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Abstract 

An epidemiological survey and evaluation
of the anti-bacterial growth effect of the aque-
ous leaf extract of the traditional medicinal
plant Rhazya stricta were undertaken for
extended-spectrum β-lactamase’s producing
bacteria isolates collected from the King
Abdulaziz Hospital and Oncology Center.
Results showed high rates of extended-spec-
trum β-lactamase (ESBL) isolates (49.2%)
compared to non-ESBL isolates (50.8%). The
surgical intensive care unit was the hospital
site showing the highest rate (15.1%) of
infection, followed by the women's medical
ward (11.2%). Urine samples were the high-
est source of infection (40%). Prevalence
among Saudis was 66.67% as compared to
non-Saudis (33.33%). Prevalence according
to gender was 51.94% females and 48.06%
males. Age groups 51-60 years, 21-30 years,
and 61 years and over showed the highest
rates (20.93%, 20.54% and 20.16%, respec-
tively) compared with other age groups. E.
coli resistance rates were 94.5% for cef-
tazidime, 98.18% for cefotaxime, 92.73% for
cefepime and 93.75% for aztreonam. On the
other hand, in cases of K. pneumoniae resist-
ance, rates were 100% for ceftazidime, 100%
for cefotaxime, 98.68% for cefepime and
97.29% for aztreonam. Genetic analysis
showed 8 genotypes, 4 of them were for E. coli
and 4 for K. pneumoniae. Analysis also
showed genetic diversities between the ESBL
and the non-ESBL types in their genomic
DNA. There was no antimicrobial effect of the
plant extract against all study isolates,
although the antimicrobial growth had an
effect upon some of the control strains.

Introduction

Many natural and synthetic antibiotics are
available today, but many pathogenic
microbes lose their ability to resist them and
many strains became multi drug resistant
(MDR).1,2 However, with the development of
new generation antibiotics, new resistant
strains are emerging. Since all microbial
properties are controlled by genetic factors,
new acquired resistance within a strain may
emerge by transferring genetic properties
from another strain or by genetic mutations
in the same strain.3-5 The new genetic proper-
ties will change the response of a microor-
ganism to a particular antibiotic, and change
the mechanism of action against this antibi-
otic by adding new physiological characteris-
tics.  These could include the alteration of the
cell membrane permeability which reduces
the efficiency of antibiotic diffusion through
the microbial cell, changes in antibiotic tar-
gets, or the formation of metabolic com-
pounds that can deactivate the antibiotic.2,5,6

Notably, a microbe can acquire resistance to
an antibiotic without showing any morpho-
logical changes because the resistant gene
might be inert and may be activated in its off-
spring. Therefore, the continued antibiotic
resistance for the microbe may result from
the continuous genetic changes. These
microbial mutations are due to exposure from
continuous environmental factors that can
modulate the resistant genes.2,3,5

One group of MDR organisms is made up of
extended spectrum β-lactamases (ESBLs).
These produce bacteria and include members
of the Enterobacteriaceae family that resists
many beta-lactams antibiotics, and some
other classes of antibiotics. For this reason,
they are considered MDRs. ESBLs include
strains from E. coli, K. pneumoniae and K.
oxytoca. Recently, Proteus mirabilis has been
added to the group and considered an ESBL
producing bacteria.7-9 ESBLs have natural
resistance to some beta-lactams as members
of the Enterobacteriaceae family. They
acquired new resistant properties by muta-
tions to new types, and classes of antibiotics
by self-mutation under the pressure of the
overuse of antibiotics, or by accepting new
genetic properties from other strains from the
same species or even other species.10,11 The
ESBL phenomenon is a new emerging prob-
lem that threatens hospitals and other health
care centers all over the world.6,8,12,13

Recently, new cases have been reported as
community-acquired ESBL infections.11,12,14

The infections caused by ESBL are serious
and may lead to death because therapeutic
options are limited.12 New studies are being
considered on strains of ESBLs resistant to

all 3rd generation cephalosporins,
cefepime12,15-19 and, more recently, carbapen-
ems.12,20 Some ESBL strains became MDR
organisms by acquiring resistance against
non β-lactam antibiotics, such as quinolones
and colistin.4,21

The search for alternative therapeutic
solutions to treat the infections and diseases
caused by resistant strains, such as medici-
nal plants, may solve the problem of antibiot-
ic withdrawal. Medicinal plants can be used
along with antibiotics in certain cases or
alone in others. This may reduce and ration-
alize the use of antibiotics. Medicinal plants
have been used for generations to treat infec-
tions and diseases.22-24 Many medicinal
plants that grow naturally in the Kingdom of
Saudi Arabia were used in traditional medi-
cine to treat microbial infections and dis-
eases.25,26 Therefore, research and studies on
these local plants must be carried out to learn
more about their therapeutic benefits and
side effects, and to allow their use to be stan-
dardized. Notably, producing drugs from such
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plants will cost much less than producing and
manufacturing a new antimicrobial
agent.22,23,27

Rhazya stricta is a local shrub that grows
naturally as normal flora. R. stricta has long
been recognized as a medicinal plant in many
countries for a whole range of infections
caused by microorganisms.1,27,28 Later studies
and research proved the antimicrobial effect
of R. stricta against many species and strains
of microorganisms.29-33 R. stricta is a plant
rich in chemical compounds and secondary
metabolites, but the therapeutic activities of
most of these compounds have still not been
discovered.31 The genotypic methods give a
clear vision for the genetic content of a
microbe, whether that genetic material be
inert, active, borne, or acquired. This creates
a DNA fingerprint or map which cannot be
diagnosed by phenotypic methods. This
allows us to control the outbreaks of a certain
microbial disease in a particular area by
knowing the route of transmission and the
source of microbe from its DNA fingerprint,
and then comparing it with the data base of
all known DNA fingerprints. Such phenome-
non can, therefore, be much more easily con-
trolled.34,35 On the other hand, the classical
methods of detecting pathogenic microorgan-
isms are limited when compared to molecular
and genetic methods which give highly accu-
rate and specific results.36

Many techniques are used to detect and
describe bacterial strains, such as plasmid
fingerprinting (PF), restriction endonuclease
analysis (REA), restriction fragment length
polymorphism (RFLP) typing, pulse field gel
electrophoresis (PFGE) and polymerase
chain reaction (PCR) assay.34,35,37,38 Gel elec-
trophoresis for chromosomal DNA analysis
can be used to study all kinds of living organ-
isms, and can be used to distinguish between
strains.21 It is considered the gold standard
because of its high differentiation ability.35

The use of gel electrophoresis for the digest-
ed chromosomal DNA by restriction enzymes
is useful to compare and distinguish between
the different isolates and strains from the
same species.39,40 According to the ESBL out-
breaks, and the ability of R. stricta to inhibit
the growth of microorganisms, this study will
focus on: i) statistical and epidemiological
aspects of the ESBL phenomenon; ii) the
genetic properties of ESBLs producing bacte-
ria in order to classify the genotypes; iii) the
antimicrobial activity of the aqueous extract
of the R. stricta leaf with the same dose and
preparation used in traditional medicine
against ESBLs producing bacteria.

Materials and Methods

Bacterial strains
Two hundred and fifty-eight bacterial iso-

lates were collected from the medical microbi-
ology laboratory of the King Abdulaziz
Hospital and Oncology Center at Jeddah,
Saudi Arabia: 128 E. coli isolates (55 ESBL, 73
non-ESBL), 128 K. pneumoniae isolates (56
ESBL, 72 non-ESBL), and 2 non-ESBL K. oxy-
toca isolates. Data for isolates were recorded
for statistical analysis, and then stored in
glycerol at -20°C as recommended in the
Clinical and Laboratory Standards
Institute/National Committee for Clinical
Laboratory Standards (CLSI/NCCLS). The
effect of the plant extract was then tested on
69 isolates (18 non-ESBL E. coli, 17 ESBL E.
coli, 11 non-ESBL K. pneumoniae, and 19
ESBL K. pneumoniae), and 34 isolates (13
non-ESBL E. coli, 11 ESBL E. coli, 5 non-ESBL
K. pneumoniae, and 5 ESBL K. pneumoniae)
were used for molecular analysis and geno-
typing. All isolated samples were cultured and
identified from the King Abdulaziz Hospital
and Oncology Center Manual following
CLSI/NCCLS protocols. Samples were cultured
on blood, chocolate and MacConkey agar
except for urine samples which been cultured
on CLID agar. All cultures were cultivated at
37°C for 18 h, and then identified and diag-
nosed by microbial chemical tests. Antibiotic
sensitivity tests were performed using
Phoenix (USA) and Microscan (Siemens,
USA) instrumentation to identify the ESBL
and non-ESBL isolates. Samples were later
exposed for the disk diffusion test (as a con-
firmatory test for ESBL isolates), then subcul-
tured on MacConkey agar for further study.

Control bacterial strains
Two control strains (E. coli ATCC 35218

and K. pneumoniae ATCC 13883) were provid-
ed by Medical Supply Stores, Jeddah (Ministry
of Health), one control strain (ESBL K. pneu-
moniae ATCC 700603) was provided by the
King Abdulaziz University Hospital, Jeddah,
and one control strain (ESBL E. coli ATCC
25922) was provided by the King Faisal
Specialist Hospital and Research Centre,
Jeddah. Other control strains (Proteus
mirabilis ATCC 14153, Pseudomonas aerugi-
nosa ATCC 27853, Staphylococcus epidermidis
ATCC 12228 and Staphylococcus aureus ATCC
25923) were provided by Medical Supply
Stores.

Plant materials
Plant materials were collected from differ-

ent parts of Jeddah, on the Makkah road, at
the following coordinates: (N 21°21.019’ -
E039°32.830’), (N 21°21.033’ - E039°32.871’),

(N 21°23.318’ - E039°25.894’), (N 21°21.019’ -
E039°32.830’), (N 21°21.139’ - E039°32.806),
(N 21°21.164’ - E039°34.121’), (N 21°21.062’ -
E039°32.833’), (N 21°22.460’ - E039°31.157’),
(N 21°22.612’ - E039°30.967’), (N 21°22.707’ -
E039°27.871’), (N 21°23.740’ - E039°24.622’),
(N 21°24’429 - E039°431’268’).

The plant stems were collected in plastic
bags labeled with the following details: the
scientific name of the plant, date of collec-
tion, coordinates of the area, researcher's
name and height of the plant.  Plants were
placed in an ice box for further studies. Later
the plant was identified and classified at the
Herbarium of Biological Sciences
Department, Faculty of Sciences, King
Abdulaziz University, Jeddah. 

Preparation of plant extract
Leaves were separated from stems and

washed with distilled water, and were then
cut manually by hand into small pieces. One
liter of distilled water was mixed in a blender
with 96 g of leaves, and the mixture was left
for 24 h in a shaker at room temperature. The
mixture was later filtered with filter paper
(125 mm), and then with a membrane filter
(0.22 µm). The stock solution with a concen-
tration of 96 g/L can be stored for one week in
a refrigerator. Experimental doses can be pre-
pared from the stock solution by diluting in
distilled water. The traditional dose is 6 g/L
and 3 doses were prepared: 3 g/L, 6 g/L and 12
g/L (the experimental dose, half dose and
double dose). 

Genotypic fingerprinting  
Thirty-four isolates (13 non-ESBL E. coli,

11 ESBL E. coli, 5 non-ESBL K. pneumoniae,
and 5 ESBL K. pneumoniae) plus the control
stains were activated for genotyping and
molecular analysis as described in Drabber.41

DNA extraction
Experimental isolates and control strains

were cultured on MacConkey agar, and incu-
bated for 24 h at 37°C. The next day, two
colonies from each MacConkey agar plate
were cultured in 10 mL test tubes containing
Trypton Soy Broth, and incubated for 24 h at
37°C. The third day, the test tubes which con-
tain the bacterial colonies were placed in a
centrifuge at 5000 rpm for 10 min.
Supernative liquid was carefully discharged
and DNA was extracted manually from bacte-
rial precipitate pellets according to Drabber.41

Measuring DNA concentration
Bacterial DNA, RNA and proteins were

measured by Spectrophotometer (GeneQuant
1300, GE Healthcare Life Sciences, USA) , and
DNA concentration was determined for all
readings as: reading at 260 nm•50•100 / 1000
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Gel electrophoresis
Detection of genomic and plasmid DNA

Agarose gel electrophoresis (0.8%) was
performed for all 40 samples (ESBL and non-
ESBL isolates from all strains and species) for
2 h at 100 volts.

DNA digestion 
DNA for all samples was digested by Hind

III restriction enzyme according to Drabber.41

Then, the samples were run on 0.7% Agarose
gel. The gel electrophoresis process was car-
ried out for 1 h and 45 min at 120 volts.

The effect of Rhazya stricta aque-
ous leaf extract on bacterial
strains
Experimental tests and methodology 

The tests performed included disk diffu-
sion, wells, micro and macrodilutions.

All suspensions for bacterial strains and
isolates were prepared directly before every
experiment by concentrations of 0.5
McFarland for agar tests, and 1 McFarland for
broth tests. 

Pilot experiment
The effect of the aqueous extract was first

tested by the Kirby-Bauer disk diffusion
method according to CLSI/NCCLS protocols on
four control strains: 1-Gram negative control
strain Proteus mirabilis ATCC 14153 and
Pseudomonas aeruginosa ATCC 27853; 2-Gram
positive control strains Staphylococcus epi-
dermidis ATCC 12228 and Staphylococcus
aureus ATCC 25923. 

Diffusion experiments
Kirby-Bauer disk and wells diffusion tests

were applied for 69 isolates (18 non-ESBL E.
coli, 17 ESBL E. coli, 11 non-ESBL K. pneumo-
niae, and 19 ESBL K. pneumoniae), and 4 ref-
erence strains (E. coli ATCC 35218, ESBL E.
coli ATCC 25922, K. pneumoniae ATCC 13883
and 19 ESBL K. pneumoniae ATCC 700603) as
control group according to CLSI/NCCLS proto-

cols. The effect of the three concentrations of
the plant extract (3 g/L, 6 g/L, and 12 g/L) on
each agar plate was examined against the
bacterial strains and isolates.

Serial dilutions experiments 
Microdilution and microdilution tests were

applied according to CLSI/NCCLS protocols on
all study samples. Muller Hinton broth was
used for these experiments. 

Results

Prevalence of the study 
Statistical analyses were performed accord-

ing to data collected and recorded from case
reports of the medical microbiology laboratory
at the King Abdulaziz Hospital and Oncology
Center, Jeddah. Results of 258 cases were ana-
lyzed: 55 ESBL E. coli, 73 non-ESBL E. coli, 56
ESBL K. pneumoniae, 72 non-ESBL K. pneumo-
niae, 2 non-ESBL K. oxytoca, and no ESBL K.
oxytoca isolates were recorded.

Strains and isolate prevalence
An equal number of E. coli and K. pneumo-

niae isolates were recorded compared to K.
oxytoca isolates which is very unusual; only 2
non-ESBL isolates were recorded, while there
were no ESBL. 

In general, there were 49.2% ESBL for all
study isolates compared to non-ESBL isolates

(50.8%). These results are very similar indicat-
ing the high level of the ESBL phenomena
(Tables 1 and 2). 

Rates of sites of infection on hospi-
tal medical wards and in hospital
units

The percentages of ESBL isolates emulated
those of non-ESBL in the different depart-
ments of the hospital, and were even higher in
some other cases (Table 3). The highest rates
among the hospital departments as sources of
infection were the surgical intensive care unit
(15.1%), the women’s medical ward (11.2%),
the men’s medical ward (9.7%), the outpatient
clinics (8.9%), the men’s surgical ward (8.1%),
the neonatal intensive care (8.1%), and female
surgical ward (7.4%), while the lowest rate was
0.4% at the Burn Unit.

Sources of infection 
Urine samples recorded the highest per-

centage (40.39%) as a source of infection for
all the isolates of E. coli and K. pneumoniae,
followed by sputum samples (18.22%). The
urine samples that contained ESBL E. coli iso-
lates had the highest rates among all samples
(Table 4). 

Infected patient according to
nationalities

In general, rates of infected Saudis (66.67%)
were higher than non-Saudis (33.33%); this
was also true for both ESBL and non-ESBL

Article

Table 1. Prevalence of study strains and the ratio of extended-spectrum β-lactamases to non-extended-spectrum β-lactamases isolates.

E coli K. pneumoniae K. oxytoca Total
ESBL Non-ESBL ESBL Non-ESBL ESBL Non-ESBL ESBL Non-ESBL  

isolates isolates isolates isolates isolates isolates isolates isolates
No. % No. % No. % No. % No. % No. % No. % No. %

55 21.3 73 28.3 72 27.9 56 21.7 0 0 2 0.8 127 49.2 131 50.8
Total No. % No. % No. %

128 49.6 128 49.6 2 0.8 258 100
ESBL, extended-spectrum �-lactamases 

Table 2. Prevalence of non-extended-spectrum β-lactamases and extended-spectrum β-
lactamases isolates of K. pneumonia and E. coli.

K. pneumoniae E coli
ESBL Non-ESBL ESBL Non-ESBL

isolates isolates isolates isolates
% % % %

56.25 43.75 42.97 57.03
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Table 3. Ratios of extended-spectrum β-lactamases and non-extended-spectrum β-lactamases isolates according to medical wards and units.

E coli K. pneumoniae K. oxytoca Total
ESBL Non-ESBL ESBL Non-ESBL ESBL Non-ESBL 

isolates isolates isolates isolates isolates isolates
No. % No. % No. % No. % No. % No. % No. %

Female Medical Ward 5 17.2 8 27.6 7 24.1 9 31 0 0 0 0 29 11.2
Male Medical Ward 5 20 3 12 12 48 5 20 0 0 0 0 25 9.7
Oncology 4 33.3 3 25 1 8.3 4 33.3 0 0 0 0 12 4.7
Maternity 0 0 3 60 0 0 2 40 0 0 0 0 5 1.9
Pediatric 0 0 3 50 2 33.3 1 16.7 0 0 0 0 6 2.3
Male Surgical Ward 6 28.6 5 23.8 5 23.8 5 23.8 0 0 0 0 21 8.1
Female Surgical Ward 4 21.1 8 42.1 4 21.1 3 15.8 0 0 0 0 19 7.4
Rehabilitation 2 25 2 25 1 12.5 3 37.5 0 0 0 0 8 3.1
Emergency 0 0 1 33.3 1 33.3 1 33.3 0 0 0 0 3 1.2
Outpatient 4 17.4 13 56.5 2 8.7 4 17.4 0 0 0 0 23 8.9
Urology 1 16.7 3 50 1 16.7 1 16.7 0 0 0 0 6 2.3
Renal 8 57.1 2 14.3 4 23.53 3 20 0 0 0 0 14 5.4
Burn Unit 0 0 1 100 0 0 0 0 0 0 0 0 1 0.4
Intensive Care Unit (ICU) 2 18.2 1 9.1 5 45.5 3 27.3 0 0 0 0 11 4.3
Neonatal ICU 0 0 9 42.9 8 38.1 3 14.3 0 0 1 4.8 21 8.1
Surgical ICU 12 30.8 6 15.4 15 38.5 6 15.4 0 0 0 0 39 15.1
Pediatric ICU 1 25 1 25 1 25 1 25 0 0 0 0 4 1.6
Cardiac Care Unit 1 12.5 1 12.5 3 37.5 2 25 0 0 1 12.5 8 3.1
Total number and percentage 55 21.3 73 28.3 72 27.9 56 21.7 0 0 2 0.8 258 100
ESBL, extended-spectrum β-lactamases; ICU,  Intensive Care Unit

Table 4. Ratios of extended-spectrum β-lactamases and non-extended-spectrum β-lactamases isolates according to sources of infection.                             

E coli K. pneumoniae K. oxytoca Total
ESBL Non-ESBL ESBL Non-ESBL ESBL Non-ESBL 

isolates isolates isolates isolates isolates isolates
No. % No. % No. % No. % No. % No. % No. %

Urine 28 26.9 40 38.5 20 19.2 16 15.4 0 0 0 0 104 40.31
Throat 1 14.3 2 28.6 1 14.3 3 42.9 0 0 0 0 7 2.71
Stool 0 0 0 0 6 1 100 0 0 0 0 0 1 0.39
Vagina 4 28.6 6 42.9 0 0 4 28.6 0 0 0 0 14 5.43
Umbilical cord 0 0 2 50 0 0 2 50 0 0 0 0 4 1.55
Pus 1 25 2 50 0 0 1 25 0 0 0 0 4 1.55
Groin 0 0 3 100 0 0 0 0 0 0 0 0 3 1.16
Axilla 0 0 1 50 0 0 1 50 0 0 0 0 2 0.78
Peritoneal 2 25 6 75 0 0 0 0 0 0 0 0 8 3.10
Perianal 0 0 1 100 0 0 0 0 0 0 0 0 1 0.39
Blood 6 26.1 2 8.70 10 43.5 5 21.7 0 0 0 0 23 8.91
Abdominal 0 0 1 100 0 0 0 0 0 0 0 0 1 0.39
Sputum 4 8.5 2 4.26 25 53 15 31.9 0 0 1 2.13 47 18.22
Urethra 0 0 0 0 0 0 1 100 0 0 0 0 1 0.39
Tracheal 0 0 0 0 5 62 3 37 0 0 0 0 8 3.10
Lungs 0 0 1 100 0 0 0 0 0 0 0 0 1 0.39
Hip 1 50 0 0 1 50 0 0 0 0 0 0 2 0.78
Wounds 8 40 4 20 6 30 2 100 0 0 0 0 20 7.75
Stomach 0 0 0 0 1 100 0 0 0 0 0 0 1 0.39
Nose 0 0 0 0 1 50 0 0 0 0 1 50 2 0.78
Deep wounds 0 0 0 0 0 0 2 100 0 0 0 0 2 0.78
Ileum 0 0 0 0 1 100 0 0 0 0 0 0 1 0.39
Spinal fluid 0 0 1 100 0 0 0 0 0 0 0 0 1 0.39
Total numbers and ratios 55 21.3 73 28.3 72 27.9 56 21.7 0 0 2 0.8 258 100
ESBL, extended-spectrum β-lactamases.
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infections. The numbers of Saudis infected by
ESBL was higher than the number of non-
Saudi patients (Supplementary Table 1). 

Infected patients according to gender
Generally, there were more infections in

females (51.94%) than in males (48.06).
Percentages were higher in males infected by
ESBL isolates (28.29%) than females infected
by ESBL isolates (20.93%) (Supplementary
Table 2).

Infected patients according to age
The highest percentage of infection

(20.93%) was recorded for those patients aged
between 51 and 60 years, followed by the 60-
year old age group (20.16%), and that between
21 to 30 years (20.02%). Some age groups
recorded a higher rate of infection from ESBL
isolates than the non-ESBL isolates
(Supplementary Table 3).

Comparison of multiple to single
infections

The samples which refer to single ESBL
infections recorded a rate of 68.5% of all sam-
ples compared to those containing more than
one bacterial strain in addition to the study
strains (31.5%). The study detected samples
containing ESBL strains together with other
hospital-acquired nosocomial pathogens. 
Response rates of extended-spec-
trum β-lactamase’s producing
strains to β-lactams antibiotics

Scientists described ESBLs producing bacte-
ria as strains that acquired resistance to 3rd

generation cephalosporins (ceftazidime, cefo-
taxime and cefepime) and aztreonam as a
monobactam. 

All study groups of ESBL strains were tested
against the concentration of antibiotics
described in Supplementary Table 4. All ESBL
strains were resistant to 3rd generation
cephalosporins and aztreonam by high rates
that reached 100% in some cases
(Supplementary Table 5). All isolates were sen-
sitive to certain carbapenems (meropenem
and impenem). ESBL isolates were resistant to
other antibiotics rather than cephalosporins
and monobactams. We also recorded high rates
of resistance to other β-lactams and other
classes of antibiotics that for some reached
100% (Supplementary Table 6). This resist-
ance to certain antibiotics might be intrinsic
or acquired. The multi-resistant phenomena to
different classes, groups and generations of
antibiotics led scientists to describe ESBL pro-
ducing bacteria as multi-drug-resistant (MDR)
organisms. Supplementary Table 7 shows the
rates of resistance in non-ESBL isolates to
antibiotics. High rates of resistance to
ampecillin reaching 100% were recorded; this

Article

Figure 1. Restriction endonuclease analysis of K. pneumoniae isolates after digestion with
HindIII. Lanes 1-5 = non- extended-spectrum β-lactamases isolates, lanes 6-10 = extend-
ed-spectrum β-lactamases isolates, C = ATCC 13881.

Figure 2. Restriction endonuclease analysis of non- extended-spectrum β-lactamases E.
coli isolates (1-13) after digestion with HindIII. Lane C = ATCC 13881.

Figure 3. Restriction endonuclease analysis of extended-spectrum β-lactamases E. coli iso-
lates (1-11) after digestion with HindIII. Lane C = ATCC 13881.
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is natural because it has intrinsic resistance to
such antibiotics. The surprise was in the
emergence of new ESBL strains described as
non-ESBL by the classical laboratory diagnosis.
The rates of resistance for these isolates were
very low compared to those originally
described as ESBL strains. This might refer to
genetic mutations that transferred from ESBL
to non-ESBL strains. Therefore, genotyping
and molecular analysis for such cases are
essential in order to detect and determine
these sensitive parameters that may not be
identified by classical methods. The resistance
rates of emerged ESBL isolates are described
in Supplementary Table 7. The molecular
analysis of study isolates presents some clear-
ly genetic explanations for this phenomenon.

Genotype fingerprinting 
Fingerprints of genomic and plasmid DNAs

of all studied isolates and strains treated with
HindIII restriction enzyme are shown in
Figures 1, 2 and 3. The results of ESBL and non-
ESBL K. pneumoniae isolates (Figure 1)
showed a polymorphic band with a molecular
weight of approximately 2500 bp that was pres-
ent in ESBL isolates but absent in non-ESBL
isolates. No differences were observed within
each group of isolates indicating the homo-
geneity within ESBL as well as within non-
ESBL K. pneumoniae isolates. Similar results
were observed for the non-ESBL E. coli isolates;
no differences were observed from DNA finger-
prints among different non-ESBL isolates after
being digested with HindIII restriction enzyme
(Figure 2). On the other hand, the REA analysis
of ESBL E. coli isolates indicated the occur-
rence of molecular genetic variations as a num-
ber of six polymorphic bands, with a range of
1500-5500 bp, were observed (Figure 3). 

Antimicrobial effect of R. stricta
aqueous leaf extract

Although the strong antimicrobial effect of
the plant extract on both Staphylococcus refer-
ence strains (as a gram positive bacteria) was
tested by disk diffusion method (Figure 4), the
plant extract had no effect on the other two
gram positive reference strains (Proteus and
Pseudomonas) or any of study isolates (as a
gram negative bacteria) which was tested by
disk diffusion, wells, macro and microdilution
methods at all concentrations of plant extract. 

Discussion 

The number of cases recorded in this study
indicates high rates of spread of the targeted
strains in the hospital environment in 19
wards and units. Some of these wards were
sources of high rates of ESBL infection com-

pared to non-ESBLs. The various intensive
care units (ICUs) were the main sites of infec-
tion. This agrees with literature in confirming
that ICUs are the source of all ESBL infections
around the world and this reflects the weak
immune status of the patients in these units.
The present study showed that the highest
rates of resistant organisms of ESBL K. pneu-
moniae were found in the men’s medical ward
(48%), followed by ICU (45.5%), surgical ICU
(38.5%), neonatal ICU (38.1%), then cardiac
ICU (37.5%), ER (33.3%), and the pediatric
ICU (25%). In contrast, ESBL E. coli cases
showed the highest rates on the nephrology
ward (57.1%), followed by oncology (33.3%),
surgical ICU (30.7%), men’s surgical ward
(28.6%), and the pediatric ICU (25%, similar to
rates for K. pneumoniae). Interestingly, there
was a frequent high rate of occurence for more
than one strain on the same ward or unit.
When comparing our results with the records
of Mehrgan and Ruhbar (2007) in an Iranian
hospital, which reported rates of 75.6% in
ICUs, 66.4% on medical wards and 62% on sur-
gical wards, it was found that there was a sim-
ilar high occurence of these resistant
pathogens on the same wards and units, but
with lower rates. However, this is not reassur-
ing because other reports of high rates were
found in the present study. Furthermore, the
records were taken from all hospital depart-
ments in our study as compared with the
Mehrgan and Ruhbar study, which only pres-
ents their records from three departments.
This should draw our attention to this emerg-
ing phenomenon in the Kingdom of Saudi
Arabia and stimulate further study and
research. It should also attract the attention of
infection control departments in hospitals
allowing them to take the necessary precau-
tions against such phenomena. Patients in
hospital or outpatients may acquire serious
untreatable infections while undergoing tests
and treatment in the hospital departments.
These may then be transmitted around the
community at large, as discussed by Paterson,6

Melzer and Petersen,12 and others who confirm

that the prevalence of blood stream infections
by ESBL producing bacteria reached 6.6% of all
community acquired infections. 

In general, the rates of the samples that con-
tain ESBL producing bacteria was almost equal
to those of non-ESBL (49.2 and 50.8%, respec-
tively); these are not reassuring figures.
Comparing these results with those of the Al-
Jasser study in Riyadh,8 which recorded a rate
of 64.2% for the ESBL positive samples collect-
ed from blood media, we found that they
exceed the results from our study. However,
this does not indicate a decrease because a
rate of 49.2% still represents almost half of all
samples. 

The results of the statistical analysis
showed high rates of infection within urine
samples, followed by remarkable rates of infec-
tion in blood, sputum and wound samples. The
low rates for infection in the rest of the sam-
ples is actually not reassuring given that
resistant strains were still found on almost all
wards and in areas where the samples came
from. This indicates the spread of resistant
nosocomial pathogens throughout the hospital
and in outpatient sources indicating the
spread of the resistant organisms across the
community.

The current study shows even more ESBL
isolates and a rising resistance among non-
ESBL isolates to all types of antibiotics.
Because of this, the presence of organisms
resistant to many groups of antibiotics across
health care centers and communities indicates
the possible disastrous consequences of an
outbreak of multi-drug resistant organisms, 

Health control criteria must be applied
inside and outside hospitals by prompting and
stimulating infection control and allowing pub-
lic health centers to take action against the
problem of multi-drug resistant organisms by
promoting health awareness, health control,
and running workshops and training courses
for hospital and non-hospital employees. Also,
studies and research into the control and pre-
vention of such phenomenon are required to
make sure that the resultant feedback and rec-

Article

Figure 4. The antimicrobial effect of R. stricta leave extract against Staphylococcus spp.; a
Gram positive bacterium. Number 1; represents the inhibition zone of a diameter of 13 mm
for the effect of the concentration of 12 gm/L. Number 2: represents the Inhibition zone of a
diameter of 12 mm for the effect of the concentration of 6 gm/L (the folkloric dose).
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ommendations will be applied by the compe-
tent authorities.

A notable result is the high rates of infection
by ESBLs producing bacteria among Saudis;
this may be because there were more Saudi
patients in hospital than non-Saudis. The
prevalence varied between infected males and
females; it was sometimes higher in males and
sometimes higher in females. As source of
infection, in this study, urine samples record-
ed the highest rates among all other samples,
and this corresponds with the other studies
reviewed.12,13 The rates of infected persons
according to age in our study resembles those
reviewed by Mehrgan and Ruhbar, 2008,
whereas the highest rates in both studies were
for patients aged 60 years or over. The lowest
rates in the study were found in the 1-10 year
age group. 

Rates of resistance to ESBL antibiotics were
high in this study, even higher than other stud-
ies. Rodriguez-Villalobos et al.15 reported high
rates of resistance to ceftazidime and
cefepime (70 and 45%, respectively). But these
results were lower than those recorded in this
study, whereas the rates of resistance to
cephalosporins was over 92%, and even
reached 100% in some cases. In spite of the
terrifying rates of resistance to cephalospo -
rins, the local strains of ESBL producing bacte-
ria are still sensitive to carbapenems, whereas
other studies showed resistance to such
antibiotics around the world.10,15,41 These
results are reassuring because mutations
could still occur and resistant genes could
transfer between strains even from country to
country around the world. 

It is interesting that there are high rates for
resisting antibiotics for β-Lactams, i.e.
quinolones, and this is something we should
worry about. It is also worthy of note that the
resistance rates are higher in the non-ESBL
isolates, which indicates the occurence of new
quinolones-resistant strains. Again, this is a
cause for concern. It should be noted that rates
are generally higher in 2nd generation rather
than 3rd generation quinolones, although we
should not underestimate the rates recorded
for 3rd generation quinolones such as lev-
ofloxacin which appear to be high compared
with some rates reported for other antibiotics.

Ogbolu et al.4 and Strenger et al.21 reported
high rates of resistance to 4th generation
quinolones and colistin, respectively. On com-
paring their results with those from our study,
we would conclude that avoiding the use of
these antibiotics in our hospital does not indi-
cate the absence of resistance, but it does
ensure a reduction in the occurrence of new
resistant mutations.

Statistical analysis of DNA concentrations
did not show any significant results within the
K. pneumoniae or the E. coli isolates, whether

for ESBL or non-ESBL strains, compared to
control strains. Genotyping by restriction
endonuclease analysis (REA) was performed
on the DNA of all study isolates as a method of
identification, detection and diagnosis. REA
results showed some molecular genetic varia-
tions between the isolates of every species.
These variations also appeared between the
ESBL and non-ESBL isolates. The REA tech-
nique showed 8 new genotypes from 34 of the
study isolates. This reflects the mutations at
the level of chromosomal DNA or plasmid DNA
as reviewed by Tenover et al.34 These results
must be followed up in future studies using
other molecular techniques, such as PCR, plas-
mid analysis, DNA sequencing and REA by
more than one restriction enzyme. The results
of our study showed the successful differentia-
tion between strains and isolates, and this
agrees with reports by Healy et al.35 stating
that the REA technique is the gold standard
because it has a high differentiation capacity.
Importantly, the present study confirms reports
by Tenover et al.34 discussing the role of geno-
typing and how it has become an essential part
of the epidemiological studies related to hospi-
tal and health care centers in evaluating the
genetic variation found among strains. In our
study, the use of REA also had the advantage of
detecting some genetic molecular markers.
This agrees with reports by Yakubu et al.37

Our results agree with those of Ben-
Hamuoda et al.39 allowing us to recommend
the use of genotyping methods in the case of
an epidemiological emergency in specific hos-
pital or heath care centers on isolates collected
from different units and wards to identify
genetic variations and design strategies
against the resistant pathogens.

The results of both the statistical and the
genetic analysis demonstrate the genetic
changes across the bacterial generations
which transform a sensitive strain to a strain
resistant to certain antibiotics. The results of
statistical studies showed resistance to aztre-
onam and cefepime from some of the non-
ESBL isolates in both species (K. pneumoniae
and E. coli), two of the four antibiotics that
determine the antibiotic susceptibility of ESBL
strains. This can be explained by the appear-
ance of plasmids in the digested and the undi-
gested DNA of ESBL isolates that also appeared
in some of the isolates identified by the tradi-
tional methods of diagnosis as non-ESBL iso-
lates. Further genetic analysis should be car-
ried out as described by Fang et al.40 to detect
and record the resistant genes. Genotyping
and molecular studies of resistant pathogens
offer a sensitive diagnosis that most tradition-
al methods cannot, and this helps to trace the
problem and specify the appropriate cure or
drug treatment.

The negative results of the antimicrobial
effect on the study isolates may refer to the

natural resistance of these microbes to many
drugs and medicines. If we compare our study
with that of Ahmed et al.,28 we find that the
plant extract was effective against the same
species as in our study; this was because
Ahmed et al. used more than one part of the
plant and more than one method of extraction.
This leads us to recommend further research
into the plant against these and other resistant
pathogens with more fractions, different doses
and more than one part of the plant, and also to
test other medicinal plants and natural prod-
ucts against these powerful organisms. After
the positive results obtained for the plant
extractions against the resistant pathogens,
we must study all possible side effects. 

Conclusions  

ESBL and other MDR organisms are emerg-
ing both on a local and a global level. Taking
action against this phenomenon is mandatory.
Using natural resources like medicinal plants
as an alternative therapeutic solution or to
synergize with antibiotics may help control
this problem. More studies should be carried
out on R. stricta and other plants by testing all
kinds of plant fractions or the effective isolat-
ed secondary metabolites on such resistant
pathogens. 

Further epidemiological studies applying
statistical and molecular analysis should be
carried out among these resistant pathogens
in more hospitals and areas, both locally and
globally, in order to increase awareness of the
dimension of such a phenomenon and, there-
fore, control it. By collecting and analyzing the
required data, initiatives can be taken in both
hospital and community environments and the
different roles involving infection control may
be determined. Genotyping and molecular
studies of resistant pathogens provide a sensi-
tive and rigorous diagnosis that most of tradi-
tional methods cannot offer. They also help to
trace the problem and specify the exact cure or
drug treatment. 
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