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Abstract
Pathogenic bacteria are the type of bacteria that is harmful to humans and can cause several diseases such as lung diseases, 
cholera, tuberculosis and syphilis. The multidrug-resistant bacteria that isolated from the patients were Klebsiella spp., 
Escherichia coli, Pseudomonas aeruginosa, that are known as the human pathogenic bacteria. The antibiotics that have been 
used against these bacteria were Meropenem MEM, Imipenem IPM, Gentamicin GNT, Co-AmoxiclavAMC and Ceftriaxone 
CRO. For the vial antibiotics, two different concentrations were prepared and Mueller Hinton agar used as the culture media. 
Pseudomonas aeruginosa was resistant against all vial and disk antibiotics. Escherichia coli was susceptible against all vial 
drugs and disks except ceftriaxone 10 mcg. Klebsiella spp. was susceptible against all vial and disk antibiotics. However, 
it was resistant against Ceftriaxone 10 mcg disk and Gentamicin 10 mcg. The most effective drug against all bacteria was 
Meropenem vial and disk. The most resistant bacteria against all antibiotic disks was Pseudomonas aeruginosa.

Keywords  Multidrug resistance · Pseudomonas aeruginosa · Antibiotic · Pathogens

Introduction

Antimicrobial resistance is a significant and growing issue 
in the world of medicine (World Health Organization 2012). 
Since the advent of Penicillin, a significant number of bac-
teria have evolved and transmitted antimicrobial resistance 
to other organisms in response to antibiotic usage (Baum 
and Marre 2005). E. coli is a member of the Enterobacte-
riaceae bacterial family, it is the most common commensal 
inhabitant of humans and warm-blooded animals’ gastroin-
testinal tracts, as well as one of the most significant patho-
gens (Kaper et al. 2004). E. coli was primarily identified 

based on the serologic detection of O (lipopolysaccharide, 
LPS) and H (flagellar) antigens prior to the identification of 
unique virulence factors in pathogenic strains (Kaper et al. 
2004). E. coli as a human pathogen releases a virulence 
factor called Stx AB5-toxin (Steil et al. 2018). Because of 
its outer membrane barrier, E. coli is intrinsically immune 
to therapeutic levels of Penicillin G—the first lactam used 
in clinical practice. E. coli is also immune to a variety of 
antibiotic types, each with its own mechanism of action 
(Johnson et al. 2012; Erb et al. 2007). Most physicians are 
familiar with Klebsiella as a source of community-acquired 
bacterial pneumonia, which is more common in chronic 
alcoholics (Carpenter 1990). Human nosocomial infections 
are frequently caused by bacteria belonging to the genus 
Klebsiella. Klebsiella pneumoniae is the most medically 
important, because it is responsible for a large percentage 
of hospital-acquired urinary tract infections, pneumonia, 
septicemias, and soft tissue infections. The gastrointestinal 
tract and hospital personnel’s hands are the main pathogenic 
reservoirs for Klebsiella transmission. These bacteria are 
known to cause nosocomial outbreaks due to their ability to 
spread quickly in a hospital setting (Podschun and Ullmann 
1998). Treatment of Klebsiella spp. infection is very hard, 
because they are multi-drug resistant (Rossolini and Stone 
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2020). Pseudomonas aeruginosa has been a major patho-
gen for the past 2 decades. It is responsible for 10–20% of 
all diseases in most hospitals. Pseudomonas infection may 
occur in patients with burn wounds, cystic fibrosis, acute 
leukemia, organ transplants and intravenous opioid misuse. 
P. aeruginosa is a common nosocomial contaminant and 
microbial contamination has been related to outbreaks. In 
patients with bronchiectasis, Pseudomonas aeruginosa is 
one of the most common pathogens isolated from sputum, 
both when clinically stable and during exacerbation (Lin 
et al. 2016; Tunney et al. 2013). It has been widely stated 
to be a significant risk factor for bronchiectasis severity 
and prognosis (Loebinger et al. 2009; Wang et al. 2018). 
Multidrug-resistant P. aeruginosa (MDR-PA) isolates are 
well known as a rising health concern around the world. 
However, there is little evidence of a connection between 
MDR-PA isolates and bronchiectasis prognosis (Loebinger 
et al. 2009; Martínez-García et al. 2014; Chalmers et al. 
2014). P. aeruginosa undergoes an evolutionary phase in 
chronic infection including loss of motility, reduced viru-
lence factors and antibiotic resistance, both of which have 
been well studied in CF (Winstanley et al. 2016). There is a 
combination of vabomere and Meropenem which is used in 
the treatment of urinary tract infections and the combination 
is active against Gram-negative pathogenic bacteria (Griffith 
et al. 2019), also used as a routine prophylactic antibiotic in 
surgical procedures (Odabaş-Serin et al. 2020; Saleem and 
Malik 2019). Disk diffusion is a method of kirby-bauer’s 
methods; it is a technique used to test rapidly growing patho-
genic bacteria (Long et al. 2017).

Materials and methods

Disk diffusion method is a type of antibiotic susceptibil-
ity testing. There is more than one method for antibiotic 
susceptibility testing, each method has advantages and dis-
advantages, but the aim for all of them is the same, that is 
to determine the antibiotic sensitivity against isolated infec-
tious bacteria. 80 mg of Gentamicin drug in 2 ml of sdH2O, 
1000  mg of Amoxicillin (as Amoxicillin sodium) and 
200 mg of clavulanic acid (as potassium clavulanate), sterile 
Ceftriaxone sodium equivalent to 1 g of ceftriaxone, 500 mg 
of Imipenem (as imipenem monohydrate) and 500 mg of 
Cilastatin (as cilastatin sodium) and contains 77.1 mg of 
sodium, excipient: sodium bicarbonate, Meropenem trihy-
drate equivalent to 1 g Meropenem vial. In this study, two 
procedures have been explained: vial antibiotic drug testing 
and antibiotic disk testing. 38 g of Mueller Hinton agar dis-
solved in 1000 ml of dH2O (first add 500 ml of dH2O and 
mix the agar and dH2O, then add the remaining of dH2O to 
the flask and again mixing well until the agar dissolves in the 
dH2O) then covered with a piece of aluminum. Filter paper 

disks prepared by cutting in a circle shape and putting in a 
small flask and cover. Sterilize by autoclave at 121 °C for 
15 min. Imipenem, Meropenem, Ceftriaxone, Gentamicin, 
and Co-Amoxiclav vial solution: two solutions with different 
concentrations (1:2) and (1:4) prepared. First prepare (1:2) 
concentration by measuring (0.5 g) Amoxiclav powder then 
added to sterilized container and (1 ml) of normal saline 
added that is measured by syringe and mix. Later prepare 
(1:4) concentration by measuring (0.5 g) Amoxiclav powder 
then add (2 ml) of normal saline that is measured by syringe 
and mixed. For each bacterium such as E. coli, Klebsiella 
spp., P. aeruginosa different culture plates prepared for con-
trol and replications.

Results

Several drugs have been used against three types of bacteria, 
the effect of the drugs against these bacteria were different 
from one to another. Pseudomonas aeruginosa was resist-
ant against all types of drugs. The most effective drugs of 
the study were Imipenem and Meropenem which showed an 
effective ratio against all types of bacteria. Ceftriaxone had 
an inhibition zone with a diameter of 33.25 mm in the 1:2 
concentration and 24.93 mm in 1:4 concentration against 
Pseudomonas aeruginosa. Imipenem had an inhibition 
zone with a diameter of 27.82 mm in 1:2 concentration and 
25.55 mm in 1:4 concentration against Pseudomonas aer-
uginosa. Meropenem had an inhibition zone with a diam-
eter of 42.72 mm in 1:2 concentration and 38.28 mm in 1:4 
concentration against Pseudomonas aeruginosa (Tables 1, 
2, and 3; Figs. 1, 2, 3, 4, 5, 6, 7, 8, and 9).            

Discussion

Pseudomonas aeruginosa was sensitive to Ceftriaxone 1 g, 
Imipenem (500 mg/500 mg) and Meropenem 1 g with a con-
centration of (0.5 mg/10 ml) (1:2) for all drugs, which had 
an inhibition zone with Ceftriaxone (33.25 mm) in compare 
to Ceftazidime of EUCAST (clinical society of antimicrobial 
susceptibility and infection disease) with ECOFF 8 mg in 1 l 
of sdH2O and inhibition zone (17–50 mm) that means Pseu-
domonas aeruginosa is highly resistance to the used drugs. 
With Imipenem (500 mg), the inhibition zone was (27.82 mm) 
in compare with EUCAST with ECOFF 4 mg in 1 l of sdH2O 
and inhibition zone (20–50 mm) shows resistant of the bacte-
ria, same for Meropenem, the inhibition zone was (42.72 mm) 
in compare with EUCAST 2 mg/l, it was 18–24 mm. Pseu-
domonas aeruginosa was resistant to various antibiotic disks 
(AMC30mcg, MEM10 mcg, IPM10 mcg, CRO10 mcg and 
GNT10 mcg) that were used in this study. Pseudomonas aer-
uginosa was also resistant according to the previous studies 
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Table 1   The effect and 
inhibition zone against 
Pseudomonas aeruginosa 

Pseudomonas aeruginosa

Imipenem Meropenem Ceftriaxone

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 
(mean 
SD ± 2)

S1 26.69 30.84 46.6 58.77 36.24 31.02
S2 26.99 28.26 42.42 43.31 36.23 27.53
S3 23.71 29.58 36.09 36.61 28.9 28.09

Table 2   The effect and inhibition zone against Escherichia coli 

Escherichia coli

Imipenem Meropenem Ceftriaxone Co-Amoxiclav Gentamycin

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 
(mean 
SD ± 2)

S1 44.02 42.85 41.37 45.74 31.71 40.49 41.8 24.52 35.77 29.65
S2 45.12 41.08 45.91 43.43 38.66 35.37 25.25 21.98 37.76 30.07
S3 43.34 44.61 45.68 42.79 32.49 43.83 24.54 23.71 33.05 24.83

Table 3   The effect and inhibition zone against Klebsiella spp.

Klebsiella spp.

Imipenem Meropenem Ceftriaxone Co-Amoxiclav Gentamycin

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 (mean 
SD ± 2)

1:2 (mean 
SD ± 2)

1:4 
(mean 
SD ± 2)

S1 44.62 40.8 44.9 43.12 31.7 34.88 29.27 32.22 22.01 36.85
S2 41.54 37.63 46 43.11 30.42 36.05 27.69 28.34 23.29 20.93
S3 41.05 44.91 48.47 43.83 28.51 35.84 28.77 28.68 20.24 24.26

Fig. 1   The effect and inhibi-
tion zone against Pseudomonas 
aeruginosa 
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Fig. 2   The effect and inhibition 
zone of Ceftriaxone against 
Pseudomonas aeruginosa. The 
diameter of the inhibition zone 
of this study was 24.93–33.25, 
while the standard inhibition 
zone is 17–50

Fig. 3   The effect and inhibition 
zone of Meropenem against 
Pseudomonas aeruginosa. The 
diameter of the inhibition zone 
of this study was 38.28–42.72, 
while the standard inhibition 
zone is 18–24

Fig. 4   The effect and inhibi-
tion zone of Imipenem against 
Pseudomonas aeruginosa. The 
diameter of the inhibition zone 
of this study was 25.5–27.82 
while the standard inhibition 
zone is 20–50
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(Odabaş-Serin et al. 2020; Hussein et al. 2021; Horcajada 
et al. 2019). The drugs that have been used for Escherichia 
coli were: Ceftriaxone 1 g, Imipenem (500 mg/500 mg), 
Meropenem 1 g with concentration of 0.5 mg/1 ml (1:2), 
Co-Amoxiclav (1000/200 mg) 0.6 mg/1.2 ml (1:2) and Gen-
tamicin (80 mg/2 ml) with concentration 1 ml/2 ml (1:2). In 
Co-Amoxiclav (1000/200 mg), Escherichia coli showed sensi-
tivity with an inhibition zone of 30.53 mm in diameter, while 
with EUCAST 2 mg in 1 l of sdH2O, the inhibition zone was 
S > 19 mm < R in diameter, also it shows sensitivity against 
AMC 30mcg antibiotic which shows that Escherichia coli is 
resistant. Ceftriaxone (1 g) had an inhibition zone of 33.79 mm 
in diameter with CRO disk 10 mcg showed resistance. How-
ever, compared with EUCAST 0.125 mg in 1 l of sdH2O the 
inhibition zone was 22–25 mm in diameter which means that 

the bacteria have resistance. In Imipenem (500 mg/500 mg), 
the inhibition zone was 44.16 mm in diameter and with 
IPM disk 10 mcg was 32.63 mm and is sensitive due to of 
EUCAST standard ECOFF 0.5 mg in 1 l of sdH2O and zone 
diameter (17–22 mm). Meropenem 1 g had an inhibition zone 
of 44.32 mm in diameter and MEM antibiotic disk 10 mcg 
(31.71  mm), in comparison with EUCAST and ECOFF 
0.125 mg in 1 l of sdH2O, the inhibition zone was 16–22 mm 
in diameter which detects that the bacteria are sensitive to 
Meropenem. Gentamicin (80 mg/2 ml) had an inhibition zone 
of 35.53 mm in diameter and with GNT disc 10 mcg, it was 
13.1 mm, while in comparison to EUCAST and ECOFF 2 mg 
in 1 l of sdH2O, the inhibition zone was S ≥ 17 mm < R in 
diameter which shows that the bacteria is resistant to Gen-
tamicin (Odabaş-Serin et al. 2020; Horcajada et al. 2019; Liao 

Fig. 5   The inhibition zone 
diameter of Imipenem (20–50) 
against Pseudomonas aerugi-
nosa 

Fig. 6   The inhibition zone 
diameter of Ceftazidime 
(17–50) against Pseudomonas 
aeruginosa 
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et al. 2019). Escherichia coli with various drugs either have 
sensitivity or resistance depending on the drug and bacterial 
strain as mentioned in Horcajada et al. (2019); Pogue et al. 
2020). The drugs that have been used for Klebsiella spp. were 
Ceftriaxone 1 g, Imipenem (500 mg/500 mg) and Meropenem 
1 g each with a concentration of 0.5 mg/1 ml (1:2). Co-Amox-
iclav (1000/200 mg) 0.6 mg/1.2 ml (1:2) and Gentamicin 
(80 mg/2 ml) with concentration of (1:2). Co-Amoxiclav 
(1000/200 mg) had an inhibition zone of 28.21 mm in diameter 
and with AMC disc 30mcg had no inhibition zone (completely 
resistant), while in comparison to EUCAST of 2 mg in 1 l 
of sdH2O, the inhibition zone was S ≥ 16 mm < R. Ceftriax-
one 1 g had an inhibition zone with a diameter of 30.64 mm 

which is sensitive and with CRO 10 mcg antibiotic disk had 
no inhibition zone (completely resistant), comparing with 
Ceftazidime of EUCAST and ECOFF 0.5 mg in 1 l of sdH2O 
the inhibition zone was 19–22 mm in diameter. Gentamicin 
(80 mg/2 ml) had an inhibition zone of 21.85 mm in diameter 
which is sensitive and with the GNT antibiotic disc 10 mcg 
had no inhibition zone which is resistant. However, according 
to EUCAST and ECOFF 2 mg in 1 l of sdH2O the inhibition 
zone was S ≥ 17 mm < R. Imipenem (500 mg/500 mg) had 
inhibition zone of 42.40 mm in diameter and with IPM 10 mcg 
antibiotic disk (38.71 mm), in comparison with EUCAST 
and ECOFF 1 mg in 1 l of sdH2O, the inhibition zone was 
17–22 mm which detects that the bacteria is sensitive (Pogue 

Fig. 7   The standard inhibition 
zone diameter of Meropenem 
(18–24) against Pseudomonas 
aeruginosa 

Fig. 8   The effect and inhibition 
zone against Escherichia coli 
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et al. 2020; Abd El-Baky et al. 2020; Jahangiri et al. 2021). 
Meropenem 1 g had an inhibition zone with a diameter of 
46.46 mm which looks sensitive and MEM 10 mcg antibiotic 
disc had 29.02 mm, in comparison to EUCAST and ECOFF 
0.125 mg in 1 l of sdH2O, the inhibition zone was 16–22 mm 
which detects that the bacteria are resistant to the drugs 
(Odabaş-Serin et al. 2020; Horcajada et al. 2019).

Conclusion

The best result showed by Meropenem vial-drug; it has worked 
against all the three types of bacteria. The study examines the 
susceptibility of antibiotics to individual infectious bacteria.
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