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Abstract: Urinary tract infections (UTIs) are predominantly caused by Escherichia coli
(E. coli). Increasing E. coli resistance to antibiotics is a major concern worldwide. Since
UTlIs are often treated by trial and error, measuring antimicrobial resistance (AMR) is
important. However, there isn't much information about the rate of antimicrobial re-
sistance to E. coli in the Libyan community. To determine rate of antimicrobial suscepti-
bility patterns of E. coli urine isolates, in Al-Bayda, Libya. A retrospective study, in
which 104 E. coli urine isolates were conducted using the antimicrobial susceptibility
profile (antibiogram) of six different antibiotics against E. coli, isolates, were collected
from several medical laboratories. Out of the 104 E. coli urine isolates, the MDR was
39.4%. The overall frequency of isolates resistant to ceftriaxone was 62.5%, trime-
thoprim-sulfamethoxazole (TMP-SMZ)(54.8%), Amoxicillin-Clavulanic acid (47.11%),
ciprofloxacin (26%), nitrofurantoin (18.26%), and levofloxacin (15.4%). Prevalence of
AMR among Libyan outpatient urine-isolated E. coli was high, with a high incidence of
multidrug-resistance. The knowledge of antibiotic resistance rates in the region helps in-
form empiric treatment of community-onset UTI and highlights the antibiotic resistance
profile to clinicians.
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INTRODUCTION

Urinary tract infections (UTIs) are considered
the most common community-acquired and
nosocomial infections. It has been reported
that 150 million cases of UTI occur each year
worldwide (Medina & Castillo-Pino, 2019).
The prevalence of UTI varies with age and
gender. About 40-60% of women will get an
UTI in their lifetime, which is more than the
12% of men who will get one (Kot, 2019;
Medina & Castillo-Pino, 2019). It is the se-
cond most common infection after respiratory
tract infections (Elsayah et al., 2017).

E. coli accounts for up to 80% of isolated
bacteria causing UTIs (Niranjan & Malini,
2014; van Driel et al., 2019). Additionally, E.
coli is also capable of infecting the lungs,
surgical sites, bloodstream, and meninges
(Forsyth et al., 2018). A local study per-
formed by (Ismail et al. 2018) in Eastern
Libya to determine the incidence of UTIs
found that the most prevalent uropathogen
was E. coli (48%). Another national study
enrolled 1,790 patients with UTIs, E. coli was
the predominant uropathogen, being isolated
at 55.8% (Abujnah et al., 2015). Amongst
bacteria detected in 2209 urine specimens
from patients with UTI in Tripoli, Libya, E.
coli was the major positive isolate (24%) fol-
lowed by Staphylococcus spp. (8%)
(Ghenghesh et al.,, 2003).Uncomplicated
UTlIs are commonly treated by empirical an-
tibiotics without prior antibiotic susceptibility
testing. These include: Nitrofurantoin,
fosfomycin, trometamol, and TMP-SMZ are
recommended as first-line therapy for un-
complicated cystitis. Amoxicillin-clavulanic
acid is recommended as first line-therapy for
mild and moderate pyelonephritis or compli-
cated UTI, as well as alternative empiric
therapy for uncomplicated UTIs. In the
treatment of uncomplicated cystitis, ciprof-
loxacin should not be considered as a first-
line antibiotic, but as an alternative (Kot,
2019).

Many studies have reported that antimicrobi-

al resistance in E. coli has been increasingly
observed and reported worldwide due to sev-
eral factors, such as the use of empirical anti-
biotics to treat UTIs without antibiotic sensi-
tivity testing as the international protocols
recommend (Kot, 2019; Shuaib et al., 2021).
The development of multidrug resistance
(MDR), which is the resistance to one or
more classes of antimicrobials against E. coli
strains, has caused increasing concern over
the empirical treatment options in the case of
UTIls with E. coli. Fluoroquinolones
(levofloxacin and ciprofloxacin), cephalo-
sporins (Cefixime and Ceftriaxone), sulfona-
mides (TMP-SMX), penicillin (Amoxicillin-
Clavulanic acid), and nitrofurantoin are
among the MDR classes reported
(Abduzaimovic et al., 2016). During the
COVID-19 pandemic in May 2021, a WHO
report shows worrying trends, especially in
low- and middle-income countries like Libya,
where more reports are being sent to the
Global Antimicrobial Resistance and Use
Surveillance System (GLASS), which was
the first global effort to standardize AMR
surveillance (WHO, 2021).

The WHO reported over 3 million laboratory-
confirmed bacterial infections resistant to
WHO priority list pathogens in 70 countries.
Although it is too early to link the higher re-
sistance rates to the COVID-19 pandemic.
Resistance rates have increased six-fold since
sites began sharing AMR surveillance data in
2017 (WHO, 2020, 2021). Prior to the
COVID-19 epidemic, the Arab world had al-
ready experienced alarming levels of AMR
(Dandachi et al., 2019) Recognizing the scar-
city of research on the topic, this study stud-
ied the impact of COVID-19 on E.coli AMR
and antimicrobial stewardship (AMS) in
Libya as an Arab League country .

This study aimed to determine the prevalence
of antimicrobial susceptibility profile (Anti-
biogram) of E. coli isolates collected from
urine samples of outpatients suffering from
UTls.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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MATERIALS AND METHODS

Study design and participants: This study
was a retrospective study conducted in the
medical laboratories at Al-Bayda, Libya,
from January 2021 to April 2022. Outpatients
with UTI infections caused by E.coli of all
ages and both sexes were tested for sensitivi-
ty to 5 antibiotics. Excluding incomplete pa-
tient records, comorbid cases, and cases with
a recurrent history of UTIs.

Sample size, and collection techniques

The sample size was calculated using the
Epi-info software program to be 104 urine
samples. The urine specimens and their age
and sex were labeled.

Urine culture; The standard loop method,
which is semi-quantitative, was used to culti-
vate urine. Standard procedures, such as gram
stain, blood agar, MacConkey agar, and API
(Analytical Profile Index) 20E, were used to
identify isolated E. coli

Procedures: The antibiotic sensitivity test
was done on Mueller-Hinton agar by the Kir-
by-Bauer disc diffusion test as per Clinical
and Laboratory Standard Institute (CLSI)
guidelines (Clinical & Institute, 2012). The
following antimicrobial agents were tested
for their resistance and susceptibility: amoxi-
cillin/clavulanic acid (30 pg), TMP/SXT (25
Mg), ciprofloxacin (5 pg), nitrofurantoin (300
Mg), Levofloxacin (5 pg) and ceftriaxone (30
Hg). An isolate was considered an MDR if it
was found resistant to three or more antimi-
crobial classes belonging to different clas-
ses/groups of antimicrobials.

Statistical Analysis: The data was analyzed
using SPSS version 25 (IBM Corp., Armonk,
NY, USA). Differentials were considered sta-
tistically significant at p< 0.05. The qualita-
tive and discrete sociodemographic variables
were presented as frequency and percent. The
Chi-square test was performed to test the re-
lationship between sociodemographic factors
and antibiotic resistance and susceptibility.

The predictors of antibiotic resistance and
susceptibility of E. coli isolates were identi-
fied using multinomial logistic regression
analysis.

RESULTS

The majority of the studied samples were fe-
males 99 (95.5%). Out of the 104 E. coli
urine isolates, Augmentin resistance was 49
(47.1%). The susceptibility patterns of E. coli
strains were significantly (p = 0.03*) affected
by the patient age, especially the age group
18-25y. The OR (95% C.I] was 2.28 (-4.12-
0.44) with p = 0.02* compared to participants
>65 y (Table 1).

ciprofloxacin  resistance was 27 (26.
0%).There was a statistically significant rela-
tionship between it and the age (p = 0.01%),
especially the age group 18-25 y, and >65 y.
The OR (95% C.I1] was 3.18(1.62-56.7) and
2.95(1.9-81.9) in order with p <0.05 com-
pared to participants aged less than 18 y (Ta-
ble 2).

Nitrofurantoin resistance was 19(18.3%).
There was a statistically significant (P value
less than 0.05) relationship between it and the
age and sex of participants. Among males,
the OR (95% C.I] was -2.05 (-3.92/-0.18),
and had significantly lower resistance (p =
0.03). Compared to participants aged more
than 65 years, nitrofurantoin resistance was
significantly lower (p<0.05) among the age
groups of 18-35 years and less than 10 years.
As shown in (Table 3).

Levofloxacin resistance was 16(15.4%).
There was a statistically significant (p< 0.05)
relationship between it and the age and sex of
participants. Among males, the OR (95% C.I]
was 2.29(4.18-0.41), and had significantly
lower resistance (p = 0.02). Compared to par-
ticipants aged more than 65 years, Levoflox-
acin resistance was significantly lower
(p<0.05) among the age groups of 18-<25
years and less than 10 years. (Table 4).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (1). Background information, and Frequency, Determinants., and Predictors of Augmentin susceptibility
patterns to E. coli strains urine isolates

Augmentin Predictors of
Age groups Total — - X2 (P) Augmentin re- p
(y) T=104 Sensitive Resistance sistance
55(52.9) F (%)  49(47.1) F (%) OR[95% C.1]
1-<10 - - -
10-<18 19(18.3) 11(20.0) 8(16.3) 1'3?351%')90 011
18-<25 5(4.8) 4(7.3) 1(2.0) -2.37(-4.93-0.19) 0.07
25-<35 14(13.5) 11(20.0) 3(6.1) 15.1 -2.28(-4.12-0.44)  0.02*
35-<45 32(30.8) 19(34.5) 13(26.5) © 0'3*) -1.36(-2.86-0.14) O 08
45-<65 10(9.6) 3(5.5) 7(14.3) ' -0113(-2102-1.76) 0.89
>65 13(12.8) 4(1.3) 9(18.4) -0217(-1:94-1:60) 0:85
11(10.6) 3(5.5) 8(16.3) Reference
Sex
2’;’1‘;' . 5(4.8) 1(1.8) 4(8.2) 2.8 017
99(95.2) 54(98.2) 45(91.8) (0.13) -1.6(0.02-1.93) '
*p <0.05 there was a statistical significant difference
Table (2). Patterns of ciprofloxacin susceptibility of isolated E. coli at different age groups
Age groups Ciprofloxacin X2 Predictors of ciproflox-
) Sensitive Resistance (P) acin resistance P
77(74.0) F (%) 27 (26.0) F (%) OR[95% C.1]
1-<10 17(22.1) 2(7.4) Reference
10-<18 2(2.6) 3(11.1) 2.77(0.5-44.1) 0.11
18-<25 13(16.9) 1(3.7) 3.18(1.62-56.7) 0.02*
25-<35 26(33.8) 6(22.2) 18.1 0.21(0.07-21.6) 0.89
35-<45 7(9.1) 3(11.1) (0.01%) 1.30(0.41-33.5) 0.25
45-<65 7(9.1) 6(22.2) 2.62(1.38-55.9) 0.12
>65 5(6.5) 6(22.2) 2.95(1.9-81.9) 0.03*
Sex
Male 2(2.6) 3(11.1) 3.17 Reference
Female 75(97.4) 24(88.9) (0.08) -1.54(0.03-1.35) 0.10
*p <0.05 there was a statistical significant difference
Table (3). Patterns of Nitrofurantoin susceptibility of isolated E. coli at different age groups
Age groups Nitrofurantoin X2 Predictors of Nitrofu-
) _ i rantoin resistance P
Sensitive Resistance (P) OR[ 95% C.I]
85(81.7) F (%) 19 (18.3) F (%) '
1-<10 17(20.0) 2(10.6) -1.96(-3.84/-0.72) 0.04%
10-<18 4(4.7) 1(5.3) -1.20(-3.69-1.29) O 34
18-<25 14(16.5) 0(0.0) -2.38(-4.74/-0.03) 0 0'47*
25-<35 27(31.8) 5(26.3) 15.9 -2.52(-4.38/-0.67) 0.008*
35-<45 6(7.1) 4(21.1) (0.04%) -2.02(-4.39-0.37) 0 097
45-<65 11(12.9) 2(10.5) -0.63(-2.30/1.04) (546
>65 6(7.1) 5(26.3) Reference '
Sex
Male 2(2.4) 3(15.8) 6.12 -2.05(-3.92/-0.18) 0.03*
Female 83(97.6) 16(84.2) (0.013%) Reference '

*p <0.05 there was a statistical significant difference

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table 4; Patterns of Levofloxacin susceptibility of isolated E. coli at different age groups

Levofloxacin

Predictors of

Age groups .
g g,) P Sensitive Resistance X’ Levofloxacin re- P
88(84.6) 16 (15.4) (P) sistance
F (%) F (%) OR[ 95% C.1]

1-<10 17(19.3) 2(12.6) -1.96(3.84- 0.07) 0.04%
10-<18 4(4.5) 1(6.3) -1.20(3.69-1.29) 0 34
18-<25 13(14.8) 1(6.3) -2.38(2.7-0.03) 0 647
25-<35 30(34.1) 2(12.5) 16.1 -2.53(4.38-0.67) 0 608*
35-<45 9(10.2) 1(6.3) (0.024%*) -2.01(4.39-0.37) 0 097
45-<65 9(10.2) 4(25.0) -0.63(2.30-1.04) 646
>65 6(6.8) 5(31.3) Reference '
Sex

Male 2(2.3) 3(18.8) 8.03 -2.29(4.18-0.41) 0.02%
Female 86(97.7) 13(81.3) (0.005%) Reference '

Ceftriaxone resistance was 65(62.5 %). There
was a statistically significant (p less than
0.05) relationship between Ceftriaxone re-
sistance and the age of participants. Com-
pared to participants aged more than 65 all
age groups except the age group between 45
and less than 65y are significant (p<0.05)
risky to Ceftriaxone resistance (Table 5).

TMP-SMZ resistance was (57,54.8%). There
was a statistically significant (p less than
0.05) relationship between TMP-SMZ re-
sistance and the age and sex of participants.
Among females, the OR (95% C.I) was 17.2
(16.8/-17.9) and had significantly lower re-
sistance (p = 0.00). Compared to participants
aged more than 65 years, nitrofurantoin re-
sistance was significantly lower (p<0.05) The
OR (95% C.I] was 2.35 (4.429-0.42) among
the age groups of 18-<25 years (Table 6).

Table (5). Patterns of ceftriaxone susceptibility of isolated E. coli at different age groups

Ceftriaxone

Age groups

X2 Predictors of ceftri-

Sensitive Resistance axone resistance [3)
v) 39(37.5) 65 (62.5) ) OR[ 95% C.I]
F(%) F(%)

i;ﬂs 10(25.6) 9(13.8) 2.41(4.65-0.16) 0,035+
18.<ot 4(10.3) 1(1.5) 3.69(6.69-0.68) 0,016
ot <oz 8(20.5) 6(9.2) 2.59(4.90-0.28) 0,028

13(33.3) 19(29.2) 1.92(4.09-0.25) '
35-<45 22.12 0.083
45-<65 3(7.7) 7(10.8) (0.002%) 1.45(3.92-1.001) 0.246
~65 0(0.0) 13(20.0) ' 19.9(17.1-20.2) 0'03*
- 1(2.6) 10(15.4) References '
Sex
Male 0(0.0) 5(7.7) 3.15 References
Female 39(100.0) 60(92.3) (0.19) 17.1(16.1-18.9) 0.00%

*p <0.05 there was a statistical significant difference

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table: (6) Patterns of TMP-SMZ susceptibility of isolated E. coli at different age groups

— TMP-SMZ - 2 Predictors of Septrin re-
Sensitive Resistance X sistance p
47(47.2) 57 (54.8) (P) OR[ 95% C.I]
F (%) F (%)

Age groups
Y 4(8.5) 12%56?;;) 0.76(0.88-2.41) 0.37
10-<18 2(4.3) 2(3'5) 0.15(2.23-2.02) 0.89
18-<25 12(25.5) 13(2'2 8) 2.35(4.29-0.42) 0.017*

19(40.4) ; 0.94(2.35-0.46) 0.194
25-<35 7(12.3) 20.65

3(6.4) - 0.29(1.53-2.12) 0.758
35-<45 10(17.5) (0.004%*)

3(6.4) 0.64(1.13-2.43) 0.48
45-<65 4(8.5) 7(12.3) References
>65 '

Sex
Male 0(0.0) 5(8.8) 4.33 Reference 0.00*
Female 47(100.0) 52(91.2) (0.04%) -17.2(16.8/17.9) '

*p <0.05 there was a statistical significant difference

8 82
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TMP-SXT Levofloxacin  Ceftriaxone  Nitrofurantion Ciprofloxacin ~ Augmentin

W Sensitive | Resistance

Figure (1). Antimicrobial susceptibility patterns of
E. coli strains to different antimicrobial agents

All E. coli isolates (104) were tested for
their susceptibility using a panel of antibiot-
ics. The E. coli isolates were resistant most-
ly to the tested antibiotics as follows:
Ceftriaxone (65,62.5%), TMP-SMZ
(57/104; 54.8%), amoxicillin + clavulanic
acid (49/104; 47.11%), and ciprofloxacin
(27/104; 26.8%) were all found to have high
rates of resistance. While the antibiotics of
higher  sensitivity were levofloxacin
(88,84.6%), nitrofurantoin (85.81.7%).

DISCUSSION
Uropathogenic Escherichia coli (UPEC) is

one of the main bacteria causing UTIs. The
rates of UPEC with high resistance to antibi

otics and MDR E. coli have increased dra-
matically in recent years and could compli-
cate the treatment (Ramirez-Castillo et al.,
2018),. This emergence of global concern
poses a major challenge to physicians and
public health worldwide (Paterson, 2000).
The choice of empirical antimicrobial ther-
apy is based on antibiogram patterns that
show resistance trends among pathogens.
Because antibiotic resistance patterns
change over time, it is important for clini-
cians to learn about the information they
have seen (Kumarasamy et al., 2010).

Limited studies show the resistance rate to
antibiotics used in treating UTIs against E.
coli in other areas and cities in Libya during
the COVID-19 pandemic, studies carried
out between 2002 and 2008 reported an in-
crease in E. coli resistance rates to Ciprof-
loxacin and  other  fluoroquinolones
(Ghenghesh et al., 2013). High rates of re-
sistance to TMP-SMZ were also observed
from 1990 to 1999 for E. coli from UTlIs in
Tripoli and Benghazi (Ghenghesh et al.,
2013). AMR patterns of E. coli from pa-
tients with UTIs who attended Zawiya
Teaching Hospital in Zawiya city between
November 2012 and June 2013 were (37%),
(23.1%) and (19.2%) for TMP-SMZ,
Ciprofloxacin, and Levofloxacin. MDR (re-
sistance to 3 antimicrobial groups) was

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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found in (33.2%) (Abujnah et al., 2015).

As regards the sex; According to the find-
ings (95.2 %), between January 2021 and
April 2022 in Al-Bayda, Libya, the E. coli
urine isolates in outpatients were detected
more frequently in women. These findings
are in line with prior research (Deshpande et
al., 2011; Haque et al., 2015; Keah et al.,
2007). Furthermore, male patients' isolates
had higher antimicrobial drug resistance
than female patients' isolates, male infec-
tions may be more difficult to treat since
male strains have higher rates of antibiotic
resistance, which could lead to repeated in-
fections. These findings were consistent
with previous research (Ali et al., 2016;
Tabasi et al., 2015; Wagenlehner et al.,
2007). Isolates should be screened for anti-
biotic susceptibility before deciding on a
treatment.

As regards the MDR; we found the MDR of
the UPEC was 39.4%. This result is similar
to other previous studies that indicated an
increasing resistance to three or more clas-
ses of antibiotics, especially in developing
countries (Sanchez et al., 2014).

As regards the Ceftriaxone resistance;
Ceftriaxone resistance was shown to be the
most common in the current study (62.25
percent). This can be explained by the re-
cent emergence of R-lactam resistance in
nosocomial Enterobacteriaceae, which has
become a severe problem worldwide, nota-
bly the increasing resistance to third-
generation cephalosporins  (Ceftriaxone)
(Pfeifer et al., 2010). Ceftriaxone is there-
fore a less common first-line medication for
UTls, but it is essential for treating more
serious infections (Abernethy et al., 2017).

Different resistance rates have been record-
ed in different geographical courtiers in
studies of ceftriaxone resistance status. Pa-
kistan (90 %) and Ethiopia (73 %) showed
higher ceftriaxone resistance (Gashe et al.,
2018; Kathia et al., 2020). Mexico (27.3%)

and Jordan (55.1%), on the other hand, have
lower resistance patterns for E. coli isolates
against ceftriaxone (Ramirez-Castillo et al.,
2018; Shakhatreh et al., 2019). Others, have
identified lesser resistant E. coli isolates
(20%) in Saudi Arabia (Aabed et al., 2021),
(7.8%) in northern Brazil from 2007 to 2010
(Cunha et al., 2016), and 6.7 percent in
2013 in Zawiya, Libya (Abujnah et al.,
2015; Cunha et al., 2016).

As regards TMP-SMZ; TMP-SMZ re-
sistance was the second most common in
this study (54.8%). It is used in practice a
lot, and (Jancel & Dudas, 2002) say it
should be the first choice for treating a sim-
ple UTI (cystitis).

Susceptibility patterns vary across geo-
graphical regions and alter over time, as
previously mentioned (Prakash & Saxena,
2013). For example, approximately equal
frequencies of UPEC isolates resistant to
TMP-SXT were found (2018) (Algasim et
al., 2018; Cunha et al., 2016; Raeispour &
Ranjbar, 2018). While Mongolia had more
TMP-SMZ resistance in 2017, Mexico had
72.7 percent in 2018, while Jordan had 73.1
percent in 2019 (Munkhdelger et al., 2017;
Ramirez-Castillo et al., 2018; Shakhatreh et
al., 2019). Certain European countries re-
ported a lower frequency of between 14.6
and 60 percent in 2019 (Kot, 2019); Swit-
zerland reported 24.5 percent from 2012 to
2015 (Erb et al., 2018); 37.1 percent in
France in 2016 (Lavigne et al., 2016). In
different Libyan cities, E. coli isolates
showed varying rates of resistance to TMP-
SMZ throughout time, for example, 1994-
1995/Tripoli (45%), 1996/Benghazi (81%),
2002- 005/ Sirte (36%), 2006-2008/ Ben-
ghazi (31%) (Ghenghesh et al., 2003).

According to (Abujnah et al., 2015), re-
sistance to TMP-SMZ was 24.6 percent in
2013. Due to increased resistance to TMP-
SMZ that has recently been documented in
numerous countries, TMP-SMZ should not
be used in empiric UTI treatment and the
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maximum resistance that can be tolerated is
20% (Bartoletti et al., 2016).

As regards Nitrofurantoin resistance; Be-
cause nitrofurantoin's activity against com-
monplace causes of UTlIs, such as E. coli, is
well-documented, so in this study the re-
sistance was found to be (18.26 percent).
Nitrofurantoin resistance is uncommon in
principle, and many MDR species remain
vulnerable (Sanchez et al.,, 2014) These
findings support the European Association
of Urology (EAU) (Grabe et al., 2015) and
International Clinical Practice Guidelines'
recommendations that nitrofurantoin be
used first-line for the treatment of uncom-
plicated UTIs (Grabe et al., 2015; Rowe &
Juthani-Mehta, 2013).

This result was similar in low rate of re-
sistance to nitrofurantoin as in Mexico
(2013-2017) by (Ramirez-Castillo et al.,
2018), in India was (12.7%). by (Prasada et
al., 2019) and in Saudi Arabia found that
the prevalence of nonsusceptible E. coli to
nitrofurantoin was 15% (Algasim et al.,
2018). While in Tripoli, Libya 2003 was
(25%) (Ghenghesh et al., 2003).

As regards fluoroquinolones resistance;
The fluoroquinolones resistance rates in this
study (ciprofloxacin 26% and levofloxacin
15.4%) suggest that fluoroquinolones anti-
biotics, such as ciprofloxacin and levofloxa-
cin, are recommended for empirical oral an-
timicrobial treatment in uncomplicated
UTIs (pyelonephritis) and are widely used
in clinical practice against UTI pathogens
such as E. coli (Bonkat et al., 2018; Drago
et al., 2001), whereas various countries re-
ported significant levels of fluoroquinolone-
resistant E. coli (Drago et al., 2001). It is
thought that the widespread use of fluoro-
quinolones in outpatients is the reason for
the persistent increase in resistance to this
medication. Thus, the use of ciprofloxacin
as empirical therapy for UTI should be
avoided, and the application of policy that
restricts ciprofloxacin use should be en-

hanced, particularly in developing countries
(Fasugba et al., 2015; Karam et al., 2019).

In agreement with our results, what was
found in previous studies, which showed
that fluoroquinolone resistance rates are al-
ways less than 20%, with a few cases of
much higher resistance rates of 49% to 72%
(Walker et al., 2016). For example, nearly
similar results were found in Benghazi,
Libya between 2006 and 2008; 17% were
resistant to ciprofloxacin (Buzayan et al.,
2010; Ghenghesh et al., 2003); in Switzer-
land, 17.4% were resistant to ciprofloxacin
(Erb et al., 2018); in Brazil, 18.8% were re-
sistant to ciprofloxacin (da Silva et al.,
2017); in Zawiya city between 2012 and
2013; 23.1% were resistant to ciprofloxacin;
and 19.2% to levofloxacin (Abujnah et al.,
2015). In developed countries, the rates
were much lower (5.1% in the USA, 10.5%
in Germany, and 24.8% in France) than in
developing countries (64.6% in Nepal,
58.1% in Mongolia, and 55.5% in Jordan)
(Khatri et al., 2017; Munkhdelger et al.,
2017; Shakhatreh et al., 2019).

While higher frequencies were reported in
Saudi Arabia. 40% was resistance to ciprof-
loxacin (Algasim et al., 2018). In Mexico,
47.3% was resistance to ciprofloxacin and
43.6 to levofloxacin (Ramirez-Castillo et
al., 2018); in Pakistan, 60% was resistance
to ciprofloxacin and 61.4% to levofloxacin
(Ali et al., 2016).

As regards Amoxicillin-Clavulanic acid
resistance; In our study, the percentage of
E. coli resistance to Amoxicillin-Clavulanic
acid was 47.11%. For this reason, amoxicil-
lin-clavulanic acid is not indicated for em-
pirical treatment due to the high prevalence
of bacterial resistance (Bartoletti et al.,
2016). Therefore, its treatment should be
based on the susceptibility results of UPEC
(Kot, 2019).The variance level of E. coli
isolates resistant to amoxicillin-clavulanic
acid among patient groups or geographical
regions is unknown. For example, it was
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reported higher in Jordan, where 2019 was
83.2% (Shakhatreh et al., 2019), in Paki-
stan, 2016 was 71% (Ali et al., 2016), and
in Saudi Arabia it was 55% (Abernethy et
al., 2017; Algasim et al., 2018; Kot, 2019;
Lavigne et al., 2016; Ramirez-Castillo et al.,
2018) reported low resistance in France
(36.6%), England (30%), Mexico (23.6%),
and Poland (13.9%).

Strength: To best of our knowledge, this is
the first study in Libya that study this topic
during the COVID-19 pandemic, to cover
large period of time more than 18 months
(January 2021 to April 2022) in order to
evaluate the rate of E. coli resistance to the
chosen antimicrobial agents.

Limitations: Being a retrospective study
and record based study may affect the quali-
ty of the collected data, and we cannot cal-
culate the incidence and cannot prove. As a
single city study, may limit the generaliza-
bility of the results. in other Libyan cities.

CONCLUSION

In Libya's Al-Bayda, during the COVID-19
pandemic, the following antibiotics had the
highest antimicrobial resistance patterns:
ceftriaxone, TMP-SMZ, amoxicillin +
clavulanic acid, and ciprofloxacin, in that
order. While levofloxacin and nitrofurantoin
were the antibiotics with the highest sensi-
tivity, age is a significant determinant of
antimicrobial sensitivity patterns in E. coli
urine isolates, while sex is only a significant
determinant of antimicrobial sensitivity pat-
terns in the TMP-SMZ, ceftriaxone, and ni-
trofurantoin  treatments. Antibiotic re-
sistance in UPEC is a severe concern in
Libya that requires immediate attention
from health officials.

RECOMMENDATIONS

1. The results of the current study demon-
strates clearly that the problem of antibiotic
resistance in E. coli treatment in Libya is a

very serious problem that needs urgent at-
tention by the health authorities.

2.For setting up a basis for clinical treat-
ment of E. coli infections, readily available
data (Antibiogram profiling) on antibiotic
resistance patterns from annual reports of
clinical laboratories should be used for the
choice of appropriate antimicrobial therapy
in patients with suspected UTI.
3.Alternatives to the commonly used anti-
microbial for the treatment of UTI in Libya
should be considered, particularly those
with high resistance (ceftriaxone, TMP-
SMZ and Amoxicillin + Clavulanic acid).
Thus, selection of appropriate antibiotics
for the UTIs should start after establishing
monitoring systems based on antibiotic sus-
ceptibility pattern of the causative isolate
obtained (Karam et al.,, 2019; Sifaw
Ghenghesh, 2003).

4.Further multicenter, and prospective re-
search should be conducted either on the E.
coli or other types of bacteria on a regular
basis.
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