectious disease dynamics is particularly alarming.
Changes in temperature, precipitation, and humidity can
expand the geographical range of vectors, alter pathogen
life cycles, and disrupt human-environment interactions,
thereby increasing the transmission of infectious agents
4,5

Central nervous system (CNS) infections, including
meningitis, encephalitis, and myelitis, represent a
significant cause of mortality and long-term disability
worldwide é. In the African "meningitis belt," to which
Northern Nigeria belongs, climatic factors have long been
recognised as key drivers of seasonal meningitis
epidemics, primarily caused by Neisseria meningitidis 7.
However, the changing climate is hypothesised to be
facilitating the emergence of "atypical" CNS infections,
including those caused by fungi, arboviruses (e.g., dengue,
West Nile virus), and water-borne pathogens, which were
previously uncommon in the region . The
pathophysiological link between these infections and
neurological damage often involves neuroinflammation; a
complex immune response within the brain and spinal
cord that, while aimed at clearing pathogens, can cause
significant collateral damage to neural tissues '°.

This  neuroinflammatory cascade is increasingly
implicated in the aetiology of a spectrum of
neuropsychiatric morbidities, including depression,
anxiety, psychosis, and cognitive decline '"'2. Following a
CNS infection, the persistent activation of microglia and
elevated levels of pro-inflammatory cytokines can disrupt
neurotransmitter systems, neurogenesis, and synaptic
plasticity, creating a vulnerable substrate for psychiatric
iliness '3.While the association between CNS infections
and subsequent mental health disorders has been
established in other contexts 'Y, the potential
amplification of this pathway by climate change remains a
critical, yet under-researched, area, especially in
Northwest Nigeria. This region is characterised by its
semi-arid climate, experiencing some of the most
extreme temperature fluctuations and variable rainfall
patterns in the country '*.

This study, therefore, sought to bridge this knowledge gap
by investigating, on an unprecedented scale, the
associations between climate change variables, the
incidence of CNS infections (including atypical forms),
and the resulting burden of neuropsychiatric morbidities
in a large cohort from Northwest Nigeria. The findings
are critical for informing predictive models, public health
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preparedness, and clinical management strategies in a
rapidly changing environment 2.

Methods
Study Design

This was a cross-sectional study.
Study Setting

The study was conducted in the seven states comprising
Northwest Nigeria: Jigawa, Kaduna, Kano, Katsina, Kebbi,
Sokoto, and Zamfara, over 24 months (January 2023 to
December 2024).The region has an estimated population
of over 40 million people and is predominantly semi-arid.

Sample Size Determination

The sample size of 20,000 was calculated using the
Cochran formula for cross-sectional studies (n=Z2xp(|-p)
/d?), with an estimated prevalence of CNS infections of 5%
from previous regional studies '¢, a margin of error of
0.5%, a design effect of 1.5,and a 95% confidence level.

Sampling Method

A multi-stage stratified cluster sampling technique was
employed. This method was chosen to ensure
representativeness across the diverse agro-ecological
zones and population densities of the seven states. First,
two Local Government Areas (LGAs) were randomly
selected from each state (total 14 LGAs) to capture intra-
state variation. Second, within each LGA, clusters
(households) were selected using probability proportional
to size (PPS). PPS ensures that larger settlements
contributed proportionally more participants, reflecting
the true population distribution. The state-wise sample
sizes were: Kano (n=4,500), Kaduna (n=3,200), Katsina
(n=3,000), Sokoto (n=2,500), Zamfara (n=2,400), Kebbi
(n=2,200), Jigawa (n=2,200).All consenting individuals aged
I5 and above within selected households were enrolled
until the state-specific quota was met. Table | shows the
state-wide distribution of the participants.

Inclusion Criteria

The inclusion criteria were: (1) Permanent resident (26
months) in one of the selected Northwest states; (2) Aged
I5 years and above; (3) Provided informed consent (or
assent with parental consent for minors).

Exclusion Criteria

The exclusion criteria were: (1) History of significant head
injury; (2) Pre-existing major neurodevelopmental
disorder (e.g., autism spectrum disorder); (3) Active CNS
infection at the time of enrolment that precluded
interview; (4) Unwillingness to participate.
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Study Instruments
The following instruments were used for data collection;

I. Sociodemographic and Clinical Proforma: A
structured questionnaire adapted from the WHO
STEPS instrument "7, previously validated and used in
Nigeria 18 to capture age, sex, education, occupation,
and past medical history.

2. CNS Infection Diagnostic Proforma: A detailed
clinical proforma for physicians to record signs,
symptoms, laboratory findings (cerebrospinal fluid
analysis, PCR, serology), and neuroimaging results
(where available) to diagnose CNS infections
according to WHO guidelines '"°. Diagnoses were
categorised as bacterial meningitis, viral encephalitis,
fungal meningitis, tuberculous meningitis, and other
atypical infections. This proforma was piloted and
validated in a tertiary hospital in Kano, showing high
inter-rater reliability (Cohen's Kk = 0.89).

3. Composite International Diagnostic Interview
(CIDI): A fully structured, lay-administered diagnostic
instrument for the assessment of mental disorders
according to ICD-11 and DSM-5 criteri . The CIDI
has been extensively validated in Nigeria and across
Africa, demonstrating good sensitivity and specificity
for common neuropsychiatric conditions "2 It was
used to assess for major depressive disorder,
generalised anxiety disorder, cognitive impairment
syndromes, and additionally eating disorders and
somatic symptom disorder (the latter two showed
no significant between-group differences).

4. Meteorological Data: Historical and contemporary
climate data (mean annual temperature, rainfall
patterns, humidity, annual number of extreme heat
days >40°C, wind speed, and dust haze days) for each
LGA for the preceding 10-year period (2015-2025)
were obtained from the Nigerian Meteorological
Agency (NiMet) '5. The calculation of the 1°C
temperature change was performed per LGA using
the 10-year mean annual temperature deviation from
the regional baseline (2015-2020 mean).

Study Procedure

Data were collected by trained research assistants fluent
in both English and Hausa. The study purpose was
explained, and written or thumb-printed informed
consent was obtained from all participants. Interviews
were conducted in private settings using a structured
questionnaire. Confidentiality and anonymity was
maintained throughout the research process.

Ethical Consideration

The study procedures were reviewed and approved by
the Health Research Ethic Committee of Ahmadu Bello
University Teaching Hospital, Shika-Zaria (Ref: ABUTHZ/
HREC/C37/2024). Informed written consent was
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obtained from all participants prior to their inclusion in
the study. Confidentiality and anonymity of participants
was maintained throughout the research process.
Participants were duly informed they could withdraw
from the study at any time without any consequences.

Statistical Analysis

Data were analysed using Stata version 17.0. Descriptive
statistics were presented as frequencies and percentages
for categorical variables and means (* standard deviation)
for continuous variables. The primary outcomes were (i)
diagnosis of a CNS infection and (ii) presence of a
neuropsychiatric ~ morbidity.  Multivariable logistic
regression was chosen because both primary outcomes
are binary (present/absent), allowing estimation of
adjusted odds ratios (aOR) while controlling for multiple
confounders simultaneously. Climate exposure variables
were entered as follows: mean temperature as a
continuous variable (per |°C increase); rainfall patterns as
a categorical variable (stable vs. aberrant, based on
coefficient of variation >30%); extreme heat days as a
continuous variable (per 10-day increase). Multivariable
logistic regression models were used to assess the
association between climate variables (exposure) and the
primary outcomes, adjusting for potential confounders
including age, sex, socioeconomic status, and HIV status
because these factors are known from prior literature to
independently influence infection risk (HIV, age) or
healthcare access (sex, education), and adjusting for them
isolates the specific effect of climate variables. Adjusted
Odds Ratios (aOR) with 95% Confidence Intervals (Cl)
were reported. A p-value of <0.05 was considered
statistically significant. Spearman's rank correlation
coefficients (r) were calculated between climate variables
and outcome prevalence at the LGA level.

Results

A total of 20,000 participants were successfully enrolled
and included in the final analysis. The sociodemographic
characteristics of the study population are summarised in
Table 2. The sample was predominantly young (60% aged
I5-34 years), with a slight female majority (51%), and
32.5% had no formal education.

Table 3 shows the frequency of infectious diseases among
participants. Among the 20,000 participants, a total of
1,850 (9.3%) were diagnosed with a central nervous
system (CNS) infection. Bacterial meningitis was the most
common CNS infection, accounting for 840 cases (4.2% of
all participants), followed by viral encephalitis in 560
participants (2.8%), fungal meningitis in 220 participants
(1.1%), tuberculous meningitis in 180 participants (0.9%),
and other atypical CNS infections in 50 participants
(0.3%). In comparison, non-CNS infections were more
frequent, affecting 6,500 participants (32.5%). Among
these, respiratory infections were the predominant
category, occurring in 3,700 participants (18.5%), followed
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Table |:State-wise distribution of participants (probability
proportional to size)

State Frequency (n) Percentage (%)
Kano 4,500 225

Kaduna 3,200 16.0

Katsina 3,000 15.0

Sokoto 2,500 12.5

Zamfara 2,400 12.0

Kebbi 2,200 1.0

Jigawa 2,200 1.0

by gastrointestinal infections in 2,440 participants

(12.2%), and urinary tract infections in 360 participants
(1.8%).

Table 4 presents the age-stratified incidence of CNS
infections (including bacterial meningitis, viral encephalitis,
fungal meningitis, tuberculous meningitis, and other
atypical infections) among the 20,000 study participants
from Northwest Nigeria. The highest age-specific
incidence was observed in the 3544 age group (10.4%),
followed closely by the 25-34 and 45-54 age groups
(10.0% and 10.4%, respectively). The lowest incidence was
recorded among the youngest age group (1524 years:
7.2%) and the oldest age group (255 years: 8.3%). The
overall incidence of CNS infections in the study
population was 9.3% (95% ClI: 8.9-9.7).

Table 5 presents the state-wise association between
temperature increase and CNS infection. State-wise
analysis revealed a clear geographical gradient in the
association between temperature increase and CNS
infections, as shown in Table 2C. The strongest
associations were observed in Sokoto (aOR: 1.62,95% ClI:
1.45-1.81) and Kebbi (aOR: 1.58,95% Cl: 1.41-1.77), while
Kano showed the lowest but still significant association
(aOR: 1.38,95% Cl: 1.24-1.54). This pattern suggests that
the more arid, borderline states may be most vulnerable
to climate-driven infection emergence. Figure | shows a
colour-coded map of Northwest Nigeria with LGA-level
distribution of CNS infection prevalence, depression

Table 2: Sociodemographic characteristics of the study
population (N = 20,000)

Characteristic

Frequency (n) Percentage (%)

Age group (years)

prevalence, and temperature anomaly. The north—south
gradient is visually evident, with higher temperatures and
higher disease burden concentrated in Sokoto and Kebbi.

Table 6 presents the associations between climate
variables and both CNS and non-CNS infections using
multivariable logistic regression, adjusting for age, sex,
education, and HIV status. A 1°C increase in the |0-year
average temperature was associated with a 45% increased
odds of a CNS infection diagnosis (aOR: 1.45, 95% ClI:
[.32-1.59), compared to a 21% increased odds of any non-
CNS infection (aOR: 1.21,95% ClI: 1.12-1.31).Residence in
an LGA classified as having "highly aberrant” rainfall
patterns was strongly associated with a 78% increased
odds of being diagnosed with an atypical CNS infection
(e.g., fungal, arboviral) compared to LGAs with "stable"
rainfall (aOR: 1.78, 95% CI: 1.60-1.98), while the same
exposure was associated with a 35% increased odds of
non-CNS infections (aOR: 1.35, 95% CI: 1.20-1.52).
Extreme heat days (>40°C, per |0-day increase) were
independently associated with CNS infections (aOR: .28,
95% Cl: 1.15-1.42). Spearman's correlation between mean
temperature and LGA-level CNS infection incidence was
r =0.62 (p < 0.001); for aberrant rainfall and atypical CNS
infections, r = 0.58 (p < 0.001).

Table 7 presents the prevalence of neuropsychiatric
morbidities stratified by infection history, comparing
participants with CNS infection, those with non-CNS
infection, and those without any infection. The highest
prevalence of major depressive disorder (18.5%, n=342),
generalised anxiety disorder (15.2%, n=281), and cognitive
impairment  (12.8%, n=237) was observed among
participants with a history of CNS infection. Those with
non-CNS infections had intermediate prevalence rates
(depression: 8.2%, n=533; anxiety: 6.9%, n=449; cognitive
impairment: 5.5%, n=358), while participants without any
infection had the lowest rates (depression: 3.4%, n=393;
anxiety: 2.8%, n=331; cognitive impairment: 2.4%, n=277).
All overall comparisons across the three groups were
statistically  significant  (p<0.001), and pairwise
comparisons between each group also reached
significance (p<0.001). This dose-response relationship
suggests that while systemic inflammation from any
infection confers some risk of neuropsychiatric morbidity,
direct CNS invasion produces the greatest burden.
Table 3: Frequency of infectious
participants (N = 20,000)

diseases among

15-24 5,800 29.0
25-34 6,200 31.0
35-44 4,500 22.5 Infection type Frequency (n) Percentage (%)
45-54 2,300 1.5 CNS infections (total) 1,850 9.3
=55 1,200 6.0 Bacterial meningitis 840 42
Sex Viral encephalitis 560 2.8
Male 9,800 49.0 Fungal meningitis 220 1.1
Female 10,200 51.0 Tuberculous meningitis 180 0.9
Educational level Other atypical 50 0.3
No formal education 6,500 32.5 Non-CNS infections (total) 6,500 32.5
Primary 5,200 26.0 Respiratory 3,700 18.5
Secondary 5,800 29.0 Gastrointestinal 2,440 12.2
Tertiary 2,500 12.5 Urinary tract 360 1.8
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Table 4: Age-stratified incidence of central nervous system (CNS) infections among study participants (N = 20,000)

Age group (years) Total participants (n)

Participants with CNS infection (n) Age-specific incidence of CNS infection (%)

95% Confidence Interval

15-24 5,800 420 72 6.6-7.9
25-34 6,200 620 10.0 9.3-10.8
3544 4,500 470 10.4 9.6-11.3
45-54 2,300 240 10.4 9.2-11.8
255 1,200 100 83 6.9-10.0
Total 20,000 1,850 9.3 —

Table 5: State-wise association between temperature increase and CNS infection (aOR)

State aOR (95% Cl) p-value
Sokoto 1.62 (1.45-1.81) <0.001
Kebbi 1.58 (1.41-1.77) <0.001
Zamfara 1.51 (1.35-1.69) <0.001
Katsina 1.45 (1.30-1.62) <0.001
Jigawa 1.43 (1.28-1.60) <0.001
Kaduna 1.42 (1.27-1.59) <0.001
Kano 1.38 (1.24-1.54) <0.001

Table 6: Association between climate variables and infectious outcomes (multivariable logistic regression)

Exposure variable Outcome aOR (95% CI) p-value
Per 1°C increase in mean temperature ~ Any CNS infection 1.45 (1.32-1.59) <0.001

Any non-CNS infection 1.21 (1.12-1.31) <0.001
Aberrant rainfall (vs. stable) Atypical CNS infection 1.78 (1.60-1.98) <0.001

Any non-CNS infection 1.35 (1.20-1.52) <0.001
Extreme heat days (per |0-day increase) Any CNS infection 1.28 (1.15-1.42) <0.001
Model adjusted for age, sex, education, and HIV status.
Table 7: Prevalence of neuropsychiatric morbidities by infection history
Neuropsychiatric morbidity  With CNS infection (n = 1,850) With non-CNS infection (n = 6,500) Without any infection (n = 11,650) p-value*
Major depressive disorder 342 (18.5%) 533 (8.2%) 393 (3.4%) <0.001
Generalised anxiety disorder 281 (15.2%) 449 (6.9%) 331 (2.8%) <0.001
Cognitive impairment 237 (12.8%) 358 (5.5%) 277 (2.4%) <0.001

*p-value reflects overall comparison across the three groups (CNS infection, non-CNS infection, no infection).All pairwise comparisons were significant at p <

0.001

Two neuropsychiatric conditions assessed (eating
disorders and somatic symptom disorder) showed no
significant difference between the CNS infection and non-
infection groups (p = 0.24 and p = 0.31, respectively.

Discussion

This large-scale epidemiological study of 20,000 individuals
in Northwest Nigeria provides compelling evidence linking
climate change to an increased burden of CNS infections
and subsequent neuropsychiatric morbidities. Our findings
illuminate a critical and escalating public health crisis driven
by environmental change.

The robust association between rising temperatures and
the overall incidence of CNS infections aligns with
established models of bacterial meningitis in the African
meningitis belt 3. Higher temperatures and low humidity
facilitate nasopharyngeal mucosal damage and the
transmission of respiratory pathogens like Neisseria
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meningitidis. However, our study extends this
understanding by demonstrating a particularly strong link
between aberrant rainfall patterns and the emergence
of atypical CNS infections. The addition of extreme heat
days as a significant predictor further supports the
climate-infection nexus. This finding is consistent with
research from other parts of West Africa, where unusual
flooding has been linked to outbreaks of water-borne and
vector-borne diseases %, For instance, expanded
mosquito breeding sites from erratic rainfall can increase
the transmission of arboviruses with neuroinvasive
potential, such as West Nile virus, which is an emerging
threat in the region °. Notably, the state-wise gradient
(highest aOR in Sokoto/Kebbi, lowest in Kano) suggests
that arid, borderline regions may be most vulnerable to
climate-driven infection emergence.

The high prevalence of neuropsychiatric sequelae
following CNS infections is a major finding of this study.
The observation that 18.5% of individuals with a CNS
infection developed depression and 12.8% developed
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Figure |: Spatial distribution of CNS infection prevalence, depression prevalence, and temperature anomaly across

Local Government Areas (LGAs) in Northwest Nigeria

cognitive impairment underscores the long-term
disability associated with these conditions. Importantly,
the intermediate prevalence of these morbidities
following non-CNS infections (depression 8.2%) supports
a dose-response relationship: systemic inflammation
from any infection confers some risk, but direct CNS
invasion and neuroinflammation produce the greatest
burden. This is supported by the growing body of
literature on neuroinflammation, where CNS infections
trigger a persistent inflammatory state that disrupts key
neural circuits involved in mood regulation and cognition
1012/ A study from Uganda similarly found high rates of
cognitive impairment in survivors of cryptococcal
meningitis 2, while research from high-income countries
has long established the link between encephalitis and
subsequent psychiatric illness '“. Our study confirms that
this burden is substantial in the Nigerian context and is
likely being magnified by the increasing incidence of the
underlying infections.

Implications for Public Health Policy and Climate
Adaptation

The findings «carry urgent practical implications.
First, health policymakers  should integrate
meteorological early warning systems with infectious
disease surveillance. Specifically, when NiMet predicts a
|°C above-average temperature or an aberrant rainfall
season, targeted meningitis/arbovirus preparedness (e.g.,
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vaccine stockpiles, vector control) should be triggered.
Second, healthcare professionals in Northwest Nigeria
must routinely screen patients with a history of CNS
infection for depression, anxiety, and cognitive impairment
using validated tools such as the CIDI or PHQ-9.
Third, cross-sectoral adaptation measures are needed:
flood-resistant housing to reduce water-borne pathogen
exposure, improved drainage to limit mosquito breeding
sites, and public awareness campaigns linking climate,
infection, and mental health. Fourth, legislators should
fund climate-resilient health infrastructure (e.g., cooling
centres during heatwaves) and support research into
neuroprotective interventions for infection survivors.

When viewed from a global perspective, our results
contribute to the increasingly urgent discourse on climate
change and neurological health '*.The Intergovernmental
Panel on Climate Change (IPCC) has consistently
highlighted the health vulnerabilities of regions like
Northwest Nigeria 3 Our data provide granular,
population-level evidence that these climatic threats are
manifesting as severe neurological and mental health
burdens.The syndemic nature of climate change, infectious
disease, and neuropsychiatric illness creates a feedback
loop that exacerbates health inequalities and challenges
already fragile health systems ?.
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Conclusion

This study establishes a clear and concerning link
between climate change, CNS infections, and
neuropsychiatric morbidities in Northwest Nigeria. The
findings indicate that the region is facing a growing
epidemic of brain health disorders, fuelled by
environmental changes. This necessitates a paradigm shift
in public health response. Therefore, healthcare
professionals should systematically assess mental health
in every patient recovering from meningitis, encephalitis,
or other CNS infections. Early detection and treatment
of depression and anxiety can prevent chronic disability.
Researchers should conduct longitudinal studies to
establish causality between specific climate variables and
neuropsychiatric outcomes, and investigate whether anti-
inflammatory or neuroprotective interventions can
reduce post-infection morbidity. There is need to develop
and test climate-adaptive vaccine delivery systems.
Legislators and policymakers should immediately allocate
resources to integrate climate monitoring with
neurological surveillance, strengthen primary care mental
health services in high-risk states (Sokoto, Kebbi), and
invest in climate-resilient water, sanitation, and housing
infrastructure. Failure to act will deepen health
inequalities and undermine regional development.

Recommendations

Based on the findings of this study, it is strongly
recommended that the public health authorities in
Nigeria, particularly in the vulnerable Northwest region,
urgently integrate climate adaptation and neurological
health surveillance into their core policy frameworks.This
should involve establishing an early warning system that
links meteorological data with outbreaks of central
nervous system infections and ensuring that neurology
and mental health services are strengthened to manage
the escalating burden of neuropsychiatric sequelae.

Ignoring this climate-neurohealth nexus will have
profound consequences for population health, social
stability, and economic development in Nigeria and
similar regions worldwide.

Limitations

The cross-sectional design limits our ability to infer
definitive causality. While we adjusted for key
confounders, residual confounding from unmeasured
factors (e.g., nutritional status, specific co-infections) is
possible. Furthermore, the diagnosis of CNS infections in
resource-limited settings can be challenging, and some
cases may have been misclassified, though the use of a
standardised clinical proforma mitigated this risk.We did
not directly measure neuroinflammatory markers (e.g.,
CSF  cytokines), so the mechanistic link via
neuroinflammation remains inferential. The climate data
were LGA-level, not individual-level, which may introduce
ecological fallacy; however, this is standard in climate-
health research.
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Abstract

Background: Breast and cervical cancers are leading causes of morbidity and mortality among women worldwide,
with disproportionate burdens in low- and middle-income countries. Socioeconomic disparities influence awareness,
diagnosis, and treatment, yet population-level evidence from sub-Saharan Africa remains limited.This study examined
the prevalence, socio-demographic patterns,and treatment uptake of self-reported breast and cervical cancer among
women of reproductive age using nationally representative survey data.

Methods: Secondary data from the Demographic and Health Survey (DHS) were analyzed, including 32,156 women
aged 1549 years. A weighted subsample of 16,716 women with complete cancer-related data was used to assess
self-reported breast and cervical cancer diagnoses. Descriptive statistics summarized socio-demographic and health-
related characteristics using frequencies and percentages. Bivariate associations between explanatory variables and
outcomes were assessed using design-adjusted Pearson’s chi-square tests.

Results: Self-reported prevalence of breast and cervical cancer was low, at 0.17% (n = 29) and 0.19% (n = 31),
respectively. Among women with a reported diagnosis, 27.54% of breast cancer cases and 45.87% of cervical cancer
cases reported receiving treatment. Among women who received breast cancer treatment, the majority resided in
rural areas (84.2%), compared with 65.5% among those who did not receive treatment.The poorest wealth quintile
accounted for over half of both treated (52.5%) and untreated women (54.2%); however, the richest wealth quintile
was more represented among treated women (25.6%) than untreated women (6.9%). Cervical cancer treatment
likewise varied according to selected socio-demographic and reproductive characteristics. A greater proportion of
treated women resided in rural areas (59.5%) than in urban areas (40.5%). Treatment uptake was highest among
women in the middle wealth quintile (34.3%) and richer quintile (41.9%).

Conclusion: Socioeconomic disparities influence self-reported breast cancer, while gaps in treatment uptake for
both cancers highlight structural barriers in care. Strengthening early detection, equitable access to treatment, and
public awareness programs is critical. It is important to note that the results are exploratory and descriptive. Further
research including clinically verified diagnoses and broader age groups is needed to better understand patterns of
cancer diagnosis and healthcare utilisation.

Keywords: Breast cancer, Cervical cancer, Socioeconomic disparities, Self-reported diagnosis, Treatment uptake,
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Introduction

Breast and cervical cancers remain major public health
concerns globally and are the leading causes of cancer-
related morbidity and mortality among women, with the
highest burden of deaths occurring in low- and middle-
income countries (LMICs)'“. Despite advances in early
detection and treatment, substantial disparities persist in
cancer burden and access to care across socioeconomic
and geographic contexts °.

In sub-Saharan Africa, this continues to rise due to
demographic transitions, urbanization, and changing
reproductive and lifestyle patterns ®7’.Cervical cancer is
largely preventable through human papillomavirus (HPV)
vaccination and regular screening, yet limited access to
screening services and treatment contributes to high
incidence and mortality rates in the region &°. Similarly,
breast cancer outcomes in LMICs remain poor, largely
due to late presentation, low awareness, inadequate
diagnostic infrastructure, and financial barriers to
treatment '°.

Socio-demographic and reproductive factors including
residence, wealth status, parity, pregnancy status, and
nutritional status have been associated with cancer risk
and healthcare utilisation in various settings ' '2
Socioeconomic inequalities, in particular, play a critical
role in influencing awareness, screening uptake, timely
diagnosis, and access to treatment services '*'“. However,
evidence from nationally representative population-based
datasets in many African countries remains limited,
especially regarding self-reported diagnosis and
treatment patterns '>'.

The Demographic and Health Surveys (DHS) provide an
opportunity to examine population-level patterns of
disease and healthcare access using standardized and
nationally representative data'”'8. While DHS surveys
traditionally focus on maternal and child health, fertility,
and nutrition, recent surveys have incorporated modules
capturing non-communicable disease indicators, including
self-reported cancer diagnoses and treatment.

Understanding the prevalence of self-reported breast and
cervical cancer, as well as the socio-demographic factors
associated with diagnosis and treatment uptake, is
essential for informing national cancer control strategies
and addressing inequities in care. Therefore, this study
aimed to (l) describe the socio-demographic
characteristics of women aged 1549 years, (2)
determine the prevalence of self-reported breast and
cervical cancer, (3) examine factors associated with
cancer diagnosis, and (4) assess patterns of treatment
uptake among diagnosed cases using nationally
representative DHS data.

By identifying key disparities in cancer diagnosis and

treatment, the findings of this study may contribute to
evidence-based policy development and targeted
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interventions to improve early detection and equitable
access to cancer care.

Methodology
Study Design, Data Source and Setting

This study used secondary data from the 2022 Kenya
Demographic and Health Survey (KDHS), part of the
DHS-8 phase, a nationally representative cross-sectional
survey conducted under the Demographic and Health
Surveys (DHS) Program.The KDHS provides standardized
data on population health, fertility, maternal and child
health, nutrition, and selected hon-communicable diseases,
ensuring comparability across countries through uniform
protocols. The 2022 KDHS was implemented by the
Kenya National Bureau of Statistics in collaboration with
ICF International. The data are publicly available through
the DHS Program and provide estimates at national and
subnational levels. The sample was drawn from the Kenya
Household Master Sample Frame using a two-stage
stratified sampling design. In the first stage, 1,692 clusters
(enumeration areas) were selected from urban and rural
strata using equal probability selection. In the second
stage, households were selected systematically within
each cluster. This analysis used the Individual Record (IR)
dataset. The source population comprised women aged
I5—49 years, and the final weighted sample included
32,156 women. Sampling weights adjusted for unequal
selection probabilities, non-response, and other sampling
biases. Although cervical cancer screening targets women
aged 25—49 years, this study included women aged 15-24
years to capture early screening patterns across the full
reproductive age range.

Sampling Procedure

The DHS employs a stratified two-stage cluster sampling
design based on the most recent national population and
housing census. In the first stage, enumeration areas (EAs)
are selected using probability proportional to size within
defined strata (typically region and urban—rural residence).
In the second stage, households are systematically
selected from each sampled EA.All eligible women within
selected households are invited to participate. The survey
design ensures national representativeness, as well as
representativeness by region and place of residence.
Sampling weights are provided in the DHS dataset to
adjust for unequal probabilities of selection and non-
response.

Study Population

The analysis included 32,156 women aged 15-49 years
who had complete data on key socio-demographic,
reproductive, and nutritional variables; this constituted the
analytic sample for describing socio-demographic
characteristics (Table |). Of these 32,156 women, 15,440
(48.0%) were excluded from the cancer-related analyses
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Table 1. Socio-demographic Characteristics

Table 1. Socio-demographic Characteristics (cont'd)

Variables Weighted Frequency N (%) Variables Weighted Frequency N (%)
Age Births in last five years
15-24 12,026(37.40) No births 18,544(57.67)
25-34 10,217(31.77) | birth 10,179(31.65)
35-49 9,912(30.83) 2 births 3,035(9.44)
Highest Educational Level 3 births 368(1.14)
No education 1,769(5.50) 4 births 29(0.09)
Primary 11,686(36.34) 5 births 1(0.00)
Secondary 12,549(39.03) Body Mass Index
Higher 6,149(19.12) Underweight 1,513(9.17)
Type of place of residence Normal weight 8,656(52.50)
Urban 13,143(40.87) Overweight 3,995(24.23)
Rural 19,013(51.13) Obesity 1,680(10.19)
Current marital status Morbid obesity 645(3.91)
Never in union 10,437(32.46) Diagnosis
Married 15,482(48.15) Told they had breast cancer
Living with partner 2,339(5.78) No 16,687(99.83)
Widowed 907(2.82) Yes 29(0.17)
Divorced 454(1.41) Told they had cervical cancer
No longer living together 2,534(7.88) No 16,685(99.81)
Wealth quantile Yes 31(0.19)
Poorest 8,440(16.53) Treatment
Poorer 6,311(19.63) Receiving treatment for breast cancer (n=29)
Middle 6,528(20.30) No 21(72.46)
Richer 6,750(20.99) Yes 8(27.54)
Richest 7,249(22.54) Receiving treatment for cervical cancer (n=31)
Nutritional status No 17(54.13)
Currently pregnant Yes 14(45.87)
No or unsure 30,394(94.52)
Yes 1,762(5.48)

because they had incomplete information on breast
and/or cervical cancer diagnosis, leaving a weighted
subsample of 16,716 respondents (52.0%) with complete
cancer diagnosis data; this subsample was used for all

breast and cervical cancer diagnosis analyses (Table 2).

The exclusion was therefore entirely attributable to
missing cancer-diagnosis data rather than any other
eligibility criterion. Analyses of treatment uptake were
further restricted to women who self-reported a
diagnosis of breast cancer (n = 29) or cervical cancer (n
= 31).The flow of participants through these successive
analytic samples is summarised in Figure 3.
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Study Variables
Outcome Variables

The primary outcomes were:

I. Self-reported diagnosis of breast cancer (coded
“1” as Yes and “0” No).

2. Self-reported diagnosis of cervical cancer (coded
“1” as Yes and “0” No).

3. Receipt of treatment among women who
reported a diagnosis of breast or cervical cancer
(coded “1” asYes and “0” No).
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Table 2. Factors Associated with Self-Reported Breast and Self-Reported Cervical Cancer

Variables Self-Reported Breast Cancer R Self-Reported Breast Cancer )
Weighted No (%) Weighted Yes (%) X Pvalue  \Weighted No (%) Weighted Yes (%) X p-value
Residence 0.694 0.405 0219 0.640
Urban 6,842(41.0) 9(29.3) 6,836(41.0) 14(46.2)
Rural 9,845(59.0) 20(70.7) 9,849(59.0) 17(53.8)
Wealth quantile 13.247 0.010 6.600 0.159
Poorest 2,725(16.3) 16(53.7) 2,738(16.4) 2(8.8)
Poorer 3,215(19.3) 2(6.6) 3,216(19.3) 2(5.1)
Middle 3,494(20.9) 3(12.4) 3,491(20.9) 6(19.9)
Richer 3,427(20.5) 5(15.3) 3,416(20.5) 16(50.9)
Richest 3,824(22.9) 3(12.0) 3,823(22.91) 5(15.4)
Nutritional status
Currently pregnant 0.927 0.336 0.056 0.813
No or unsure (Ref) 15,758 (94.4) 929 (5.6) 15,754(94.4) 29 (92.2)
Yes 25(85.8) 4(14.2) 931(5.6) 2(7.8)
Births in last five years 9.487 0.091 2.431 0.787
No births (Ref) 9,675(58.0) 9(30.5) 9,661(57.9) 22(74.0)
| birth 5,222(31.3) 13(45.0) 5,229(31.3) 6(20.2)
2 births 1,580(9.5) 7(24.5) 1,586(9.5) 12.2)
3 births 190(1.1) 0 189(1.1) 2(3.7)
4 births 18(0.1) 0 18(0.1) 0
5 births 1(0.0) 0 1(0.0) 0
Body Mass Index 4.051 0.399 0.821 0.936
Underweight (Ref) 1,511 (9.2) | (4.13) 1,510(9.2) 2(5.8)
Normal weight 8,637(52.5) 19(66.7) 8,639(52.5) 17(56.9)
Over weight 3,987(24.2) 8(26.3) 3,985(24.2) 9(31.5)
Obesity 1,679(10.2) 1(2.9) 1,679 (10.2) 2(4.8)
Morbid obesity 644(3.9) 0 644(3.9) 1(1.1)

Independent Variables

Explanatory variables were selected based on prior
literature and data availability and included:

a. Place of residence (urban/rural)

b. Wealth quintile (poorest, poorer, middle, richer,
richest)

c. Current pregnancy status (yes/no or unsure)

d. Number of births in the last five years (0, I, 2, 3,
4,5)

e. Body Mass Index (BMI) categorized as
underweight, normal weight, overweight, obese,
and morbidly obese

Socio-demographic characteristics such as age, education
level, marital status, and wealth index were also
described.

Data Management and Statistical Analysis

Data were analyzed using Stata version |7. Sampling
weights were applied to account for unequal selection
probabilities, non-response, and the complex survey
design, including clustering and stratification, to obtain
nationally representative estimates. Descriptive statistics
summarized socio-demographic and health-related
characteristics using frequencies and percentages.
Bivariate associations between explanatory variables and
outcomes were assessed using design-adjusted Pearson’s
chi-square tests (svy: tab). All analyses focused on women
aged 1549 years, consistent with DHS survey coverage.
This restriction limits generalisability to older women,
who may have a higher burden of cancer. Finally, the self-
reported nature of cancer diagnosis and treatment
introduces potential misclassification and reporting bias,
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likely leading to underestimation of true prevalence due to
limited screening access and diagnostic confirmation in
the surveyed population.

Results
Socio-demographic Characteristics

A total of 32,156 women were included in the analysis.
Most were aged 1524 years (37.40%), followed by 25-34
years (31.77%) and 35-49 years (30.83%). Secondary
education was the most common attainment (39.03%),
followed by primary (36.34%), higher (19.12%), and no
formal education (5.50%). Slightly over half resided in rural
areas (51.13%), while 40.87% were urban residents.
Regarding marital status, 48.15% were married, 32.46%
had never been in a union, and the remainder were
cohabiting (5.78%), widowed (2.82%), divorced (1.41%), or
separated (7.88%). Wealth status was relatively evenly
distributed across quintiles, ranging from 16.53% in the
poorest to 22.54% in the richest group. Most respondents
were not pregnant at the time of the survey (94.52%), and
57.67% reported no births in the preceding five years. In
terms of nutritional status, 52.50% had a normal BMI,

24.23% were overweight, 10.19% obese, 9.17%
underweight, and 3.91% morbidly obese.
Among women with complete cancer data (n = 16,716),

self-reported prevalence was 0.17% for breast cancer (n =
29) and 0.19% for cervical cancer (n = 31). Of those
diagnosed, 27.54% of breast cancer cases and 45.87% of
cervical cancer cases reported receiving treatment.
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Figure |: Weighted percentage distribution of selected socio-demographic and reproductive characteristics among
women self-reporting a breast cancer diagnosis (n = 29), comparing those who received treatment with those who did
not. Percentages are DHS-sampling-weight-adjusted column percentages calculated within each treatment group (Yes/

No)..

Overall, self-reported cancer prevalence was low, while
treatment coverage among diagnosed cases remained
suboptimal (Table ).

Prevalence of Self-Reported Breast Diagnosis

Among women who self-reported breast cancer, 70.7%
resided in rural areas, while 29.3% lived in urban areas.
More than half of the breast cancer cases (53.7%) were
observed among women in the poorest wealth quintile,
followed by the richer (15.3%), middle (12.4%), richest
(12.0%), and poorer (6.6%) wealth quintiles. Regarding
reproductive characteristics, 45.0% of women with breast
cancer had one birth in the preceding five years, 30.5%
had no births, and 24.5% had two births.With respect to
nutritional status, most breast cancer cases occurred
among women with normal body mass index (66.7%),
followed by overweight (26.3%), underweight (4.1%), and
obese women (2.9%) (Table 2).
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Prevalence of Self-Reported Cervical Cancer

Diagnosis

Among women who self-reported cervical cancer, 53.8%
resided in rural areas and 46.2% in urban areas. The
highest proportion of cervical cancer cases was observed
among women in the richer wealth quintile (50.9%),
followed by the middle (19.9%), richest (15.4%), poorest
(8.8%), and poorer (5.1%) wealth quintiles. Regarding
reproductive history, cervical cancer cases were
distributed across women with varying numbers of births
in the preceding five years, with no marked differences
between categories. Most cervical cancer cases occurred
among women with normal body mass index (56.9%),
followed by overweight (31.5%), underweight (5.8%),
obese (4.8%), and morbidly obese women (I.1%) (Table
2).
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Figure 2: Weighted percentage distribution of selected socio-demographic and reproductive characteristics among
women self-reporting a cervical cancer diagnosis (n = 31), comparing those who received treatment with those who
did not. Percentages are DHS-sampling-weight-adjusted column percentages calculated within each treatment group

(Yes/No). BMI = Body Mass Index.
Factors Association with  Self-Reported Breast Cancer
diagnosis

There was no statistically significant association between
place of residence and self-reported breast cancer (x> =
0.694, p = 0.405). Wealth quintile was significantly
associated with breast cancer (x> = 13.247, p = 0.010).
Current pregnancy status was not significantly associated
with breast cancer (x> = 0.927, p = 0.336). Likewise, the
number of births in the past five years showed no
statistically significant association (x> = 9.487,p = 0.091).
Body mass index was also not significantly associated
with breast cancer (x> = 4.051,p = 0.399) (Table 2).

Factors Association with Self-Reported Cervical Cancer
diagnosis

There was no statistically significant association between
place of residence and cervical cancer (x> = 0.219,p =
0.640). Wealth quintile was not significantly associated
with cervical cancer (x> = 6.600, p = 0.159). Similarly,
current pregnancy status (X> = 0.056, p = 0.813) and the
number of births in the past five years (x> = 2.431,p =
0.787) showed no statistically significant associations with
cervical cancer. Body mass index was also not significantly
associated with cervical cancer (x> = 0.821, p = 0.936)
(Table 2).
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Characteristics of Women Receiving and Not
Receiving Breast Cancer Treatment

Among women who received breast cancer treatment,
the majority resided in rural areas (84.2%), compared with
65.5% among those who did not receive treatment. The
poorest wealth quintile accounted for over half of both
treated (52.5%) and untreated women (54.2%); however,
the richest wealth quintile was more represented among
treated women (25.6%) than untreated women (6.9%).
Current pregnancy was reported by 23.4% of treated
women compared with 10.8% of untreated women. Most
treated women had one birth in the previous five years
(66.0%), whereas untreated women were more evenly
distributed across no births (35.1%), one birth (37.1%),
and two births (27.9%). Regarding BMI, overweight women
constituted the largest proportion of the treated group
(54.3%), while normal-weight women predominated
among untreated women (74.7%). Overall, treated women
were more likely than untreated women to reside in rural
areas, belong to the richest wealth quintile, be currently
pregnant, have had one recent birth, and be overweight
(Figure 1).
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Figure 3: Flow diagram of the analytic sample. Women aged 15—49 years with complete socio-demographic,
reproductive and nutritional data (N = 32,156) formed the sample described in Table |. Of these, 15,440 (48.0%) were
excluded from the cancer-related analyses because they had incomplete breast and/or cervical cancer diagnosis data,
leaving a weighted subsample of 16,716 (52.0%) women with complete diagnosis data, used for the diagnosis analyses
in Table 2. Treatment-uptake analyses were further restricted to women who self-reported a diagnosis of breast cancer

(n = 29) or cervical cancer (n = 31).

Distribution of Cervical Cancer Treatment Status
by Selected Characteristics

Cervical cancer treatment likewise varied according to
selected socio-demographic and reproductive
characteristics. A greater proportion of treated women
resided in rural areas (59.5%) than in urban areas (40.5%).
Treatment uptake was highest among women in the
middle wealth quintile (34.3%) and richer quintile (41.9%).
Most women receiving treatment were not pregnant at
the time of the survey (92.9%) and had no births within
the previous five years (69.1%). Overweight women
constituted the largest proportion of treated participants
(45.2%). Overall, a greater proportion of treated women
were rural residents, of middle-to-higher wealth status,
had one recent birth, and were overweight, compared
with untreated women (Figure 2).

Discussion

This study examined the prevalence of self-reported
breast and cervical cancer, factors associated with these
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cancers, and patterns of treatment uptake among women
of reproductive age using nationally representative survey
data. Overall, the prevalence of both cancers was low, with
only 0.17% of women reporting a breast cancer diagnosis
and 0.19% reporting a cervical cancer diagnosis.
Furthermore, treatment coverage among diaghosed
women remained poor, with only 27.54% of women with
breast cancer and 45.87% of those with cervical cancer
reporting that they were receiving treatment. These
findings should be interpreted as reflecting awareness of
diagnosis and access to diagnostic services rather than the
true population prevalence of cancer among women aged
549 years. Because diagnoses were self-reported and
restricted to women of reproductive age, the observed
prevalence likely underestimates the actual prevalence,
particularly among older women who are at substantially
greater risk of both cancers. Underdiagnosis, low
screening coverage, and limited awareness may have
further contributed to the low prevalence observed in
this study "%,

The bivariate analysis further demonstrated that wealth
status was the only characteristic significantly associated
with self-reported breast cancer; whereas residence,
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pregnancy status, recent parity,and body mass index were
not associated with self-reported breast cancer diagnosis.
More than half of women with breast cancer belonged to
the poorest wealth quintile, suggesting that
socioeconomic disadvantage may influence breast cancer
diagnosis or the distribution of disease within this
population. Previous studies have shown that
socioeconomic position influences breast cancer
awareness, participation in screening, timely diagnosis,and
access to healthcare services through differences in
education, financial resources, and health-seeking
behaviour 2'-2. Nevertheless, because the present study
relied on self-reported diagnoses and identified only a
small number of breast cancer cases, these findings
should be interpreted cautiously. The significant
association with wealth may partly reflect disparities in
healthcare utilisation or diagnostic opportunities rather
than true differences in disease diagnosis.

In contrast, none of the selected characteristics, including
residence, wealth status, pregnancy status, parity, and
body mass index, showed statistically significant
associations with self-reported cervical cancer. Although
descriptive results indicated that cervical cancer cases
were proportionally more common among women in the
richer wealth quintile and among rural residents, these
differences did not reach statistical significance. This
finding suggests that, within this nationally representative
sample, self-reported cervical cancer diagnosis was
relatively similar across socioeconomic and reproductive
groups. However, the small number of diagnosed cases
substantially reduced statistical power and may have
limited the ability to detect meaningful associations.
Similar observations have been reported in low- and
middle-income countries where low screening coverage
and delayed diagnosis obscure underlying socioeconomic
differences in cervical cancer prevalence 2,

Despite the low prevalence of self-reported diagnosis of
both cancers, treatment coverage remained suboptimal,
particularly among women with breast cancer, where
fewer than one-third reported receiving treatment.
Likewise, more than half of women diagnosed with
cervical cancer were not receiving treatment. These
findings highlight persistent gaps across the cancer care
continuum, including delayed diagnosis, inadequate
referral systems, limited availability of oncology services,
financial barriers, transportation challenges, and
sociocultural factors influencing healthcare utilisation 2'~
2, Similar barriers have been documented across many
low-resource settings where specialised cancer services
remain concentrated in major urban centres and are
often inaccessible to large segments of the population.

With respect to breast cancer treatment, descriptive
findings suggested variation across socioeconomic and
reproductive characteristics. A greater proportion of
treated women resided in rural areas compared with
untreated women, while women in the richest wealth
quintile represented a larger proportion of treated cases
than untreated cases despite most diagnosed women
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belonging to the poorest wealth quintile. In addition,
treated women were more likely to be currently pregnant,
have had one birth within the previous five years, and be
overweight. These patterns may indicate that contact with
maternal health services and greater financial resources
facilitate earlier referral and treatment initiation.
Pregnancy and recent reproductive healthcare encounters
may increase opportunities for clinical examination,
counselling, and referral, while higher socioeconomic
status may improve the ability to afford diagnostic
investigations and treatment costs 2. However, because
these observations are descriptive and based on a very
small number of treated women, they should not be
interpreted as evidence of causal relationships.

Similarly, cervical cancer treatment varied across selected
characteristics. Treated women were more likely to reside
in rural areas and belonged predominantly to the middle
and richer wealth quintiles. Most treated women were not
pregnant, had no births within the previous five years, and
were overweight. Although rural populations are
frequently reported to experience substantial barriers to
specialised healthcare, including long travel distances and
shortages of oncology services, the greater proportion of
treated rural women observed in this study may reflect
successful referral pathways, targeted health interventions,
or differences in healthcare-seeking behaviour among
women who had already received a diagnosis 2.
Likewise, the higher representation of women from
middle and richer wealth households among treated cases
supports previous evidence that economic resources
influence access to diagnostic services, treatment
initiation, and continuity of care by reducing both direct
and indirect healthcare costs #-32, Nevertheless, because
wealth status was not significantly associated with self-
reported cervical cancer diagnosis and the number of
diagnosed women was limited, these descriptive
differences may simply reflect random variation rather

than true socioeconomic inequalities in treatment uptake
33-37

Furthermore, reproductive characteristics appeared to
show little influence on cervical cancer treatment. Most
treated women were not pregnant and had no recent
births, although descriptive differences were observed
between treated and untreated groups. These findings
suggest that reproductive factors may play a limited role
in determining treatment uptake once cervical cancer has
been diagnosed. Likewise, overweight women constituted
the largest proportion of treated cervical cancer cases,
whereas women with normal body weight represented
the largest proportion of untreated cases. Although
overweight and obesity have been associated with
differences in healthcare utilisation and cancer outcomes
in some settings, body mass index was not significantly
associated with self-reported cervical cancer diagnosis in
this study *#*. Consequently, these descriptive differences
should be interpreted cautiously given the limited sample
size.
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Taken together, the findings indicate that although
socioeconomic characteristics particularly wealth status
may influence the prevalence of self-reported breast
cancer and patterns of treatment uptake for both cancers,
statistically significant associations were largely absent,
especially for cervical cancer. The consistently low
treatment coverage observed for both breast and cervical
cancer underscores important deficiencies in access to
timely diagnosis and effective treatment among women of
reproductive age. Strengthening screening programmes,
improving referral systems, expanding equitable access to
oncology services, and reducing financial barriers remain
critical priorities for improving cancer outcomes in low-
resource settings. Future studies incorporating clinically
verified diagnoses, larger numbers of confirmed cancer
cases, and longitudinal follow-up are needed to better
understand determinants of self-reported cervical cancer
diagnosis and treatment uptake and to identify effective
strategies for improving access to comprehensive cancer
care %,

Strengths and Limitations

A major strength of this study is the use of nationally
representative survey data, which enhances the
generalisability of the findings to women of reproductive
age. The large sample size, standardized data collection
procedures, and rigorous sampling design provide reliable
population-level estimates of prevalence of self-reported
diagnosis of breast and cervical cancer and treatment
uptake. Additionally, the study simultaneously examined
disease  diagnosis, associated characteristics, and
treatment patterns, providing a broader understanding of
the cancer care continuum among women of
reproductive age.

However, several limitations should be acknowledged.
First, both breast and cervical cancer diagnoses were self-
reported rather than clinically verified, making the findings
susceptible to recall bias, reporting bias, and potential
misclassification. Second, the analysis was restricted to
women aged 1549 years, excluding older women who
bear the greatest prevalence of both cancers. Third, the
cross-sectional design precludes causal inference between
the selected characteristics and self-reported cervical
cancer diagnosis or treatment uptake. Finally, the very
small number of women reporting breast or cervical
cancer substantially limited statistical power, reducing the
precision of the estimates and the ability to detect
significant associations. Consequently, the findings relating
to treatment patterns and associated characteristics
should be interpreted cautiously and confirmed using
larger studies with clinically confirmed diagnoses.

Implications for Policy and Practice

The findings suggest potential gaps in cancer awareness,
diagnosis, and treatment among reproductive-age women.
Strengthening prevention efforts should prioritise
improved public awareness, expanded screening coverage,
and integration of basic cancer services into primary
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healthcare systems. Given observed socioeconomic
differences in reported outcomes, policies that reduce
financial and geographic barriers to care may improve
access to diagnosis and treatment. Expanding HPV
vaccination and early detection services is also important
for reducing future disease prevalence in this population.

Conclusion

This study highlights important socioeconomic patterns in
self-reported breast cancer and reveals gaps in treatment
uptake for both breast and cervical cancers among women
of reproductive age. Although few identified cases of self-
reported cancers, the findings emphasize the importance
of strengthening early detection systems and addressing
structural barriers to cancer care. Further research with
clinically verified diagnoses and broader age groups is
needed to better understand the patterns of cancer
prevalence and treatment access.
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Abstract

Background: Chest X-ray (CXR) is an important radiological tool for the diagnosis and management of
cardiopulmonary disease. The aim of this study is to assess the patterns of chest X-ray utilization and radiographic
findings at the University of Benin Teaching Hospital (UBTH), Nigeria.

Methods: A retrospective observational study of 1,624 patients who underwent chest X-ray examination at UBTH
between January and December 2024.

Results: More females (58.1%, n = 943) were referred for CXR than males (41.9%, n = 681). The most common
clinical indication was respiratory symptoms (29.5%, n = 480). Patients aged 3650 years had the highest referral rate.
The majority of referrals originated from the General Practice Clinic (GPC) (33.4%, n = 542).A high proportion of
CXR results (65.1%, n = 1,058) were normal, while 34.9% (n = 566) showed abnormal findings. Cardiovascular
changes were the most frequent abnormality (25.8%, n = 419). The majority of CXRs obtained for medical fitness/
screening were normal (98.8%, n = 256).

Conclusion: This retrospective observational study found that CXRs are frequently ordered for diverse indications,
with a high proportion yielding normal results (65.1%), particularly among referrals from the GPC. Cardiovascular
changes were the most common abnormal finding. These findings highlight the need for more targeted clinical
criteria to guide CXR utilization and reduce unnecessary radiation exposure.

Keywords: chest X-ray findings; chest X-ray referrals; chest X-ray request; clinical indication; patterns of findings.
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Introduction

A chest X-ray (CXR) is a type of projection radiograph
used to diagnose conditions affecting the chest, its
contents, and nearby structures. It remains the most
common radiographic examination performed globally,
with 8,789,840 undertaken in 2017/18 in the United
Kingdom '. In the United States, approximately 129
million CXRs are performed annually 2. CXRs are
indicated for a range of clinical conditions, including
pulmonary infection, cardiomegaly, congestive heart
failure, lung masses, rib fractures, pleural effusion, and
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pneumothorax. They are also used for pre-operative
assessment, pre-admission screening, and occupational
medical examinations.

Chest X-rays have proven to be an important tool for
diagnosing numerous cardiopulmonary conditions.
Patients are referred for CXRs from diverse medical and
surgical units, including the Intensive Care Unit (ICU),
Accident and Emergency (A&E), Medical Emergency
Response (MER), Oncology, Paediatric Emergency, and
Neurology.
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Routine admission CXRs rarely yield significant clinical
value (<4%), such as altering patient management or
identifying previously undetected disease 3. Adverse
consequences of unwarranted CXRs include unnecessary
radiation exposure, financial cost, and the possibility of
generating false-positive results that trigger further
diagnostic investigations *. Diagnostic radiation has been
implicated as a contributor to malignancy; one study
estimated that approximately 1,861 cases, or 0.6% of all
cancers in the United Kingdom, were attributable to
diagnostic radiation °.

Despite the widespread use of CXRs in Nigerian tertiary
hospitals, there is limited published evidence on
utilization patterns, referral sources, and diagnostic yield
in this setting. This knowledge gap is particularly relevant
in a resource-constrained health system such as Nigeria's,
where radiology capacity is limited and unnecessary
investigations carry both direct and indirect costs. The
present study addresses this gap by examining CXR
request patterns and radiographic findings at the
University of Benin Teaching Hospital (UBTH), a major
tertiary referral centre in southern Nigeria, in order to
provide baseline data to inform more targeted referral
practices.

Methods

Study Design

This was a retrospective observational study. Data were
extracted from radiology request forms and radiologist
reports submitted to the Radiology Department of
UBTH during the period January to December 2024.

Study Setting and Participants

The study was conducted at UBTH, a tertiary referral
hospital in Benin City, Edo State, southern Nigeria. All
1,624 consecutive conventional CXR requests registered
during the study period were included using a census

sampling technique. No records met the exclusion
criteria.

Data Collection

Pro forma and checklist instruments were used to extract
data from referral forms and radiologists’ reports.
Content validity was ensured through supervisor review.
All CXR reports were formal departmental reports
generated by qualified radiologists at UBTH. A single
radiologist report per examination was used, and
discordant or uncertain reports were not re-adjudicated
in this study (see Limitations).

Operational Definitions

The following definitions were applied for classification of
radiographic findings:

Normal findings: chest X-ray with no identifiable
cardiopulmonary or musculoskeletal abnormality as
reported by the reviewing radiologist.

Cardiovascular changes: radiographic  findings
including cardiomegaly, pulmonary vascular congestion, or
other cardiac contour abnormalities.

Infectious findings: radiographic features consistent
with pulmonary infection, including consolidation, air
bronchograms, or interstitial infiltrates. Pneumonia, as a
common infectious pulmonary condition, is classified and
reported as a subcategory of infectious findings in this
study.

Other abnormal findings: any remaining radiographic
finding not classified above, including pleural effusion,
pneumothorax, bony lesions, and pulmonary masses.

PEPFAR/DOT Referral Category

In UBTH, PEPFAR and DOT refer to a co-located HIV/
AIDS and tuberculosis clinic that functions as an
integrated referral unit for patients enrolled in the
President’s Emergency Plan for AIDS Relief (PEPFAR)

Table |: Demographic Characteristics of Participants (N = |,624). Percentages are column-based.

Characteristic Frequency Percentage
Gender
Female 943 58.1%
Male 681 41.9%
Age Group (years)
0-18 144 8.9%
19-35 432 26.6%
36-50 498 30.7%
51-65 316 19.5%
65+ 234 14.4%
Total 1,624 100.0%
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programme and the Directly Observed Therapy (DOT)
programme for tuberculosis. For the purposes of this
analysis, referrals from this integrated unit were grouped
together and are consistently labelled “PEPFAR/DOT”
throughout the manuscript and tables.

Statistical Analysis

Data were analysed using IBM SPSS version 28.0.
Descriptive statistics are reported as frequencies and
percentages. Inferential analysis used the Fisher’s exact
test which is an alternative to Chi-square test where
expected frequency is less than 5. No outliers were
identified in the dataset. Level of statistical significance
was set at p < 0.05.All percentages in Tables 1,2, 3,and 6
are column-based; percentages in Tables 4 and 5 are
presented within each column of findings (column-based).

Ethics

Ethical approval was obtained from the Health Research
and Ethics Committee of UBTH. Patient identifiers,
including names and hospital numbers, were removed
from the dataset prior to analysis to ensure anonymity.
Data were stored securely on a password-protected

institutional device and accessed only by the research
team.

Results

Table | shows the demographic characteristics of
participants. The study included 1,624 participants, of
whom 58.1% (n = 943) were female and 41.9% (n = 681)
were male. The majority of participants were aged 36-50
years (30.7%), followed by those aged 19-35 years
(26.6%).The least represented age group was 0—18 years
(8.9%), while older adults aged 65 years and above
accounted for 14.4%.

Table 2 shows the clinical indications and referral units for
CXR. The most common clinical indication was
respiratory symptoms (29.5%, n = 480), followed by
cardiovascular indications (24.6%, n = 400) and pre-
operative workup (21.4%, n = 348). Medical fitness/
screening accounted for 15.9% (n = 259), while infectious
disease (3.7%), other medical conditions (3.4%), trauma
(0.9%),and oncology (0.4%) comprised the remainder.The
predominant referral source was the GPC (33.4%, n =
542), followed by the National Health Insurance Scheme
(NHIS) clinic (16.4%,n = 266) and the Surgical Out-Patient
Department (SOP) (12.0%, n = 195). The Consultant Out

Table 2: Clinical Indications and Referral Ward/Unit for CXR (N = [,624). Percentages are column-based.

Category Frequency Percentage
Clinical Indication
Respiratory Symptoms 480 29.5%
Cardiovascular 400 24.6%
Pre-operative 348 21.4%
Medical Fitness/Screening 259 15.9%
Infectious Disease 60 3.7%
Other Medical Conditions 56 3.4%
Trauma 15 0.9%
Oncology 6 0.4%
Referral Ward/Unit
GPC 542 33.4%
NHIS 266 16.4%
SOP 195 12.0%
Other Specialties 130 8.0%
COPD* 117 7.2%
Gynaecology 102 6.3%
Emergency/Medical Wards 99 6.1%
Cardiology 65 4.0%
PEPFAR/DOT 63 3.9%
Paediatrics 24 1.5%
Family Medicine 21 1.3%
Total 1,624 100.0%

GPC = General Practice Clinic; NHIS = National Health Insurance Scheme; SOP = Surgical Out-Patient Department; COPD* = Consultant Out Patient
Department; PEPFAR/DOT = integrated HIV/AIDS and tuberculosis clinic (President’s Emergency Plan for AIDS Relief / Directly Observed Therapy).
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Table 3: Radiographic Findings from Chest X-rays (N = 1,624). Percentages are column-based.

Finding

Total, n (%)

Normal

Cardiovascular Changes
Infectious Findings (Pneumonia)
Other Abnormal Findings

Total

1,058 (65.1%)
419 (25.8%)
51 (3.1%)
96 (5.9%)
1,624 (100.0%)

Pneumonia is classified as a subcategory of infectious findings.

Table 4: Association Between Demographic Characteristics, clinical indications and Radiographic Findings.Values are

n (column %).

Characteristic Cardiovascular Changes N = 419

Normal N = 1,058

Other Findings N =96  Infectious Findings (Pneumonia) N = 51

Demographic characteristics

Gender
Female 317 (75.7%)
Male 102 (24.3%)

Age Group (years)

572 (54.1%)
486 (45.9%)

39 (40.6%) 15 (29.4%)

57 (59.4%) 36 (70.6%)

0-18 6 (1.4%) 93 (8.8%) 15 (15.6%) 27 (52.9%)
19-35 39 (9.3%) 360 (34.0%) 21 (21.9%) 12 (23.5%)
36-50 147 (35.1%) 330 (31.2%) 15 (15.6%) 3 (5.9%)
51-65 113 (27.0%) 170 (16.1%) 24 (25.0%) 6 (11.8%)
65+ 108 (25.8%) 102 (9.6%) 21 (21.9%) 3 (5.9%)
Clinical indicationst
Cardiovascular 158 (37.7%) 230 (21.7%) 9 (9.4%) 3 (5.9%)
Medical Fitness/Screening 3 (0.7%) 256 (24.2%) 0 (0.0%) 0 (0.0%)
Otherb 33 (7.9%) 83 (7.8%) 18 (18.8%) 3 (5.9%)
Pre-operative 105 (25.1%) 210 (19.8%) 30 (31.3%) 3 (5.9%)

Respiratory Symptoms 120 (28.6%)

279 (26.4%)

39 (40.6%) 42 (82.4%)

Patient Department (COPD*) accounted for 7.2% (n =
117), Gynaecology 6.3% (n = 102), Emergency/Medical
Wards 6.1% (n = 99), Other Specialties 8.0% (n = 130),
Cardiology 4.0% (n = 65), PEPFAR/DOT 3.9% (n = 63),
Paediatrics 1.5% (n = 24), and Family Medicine 1.3% (n =
21).

Table 3 shows the radiographic findings. The majority of
CXR results (65.1%, n = 1,058) were normal. Among
abnormal findings (34.9%, n = 566), cardiovascular
changes were most common (25.8%, n = 419), followed
by other abnormal findings (5.9%, n = 96). Infectious
findings, including pneumonia as a subcategory, accounted
for 3.1% (n = 51).The majority of CXRs therefore yielded
no clinically significant pathology.

Table 4 shows the association between demographic
characteristics, clinical indications and radiographic
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findings. A gender-based analysis showed that females had
a higher prevalence of cardiovascular changes (75.7%, n =
317) compared to males (24.3%, n = 102). Infectious
findings (pneumonia) were more common in males (71%,
n = 36) than females (29%, n = |5). Among age groups,
infectious findings were predominantly observed in
children aged 0-18 years (53% of infectious cases), while
cardiovascular changes were most frequent in the 36-50
age group (35%).These distributions are consistent with
established epidemiological patterns.The table also shows
that cardiovascular indications were most frequently
associated with cardiovascular changes (37.7%, n = 158),
with a small proportion of infectious findings also
recorded in this group (5.9%, n = 3). Medical fitness/
screening referrals yielded normal CXRs in 98.8% of cases
(n = 256). Respiratory symptom referrals had the highest
proportion of infectious findings (82.4%,n = 42) and other
abnormal findings (40.6%, n = 39). Pre-operative referrals
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Table 5: Distribution of Radiographic Findings by Referral Unit (N = 1,624).Values are n (column %). Percentages are

column-based.

Referral Unit Total N = 1,624 Normal N = 1,058 Cardiovascular Changes Infectious Findings Other Findings N = 96
N =419 (Pneumonia) N = 51

Cardiology 65 (4.0%) 47 (4.4%) 18 (4.3%) 0 (0.0%) 0 (0.0%)
COPD* 117 (7.2%) 48 (4.5%) 45 (10.7%) 3 (5.9%) 21 (21.9%)
Emergency/Medical Wards 99 (6.1%) 24 (2.3%) 51 (12.2%) 6 (11.8%) 18 (18.8%)
Family Medicine 21 (1.3%) 18 (1.7%) 3 (0.7%) 0 (0.0%) 0 (0.0%)
GPC 542 (33.4%) 368 (34.8%) 147 (35.1%) 9 (17.6%) 18 (18.8%)
Gynaecology 102 (6.3%) 66 (6.2%) 36 (8.6%) 0 (0.0%) 0 (0.0%)
NHIS 266 (16.4%) 236 (22.3%) 24 (5.7%) 0 (0.0%) 6 (6.3%)
Other Specialties 130 (8.0%) 98 (9.3%) 32 (7.6%) 0 (0.0%) 0 (0.0%)
Paediatrics 24 (1.5%) 0 (0.0%) 3 (0.7%) 21 (41.2%) 0 (0.0%)
PEPFAR/DOT 63 (3.9%) 30 (2.8%) 15 (3.6%) 9 (17.6%) 9 (9.4%)
SOP 195 (12.0%) 123 (11.6%) 45 (10.7%) 3 (5.9%) 24 (25.0%)
Total 1,624 (100%) 1,058 (65.1%) 419 (25.8%) 51 (3.1%) 96 (5.9%)

GPC = General Practice Clinic; NHIS = National Health Insurance Scheme; PEPFAR/DOT = integrated HIV/AIDS and tuberculosis clinic; SOP = Surgical Out-
Patient Department; COPD* = Consultant Out-Patient Department. Data are presented as n (column %).

showed cardiovascular changes in 25.1% (n = 105) and
other abnormal findings in 31.3% (n = 30). A statistically
significant association was observed between clinical
indication and radiographic finding (Fisher's exact p <
0.001), indicating that clinical indication is strongly
associated with the likelihood and type of pathology
detected.

Table 5 shows the distribution of radiographic findings by
referral unit. Cardiovascular changes were most common
among GPC referrals (35.1%, n = 147) and Emergency/
Medical Ward referrals (12.2%, n = 51). Infectious findings
were most frequent among referrals from Paediatrics
(41.2%, n = 21) and PEPFAR/DOT (17.6%, n = 9),
consistent with the high prevalence of respiratory
infections in these patient groups. Referrals from NHIS
and Gynaecology were associated with the lowest
proportions of abnormal findings.

Discussion

This study examined CXR utilization and radiographic
findings at a tertiary hospital in southern Nigeria. The
predominant finding was a high proportion of normal
radiographs (65.1%), particularly among referrals from
the GPC.These results raise important questions about
referral appropriateness in resource-limited settings.

Al Shahrani and Al-Surimi ¢ found that 96.8% of ICU
patients underwent daily routine CXRs, with 73% of
clinicians expressing preference for an on-demand
approach. The present study differs in context: rather
than ICU-dominated utilization, we observed a broad
distribution of referral indications, with respiratory
symptoms (29.5%) and cardiovascular indications (24.6%)
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accounting for the largest shares. This broader
distribution suggests that CXR use in this Nigerian
tertiary setting extends well beyond intensive care,
consistent with its role as a general diagnostic workhorse
in a resource-constrained environment.

Gupta et al.” reported that 85.7% of CXRs in a paediatric
ICU were linked to ventilated patients.The present study
encompasses a wider indication spectrum, including
respiratory, cardiovascular, pre-operative, and screening
referrals. This reflects the breadth of CXR application in
a general tertiary hospital, as opposed to a specialist ICU
setting.

The finding that 31% of recipients were aged 36-50 years
is broadly consistent with Gaget et al. ®'s observation of
increased plain radiograph use among older Australians.
In the Nigerian context, this age group likely represents
working-age adults with a higher burden of cardiovascular
and respiratory disease, contributing to the observed
predominance of cardiovascular changes (25.8%) as the
most frequent abnormality.

The 65.1% normal CXR rate observed in this study is
consistent with Porter et al. ”s finding that routine post-
operative CXRs rarely lead to a change in clinical
management (0.4%). The high proportion of normal
results in the present study was particularly marked in
medical fitness/screening referrals (98.8% normal),
supporting the recommendation to restrict routine pre-
employment or pre-admission CXRs. Comparable
findings have been reported from another tertiary
institution in Nigeria which reported that only 10% of
routine CXRs had abnormal findings in their centre, with
cardiomegaly as the leading abnormality, underscoring a
regionally consistent pattern of broad CXR utilization
with limited incremental diagnostic yield '°.
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Infectious findings (pneumonia) were observed in 3.1% of
the overall sample but were disproportionately
concentrated in paediatric referrals (52.9% of infectious
cases were in the 0—18 year age group) and in PEPFAR/
DOT referrals (17.6%), consistent with the high
prevalence of respiratory infections in
immunocompromised and paediatric populations. Saraya
etal.'" described consolidation as the dominant finding in
paediatric Mycoplasma pneumoniae pneumonia. The low
overall prevalence of infectious findings in the present
study suggests that pneumonia is not the primary driver
of CXR demand at this institution; rather, cardiovascular
and respiratory symptom indications dominate.

A notable gender disparity was observed: females
accounted for 75.7% of cardiovascular changes, a pattern
that may reflect sex-specific differences in the
presentation of hypertensive heart disease and
cardiomegaly in this population, which warrants further
investigation.

The CXR referral landscape at UBTH is dominated by the
GPC, which generated one-third of all requests. The
GPC's high normal-CXR rate (34.8%) suggests that
clinical decision support tools or pre-referral checklists
could help optimise referral practice.

Limitations

This study has several limitations that should be
considered when interpreting the findings. First, the
retrospective design relied on existing records, which
precluded verification of clinical details or independent
review of radiological reports. Although no records were
excluded due to incomplete documentation in the
present study, the reliance on routine clinical records
rather than prospectively collected standardised data
introduces the possibility of information bias, particularly
with respect to variability in how clinical indications were
documented across different referral units. Second, as a
single-centre study at one tertiary hospital in Edo State,
the findings may not be generalisable to primary or
secondary care settings, or to other regions of Nigeria.
Selection bias inherent to this setting should be noted, as
the patient population and referral patterns of a tertiary
institution may differ substantially from those of lower-
level facilities. Third, potential classification and reporting
bias may have arisen from reliance on a single radiologist
report per examination without inter-rater reliability
assessment. Fourth, this study did not apply a validated
appropriateness framework (such as the American
College of Radiology Appropriateness Criteria) against
which referrals could be formally benchmarked;
therefore, conclusions regarding referral appropriateness
should be interpreted with caution. Finally, recall bias is
not applicable given the record-based retrospective
design; however, future prospective studies incorporating
standardised data collection instruments would allow for
more robust assessment of referral patterns and
diagnostic yield across diverse Nigerian healthcare
settings.
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Conclusion

This retrospective observational study found that CXRs
at UBTH are frequently ordered for diverse indications,
with a high proportion yielding normal results (65.1%).
Cardiovascular changes were the most common abnormal
finding, particularly in females and in middle-aged and
older adults. Infectious findings were concentrated in
paediatric and PEPFAR/DOT referrals. The high
proportion of normal radiographs, especially among
medical fitness/screening and GPC referrals, indicates that
targeted referral criteria and clinical decision support may
help optimize CXR utilization and reduce unnecessary
radiation exposure in this setting.
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Abstract

Background: Urinary schistosomiasis caused by Schistosoma haematobium remains a major global health burden, with nearly 800
million people at risk worldwide. The growing concern over reduced praziquantel efficacy underscores the urgent need for
alternative therapeutic agents.Advances in computational drug discovery provide an efficient framework for identifying novel
antischistosomal candidates targeting parasite-specific proteins.

Objective: This study employed integrative computational drug discovery approaches to evaluate Global Health Priority (GHP)
Box compounds for therapeutic potential against S. haematobium, focusing on the 23-kDa integral membrane protein (Sh23) as
a putative drug target.

Methodology: The Sh23 protein was identified and structurally characterized as a potential therapeutic target. A curated
library of 80 GHP Box compounds was subjected to virtual screening with PyRx, yielding 33 top-scoring candidates based on
binding affinity. These candidates were further evaluated with ADMET-AI for in silico pharmacokinetic and toxicity profiling, with
MolSoft for drug-likeness assessment, and with the PASS platform (Way2Drug) for biological activity prediction.

Results: MMV 1262756 emerged as the lead compound, demonstrating strong binding affinity to Sh23 protein, low predicted
clinical toxicity (0.14), high drug-likeness (0.87), and favorable predicted activity related to urological disorders.

Conclusion: This study identifies MMV 1262756 as a promising antischistosomal candidate and highlights the utility of
computationally driven drug discovery in accelerating the identification of therapeutic candidate for S. haematobium.The findings
support the potential of bicinformatics-guided strategies to address emerging challenges in praziquantel efficacy and advance
schistosomiasis control.
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Introduction burden. More than 250 million people are infected across

78 countries, with an estimated 500,000 deaths annually 2.
Schistosomiasis, also known as bilharzia, remains one of = The disease is caused by trematode parasites of the genus
the most devastating neglected tropical diseases globally  Schistosoma, with Schistosoma haematobium responsible for
and ranks second only to malaria in parasitic disease approximately two-thirds of cases in Africa, where over
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90% of individuals requiring treatment reside ** Chronic
infection with S. haematobium is associated with severe
urogenital morbidity, including hematuria, bladder fibrosis,
hydronephrosis, and increased risk of squamous cell
carcinoma of the bladder, underscoring its substantial
clinical and socioeconomic impact.

A key determinant of S. haematobium survival and
pathogenicity is the 23 kDa integral membrane protein
(Sh23), a member of the tetraspanin family that is
abundantly expressed during the schistosomula stage and
localized on the parasite tegument > Sh23 is implicated in
host—parasite interactions through its role in maintaining
tegumental integrity, parasite adhesion, and modulating
host immune responses ¢ Mechanistically, Sh23
participates in membrane organization and signal
transduction, facilitating parasite adaptation within the
host environment and contributing to immune evasion by
masking antigenic epitopes and modulating host
inflammatory pathways ’. Its surface accessibility, stage-
specific expression, and functional relevance make Sh23
an attractive yet underexplored molecular target for
therapeutic intervention.

Despite decades of control efforts, praziquantel remains
the sole widely used antischistosomal drug 8 However,
growing evidence of reduced drug sensitivity, absence of
prophylactic activity, limited efficacy against immature
parasite stages, and the risk of resistance development
highlight critical gaps in current treatment strategies.
Furthermore, most existing drug discovery efforts have
focused on a narrow range of parasite targets, leaving key
tegumental proteins such as Sh23 insufficiently
characterized and poorly exploited in therapeutic
development. This represents a major unmet need in
schistosomiasis research °.

Recent advances in computational drug discovery offer
powerful tools for accelerating the identification of novel
antischistosomal agents '°. Structure-based virtual
screening, pharmacokinetic prediction, and machine
learning—driven prioritization of compounds have
significantly reduced the cost and time associated with
early-stage drug development ''.When combined with
curated compound libraries such as the Global Health
Priority Box developed by the Medicines for Malaria
Venture (MMV), these approaches provide a unique
opportunity to systematically explore previously
untapped molecular targets in S. haematobium.

To date, no comprehensive computational study has
systematically evaluated Global Health Priority Box
compounds against Sh23 or integrated molecular docking,
pharmacokinetic  profiling, and biological activity
prediction to identify targeted inhibitors of this protein.
Moreover, the mechanistic and therapeutic potential of
Sh23 as a drug target remains largely unexplored
compared with other schistosome proteins. This study
addresses these critical gaps by implementing an
integrative computational framework that combines
structure-based virtual screening and advanced in silico
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drug discovery approaches to identify and prioritize novel
candidate compounds targeting Sh23. By focusing on a
biologically relevant yet underutilized tegumental protein,
this work provides new mechanistic insights and
establishes a rational pipeline for the development of
next-generation antischistosomal therapeutics.

Materials and Methods.
Target Protein Retrieval and Validation

The 23 kDa integral membrane protein of Schistosoma
haematobium (Sh23) was selected as the therapeutic
target due to its crucial role in parasite adhesion and
survival. The protein sequence (UniProt accession: AF-
Q26499-FI) was retrieved from the AlphaFold Protein
Structure Database(https:/alphafold.ebi.ac.uk/) in PDB
format. To further validate the accuracy of the predicted
structure of the Sh23 protein, the model was uploaded to
the SWISS-MODEL platform for structural validation.
SWISS-MODEL is widely used for homology modeling
and performs automated alignment of a query protein
structure with known experimental templates. After
alignment, the analysis showed a 100% sequence identity
between the AlphaFold-predicted structure and the
closest homologous protein in the SWISS-MODEL
database. This perfect match confirmed that the predicted
amino acid sequence and folding pattern of Sh23 are
consistent with experimentally validated data, thereby
reinforcing the reliability of the model.

In addition, the integrity and confidence of the predicted
structure were evaluated using the pLDDT score, which
was 90.56 for this 23 kDa integral membrane protein from
Schistosoma haematobium (Sh23).A pLDDT value this high
indicates very high confidence, supporting the accuracy
and stability of the predicted structure 2.

Protein Preparation

The retrieved Sh23 structure was processed using
BIOVIA Discovery Studio. Water molecules were
removed, hydrogen atoms were added, bond orders were
corrected, and geometry optimization was carried out to
ensure structural fidelity '* '“. The finalized protein model
was saved as a PDB file for subsequent molecular docking
simulations.

Ligand Preparation

A total of 80 compounds from the Medicines for Malaria
Venture (MMV) Global Health Priority (GHP) box were
retrieved in SMILES format '*.The SMILES notations were
converted into three-dimensional PDB structures using
the NovoPro SMILES-to-PDB converter. The generated
structures were imported into BIOVIA Discovery Studio,
where conformations were inspected and validated
against their two-dimensional representations. Finalized
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Figure 1: (A) 3D representation of MMV014853 docked to the 23 kDa integral membrane protein, illustrating
hydrophobic contacts, -alkyl interactions, and van der Waals stabilization within the binding pocket. (B) 2D interaction
map highlighting key residues involved in ligand binding, including alkyl and T-alkyl interactions and van der Waals

contacts.

ligands were stored in a dedicated
downstream docking experiments.

library for

Binding Pocket Prediction

The putative ligand-binding site of Sh23 was identified
before docking simulations to ensure accurate targeting.
Residue-level binding pocket analysis predicted an active
site spanning residues 107-184, forming a well-defined
cavity suitable for small-molecule interactions. No co-
crystallized ligand or reference ligand was available for
Sh23; therefore, we validated docking using alternative
controls (“self-docking” of a template ligand), and the
corresponding RMSD < 2.0 A performed using PyRx
(version 0.8, Scripps Research Institute, USA). This site
served as the reference for docking grid box
construction, ensuring that simulations explored
biologically relevant binding regions '3

Protein-Ligand Docking and Virtual Screening

Docking simulations were performed using PyRx (version
0.8, Scripps Research Institute, USA), which integrates
AutoDock Vina for ligand-protein interaction analysis '°.
The docking grid box was centered at X = 11.25 AY =
1.39 A, and Z = —4.33 A, with grid dimensions of 49.22 A
x 343.12 A x 383 A to fully encompass the predicted
binding pocket. Exhaustiveness was set to 20 to maximize
sampling accuracy. In this study, the docking validation
metric is therefore limited to binding scores and
interaction profiles.Binding affinity scores (kcal/mol) and
RMSD values were used to rank the compounds. Ligands
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with binding energies < -8.0 kcal/mol were considered
high-affinity hits. Protein-ligand interactions were analyzed
in detail, with hydrogen bonds, hydrophobic contacts, and
electrostatic interactions visualized using BIOVIA
Discovery Studio to confirm the stability and orientation
of ligand binding.

Compound Characterization
ADMET and Drug-Likeness Profiling

The pharmacokinetic and toxicological profiles of the top
33 compounds were predicted using ADMET-AI (https://
admet.ai.greenstonebio.com/) and MolSoft(https://www.
molsoft.com/) servers. Submitted SMILES notations were
analyzed for molecular descriptors, absorption,
distribution, metabolism, excretion, and toxicity (ADMET)
properties '". Predictions included hERG channel
inhibition, mutagenicity, drug-induced liver injury,
carcinogenicity, LD50, mitochondrial membrane potential
disruption, and skin sensitization. Drug-likeness scores
were calculated independently using MolSoft.

Biological Activity Prediction (PASS Analysis)

Biological activity spectra of the shortlisted compounds
were predicted using the PASS (https://www.way2drug.
com/passonline/predict.php)server. SMILES strings were
evaluated for probability scores corresponding to
potential pharmacological effects. Only activities relevant
to S. haematobium infection and associated pathologies
were considered for downstream analysis.
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Figure 2: (A) 3D representations of MMV028822 docked to the 23 kDa integral membrane protein (AF-Q26499-F1),
showing hydrogen bonding, T—sulfur interaction, and key hydrophobic/van der Waals contacts within the binding pocket.
(B) 2D interaction map highlighting key residues involved in ligand binding, including alkyl and m-alkyl interactions and

van der Waals contacts.

Similarly, molecular docking revealed that MMV028822
adopted a stable binding conformation within the active
site of the 23 kDa integral membrane protein (AF-
Q26499-F1), with a binding energy of -8.2 kcal/mol. The
compound formed a key hydrogen bond with GLU A:98
and a mi—sulfur interaction with CYS A:22, in addition to
multiple hydrophobic and van der Waals contacts
involving LEU A:29, ASN A:19,VAL A:68,VAL A:194, LEU
A:94, PHE A:197, SER A:201, GLN A:198, and TYR A:87.
These interactions collectively indicate a well-stabilized
binding pose and strong affinity for the target site (Figure
2A-B).

Molecular docking revealed that MMV 1262756 adopted a
stable binding pose within the active site of the 23 kDa
integral membrane protein (AF-Q26499-Fl), with a
binding energy of —8.2 kcal/mol (Figure 3A-B). The
compound engaged in a T-anion interaction with GLU
A:133, a m-sigma interaction with VAL A:36, and -1
stacking/T-shaped contacts with PHE A:134 and TRP A:51.
Additional hydrophobic interactions with PHE A:40, TYR
A:35, ALA A:32, and ILE A:58 contributed to overall
complex stabilization and strong target affinity.

Physicochemical and ADMET Profiling

Physicochemical and ADMET  profiling  provide
comprehensive insights into the properties of the studied
compounds. Physicochemical profiling evaluates the
compounds’ physical and chemical characteristics, while
ADMET analysis assesses their pharmacokinetic behavior,
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including absorption, distribution, metabolism, and
excretion, as well as their toxicity profiles.
ADMET profiling of the 33 compounds revealed

molecular weights (345.38-769.97 g/mol), logP (I1.17-
6.07), TPSA (37.19-154.73 A?), and QED scores (0.I3-
0.74) (Table S2). Oral bioavailability scores ranged from
0.62—-0.98, while plasma protein binding spanned 71.37%-
100% (Table S3).Toxicity markers varied, with hERG
inhibition (0.35-0.99) and clinical toxicity probabilities
(0.07-0.82) (Table S4). Among all, MMV028822 and
MMV 1262756 showed superior drug-likeness alongside
favourable pharmacokinetic properties compared with
the reference, praziquantel (Table | & 2); MMV014853
showed favourable pharmacokinetics but a drug-likeness
score below praziquantel.

Praziquantel, used as the reference control, demonstrated
an overall favorable safety profile with low probabilities of
cardiotoxicity (0.18), clinical toxicity (0.05), mutagenicity
(0.06), and carcinogenicity (0.03). However, a relatively
high likelihood of skin reactions (0.64) was observed,
aligning with its known side effect profile. The compound
showed moderate acute safety (LD50 = 2.75) and
negligible mitochondrial toxicity (0.01). Despite its
established efficacy, praziquantel recorded only a modest
drug-likeness score (0.29), underscoring the need for
more optimized alternatives (Table 2).
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Figure 3: lllustration of the binding interactions of MMV 1262756 (—8.2 kcal/mol) within the active site of the 23 kDa
membrane protein (AF-Q26499-F1). (A) 3D visualization of the docking complex showing the ligand anchored in the
binding cavity. (B) 2D interaction map depicting hydrogen bonds, T-alkyl contacts, and van der Waals interactions with

key residues.
PASS Biological Activity Prediction

PASS provides an activity-spectrum view that helps
distinguish which compounds are most likely to modulate
biologically relevant functions which is going beyond
docking or structural compatibility alone. It also enables
fast triage under limited resources, since testing every
compound experimentally is costly and time-intensive;
PASS helps identify the most promising candidates early
for downstream validation. The PASS analysis revealed
distinct activity profiles across the evaluated compounds.
MMVO014853 was predicted as a membrane integrity
agonist (Pa = 0.23; Pi = 0.26), suggesting limited
therapeutic potential. MMV028822 demonstrated a
broader activity spectrum, with predicted roles in urinary
incontinence (Pa = 0.16), urologic disorders (Pa = 0.17),

and antineurogenic pain (Pa = 0.21). Among the
compounds, MMV1262756 emerged as the most
promising, showing predicted activities in urologic
disorders (Pa = 0.14), urinary incontinence (Pa = 0.13),
and interleukin-2 antagonism (Pa = 0.10), with consistently
low inactivity scores, highlighting its potential as a viable
therapeutic candidate (Table S6).

Discussion

This study explored the potential of targeting the Sh23
tetraspanin protein in Schistosoma haematobium using an
integrative computational drug discovery approach.These
findings contribute significantly to the growing body of
research by identifying potential anti-schistosomal

Tablel: Predicted Pharmacokinetic Properties (ADME) of lead compounds and Praziquantel.

Compound ID OR CEP Blood-Brain Plasma Protein CYP3A4 Half Life Drug
Barrier Binding Rate Inhibition Clearance
Penetration (Hepatocyte)

Praziquantel 0.54 -4.45 0.99 62.60 0.77 0.00 34.40
(control)

MMVO014853 0.96 -4.67 0.86 84.45 0.37 41.37 3541
MMV028822 0.96 -4.63 0.93 97.28 0.99 68.79 35.69
MMV 1262756 0.98 -4.73 0.89 100.00 0.33 0.00 43.07
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Table 2: Predicted Toxicity and drug-likeness profiles of lead compounds and Praziquantel.

Compound ID hERG Clinical Mutagenicity Carcinogenicity Acute Toxicity SR MMP DLMS
Blocking Toxicity LD50

Praziquantel (control) 0.18 0.05 0.06 0.03 2.75 0.64 0.01 0.29

MMVO014853 0.44 0.21 0.45 0.23 2.85 0.26 0.47 0.24

MMV028822 0.73 0.24 0.12 0.12 2.68 0.16 0.46 0.66

MMV 1262756 0.60 0.14 0.58 0.38 2.65 0.18 0.31 0.87

Abbreviations: DLMS = Drug-Likeness Model Score; MMP = Mitochondrial Membrane Potential; SR = Skin Reaction.

compounds from the Global Health Priority Box and
demonstrating the utility of computational approaches in
accelerating drug discovery. The study provides valuable
insights  into compound efficacy, safety, and
pharmacokinetic properties, thereby supporting the
development of new therapeutic options for Schistosoma
haematobium  infection. These chronic and often
debilitating outcomes underscore the urgent need for
improved and diversified therapeutic strategies beyond
the current standard of care, which relies primarily on the
anthelmintic drug Praziquantel. This study pioneers a
computational pipeline for targeting the Sh23 tetraspanin
protein in  Schistosoma  haematobium,  revealing
MMV 1262756 as a standout lead from the Global Health
Priority (GHP) Box library. The identification of these
compounds therefore reflects not only their
computational affinity for the Sh23 target but also their
origin from a chemically validated library with prior
relevance to infectious disease research. By identifying 33
high-affinity ligands through virtual screening and
prioritizing three top candidates via docking and ADMET
analysis, our findings illuminate Sh23's druggability and
underscore the untapped potential of tegumental
proteins in antischistosomal drug discovery.

The superior binding profiles of MMV0I[4853,
MMV028822, and especially MMV1262756 stem from
multifaceted interactions within the Sh23 binding pocket
among the leads. MMV 1262756 distinguished itself with
the most favorable overall profile. It combined strong
binding affinity with the highest drug-likeness score (0.87),
the lowest predicted clinical toxicity (0.14), and superior
PASS-predicted activities in urologic disorders (Pa =
0.14), urinary incontinence (Pa = 0.13), and interleukin-2
antagonism (Pa = 0.10).These predicted pharmacological
effects align closely with the immune-mediated pathology
of schistosomiasis, in which chronic inflammation, bladder
fibrosis, and increased risk of squamous cell carcinoma
are driven by dysregulated host immune responses and
urogenital tissue damage'? %°. In contrast, MMV014853
showed moderate toxicity concerns (higher mutagenicity
and carcinogenicity, with a lower drug-likeness score),
while MMV028822 offered a balanced but less optimal
safety-efficacy ratio. These results directly address
praziquantel's shortcomings, which include reduced
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sensitivity, immature-stage inefficacy, and adverse effects
like hepatotoxicity, by proposing Sh23 inhibitors with
complementary ~ mechanisms. The  PASS-predicted
activities (Pa = 0.10-0.21) fall within a low-confidence
range, where values below 0.30 generally indicate weak or
uncertain biological relevance. As such, these results
should be interpreted cautiously as hypothesis-generating
rather than definitive evidence of pharmacological activity.
Predicted functions, including associations with urologic
disorders, likely reflect indirect or symptom-modulating
effects related to the pathophysiology of urogenital
schistosomiasis  rather than direct antiparasitic
mechanisms. Similarly, the predicted antagonistic activity
of MMV 1262756 against interleukin-2 (IL-2) suggests that
the compound may possess immunomodulatory
properties. However, this prediction is based on
computational analysis and remains speculative until
confirmed through experimental validation.

Overall, PASS analysis provides limited but
complementary insight within the computational
framework. While MMV 1262756 remains a promising
candidate based on its binding affinity and
pharmacokinetic profile, PASS predictions should be
treated as secondary indicators, with compound
prioritization primarily guided by structural and ADMET
evidence and validated through further experimental
studies.

Unlike praziquantel's tegumental disruption via calcium
influx, Sh23 targeting exploits stage-specific vulnerability
in schistosomula, potentially enabling prophylaxis against
early infections.The GHP Box's proven utility in neglected
tropical diseases (NTDs) validates this library as a cost-
effective source, consistent with Hernandez, Veale et al.,2"
2 while Kondapuram et al.,2? affirm docking's reliability in
parasitology.The identification of candidate compounds
from an open-access library aligns with global efforts to
expand affordable and scalable treatment strategies.
Furthermore, while the compounds investigated here are
synthetic or semi-synthetic molecules, this partially
parallels the rationale underlying certain ethnobotanical
practices, where plant-derived therapies are traditionally
used to alleviate urinary symptoms and inflammation.
Although no direct ethnopharmacological linkage can be
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established for these specific compounds, the conceptual
overlap underscores the importance of integrating
computational findings with traditional knowledge
systems in future research.

Currently, praziquantel remains the gold-standard
treatment for schistosomiasis, yet its limitations, such as
hepatotoxicity, skin reactions, and moderate drug-
likeness, underscore the need for alternative therapies .
The predicted pharmacological and safety profile of
MMV 1262756 highlights its potential as a complementary
or replacement therapy and supports the call for
diversification of the anti-schistosomal drug arsenal. From
a mechanistic perspective, targeting the Sh23 protein
offers a novel therapeutic approach distinct from the
action of praziquantel, which primarily disrupts parasite
tegument integrity via calcium influx. In contrast, Sh23
inhibition may interfere with tegumental organization and
host—parasite interactions during the schistosomula
stage, suggesting potential utility in early infection control
and possibly prophylaxis.This is particularly relevant given
the limitations of praziquantel, including reduced
sensitivity in some settings, lack of efficacy against
immature parasite stages, and adverse effects such as
hepatotoxicity and skin reactions 2.

In  summary, this work presents a streamlined
computational  pipeline  that combines  target
prioritization, molecular docking, and multi-parameter
evaluation to accelerate anti-schistosomal drug discovery.
Among the screened ligands, MMV 1262756 emerged as
the most promising hit, warranting further in vitro and in
vivo validation. Beyond S. haematobium, this integrative
approach can be readily applied to other neglected
tropical diseases, leveraging open-access libraries such as
the GHP Box to expand therapeutic options %

Conclusion

This study highlights the effectiveness of the effectiveness
of integrating computational drug discovery approaches
in identifying novel therapeutics against Schistosoma
haematobium.Virtual screening of Global Health Priority
(GHP) Box compounds against the Sh23 protein yielded
MMV 1262756 as the lead candidate, with a strong binding
affinity of -8.2 kcal/mol, high drug-likeness score (0.87),
and low predicted clinical toxicity (0.14).These attributes
position MMV1262756 as a potential candidate to
address the limitations of praziquantel. Future in vitro and
in vivo studies are warranted to validate its therapeutic
potential and advance it toward clinical development.
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Abstract

Background: Herpes simplex virus (HSV) infections account for a large burden of disease worldwide. HSV type |
is traditionally associated with orofacial infections, whereas HSV type 2 is commonly linked to genital infections.
Recent studies suggest an increasing role of HSV- | in genital infections. In Ghana, In Ghana, where surveillance is
limited, epidemiological data remain scarce. This pilot study aimed to detect HSV-I and HSV-2 DNA in genital
samples from asymptomatic women.

Methods: Cervical swabs from 94 asymptomatic women attending cervical screening clinics in Ghana were
analyzed. HSV-1 and HSV-2 DNA were detected using polymerase chain reaction (PCR). Serological data from the
parent study were used for descriptive purposes.

Results: HSV-1 DNA was detected in 12.8% of participants, while HSV-2 DNA was detected in 4.3%. Co-infection
occurred in 4.3% of participants. Most HSV-1 DNA-positive individuals were also HSV-1 IgG seropositive (92%), and
all HSV-2 DNA-positive individuals were HSV-2 IgG seropositive. No statistically significant associations were
observed between HSV DNA detection and participant characteristics.

Conclusion: HSV-1 and HSV-2 DNA were detected in genital samples from asymptomatic women, indicating the
presence of genital HSV infection in this population. Larger studies are needed to better characterize the
epidemiology and public health relevance of genital HSV infection in Ghana.
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Introduction HSV-1 is traditionally associated with orofacial infections,
Herpes Simplex Virus (HSV) is a lifelong human pathogen  whereas HSV-2 is more commonly linked to genital
comprising two main types: HSV-1 and HSV-2 '. Globally, herpes and remains the leading cause of genital ulcer
HSV infection remains highly prevalent, with an estimated  disease worldwide . However, recent studies indicate an
846.1 million people aged 1549 years affected in 2020 2. increasing proportion of genital herpes cases are
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attributable to HSV-I, although HSV-2 continues to
predominate in most settings >2.

HSV establishes lifelong latency in sensory neurons and
can periodically reactivate, resulting in recurrent disease
and asymptomatic viral shedding, which contributes to
ongoing transmission 3%, In addition to genital disease,
HSV infection has been associated with an increased risk
of acquiring other sexually transmitted infections,
including HIV and human papillomavirus (HPV) %°,
Changes in sexual behavior, including oral—genital contact
and multiple sexual partnerships, have also been
implicated in the changing epidemiology of HSV infection

and the emergence of genital HSV-1 in some populations
6,11

Despite its substantial global burden, the epidemiology of
HSV in Africa remains poorly documented. Evidence from
Africa and other low-resource settings is limited but
suggests a high burden of HSV among women, with
considerable regional variation 2. In Ghana, HSV infections
are considered common. However, surveillance is not
mandatory, and reliable population-based epidemiological
data are lacking '>'*. Most existing studies are hospital-
based and rely primarily on serological assays, with limited
use of molecular methods for direct viral detection and
type differentiation ',

Given the absence of an effective vaccine and the
limitations of antiviral therapy in eliminating infection 3,
accurate identification of HSV types is important for
understanding transmission dynamics, guiding clinical
management, and informing prevention strategies .
Molecular detection methods, such as PCR, allow for
direct identification of HSV DNA in clinical specimens
and provide improved specificity compared with

serological testing alone.

This study therefore aimed to determine the presence of
HSV-1 and HSV-2 DNA in cervical samples from
asymptomatic women in Ghana and to describe their
epidemiological characteristics.

Methods

Study Design and Sample Selection

This study utilized archived cervical swab samples
collected during a parent cross-sectional study on the
prevalence of genital HPV and seroprevalence of herpes
infection among women attending cervical screening
clinics at regional hospitals in Ghana '*. The present study
was designed as a pilot investigation to evaluate the
feasibility of molecular detection of genital HSV infection
using archived cervical samples and to generate
preliminary data to inform future larger studies. A subset
of 94 de-identified cervical swabs was randomly selected
using computer-generated codes. Corresponding HSV
serological data from the parent study were available for
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all selected participants, allowing comparison between
PCR-based detection of HSV DNA and HSV IgG
serostatus. Serological results were used to describe prior
exposure to HSV-1 and HSV-2 and to provide supportive
epidemiological context for the molecular findings.

Ethical consideration

Ethical approval for the parent study was obtained from
the Ghana Health Service Ethics Review Committee
(GHS-ERC:07/03/14). The current study, which involved
secondary analysis of archived samples, was conducted
under the same ethical approval framework. Additional
approval was also obtained from the Ethical and Protocol
Review Committee of the School of Biomedical and Allied
Health Sciences, University of Ghana (SBAHS-MLS/
10572569/SA/2018-2019).Written informed consent was
obtained from all participants at the time of enrolment in
the parent study, including consent for future research use
of archived biological samples and associated de-identified
data.

DNA Sample Processing

Archived DNA extracts from cervical swabs, originally
prepared for HPV testing, were used as templates for HSV
detection. DNA integrity was verified prior to PCR. No
additional sample collection was required for this study.

PCR Amplification of HSV DNA

Detection of HSV-1 and HSV-2 DNA was performed
by polymerase chain reaction (PCR) using primers and
methods adapted from Blankson et al., 2019 'é. In brief, the
following primers were used in the work: for HSV-I: 5'-
CGTACCTGCGGCTCGTGAAGT-3" (forward) and 5'
AGCAGGGTGCTCGTGTATGGGC-3'reverse); for HSV-
2: 5-TGGTATCGCATGGGAGACAAT-3" (forward) and
5-CTCCGTCCAGTCGTTTATCTTG-3". A final PCR
reaction mix of 25 pl was used containing 5X PCR buffer,
5mM  MgCl, 200 uM of each of the four
deoxyribonucleoside triphosphates (dNTP), 10 pmols of
each primer and |.25 units of Tagq polymerase enzyme
(New England Biolabs Inc., UK). Five microliters (5 pl) of
purified DNA extracts were used as template for the
amplification reactions carried out on the MAXYGENE Il
Thermal Cycler (Corning Life Sciences Company, USA).
The cycling parameters for PCR were as follows: 95° C for
5 minutes (initial denaturation), followed by 45 cycles of 95°
C for 30sec (denaturation), 54° C for 30sec (annealing), 72°
C for 30 sec (extension) and a single final elongation step
of 72°C for 5 minutes.

Detection of PCR Products
The amplified PCR products were detected by agarose gel
electrophoresis (2%) containing ethidium bromide. Ten

microliters of each sample was added to 2 pl of 6X gel
loading dye (New England Biolabs Inc. USA) for the
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electrophoresis. Hundred base pair DNA molecular
weight marker (New England Biolabs Inc., USA) was run
alongside the PCR products. The gel was prepared and
electrophoresed in | X TAE buffer using a mini gel system
at 100 volts for one hour. The gels were viewed in a
benchtop UV illuminator (UVP, LLC, Upland, CA, USA)
and photographed using Canon camera Sx230 HS.

Data Analysis

The presence of HSV-1 and HSV-2 DNA was recorded as
positive or negative for each sample. Results were
compared with serological HSV data from the parent
study. Categorical variables were summarized as
percentages, and associations between HSV detection
and participat characteristics. Associations between HSV
DNA positivity and participant characteristics were
assessed using Fisher’s exact test, with the Freeman—
Halton extension applied where appropriate due to
sparse data and small expected cell counts. Odds ratios
were not estimated because the limited number of HSV-
positive cases resulted in sparse data and unstable
estimates. Statistical significance was set at p < 0.05.

Missing responses, including “not remember” categories,
were treated as missing data and excluded from specific
analyses. Therefore, analyses were conducted using
complete-case data for each variable, resulting in variable
sample sizes across different analyses. Considering the
exploratory design and limited sample size, missing data
were not imputed.

Results

Sociodemographic and Reproductive Characteri-
stics of Participants

The subset of 94 women whose cervical swab samples
were analyzed had a mean (SD) age of 38.45 (9.59) years
(range 21-65 years). Most participants were aged 2544
years (n=72, 76.60%), reflecting the typical screening
population at the Cervicare clinics. Regarding educational
attainment, most women had less or senior high school
education (n=69, 73.40%), while a smaller proportion had
completed senior high school or higher (n=25, 26.60%).
The majority of participants were actively employed
(n=88, 93.61%), and most were married or cohabited
(n=69, 73.40%).

Analysis of reproductive history showed that 48.94% of
the participants had three or more pregnancies. Among
those who had been pregnant, the mean (SD) age at first
pregnancy was 24.31 (4.63) years, with a subset reporting
first pregnancies after 25 years (n=28, 38.36%). These
sociodemographic and reproductive characteristics are
summarized in Table I.
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Table |. Sociodemographic and reproductive character-
istics

Characteristics Frequency, N Prevalence, %

Age category, years

<25 3 3.19
25-44 72 76.60
45-64 18 19.15
> 65 | 1.06
Education

< SHS 69 73.40
2 SHS 25 26.60

Work status

Active 88 93.61
Not active 6 6.39
Marital status

Single/widowed/divorced 25 26.60
Married/ cohabiting 69 73.40
Number of pregnancies

Never pregnant 21 22.34
| 18 19.15
2 9 9.57
>3 46 48.94
Age of first pregnancy, years (n=73)

<17 2 2.73
18-21 15 20.55
22-25 18 24.66
>26 23 31.51
Do not remember I5 20.55
Age of coitarche, years (n=53)

<20 28 52.8
21-25 I5 283
>26 10 18.9
Number of sexual partners (n=53)

| 21 39.6
22 32 60.4
Condom use (n=46)

No 28 60.9
Yes 18 39.1
Tobacco use (n=46)

No 46 100.0
Yes 0 0
Alcohol use (n=46)

No I5 326
Yes 31 67.4
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Table 2. Prevalence of Genital HSV-1 and HSV-2 DNA Detection Among Study Participants (N=94).

HSV-1 DNA Status HSV-2 DNA Positive n (%)

HSV-2 DNA Negative n (%) Total n (%)

Positive 4 (4.3)
Negative 0 (0.0)
Total 4(4.3)

8 (8.5) 12 (12.8)
82 (87.2) 82 (87.2)
90 (95.7) 94 (100)

Table 3. Distribution of HSV DNA Detection According to HSV Serological Status.

DNA HSV-1 DNA HSV-2 DNA HSV-1+ & HSV-2+
Positive (n=12) Negative (n=82) Positive (n=4) Negative (n=90) (n=4)
HSV-1 1gG positive, N (%) I'1(92) 81 (99) 4 (100) 88 (98) 4 (100)
HSV-1 IgG negative/borderline, N (%) I (8) I (1) 0(0) 2(2) 0(0)
HSV-2 I1gG positive, N (%) 9 (75) 58 (71) 4 (100) 63 (70) 4 (100)
HSV-2 IgG negative/borderline, N (%) 3(25) 24 (29) 0(0) 27 (30) 0(0)
HSV-1+ IgG & HSV-2+ 1gG, N (%) 9 (75) 58 (71) 4 (100) 64 (71) 4 (100)

Molecular Detection of HSV DNA

As shown in Table 2, cervical and vaginal swabs from
ninety-four women were analyzed. Twelve women,
representing 12.8% (95% Cl: 6.8-21.2%) tested positive
for genital HSV-1, whereas 4.3% (95% CI: 1.2-10.5%) were
positive for genital HSV-2. Co-infection with both HSV-1
and HSV-2 was detected in 4.3% of participants. Among
twelve positive cases for HSV-1, eleven (92%) patients had
confirmed seropositive HSV-1 status, and 8% (n=1) with
borderline results. All PCR-positive cases for genital HSV-
2 were also seropositive for HSV-2 IgG (Table 3).

HSV DNA Detection and Serological Status

The distribution of HSV DNA detection and HSV
serological status is presented in Table 3. Among the 12
participants who tested positive for HSV-1 DNA, |1
(92%) were seropositive for HSV-1 1gG, while | (8%) had
a negative or borderline HSV-1 1gG result. Among the 82
participants who were negative for HSV-1 DNA, 81 (99%)
were HSV-1 1gG seropositive and | (1%) was seronegative
or borderline. For HSV-2,all four participants (100%) who
tested positive for HSV-2 DNA were also seropositive for
HSV-2 1gG. Among the 90 HSV-2 DNA negative
participants, 63 (70%) were HSV-2 IgG seropositive,
whereas 27 (30%) were negative or borderline for HSV-2
IgG antibodies.

Dual seropositivity for both HSV-1 1gG and HSV-2 IgG
was observed in 9 of the 12 HSV-I DNA positive
participants (75%), while 58 of the 82 HSV-I DNA
negative participants (71%) were also seropositive for
both viruses. Similarly, all HSV-2 DNA positive
participants (100%) were seropositive for both HSV-I
and HSV-2 IgG, whereas 64 of the 90 HSV-2 DNA
negative  participants (71%) demonstrated dual
seropositivity. HSV DNA detection in cervical samples
and HSV IgG seropositivity were both observed among
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study participants, reflecting current viral detection and
prior exposure respectively.

Sociodemographic, Obstetric, and Behavioral
Correlates of HSV DNA Detection

The distribution of HSV-1 and HSV-2 DNA positivity
according to selected sociodemographic, obstetric, and
behavioral characteristics is summarized in Table 4. These
variables were examined because previous studies have
identified factors such as age, marital status, reproductive
history, sexual behavior, and condom use as potential
determinants of HSV acquisition and transmission.
Accordingly, they were explored in relation to HSV DNA
positivity. HSV DNA positivity was observed across
multiple participant categories. No statistically significant
associations were observed between HSV DNA positivity
and any of the examined variables (all p > 0.05). Most HSV-
| DNA positive participants were aged 25-44 years
(75.0%, 9/12), while the remaining 25.0% (3/12) were aged
45—-64 years. All HSV-2 DNA positive cases occurred in
the 25—44-year age group (100%, 4/4), although age was
not significantly associated with HSV-1 (p = 0.703) or
HSV-2 DNA positivity (p = 0.579). Similarly, most HSV-I
(66.7%, 8/12) and HSV-2 (75.0%, 3/4) positive participants
had attained senior high school education or higher, with
no significant association observed for either HSV-I (p =
0.727) or HSV-2 (p = 0.941). The majority of HSV-I
(91.7%, 11/12) and all HSV-2 (100%, 4/4) positive cases
were among actively employed women, and work status
was not significantly associated with infection (HSV-1 p =
0.570; HSV-2 p = 0.594). Most HSV-1 positive participants
were married or cohabiting (83.3%, 10/12), and all HSV-2
positive participants were within this group, although no
significant association was observed (HSV-I p = 0.506;
HSV-2 p = 0.570).

For reproductive history, most HSV-I positive women
reported three or more pregnancies (58.3%, 7/12), while
75.0% (3/4) of HSV-2 positive participants were in the
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Table 3. Distribution of HSV DNA Detection According to HSV Serological Status.



attributed to HSV-I in some populations '2'. The
estimated prevalence of genital HSV-1 infection among
adults aged 15-49 years was 10.2% 2. Although, data from
African settings remain limited and inconsistent 2%,
highlighting  important gaps in  region-specific
epidemiological evidence.

HSV establishes lifelong latency in sensory neurons and is
characterized by intermittent viral reactivation and
asymptomatic shedding 2. These features may result in
low and transient viral loads, particularly in asymptomatic
individuals, which can Ilimit detection if sensitive
molecular methods are not used. In this study, the
detection of HSV-1 DNA in cervical specimens therefore
provides direct evidence of genital viral presence and
underscores the value of PCR-based diagnostic
approaches in identifying infections that may otherwise
go undetected.

Available data from Ghana and West Africa suggest a high
burden of HSV exposure based primarily on serological
studies. For example, a previous study from Ghana
reported HSV-1 and HSV-2 seroprevalence of 99.2% and
78.4%, respectively, indicating widespread prior exposure
14, Similarly, studies from Nigeria and other West African
settings have reported substantial HSV seroprevalence 2
2. However, these studies primarily provide evidence of
prior HSV exposure rather than active genital infection.
In contrast, the present study provides preliminary PCR-
based evidence of HSV DNA detection in genital samples
from asymptomatic women in Ghana, thereby
contributing novel data on current infection at the genital
site.

One possible explanation for genital HSV-1 infection is
sexual transmission through oral-genital contact . Such
exposure may facilitate transmission from individuals with
orolabial HSV-1 infection to the genital tract ¢. Behavioral
factors, including awareness of HSV transmission routes,
may influence sexual practices. However, misperceptions
regarding the risks associated with oral-genital contact
may persist in some populations [12,21,22]. In some
contexts, oral—genital sex may be perceived as a lower-
risk alternative to penetrative intercourse or as a means
of preserving social or cultural norms related to virginity,
potentially reducing perceived risk and contributing to

engagement in practices that facilitate HSV-1 transmission
15,26

In African settings, early-life acquisition of HSV-I infection
is common, often occurring before sexual debut ¢,
reflecting the high background prevalence of HSV-I
exposure in childhood 2.This early infection may result in
seropositivity prior to sexual debut and subsequently
influence patterns of immunity and susceptibility to
genital HSV-1 infection in later life 7.

Despite reports of relatively low genital HSV-I
prevalence in some African and Asian studies %, this may
reflect limited availability of molecular testing data rather
than a true absence of infection. In many settings,
including Ghana, diagnostic capacity and surveillance
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systems for HSV remain limited, and routine genotyping is
not widely performed. As a result, the contribution of

HSV-1 to genital herpes in the region remains
incompletely understood 2.
The present findings highlight the importance of

molecular diagnostic methods for detecting HSV in genital
samples, particularly among asymptomatic individuals.
Molecular testing provides direct evidence of viral DNA
and may identify infections that are not apparent clinically
or through serological testing alone. The observed
discordance between HSV-I DNA positivity and HSV-I
IgG seronegativity or borderline results in one participant
may reflect recent infection prior to seroconversion,
individual variation in immune response, or limitations in
serological assay sensitivity. Similar discrepancies between
molecular and serological HSV detection have been
reported in previous studies '3,

Differentiation between HSV-1 and HSV-2 remains
clinically important, due to differences in recurrence
patterns, viral shedding, and transmission dynamics 382,
However, the PCR assay used in this study did not include
sequencing or characterization of viral genetic variants,
and clinical outcomes were not assessed.

The detection of HSV DNA among asymptomatic women
underscores the potential for unrecognized genital
infection and highlights the importance of molecular
surveillance approaches.

In the absence of effective vaccines and with current
antiviral therapies unable to eliminate infection 3
improved characterization of HSV epidemiology remains
important. Integration of molecular diagnostic approaches
into sexually transmitted infection control programs in
Ghana may enhance detection and type differentiation.
Further studies with larger sample sizes are needed to
better define the epidemiology and determinants of

genital HSV infection in this setting.

Fisher’s exact test analysis showed no statistically
significant associations between HSV DNA positivity and
the sociodemographic, obstetric, or behavioral
characteristics examined. Although descriptive patterns
were observed, these findings did not reach statistical
significance, likely due to the small sample size and limited
statistical power. Therefore, the findings should be
interpreted as exploratory, and lack of statistical
significance does not imply absence of association but
rather reduced ability to detect true effects.

Given the pilot nature of this study, the findings provide
preliminary evidence of HSV detection in genital
specimens but do not allow for inference of transmission
dynamics or causal relationships. These results are
intended to inform the design of larger, population-based
studies rather than provide definitive prevalence
estimates. The detection of HSV DNA in asymptomatic
individuals suggests the possibility of unrecognized
infection within the population. In Ghana, routine HSV
screening is not widely implemented, and many infections
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may remain undiagnosed. Strengthening diagnostic
capacity and awareness may support improved detection
and clinical management of HSV infections. The role of
targeted screening strategies, particularly among women
of reproductive age, warrants further investigation 3+

Genital HSV-I and HSV-2 infections may reflect
underlying patterns of sexual exposure within the
population. However, the present study did not assess co-
infections or long-term clinical outcomes, and further
research is needed to better understand the broader
clinical and epidemiological implications. Further
population-based studies are needed to clarify the burden
of genital HSV-I infection in Ghana and to better
characterize its epidemiological distribution. Such studies
will support more informed prevention strategies,
particularly among women of reproductive age.

This study has several limitations. The relatively small
sample size limits the external validity of the findings, and
results should therefore be interpreted as exploratory
and hypothesis-generating. In addition, recruitment from
cervical screening clinics may introduce selection bias,
limiting representativeness of the broader population of
women in Ghana. Behavioral data were self-reported and
may therefore be subject to recall and social desirability
bias. Finally, residual confounding from unmeasured
variables, including partner infection status and other
sexually transmitted infections, cannot be excluded.

Conclusion

This study provides evidence of HSV-1 DNA detection in
genital swabs from asymptomatic women in Ghana,
indicating that HSV-1 is present in the genital tract in this
population. Further population-based studies are needed
to better characterize the epidemiology and public health
implications of genital HSV infection in Ghana.
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