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The purpose of this research is to identify the antimicrobial resistant pattern to 
provide scientific evidence for improving antimicrobial therapy for Escherichia 
coli and ESKAPE organisms in urine samples recovered from Central Alabama in 
2020. A total of 3498 organisms were identified by matrix assisted laser desorption 
ionization time of flight mass spectrometry (MALDI-TOF MS) and the sensitivities 
were performed on MicroScan WalkAway 96 by using the Clinical Laboratory 
Science Institute (CLSI) microdilution method. The identified organisms were from 
clean-catch midstream, foley catheter, and straight catheterized urine. For the 
69.4% of E. coli isolates, ampicillin/sulbactam had the lowest sensitivity at 54%. 
Among the 920 ESKAPE pathogens, Enterococcus faecium was most resistant to 
ampicillin with sensitivity at 8%. Staphylococcus aureus was most resistant to 
penicillin with sensitivity at 7%; Klebsiella pneumoniae was most resistant to 
nitrofurantoin at 35%; Acinetobacter baumannii lacked samples for statistical 
analysis; Pseudomonas aeruginosa was most resistant to levofloxacin with 
sensitivity at 68%; Enterobacter species was most resistant to ertapenem at 
83%. Overall, the resistant patterns of E. coli and the ESKAPE organisms isolated 
in the hospital system were comparable to those reported globally and nationally; 
however, because these organisms are becoming resistant faster than new 
antibiotics are being introduced to the market, diligence must take place to 
conserve and appropriately use current antibiotics in patient treatments.  
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Introduction 
Urinary tract infections (UTIs) have been 
identified as the fifth most common type of 
healthcare-associated infection with an esti-
mated 62,700 urinary infections occurring in 
acute care settings and an estimated 150 
million UTIs occurring annually worldwide.1,2,3 
Majority of urinary infections that occur is 
predominantly caused by uropathogenic Esch-
erichia coli (UPEC), which contributes to 80% 
of all UTIs, with 83.9% sensitive to extended-
spectrum cephalosporins, 65.2% sensitive to 
fluoroquinolones, and 98.9% sensitive to 
carbapenems.4,5  

Urinary tract infections are classified as ei-
ther complicated or uncomplicated. Compli-
cated UTIs occur due to urinary obstructions, 
urinary retention, kidney calculi, renal failure, 
renal transplants, pregnancy, or indwelling 
devices. 2,6,7 In addition, complicated UTIs 
have a higher risk of treatment failure and may 
require longer courses of antibiotic treat-
ment.8 Uncomplicated UTIs most frequently 
occur in healthy individuals as a result of 
cystitis, sexual activity, diabetes, and obe-
sity.2, 9,10 Complicated and uncomplicated UTIs 
are most often caused by Candida species, 
Enterococcus faecalis, Klebsiella pneumoniae, 
Proteus mirabilis, Pseudomonas aeruginosa, 
Staphylococcus aureus, Staphylococcus sapro-
phyticus, and Streptococcus agalactiae, also 
known as group B Streptococcus (GBS).2,7,11-15 
The most commonly isolated organism for both 
complicated and uncomplicated UTIs is UPEC.2 

The treatment of complicated and 
uncomplicated UTIs can have undesirable 
effects. The use of antibiotics can alter gastro-
intestinal and vaginal normal flora, which can 
lead to drug resistant organisms.2, 16 The repla-
cement of normal flora with antimicrobial 
resistant microorganism can cause colonization 
resulting in treatment failures.2 Most patients 
with uncomplicated UTIs, are treated with 
broad-spectrum antibiotics and recover with-
out any issues. However, individuals with 
complicated UTIs become more difficult to 
treat due to increased antibiotic resistance.8 In 
fact, there is a 25% risk that a bacteriuria will 

become a complicated UTI.8 In the United 
States, it has been reported that over 626,000 
hospital admissions occur annually due to 
complicated UTIs.8  

Enterococcus species, Klebsiella pneumo-
niae, Staphylococcus aureus, and Pseudo-
monas aeruginosa are commonly found in both 
complicated and uncomplicated UTIs and are 
part of an emerging group of antimicrobial 
resistant organisms called the ESKAPE 
pathogens. The ESKAPE pathogens were def-
ined, in 2008 by the Infectious Disease Society 
of America, as a group of pathogenic organisms 
that causes hospital infections which escapes 
antimicrobial therapies.17,18,19 The ESKAPE org-
anisms are Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acine-
tobacter baumannii, Pseudomonas aeruginosa, 
and Enterobacter species. Included in this 
group are the vancomycin-resistant entero-
cocci (VRE), methicillin-resistant Staphylo-
coccus aureus (MRSA), extended spectrum 
beta-lactamase (ESBL), and carbapenem-
resistant enterobacteriaceae (CRE).19, 20 

In majority of clinical settings, patients are 
initially treated empirically for UTIs without 
knowing the identification or susceptibility of 
the causative organism; therefore, under-
standing the resistance patterns of the ESKAPE 
and UPEC organisms is beneficial especially in 
cases of complicated UTIs. Accordingly, this 
study was performed to determine the percent 
recovery and resistance patterns for the 
ESKAPE and UPEC organisms from three 
hospitals in Central Alabama. Findings from 
this study will provide scientific evidence to 
physicians and antibiotic stewardship programs 
to improve initial experiential treatment for 
uropathogens.  
 

Materials and Methods 
This study was performed by retrospective 
analysis of inpatient urine culture data from 
three teaching hospitals within a hospital 
system in Central Alabama between January- 
December 2020. This hospital system has an 
estimated 207 admissions per month or seven 
admissions per day. Urine cultures were 
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collected from clean-catch, midstream, foley 
and straight catheter, pediatric, and other 
sources, such as suprapubic collection. The 
antimicrobial susceptibility results were 
reported based on the CLSI minimum inhibitory 
concentration (MIC) breakpoints.  

The twenty-three antimicrobials included 
in this study were from the classes’ 
aminoglycosides (gentamicin, tobramycin), 
other beta-lactams (ampicillin/sulbactam, 
ampicillin, amoxicillin/clavulanate, oxacillin, 
penicillin, piperacillin/tazobactam), carbap-
enems (ertapenem, meropenem), cephalo-
sporins (cefepime, ceftriaxone, ceftazidime, 
cefazolin, cefuroxime), fluoroquinolones (cip-
rofloxacin, levofloxacin), and others (trimeth-
oprim/sulfamethoxazole, tetracycline, nitro-
furantoin, linezolid, vancomycin, and dapto-
mycin). Quality control was performed weekly 
using the organisms P. aeruginosa ATCC 27853, 
E. coli ATCC 35218 and 25922, K. pneumoniae 
ATCC 700603, E. faecalis ATCC 29212, S. 
aureus ATCC 29213 and BAA-977, MRSA ATCC 
43300, and VRE ATCC 51299. The CLSI (M100) 

performance standards for antimicrobial 
susceptibility testing served as interpretive 
criteria for each antimicrobial and organism 
evaluated. Chi-square test or Fisher’s exact t-
test was used to determine the significant 
difference in antimicrobial sensitivity on IBM 
SPSS for Windows (version 28 software 
package).21 The level of significant difference 
was defined at p<0.05. 

Figure 1. Frequency Distribution of Pathogens Isolated 
from Urine Cultures 

Results 
A total of 3498 organisms (Figure 1), from urine 
cultures performed between January and Dec-
ember 2020 from a Central Alabama hospital 
system, were identified by MALDI-TOF MS. 
Antimicrobial sensitivities were performed by 
MicroScan WalkAway 96 based on the CLSI 
microdilution method. Among the 3498 identi-
fied organisms (Figure 2), 83.2% were isolated 
from clean-catch midstream urine specimens, 
10.5% from foley catheter urine, 5.5% from 
straight catheterized urine, and 0.8% from 
pediatric urine and other sources. 

Figure 2. Frequency Distribution of Types of Urine 
Specimens 

 
The results (Figure 1) demonstrated that E. coli 
contributed to 69.4% of all the infections, 
followed by K. pneumoniae (13.4%), P. 
aeruginosa (6.0%), S. aureus (3.0%), Entero-
bacter species (2.3%), and other species 
(Acinetobacter species, Enterococcus species, 
Klebsiella species, and Pluralibacter gergo-
viae, 5.9%). Among the 920 ESKAPE organisms 
identified (Figure 3), K. pneumoniae was the 
most common organism isolated at 50.9%, 
followed by P. aeruginosa (22.7%), S. aureus 
(11.3%), Enterobacter species (8.6%), E. 
faecium (5.7%), and A. baumannii (0.8%). For 
the 2428 E. coli isolates, cefepime, ertapen-
em, meropenem, ceftazidime, ceftriaxone, 
and piperacillin/tazobactam had the highest 
sensitivities at 99-100%, followed by nitro-
furantoin (98.0%) and  were  most  resistant  to 
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Figure 3. Frequency Distribution of the ESKAPE 
Organisms Isolated from Urine Cultures 

ampicillin/sulbactam (54.0%). For the ESKAPE 
pathogens, E. faecium was most sensitive to 
daptomycin (100%) and most resistant to 
ampicillin (8.0%). S. aureus was most sensitive 
to vancomycin, ceftriaxone, and cefazolin 
(100%) and most resistant to penicillin (7.0%); 
K. pneumoniae was most sensitive to cephalo-
sporins, aminoglycosides, and quinolones (97-
100%) and most resistant to nitrofurantoin 
(35.0%); A. baumannii was sensitive to the 
antibiotics tested, but there were not enough 
samples for statistical analysis with sensi-
tivities ranging from 86% to100%; P. aeruginosa 
 
 

 
 
Table 1. Antibiotic Spectrum (%) of E. coli and ESKAPE Pathogens from Urine Cultures in Central Alabama. 

Antibiotic agent E. coli K. pneumoniae P. aeruginosa S. aureus E. faecium Enterobacter spp. A. baumannii 
S R S R S R S R S R S R S R 

Aminoglycosides               

Gentamicin 92 8 99 1 72 28 -- -- -- -- 97 3 100 0 

Tobramycin 95 5 99 1 96 4 -- -- -- -- -- -- 100 0 

Other β-lactams               

Ampicillin/Sulbactam 54 46 86 14 -- -- -- -- -- -- -- -- 100 0 

Ampicillin -- -- -- -- -- -- -- -- 8 92 -- -- -- -- 

Amoxicillin/Clavulanate 87 13 96 4 -- -- -- -- -- -- -- -- -- -- 

Oxacillin -- -- -- -- -- -- 53 47 -- -- -- -- -- -- 

Penicillin -- -- -- -- -- -- 7 93 -- -- -- -- -- -- 

Piperacillin/Tazobactam 99 1 97 3 93 7 -- -- -- -- -- -- -- -- 

Carbapenems               

Ertapenem 100 0 97 3 -- -- -- -- -- -- 83 17 -- -- 

Meropenem 100 0 98 2 90 10 -- -- -- -- 100 0 100 0 

Cephalosporins               

Cefepime 100 0 100 0 90 10 -- -- -- -- 92 8 86 14 

Ceftriaxone 99 1 100 0 -- -- 100 0 -- -- -- -- -- -- 

Ceftazidime 99 1 100 0 82 18 -- -- -- -- -- -- 100 0 

Cefazolin 92 8 97 3 -- -- 100 0 -- -- -- -- -- -- 

Cefuroxime 97 3 97 3 -- -- -- -- -- -- -- -- -- -- 

Fluoroquinolones               

Ciprofloxacin 82 18 98 2 70 30 -- -- -- -- 92 8 100 0 

Levofloxacin 83 17 98 2 68 32 -- -- -- -- 92 8 100 0 

Others               

Trimethoprim/ 
Sulfamethoxazole 

73 27 92 8 -- -- 98 2 -- -- -- -- -- -- 

Tetracycline 80 20 85 15 -- -- -- -- -- -- -- -- -- -- 

Nitrofurantoin 98 2 35 65 -- -- -- -- 30 70 -- -- -- -- 

Linezolid -- -- -- -- -- -- -- -- 97 3 -- -- -- -- 

Vancomycin -- -- -- -- -- -- 100 0 30 70 -- -- -- -- 

Daptomycin -- -- -- -- -- -- -- -- 100 0 -- -- -- -- 
 

S= sensitive; R=resistant  
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Table 2. Percent Sensitivity Comparison for ESKAPE Organisms Isolated from Urine Cultures 
 Central Alabama NHSH* Karlowsky, Hoban, 

et. al. 
Enterococcus faecium    

Vancomycin 30.0% 14.9% --- 
Staphylococcus aureus    

Oxacillin 53.0% --- --- 
Oxacillin/Methicillin/Cefoxitin --- 48.0% --- 

Klebsiella pneumoniae    
Cefepime, Ceftriaxone, Ceftazidime 100% --- 48.9% 

Cefepime, Cefotaxime, Ceftriaxone, Ceftazidime  --- 77.5% --- 
Levofloxacin 98.0% --- 57.3% 

Ertapenem 
 Meropenem 

97.0% 
98.0% --- --- 

Imipenem, Meropenem, Doripenem --- 90.5% --- 
Ertapenem, Imipenem --- --- 78.5% 

Acinetobacter baumannii    
Cefepime, Ceftriaxone, Ceftazidime 99.3% --- 13.9% 

Levofloxacin 100% --- 11.6% 
Meropenem 100% --- --- 

Imipenem, Meropenem, Doripenem -- 36.0% --- 
Imipenem --- --- 18.6% 

Pseudomonas aeruginosa    
Gentamicin 72.0% --- --- 
Tobramycin 96.0% --- --- 

Amikacin, Gentamicin, Tobramycin --- 78.9%  
Amikacin --- --- 75.2% 

Levofloxacin 68.0% --- 55.2% 
Ciprofloxacin, Levofloxacin -- 67.4% --- 

Meropenem 90.0% --- --- 
Imipenem --- --- 60.0% 

Imipenem, Meropenem, Doripenem --- 76.1% --- 
Enterobacter species    

Cefepime 92.0% --- --- 
Cefepime, Cefotaxime, Ceftriaxone, Ceftazidime  --- 59.5% --- 

Cefepime, Ceftriaxone, Ceftazidime --- --- 61.0% 
Ertapenem 83.0% --- 79.4% 

Meropenem 100% --- --- 
Imipenem, Meropenem, Doripenem --- 93.5% --- 

Imipenem  --- --- 86.1% 
Levofloxacin 92.0% --- 76.4% 

Escherichia coli    
Cefepime, Ceftriaxone, Ceftazidime 99.0% --- --- 

Cefepime, Cefotaxime, Ceftriaxone, Ceftazidime  --- 83.9% --- 
Ciprofloxacin 
 Levofloxacin 

82.0% 
83.0% 

--- 
--- 

--- 
--- 

Ciprofloxacin, Levofloxacin, Moxifloxacin --- 65.2% --- 
Ertapenem, Meropenem 100% --- --- 

Imipenem, Meropenem, Doripenem --- 98.9% --- 
*NHSN comparison susceptibility data from year 2014. 

was most sensitive to tobramycin (96.0%) and 
most resistant to levofloxacin (68.0%); Ent-
erobacter species had the highest sensitivity to 
meropenem (100%), and the lowest sensitivity 
to ertapenem (83.0%). The antibiotic spectrum 
for E. coli and the ESKAPE organisms is 
summarized in Table 1. 
 

Discussion 
Findings of this study were compared with 
published literature from the National Health-
care Safety Network (NHSN) at the Centers for 
Disease Control and Prevention (CDC), World 
Health Organization (WHO), and others; and no 
previous studies were found on antimicrobial 

resistance of E. coli or ESKAPE pathogens in 
Central Alabama. There may be limitations in 
this study as the NHSN reported pathogens 
from catheter associated urinary tract 
infections (CAUTI) whereas this study evalu-
ated E. coli and ESKAPE organisms from all 
urine culture isolates. However, a comparison 
can be made between isolates recovered in 
Central Alabama and those on a national and 
global level as shown in Table 2.  

During 2011-2014, Enterococcus faecium 
accounted for 3.7% of all pathogens reported 
to the NHSN, with 2.7% occurring in CAUTIs.5 In 
addition, 14.9% were reported as sensitive to 
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vancomycin.5 In comparison, this study demon-
strated that E. faecium was isolated 1.5% from 
all urine specimens with 30.0% of them 
sensitive to vancomycin demonstrating a lower 
isolation and resistance rate. 

Enterococci can have a high-level of acqu-
ired vancomycin resistance due to the 
alteration of the peptidoglycan cell wall 
precursors by amino acid substitution that 
causes D-alanyl-D-alanine dipeptide to become 
D-alanyl-D-lactate depsipeptide.22 The vanA 
gene encodes for this amino acid substitution 
which causes reduced ability of vancomycin to 
bind to the bacterial cell wall.22 E. faecium 
strains with this type of vancomycin high level 
resistance are classified as class A resistance. 
This type of resistance can be shared with 
other gram positive organisms through conju-
gation.22 On the other hand, strains of E. 
faecium that have high to low levels of vanco-
mycin resistance are classified as class B resis-
tance. This level of resistance is caused by the 
vanB gene and can be shared through 
conjugation with other Enterococcus strains.22 
Other non-faecium enterococci strains, such as 
Enterococcus gallinarium, Enterococcus casse-
liflavus, and Enterococcus flavescens have low 
levels of vancomycin resistance and are 
designated as class C resistance.22 This type of 
resistance is caused by the genes vanC1, vanC2, 
and vanC3. E. faecium also has resistance to 
beta-lactam drugs, such as ampicillin, due to 
the alteration of the target enzyme penicillin-
binding protein 5 (PBP5), which is the main 
resistance determinant for this organism.23 In 
addition, resistance to quinupristin-dalfo-
pristin occurs in E. faecium by enzymatic inhi-
bition, efflux, and target modification.22 

NHSN reported Staphylococcus aureus 
accounted for 11.8% of all urine cultures repor-
ted with 1.6% occurring in CAUTIs.5 Of the S. 
aureus isolated from CAUTIs, 48.0% were 
sensitive to oxacillin, methicillin, and cefox-
itin.5 In this study, 3.0% of the S. aureus was 
isolated from all urine cultures with 7.0% 
sensitive to penicillin and 53.0% sensitive to 
oxacillin, which is lower than the total number 
of isolates reported to the NHSN, but 

comparable to the susceptibility rate for beta-
lactams. There were no vancomycin inter-
mediate Staphylococcus aureus (VISA), or van-
comycin resistant Staphylococcus aureus 
(VRSA) isolates identified in this study or in the 
NHSN study.  

It has been documented that urinary cath-
eterization is the most important risk factor for 
MRSA in complicated UTIs.4,24,25 The cause of 
MRSA is due to the mecA gene, which encodes 
for penicillin binding protein 2A (PBP2A).22 The 
PBP2A protein has a low affinity for beta-
lactam antibiotics, which causes resistance to 
methicillin, nafcillin, oxacillin, and cephalo-
sporins.22 S. aureus not only has resistance due 
to the alteration of the target enzyme PBP2A 
protein, but also due to penicillinase prod-
uction otherwise known as beta-lactamase. 
Since vancomycin is the drug of choice in the 
treatment of MRSA, vancomycin intermediate 
and vancomycin resistant strains have been 
observed. The first VRSA was isolated in 
2002.22 VRSA occurs due to the sharing of vanA 
genes from VRE through a plasmid-mediated 
transfer.22 VISA occurs as a result of bacterial 
cell wall thickening, which binds the drug and 
prevents it from reaching its designated 
target.22  

Klebsiella pneumoniae has been isolated an 
average of 7.0% from both complicated and 
uncomplicated UTIs.2 K. pneumoniae has 
demonstrated antibiotic resistance to the ext-
ended spectrum cephalosporins, fluoroquino-
lones, and aminoglycosides.5, 26 In this study, K. 
pneumoniae was isolated 13.4% from all urines 
with 100% sensitive to the extended spectrum 
cephalosporins, 98.0% sensitive to levoflox-
acin, and 97.5% sensitive to carbapenems. In 
comparison, the NHSN’s study grouped K. 
pneumoniae and Klebsiella oxytoca together 
with 10.1% isolated and 77.5% sensitive to the 
extended spectrum cephalosporins, and 90.5% 
sensitive to carbapenems.5 Another study by 
Karlowsky, Hoban, and et. al, reported 48.9% 
of K. pneumoniae sensitive to the extended 
spectrum cephalosporins, 57.3% were sensitive 
to levofloxacin, and 78.5% sensitive to 
carbapenems.26 K. pneumoniae isolated from 
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urine cultures in Central Alabama were more 
sensitive when compared to those reported in 
the NHSN and the Karlowsky, Hoban, et. al. 
study and had a higher isolation rate when 
compared to the NHSN.  

Klebsiella pneumoniae resistance to beta-
lactam drugs occurs due to enzyme inhibition 
of penicillinases, ESBL, and carbapenemases 
(i.e., New Delhi metallo-beta-lactamase (NDM-
1)), as well as through decreased outer 
membrane permeability.22 The NDM-1 enzyme 
is encoded by blaNDM-1, which contributes to the 
increased presence of carbapenem-resistant 
Klebsiella pneumoniae (KPC) infections.27 The 
decrease in outer membrane permeability is 
due to the reduction of porins, which are used 
by antibiotics to enter the bacterial cell. The 
reduction in porins causes beta-lactam resis-
tance. The resistance to fluoroquinolones 
occurs due to the alteration of target enzymes, 
efflux, and target site protection.22 DNA gyrase 
(bacterial topoisomerase II) is a target enzyme 
that plays a role in the cell division of gram 
negative organisms. This enzyme is encoded by 
gyrA and when mutated, resistance to 
fluoroquinolones occurs.22 Another gene, qnr, 
is a plasmid-mediated fluoroquinolone resist-
ance gene that produces binding proteins to 
the DNA gyrase antibiotic target site; there-
fore, protecting this enzyme from binding to 
fluoroquinolones,22 allows K. pneumoniae to 
be resistant to the inhibitory effects of this 
drug class. Aminoglycoside resistance occurs 
due to enzymatic inhibition and alteration of 
ribosomal targets. Enzymatic inhibition is caus-
ed by aminoglycoside-modifying enzymes that 
confer resistance through N-acetylation, O-
nucleotidylation, and O-phosphorylation of the 
drug as it transported across the bacterial 
cytoplasmic membrane.22 The alteration of the 
ribosomal target occurs due to the methylation 
of the 16s rRNA, which is where 
aminoglycosides bind to stop protein 
synthesis.22 The genes armA, rmtA, rmtB, 
rmtC, rmtD, rmtE, and npmA22, 28 all contri-
bute to this methylation.  

Acinetobacter baumannii is commonly 
found in intensive care units and is intrinsically 

resistant to antibiotics due to outer membrane 
protection, efflux pump system, and reduction 
of porins.29 In this study, A. baumannii was 
reported <1%; therefore, the validity of this 
study’s analysis will be skewed. Of the seven 
A. baumannii isolates recovered, 99.3% were 
sensitive to the extended spectrum cephalo-
sporins, 100% sensitive to levofloxacin, and 
100% sensitive to carbapenems. In comparison, 
the NHSN reported a total of 276 isolates from 
CAUTIs with 36.0% sensitive to the carba-
penems.5 In the Karlowsky, Hoban, et. al. 
study, 43 isolates of A. baumannii reported 
13.9% sensitive to extended spectrum 
cephalosporins, 11.6% sensitive to levo-
floxacin, and 18.6% sensitive to carba-
penems.26 This study indicated higher sensi-
tivities than those of the NHSN and Karlowsky, 
Hoban, et. al, studies, which can be contri-
buted to the low number of A. baumannii iso-
lates recovered in this study. However, the 
CDC susceptibilities reported in 2017, 25.0% of 
Acinetobacter isolates were sensitive to any 
extended-spectrum beta-lactam and 11.0% 
were sensitive to any fluoroquinolone, which is 
comparable to the NHSN and the Karlowsky, 
Hoban, et. al studies.30 

A. baumannii has become more resistant to 
antibiotic classes over the years due to beta-
lactamases, enzyme inhibition by AmpC ceph-
alosporinases, plasmid-acquired beta-lacta-
mases of the TEM, SHV, Cefotaxime (CTX-M), 
PER, BEV families, metallo-beta-lactamases of 
the IMP (blaIMP), VIM (blaVIM), SIM families, and 
Oxacillin (OXA)-type serine carbapenemases 
(blaOXA).22, 26, 27 Aminoglycoside resistance and 
quinolones and tigecycline resistance also 
occurs due to enzymatic inhibition by 
aminoglycoside modifying enzymes and efflux 
pumps, respectively.22  

Pseudomonas aeruginosa is known for its 
opportunistic infections in cystic fibrosis, 
cancer, and burn patients.29 In this study, 6.0% 
of the Central Alabama urine isolates 
recovered P. aeruginosa with 72.0% sensitive 
to gentamicin, 96.0% sensitive to tobramycin, 
68.0% sensitive to levofloxacin, and 90.0% 
sensitive to meropenem. In the NHSN study, P. 
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aeruginosa contributed to 10.3% of CAUTIs, 
with 78.9% sensitive to aminoglycosides, 67.4% 
sensitive to fluoroquinolones, and 76.1% 
sensitive to carbapenems.5 In the Karlowsky, 
Hoban, et. al. study, 55.2% of P. aeruginosa 
isolates were sensitive to levofloxacin and 
60.0% were sensitive to imipenem.26 The 
aminoglycosides, gentamicin and tobramycin, 
had a combined sensitivity of 84.0% and is 
comparable to the NHSN study; however, the 
aminoglycoside sensitivities in the NHSN study 
were not separated out to determine if the 
susceptibility rate for the aminoglycosides was 
due to the disparity between gentamicin and 
tobramycin as seen in Central Alabama. In 
addition, Karlowsky, Hoban, and et. al. study 
only used amikacin reporting for amino-
glycoside with a 75.2% sensitivity.26 However, 
all three studies with aminoglycoside suscep-
tibility are comparable. In contrast, when 
comparing the carbapenems, this study 
demonstrated a much higher sensitivity than 
what was reported in the other studies. 
Despite the higher sensitivity of P. aeruginosa 
in Central Alabama, concern over carbapenem-
resistant strains must remain a top priority 
because 2.0% - 3.0% of carbapenem-resistant 
P. aeruginosa strains carry a mobile gene that 
is easily shared between bacteria resulting in 
increased resistance of this species.30 In 
addition, P. aeruginosa resistance can also 
occur for other drugs. The beta-lactam drugs 
become resistant due to enzymatic inhibition 
by AmpC cephalosporinases, ESBL, and met-
allo-beta-lactamases; in addition, beta-lactam 
resistance occurs due to active efflux pump 
(MexAB) and reduced permeability of the outer 
membrane due to the loss of the OprD 
channel.22 The MexAB pump is one of the 
largest multi-drug resistant pumps in P. 
aeruginosa and contributes to fluoroquinolone, 
tetracycline, and trimethoprim resistance.22,31 
The aminoglycosides have resistance to P. 
aeruginosa due to enzymatic inhibition caused 
by aminoglycoside modifying enzymes, efflux, 
and ribosomal methlyation.22 

Enterobacter species are common isolates 
of UTIs and demonstrates resistance to 

antibiotics due to ESBLs and carbapenemases 
caused by VIM, OXA, metallo-beta-lactamases, 
and KPC (encoded by blaKPC).27 In this study, 
Enterobacter species was recovered at a rate 
of 2.3% with 92.0% sensitive to cefepime, 
92.0% sensitive to levofloxacin, 83.0% sensitive 
to ertapenem, and 100% sensitive to mero-
penem. In the NHSN study, Enterobacter 
species contributed to 3.7% of CAUTIs with 
59.5% sensitive to extended spectrum cepha-
losporins and 93.5% sensitive to carbapenems.5 
The Karlowsky, Hoban, et. al. study, reported 
61.0% sensitive to cephalosporins, 79.4% sensi-
tive to ertapenem, 86.1% sensitive to imipen-
em, and 76.4% sensitive to levofloxacin. This 
study only reported cefepime for the exten-
ded- spectrum cephalosporins, while the NHSN 
and Karlowsky, Hoban, et. al, studies reported 
cefepime, ceftazidime, and ceftriaxone for the 
extended spectrum cephalosporins, which can 
contribute to a discrepancy between the 
sensitivity of this study and published litera-
ture. 

Escherichia coli is the most isolated 
organism from urine cultures. 5 In this study, E. 
coli was recovered at 69.4% with 99.0% 
sensitive to the extended spectrum cephalo-
sporins, 82.5% sensitive to the fluoro-
quinolones, and 100% sensitive to the carba-
penems. In the NHSN study, E. coli contributed 
to 23.9% of all CAUTIs with 83.9% sensitive to 
extended spectrum cephalosporins, 65.2% 
sensitive to fluoroquinolones, and 98.9% sens-
itive to the carbapenems. Central Alabama 
recovered a higher percentage of E. coli, which 
contributed to this study by encompassing all 
urine culture isolates instead of only CAUTIs as 
reported to the NHSN. In addition, the 
susceptibility of E. coli in Central Alabama 
appeared to be more sensitive to the 
fluoroquinolones than isolates reported to 
NHSN. This is understandable as CAUTIs are 
considered complicated infections and can 
result in longer treatment plans and treatment 
failures.8 In the Global Antimicrobial Resis-
tance and Use Surveillance System (GLASS) 
through the WHO, 8.4% to 92.9% of E. coli 
isolates are resistant to ciprofloxacin, which is 
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commonly used to treat UTIs.32 In this study we 
observed that bacteria are more resistant to 
fluoroquinolones than to other antibiotic 
classes. 
 

Conclusion 
Escherichia coli was the most isolated organ-
ism from urine cultures submitted to a hospital 
system in Central Alabama and did not 
demonstrate an increased pattern of resis-
tance when compared to other studies. 
Overall, we can say the resistant patterns of 
the ESKAPE organisms isolated in the hospital 
system were comparable to those reported 
globally and nationally. However, despite 
Central Alabama having slightly higher 
sensitivity rates for the ESKAPE organisms 
when compared to the NHSN and the 
Karlowsky, Hoban, and et. al studies, these 

organisms should still be treated with concern 
because they are becoming resistant faster 
than new antibiotics introduced to the market. 
Therefore, due diligence must take place to 
conserve and appropriately use current anti-
biotics by implementing antibiotic stewardship 
programs in hospitals and providing physicians 
with education on proper antibiotic use in 
ambulatory settings. By maintaining focus on 
these organisms and developing ways to reduce 
resistance, the rate of resistance can be 
diminished to prevent increased mortality or 
morbidity. 
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