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Abstract
Antimicrobial resistance in Escherichia coli presents a global challenge associated with nosocomial 
infections and increased mortality rates. Understanding resistance profiles is crucial for guiding 
treatment strategies and ensuring effective antibiotic use. This study aimed to investigate the prevalence 
and in vitro resistance of E. coli to community-acquired and nosocomial infections. Various clinical 
samples from 700 patients were cultured on MacConkey’s medium and blood agar. The disk diffusion 
method was used to determine the antibiotic susceptibility profile of the E. coli isolates following the 
guidelines of the Clinical and Laboratory Standards Institute (CLSI). Urine, pus, seminal fluid, vaginal 
swabs, and other body fluids were among the clinical samples analyzed. Of the 112 E. coli isolates, 
48.2% were from inpatients and 51.8% were from outpatients, with the majority (66%) isolated 
from urine samples. Higher resistance levels were observed in the urinary isolates than that in the 
previously recorded data from the same institutions. Notably, isolates exhibited high resistance to 
penicillin (98.2%), ampicillin (97.3%), first-generation cephalosporins (90.2%), erythromycin (72.2%), 
and roxithromycin (95.4%), whereas lower resistance was noted against piperacillin-tazobactam 
(25.0%), nitrofurantoin (12.5%), and imipenem (9.8%). The overall multidrug resistance rate was 62.5%, 
with higher rates observed in nosocomial infections (70%) compared to community-acquired isolates 
(55.6%). However, this difference was not statistically significant (p>0.05). This study underscores the 
prevalence of E. coli isolates (27.0%) and highlights the concerning level of resistance, particularly to 
older antibiotics. These findings emphasize the importance of judicious antibiotic use and ongoing 
surveillance.
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Multidrug Resistance, Urinary Isolates

INTRODUCTION

 Antimicrobial resistance (AMR) is a 
phenomenon that has proliferated globally, 
leading to several major health issues with 
economic, social, and political repercussions.1 
Antibiotic prescriptions are effective against 
infections when used appropriately. Apart from 
incorrect choice of drugs, wrong duration, and 
diagnosis, prescribing antibiotics at wrong doses 
for bacterial infections and non-bacterial illnesses 
may make bacteria more resistant.1 The burden of 
AMR includes increased death rates, especially in 
critically ill patients, prolonged hospital stays, and 
recurrent infections.2

 According to a previously published study, 
AMR represents a significant threat to global public 
health, resulting in a minimum of 1.27 million 
deaths worldwide and contributing to as many as 
five million fatalities in 2019.3

 A  c o m p r e h e n s i v e  r e v i e w  o f 
epidemiological data on E. coli infections in 
Yemen revealed a concerning prevalence, along 
with alarming AMR patterns, signifying clinical 
implications. However, data specifically addressing 
the prevalence rates, antimicrobial resistance 

patterns, and clinical outcomes of E. coli infections 
in Yemen are lacking. The situation in Yemen 
may be influenced by various factors, including 
conflict and resource limitations, which can 
affect the availability and accuracy of health 
data.4,5 Studies spanning from 2003 to 2020 
consistently highlighted the prominence of E. coli 
as a causative agent of urinary tract infections 
(UTIs) and other related ailments, with prevalence 
rates ranging from 35.4% to 52%.6-9 Notably, E. 
coli exhibits substantial resistance to various 
antibiotics, with resistance rates as high as 84.6% 
and 78.8% against quinolones and penicillin, 
respectively.8,9 This resistance extends to critical 
antibiotics, such as aztreonam (61.9%), ceftriaxone 
(65.1%), and amoxicillin/clavulanic acid (73.2%).5,8 
The alarming increase in multidrug-resistant 
strains, reaching up to 53.3%, underscores 
the urgency of addressing AMR in Yemen.5 
Furthermore, studies have indicated that E. coli 
infections contribute significantly to mortality, 
with approximately 2,600 deaths associated with 
AMR in 2019 alone, positioning E. coli as one of 
the leading pathogens responsible for mortality 
in the country.5 Clinical outcomes were further 
compounded by factors, such as age-standardized 
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mortality rates, with Yemen ranking among the 
highest across 21 countries in North Africa and the 
Middle East region.5 Despite efforts, such as the 
implementation of a National AMR action plan, the 
persistence of high resistance rates and associated 
mortality underscores the need for sustained 
vigilance and concerted efforts to mitigate the 
impact of AMR on public health in Yemen.
 Antibiotics are widely used in veterinary 
care, aquaculture, and agricultural applications.10 
The unguided and widespread use of antibiotics by 
different means has led to the spread of antibiotic-
resistant bacteria in the environment and in 
hospitals.11 The dissemination of AMR and the 
influence of these antibiotics on the development, 
transfer, and maintenance of resistance remain 
largely unclear. The use of antibiotics in livestock 
has been assumed to contribute to the emergence 
and spread of antibiotic-resistant bacteria, 
including E. coli, which can be transmitted to 
humans.12 Several drug-resistant E. coli strains 
have been isolated from animals and food 
products.13 E. coli can survive and adapt to various 
extraintestinal habitats and spread resistance 
between humans, animals, food products, and the 
environment, either by direct contact or indirectly 
by ingesting contaminated food or water.14

 Accord ing  to  the  Wor ld  Hea l th 
Organization (WHO) and the Center for Disease 
Control and Prevention (CDC), nosocomial 
infections or hospital-acquired is an infection that 
was not present at the time of admission, acquired 
by patients during hospitalization.15 The term 
nosocomial refers to infections that occur more 
than 48 h after admission; otherwise, they are 
called community-acquired infections. Currently, 
nosocomial infections are defined as any systemic 
or localized infection that results from adverse 
reactions to the presence of an infectious agent(s) 
or its toxin(s) that was not present or incubating 
at the time of admission of the patient to the 
hospital. This includes infections that appear after 
discharge from the hospital (healthcare-associated 
infections) if they are related to prior admission. It 
also encompasses occupational infections among 
healthcare facility staff. Nosocomial infections 
are a major cause of morbidity and mortality, and 
increase the economic burden on the healthcare 
system.16 E. coli has been associated with various 
nosocomial infections, including UTIs, pneumonia 

and bacteremia.17 Bacterial strains associated 
with nosocomial infections exhibit distinct 
antibiotic resistance profiles compared to strains 
of the same bacterium related to community-
acquired infections18 although prevalence and 
antibiotic susceptibility patterns of nosocomial 
or community-acquired infections vary among 
locations.17 Therefore, this study aimed to 
investigate the prevalence and in vitro resistance 
of E. coli among community and nosocomial 
infections among patients in suburban hospitals.

MATERIALS AND METHODS

Study design and setting
 This retrospective cross-sectional study 
was conducted at suburban hospitals and clinics in 
Sana’a, Yemen, from October 2021 to March 2022. 
Medical records and laboratory databases were 
reviewed to obtain clinical specimens for bacterial 
cultures. Using random sampling, patient records 
that met the inclusion criteria were selected 
for data collection and analysis with duplicate 
specimens. This study focused on clinical samples 
containing gram-negative facultative anaerobic E. 
coli isolates from both outpatient and inpatient 
departments. Exclusion criteria encompassed 
individuals who had consumed any type of 
antibiotic within the 2 weeks preceding the date 
of clinical sample collection. This measure aimed 
to prevent the inclusion of patients potentially 
harboring antibiotic-resistant strains owing to 
recent antibiotic exposure, thereby mitigating 
potential confounding factors in the antimicrobial 
susceptibility testing results.19

Laboratory identification of isolates
 Various clinical samples, including 
aspirates, blood, CSF, ear swabs, pus, seminal fluid, 
sputum, urine, and vaginal swabs, were obtained 
from clinical laboratories. To verify the presence of 
bacterial colonies, clinical samples were cultured 
in accordance with the methods described 
above at the respective sample collection sites 
on MacConkey and blood agar, and incubated 
at 37°C overnight. MacConkey agar, a selective 
and differential medium, was used to diagnose 
gram-negative rods and Enterobacteriaceae based 
on lactose fermentation and to culture various 
samples. After incubation, the morphological 
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properties of the colonies were identified using 
Gram staining and biochemical assays. The 
identities of E. coli isolates were confirmed using 
an API 20E diagnostic system (bioMérieux, France).

Antimicrobial susceptibility testing
 The disk diffusion method was used to 
determine the antibiotic susceptibility profile 
of the E. coli isolates following the guidelines of 
the Clinical and Laboratory Standards Institute 
(CLSI); 0.5 McFarland standard for turbidity was 
achieved by emulsifying three-five colonies in 
sterile saline. Thirty-six antimicrobial agents were 
tested to assess the sensitivity of E. coli strains. 
The bacterial inhibition zones surrounding the 
antibiotic disks were measured and compared 
with the disk diffusion interpretive criteria 
updated annually by the CLSI. Antimicrobial 
disks included: ampicillin (10 µg), amoxicillin 
(25 µg), amoxiclav (20 µg), aztreonam (30 µg), 

azithromycin (15 µg), amikacin (10 µg), cefradine 
(30 µg), cefadroxil (30 µg), cephalothin (30 
µg), cefuroxime (30 µg), ceftizoxime (10 µg), 
ceftazidime (30 µg), cefotaxime (30 µg), cefepime 
(30 µg), ciprofloxacin (5 µg), co-trimoxazole 
(25 µg), erythromycin (15 µg), lomefloxacin (10 
µg), levofloxacin (5 µg), moxifloxacin (5 µg), 
nalidixic acid (30 µg), nitrofurantoin (10 µg), 
minocycline (30 µg), penicillin G (10 µg), (Oxoid), 
piperacillin (100 µg), ticarcillin (75 µg), piperacillin-
tazobactam, imipenem (10 µg), roxithromycin (15 
µg), tobramycin (10 µg), tetracycline (30 µg) and 
sulfonamide (30 µg), and chloramphenicol (30 
µg). The CLSI guidelines were used to evaluate 
susceptibility results.20 Multiple drug resistance 
(MDR) is considered if bacterial isolates become 
resistant to three or more antibiotics. The 
susceptibility testing methods were checked for 
quality using E. coli ATCC 25992/ATCC 35218.

Table 1. Prevalence of E. coli isolates based on demographic characteristics

 N % χ2 OR CI P

     Gender

Male 67 59.8 0.5 1.2 0.8-1.8 0.461
Female 45 40.2 0.5 0.9 0.5-1.3 0.461
Age groups
0-10 6 5.6 1.1 1.6 0.7-4.1 0.298
11-20 6 5.6 0.7 1.5 0.6-3.7 0.396
21-30 23 20.4 0.5 1.2 0.7-2.0 0.504
31-40 32 28.5 0.9 0.8 0.5-1.3 0.334
41-50 22 19.5 1.2 0.7 0.4-1.3 0.278
>51 23 20.4 0.01 1.0 0.6-1.8 0.911

     Locations  
Outpatients (OP) 58 51.8 1.4 1.3 0.8-2.0 0.239
Inpatients (IP) 54 48.2 1.4 0.8 0.5-1.2 0.239

    Inpatients (Nosocomial infections) 
General wards 30 55.6 4.1 1.7 1.0-2.8  0.042*
Surgical wards 9 16.7 8.9 0.2 0.2-0.7 0.003*
ICU 15 27.7 0.6 0.8 0.4-1.5 0.432

     Specimens 
Urine 74 66 41.8 4.3 2.7-6.8   0.001*
Pus 24 21.4 11.1 0.4 0.3-0.7 0.001*
Vaginal swab 4 3.6 0.1 1.2 0.4-4.1 0.730
Seminal fluid 3 2.7 0.1 1.2 0.3-4.7 0.806
Body fluid 2 1.8 3.3 0.3 0.1-1.2 0.069
Others 5 4.5 13.2 0.2 0.1-0.5 0.001*

N: Number, %: Percentage, χ2: Chi-square, OR: Odd ratio, CI: Confidence interval, P: Probability, *: Statistically significant, ICU: 
Intensive care unit, (χ2 ≥ 3.84, p < 0.05: significant), Others: Other type of clinical samples and body fluids
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Statistical analysis
 The percentage of antibiotic resistance 
was analyzed in relation to patient admission, 
age, and sex. The Chi-square test was used to 
assess statistical differences between variables 
using the Statistical Package for the Social Sciences 
(SPSS) (version 21). An unpaired t-test was used 
to compare the differences in resistance profiles 
between nosocomial and community-acquired  
E. coli isolates, and statistical significance was set 
at p < 0.05.

Ethics approval
 The study was conducted in accordance 
with the guidelines of the Declaration of Helsinki 
and the research ethics were reviewed and 
approved by the Faculty Ethics Committee of the 
Faculty of Medicine and Health Science at Taiz 
University (Ref. No. IRB-21/01/10). Patient privacy 
and data confidentiality were maintained in 
accordance with the principles of the Declaration 
of Helsinki.

RESULTS

Prevalence and demographic characteristics of 
E. coli isolates
 A total of 700 clinical specimens were 
received from different wards and departments 
in suburban hospitals and clinics in Sana’a, 
Yemen, during the study period, with a request 
for bacterial culture. Of these, 421 (60%) were 
positive for bacterial growth; 112 (27%) of which 
were identified as E. coli. Irrespective of the site of 
infection, around 60% of identified patients with E. 
coli strains were females, particularly adults (aged 
> 20 years old) as compared to other age groups 
(Table 1).
 Regardless of site of infection, the overall 
percentages of patients with identified E. coli 
among inpatients (52%) and outpatients (48%) was 
almost equally distributed. The majority (66%) of 
the E. coli isolates were identified in urine samples 
(p < 0.05 and OR=4.3). Compared to the resistance 
data from our previous study conducted at the 
same hospital, higher levels of resistance were 
noted among E. coli urinary isolates in the current 
study. In a previous study, resistance rates to 
ampicillin, amoxicillin, and co-trimoxazole among 
urinary E. coli isolates were 78%, 70%, and 42%, 

respectively.7,21 In the present study, the resistance 
rates of urinary E. coli isolates to these antibiotics 
increased to 90%, 85%, and 52%, respectively. 
This suggests an increasing trend of antibiotic 
resistance over time among E. coli strains causing 
urinary tract infections at this medical facility. Of 
these, 42 and 32 urine samples were obtained 
from female and male patients, respectively. 
Increased resistance was also observed for this 
type of sample. Almost half of the nosocomial 
E. coli strains were obtained from surgical wards 
(17%) and ICU (28%), whereas the remaining 
percentage (55%) belonged to other general wards 
(Table 1).

Antibiotic resistance patterns of E. coli isolates
 The general sensitivity of E. coli strains 
against tested antibiotics was calculated as 62.5%, 
although strains of this bacterium associated with 
nosocomial showed higher resistance profile 
(70%) compared to community-acquired isolates 
(55.6%) (Table 2). High level of resistance (98%) 
to both nosocomial and community-acquired E. 
coli was observed for penicillin and ampicillin 
drugs, whereas greater activity of piperacillin 
(58%), aztreonam (62%), and ticarcillin (77%) 
against these isolates was also recorded. However, 
nosocomial E. coli exhibited an increased resistance 
rate to ticarcillin (89%) and piperacillin (68%) in 
comparison with community-acquired isolates, 
which displayed 65% and 48% of resistance, 
respectively. The overall resistance of isolated E. 
coli strains from both inpatients and outpatients 
to imipenem was determined to be limited (10%), 
although rate of resistance was higher among 
inpatients (15%) when compared to outpatients 
(6%). First-generation cephalosporins, including 
cefradine and cefadroxil, showed weak activity 
against nosocomial and community-acquired 
E. coli isolates, with almost 90% resistance 
(Table 2). Nevertheless, the second-generation 
cephalosporins, cephalothin and cefuroxime, 
provided a slightly greater activity than the  
first-generation cephalosporins against nosocomial 
and community-acquired strains of E. coli, as the 
percentage of resistance was calculated as 84% 
and 74%, respectively. In addition, nosocomial E. 
coli isolates showed a higher rate of resistance to 
third-generation ceftizoxime (74%) and cefotaxime 
(85%) in comparison with community-acquired 
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Table 2. Resistance profile of community-acquired and nosocomial E. coli isolates

Antibiotic group Antibiotic    Total    NC      CA  χ2 OR CI P
     (N=112)   (N=54)     (N=58) 

  N % N % N %
    
Aminoglycosides Amikacin 32 28.6 17 31.5 15 25.9 0.4 1.3 0.6-3.0 0.511
 Tobramycin 82 72.2 42 77.8 40 69.0 1.1 1.6 0.7-3.7 0.293
Beta-lactam Piperacillin- 28 25.0 19 35.2 9 15.5 5.8 3.0 1.2-7.3 0.016*
inhibitors tazobactam*
 Amoxiclav* 59 52.7 40 74.1 19 32.8 19.2 5.9 2.6-13.3 0.001*
Carbapenems Imipenem 11 9.8 8 14.8 3 6.2 2.9 3.2 0.8-12.7 0.087
Cephalosporins Cefradine 101 90.2 51 94.4 50 86.2 2.1 2.7 0.7-10.8 0.143
 Cefadroxil 101 90.2 50 92.6 51 87.9 0.7 1.7 0.5-6.2 0.407
 Cephalothin* 94 83.9 53 98.1 41 70.7 15.6 22.0 2.8-172 0.001*
 Cefuroxime* 83 74.1 49 90.7 34 58.9 15.0 6.9 2.4-19.9 0.001*
 Ceftizoxime* 68 60.7 40 74.1 28 48.3 7.8 3.1 1.4-6.8 0.005*
 Cefotaxime* 86 76.8 46 85.2 40 69.0 4.1 2.6 1.0-6.6 0.042*
 Ceftazidime* 88 78.6 47 87.0 41 70.7 4.4 2.8 1.1-7.4 0.035*
 Cefepime 49 43.8 28 51.9 21 36.2 2.8 1.9 0.9-4.0 0.095
Macrolides Erythromycin 103 92.0 50 92.6 53 91.4 0.05 1.2 0.3-4.6 0.813
 Azithromycin 69 61.6 36 66.7 33 56.9 1.1 1.5 0.7-3.3 0.288
 Roxithromycin 108 95.4 52 96.3 56 96.6 0.005 0.9 0.1-6.8 0.942
Monobactam Aztreonam 69 61.6 36 66.7 33 56.9 1.1 1.5 0.7-3.3 0.288
Penicillin Penicillin G 110 98.2 54 100.0 56 96.6 1.9 2.0 1.6-2.4 0.169
 Ampicillin 109 97.3 54 100.0 55 94.8 2.3 2.0 1.6-2.4 0.090
 Ticarcillin* 86 76.8 48 88.9 38 65.5 8.6 4.2 1.5-11.5 0.003*
 Piperacillin* 65 58.0 37 68.5 28 48.3 4.7 2.3 1.1-5.0 0.030*
Quinolones Nalidixic acid* 81 72.3 45 83.3 36 62.1 6.9 3.1 1.3-7.5 0.012*
 Nitrofurantoin 14 12.5 7 13.0 7 12.1 0.02 1.1 0.4-3.3 0.886
 Ciprofloxacin* 62 55.4 37 68.5 25 43.1 7.3 2.9 1.3-6.2 0.007*
 Lomefloxacin* 72 64.3 40 74.1 32 55.2 4.4 2.3 1.0-5.2 0.037*
 Levofloxacin 41 36.6 24 44.4 17 29.3 2.8 1.9 0.9-4.2 0.097
 Moxifloxacin 44 39.3 25 46.3 19 32.8 2.1 1.8 0.8-3.8 0.143
Tetracyclines Tetracycline* 87 77.7 47 87.0 40 69.0 5.3 3.0 1.2-8.0 0.022*
 Minocycline* 49 43.8 30 55.6 19 32.8 5.9 2.6 1.2-5.6 0.015*
Others Co-trimoxazole 61 54.5 29 53.7 32 55.5 0.02 0.9 0.5-2.0 0.876
 Sulfonamide* 88 78.6 47 87.0 41 70.7 4.4 2.8 1.1-7.4 0.035*
 Chloramphenicol 41 36.6 21 38.9 20 34.5 0.3 1.2 0.6-2.6 0.629

N: Number, %: Percentage, χ2: Chi-square, OR: Odd ratio, CI: Confidence interval, P: Probability, CA: Community-acquired, NC: 
Nosocomial, *:  Statistically significant (p< 0.05)

strains of this bacterium (Table 2). Although 
moderate level of resistance to cefepime was 
observed in both nosocomial and community-
acquired E. coli strains (44%), isolates associated 
with outpatients were more sensitive to this drug 
(36%) than those obtained from inpatients (52%).
 β-lactamases inhibitors, including 
p iperac i l l in - tazobactam and amoxic lav 
demonstrated high and moderate activity toward 
all E. coli strains respectively, although strains 
associated with inpatients showed more than 

two-times resistance rate of isolates belong 
to outpatients. Nosocomial and community-
acquired E. coli strains showed reduced resistance 
to nitrofurantoin (12.5%), levofloxacin (37%), 
moxifloxacin (40%), with insignificant differences 
between two groups of isolates (Table 2). 
Conversely, high resistance of nosocomial and 
community-acquired E. coli isolates to nalidixic 
acid (72%) was observed, whereas the latter group 
of isolates was reported with lower resistance 
(62%) than E. coli strains linked with inpatients 
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(83%). Similarly, E. coli strains isolated from 
inpatients were less sensitive to ciprofloxacin 
(68.5%) and lomefloxacin (74%) in relation to 
the resistance profiles of community-acquired E. 
coli isolates, which were determined as 43% and 
55%, respectively. Resistance of nosocomial and 
community-acquired E. coli isolates to tobramycin 
was more than double (72%) of that recorded 
for amikacin (29%). Reduced sensitivity of E. coli 
isolates to erythromycin (92%) and roxithromycin 
(95%) was observed, whereas slightly higher 
activity of azithromycin toward strains of this 
bacterium was noted (Table 2). Approximately 44% 
and 78% of the isolated bacteria were resistant to 
tetracycline and minocycline, respectively, with a 
significant difference between nosocomial and 
community-acquired groups. Both nosocomial 
and community-acquired groups of E. coli 
exhibited low to moderate resistance rate against 

chloramphenicol (37%) and co-trimoxazole 
(54%). However, a significantly higher percentage 
of resistance was observed when testing 
sulphonamide against nosocomial E. coli isolates 
(87%) and community-acquired strains (71%) 
(Table 2).

Multidrug resistance analysis
 Our analysis revealed varying degrees of 
multidrug resistance among E. coli isolates obtained 
from clinical samples. The number of antibiotics 
to which the isolates were resistant ranged from 9 
to 34, with corresponding percentages of resistant 
isolates ranging from 0.9% to 8.9%, as shown in 
(Table 3). Notably, the majority of isolates exhibited 
resistance to multiple antibiotics, with 100% of 
the isolates collectively demonstrating resistance 
to at least nine antibiotics. Furthermore, our 
findings indicate a concerning trend of increasing 
resistance as the number of antibiotics tested 
increased, with a peak observed at 28 antibiotics, 
where 10 isolates (8.9%) showed resistance. These 
results underscore the crucial need for continued 
surveillance and implementation of effective 
antimicrobial programs to mitigate the escalating 
threat of multidrug-resistant bacterial infections.

DISCUSSION

 The prevalence and drug susceptibility 
patterns of nosocomial infections, including those 
caused by antibiotic-resistant bacteria, such as 
E. coli, exhibit regional variation.18 The present 
study revealed a high proportion of E. coli among 
females, particularly in urine samples. Although 
a higher percentage of E. coli was isolated from 
outpatients than inpatients, the difference was not 
statistically significant. The distribution of isolated 
bacteria across wards was highest in general wards 
and lowest in surgical wards, which was likely 
influenced by factors, such as admission rates or 
bed capacity, infection control measures, hygiene 
practices, and the unique nature of care provided in 
the ICU and surgical wards. The higher incidence of 
E. coli infection among females may be attributed 
to anatomical and microbial differences between 
the male and female genitourinary systems.22 
Numerous studies have consistently identified 
E. coli as the predominant pathogen responsible 
for UTIs, comprising up to 90% of cases.23 A study 

Table 3. Antimicrobial resistance profile of E. coli 
isolates from Sana'a city hospitals and clinics, showing 
percentage of resistance to multiple antimicrobials

No. Number of Number of Percentage of
 Antibiotics Resistant  Resistant
  E. coli E. coli 
  Isolates Isolates

1 9 2 1.8
2 10 4 3.6
3 12 1 0.9
4 14 4 3.6
5 15 2 1.8
6 16 3 2.7
7 17 5 4.5
8 18 6 5.4
9 19 7 6.3
10 20 4 3.6
11 21 3 2.7
12 22 4 3.6
13 23 7 6.3
14 24 6 5.4
15 25 6 5.4
16 26 8 7.1
17 27 5 4.5
18 28 10 8.9
19 29 9 8.0
20 30 5 4.5
21 31 5 4.5
22 32 3 2.7
23 33 1 0.9
24 34 2 1.8
 Total 112 100.0
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conducted in Saudi Arabia reported a comparable 
distribution of isolated bacteria, with the general 
ward exhibiting the highest incidence of E. coli 
isolates and the surgical ward the lowest.24

 The general antibiotic resistance profiles 
of the community-acquired and nosocomial E. 
coli strains showed limited variation, with high 
rates of resistance to penicillin, cephalosporins, 
ampicillin, and macrolides. This resistance pattern 
could be attributed to the limited activity of these 
antibiotics against Gram-negative bacteria and their 
susceptibility to β-lactamase.25 Previous studies in 
neighboring regions of Yemen have reported similar 
resistance rates, highlighting the importance 
of local surveillance of AMR.26 Conversely, the 
significant resistance of community-acquired 
and nosocomial E. coli to ticarcillin, piperacillin, 
cefazolin, cefuroxime, cefotaxime, and ceftazidime 
can be explained by the fact that most hospitalized 
patients tend to have chronic infections or 
encounter nosocomial infections caused by  
multidrug-resistant bacteria. The present study 
found a high rate of resistance to piperacillin and 
aztreonam, providing compelling evidence that 
the unguided use of these antibiotics, including 
sublethal or excessive doses, may contribute to 
the development of resistance. Local authorities 
must carefully consider this observation and take 
targeted actions to effectively control the spread 
of AMR in the area.
 The resistance rate (53%) of E. coli 
isolates to amoxiclav was consistent with that 
of multiple studies.27,28 In the current study, the 
rate of resistance of nosocomial E. coli strains 
toward amoxiclav was 72%, whereas community-
acquired E. coli strains of this investigation were 
highly sensitive to amoxiclav. Extended-spectrum 
β-lactamase (ESBL)-producing E. coli is more likely 
to be associated with hospitals25 with limited 
sensitivity to amoxiclav, as the resistance of 
ESBL E. coli to this antibiotic is highly observed.29 
Moreover, the overall resistance to imipenem 
was low, whereas moderate resistance of E. coli 
strains to first-generation cefradine was observed. 
The limited spectra of cefadroxil and cefradine 
did not lead to significant differences in the rates 
of resistance between the community-acquired 
and nosocomial groups. Resistance of β-lactam 
group was significantly (p < 0.05) higher in 
nosocomial isolates than community-acquired 

isolates, possibly due to the higher prevalence of 
β-lactamase harboring isolates in hospitals than 
community. Like most other antibiotic drugs, 
cefuroxime displayed an increased resistance 
among nosocomial E. coli (91%) isolates, whereas 
almost half of community-acquired strains were 
sensitive to the same drug, which has been 
reported in multiple similar studies.27,28

 The current study showed a resistance 
rate between 68% and 88% for cefotaxime, 
ceftriaxone, and ceftazidime in E. coli strains, 
although nosocomial isolates presented as slightly 
higher than community-acquired. Variations 
in the sensitivity profiles of third-generation 
cephalosporins toward E. coli strains could be 
attributed to the actual degree of hydrolysis of 
the drugs by different b-lactamase enzymes.25 
The present study also showed that the resistance 
rate of E. coli to cefepime (43.8%) was consistent 
with the findings of multiple studies.30 The lower 
resistance to fourth-generation cephalosporins 
compared to other generations may be due to 
the limited or restricted use of fourth-generation 
cephalosporins, leading to less selection pressure 
for resistance compared with other generation 
drugs.31

 The present study revealed relative 
resistance of E. coli strains to third-generation 
levofloxacin (36.6%) and fourth-generation 
moxifloxacin (39.3%). Notably, E. coli isolates 
were observed with high resistance to examined 
macrolides, including roxithromycin (95.4%) 
and erythromycin (92%), although azithromycin 
showed a distinct level of resistance (61.6%). 
Similar sensitivity profiles have been published 
previously, indicating that roxithromycin and 
erythromycin are similar to other macrolides 
with limited activity against Enterobacteriaceae 
and Pseudomonas aeruginosa.32 In this study, 
the resistance rate to co-trimoxazole among 
isolated E. coli was approximately 55%. This 
finding is consistent with those of previous studies 
conducted in Brazil and India.33,34 Moreover, the 
resistance rates of between community-acquired 
and nosocomial E. coli to co-trimoxazole were 
likely similar (55.5%, 53.7%). The high resistance 
rate among nosocomial strains compared to 
community-acquired strains can be attributed to 
the prolonged hospital stay, critical health status 
of patients, and massive use of medical devices.
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 The results of our study highlighted the 
prevalence of multidrug-resistant E. coli strains 
in clinical settings. The observed variability in the 
number of antibiotics against which the isolates 
displayed resistance underscores the complex 
nature of antimicrobial resistance and the 
challenges it poses for clinical management.35 Our 
findings revealed a notable proportion of isolates 
resistant to multiple antibiotics, with resistance 
ranging from 1.8% to 8.9% across the tested 
antibiotics. The presence of isolates exhibiting 
resistance to numerous antibiotics was particularly 
alarming, with 10 isolates (8.9%) showing 
resistance to 28 antibiotics. This emphasizes the 
urgent need for effective antimicrobial strategies 
to combat the dissemination of multidrug-resistant 
pathogens.36

 The increasing trend in resistance 
observed as the number of antibiotics tested 
increased further emphasizes the magnitude of 
the problem.37 This phenomenon may indicate 
the acquisition and accumulation of resistance 
mechanisms in E. coli populations over time. 
Factors, such as inappropriate antibiotic use, 
inadequate infection control measures, and 
dissemination of resistant strains within healthcare 
settings are likely to contribute to the observed 
patterns of resistance.38 Additionally, the presence 
of mobile genetic elements carrying resistance 
genes may facilitate the spread of resistance 
determinants among bacterial populations, 
further exacerbating this problem.35

 Our findings extend beyond clinical 
settings and have notable public health implications. 
Multidrug-resistant E. coli infections are associated 
with increased morbidity, mortality, and healthcare 
costs.39 The limited treatment options available for 
these infections necessitate the development 
of novel antimicrobial agents and alternative 
therapeutic approaches.40 Furthermore, concerted 
efforts are needed to strengthen surveillance 
systems, promote judicious antibiotic use, and 
implement infection control measures to curb 
the emergence and spread of multidrug-resistant 
pathogens.41 Collaborative initiatives involving 
healthcare providers, policymakers, and the public 
are essential for effectively addressing this growing 
threat.

 In this study, high rates of resistance 
were observed against commonly used first-
line antibiotics among E. coli isolates. However, 
no data were collected on the actual antibiotic 
usage patterns and consumption levels at the 
study site. Monitoring antibiotic consumption is 
necessary to inform local treatment guidelines 
and support antimicrobial stewardship efforts. 
These results demonstrate the need for the regular 
monitoring of antibiotic resistance in Yemen to 
guide empirical therapies. Future studies should 
aim to collect comprehensive antibiotic usage 
data through programs, such as the Anatomical 
Therapeutic Chemical Classification System to 
allow meaningful correlations between resistance 
rates and antibiotic consumption.

CONCLUSION

 This study highlighted the prevalence 
and drug resistance patterns of nosocomial E. 
coli infections in Yemen. High resistance rates, 
particularly to commonly used antibiotics, 
underscore the urgent need for antimicrobial 
stewardship and infection control measures. The 
emergence of multidrug-resistant strains poses 
notable clinical and public health challenges, 
emphasizing the importance of collaborative 
efforts to strengthen surveillance and promote 
judicious antibiotic use. Future studies should 
focus on collecting comprehensive antibiotic 
usage data to develop evidence-based treatment 
guidelines and strategies to effectively combat 
antimicrobial resistance. More comprehensive 
studies across different regions of the country are 
necessary to determine representative resistance 
patterns. Molecular investigation of the resistance 
genes is recommended for a deeper understanding 
of the molecular epidemiology of the collected 
isolates.

ACKNOWLEDGMENTS
 The authors would like to thank Lena 
Alawi Alsaqaf (Department of Microbiology, 
National Center of Public Health Laboratories) 
and Abdullatef Alqubati (Head of the Department 
of Microbiology, Al-Thawra Teaching Modern 
Hospital) for their extended help and support 
during this work.



  www.microbiologyjournal.org1750Journal of Pure and Applied Microbiology

Alharazi et al | J Pure Appl Microbiol. 2024;18(3):1741-1751. https://doi.org/10.22207/JPAM.18.3.23

CONFLICT OF INTEREST
 The authors declare that there is no 
conflict of interest.

AUTHORS' CONTRIBUTION
 TA, MAA, TKA, JCA, AA, ASB, HQ, HSG 
and HA conceptualized the study. MAA, TKA and 
HA performed data collection. TA, TKA, JCA, AA, 
ASB, HQ, HSG, HA applied methodology. MAA, 
TKA, AA, ASB, HQ, HA performed formal analysis. 
TA, TKA and HA performed visualization. TKA, JCA, 
AA, ASB, HQ and HSG performed validation. TA and 
HA performed project administration.  TA, TKA, AA, 
ASB, HQ and HA wrote the original draft. TA, MAA, 
JCA, ASB, HQ, HSG and HA reviewed and edited 
the manuscript. All authors read and approved the 
final manuscript for publication.

FUNDING
 None.

DATA AVAILABILITY
 All datasets generated or analyzed during 
this study are included in the manuscript.

ETHICS STATEMENT
 This study was apporved by the Ethics 
Committee, Faculty of Medicine and Health 
Science, Taiz University (Ref. No. IRB-21/01/10).

REFERENCES

1.  Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial 
resistance: a global multifaceted phenomenon. 
Pathog Glob Health. 2015;109(7):309-318. doi: 
10.1179/2047773215Y.0000000030

2.  Kochi A. The global tuberculosis situation and the new 
control strategy of the World Health Organization. 
Tubercle. 1991;72(1):1-6. doi: 10.1016/0041-
3879(91)90017-M

3.  Centers for Disease Control and Prevention. 
2021. National Infection & Death Estimates for 
Antimicrobial Resistance. Available from  https://
www.cdc.gov/drugresistance/national-estimates.
html#:~:text=Antimicrobial%20resistance%20is%20
an%20urgent,resistant%20infections%20occur%20
each%20year. Accessed date: 07 July, 2023.

4.  Institute for Health Metrics and Evaluation. The 
burden of antimicrobial resistance (AMR) in Yemen. 
University of Oxford. 2024. https://www.healthdata.
org/sites/default/files/2023-09/Yemen.pdf. Accessed 
04/04/2024

5.  Ministry of Public Health and Population. Yemen: 
National action plan to combat antimicrobial resistance 

2022-2026. 2022:1-149. https://www.who.int/
publications/m/item/Yemen-national-action-plan-to-
combat-antimicrobial-resistance-2022-2026. Accessed 
4/4/2024.

6.  Al-Haddad AM, Ghouth A, El-Hosseiny M. Microbial 
resistance in patients with urinary tract infections in 
Al-Mukalla, Yemen. Sud J Med Sci. 2010;5(2):145-149. 
doi: 10.4314/sjms.v5i2.57813

7.  Alsumairy H, AlZubiery TK, Alharazi T, Baddah M, Al-
Zubeiry A. Antibiogram of the Common Uropathogenic 
Bacteria among Yemeni Patients in Sana’a City: A 
Recent Report. SAJRM. 2018;1(2):1-10. doi: 10.9734/
sajrm/2018/v1i2759

8.  Badulla WFS, Alshakka M, Mohamed Ibrahim MI. 
Antimicrobial resistance profiles for different isolates 
in Aden, Yemen: a cross-sectional study in a resource-
poor setting. BioMed Res Int. 2020;2020:1810290. doi: 
10.1155/2020/1810290

9.  Ghaleb Y, Al Serouri A, Alamad M, Nasher S, Alsoumainy 
A. The Growing Antimicrobial Resistance of Urinary 
Tract Infections, Sana’a-Yemen, 2015. Iproceedings. 
2018;4(1):e10539. doi: 10.2196/10539

10.  Perin J, Mulick A, Yeung D, et al. Global, regional, and 
national causes of under-5 mortality in 2000-19: an 
updated systematic analysis with implications for the 
Sustainable Development Goals. Lancet Child Adolesc 
Health. 2022;6(2):106-115. doi: 10.1016/S2352-
4642(21)00311-4

11.  Alpay-Karaoglu S, Ozgumus OB, Sevim E, Kolayli F, 
Sevim A, Yesilgil P. Investigation of antibiotic resistance 
profile and TEM-type β-lactamase gene carriage of 
ampicillin-resistant Escherichia coli strains isolated 
from drinking water. Ann Microbiol. 2007;57(2):281-
288. doi: 10.1007/BF03175221

12.  Dang H, Zhao J, Song L, Chen M, Chang Y. Molecular 
character izat ions  of  ch loramphenico l -and 
oxytetracycline-resistant bacteria and resistance 
genes in mariculture waters of China. Mar 
Pollut Bull. 2009;58(7):987-994. doi: 10.1016/j.
marpolbul.2009.02.016

13.  Ewers C, Bethe A, Semmler T, Guenther S, Wieler 
LH. Extended-spectrum β-lactamase-producing and 
AmpC-producing Escherichia coli from livestock and 
companion animals, and their putative impact on 
public health: a global perspective. Clin Microbiol 
Infect. 2012;18(7):646-655. doi: 10.1111/j.1469-
0691.2012.03850.x

14.  Van Elsas JD, Semenov AV, Costa R, Trevors JT. Survival 
of Escherichia coli in the environment: fundamental 
and public health aspects. The ISME Journal. 
2011;5(2):173-183. doi: 10.1038/ismej.2010.80

15.  Snow LC, Warner RG, Cheney T, et al. Risk factors 
associated with extended spectrum beta-lactamase 
Escherichia coli (CTX-M) on dairy farms in North West 
England and North Wales. Prev Vet Med. 2012;106(3-
4):225-234. doi: 10.1016/j.prevetmed.2012.03.009

16.  Cardoso T, Almeida M, Friedman ND, et al. Classification 
of healthcare-associated infection: a systematic review 
10 years after the first proposal. BMC Med. 2014;12:1-
13. doi: 10.1186/1741-7015-12-40

17.  Bazaid AS, Saeed A, Alrashidi A, et al. Antimicrobial 
surveillance for bacterial uropathogens in Ha’il, Saudi 

https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1179/2047773215Y.0000000030
https://doi.org/10.1016/0041-3879(91)90017-M
https://doi.org/10.1016/0041-3879(91)90017-M
https://doi.org/10.4314/sjms.v5i2.57813
https://doi.org/10.9734/sajrm/2018/v1i2759
https://doi.org/10.9734/sajrm/2018/v1i2759
https://doi.org/10.1155/2020/1810290
https://doi.org/10.1155/2020/1810290
https://doi.org/10.2196/10539
https://doi.org/10.1016/S2352-4642(21)00311-4
https://doi.org/10.1016/S2352-4642(21)00311-4
https://doi.org/10.1007/BF03175221
https://doi.org/10.1016/j.marpolbul.2009.02.016
https://doi.org/10.1016/j.marpolbul.2009.02.016
https://doi.org/10.1111/j.1469-0691.2012.03850.x
https://doi.org/10.1111/j.1469-0691.2012.03850.x
https://doi.org/10.1038/ismej.2010.80
https://doi.org/10.1016/j.prevetmed.2012.03.009
https://doi.org/10.1186/1741-7015-12-40


  www.microbiologyjournal.org1751Journal of Pure and Applied Microbiology

Alharazi et al | J Pure Appl Microbiol. 2024;18(3):1741-1751. https://doi.org/10.22207/JPAM.18.3.23

Arabia: A Five-year multicenter retrospective study. 
Infect Drug Resist. 2021;14:1455-1465. doi: 10.2147/
IDR.S299846

18.  Ny S, Edquist P, Dumpis U, et al. Antimicrobial 
resistance of Escherichia coli isolates from outpatient 
urinary tract infections in women in six European 
countries including Russia. J Glob Antimicrob Resist. 
2019;17:25-34. doi: 10.1016/j.jgar.2018.11.004

19.  Performance C. Standards for antimicrobial 
susceptibility testing. CLSI Supplement M100S. 2017.

20.  Chomarat M. Resistance of bacteria in urinary tract 
infections. Int J Antimicrob Agents. 2000;16(4):483-
487. doi: 10.1016/S0924-8579(00)00281-8

21.  Sumairi H, Alzubiery T, Alharazi T. Community and 
hospital-acquired UTI pathogens: prevalence and 
susceptibility pattern in Sana’a city, Yemen: the last 
bullet. Saudi J Biomed Res. 2018;3(2):79-87.

22.  Gordon KA, Jones RN. Susceptibility patterns of orally 
administered antimicrobials among urinary tract 
infection pathogens from hospitalized patients in 
North America: comparison report to Europe and 
Latin America. Results from the SENTRY Antimicrobial 
Surveillance Program (2000). Diagn Microbiol Infect 
Dis. 2003;45(4):295-301. doi: 10.1016/S0732-
8893(02)00467-4

23.  Strom BL, Collins M, West SL, Kreisberg J, Weller 
S. Sexual activity, contraceptive use, and other risk 
factors for symptomatic and asymptomatic bacteriuria: 
a case-control study. Ann Intern Med. 1987;107(6):816-
823. doi: 10.7326/0003-4819-107-6-816

24.  Alanazi MQ, Alqahtani FY, Aleanizy FS. An evaluation 
of E. coli in urinary tract infection in emergency 
department at KAMC in Riyadh, Saudi Arabia: 
retrospective study. Ann Clin Microbiol Antimicrob. 
2018;17(1):3. doi: 10.1186/s12941-018-0255-z

25.  Kasew D, Desalegn B, Aynalem M, et al. Antimicrobial 
resistance trend of bacterial uropathogens at the 
university of Gondar comprehensive specialized 
hospital, northwest Ethiopia: A 10 years retrospective 
study. PloS ONE. 2022;17(4):e0266878. doi: 10.1371/
journal.pone.0266878

26.  Riaz S, Faisal M, Hasnain S. Antibiotic susceptibility 
pattern and multiple antibiotic resistances (MAR) 
calculation of extended spectrum β-lactamase (ESBL) 
producing Escherichia coli and Klebsiella species in 
Pakistan. Afr J Biotechnol. 2011;10(33):6325-6331. 
doi: 10.5897/AJB11.2449

27.  Polse RF, Yousif SY, Assafi MS. Prevalence and 
antimicrobial susceptibility patterns of uropathogenic 
E. coli among people in Zakho, Iraq. Int J Res Med 
Sci. 2016;4(4):1219-1223. doi: 10.18203/2320-6012.
ijrms20160813

28.  Shehabi  AA ,  Mahafzah  AM,  A l -Kha l i l i  KZ . 
Antimicrobial resistance and plasmid profiles of 
urinary Escherichia coli isolates from Jordanian 
patients. East Mediterr Health J. 2004;10(3):322-328.  
doi: 10.26719/2004.10.3.322

29.  Tada DG, Gandhi PJ, Patel KN. A study on antibiotic 
related resistance in UTI patients: a comparison 

between community acquired and hospital acquired 
E. coli. Ntnl J Commun Med. 2012;3(02):255-258.

30.  El-Kersh T, Marie M, Al-Sheikh Y, Al-Kahtani S. 
Prevalence and risk factors of community-acquired 
urinary tract infections due to ESBL-producing Gram 
negative bacteria in an Armed Forces Hospital in 
Sothern Saudi Arabia. Glob Adv Res J Med Med Sci. 
2015;4(7):321-330.

31.  Eldomany R, Abdelaziz NA. Characterization and 
antimicrobial susceptibility of gram negative bacteria 
isolated from cancer patients on chemotherapy in 
Egypt. Arch Clin Microbiol. 2011;2(6).

32.  Al-Mendalawi MD, Asghar AH. Frequency and 
antimicrobial susceptibility of Gram-negative bacteria 
isolated from 2 hospitals in Makkah, Saudi Arabia. 
Saudi Med J. 2010;31(3):338.

33.  Prakash D, Saxena RS. Prevalence and antimicrobial 
susceptibility pattern of Escherichia coli in hospital 
acquired and community acquired patients related 
to urinary tract infection in India. J Appl Pharm Sci. 
2013;3(8):124-132.

34.  Sikora A, Zahra F. Nosocomial Infections. StatPearls. 
StatPearls Publishing, StatPearls Publishing LLC. 2024.

35.  Goswami C, Fox S, Holden MTG, Connor M, Leanord 
A, Evans TJ. Origin, maintenance and spread of 
antibiotic resistance genes within plasmids and 
chromosomes of bloodstream isolates of Escherichia 
coli. Microbial Genomics. 2020;6(4):e000353. doi: 
10.1099/mgen.0.000353

36.  Organization WH. Global antimicrobial resistance 
survei l lance system (GLASS)  report :  ear ly 
implementation 2020. World Health Organization. 
2020.

37.  Magiorakos A-P, Srinivasan A, Carey RB, et al. 
Multidrug-resistant, extensively drug-resistant and 
pandrug-resistant bacteria: an international expert 
proposal for interim standard definitions for acquired 
resistance. Clin Microbiol Infect. 2012;18(3):268-281. 
doi: 10.1111/j.1469-0691.2011.03570.x

38.  Laxminarayan R, Duse A, Wattal C, et al. Antibiotic 
resistance-the need for global solutions. Lancet Infect 
Dis. 2013;13(12):1057-1098. doi: 10.1016/S1473-
3099(13)70318-9

39.  Cassini A, Högberg LD, Plachouras D, et al. Attributable 
deaths and disability-adjusted life-years caused 
by infections with antibiotic-resistant bacteria 
in the EU and the European Economic Area in 
2015: a population-level modelling analysis. Lancet 
Infect Dis. 2019;19(1):56-66. doi: 10.1016/S1473-
3099(18)30605-4

40.  Bassetti M, Peghin M, Vena A, Giacobbe DR. Treatment 
of infections due to MDR Gram-negative bacteria. 
Front Med. 2019;6:74. doi: 10.3389/fmed.2019.00074

41.  European Centre for Disease Prevention Control. 2019. 
Surveillance of antimicrobial resistance in Europe 
2018. Available from https://www.ecdc.europa.
eu/sites/default/files/documents/surveillance-
antimicrobial-resistance-Europe 2018.pdf. Accessed  
date: 05 July, 2023

https://doi.org/10.2147/IDR.S299846
https://doi.org/10.2147/IDR.S299846
https://doi.org/10.1016/j.jgar.2018.11.004
https://doi.org/10.1016/S0924-8579(00)00281-8
https://doi.org/10.1016/S0732-8893(02)00467-4
https://doi.org/10.1016/S0732-8893(02)00467-4
https://doi.org/10.7326/0003-4819-107-6-816
https://doi.org/10.1186/s12941-018-0255-z
https://doi.org/10.1371/journal.pone.0266878
https://doi.org/10.1371/journal.pone.0266878
https://doi.org/10.5897/AJB11.2449
https://doi.org/10.18203/2320-6012.ijrms20160813
https://doi.org/10.18203/2320-6012.ijrms20160813
https://doi.org/10.26719/2004.10.3.322
https://doi.org/10.1099/mgen.0.000353
https://doi.org/10.1099/mgen.0.000353
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1016/S1473-3099(13)70318-9
https://doi.org/10.1016/S1473-3099(13)70318-9
https://doi.org/10.1016/S1473-3099(18)30605-4
https://doi.org/10.1016/S1473-3099(18)30605-4
https://doi.org/10.3389/fmed.2019.00074

	_gjdgxs
	_GoBack
	_30j0zll
	_3znysh7

