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Introduction:-

These infections (UTIs) simply mean the presence of pathogenic microorganisms in the urinary tract (urinary
bladder, ureters, urethra, or kidneys), and such infections normally range between simple cases like cystitis to severe
ones like uroseptic shock (Zeng et al., 2021) These infections can also be classified as uncomplicated or
complicated, where uncomplicated ones usually affect persons who are always healthy with even no neurological or
structural urinary tract abnormalities, while the later are described as UTIs that are associated with factors which
interrupt the urinary tract or host defense, which include urinary obstruction, urinary retention due to neurological
disease, suppression of the immune system, kidney dysfunction, renal transplantation, pregnancy and the presence of
foreign bodies like indwelling catheters and calculi, Ifediora et al., 2016; Obeagu et al., 2023; Onyenweaku et al.,
2017; Kama et al., 2020; Okorie et al., 2022)

UTIs are regarded as one of the most infection diseases caused by bacteria, especially in females, as it’s estimated

that 50% of all women get at list a urinary tract infection during their life time (Banfitebiyi et al., 2018). In
community settings, urinary tract infections mainly affect women that are active sexually, whereas among the
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middle hospitable, they are the people of old age (elderly) and the carriers, who are mostly affected (Abdoul et al.,
2018). Women are always at higher risks of contracting Urinary Tract Infections as this is mainly attributed to
having sex frequently, having multiple sex partners and using spermicides to control birth (Rahimkhani et al., 2008).
According to (Minardi et al., 2011), women are more susceptible to urinary tract infections which is mostly
attributed to their shorter urethra.

More so, (Coyne et al., 2012) coined the increased risk of urinary tract infections among women have frequent
sexual intercourse.

In several community settings, Escherichia coli and Staphylococcus saprophyticus are the most common urinary
tract infection causing bacteria accounting for more than 80 % and 10 % to 15 % of these infections respectively
(Taale et al., 2014). However, there are many other various urinary tract infection causing bacteria, which include
Klebsiella spp., Proteus mirabilis, and Enterococcus faecalis (Banfitebiyi et al., 2018)

According to (Zeng et al., 2021), a global report of 2019 indicated that about 236,786 people died of urinary tract
infections of which a significant number of more than 404.6 million individuals suffered from urinary tract
infections.

Globally, about 150 million people per year are diagnosed with urinary tract infections which result into more than 6
billion US dollars used for health care (Odoki et al., 2020)

In the United States, urinary tract infections are frequent as they account for about 7 million external visits and one
million emergency visits which lead to over 100,000 hospitalized patients per year (Abdoul et al., 2018).

In Sub-Saharan Africa, Urinary tract infections (UTIs) are common among inpatients and outpatients, ranking
second only to respiratory infections (Kwame et al. 2015).

Basing on the studies done in Uganda and Tanzania within two national referral hospitals of Mulago National
Referal Hospiatal and Muhimbili Hospital respectively betweenthe time frame of five to ten years, the prevalence of
urinary tract infections was reported to be 14.6% and 16.8% respectively (Turyatunga et al., 2021)

According to the study done in Bushenyi district, Western Uganda, 267 aseptically collected morning urine samples
from patients attending three various hospitals in this district were properly examined where 86 samples accounting
for 32.2% were positive (Odoki et al., 2019). In this study, the findings also indicated that prevalence of urinary tract
infections was highest among individuals between 20 years and 29 years of age accounting for 32.6% of 28 out of
86 positive samples and the prevalence was lowest among the adolescents between 10 years and 19 years of age
which accounted for 1.2%, females were more infected than men accounting g for over 37.5% and 22.0%
respectively (Odoki et al., 2019).

Garlic (Allium sativum)

According to (Loria et al. 2021), garlic is scientifically known as Allium sativum. It is one of the herbal plants that
have bulbs which compose of many fibers that are divided and wrapped in whitish skin. Further more, garlic has 4 to
6 segments which contain a characteristic spicy flavor (Loria et al., 2021). Also characteristically, garlic is a
perennial herb with a cylindrical stem measuring about 50 cm high and has sparse, flat leaves measuring about 2 to
3 cm wide. Garlic is one of the most popular plants which has been known and grown by all continents on a large
scale for thousands of years (Morioka et al., 2017). This plant species has always been cultivated as a vegetable for
its taste and smell and also for being used as a therapeutic agent in management of various infections. (Ariga et al.,
2017).

Garlic is suitably used as alternative medicine and this is attributed to its various biologically active components
present in its underground bulb, and the plant is steadily being applied in management of urinary tract infections
(Bongiorno et al. 2008).

Garlic contains an estimated 33 sulfur compounds, enzymes, about 17 amino acids, mineral salts that include

Selenium Germanium, Phosphates, Iron salts and Calcium, Vitamins that include Niacin, Folic acid Ascorbic acid,
Riboflavin, and Thiamine, and lastly some valuable essential oils (Morioka et al., 2017; Stanley et al., 2014).
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Fresh garlic contains Allicin (diallyl thiosulfinate) which is its major bioactive molecule that consists of more than
70% of organosulfur compounds (Omid et al., 2015).

Allicin exhibits antimicrobial, antithrombotic, anticancer, anti-platelet aggregation and antioxidant activities
(Mohsen et al., 2015). In addition, it has been shown that allicin neutralizes microbial virulence factors (Shahab et
al., 2014).

According to the research done in Northan Uganda in Lango district, fresh garlic has always been used by local
natives especially women to manage urinary tract infections (Nakazibwe et al., 2021).

In Uganda, Mpigi district in central region is best known for growing garlic due to its reliable rainfall and fertile
soils, (Uganda National Agricultural Advisory Services) (Nakazibwe et al., 2021).

Anti-bacterial activity of fresh crude garlic extracts against UTI causing bacteria

Allium sativum has for many years been known and used as one of the best active herbal plants for management of
various illnesses caused by bacteria(Rath & Padhy, 2014). Considering its vast potential as an origin of several drugs
against microorganisms, research done in Malawi (Fukao et al., 2007) indicated that freshextract of allium sativum
prevented the growth of a vast number of bacteria, that included strains that were resistant to many drugs with
bactericidal or bacteriostatic effects. Growth of different strains of both Gram (-) and Gram (+) bacteria is inhibited
by the extract of garlic from the underground bulb that contains an active compound allicin (diallyl-thiosulfinate)
(Douglas, 2005).

Previous studies done in United Kingdom showed that one of the most active components of fresh allium sativum
which is allicin that is antibacterial, significantly inhibits various infectious agents (Moussa et al., 2016).

According to (Nakamoto et al., 2020), garlic exhibits broad spectrum antimicrobial activity against both Gram
positive and Gram negative bacteria.

According to the study done in South America, the outcomes showed garlic was effective against Methicilin
Resistant Staphylococcus Aureus (MRSA), and this was seamingly attributed to the fact that allicin easily enters
through gram positive cell wall and interacts with available target proteins with in the bacterial cell (Fujisawa et al.,
2009).

In accordance to (Van Loi et al 2019), fifty-seven proteins with S-thioallylations subjected to allicin were identified
which disrupt with the metabolism and homeostatic mechanisms of the bacteria. It was again realised that this most
active component causes a strong thiol-specific oxidative and sulfur stress response that damages proteins in
Staphylococcus. aureus. It is difficult for most bacteria to survive the injuries caused by the agent neither by
mutations nor metabolic adaptations due to the fact that allicin has multiple targets (Fujisawa et al., 2009).

Despite the fact that the concise relationship between allicin and bacteria hasn’t been well clarified, there are several
commonly accepted mechanism involved which include its reactions with enzymes that contain cysteine which are
involved within very important pathways of biosynthesis, hence most enzymes of bacterial sulfhydryl are inhibited
and oxidized after exposing them to allicin (Bayan et al., 2014).

More so, allicin is in one way lipophilic and this causes changes in the bacterial phospholipid membranes and
structural integrity thus leading to leakage of cellular contents thus death of the bacteria (Salehi et al., 2019).

Most importantly, allicin has a better advantage than many other as it targets many different proteins in the bacteria,
and this renders it highly active against the antimicrobial resistance due to target modification. (Muller et al., 2016).

However, some resistance was registered among some tested strains of bacterial where, P. aeruginosa among gram
negatives and Enterococcus. faecalis among gram positives were relatively resistant to allium sativum. In order to
inhibit growth of P. aeruginosa, 12.5% (750 mg/ml)concentration of fresh garlic extract had to be used.

Currently, B-lactam antibiotics have a higher and better garlic/allicin-antibiotic interaction basing on the majority of
investigations done. (Williamson et al., 2019). Garlic was also looked at in one of the studies, as it could be used as
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an adjunct to ciprofloxacin and gentamycin therapy for synergy against multidrug resistant bacteria, and this
synergistic enhancement was probably explained as it could be due to the structural and integral changes of the bio
membranes of the bacteria which facilitates uptake and subsequent achievement of the target by antibiotics being
tested (Muller et al., 2016).

Minimum inhibitory concentration of fresh garlic extracts against clinical isolates of bacteria causing urinary
tract infections.

According to the study done in India, fresh crude garlic extract at 50% concentration inhibited the growth of E. coli
and Staphylococcus aureus (Palaksha et al., 2010)

Furthermore, according to reports in Japan, freshextract of garlic at 6.25% (375 mg/ml) as its lowest concentration
easily prevented the growth of drug-susceptible Escherichia. coli and Staphylococcus. aureus and other bacteria that
are drug-resistant which included MRSA, Extended Spectrum Beta Lactamases (ESBL), and MBL forms of
bacterial resistance, exhibiting the maximum effect against Escherichia. coli, and Staphylococcus. aureus (Fujisawa
et al. 2009).

The inhibitory effect of fresh garlic extract against gram negative multidrug resistant bacteria was the same as
compared to the inhibitory effects attained from the drug-susceptible strains of Escherichia. coli (Fujisawa et al.
2009).

These facts obviously show that any antibiotic-resistance mechanisms possessed by most multidrug resistant
bacteria relatively may have no impact on antimicrobial activity of garlic.

According to the study by (Gull et al., 2012), the minimum inhibitory concentration of fresh crude extract of allium
sativum and that of ginger were assessed and determined through making the dilutions ranging from 100 mg/ml to
0.01 mg/ml, and this showed that minimum inhibitory concentrations of these extracts against various bacteria
strains had a range between 0.05 mg/ml and 1.0 mg/ml.

Among all the minimum inhibitory concentrations of various extracts of fresh crude garlic, the lowest minimum
inhibitory concentration values for, Bacillus. subtilis, Staphylococcus. aureus, Klebsiella. pneumoniae,
Streptococcus. epidermidis Salmonela. typhi, Escherichia. coli, Pseudomonas. aeruginosa and were 0.1 mg/ml, 0.2
mg/ml, 0.2 mg/ml, 0.09 mg/ml0.02 mg/ml, 0.1 mg/ml, 0.09 mg/ ml, respectively with aqueous extract of fresh garlic
unlike Shigella that had the lowest minimum inhibitory concentration of 0.07mg/ml with garlic methanol extract. It
was very much amazing as it was noted that all isolates of both gram negatives and gram positive bacteria were
sensitive to all the tested fresh ginger and garlic extracts though gram negatives were less as compared to gram
positive bacteria (Gull et al., 2012). According to the study done in Poland, fresh garlic extract exhibited effect that
were dependent on concentration on basal bacterial growth dynamics (Magrys et al., 2021

According to the study done in India, the antimicrobial activity of fresh garlic extract was tested against all of the
eight STEC (Shiga-toxin producing E. coli) isolates (Sushma et al., 2019), and this resulted into the MIC value of
fresh garlic extract ranging from 30 to 140 IlI/ml against each isolate and this indicated that garlic exhibits
antibacterial activity against all STEC (Shiga-Toxin producing Escherichia. coli) isolates (Sushma et al., 2019).

Prevalence of urinary tract infection causing bacteria and Allium sativum use in management of urinary
tract infections

According to center for disease control, urinary tract infections are common types of infections due to bacteria
which move and colonize the urethral and or the bladder regions (CDC, 2015). Basing on the global report of 2011,
150 million individuals are diagnosed with a urinary tract infection per year, which leads to the world economic
burden of over six million United States dollars spent on treatments and work-related loss costs. (Parveen et al.,
2011). UTlIs are one of the vibrant and commonest bacterial infections in the whole world (Odoki et al., 2019). In
the research study carried out in India, research experts from Birla Institute of Technology and Sciences showed that
fresh garlic extract can be used to manage UTIs that are resistant to antimicrobials (Mireku, 2015).

In Nigeria, the study was conducted and this revealed a prevalence rate of urinary tract infections to be 14.2 %

(Aiyegero etal., 2007). The prevalence of urinary tract infections was found to be 18% in the Kenyan republic
(Hannah et al., (2011). Additionally, more studies that were carried out among the admitted children patients on

16




wards in Muhimbili Hospital in TZ and in Mulago National Referral Hospital in Uganda revealed the prevalence
rates of urinary tract infections at 16.8 percent and 14.6 percent respectively (Whalley et al., 2015). UTIs are mostly
caused by Gram-negative bacteria that include E.coli accounting for 60% to 70 %, Klebsiella species accounting for
about10%, Proteus species accounting for about 5% to 10%, and Pseudomonas aeruginosa accounting for about2%
to 5% (Cheesbrough, 2000). However, there are more most serious Gram-positive bacteria which cause urinary tract
infections and these include S. aureus, E. faecalis, and S. saprophyticus accountingfor prevalence ratesof 4.6
percent, 3 percent, 1.5 percent respectively (Gupta et al., 2001).

In addition to the above, (Stamm et al., 2001) resolved that Escherichia coli is the commonest bacteria which is
greatly correlated to urinary tract infections in Nigeria accounting for 47.6 percent while P. aeruginosa is the second
most prevalent UTI causing bacteria in Nigeria with 9.2% (Wanyama et al., 2003). Globally, there is a 25 percent
rise in prevalence rate of urinary tract infections (Gupta et al., 2010).

The prevalence rate of urinary tract infection in Uganda isbelieved to be at 13.3% per region (Byamugisha et
al.,2010).

According to the study done in Bushenyi district, western Uganda where two hundred and sixty-seven aseptically
collected morning clean catch midstream urine samples from patients attending three hospitals in this district were
examined and significant bacteriuria were observed in 86 samples accounting for 32.2% (Odoki et al., 2019). In this
study, individuals between 20 years to 29 years of age had the highest prevalence rate of urinary tract infections
accounting for 32.6% from 86 positive samples, whereas adolescent age group between 10 years to 19 years of age
had the lowest prevalence rate of 1.2%. Basing on gender, females had a higher UTI prevalence rate of 37.5% when
compared to 22.0% for males. E. coli was the most prevalent urinary tract causing bacteria with 41.9% followed by
Staphylococcusaureus with 31.4%, Klebsiella pneumoniae with11.6%, Klebsiella oxytoca with 7.0%, Proteus
mirabilis with 3.5%, Enterococcus faecalis with33.5%, and lastly Proteus vulgaris with 1.2% (Odoki et al., 2019).

Following the published study in the Pertanika journal of Tropical Agricultural Science, allium sativum extract was
found to be active against multi drug resistant strains of pathogenic bacteria believed to cause urinary tract infections
(Akosua et al., 2022). The above study revealed that even crude extracts of garlic were highly effective against
strains that were resistant to multiple drugs in which antibiotic therapy had limited or no effect. In this same study,
researchers witnessed that 56% of 166 bacterial strains collected from the urine samples of people with urinary tract
infections were highly resistant to antibiotics, whereas 82% of the bacteria that were resistant to antibiotics were
sensitive to fresh crude aqueous garlic extract (Akosua et al., 2022).

In most developing countries, for example Togo, medicinal plants such as garlic are the most commonly used means
of treatment especially in rural areas for combatting public health problems like urinary tract infections (Karou et al.,
2016).

According to the research study done in Northern Uganda in Lango district, traditional medicines of plant origin, for
example garlic are used by about 80 percent of people in developing countries (Rebecca et al., 2021), whereas more
than 30 percent of the modern pharmacological drugs have their origin directly or indirectly linked to plants.

An estimated 25 percent of the drugs prescribed worldwide are derived from plants, and out of the total 252 drugs in
the WHO essential medicine list, 11% are utterly of plant origin (Rebecca et al., 2021).

Antibiotic Sensitivity of some normally used antibiotics against urinary tract infections

According to the study done in Togo, the garlic antibiotic profile of various urinary tract infection causing bacterial
strains microbiologically obtained from urine showed that the nine bacteria tested exhibited differing degrees of
resistance of standard antibiotics used in this study (Muller et al., 2016). The most sensitive antibiotics against the
nine bacteria were Amikacin with 83.33%, Nalidixic acid with 55.56%, Gentamycin with 77.78%, and Imipenem
with 77.78%. Though, some antibiotics had poor sensitivity against the isolated and tested bacteria, where the most
resistant antibiotics were Amoxicillin/ clavulanic acid (100%) and Erythromycin (100%), Ceftazidime (83.33%) and
Cefotaxime (83.33%) (Muller et al., 2016).
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Conclusion:-

Allium sativum has for many years been known and used as one of the best active herbal plants for management of
various illnesses caused by bacteria. Garlic exhibits broad spectrum antimicrobial activity against both Gram
positive and Gram-negative bacteria.
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