
ABSTRACT
162 urine samples were collected from UTIs during October to December 2017 at Saladin General Hospital. E. coli was 38.9% 
of the collected samples. Women are more vulnerable to infection. The resistance percentage to Chloramphenicol, Ofloxacin, 
Ceftriaxone and Imipenem were 17% to 100%. The root exudates were prepared by using hydroponics with different periods: (7, 
10 and 14 days). Onion (Allium cepa L.) root exudates have not any effect on the E. coli through the periods while root exudates 
of garlic (Allium sativum L.) gave the highest inhibitory effect at the period of 10 and 14 days. The virulence factors of E. coli 
were screened for the presence of hlyA through PCR and showed that all the resistant isolates could produce beta-hemolysis.
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INTRODUCTION
Urinary tract infection (UTI) is a response to infection of the 
urinary system as a result of infection by pathogenic bacteria, 
and it is one of the common infections, and comes second after 
the respiratory tract infection was causing a high death rate, 
95% of UTIs was bacterial, while 5% are fungal and viral 
infections.1 UTIs are the main causes of septicemia, and it is 
usually correlated with a high number of bacteria associated 
with its clinical symptoms and can occur anywhere in the 
urinary tract, and the incidence of infection varies depending 
on the severity of the bacterial infection, exposure rate and 
individuals exposed.2

Antibiotics have an active role in the treatment of UTI in 
the past and at present.3 However, the antimicrobial activity 
of antibiotics has been affected by the increased ability of 
bacteria to resist antibiotics in different methods, which leads to 
treatment is no benefit.4 This resistance increases significantly 
when a random increase in the use of antibiotics due to the 
presence of plasmids responsible for this resistance, which can 
between the bacteria.5 The discovery of antibiotics and their 
use as a treatment leads to disease control and distributed. 
Antibiotics show a significant role in improving public health 
by helping to reduce deaths caused by bacterial infections.6
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Roots have many major functions and are a site for 
manufacturing and releasing root exudates, which is a complex 
mixture of organic and inorganic chemical compounds that are 
released into the soil by roots that determine interference under 
the soil surface.7 The chemical composition of root exudate is 
determined by several factors, including plant species, growth 
stage, organisms, and wide variation in environmental factors.8 
Root exudates include inorganic ions as well as oxygen and 
water but consist essentially of carbon compounds estimated 
at 5-60 % of the total carbon fixed by photosynthesis that is 
transferred to the rhizosphere by releasing it from the root 
system.9 

Garlic (Allium sativum Linn.) and Onion (Allium cepa 
L.) are one of the most important medicinal plants and is 
considered a major research target.10 A number of medical 
studies have led to the production of commercial garlic 
products such as Dried Garlic Powder (DGP) and Aged Garlic 
Extract (AGE) and it is rich in amino acid (S-Allylcysteine) 
and other organic sulfur compounds.11 The great efficacy 
of garlic plants and their extracts against microorganisms 
is due to the diversity of their content in the composition 
compounds, which can be obtained by different separation 
methods.12 Studies have shown that Onions contain many 
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active ingredients including Scordinin, Phytonicidin, Alliin, 
mucous substances, sulfuric materials, androgen hormone and 
contains vitamins, A, B1, B2, C and carbohydrate, cellulose, 
protein, in addition to mineral salts.13 The volatile oils of Onion 
juice have the effect of killing most of Staphylococcus as well 
as Streptococcus, with the inhibiting against Brucella abortus 
and examine the antimicrobial activity of Onions on the gram-
negative bacteria such as E. coli and Pseudomonas aeruginosa, 
where the effect is less than on the gram-positive bacteria.14 
Several studies have indicated that Garlic and Onion acts as 
an antimicrobial agent and is usually given as a treatment for 
infections caused by Helicobacter pylori and Candida albicans 
and temporarily in yeast infections, Salmonella typhimurium, 
Shigella dysenteriae, E. coli, Pseudomonas aeruginosa, and 
Staphylococcus aureus, has been inhibited by S-Allylcysteine, 
the active ingredient in garlic.15

The virulence factor gene (hlyA) is important hemolysin 
toxin gene produced by E. coli that encodes and production of 
α-hemolysin protein help the bacteria to enter the tissues and 
the incidence of infection, causing intestinal diseases, damage 
of tissue and release of bacterial nutrients.16 hlyA gene is one 
of the virulence factors of these bacteria and is one of the most 
important diagnostic and differential characteristics of these 
bacteria from other.17

No information on the antibacterial activity of Onion and 
Garlic root exudates are available. Thus, this study aims to 
determine the antibacterial activity of garlic and onion root 
exudates on UTIs under In vitro conditions in Saladin General 
Hospital in Tikrit city of Iraq and to identify the virulence 
factor of the hlyA gene in bacteria isolated from UTIs in case 
of the use of natural sources.

MATERIALS AND METHODS

Sampling 
162 samples isolates were obtained from UTIs of the patients 
(male and female) in the Saladin General Hospital who suffered 
from symptoms of UTIs and is difficult to urinate for the period 
from October to December 2017.
Bacterial Isolation and diagnosis 
Bacterial samples were isolated from UTI by inoculation 
on Blood agar and Macconkey agar at 37°C overnight and 
then the sample growth was inoculated on deferential media. 
The Microscopic and Biochemical diagnosis test was done 
according to Whitman et al., 2012,18 and the diagnosis was 
confirmed by the VITEK 2 compact system (Biomerieux, 
France). 
Susceptibility test 
The disc diffusion test method was used to determine the 
antimicrobial susceptibility of bacterial isolated against 10 
antibiotics (Amoxyclave (AMC) 30µg, Amoxicillin (AMX) 
25μg, Chloramphenicol (C)10µg, Erythromycin (E) 15µg, 
Streptomycin (S) 10µg, Imipenem (IMP)10µg, Ceftriaxone 
(CRO)10µg, Ciprofloxacin (CIP)10µg, Cefepime (CPM) 30µg, 
Ofloxacin (OFX)10µg) were from (Bioanalyse Co. Turkey). 

Susceptible isolates were done to intermediate or resistant 
according to the (CLSI).19 
Root exudates preparation
Hydroponic Culture System (HCS) was used to collect root 
exudate from locally grown Garlic and Onion which sterilized 
by 1% Sodium hypochlorite for 2 minutes, then rinse with 
sterile distilled water and are grown in sterile glass containers 
containing sterile distilled water covered with two layers of 
gauze and after seeds germination, the root exudates were 
collected in dark glass containers after three-time (7, 10 and 14 
days). The exudates were filtered using the Millipore filter (0.22 
µm), and the exudates were kept sterile in test tubes at 4ºC.20 
Root exudates susceptibility test 
The freshly isolates a prepared inoculum was spread on Muller 
Hinton Agar, three wells of 6 mm diameter were prepared using 
sterile cork – borer and 50μL of root exudates were filled in 
the wells and incubated at 37°C for 18-24 hours.18 
Plasmid DNA extraction
The Plasmid bacterial DNA was extracted from E. coli using 
Miniprep plasmid DNA Kit (Promega, USA). 
Virulence gene detection
The hemolysin toxin genes (hlyA) were amplified using 
Polymerase chain reaction (PCR) for the detection of E. 
coli virulence gene. Specific primer was supplied by the 
(Bioneer Co. Korea), this primer was designed from the 
National Center for Biotechnology Information (NCBI) 
published sequence E. coli hlyA gene (code: AF037577.1). 
PCR master mix kit (AccuPower® PCR PreMix kit.Bioneer. 
Korea ) was achieved in a 20 μL mixture included: 2.5 
μL 1x PCR buffer, 0.75 μL MgCl2, 1 μL dNTP mixture, 
1 μL of each forward and reverse primer, 0.5 μlTaq DNA 
polymerase, 5 μL genomic DNA and complete the mixture 
by 8.85 μL double distilled water. A 150 bp fragment of 
hlyA was amplified by PCR primer sequences forward 
and reverse were: 5’AGAATGGCACGGCGATTACT-3’ 
5’CAGCACTGCCGCCTA ATTTA-3’.The fol lowing 
thermocycler (Prime. UK) conditions; initial denaturation 
temperature of 95 °C for 5 min; followed by 30 cycles at 
denaturation 95 °C for 30 s, annealing 58 °C for 30 s, and 
extension 72 °C for 1min and then final extension at 72 °C for 
5 min. The PCR products were tested by electrophoresis in a 
2% agarose gel.

RESULTS
Samples included both sexes and all age groups, 59.3% of 
females and 40.7% of males. 38.9% showed positive bacterial 
growth; this is due to the use of antibiotics for patients that led 
to the disappearance of bacteria causing the UTIs, or maybe 
the cause of anaerobic bacteria and cannot be isolated by the 
same methods used in this study. Eosin Methylene Blue (EMB) 
medium was used to isolated and identified E.coli, which 
appeared in Green metallic color and using conventional bio
chemical method and VITEK 2 compact system.21 
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The Susceptibility test of 10 antibiotics was performed for E. 
coli isolated using the disk diffusion method. Figure 1 shows 
the susceptibility, and the figure indicates 100% resistance to 
Amoxicillin, Erythromycin and Imipenem. Streptomycin and 
Amoxyclave inhibitors gave a high resistance rate of 96%, and 
the bacterial isolates gave a 75% resistance to Cefepime. 42% to 
Ofloxacin and 38% to Ciprofloxacin, whereas Chloramphenicol 
was the least resistant 17%.

Hydroponic Culture System (HCS) was used to collect the 
root exudates. The Onion and Garlic imported and available in 
the market were used for eating and did not show roots when 
growing it in the HCS, to treat preservatives for conservation 
as long as possible and avoid contamination, these substances 
prevent the growth of roots, and the diversity differences in 
plant species. Then the different sizes of Onion and Garlic 
mother bulb (7g, 13g, and 18g) were used, and their growth in 
HCS under sterile conditions to have a good root group, the 
exudates were collected at different time intervals from the 
moment of root group growth.

The exudates were used at 7, 10, and 14 days. The effect 
of these exudates was tested on all isolates by inoculating on 
the Muller Hinton Agar, after filling these wells with exudates 
and recording the result of diameters after 1824 hours. Onion 
exudates did not give any antimicrobial effect on the bacterial 
isolate, although its root group has grown well. The garlic 
exudates gave the most antimicrobial effect at age 14 days, 
with different inhibitors, and less effective in 10 days, while 
no antimicrobial effect was given at age 7 days (Figure 2).

E.coli showed varying sensitivity to 10-day garlic root 
exudates 37.5% with a 10 mm inhibitor diameter, 54.1% with an 
inhibitory diameter of 11 mm and 8.3% with no sensitivity. A 
14-day inhibition area with a 10 mm inhibitor diameter of 8.3% 
was observed. A diameter of 14 mm inhibition was observed 
for 33.3 isolates, 13 mm inhibition for 41.6% of isolates, and a 
diameter of 12 mm for 16.6% of isolates. 

Plasmid DNA was extracted for antibiotic resistance 
isolates to detect the presence of hlyA virulence genes. The 
extracted DNA was used in PCR technique. The result of the 
hlyA gene in E.coli was shown clear bands at 150 bp when 
tested by electrophoresis in a 2% agarose gel (Figure 3), 
indicating that these isolates have antibiotic resistance. This 

gene is responsible for the production of hemolysin, which is 
an important virulence factor.

DISCUSSION
The increase of UTIs in females due to the presence of these 
bacteria as normal flora and the nature of the urinary tract, 
their short urethra, and it is near the anus and analgesia, and 
probably because of the sexual activity in this age group.22

The high incidence of E. coli were explained bacterial 
leaving of the intestine as a normal flora and when it arrives 
the urinary tract causing infection, and it has many dangerous 
factors, including Fimbriae, that adhere to specific receptor 
molecules in urinary epithelial cells, as well as their ability 

Figure 1: Antibiotics susceptibility profile.

Figure 2: Kirby-Bauer diffusion of (A) Allium sativum; (B) Allium 
cepa; (C and D) Disk diffusion of Antibiotics

Figure 3: Electrogram of PCR of the hlyA gene in E. coli. Agarose gel 
(2%), DNA ladder (100-1000) lane M., lane (1-6,) samples indicate to 

hemolysin toxin hlyA at 150bp PCR product
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to produce hemolysin, antibiotic resistance, and it has short 
generation time, in addition to the presence of urinary 
pathogens, including the necrosis of the cells, and the adhesion 
factors that play a large role in UTIs.23 

Most studies indicate that these bacteria are resistant to 
different types of antibiotics.24 These bacteria are common in 
hospitals and in patients who are immunologically inhibited, so 
treatment is difficult because they have different mechanisms 
to resist these antibiotics.25 The increase of the resistance of 
bacterial isolates to antibiotics is due to the random use of 
antibiotics or their acquisition of genetic traits as multiple 
resistance by conjugation,26 or chromosomal mutations 
that encode resistance from other bacterial sources, and 
exposure to various antibiotics for a long time increases 
the ability of bacteria to resistance development against  
antibiotics.27 

The ability of uropathogenic E. coli to cause UTI is related 
to general virulence factors such as α-hemolysin together 
with pili-mediated adherence to uroepithelial cells (P pili).28 
A change in the pathogenesis of the sensitive cellular wall 
of the antibiotics led to an increase in thickness or a lack of 
correlations causing a change in the target sites of the antibiotics 
or resistance maybe by reducing the permeability of the outer 
membrane of the gram-negative bacteria and may affect the 
rate of absorption of these antibodies.29 These mechanisms 
are found exclusively in the Gram-negative bacteria because 
they contain the outer membrane, while the Gram-positive 
bacteria are lacking. One of the factors that cause bacterial 
resistance against the aminoglycoside group of Streptomycin is 
the change in the target site (the 30S), or resistance may result 
from the production of an enzyme by antimicrobial resistance 
or the lack of outer membrane permeability.30 

The garlic exudates showed a significant antibacterial 
effect at 14 days because time is longer, and its concentration 
increases and the amount of water evaporated from the 
hydroponic culture during this period is higher; it increases 
the concentration of the exudates substances from the root 
in the hydroponic culture.31 The effect of E.coli on the root 
exudates is due to the presence of compounds in the exudates 
having bactericidal activity; this interference is known as 
the allelopathy, which is known as biochemical interactions 
between plants and microorganisms. No comparisons have 
been made for the absence of previous studies on the effect of 
exudates on pathogenic bacteria.

The ability to detect the hemolysin toxin gene (hlyA) in E. 
coli was increased several times in the application of PCR. In 
this study, 6 out of 24 isolates were found to contain the hlyA 
gene. Several studies have shown that hemolysin plays an 
important role in the occurrence of UTIs.32,33 It is considered an 
important factor in association with other genes not mentioned 
in this study. There is a strong relationship to the infection in 
UTIs and severity due to several factors, including the age 
of the patient, the incidence of chronic diseases, pregnancy, 
education, and excessive use of antibiotics without consulting 
the doctor.34 

CONCLUSIONS
Our findings suggest that isolated bacteria can cause UTI and 
that virulent gene may help these isolates survive even with the 
use of appropriate antibiotics and are responsible for recurrent 
infections. The study included some limitations, including the 
treatment of plant root exudates used for the first time with 
pathogenic bacteria; Limited information has been collected 
about the patient. 
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