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Abstract: Urinary tract infections are very common among people of all ages, but the disease is
more prevalent in women, so proper clinical and laboratory diagnosis, and the right treatment are
very important to avoid complications and antimicrobial resistance. This study aimed to deter-
mine the bacterial causes and antibiotic susceptibility patterns of UTI patients. Recorded results
of 6065 urine sample cultures and their antimicrobial susceptibility tests from the Department of
Microbiology in Tobruk Medical Center, Tobruk City, were obtained from September 2016 to
December 2018. The data was analyzed and discussed in compare with other studies. The study
showed that a UTI is more common in females (78.8%) compared with male patients (21.2%).
Gram-negative bacteria accounted for the majority of urinary pathogens (90%), where E. coli
alone was (58.4%), klebsiellae (17.4%), Proteus (10.7%), while Pseudomonas species was the
least common (3.3%) of the total. While the Gram-positive bacteria S. aureus constituted 9.6%
of the total. The study was found statistically significant (P=0.000). The most effective antibiot-
ics against all uropathogens were Imipenem and Amikacin, and less effective antibiotics were
Ampicillin and Amoxicillin-clavulanic acid. This study concluded that the most common cause
of UTI in Tobruk was Escherichia coli and the most effective antibiotics appear to be Imipenem
and Amikacin.
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INTRODUCTION

The urinary tract system, like other body
systems, may become infected with various
pathogens. Among uropathogens bacteria are
a more common cause of Urinary tract infec-
tions (UTI) (Cunha et al., 2016; Ekwealor et
al., 2016; Mohammed et al., 2016). Bacterial
infection of the urinary system is a disease
affecting people of all ages, but it is more
prevalent in females compared with males
(Gupta et al., 2019; Tambekar et al., 2006).
Many studies showed that 150 million people
reported having UTI each year worldwide
(Assafi et al., 2015; Iregbu & Nwajiobi-
Princewill, 2013; Majumder et al., 2017).
UTTI affects the lower urinary tract including
the urethra, urinary bladder, prostate gland,

and ureters, or more seriously affects the up-
per urinary system; the kidneys. UTI may be
self-limiting infections or life-threatening
that necessitate prompt use of antimicrobial
treatment. The infection of the urinary tract
may be complicated, uncomplicated, and
even asymptomatic (Gupta et al., 2019).

Most studies demonstrated that, UTI popula-
tions’ urine cultures showed a predominance
of Gram-negative bacteria belonging to the
family of Enterobacteriaceae in particularly
E. coli as the leading cause of UTI ranges
from 50 to 92% of uropathogens (Assafi et
al., 2015; Bagar et al., 2007; Cunha et al.,
2016; Khan et al., 2014). So, E. coli is one of
the most common urinary pathogens that
need to be treated with antibiotics. Other
common Gram-negative species pathogens
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include Klebsiella, Proteus, and less common
pseudomonas. Among Gram-positive patho-
gens, Staphylococcus spp., and Enterococcus
spp. are more common causes of UTL
Among the most commonly prescribed anti-
biotics used against UTI bacterial pathogens
are amoxicillin-clavulanic (augmentin), am-
picillin, nitrofurantoin, cephalosporins, na-
lidixic acid, fluoroquinolones, and trime-
thoprim-sulfamethoxazole (Iregbu & Nwaji-
obi-Princewill, 2013). Unfortunately, re-
sistance to these antibacterial agents is in-
creasing over time, reducing their efficiency
and subsequently their clinical usage (Assafi
et al., 2015; Lnger et al., 2020; Salih et al.,
2016; Obayes AL-Khikani, 2020). UTI is
mostly, treated empirically with antibiotics
particularly B- lactam antibiotics without in-
vestigating causative pathogens or the exact
antibiotic/s which should be used, and the
introduction of invasive procedures such as a
catheter. These, with time, put stress on uro-
pathogens playing an important role in in-
creasing rates of antimicrobial resistance.
Therefore, regular monitoring of the bacterial
causes of UTI and antibiotic susceptibility in
a local area is an important strategy.

This study aimed to identify the pathogenic
bacterial species of UTI and their antibiotic
resistance for a selected antimicrobial agent
commonly used in UTI treatment. The ob-
tained data may help identify uropathogens
frequency and guide the selection of antibiot-
ics against uropathogens in clinical practice
in our area.

MATERIALS AND METHODS

A retrospective study was performed in the
microbiology section of Tobruk Medical
Center, Tobruk, Libya, from September 2016
to December 2018. A total of 6065 urine cul-
ture results from all UTI suspected patients
(3796 females and 2269 males) were includ-
ed. Urine samples were collected from pa-
tients as instructed by microbiology staff,
where the first morning mid-stream urine was

collected in a sterile urine container and de-
livered as soon as possible for culturing. Su-
prapubic collection was indicated for babies.

Urine samples were inoculated aerobically
onto plates of MacConkey agar and blood
agar. Then, the plates were incubated at 37°C
for 24 hours. On the following day, the plates
were examined for bacterial growth and eval-
uated. Each urine culture containing 100 000
(10°) or more bacterial cells/ml was consid-
ered as significant growth. Significant cul-
tures were proceeds for identification pro-
cesses and were sub-cultured on solid media
such as nutrient agar and mannitol salt agar.
Microscopic examination of stained smear, in
particular Gram stain, biochemical tests such
catalase, coagulase, urease, and oxidase were
performed when needed (Cheesbrough,
2006).

An antimicrobial susceptibility test was done
on all pathogenic bacteria using the disc dif-
fusion technique of the Kirby-Bauer method
on Miiller-Hinton agar (Jenkins and Schuetz,
2012). All plates were incubated aerobically
at 37°C for 24 hours. Then, plates were
checked for zones diameter of inhibition, and
the results were expressed in millimeters
(mm) as sensitive and resistant and interpret-
ed according to standard guidelines (CLSI,
2013). Susceptibility testing discs used were
obtained from Oxoid UK or Becton and
Dickinson Company-BD.

Data Analysis: The statistical analysis was
performed using SPSS software version 23
(SPSS Inc., Chicago III, USA), and Microsoft
Excel 2010. All data were expressed as fre-
quencies and percentages. Pearson Chi-Square
test was used for statistical comparisons be-
tween antibiotics groups for Gram-negative and
Gram-positive pathogens that were statistically
significant (P=0.001).

RESULTS

A total of 6065 urine samples collected from
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inpatients and outpatients primarily diag-
nosed as having UTIs were cultured. Urine
samples from female patients were 3796
(62.6%), and 2296 (37.4%) were from male
patients. Out of 6065 urine cultures, 1517
(25%) showed growth of pathogenic bacteria
belonging to five species, while 4548 (75%)
were negative or showed non-significant
growth. The prevalence of positive urine cul-
tures was higher 1195/1517 (78.8%) among
females compared with males 322/1517
(21.2%). Different Gram pattern bacteria
were isolated. Gram-negative pathogens were
1372/1517 (90.4%), while Gram-positive was
145/1517 (9.6%) (Table.1).

Table (1). Prevalence of Gram-negative and Gram-
positive uropathogens

Gram- Gram- Total
negative positive
pathogens pathogens
Number of
isolated bac- 1372 145 1517
teria
Percentage % 90.4 9.6 100

Among Gram-negative isolates, E. coli was
the most common pathogen, followed by
klebsiellae spp., Proteus spp., while Pseudo-
monas spp. was less common. S. aureus was
the main isolated Gram-positive pathogen as
shown in (Table 2).

Table (2). Species and frequency of pathogenic bacte-
ria

Amikacin, while their sensitivity to Ciproflox-
acin was 65.14% (Table 3).

Table (3). The sensitivity and resistance of Gram-
negative pathogens for individual antibiotics in percent-
ages (T=total, S=sensitivity, R=resistance)

Antibiotic Sensitivity ~ Resistance

(symbol) Toal ™ (o) (%)
Ceftazidime (CAZ) 405 45.68 54.32
Cefoxitin (FOX) 725 62.34 37.66
Ciprofloxacin
(CIP) 568 65.14 34.86
Nalidixic acid
(NA) 747 27.31 48.59
Nitrofurantoin (F) 892 50.45 49.55
Sulfamethoxazole-

Trimethoprim 492 38.62 61.38
(SXT)

Amoxicillin Clavu-

lanic acid (AMC) 803 7.97 92.03
Ampicillin (AMP) 312 4.81 95.19
Amikacin (AK) 492 70.73 29.27
Cefotaxime (CTX) 248 36.69 63.31
Gentamicin (CN) 426 38.49 61.5
Imipenem (IMP) 91 94.51 5.49

Isolated bacteria Frequency Percentage (%)
Esherichia coli 886 58.4
Klebsiella species 264 17.4
Proteus species 162 10.7
Pseudomonas sp. 60 3.9
S. aureus 145 9.6

Total 1517 100

The susceptibility testing results of 12 selected
antibiotics for isolated uropathogens were rec-
orded. Overall antibiotics susceptibility testing
for Gram-negative pathogens showed 94.51%
were sensitive to Imipenem and 70.73% to

(Pearson Chi-Square = 1087.086; DF = 11; P-Value = 0.000)

Nitrofurantoin  sensitivity among  Gram-
negative pathogens was 50.45%, and only
27.31% were sensitive to Nalidixic acid. Ceph-
alosporins (p-lactam antibiotics) susceptibility
showed 62.34% and 36.69% of Gram-negative
isolates were sensitive to Cefoxitin and Cefo-
taxime respectively, while 54% were resistant
to Ceftazidime. In respective to penicillins,
95.19% and 92.03% of Gram-negative patho-
gens were resistant to each of Ampicillin and
Amoxicillin-clavulanic acid (Augmentin) re-
spectively. Finally, the resistance rate of
(61.38%) was observed among Gram-negatives
to Sulfamethoxazole-trimethoprim, and 61.5%
was to Gentamicin.

The sensitivity of Staphylococcus aureus to
Imipenem was 84.6%, amikacin 70.1% Nitro-
furantoin 62.61%, and to ciprofloxacin it was
58.3%. While it was highly resistant to Ampi-
cillin 98.4%, Nalidixic acid 90%, Amoxicillin-
Clavulanic acid 78.95%, Ceftazidime 87.62%,
Sulfamethoxazole-Trimethoprim 69.23%, last-
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ly to Cefotaxime was 65.31% and 57.835% to
Cefoxitin as shown in (Table 4).

Table (4). Sensitivity and resistance rate of S. aureus
for individual antibiotic in percentages. (T=total,
S=sensitivity, R=resistance)

Antibiotic Sensitivity ~ Resistance

(symbol) ol (%) (%)
Ceftazidime (CAZ) 105 12.38 87.62
Cefoxitin (FOX) 145 42.18 57.83
Ciprofloxacin
(CIP) 84 58.33 41.67
Nalidixicacid (NA) 100 10.00 90.00
Nitrofurantoin (F) 115 62.61 37.39
Sulfamethoxazole-

Trimethoprim 52 30.77 69.23
(SXT)

Amoxicillin Clavu-

lanic acid (AMC) 114 21.05 78.95
Ampicillin (AMP) 63 01.59 98.41
Amikacin (AK) 97 70.10 29.9
Cefotaxime (CTX) 49 34.69 65.31
Gentamicin (CN) 87 31.03 68.97
Imipenem (IMP) 13 84.62 15.38

(Pearson Chi-Square = 218.159; DF = 11; P-Value = 0.000)

DISCUSSION

This study provides information relating to
bacterial uropathogens and also a pattern of
local susceptibility to main antibiotics regularly
used in UTI treatment. UTT occurs in all people
of all ages, but the rate of positive urine cul-
tures in this study is much higher in females
(78.8%) because of the high prevalence of UTI
among them. The same finding is well docu-
mented in other studies (Mahdi et al., 2020;
Mohamed Hayir et al., 2019).

This is referring to differences in female anat-
omy, short urethra and its proximity to the
anus, sexual activity, moisture environment of
the urogenital area let bacteria multiply and
become more ready to reach the urinary system
(Gupta et al., 2019; Jatileni et al., 2015; Mo-
hammed et al., 2016). However, personal hy-
giene and education play an important role in
UTI prevention in both females and males.
Gram-negative bacteria comprised the majority
90.4% of isolated uropathogens in this study.
This finding is compared to a study from India

done by Chander and Singla (2008), who esti-
mated that 83.68% of UTI were referred to
Gram-negative isolates.

Gram-positive pathogens in the present study
were 9.6%. However, predominance isolation
of Gram-positive bacteria as uropathogenic was
reported in a study from Nigeria (Ekwealor et
al., 2016). Among Gram-negatives, E. coli was
predominant and accounted for (58.4%). A
similar result 58% showed in a study per-
formed in India (Tambekar et al., 2006) and
57.3% in study performed in Sudan (Badri &
Mohamed, 2017). E. coli isolation rate in this
study also was in line with other studies rates,
60% from Brazil (Cunha et al., 2016), from
India 61% (Akram et al., 2007), from Libya
55.6 (Mohammed et al., 2016). Much higher
rates 92% (Bagar et al., 2007) and 73% (Assafi
et al., 2015) were reported in other studies per-
formed in Libya and Iraq respectively. Whereas
a much lower rate of 36% was also reported
(Lnger et al., 2020).

This variation may refer to the difference in
people, bacterial strains, and geographic area.
The second more frequently isolated pathogens
were Klebsiella spp., comprising (17.4%) and
Proteus species (10.7%). A less common path-
ogen was Pseudomonas species accounting on-
ly for (3.9%), while isolation and reporting of
these bacteria as uropathogens is verified by
others. This research showed Staphylococcus
aureus as a Gram-positive pathogen, compris-
ing 9.6% of uropathogen frequency. A compa-
rable finding (8%) was demonstrated by
Ghenghesh et al. (2003). While higher rates of
28% and 31% were reported by (Ekwealor et
al., 2016) and (Odoki et al., 2019) respectively.
Gram-positive bacteria as uropathogens are re-
ported particularly among individuals who are
elderly, pregnant, or have other UTI risk fac-
tors (Kline & Lewis, 2016). Moreover, one can
recall that the urogenital area and distal urethra
are normally colonized with various species of
Gram-positive bacteria, which, under certain
conditions, can cause infection to the urinary
system.
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Many studies reported the isolation of other
pathogenic bacterial species other than those
isolated in this study (Jatileni et al., 2015; Mo-
hammed et al., 2016; Natesan & Banu, 2017).
Additionally, this study showed that nearly all
urine cultures had grown a single pathogen.
This finding was previously mentioned, where
95% and 96% of urine cultures had grown a
single pathogen (Aboderin et al., 2009; Naqid
et al., 2020). Because the majority of uropath-
ogens are Gram-negative enteric bacteria in-
habiting the gut as commensals, this may be the
major source of urinary system infections (Ma-
gruder et al., 2019).

This study showed that the highest drugs activi-
ty against all isolated uropathogens were
Imipenem and Amikacin. For Gram-negative
isolates, 94.51% were sensitive to Imipenem
and 70.73% to Amikacin. A closer result was
reported by (Elabidi ef al., 2018), who found
96.3% were sensitive to Imipenem, but the sen-
sitivity to Amikacin was higher and estimated
at (96.2%) among Gram-negative isolates. The
present study also showed that 84.62 % of S.
aureus isolates were sensitive to Imipenem. A
sensitivity rate of 85.7% for this antibiotic has
been observed by (Muhammad et al., 2020)
and 100% in a study by (Prakash & Saxena,
2013). A70.1% of S. aureus showed sensitivity
to Amikacin. High activity of Amikacin was in
agreement with another study that reported
71.6% of S. aureus were sensitive (Sukumaran
& Kumar, 2017) but a higher sensitivity rate
(80%) has been reported earlier (Iregbu &
Nwajiobi-Princewill, 2013).

Sensitivity to Ciprofloxacin was 65.14%
among Gram-negative pathogens. A rate of
63.19% was reported by (Gupta et al., 2019)
and 62% by (Janifer et al., 2009). However,
higher sensitivity (80%) was reported (Elabidi
et al., 2018). Nitrofurantoin sensitivity was
50.45%, other studies showed higher sensitivity
75.5% (Jatileni et al., 2015). This study showed
high resistance of uropathogens (61.38%) to
Sulfamethoxazole-trimethoprim, higher re-
sistance rate (91%) to this antibiotic was re-
ported (Tambekar et al., 2006).

With regard to Cephalosporins (B-lactam anti-
biotics) susceptibility, 62% of Gram-negative
pathogens were sensitive to Cefoxitin. But one
study found a higher rate (69.2%) among
Gram-negative uropathogens in Benghazi, Lib-
ya (Elabidi et al., 2018). Also, this study
showed a high resistant rate (63%) observed to
Cefotaxime and 54% to Ceftazidime, but high-
er rates (84% and 86.8%) to both antibiotics
respectively, had been reported (Ejaz et al.,
2019).

Additionally, Gram-negative pathogens in this
study demonstrated the highest rate of re-
sistance for Ampicillin 95.19%. High re-
sistance rates of 93.8% were reported by Ajayi
et al. (2019) and 100% reported by (Salih et
al., 2016). Furthermore, Gram-negative isolates
in the present study showed very high re-
sistance for Amoxicillin-clavulanic acid (Aug-
mentin), estimated at 92.3%. A closer result
(87.2%) was reported by (Mohamed Hayir et
al., 2019), and also a high resistance level of
(79.16%) shown by (Gupta et al., 2019). A
lower resistance rate (43%) has also been re-
ported in a study from Iraq (Lnger et al., 2020).
Such high Augmentin resistance in the current
study did not agree with a study from Brazil
that reported that 82.2% of E .coli, 81.1% of
Klebsiella spp., and 95.7% Proteus spp. were
sensitive to this antibiotic (Cunha ef al., 2016).

The activity of ampicillin and amoxicillin-
clavulanic acid is significantly reduced over
time, they could be used extensively and em-
pirically in clinical practice by physicians or
people. The drug quality, changing of uropath-
ogens susceptibility results due to variance in
bacterial strains, and differences in study area,
right drug dosage, and therapy duration, all the-
se factors collectively or individually can large-
ly affect the right management of UTI and lead
to the emergence of such high resistant rates
among uropathogens to these drugs which re-
sulted in difficulty in the treatment of UTIs.
Another important reason is that drugs are
readily obtained in developing countries, in-
cluding Libya, either from private or govern-
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mental pharmacies and stores which can give
rise to such problems. A 62.6% of S. aureus in
this study were susceptible to Nitrofurantoin
(Table 4), but much higher (98.2% and 81%)
rates were reported earlier by (Cunha et al.,
2016) and (Iregbu & Nwajiobi-Princewill,
2013) respectively. A 58% of S. aureus were
sensitive to Ciprofloxacin. Other studies
showed a higher rate of 73.9% of resistance to
this antibiotic (Sukumaran & Kumar, 2017). S.
aureus 1isolates in this study were highly
(98.41%) resistant to Ampicillin and (78.75%)
to Amoxicillin-clavulanic acid. The same find-
ing was reported in other studies (Ekwealor et
al., 2016; Mezal et al., 2011). S. aureus
showed a high rate of resistance estimated at
(65.31%) for Cefotaxime and 57.83 for Cefox-
itin but very high resistance (87.62%) was re-
ported for Ceftazidime. This study showed high
resistance of S. aureus for cephalosporins anti-
biotics and the same observed by others
(Sukumaran & Kumar, 2017). S. aureus iso-
lates in this study showed high resistance for
Sulfamethoxazole-trimethoprim (69.23%),
higher resistance rate (79.5%) was reported by
(Sukumaran & Kumar, 2017).

CONCLUSIONS

This study confirmed that E. coli, Klebsiella
species, Proteus species, Pseudomonas species,
and Staphylococcus aureus are the major uro-
pathogens usually associated with UTI. Results
also demonstrated that females are more sus-
ceptible to UTI than males. Additionally,
Imipenem and Amikacin showed the highest
activity against Gram-negative and Gram-
positive pathogenic bacteria, and they could be
the drugs of choice for the treatment of UTL
On the contrary, Ampicillin and Amoxicillin-
clavulanic acid should be excluded for UTI
treatment in our area due to a very high re-
sistance rate.
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