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Abstract
Antibiotic resistance is considered a widespread problem with global health implications, leading 
to increased patient morbidity and impacting the selection of effective antibiotics, consequently 
influencing patient recovery. This study aimed to assess antibiogram resistance patterns of bacterial 
records at the Islamic Hospital in Jordan using a retrospective study during the period 2020-2022. 
A total of 9369 samples obtained from different patients were cultured. Data were processed and 
analyzed with SPSS v.23.0. The results showed that 2841 (30.3%) samples were positive for bacterial 
infections. Microbial profiles of positive samples indicated the highest proportion for Escherichia coli, 
39%, followed by Klebsiella pneumoniae 12% were the most frequent Gram-negative bacterial isolates, 
whereas Staphylococcus aureus 13% and Streptococcus pneumoniae 4% were the most common 
Gram-positive bacterial isolates. Interestingly, multidrug-resistant bacteria comprised 61.7% of the 
isolates. The percentage of multi-drug resistance in isolates of Staphylococcus aureus, Escherichia 
coli, and Klebsiella pneumoniae was 68.7%, 73.1%, and 72%, respectively. Escherichia coli was most 
resistant to ampicillin (89%) and most sensitive to imipenem (100%). Klebsiella pneumoniae showed a 
100% sensitivity to meropenem but 49% resistance to ceftriaxone. Pseudomonas aeruginosa was the 
most sensitive to amikacin and colistin (86% and 100%, respectively). Staphylococcus aureus isolates 
have resistance rates of 78% for ciprofloxacin, 35.6% for clindamycin and an overall resistance rate 
of 68.7%. These findings indicate multiple resistance for isolated bacteria. Therefore, antimicrobial 
resistance should be monitored continuously, and patients should be treated based on anti-microbial 
susceptibility tests. 
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INTRODUCTION

 Multi-drug resistance (MDR) microbial 
limits treatment choices and is becoming a global 
health problem. The severity of diseases caused by 
bacteria and other microbes that have developed 
resistance is rising worldwide.1 A consequence of 
that increase in healthcare expenses is a cause of 
the community’s health and economic problems. 
 According to the 2020 World Health 
Organization (WHO) report, MDR is one of 
the most serious worldwide risks in infectious 
diseases.2 Medicines are becoming less effective, 
and germs are becoming more resistant to both 
first and last-line medicines, according to data 
collected throughout the world. As a result, the 
effects of antibiotic resistance might be thought 
of as clinical, economic, and societal factors.3 
Moreover, Hospital patients develop an infection 
during their admission and critical care unit stay.4

 MDR has a huge impact; new bacterial 
strains will reduce healthcare services.5 Microbial 
infections cause at least 25% of the world’s 
60 million deaths yearly.6 Clinical infections 
with drug-resistant pathogens continue to be 
major causes of morbidity and mortality among 
hospitalized patients and in the community, 
affecting developed countries, middle-income 
countries, and middle countries like Jordan 
despite tremendous advances in infection control 
procedures.5-7

 In clinical and community settings, 
the most frequently isolated organisms from 
infections include Escherichia coli, Staphylococcus 
aureus, Streptococcus pneumoniae, Pseudomonas 
aeruginosa. and Klebsiella pneumoniae.8,9 They 
are also the bacteria that are now most seriously 
resistant to antibiotics, such as carbapenem-
resistant Enterobacteriaceae.10

 Drug resistance is a serious problem in 
low-income nations because of the high incidence 
of illnesses, inappropriate use of antibiotics, 
over-the-counter access to medications, and 
limitations on the availability of testing for 
antibiotic susceptibility.10-13 Therefore, continuous 
monitoring of the rise of drug resistance is required 
to facilitate the proper choice of antimicrobial 
drugs and lower diseases like nosocomial illness 
brought on by the rise of drug-resistant bacteria.14 
The current state of antibiotic use will cause 

approximately 10 million people to be at risk by 
2050.15

 One of the main strategies suggested 
by the USA-CDC and the Jordanian Ministry of 
Health to reduce the spread of MDR is early 
detection as an action at the local and regional 
levels. Regretfully, comprehensive information 
regarding the antibiogram of bacterial pathogens 
isolated from illnesses from several Middle Eastern 
study participants, including Jordan, is lacking. 
Therefore, this study seeks to provide extensive 
information on microbial profiles and antibiogram 
patterns for patients from a private Islamic 
Hospital ISH during 2020-2022. Furthermore, our 
work gathered over three years of information 
on aerobic bacteria from patients at ISH General 
Hospital. The data presented here indicate the 
most abundant MDR pathogenic bacteria that 
might be developed in the hospitals in Jordan. 
In addition, provides information on antibiotic 
sensitivity, which is considered very important for 
physicians and decision-makers at the Ministry 
of Health in terms of establishing a medical 
protocol for the antibiotics used for the patients 
in hospitals. 

MATERIALS AND METHODS

Research sample 
 The research samples of this study were 
obtained from patients in a private, multispecialty 
teaching hospital called Islamic Specialized Hospital 
(ISH), located in Amman, Jordan. A retrospective 
study was conducted during the period January 
2020 - December 2022. All regular and referral 
cases from the area receive medical care. Every 
year, 300 new patients, on average, pass through it. 
The research population consisted of all presumed 
bacterial infection patients admitted to ISH.

Ethical approval
 The study was conducted in accordance 
with The Institutional Review Board (IRB) 
committee at Balqa Applied University, granted 
ethical approval (ref. No. ERC 18/2/3/18/2620). 
The ISH Office of the Medical Director granted 
permission to collect data. The paperwork did not 
include the name and other patient identifications 
to maintain privacy.
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Identification of microorganisms
 All the bacterial isolates under the 
study were identified depending on biochemical 
tests and morphological characteristics.16 The 
identification was confirmed using the Vitek-2 
system (BioMeriuex, France). Clinical specimens 
were obtained using standard operating 
procedures as indicated by Freeman et al.17 
These included swabs from Urine samples, 
vaginal and cervical discharge, pus discharge, 
blood, cerebral fluids, urethral discharge, stool, 
eye discharge, ear discharge, other body fluids 
and semen. Depending on the source of the 
specimen, each sample was cultivated onto 
Blood agar, Mannitol Salt agar, MacConkey agar, 
Xylose Lysine Deoxycholate agar, Chocolate agar, 
or Thayer-Martin agar (Oxoid, UK) depending on 
the material’s source and was then aerobically 
incubated for 24 hours at 37°C. To guarantee 
purity and get single colonies, all isolates were 
cultivated on nutrient agar and incubated for 24 
hours at 37°C. Following the isolation of bacterial 
colonies on culture media, isolates were identified 
by morphological characteristics, biochemical 
identification and Vitek 2 bacterial identification 
system (bioMerieux). The initial phenotypic 
examination for the isolates was first determined 
by analyzing the growth characteristics of 
colonies on differential medium; these consist of 
pigmentation, consistency, elevation, edge, and 
size.18 As well as using Gram stain for bacteria. The 
biochemical examinations are carried out to verify 
colony identification at the generic level. One of 
these is the production of catalase, oxidase, and 
deoxyribonuclease (Dnase). Other abilities include 
the ability to perform the mixed acids pathway 
(Methyl red test), use citrate as a carbon source, 
use Triple Sugar Iron (TSI, HIMEDIA®) agar with the 
production (or not) of hydrogen sulfide, and the 
production of coagulase enzyme.19 In accordance 
with the manufacturer’s instructions, identification 
of the isolated bacteria was carried out using the 
Vitek 2 system using identification cards for gram-
negative bacilli (ID-GNB) and gram-positive cocci 
(ID-GPC) (bioMerieux) to determine the genus and 
species. With software update 2.01, the VITEK 2 
system reported the results automatically.20

Variables of the study
 Patients who did not get antibiotics 

within the preceding 15 days and who visited the 
ISH Microbiology Laboratory from January 2020 
-December 2022 were all eligible for culture. 
Antimicrobial susceptibility tests were performed 
for every bacterial isolate. The primary variable 
was a culture-confirmed bacterial illness; the 
independent variables were age, antibiotic usage, 
sex, and clinical sample type.

Antimicrobial susceptibility testing
 The sensitivity of the isolated bacteria 
toward several antibiotics was determined 
using Muller Hinton Agar (Oxoid, UK) and 
Kirby-Bauer disk diffusion susceptibility tests.21 
Bacterial isolates were tested for susceptibility to 
Ampicillin 10 µg, Penicillin 10 µg, Amoxicillin and 
Clavulanic acid (AMC) 30 µg, Meropenem 10 µg, 
Imipenem 10 µg, Ceftazidime 30 µg, Ceftriaxone 
30 µg, Gentamicin 20 µg, Chloramphenicol 30 µg, 
Gentamicin 10 µg, Ciprofloxacin 5 µg, Amikacin 30 
µg, Cefepime 30 µg, Colistin 10 µg, Trimethoprim/
sulfamethoxazole 25 µg, and clindamycin 2 
µg. The antibiotics selection was based on 
readily accessible medications and antibiotics 
routinely recommended by physicians, in line with 
Magiorakos et al., resistance data were analyzed 
using zone sizes from the Clinical and Laboratory 
Standards Institute (CLSI) suggestion.22-26

Quality control
 The American Type Culture Collection 
(ATCC) standard reference strains, including 
E. coli ATCC-25922 and S. aureus ATCC-25923, 
were used to confirm the effectiveness of the 
culture medium. Data was reviewed for accuracy, 
consistency, clarity, and completeness before data 
entry. 

Data analysis
 IBM SPSS Statistics for Windows, version 
23 (IBM Corp, Armonk, NY, USA), was used to 
analyze the data. The frequency, percentage, 
mean, and standard deviation were all used in the 
descriptive statistical analysis. P-values less than 
0.05 were considered statistically significant.

RESULTS 

Patient demographic characteristics
 Over three years (2020-2022), 9369 
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bacterial cultures from nine different body 
locations were evaluated. Urine samples numbered 
4966 (53%), vaginal and cervical discharge 937 
(10%), pus discharge 750 (8%), blood 750 (7.9%), 
cerebral fluids 562 (6%), urethral discharge 375 

(4%), stool 282 (3%), eye discharge 281 (3%), ear 
discharge 187 (2%), other body fluids 187 (2%) and 
semen 93 (0.9%). Further, a total of 5341 (57%) 
samples were obtained from female patients, 
whereas 4028 (43%) samples were related to male 

Table 1. Correlation between Socio-demographic details and type of isolated bacteria

   Isolates Status

Parameter  Total     P-value
 n (%) Positive for  Gram- Gram-
  bacterial  Positive  Negative
  infections  n (%) n (%)
  n (%)

Sex
• Female 5341 (57%) 1955 (68.8%) 782 (40%) 1173 (60%) 0.0001*
• Male 4028 (43%) 886 (31.2%) 257 (29%) 629 (71%) 
Age (years)
• ≤14 1405 (15%) 301 (21.4%) 54 (18%) 247 (82%) 
• 15-29 3279 (35%) 1294 (39.5%) 292 (22.5%) 1002(77%) 0.04*
• 30-44 2998 (32%) 666 (22.2%) 93 (13.9%) 573 (86%) 
• 45-59 1124 (12%) 433 (38.5%) 52 (12%) 381 (88%) 
• ≥60 563 (6%) 147 (26.2%) 49 (33.3%) 98 (67%) 

The chi-squared test ( χ2) has been used with a significance level of p-value ≤0.05; Bold values indicated the statistically significant 
values p-values

Figure 1. Bacteria profile for Islamic Specialized Hospital (ISH) specimens, Amman, Jordan
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patients. The mean ± SD age of the patients was 
32.5 ± 8.6 years, and 3279 (35%) patients were in 
the age group of 15-29 years (Table 1).

The proportion of isolated pathogens
 A total of 9369 specimens were tested 
during a study period; the number of samples 
cultivated annually is shown in Figure 1. A total of 
2841 (30.3%) of tested specimens were positive 
for bacteria in culture, and a total of 3123 pure 
isolates of different types of bacteria were 

obtained. Among the 3123 bacteria isolated, 
2841 (91%) were single isolates, while 282 (9.9%) 
were mixed isolates. Table 1 shows that among 
the 2841 positive samples, the percentage of 
Gram-negative bacterial isolates was substantially 
more significant at 1802 (63.4%) compared 
to the Gram-positive group at 1039 (36.6%)  
(P = 0.04). Out of 2841 positive cultures, there was a 
significantly higher proportion of bacterial isolates 
in females 1955 (68.8%) compared to males 886 
(31.1%) (P = 0.0001). The most frequently isolated 

Table 2. Resistance Percentage of antimicrobial agents in the Islamic Specialized Hospital (ISH)

Antimicrobial    2020       2021       2022  Mean % 
       resistance
 n R% n R% n R% 

Ampicillin 375 82 517 72 490 55 70
AMC 543 33 687 44 685 46 41
Cefepime 678 37 918 44 939 37 39
Colistin 241 0 241 0 241 0 0
Ceftazidime 678 43 918 44 939 43 43
Ceftriaxone 673 40 877 41 810 40 40
Ciprofloxacin 678 52 939 52 52 52 52
SXT 673 60 810 68 52 52 60
Clindamycin 242 59 262 47 50 50 52
Gentamicin 678 28 939 30 26 26 28
Imipenem 678 17 939 16 18 18 17
Meropenem 678 17 939 17 16 16 16
Amikacin 678 15 939 17 16 16 16
Penicillin 62 9 156 11 22 22 14

n: Number of isolates tested; R%: percentage of isolates that tested resistant to the antibiotic

Figure 2. The percentage resistance patterns for the three most prevalent bacterial isolates from ISH patients
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microorganisms from clinical specimens were E. 
coli (39%), followed by S. aureus (13%) and K. 
pneumoniae (12%) (Figure 1).
 This study showed that there was 
greatest resistance to Ampicillin, Ciprofloxacin, 
and Clindamycin in 2020, as well as Ceftazidime, 
SXT, and Gentamicin in 2021, compared to 2022, 
which had the highest resistance to Imipenem 
and Penicillin of all year (Table 2). A calculation 
of the mean percentage resistance revealed that 
the three drugs with the highest mean percentage 
resistance were Ampicillin (70%), Ciprofloxacin 
(52%), and Clindamycin (52%). In contrast, 
Penicillin (14%), Amikacin (16%), and Imipenem 
(17%) had the lowest mean per cent resistance 
across three years (Table 2).
 Further, all identified bacteria showed 
various degrees of resistance to the tested drugs 
(Table 3). More than 50% of resistance rates 
were seen against Ampicillin, Amoxicillin and 
Clavulanic acid (AMC), Ciprofloxacin, Ceftazidime, 
Trimethoprim/Sulfamethoxazole, and Ceftriaxone. 
Only Acinetobacter baumannii showed resistance 
to Meropenem and Imipenem at levels over 90%. 
The total resistance percentage of the E. coli 
isolates was 36%. The isolates showed resistance 
to Ampicillin (89%), Amoxicillin and Clavulanic 
acid (47%), Trimethoprim/Sulfamethoxazole 
(51%), and Ciprofloxacin (50%) except Amikacin, 
Imipenem, Gentamicin, and Meropenem. The total 
resistance of Klebsiella spp. was 31%, whereas the 
percentage of overall resistance for Staphylococcus 
and Streptococcus isolates was 25% and 20%, 
respectively (Table 3). All medications except 
meropenem, Amikacin, and Imipenem were 
resistant to Klebsiella pneumoniae. Similarly, only 
Ceftazidime, Imipenem, Colistin, Meropenem, and 
Amikacin were effective against Pseudomonas 
aeruginosa. 39% of bacterial isolates were 
resistant overall (Table 3).
 The three highly abundant bacteria 
that were most often isolated were Escherichia 
coli, Klebsiella pneumoniae, and Pseudomonas 
aeruginosa, which were shown with various 
MRD (Figure 2). Escherichia coli was observed to 
be resistant to Ampicillin (89%) and extremely 
susceptible to Imipenem (100%). K. pneumoniae 
exhibited a 100% susceptibility to Meropenem but 
a 49% resistance to Ceftriaxone. S. aureus isolates 
have resistance rates of 78% for ciprofloxacin, 
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35.6% for clindamycin and an overall resistance 
rate of 68.7%, as shown in Figure 2.
 Among 3123 isolates, 120 (3.8%) were 
sensitive to all antibiotics tested. Most isolates 
(96.2%) resisted at least one antibiotic tested. MDR 
status was assigned to 61.7% of the isolates overall. 
Table 4 shows that the MDR rates of isolates of S. 
aureus, E. coli, and Klebsiella pneumoniae were 
68.7%, 73.1%, and 72%, respectively.

DISCUSSION

 As the world continues dealing with the 
COVID-19 pandemic side effects,27 an important 
threat emerged: the Multi-Drug Resistance 
(MDR) of bacteria. COVID-19 fears changed how 
people get healthcare and how doctors prescribe 
medicines, including antibiotics. The misuse 
of antibiotics as prophylactic drugs might have 
increased the COVID-19 pandemic; thus, more 
people get to use the antibiotics randomly, which 
accelerated the emergence of MDR, especially 
during the COVID-19 pandemic; other factors, 
agricultural and industrial practices might also 
have contributed to an increase in MDR bacteria 
in Jordan. Therefore, this study aimed to provide 
information on microbial profiles and antibiotic 
resistance patterns during and post-COVID-19.
 Overuse and Misuse of antibiotics might 
be the main cause of developing MDR bacteria 
through the prescribing of unnecessary antibiotics 
for conditions like viral infections. For example, 
the COVID-19 pandemic has increased the rate of 
MDR through the unnecessary use of antibiotics 
as prophylactics.28 Furthermore, the antibiotics 
are available over the counter in Jordan, allowing 
patients to use them without a reference to 
medical protocols. This leads to improper use 
and development of MDR strains of bacteria. 
Also, another factor that might contributed to 
MDR is the improper diagnosis of disease and 
administration of an excessive dose of antibiotics 
without bacterial cultivation in hospitals.29 
Furthermore, antimicrobial resistance and 
antibiotic-resistant bacteria can be transmitted 
directly during harvesting operations from food-
producing animals to people by either direct 
contact with animals or ingestion of animal 
products, especially when cooked in an improper 
manner.30,31

 This study aimed to explain bacterial 
profiles over 2020-2023; around 33% of cultures 
(3123 out of 9369) were examined and tested 
positive for microbial growth. Also, the some-
demographic data indicates that among 2841 
tested positive patients, 1955 (68.8%) of the 
patients were females, and 886 (31.1%) were 
males (P < 0.05). It seems that women experience 
these infections at a younger age than men, 
possibly due to the frequent association between 
E. coli and K. pneumoniae and female genital 
infections. The risk of urinary tract infections (UTIs) 
significantly increases with age. This may explain 
why our analysis revealed age as a predictor of 
antibiotic resistance development, particularly for 
antibiotics used to treat UTIs.32

 Microbial profiles indicated that Gram-
negative bacteria were the most frequently 
isolated bacteria. The widespread isolation of 
Gram-negative bacteria can be attributed to their 
minimal nutritional needs, frequent presence in 
clinical settings, and resistance to a wide variety 
of medications found in hospital environments.33 
Around 39% of isolated bacteria was E. coli, which 
is the most common isolate of gram-negative 
bacteria in the current study. This was analogous 
to research and studies from other parts of 
Jordan.34 The frequency of E. coli infections may 
be explained by the pathogen’s virulence factors 
and interactions with the host.35 Additionally, 
Staphylococcus aureus emerged as the second-
most isolated gram-positive pathogen, which was 
in agreement with a previous investigation done by 
Al-Tamimi et al and Ennab et al.36,37 Moreover, E. 
coli, Pseudomonas aeruginosa, and K. pneumoniae 
were the species that were isolated the most 
frequently gram-negative in the current study. The 
findings were comparable to similar research.38-40 
The isolates’ prevalence might be attributed 
to their frequent presence in hospital settings. 
Additionally, common skin and gut flora such as S. 
aureus, S. saprophyticus, E. coli, and Klebsiella spp. 
can be transferred from their native environment 
to other sterile areas via skin and soft tissue holes, 
leading to the spread of infection and serious 
health problems. The current research findings 
offer valuable insights into microbial profiles in 
hospitals in Jordan.
 The use of antibiotics is important in 
treating bacterial infections. However, many 
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antibiotics are facing resistance from bacteria. 
Antibiotic resistance levels varied across the 
bacteria tested. Ampicillin, Amoxicillin-Clavulanic 
acid, Ciprofloxacin, Ceftazidime, Trimethoprim/ 
Sulfamethoxazole, and Ceftriaxone showed 
more than 50% resistance rates. Acinetobacter 
baumannii is an emerging and significant 
multidrug-resistant (MDR) pathogen in hospitals, 
particularly in intensive care units (ICUs). It is 
considered a major nosocomial pathogen causing 
a high mortality rate.41 Further, this study also 
revealed a high resistance rate for Acinetobacter 
baumannii to most antibiotic agents; it showed 
resistance to Imipenem and Meropenem at levels 
exceeding 90%, which is extremely concerning. 
This is a compelling reason for the World Health 
Organization (WHO) to include Carbapenem-
resistant Acinetobacter baumannii (CRAB) in its 
global priority list. 
 E. coli isolates had a total resistance rate of 
36%, with Ampicillin (89%), Amoxicillin - Clavulanic 
acid (47%), Trimethoprim/Sulfamethoxazole (51%), 
and Ciprofloxacin (50%). E. coli is considered one 
of the groups of eight bacterial species highlighted 
by the WHO as a key MDR concern and serves as 
a sentinel organism for antimicrobial resistance 
development in blood and urine.42 Resistance 
against b-lactam, Cephalosporin and Carbapenem 
antibiotics is increasingly documented, and many 
studies have reported increases in E. coli resistance 
to more than one class of antibiotics.43

 In overall resistance, 31% of Klebsiella 
species showed resistance. Streptococcus 
pneumoniae and Staphylococcus aureus showed 
20% and 61%, respectively. This could be due to 
the substantial usage of the mentioned antibiotics. 
Since they are the most readily available and 
reasonably priced, they are also the most utilized 
in the community.44 Similarly, isolates that were 
resistant to the same microbial agent at a 70% rate 
were identified in Jordan.45 Variations in sample 
size, research environment, prescription pattern, 
antibiotic treatment, and causative organism 
epidemiology between sites may all be reflected 
in the differences in resistance percentages.
 The present investigation revealed that  
E. coli and Klebsiella spp. were resistant to 
Ampicillin, Amoxicillin-Clavulanic acid, Ceftriaxone, 
and Ceftazidime. This proved that infections 

resulting from bacteria resistant to another 
commonly used group of antibiotics, including 
third-generation Cephalosporins, constitute a 
significant problem in the study area. Of the 
isolates, 120 (3.8%) were sensitive to all antibiotics 
tested, while most isolates (96.2%) resisted at least 
one antibiotic tested. These results were similar 
to findings from other regions of Jordan.36 As a 
whole, MDR was found in 61.7% of the isolates. 
69% and 73% of S. aureus and E. coli isolates were 
MDR. Klebsiella pneumoniae demonstrated a 
72% MDR in this investigation. This suggested the 
presence of a high proportion of MDR in Jordan, 
which required frequent assessment to help the 
decision-makers in the medical sector establish a 
protocol for the proper use of antibiotics to reduce 
MRD at the local level. Furthermore, these findings 
might consider a call for establishing a statewide 
antimicrobial monitoring program at global levels 
and strict compliance with the antibiotic strategy 
to stop the spread of bacteria resistant to drugs. 

CONCLUSION

 T h e  c o m m o n  i s o l a t e s  w e r e  E . 
coli, Streptococcus pneumoniae, S. aureus, 
Pseudomonas aeruginosa, and K. pneumoniae. 
Most isolates resisted Ciprofloxacin, Ampicillin, 
Tr i m e t h o p r i m / S u l f a m e t h o x a zo l e ,  a n d 
Cephalosporin Antimicrobials. The frequency 
of isolates resistant to multiple drugs is also 
concerning. As a result, it is advised that hospitals 
have stringent antibiotic use rules in place, that 
physicians be supported in making reasonable 
antibiotic therapy decisions, and that the list 
of dependable medication sources is updated 
regularly. As a result, other antibiotics should be 
utilized for therapy rather than the medications 
discovered to be the most resistant. In the case 
of switching medicines, there are a few things 
to consider, including the cost and safety of 
the antibiotic in the target group. There is no 
assurance, however, that the new standard of 
treatment will not contribute to the establishment 
of new resistant strains unless all levels of the 
health system follow stringent standards for the 
judicious use of these “valuable” antibiotics.
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