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Abstract

Antibiotic resistance is a growing global crisis, straining healthcare systems and leaving us with
limited options to combat drug-resistant bacteria. This retrospective, cross-sectional study examines
the prevalence of antibiotic resistance patterns among urinary tract infections (UTIs) in Al-Shifa
Hospital’s medical departments in comparison with non-medical departments using data from
microbiology laboratory archives over a one-year period.

From the examined urine cultures about 25% were obtained from internal medicine departments
and double the number was obtained from non-medical departments. The positive rate was around
35% and about two-thirds of the samples were collected from female patients.

Among all departments, Enterobacteriaceae spp. were found to be the most frequently isolated
uropathogens, accounting for 80% of cases. However, resistance rates varied depending on the
specific organism and antibiotic used. For instance, E. coli showed a resistance rate of only 5%
against meropenem, while amoxicillin-clavulanic acid exhibited a resistance rate exceeding 95%.

Importantly, the study revealed a significant disparity in resistance rates between medical and
non-medical departments, specifically concerning third-generation cephalosporins. In internal
medicine departments, resistance rates were alarmingly high, with cefotaxime, ceftriaxone, and
ceftazidime showing resistance rates of 75%, 75% and 66.5% respectively. In contrast, non-medical
departments displayed lower resistance rates, approximately 60%, 60% and 40%, respectively.

In summary, this research sheds light on the escalating problem of antibiotic resistance in UTIs
and emphasizes the discrepancy in resistance rates between medical and non-medical departments.
Urgent efforts are required to address this issue and find effective solutions to prevent the rise of
untreatable bacterial infections.
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Background

Urinary tract infections are one of the most common
bacterial infections among the population [1]. The clinical
spectrum of urinary tract infection is wide as it can be simple
cystitis to complicated infections with systemic response
and sepsis with shock sometimes [2]. Urinary tract infection
is defined by the Food and Drug Administration as a clinical
syndrome with pyuria and documented uropathogens on
blood or urine culture associated with local and systemic
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signs and symptoms that occur in the presence of functional
or anatomical abnormality of the urinary tract or the presence
of urinary catheter [3].

Antibiotic resistance is an alarming threat to healthcare
systems. After the presence of antibiotics as a solution for
life-threatening infections, their resistance poses a serious
threat to their effectiveness in treating infectious diseases.
The resistance is increasing with time leaving us with limited
choices to face bacteria [4,5].
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The issue of antibiotic resistance is not only affecting
patients but also increasing the burden on health systems in
many aspects. This has led to an increase in infectious disease
burden by increasing treatment costs, hospital stays, and
morbidity and mortality rates. For example, in the United
States, bacterial infections cost about 55 billion dollars per
year according to the CDC, and in Europe, it costs about nine
billion euros annually [6-8]. Additionally, by the year 2050, it
was estimated that antibiotic-resistant bacteria will be one of
the ten leading causes of death globally with more deleterious
effects on developing countries [9].

One of the main causes of increased resistance in the world
is the overuse and misuse of antibiotics, which has led to the
generation of multi-drug resistant bacteria (MDR), extensively
drug-resistant bacteria (XDR), and pan-resistant bacteria
(PDR) that are not responsive to the usual existing antibiotics
[10]. On the other hand, bacteria are evolving antibiotic-
resistant organisms faster than researchers can develop new
antibiotics [11].

Urinary tract infections (UTIs) are among the leading
causes of admissions to medical wards in the Gaza Strip.
Increasingly, patients are admitted with complications of
(UTI) with sepsis and septic shock with increasing hospital
stays due to multi-drug resistant organisms. Unfortunately,
there are still no local guidelines for managing such infections
due to the relative lack of antibiogram studies. This study is
part of the initiation of local guidelines and aims to study the
most common organisms and rates of antibiotic resistance to
choose the most appropriate empirical antibiotic for (UTIs).

Methods

A retrospective hospital-based; cross-sectional study that
has included urine sample results from patients admitted
to Al-Shifa hospital departments in the Gaza Strip. The
departments were divided into medical departments and
other non-medical departments which included general
surgery, vascular surgery, orthopedic surgery, obstetrics and
gynecology, intensive care, and outpatient departments.

Data were manually collected from the microbiology
laboratory database for the year 2022. We included all urine
culture results that are assigned to departments. Urine sample
results that were not labeled to a department were excluded.

Urine samples were collected from patients as mid-
stream urine samples and sent to the lab as soon as possible
within one hour. Then the samples are cultured on nutrient
agar plates by a 10 pl calibrated loop and plated on blood
and McConkey agar. Plates were then incubated at 37°C at
the laboratory. Subsequently, the plates were examined for
growth and colonies and classified as positive and negative
according to WHO recommendations [12].

Data were classified into categorical and numerical data
types and analysis was done using SPSS version 23.

Ethical approval was obtained from the head of the hospital
and the research committee to use the collected microbiology
laboratory data.
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Results

Urine culture results from all departments (n = 3362) were
examined. About a quarter (24.2% n = 815) were collected
from medical departments and another (24.3% n = 820) was
not assigned to any department (that was excluded from the
analysis). The remaining half (51.3% n = 1727) was obtained
from non-medical departments. Around 35% (n = 885) of all
urine cultures were assigned as positive with the majority
66% (n = 586) obtained from female patients. The following
analysis will compare findings in the internal medicine
departments and other departments.

Regarding urine samples that were obtained from internal
medicine departments, a total of 813 specimens were
investigated; about 42% (n = 345) of cultures were positive
with most of them cultured from female patient samples,
about 71% (n = 245) Table 1.

On the other hand, from non-medical departments, 1727
urine samples were cultured with about 31% (n = 539) of
samples coming back positive; also, of which most of them
were collected from female patients (63%, n = 341) Table 1.

The distribution of uropathogens that have been isolated
from all departments was relatively the same with the most
commonly isolated organism being E. coli at about 51.6% (n =
456), which is followed by Klebsiella at about 24.9% (n = 220),
pseudomonas pp. around 7% (n = 61), streptococcus 5% (n =
43), and P. Mirabilis 3.4% (n = 30). Enterobacteriaceae spp.
(E. Coli, K. pneumonia, P. Mirabilis) formed the vast majority
of the isolated uropathogens with about 84% (n = 289) in
medical departments and 78% (n = 418) in the non-medical
departments Table 2.

Table 1: Positive results analysis among sex.

Sex
Positive results analysis Total
male @ female

Count 99 246 345

. % within Result | 28.7% | 71.3% 100.0%
Internal medicine departments T

% within Sex 36.1% | 45.7% 42.5%
% of Total 12.2% | 30.3% 42.5%

Count 198 341 539
. % within Result | 36.7% | 63.3% 100.0%

Non-medical departments

% within Sex 30.8% | 31.5% 31.3%
% of Total 11.5% | 19.8% 31.3%

Table 2: The distribution of uropathogens among departments.

Internal medicine departments Non-medical departments
Frequency Percent Frequency Percent

E. Coli 187 54.2 273 50.6

K.pneumonia 87 25.2 130 24.1
P. Mirabilis 15 43 15 2.8
Acinetobacter spp 2 .6 7 1.3
P. aeruginosa 17 4.9 44 8.1
Streptococcus spp 16 4.6 27 5.0
S. Aureus 4 1.2 15 2.8
Enterobacter Spp 0 0 1 0.2
Candida 17 49 28 5

Total 345 100 540 100
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The antibiogram of Enterobacteriaceae spp isolated
from medical departments has a wide range. For example,
meropenem was the most sensitive antibiotic with a
sensitivity of 95.9% (n = 47) for E. coli, 100% (n = 2) for
proteus, and 84% (n = 16) for K. pneumoniae. However, the
resistance rate is very high against the studied cephalosporins
and ciprofloxacin against E. Coli with 90% (n = 19),84.5% (n =
49), 77% (n=138), 75.6% (n = 118), 75.6% (n = 133), 66.5%
(n=115), 67% (n = 30) for cefazolin, cephalexin, cefuroxime,
cefotaxime, ceftriaxone, ceftazidime, and ciprofloxacin;
respectively Table 3.

On the contrary, resistance rates generally were relatively
lower in departments other than internal medicine. As
resistance rates were relatively lower against third-generation
cephalosporins and ciprofloxacin, for example, against E. Coli
with rates of 70% (n = 18), 64.7% (n = 55), 70.5% (n = 86),
60.9% (n=142),60% (n=155),41% (n=102),59% (n=139)
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for cefazolin, cephalexin, cefuroxime, cefotaxime, ceftriaxone,
ceftazidime, and ciprofloxacin; respectively Table 4.

Although Meropenem has a sensitivity rate of 96% (n =
54) against E.Coli, it has a lower rate against K.Pneumonia
with 71% (n = 17) in comparison to 96% (n = 47) sensitivity
rate for E.Coli and 84% (n = 16) for K.Pneumonia in medical
departments Tables 3,4.

Discussion

The presented discussion revolves around an investigation
conducted at Al-Shifa Hospital to assess the distribution of
bacteria, their antimicrobial resistance, and a comparison
between medical and non-medical departments. The results
indicate that the percentage of positive samples was higher
in medical departments (40%) compared to non-medical
departments (30%), surpassing the findings of a previous
study conducted in 2006 (34%) [13].

Table 3: Antibiotic resistance rates in internal medicine departments.
E. Coli K. Pneumonia Proteus
S I R S I R S I R
N % N % N % N % N % N % N % N % N %
Cefazolin 2 10.5 0 0 19 89.5 10 0 0 9 90 \ \ \ \ \ \
Cefuroxime 40 223 1 0.6 138 77.1 9 10.7 1 1.2 74 88.1 6 40 0 0 9 60
Ceftazidime 51 29.5 7 4 115 66.5 27 33.8 6 7.5 47 85.8 8 57.1 1 7 5 35.7
Cefotaxime 38 24.2 0 0 118 75.6 11 14.5 1 1.3 64 84.2 9 60 0 0 6 40
Ceftriaxone 42 239 1 0.6 133 75.6 10 11.9 1 1.2 73 86.9 9 60 0 0 6 40
Cephalexin 8 13.8 1 1.7 49 84.5 3 10.3 0 0 26 89.7 2 25 0 0 6 75
Gentamycin 78 52.7 10 6.8 60 40.5 35 50 2 29 33 47.1 5 41.7 0 0 7 58.3
Amikacin 111 75 9 6.1 28 189 51 71.8 2 2.8 18 25.4 9 64.3 1 7.1 4 28.6
Ciprofloxacin 47 44.3 6 5.7 30 66.7 11 24.4 4 8.9 30 66.7 1 14.3 0 0 6 85.7
Doxycycline 47 44.3 6 5.7 53 50 11 244 4 8.9 30 66.7 1 14.3 0 0 6 85.7
Trimethoprim / Sulfamethoxazole 6 22.2 0 0 21 77.8 3 30 0 0 70 0 0 0 0 2 100
Piperacillin / Tazobactam 4 100 0 0 0 0 2 100 0 0 0 \ \ \ \ \ \
Meropenem 47 95.9 0 0 2 4.1 16 84.2 0 0 3 15.8 2 100 0 0 0 0
Colistin 30 18.1 2 1.2 134 80.7 22 27.5 0 0 58 72.5 4 28.6 0 0 10 71.4
amoxicillin- clavulanic acid 0 0 0 0 13 100 0 0 0 0 4 100 \ \ \ \ \ \
S: Sensitive; I: intermediate; R: Resistant; N: Number of patients; %: Percentage of patients.
Table 4: Antibiotic resistance rates in non-medical departments excluding internal medicine departments.
E. Coli K. Pneumonia Proteus
S I R S I R S I R
% N % N % N % N % N % N % N % N %
Cefazolin 8 30.8 0 0 18 69.2 1 11.1 0 0 8 88.9 \ \ \ \ \ \
Cefuroxime 97 37.2 2 0.8 86 70.5 35 28.7 1 0.8 86 70.5 6 40 0 0 9 60
Ceftazidime 128 51.6 18 7.3 102 411 48 43.2 3 2.7 60 54.1 6 429 0 0 8 57.1
Cefotaxime 91 39.1 0 0 142 60.9 39 34.8 1 0.9 72 64.3 7 46.7 0 0 8 53.3
Ceftriaxone 102 39.7 0 0 155 60.3 36 31.6 1 0.9 77 67.5 6 40 0 0 9 60
Cephalexin 28 329 2 2.4 55 64.7 11 25 1 2.3 32 72.7 2 28.6 0 0 5 71.4
Gentamycin 122 58.9 12 5.8 73 35.3 55 59.8 0 0 37 40.2 7 58.3 1 83 4 333
Amikacin 175 76.4 19 8.3 35 15.3 71 65.7 5 4.6 32 29.6 9 60 1 6.7 5 333
Ciprofloxacin 92 38.8 6 2.5 139 58.6 40 37.7 2 1.9 64 60.4 7 50 0 0 7 50
Doxycycline 65 48.5 5 3.7 64 47.8 31 45.9 7 10 30 44.1 3 30 0 0 7 70
Trimethoprim / Sulfamethoxazole 12 25.5 0 0 35 74.5 3 14.3 1 4.8 17 81 1 100 0 0 0 0
Piperacillin / Tazobactam 3 100 0 0 0 0 \ \ \ \ \ \ \ \ \ \ \ \
Meropenem 54 96.4 0 0 2 3.6 17 70.8 1 4.2 6 25 \ \ \ \ \ \
Colistin 5 50 0 0 5 50 1 333 0 0 2 66.7 \ \ \ \ \ \
amoxicillin- clavulanic acid 1 4.8 1 4.8 19 90.5 3 30 1 10 6 60 \ \ \ \ \ \
S: Sensitive; I: intermediate; R: Resistant; N: Number of patients; %: Percentage of patients.
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The study reveals that E.coli remains the most common
uropathogen in both medical and non-medical departments,
comprising more than half of the isolated organisms
throughout the years. However, there is a significant
difference in antimicrobial susceptibility and resistance
between medical and non-medical departments. In medical
departments, E.coli displayed higher resistance rates, with
75% resistance to both cefotaxime and ceftriaxone and
66.5% resistance to ceftazidime. In contrast, the resistance
rates were notably lower in non-medical departments, at
approximately 60%, 60% and 40%, respectively. It is worth
noting that the resistance rates in medical departments were
much higher than those reported in 2006 when resistance to
cefotaxime and ceftazidime was only 13%. Furthermore, E.coli
resistance to ciprofloxacin experienced a sharp increase from
13% in 2006 to around 60% in all departments in 2022 [13].

A comparison with a study conducted in Al-Agsa Hospital
between 2018 and 2022, another major hospital in the Gaza
Strip, revealed significant discrepancies in resistance rates.
Although, cephalosporin resistance of 54%, 39%, and 53.3%
for ceftriaxone, ceftazidime, and cefotaxime; respectively;
which is quite similar to nonmedical departments; it was
seriously higher in medical departments as it reached 75%,
65.5%, 75% [14].

Over the last two decades, huge changes have occurred
to the antibiogram of bacterial isolates in the Gaza Strip. For
example, E. Coli had a resistance rate of about 20% against
cefuroxime and 3% against ceftazidime and ciprofloxacin.
This resistance has continued to increase sharply to reach the
figures in this research [15].

The observed differences in resistance between medical
and non-medical departments indicate a significant gap,
potentially attributed to the vulnerability of medical patients
with multiple comorbidities and recurrent admissions. The
study suggests further investigation to prevent the escalation
of resistance in such settings.

Furthermore, the resistance rates are higher in developing
countries than in developed [16]. For example, the resistance
rates observed in this research were notably higher than
resistance rates reported in Egypt and China. In China, E.coli
resistance rates against ceftazidime and ceftriaxone were
16% and 42%, respectively [17]. Similarly, in Egypt, resistance
rates were relatively lower, with 36% of E.coli being resistant
to ceftriaxone and 55% resistant to ceftazidime [18].

However, it is important to consider the limitations of the
study. It was a retrospective study based on microbiology
laboratory reports in a resource-limited country. The lack
of availability of antibiotic testing kits and the shortage
of antibiotic discs resulted in missing data. Additionally,
inadequate documentation led to the exclusion of some
urine samples from the study. The study also lacked a
thorough clinical correlation to determine if antibiotics were
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appropriately narrowed based on culture results, which could
have aided in reducing resistance rates. These limitations
highlight the need for future prospective studies to address
these gaps.

Conclusion

The study underscores the significant difference in
antibiotic resistance rates within the same institution over 20
years, and it shows a wide gap between resistance rates among
different departments within the same medical complex.
Therefore, it emphasizes the need for policymakers to take
action to control the liberal use of antibiotics in order to face
the rapidly developing antibiotic resistance rates. The authors
also stress the importance of providing further clarification on
the correct usage of antibiotics for appropriate indications.
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